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The educational program on the specialty «Physics and astronomy» was
developed on the basis of the Model Curriculum for the specialty 5B061100 —
Physics and astronomy (from August 23, 2012 with changes in May 13, 2016) in
accordance with international documents in the field of higher education,
recommendations of ECTS Users' Guide (Guide to Using ECTS), “Tuning
Educational Structures in Europe”, and setting educational content requirements
through study, the volume of academic load and the level of professional training of
bachelors.

The educational program was developed taking into account the comparison
of the workload of the academic load in accordance with the requirements of the
Bologna Declaration.

2. Normative references

1. The Law of the Republic of Kazakhstan “On Education” (Ne 319-111 dated
July 27, 2007 in the wording of the Law of the Kazakhstan Republic dated 24.10.11
Ne 487-1V, with changes and additions from 04.07.2018);

2. The state compulsory standard of higher education, approved by the
Government of the Republic of Kazakhstan from August 23, 2012 Ne1080, with
changes from May 13, 2016 Ne 292;

3. The model curriculum for the specialty 5B061100 — Physics and
astronomy, approved by order of the Minister of Education and Science of the
Republic of Kazakhstan dated July 5, 2016 Ne 425;

4. The Rules for the organization of the educational process on the credit
technology of education, approved by the Order of the Minister of Education and
Science of the Republic of Kazakhstan dated April 20, 2011 No. 152;

5. National Qualifications Framework approved by the Protocol of the
Republican tripartite commission on social partnership and regulation of social and
labor relations on March 16, 2016;

6. Typical educational program of the cycle of general education disciplines
for organizations of higher and (or) postgraduate education, approved by order No.
603 of the Minister of Education and Science of the Republic of Kazakhstan dated
October 31, 2018.

7. Guidance on the use of the European Credit Transfer and Accumulation
System (ECTS), developed as part of the Bologna process and officially published
by the European Commission in 2009.

3. Basic terms and abbreviations

In this document, the following basic terms and definitions are used in accordance
with the Law of the Republic of Kazakhstan “On Education”, the State General
Compulsory Educational Standard (SGCES) of the Republic of Kazakhstan “Higher
Education. Undergraduate. Basic Regulations” No. 292 dated 05.13.2016 and SGCES
of RK 5.05.001-2005 “ Coding System of Academic Disciplines of Higher and
Postgraduate Education ”, international documents in the field of education, European

Credit Transfer System:



education — a continuous process of upbringing and education, carried out for the
purposes of moral, intellectual, cultural, physical development and the formation of
professional competence;

bachelor's program — higher education, educational programs of which are aimed
at training personnel with the award of a bachelor's degree in the relevant specialty;

bachelor — the degree awarded to persons who have mastered the educational
programs of higher education;

educational program (EP) — a single complex of basic characteristics of education,
including the goals, results and content of education, the organization of the educational
process, the approaches and methods for their implementation, the criteria for assessing
the learning outcomes;

student-centered learning — an approach to learning, characterized by innovative
teaching methods, with the aim of facilitating learning through communication of the
teacher and the student;

competences — the ability of students to the practical application of acquired in the
process of learning knowledge, abilities and skills in professional activities;

professional competences — knowledge, abilities and skills necessary for the
effective implementation of professional activities;

descriptors — a description of the level and amount of knowledge, abilities, skills
and competencies acquired by the students upon completion of the educational program
of the appropriate level of higher and postgraduate education; descriptors are based on
the learning outcomes, the formed competencies, as well as the total number of credits;

learning outcomes — the confirmed by the assessment amount of knowledge,
abilities and skills, acquired and demonstrated by students after mastering of the
educational program, and the formed values and attitudes;

credit technology of education — training based on the selection and self-planning
by the students of the sequence of studying disciplines with the accumulation of
academic credits;

academic credit — a unified unit of measurement of the volume of scientific and
(or) educational work (load) of the student and (or) teacher;

standard curriculum (SC) — a training document developed on the basis of the
qualifier of specialties of higher and postgraduate education of the Republic of
Kazakhstan and SGCES, regulating the structure and volume of the educational program
by the cycles of disciplines, indicating the list of the credits minimum amount for the
disciplines of obligatory component and all types of practices, the final certification,
approved by the authorized body in the field of education;

obligatory component (OC) — a list of academic disciplines and the corresponding
minimum amounts of credits established by the standard curriculum and studied by the
students on a mandatory basis under the educational program;

elective disciplines — the academic disciplines that are a elective component within
the framework of the established credits and introduced by the educational
organizations, reflecting the individual training of the student, taking into account the
specifics of social and economic development and the needs of a particular region, the
developed scientific schools of the higher educational institution;
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curriculum — a document regulating the list, consistency, volume (labor intensity)
of academic subjects, academic disciplines and (or) modules, professional practice,
other types of educational activities of students of the appropriate level of education and
forms of control;

module — a course system in which each course corresponds to an equal number of
credits or a multiple of it;

prerequisites — disciplines containing the knowledge, abilities and skills necessary
to master the discipline under study;

postrequisites — disciplines for the study of which requires knowledge, abilities and
skills acquired at the end of the study of this discipline;

working curriculum (WC) — a training document developed by an educational
organization independently on the basis of a standard curriculum of a specialty and
individual curricula of students;

intermediate certification of the students — a procedure conducted to assess the
quality of students mastering the content of the part or all volume of one academic
subject, one academic discipline and (or) module, as well as the professional modules
within one qualification after completing their study;

final attestation of the students — a procedure carried out to determine the degree
of their mastering the volume of subjects, the educational disciplines and (or) modules
stipulated by the state general compulsory standard of the corresponding level of
education;

assessment methods — a full range of written, oral and practical tests/exams,
projects, presentations, presentations and portfolios, which are used to assess student
progress and confirm the achievement of learning outcomes for the educational
component (unit/module);

assessment criteria — a description of what a student should be able to do and at
what level in order to demonstrate the achievement of the learning outcome;

academic mobility — moving of the students or research teachers to study or conduct
research for a specific academic period (semester or academic year) to another
organization of higher and (or) postgraduate education (domestically or abroad) with
mandatory recalculation of mastered curricula, disciplines in the form of academic
credits in their own organization of higher and (or) postgraduate education or for
continuing their studies in another organization of higher and (or) postgraduate
education;

coding system — a complex of methods and coding rules for classification groups
and objects of classification of a given set;

European Credit Transfer and Accumulation System (ECTS) — a student-centered
system for the accumulation and transfer of credit based on the principle of transparency
in the processes of study, teaching and evaluation.

In addition to these, the following abbreviations are applied:

GED - general educational disciplines;
BD — basic disciplines;

PD — profile disciplines;

OC — obligatory component;



EC — elective component;

EEEA — external evaluation of educational achievements;
SSS - self-study of students;

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

4. Fundamentals

4.1 Educational activities at the university are carried out according to the
credit technology of education on the basis of a student-oriented approach, in which
learning outcomes and competences play a major role and become the main result
of the educational process for the student.

4.2 The educational program for the specialty «Physics and Astronomy» was
developed in accordance with national standard of education of RK, the National
Qualifications Framework and is consistent with the Dublin descriptors and the
European Qualifications Framework. The educational program is focused on
learning outcomes.

4.3 Foreign and domestic specialists and employers are involved in the process
of developing the educational program by the specialty "5B061100 - Physics and
Astronomy".

4.4 Priority areas for the development of the educational program in the
specialty "5B061100 - Physics and astronomy" are:

— programs in the framework of the President’s Messages, including those
voiced in the text of the message “The Third Modernization of Kazakhstan: Global
Competitiveness”, "Digital Kazakhstan";

— interdisciplinary programs;

— programs in English learning;

— joint educational programs with foreign partner universities;

— professional programs commissioned by enterprises-employers;

— programs using distance learning technologies, including programs of
additional education.

4.5 Educational activity at the university is carried out by the credit technology
of education on the basis of the student-centered approach, in which the learning
outcomes and competences play the main role and become the main result of the
educational process for the student. To achieve this goal, the innovative teaching
methods should be applied, for example:

— work in the small groups (team) - a joint activity of the students in a group under
the leadership of a leader, aimed at a common task solving by creatively
combining the results of individual work of the team members with the division
of powers and responsibilities;

— project technology - individual or collective activities at the selection,
distribution and systematization of material on a particular topic, as a result of
which a project is drawn up;

— case study analysis - analysis of the real problem situations that took place in the
relevant area of professional activity, and the search for options for the best
solutions;



— role-playing and business games - role-playing imitation by the students of the
real professional activities with the performance of the specialist functions at the
various workplaces;

— advanced independent work - study of new material by the students before
studying it in the classroom;

and others.

4.6 The educational program is designed to provide high quality professional
education in materials science and engineering in accordance with the highest
academic standards in the global education.

The program has theoretical and practical components. Terms of mastering: 4
academic year. Duration of one academic year - 2 semesters for 15 weeks. Forms
of education: full-time. During the period of study, the student learns 155 credits, of
which theoretical training - 130 credits, professional practice - 14 credits, physical
education - 8 credits and final attestation - 3 credits.

Awarded degree with full development of the educational program - Bachelor
of Natural Science in the specialty "5B061100 - Physics and Astronomy."

5. Code and title of the specialty

The code of specialty 5B061100 - Physics and Astronomy; in accordance with
the Classifier of specialties of higher and postgraduate education of the Republic of
Kazakhstan, this educational program belongs to the Natural Sciences section.

In the National Classifier of the Republic of Kazakhstan (NC RK 01-2017
Classification of Occupations), bachelors have the code 2111 and classified as
professionals in the field of science and technology.

6. Level of qualification according to the International Standard
Classification of Education

This educational program corresponds to the ISCED (International Standard
Classification of Education) level 6, which does not require prior completion of other
programs and is classified as a first-degree program. Direction of training is
undergraduate. Duration of training is 4 years.

According to the International Standard Classification of Education (ISCED
2013), this educational program belongs to the following field of education:

4 Science | 44 Physical sciences

Astronomy and cosmology, physics, other related subjects,
chemistry, other related subjects, geology, geophysics, mineralogy,
physical anthropology, physical geography and other earth sciences,
meteorology and other atmospheric sciences, including climate
research, oceanography, volcanology, paleoecology

7. Objectives of the educational program



The educational program is focused on the training of highly qualified
specialists in the field of physics and astronomy, with certain knowledge and
competencies demanded in the labor market.

Objectives of the educational program are:

— formation of a national model of continuous education integrated into the
world educational space by comparison with foreign educational programs that
meets the needs of the individual and society in the specialty 5B061100 - Physics
and Astronomy;

— training highly qualified specialists with abilities for self-improvement and
self-development, possessing solid knowledge in the field of physics, astronomy,
astrophysics and cosmophysics: those who know the most well-known basic theories
and models of astronomical and cosmophysical phenomena and processes, the
possibility of their practical application; knowledgeable and able to apply the basic
experimental, theoretical and numerical methods for studying astronomical
phenomena and processes, physical properties and characteristics of space objects
and radiation; capable of processing the results of scientific research and their
analysis using new computer technologies;

— obtaining broad fundamental knowledge, competencies and skills necessary
to work in research institutes, laboratories, design and design bureaus and firms,
public and private institutions of the relevant profile;

— formation of graduates' competitiveness in the job market;

— acquisition of a complex of knowledge that forms the basis of this profession,
skills and abilities to navigate in the flow of information and obtain new knowledge
to continue education in the magistracy and training in doctoral PhD.

8. Sphere of professional activity
Sphere of professional activity of the bachelor of specialty 5B061100 - Physics
and Astronomy is:
— area of experimental, theoretical and applied astronomy and cosmophysics,
as well as the field of related natural and technical sciences;
—academic and research institutes associated with observational and theoretical
astronomy;
— branches of ministry of defense and aerospace industry of the Republic of
Kazakhstan.
Types of economic activity in accordance with GCEA (General Classification
of Types of Economic Activity) in which this profession is in demand:
— 94.12.0 Activities of professional organizations;
— 72.19.0 Other research and development in the natural sciences and
engineering;
- 74.90.9 Other professional, scientific and technical activitiesnot
included in other categories;

— 62090 Other activities in the field of information technology and
computer systems;



— 63.12.0 Web portals;

— 26.51.4 Production of optical and optical-mechanical devices and
equipment;

— 26.70.1 Optical Instrument Manufacturing;

— 30.30.2 Production of spacecraft.

9. Directions of professional activity

Graduates in the specialty 5B061100 - Physics and Astronomy can perform the
following professional activities:

research

— study of astronomical objects and related physical processes;

— analysis of physical processes and phenomena in astronomical objects, the
establishment of empirical dependencies and patterns;

— formulation and solution of actual problems of physics and astronomy,
including quantitative estimates of the parameters of astronomical objects
and the interstellar medium;

organizational and management

— organizing and conducting special astronomical observations;

— organization of a rational astronomical network of observations;

— collection and storage in databases of necessary information about
astronomical objects;

engineering design

— monitoring and maintenance of devices and instruments of astronomical
stations;

— development of software and hardware systems for professional activity
using modern information and communication technologies.

10. Competence of the specialist
Material science graduate should have general cultural (GC) and professional
(PC) competencies, including the ability to:

Compete
nce Competency description
Code
GC-1 | formulate the main stages of the modern history of progressive
development of the statehood of Kazakhstan in context of the world
and Eurasian historical process;
GC-2 | fluently interpret and creatively use scientific, historical and
philosophical knowledge to summarize the success factors of the
Kazakhstan development model on the way to an established state -
the Republic of Kazakhstan;
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GC-3

demonstrate the competent use of linguistic and cultural linguistic
knowledge for solving communication problems in a multilingual
and multicultural society of the Republic of Kazakhstan and in the
international arena;

GC-4

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

GC-5

Understand and apply knowledge of the basic physical laws in nature,
and their connection with the observed phenomena and processes;
use inductive and deductive approches to cognition;

GC-6

search and use of information necessary for the effective performance
of professional tasks; set a goal and choose ways to achieve it;

GC-7

work in a group and a team, communicate effectively with
colleagues, supervisors; take responsibility for the work of team
members, the result of the assignments; be responsible for your own
decisions and be prepared to provide a rationale for these decisions;

GC-8

demonstrate critical thinking while working with new information;

PC-1

Analyze and apply the physical laws of mechanics, molecular
physics, electromagnetism, optics, atomic physics, nuclear physics,
theoretical physics, fundamentals of radio physics and electronics for
measuring and interpreting experimental data

PC-2

Apply physical laws to study of the structure, origin and evolution of
astronomical objects and the Universe as a whole;

PC-3

Determine coordinates of celestial bodies and date of astronomical
occasions by calculations and using of the star wheel,

PC-4

Collect and analyze of observational materials (astronomical catalogs
and databases) for the studying of astronomical objects and the
Universe as a whole;

PC-5

Make special calculations of astronomical values and simulating
physical processes occurring in outer space;

PC-6

Use methods of information stream processing for astronomical data,
use a computer systems of collecting, processing and storing of
observational material for the study of astronomical objects and the
Universe as a whole;

PC-7

Apply modern mathematical methods for analyzing of astrophysical
signals and use modern digital space and ground based technologies
for receiving and processing data;

PC-8

Organize a scientific research and conduct astronomical observations
by using modern telescopes and receivers of cosmic electromagnetic
radiation and observation methods (spectral, photometric, etc.);

PC-9

Work with a specialized scientific source bases, use modern
computing equipment and software for conducting a scientific
research work;
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PC-10 | Evaluate the results of scientific research in the field of physics and
astronomy, prepare of conclusions and proposals for their practical
application;

PC-11 | Present information, ideas, problems, solutions and results of
scientific research in the field of physics and astronomy to specialists
and non-specialists;

PC-12 | Acquire and use new knowledge and skills; participate in scientific
discussions, write scientific papers.

11. Learning outcomes oriented to Dublin descriptors

Upon completion of this educational program it is expected that students will
be able to:

Cognitive competencies:

Al. understand the physical picture of the world, the basic physical processes
responsible for the nature and observable features of space objects and phenomena;
explain the basic laws of the functioning and development of nature and society, to
be able to adequately navigate in various socio-economic, political and emergency
situations; to freely interpret and creatively use scientific, historical and
philosophical knowledge to summarize the success factors of the Kazakhstan
development model on the way to the established state - the Republic of Kazakhstan;

A2. describe the physical laws to the study of the structure, origin and evolution
of astronomical objects and the universe as a whole; search for information
necessary for the effective performance of professional tasks;

A3. explain the main stages of the evolution of stars and other objects of the
galaxy.

Functional competencies:

B1. analyze the characteristics, physical and chemical properties, laws of
formation, development, structure and movement of the studied celestial bodies and
their systems;

B2. explain the physical principles of operation of modern receivers of cosmic
electromagnetic radiation, the construction of telescopes used in all ranges of the
electromagnetic spectrum;

B3. explain the principles of processing information flows of data, use
computer systems for collecting, processing astrophysical data;

B4. apply basic electronic equipment and physical instruments to measure
astrophysical quantities;

B5. demonstrate skills in working with hardware and software for providing
astronomical observations, basic physical processes, and features of the interaction
of radiation from astronomical objects with the environment.

System competencies:

C1. use the mathematical apparatus and formalisms in modern theoretical
astrophysics, the criteria for choosing methods for solving problems both in
analytical form and using computer technologies (modern computers and
corresponding software products);
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C2. formulate algorithms for modeling the processes occurring in outer space;

C3. compare the results of processing observational data with known ideas and
draw conclusions.

Social (communicative) competence:

D1. use linguistic and cultural linguistic knowledge to solve communication
problems in a multilingual and multicultural society of the Republic of Kazakhstan
and in the international arena; Percept, analyse and synthesis of information, as well
as present the own point of view.
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12. The ratio of the expected learning outcomes of training methods and assessment in the formation of competence

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

methods:

Application of IT technologies; presentations; conversation; disputes; educational, imitation games; training discussions;
work with educational and scientific literature.
And control and evaluation tools:

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

Code and Competency
Description

Expected results

Module with an indication of credits
numbers

GC-1
Formulate the main stages of
modern history of the
progressive development of e
statehood of Kazakhstan in
the context of the world and
Eurasian historical process;

- explain the basic laws of the functioning and
development of nature and society;

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

- reproduce the historical foundations and periods of
formation of independent Kazakhstan statehood in the
context of the World and Eurasian historical process;

— Social and Humanitarian Module — 6 cr.;
— Module of socio-political knowledge —
4cr.;

— Module of cultural heritage
interpersonal communication — 4 cr.;

and

GC-2
Interpret and creatively use
scientific, historical and
philosophical knowledge to
summarize the success
factors of the Kazakhstan
development model on the

—  distinguish the role of history as a world view
and the basis of scientific knowledge; essence and
interrelations of general scientific pictures of the
world;

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

— Social and Humanitarian Module — 6 cr.;
— Module of socio-political knowledge —
4.cr,

— Module of cultural heritage
interpersonal communication — 4 cr.;

and
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way to an established state -
the Republic of Kazakhstan;

—  to analyze and evaluate socially significant
phenomena, events, processes; to understand and
analyze socially significant problems and processes,
to apply the basic principles and methods of social
sciences in solving social and professional problems;

— build the foundations of sociohumanitarian
knowledge, understanding of the driving forces and
laws of the historical and socio-cultural process, the
socio-political organization of society;

GC-3
Demonstrate the competent
use of linguistic and cultural

linguistic knowledge for

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

and in the international

- competently use linguistic and cultural linguistic
knowledge to solve communication problems in a
multilingual and multicultural society of the Republic
of Kazakhstan and in the international arena; to the
perception, analysis, synthesis of information, setting
goals and choosing ways to achieve it;

— develop programs for solving conflict situations in
society, including in professional society;

— carry out research project activities in various areas

— Instrument Module - 15 cr.;

— Module of cultural heritage
interpersonal communication - 4 cr.;
— Module "Professional Language" - 4 cr.;

and

arena, of communication, generate socially valuable
knowledge, present it;
GC-4 - analyze the diversity of cultures and civilizations, - Social and Humanitarian Module - 6 cr.;

Represent social and ethical
values based on social and
legal norms and tolerance to
various cultural and
confessional traditions;

evaluate the role of civilizations in their interaction.
- summarize the results of mental, historical-
typological, interpersonal analysis to determine the

place of professional activity in the cultural and [

historical paradigm

— Instrument Module - 15 cr.;
— Module of socio - political knowledge —
4 cr.;

Module of cultural heritage and

interpersonal communication - 4 cr.;
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—  to assess and possess the skills of respect for the
cultural heritage and man; information on the driving
forces of the psychological process.

GC-5
Understand and apply
knowledge of the basic

physical laws in nature, and
their connection with the
observed phenomena and
processes; use inductive and
deductive approches to
cognition.

— iInterpret basic mechanical phenomena; basic
concepts and physical quantities from the course of
mechanics; the basic principles and laws of mechanics,
their logical content, mathematical expression and area
of applicability;

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

- interpret basic mathematical concepts included in
this program, their interrelation, interdependence and
mutual influence not only among themselves, but also
with other mathematical disciplines;

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

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

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

- Module "General Physics 1 and
higher mathematics" - 10 cr.;
— Module "Innovative teaching

methods and digital technologies™ - 6 cr .;
— STEM - Module - 7 cr.;

— Module "General Physics 2" - 9 cr.;
— Module "General Physics 3" - 8 cr.;
— Module "Workshop on general
physics" - 7 cr.;

— Module "Theoretical Physics" - 6 cr.;

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

- interpret and independently create new mathematical
models in the natural sciences and explore them;

— Instrument Module — 15 cr.;

- Module "General Physics 1 and
higher mathematics" - 10 cr.;

— Module "Professional Language" - 4 cr ;
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professional tasks; set a goal | - propose methods of mathematical and algorithmic | — STEM - Module-  7cr .;
and choose ways to achieve | modeling in the analysis of problems from other | — Module "Physics of Stars" - 8 cr .;

it; disciplines; — Module "Theoretical Physics" - 6 cr .;
- argue the own vision of the applied aspect in rigorous
mathematical formulations;
- explain the paradigms of the composition, syntax and
semantics of languages, basic models, approaches and
techniques in the study of languages;
- understand the basic principles and logic of
programming  programming languages, basic
functions and procedures
- build efficient algorithms and implement them in
various programming languages; conduct lexical
analysis, syntax analysis, effective software
implementation;

GC-7 - communicate on the content and problems of the — Social and Humanitarian Module— 6
Work in a group and a team, | specialty both with colleagues at work and with cr.;
communicate effectively | representatives of the general public, including from | — Instrument Module — 15 cr.;
with colleagues, supervisors; | other countries in a foreign language; — Module of socio-political knowledge
take responsibility for the | - to demonstrate the understanding of the principles, | _ 4 cr.:
work of team members, the | laws and categories of philosophy in the process of —  Module of cultural heritage and
result of the assignments; be | solving professional scientific problems; interpersonal communication - 4 cr.;
responsible for your own | - to substantiate the skills of analytical and — Module "General Physics 1 and higher
decisions and be prepared to | axiological analysis in the study of complex mathematics” — 10 cr.:
provide a rationale for these | historical processes, phenomena and historical — Module "Innovative teaching methods

decisions personalities of modern Kazakhstan. and digital technologies” — 6 cr.:

— Module "Professional Language" - 4 cr.;
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- to apply computer methods of collecting, storing
and processing information used in the field of
professional activity;

- recommend standard test methods;

- explain the reasons and solve the tasks with the use
of databases and literature.

— Module "Physics of Stars" - 8 cr.;

— Module "General Physics 2" - 9 cr.;

— Module "General Physics 3" - 8 cr;

— Module "Workshop on general physics"
- Tcr;

— Module "Theoretical Physics" - 6 cr .;

— Module "General Astronomy" -5 cr ;

— Module "Cosmology" - 9 cr.;

— Module "Star Astronomy" - 9 cr.;

— Module "Physics of Planetary Systems™
- 9cr;

— Module "Observational astronomy" - 9
cr.;

— Module "Kinematics and physics of
celestial bodies™ - 9 cr.;

— Module "Digital technology and data
processing in astronomy" - 9 cr.;

— Professional practice module - 12 cr.

GC-8
Demonstrate critical thinking
while working with new
information

- to assess the skills of creative, critical thinking and
the use of tools of critical thinking to the analysis of
scientific, cultural, social and political phenomena
and processes.

- propose methods of mathematical and algorithmic
modeling in the analysis of problems from other
disciplines;

— Module "General Physics 1 and higher
mathematics" - 10 cr.;

— Innovative teaching methods and digital
technologies — 6 cr.;

— Module "Physics of Stars" - 8 cr.;

— Module "General Physics 2" - 9 cr.;

— Module "General Physics 3 and
Pedagogy" - 8 cr.;
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- have the skills to solve problems in order to
mathematically correctly put a specific simple task of
practice, choose a method for its solution and solve
it;

- correctly correlate the content of specific tasks with
the general laws of physics, apply the laws of
mechanics to solve physical problems and at
interdisciplinary boundaries with other fields of
knowledge;

— Module workshop general physics" -7
cr.;

— Module "Theoretical Physics" - 6 cr.;

— Module "General Astronomy" -5 cr.;

— Module "Cosmology" - 9 cr.;

— Module "Star Astronomy" - 9 cr ;

— Module "Physics of Planetary Systems"
- 9cr,;

— Module "Observational astronomy" - 9 cr

— Module "kinematics and physics of
celestial bodies- 9 cr ;

— Module "Digital technology and data
processing in astronomy" - 9 cr.;

— Professional practice Module - 12 cr.

PC-1
Analyze and apply the
physical laws of mechanics,
molecular physics,
electromagnetism, optics,
atomic physics, nuclear
physics, theoretical physics,
fundamentals of radio
physics and electronics for
measuring and interpreting
experimental data

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

— measure the physical characteristics of objects and
processes

— evaluate the quality of experimental data and
calculate measurement errors

— analyze the results by using physical
mathematical methods of analysis

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

and

— General Physics 1 and higher
mathematics — 10 cr.;

— Innovative teaching methods and digital
technologies — 6 cr.;

— STEM - Module - 7 cr;

— General Physics 2 - 9cr.;

— General Physics 3— 8cr.;

— Workshop on general physics — 7 cr.;

— Theoretical physics— 6 cr.;

— Professional practice Module - 14 cr.
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PC-2 — explain the physical structure and chemical |— STEM - Module— 7 cr.;
Apply physical laws to study | composition of astronomical objects from protostar | — Physics of stars — 8 cr.;

of the structure, origin and | nebulae to metagalaxies based on physical laws — General astronomy — 5 cr.;
evolution of astronomical | — evaluate the evolutionary status of stars and classify | — Cosmology — 9 cr..
objects and the Universe as a | them by properties — Star astronomy — 9 cr.;
whole — determine the mechanisms and processes | — physics of planetary systems — 9 cr.:
responsible for the origin and observed structure of | _ Kinematics and physics of celestial
stars and star systems bodies — 9 cr.:
— classify stars by type of variability — Professional practice Module — 14 c.

— determine the structure and composition of
individual components of galaxies

— classify galaxies by morphology

— establish  relationships  between  kinematics,
physical parameters and the evolutionary status of
galaxies

— apply physical laws to study of the structure, origin
and evolution of the Universe as a whole

— explain the stages of evolution of the Universe by
taking into account cosmological parameters

— define variables parameters in cosmological
models to determine the evolution status of the
Universe

— explain the accelerated expansion of the Universe
based on physical laws

PC-3 — plan an astronomical observations — STEM - Module — 7 cr;
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Determine coordinates of
celestial bodies and date of
astronomical occasions by

calculations and using of the

— draw up astronomical observation programs for
robotic and automated telescopes

— evaluate the effectiveness of using the instrumental
time

— General astronomy — 5 cr.;

— Star astronomy — 9 cr,;

— Observational astronomy — 9 cr.;

— Kinematics and physics of celestial

star wheel — use software packages for planning observations as | bodies — 9 cr.:
GILDAS: ASTRO — Digital technology and data processing
— calculate the orbits for minor bodies of the solar | in astronomy — 9 cr.;
system: Comets and comet tails, asteroids — Professional practice Module — 14 cr.
— calculate the trajectories of artificial earth satellites
and manned spacecraft
— use a star wheel
— use the modern methods of computer technology
and methods of finding stars on the celestial sphere
— use simulators of virtual celestial sphere
— work with databases of astronomical observatories
to identify the coordinates of objects and the date of
observations
— predict astronomical events: Iridium flares, satellite
flight over the visible part of the celestial sphere
— switch between different data and coordinate
systems
— use Julian dates in observations

PC-4 — Extract information from various astronomical | — Cosmology — 9 cr.;

Collect and analyze of
observational materials
(astronomical catalogs and

databases
— Filter data based on the search criteria of the objects
under study (stars, galaxies, etc.)

— Star astronomy — 9 cr,;
— Physics of planetary systems — 9 cr.;
— Observational astronomy — 9 cr.;
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databases) for the studying of
astronomical objects and the
Universe as a whole

— compile SQL queries and use system commands
when working with the database

— compose automatic programs and scripts for data
collection and analysis in the AstroPy and Phyton
MySQL environment

— use the Simbad, Vizier, SDSS database when
working with stars and galaxies

— use data from the MPC, GAIA, NASA exoplanets
and ESO data catalogs when working with exoplanets
and small bodies of the solar system

— use data from astronomical surveys PLANK and
WMAP to determine the parameters of the Universe

— Professional practice Module — 14 cr.

PC-5
Make special calculations of
astronomical values and
simulating physical
processes occurring in outer

— calculate and determine the physical quantities
characterizing astronomical objects

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

— apply special processing methods in IRAF,

— STEM - Module - 7 cr;

— Physics of stars — 8 cr.;

— Workshop on general physics — 7 cr.;
— Star astronomy — 9 cr,;

— Physics of planetary systems — 9 cr.;

space AstroPy, GILDAS software environments: CLASS, | — Observational astronomy — 9 cr.;
GREG, AIPS — Digital technology and data processing
— apply modern methods of computer algebra | in astronomy — 9 cr.;
Mathematica and numerical methods in celestial | _ professional practice Module — 14 cr.
mechanics
— apply modern methods of numerical modeling of
star systems and clusters using the Phi-GRAPE code

PC-6 — develop software scripts for automatic analysis of | — Observational astronomy — 9 cr.;

Use methods of information
stream processing for

big data
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astronomical data, use a
computer systems of
collecting, processing and
storing of observational
material for the study of
astronomical objects and the
Universe as a whole

— use modern methods of computer programming on
Mathematica, Python, MatLAB for data analysis and
storage

— compile programs for the primary reduction of
large streams of observational data

— compose and edit databases based on the
accumulated material of observations

— compare modern systems for processing, analyzing
and storing astrophysical information

— Digital technology and data processing
in astronomy — 9 cr.;
— Professional practice Module — 14 cr.

PC-7
Apply modern mathematical
methods for analyzing of
astrophysical signals and use
modern digital space and
ground based technologies
for receiving and processing
data

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

— apply various information
Echelle spectrographs,
coupled devices

— produce a mathematical analysis of astrophysical
signals based on Fourier, wavelet transformations,
correlation communication and using specialized
methods for astronomical time series using the Lomb-
Scargle method as an example

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

— apply the principles of operation of the GLONASS,
GPS and GALILEO navigation satellite systems in
the calculations of the coordinates of ground stations
and objects

recording devices:
interferometers, charge-

— General Physics 1 and
mathematics — 10 cr.;

— Innovative teaching methods and digital
technologies — 6 cr.;

— Workshop on general physics — 7 cr.;

— Observational astronomy — 9 cr.;

— Digital technology and data processing
in astronomy — 9 cr.;

— Professional practice Module — 14 cr.

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

— use satellite observations to solve research and
practical issues

PC-8
Organize a scientific research
and conduct astronomical
observations by using
modern telescopes and
receivers of cosmic
electromagnetic radiation and
observation methods
(spectral, photometric, etc.)

— explain the principles of operation of modern
telescopes and receivers (spectrograph, photometer,
etc.) in the study of astronomical objects

— select the required observation method (spectral,
photometric, etc.) for space objects depending on the
specific research task

— compare the advantages and disadvantages of
various observation methods (spectral, photometric,
etc.) used to study space objects of various nature

— use charge-coupled devices in photometric and
spectral observations

— monitor observational equipment using modern
computer tools

— Physics of planetary systems Module — 9
cr.;

— Observational astronomy — 9 cr.;

— Digital technology and data processing
in astronomy-— 9 cr.;

— Professional practice Module -9 cr.

PC-9
Work with a specialized
scientific source base, use
modern computing
equipment and software for
conducting a scientific
research work

— systematize and classify independently the
scientific literature, using modern databases of
scientific articles on astronomy (SAO / NASA ADS,
SCOPUS, SIMBAD)

— work with Latex software package for writing
scientific articles

— use modern scientific programs for processing and
analyzing astronomical data (IRAF, Pyton, AIPS

— STEM - Module — 7cr;

— General astronomy — 5 cr.;

— Star astronomy — 9 cr,;

— Physics of planetary systems — 9 cr.;

— Observational astronomy — 9 cr.;

— Digital technology and data processing
in astronomy-— 9 cr.;

— Professional practice Module — 9 cr.
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(Astronomical Image Processing System)) on the
UNIX / LINUX operating system and MATLAB,
ASTRO, CLASS, etc. on WINDOS

— use super computers for numerical models of star
systems.

PC-10
Evaluate the results of
scientific research in the field
of physics and astronomy,
prepare of conclusions and
proposals for their practical

— substantiate the choice of applying observation
methods (spectral, photometric, etc.), modern analysis
methods (information-entropy, spectral, etc.) and
software (AstroPy, IRAF, MATLAB, ASTRO, etc.) in
the study of astrophysical phenomena

— STEM - Module - 7 cr;

— General astronomy — 5 cr.;

— Cosmology — 9 cr.;

— Star astronomy — 9 cr,;

— Physics of planetary systems — 9 cr.;
— Observational astronomy — 9 cr.;

application — summarize the results of the analysis of | Digital technology and data processing
astrophysical phenomena by various methods in astronomy- 9 cr.;
— draw conclusions about the nature of astronomical | _ professional practice Module - 9 cr.
objects and the universe as a whole based on the
research
PC-11 — demonstrate and explain the physical processes of | — Professional language — 9 cr.;

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

astronomical objects in the Universe using modern
programs (Star Walk)

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

— to make scientific presentations on physics and
astronomy

— Professional practice Module -9 cr.
— Innovative teaching methods and digital
technologies — 6 cr.;
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PC-12 — use the structure and functioning of the scientific | Modules of General education disciplines,
Acquire and use new style for working with texts in the specialty in order | Modules of Core disciplines, Professional
knowledge and skills; to form a professional competenciens Practice.
participate in scientific |~ use scientific, reference, methodical literature in
discussions, write scientific | the specialty in a foreign language
Papers — create secondary scientific texts - annotation and
conclusions
— summarize scientific information in the form of a
summary statement of the problem
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Matrix of competencies formation in the educational program modules

Title of modulus

Program learning outcomes

Al | A2 | A3 | B1|B2|B3|B4|B5|Cl|C2|C3|D1
GENERAL EDUCATION DISCIPLINES (GED)
OBLIGATORY COMPONENT (OC)

Social and Humanitarian module A | A C | D
Instrument module A | A B C C | D
ELECTIVE COMPONENT (EC)

Module of socio-political knowledge A | A C| D
Module _ of cultural  heritage and interpersonal Al A clclp

communication
CORE DISCIPLINES (CD)
OBLIGATORY COMPONENT (OC)
General physics 1 and higher mathematics module A A | B B | B C
Innovative teaching methods and digital technologies A AlslB clclc
module
Professional language module A | A B C| D
ELECTIVE COMPONENT (EC)
STEM-module Al A B|B|B|B|B|C
Physics of stars module A A | B | B | B cC | C
General physics 2 module A A | B | B B C
General Physics 3 module A|A|A|B|B B c| C
Workshop on general physics module A A | B | B B C
Theoretical physics module A A | B | B B cC | C
MAJOR DISCIPLINES (MD)
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OBLIGATORY COMPONENT (OC)

General astronomy module | A | | A| B | B | B | | | c | Cc | |
ELECTIVE COMPONENT (EC)
Cosmology module A|A| A | B | B | B C | C
Star astronomy module A|A| A | B | B | B C | C
Physics of planetary systems module A|A|A|B|B|B|B cC| C
Observational astronomy module A|A|A|B|B|B|B cC| C
Kinematics and physics of celestial bodies module A|A|A|B|B|B|B cC | C
rE)]:)ggC;La:Ietechnology and data processing in astronomy Alalalelelel B c|c
ADDITIONAL TYPES OF TRAINING(ATT)
OBLIGATORY COMPONENT (OC)
Physical Training module A
Professional Practice module A|A|A|B|B|B]|B cC | C
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13. Working curriculum

KEY (WORKING) EDUCATIONAL PLAN FOR SPECIALTIES 5B061100 — PHYSICS AND ASTRONOMY

Duration of study - 4 years

Form of study - full-time

Awarded degree: Bachelor of Natural Sciences on a speciality 5B061100 — Physics and Astronomy

Cods Title of disciplines/types of academic | Credit ECTS I T T IVTe‘rm v [ Vi [ Vil | Vil
work S
Lec+pract+lab
GENERAL EDUCATION DISCIPLINES (GED) 29 47
OBLIGATORY COMPONENT (OC) 21 35
Social and Humanitarian module 6 10
SIK1101 Modern history of Kazakhstan (State 3 5 94140
exam)
Fil2102 Philosophy 3 5 2+1+0
Instrument module 15 25
1'Yall103 Foreign language 6 10 | 0+3+0 | 0+3+0
K(R)Ya 1104 Kazakh (Russian) language 6 10 | 0+3+0 | 0+3+0
Information and communication
IKT1105 technologies (in English) 3 > 2+0+1
Total obligatory component 21 9 9 0 3 0 0 0 0
ELECTIVE COMPONENT (EC) 8 12
Module of socio-political knowledge 4 6
TPP2106 Th_eoretical and Applied Political 5 3 14140
Science
OPS2107 General and applied Sociology 2 3 1+1+0
Module of cultural heritage and 4 6
interpersonal communication
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. UTRT . . Term
Cods Title of disciplines/types of academic | Credit ECTS I T m ] W~ | v | Vi [ Vil [V
work S
Lec+pract+lab
KRYaK2108 Culture o_f speech and language 9 3 14140
communication
PMK2109 Psycholo_gy <_)f interpersonal 9 3 14140
communication
Total elective component 8 0 0 8 0 0 0 0 0
CORE DISCIPLINES (CD) 69 109
OBLIGATORY COMPONENT (OC) 20 32
General physics 1 and higher
. 10 16
mathematics module
Mechanics and molecular physics.
MF1201 Part 1. Mechanics (EEEA) 3 S 2+0+1
Electricity and magnetism, Optics.
EM2202 Part 1. Electricity and magnetism 4 6 2+1+1
MA1205 Mathematical analysis. 3 5 1+2+0
Innovative teaching methods and 5 10
digital technologies module
TMOEA3204 Theo_ry and methods of teaching 3 5 14240
physics and astronomy
OREA4205 Fundam_entals of radio physics and 3 5 14141
electronics
Professional language 4 6
Professionally-oriented Kazakh
POK(R)Ya2206 (Russian) language 2 3 0+2+0
POIYa2207 Professionally-oriented foreign 3 04240
language 2
Total of obligatory component 20 6 0 6 2 0 3 3 0
ELECTIVE COMPONENT (EC) 49 77

30




Cods Title of disciplines/types of academic | Credit ECTS I T T IVTe‘rm v [ VI [ Vil [ Vi
work S
Lec+pract+lab
Main disciplines of the educational
program
STEM-module 7 11
FOE3208 Physical bases of electronics 2 3 1+1+0
Computer modeling of physical
KMFPS3209 Drocesses 2 3 1+0+1
AGLA1210 Analytical geometry and linear algebra 3 3 1+2+0
Physics of stars 8 12
0OA2211 Fundamentals of Astrophysics 4 6 2+2+0
GA3212 Galactic astronomy 4 6 2+2+0
General physics 2 9 15
Mechanics and molecular physics.
MF1213 Part 2. Molecular Physics I?E?;EA) 3 S 2+0+1
Electricity and magnetism, Optics.
Opt2214 DatD ogtics g P 3 5 2+0+1
AF3215 Atomic physics 3 5 1+1+1
General Physics 3 8 12
YaF3216 Nuclear physics 4 6 1+2+1
FKS3217 Condensed state physics 4 6 1+2+1
Workshop on general physics 7 11
PM1219 Workshop-mechanics 2 3 0+2+0
PMF1220 Workshop- Molecular physics 2 3 0+2+0
PEM2221 Workshop - Electricity and magnetism 1 2 0+1+0
P0O2222 Workshop — Optics 2 3 0+2+0
Theoretical physics 6 9
Fundamentals of vector-tensor
OVTA2223 analysis 3 5 1+2+0
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Term

Cods Title of disciplines/types of academic | Credit ECTS T T v | Vv [ VI | Vil [ Vil
work S
Lec+pract+lab
ED3224 Electrodynamics 4 6 2+2+0
KM3225 Quantum Mechanics 3 5 2+2+0
Total of elective component of the
educational program 49 ! 1 12 13 13 0 0
MAJOR DISCIPLINES (MD) 32 53
OBLIGATORY COMPONENT (OC) 5 8
General astronomy 5 8
0OA1301 General Astronomy (EEEA) 3 5 1+2+0
Ast2302 Astrometry (EEEA) 2 3 1+1+0
Total of obligatory component 5 3 2 0 0 0 0 0
ELECTIVE COMPONENT (EC) 27 45
Cosmology 9 15
SEV4303 Structure and evolution of the Universe 3 5 1+2+0
OK4304 Fundamentals of Cosmology 3 5 1+2+0
VA4305 Extragalactic astronomy 3 5 1+2+0
Star astronomy 9 15
FPZ4306 Physics of variable stars 3 5 1+2+0
SEZ4307 The Structure and Evolution of Stars 3 5 1+2+0
DZS4308 Dynamics of stellar systems 3 5 1+2+0
Physics of planetary systems 9 15
FP3309 Physics of Planets 3 5 1+1+1
FSSS3310 Physics of the Sun and the Solar System| 3 5 1+1+1
SMIP3311 Spectral methods of Planets study 3 5 1+1+1
Observational astronomy 9 15
VR4303 Radio astronomy 3 5 1+2+0
0A4304 Fundamentals of Astrophotometry 3 5 1+2+0
Semiconductor electronics in
PEA4305 astrophysics 3 5 1+2+0
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Cods Title of disciplines/types of academic | Credit ECTS I T T IVTe‘rm v [ VI [ Vil [ Vi
work S
Lec+pract+lab
Kinematics and physics of celestial
) 9 15
bodies
NM3306 Celestial mechanics 3 5 1+2+0
NOG3307 Nonstationary Objects of Galaxy 3 5 1+2+0
VFKI13308 Physics of cosmic radiation 3 5 1+1+0
Digital '_[ech_nology and data 9 15
processing in astronomy
TsKS3309 Digital space communications 3 5 1+1+1
Space Radio location and Radio
KRR3310 navigation 3 5 1+2+0
Informational entropy analysis of
IEAASA31L astrophysical signallcs),y ) 3 S 2+1+0
Total of elective component 27 0 0 0 0 6 6 15 0
Total of theoretical studies 130 209 18 19 19 18 19 19 18 0
ADDITIONAL TYPES OF TRAINING(ATT) 22
Physical Training Module
FK Physical Training 8 0+0+2 | 0+0+2 | 0+0+2 | 0+0+2
Professional Practice Module 14
UP Educational internship 4 2 2
Prp Industrial internship 8 2 1 5
PdP Pre-diploma internship 2 2
Total on additional types of training 22 2 4 2 6 0 1 0 7
FINAL ATTESTATION 3
GES Specialty state examination 1 1
NZDR Writing and defense of the thesis 2 2
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. UTRT . . Term
Cods Title of disciplines/types of academic | Credit ECTS T 0 [ [ v ] vV [ Vi vV
work S
Lec+pract+lab
TOTAL 155 20 | 23 | 19 | 23 | 19 | 23 | 18 | 10

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

OBLIGATORY COMPONENT (OC) - 21 credits

SOCIAL AND HUMANITARIAN MODULE - 6 credits

Common cultural competencies:

— to formulate the main stages of the modern history of progressive Kazakhstan statehood development, in the context of the
world and Eurasian historical process;

— to freely interpret and creatively use scientific, historical and philosophical knowledge to summarize the success factors of
the Kazakhstan development model on the way to an established state - the Republic of Kazakhstan;

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

— Work in a group and a team, communicate effectively with colleagues, supervisors; take responsibility for the work of team
members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for these
decisions

Methods for evaluating the results achieved:

— verbal questioning: interview, colloquium, exam;

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

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

— innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.
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Modern history of Kazakhstan — 3 credits

Prerequisites: no.

Postrequisites: no.

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

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

historical development of human society through a critical analysis;

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

— analyze complex historical processes, phenomena and the role of historical personalities in the history of modern
Kazakhstan.

— master the techniques of historical description and analysis of the causes and consequences of the events of modern history
of Kazakhstan;

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

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

— compare the ideas of continuity and consistency of historical and cultural development, the deep roots of the spiritual
heritage of Kazakhstan;

— reveal the importance of the formation of historical consciousness and ideological principles in accordance with national
priorities;

— predict possible solutions to contemporary problems based on an analysis of the historical past and reasoned information;
— objectively and comprehensively comprehend the advantages, features and significance of the Kazakhstan development
model;

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

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

Studied topics:

1. Conceptual framework for the study of national history.

2. Liberation movements in construction of a national state.

36



3. Origins, continuity and evolution of the Kazakh statehood. Historical origins of the formation of the Soviet Kazakhstan.
4. Struggle for independence in Kazakhstan in the early twentieth century. Alash movement and its leaders.

5. Formation and modernization of the Soviet Kazakhstan. Contradictions and consequences of Soviet reforms in Kazakhstan
in the second half of the twentieth century.

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

7. Formation of State structure.

8. Kazakhstan model of economic development.

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

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

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

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

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

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

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

Philosophy — 3 credits

Prerequisites: SIK1101 — Modern history of Kazakhstan.

Postrequisites: no.

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

— describe the main content of ontology and metaphysics in the context of the historical development of philosophy;
— explain the specifics of the philosophical understanding of reality;

— Justify the worldview as a product of philosophical understanding and study of the natural and social world;

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

— Interpret the content and specific features of the mythological, religious and scientific worldview;
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— substantiate the role and importance of key world outlook concepts as values of the social and personal being of a person
in the modern world;

— analyze the philosophical aspect of media texts, socio-cultural and personal situations to substantiate and make ethical
decisions;

— formulate and correctly argue their own moral position in relation to the actual problems of modern global society;

— conduct a study that is relevant to identify the philosophical content of problems in the professional field and present the
results for discussion.

Studied topics:

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

2. Historical types of philosophy.

3. Basic philosophical understanding of the world.

4. The problem of being. Ontology and metaphysics.

5. Consciousness and language.

6. Cognition and creativity.

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

8. Philosophy of man and value world.

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

10. Ethics. The philosophy of values.

11. Freedom.

12. Aesthetics. Perception and creation of beauty.

13. Society and culture.

14. Philosophy of history.

15. “Mangilik Yel” and “Rukhani Zhangyru” — philosophy of new Kazakhstan.
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INSTRUMENT MODULE- 15 credits

Common cultural competencies:
— to demonstrate the competent use of language and cultural linguistic knowledge for solving communication problems in a
multilingual and multicultural society of the Republic of Kazakhstan and in the international arena;
— to represent social and ethical values based on social and legal norms and tolerance to various cultural and confessional
traditions;
— search and use of information necessary for the effective implementation of professional tasks, professional and personal
development; set a goal and choose ways to achieve it;
— work in a group and a team, communicate effectively with colleagues and management; take responsibility for the work of
team members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for
these decisions;
As a result of studying the discipline, a student is able to:
— competently use linguistic and cultural linguistic knowledge for solving communication problems in a multilingual and
multicultural society of the Republic of Kazakhstan and in the international scene;
— build an oral and written statement in different communicative situations, to understand and analyze the structural and
semantic organization of a scientific text;
— perform various text operations: describe, summarize information;
— search for information necessary for the effective performance of professional tasks;
— apply information and communication technologies in professional activities;
— use information and communication technologies in scientific and practical activities, self-education and the achievement
of other goals.
Methods for evaluating the results achieved:
- verbal questioning: interview, colloquium, exam;
- written work: test, quiz, essay, abstract;
- control with the help of technical means and information systems: computer testing programs, complex situational tasks;
exam testing;
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- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Foreign language- 6 credits

Prerequisites: no.

Postrequisites: POl'Ya2207 Professionally-oriented foreign language.

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

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

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

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

— speak with an oral message;

— build verbal and written statements in different communicative situations;

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

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

— apply the technology of interpretation and analysis of the texts of scientific literature in the specialty in a foreign language;
— build work with information in the global computer networks and corporate computer systems in English;
— competently use language and cultural linguistic knowledge for communication in a multilingual and multicultural society
of the Republic of Kazakhstan and in the international arena.

Studied topics:

1. Grammar: reading rules and word formation.

2. Grammar: all parts of speech.

3. Grammar: valid and passive voice.

4. Grammar: structure of all types of sentences.

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

. Subjunctive mood.

. The participial momentum.

~N O
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8. Infinitive constructions.

9. The sacrament constructs.

10. Gerundial designs.

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

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

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

Kazakh (Russian) language — 6 credits

Prerequisites: no.

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

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

— make the correct choice and use language and speech means on the basis of knowledge of a sufficient volume of lexicons,
a system of grammatical knowledge, and pragmatic means of expressing intentions;

— transfer the factual content of texts, formulate their conceptual information, describe output knowledge (pragmatic focus)

of the entire text, as well as of its individual structural elements;

— interpret information of the text, explain in the volume of certification requirements the style and genre specificity of the
texts of the socio-cultural, socio-political, official business and professional areas of communication;

— request and report information in accordance with the situation of communication, evaluate actions and actions of
participants, use information as a tool to influence an interlocutor in situations of knowledge and communication in accordance
with certification requirements;

— build programs of speech behavior in situations of personal, social and professional communication in accordance with the
norms of language, culture, the specifics of the sphere of communication, certification requirements;
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— discuss ethical, cultural, socially significant problems in the discussions, to express their point of view, to defend it
reasonably, to critically evaluate the opinion of interlocutors;

— participate in communication in various situations of different areas of communication in order to realize their own
intentions and needs (everyday, educational, social, cultural), declaring about them ethically correctly, meaningfully complete,
lexico-grammatically and pragmatically adequate to the situation;

— compile household, socio-cultural, and official business texts in accordance with generally accepted standards and
functional orientation, using adequate lexical-grammatical and pragmatic material of a certain certification level, which is
adequate for the purpose set.

Studied topics:

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

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

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

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

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

Unidirectional and multidirectional texts.

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

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

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

10 Synopsis. Types of abstract. Common abbreviation rules.

11. Secondary texts of scientific style.

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

13. Bibliographic description.

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

15.0ral scientific speech. Monologue. Dialogue. Polylog Speech strategies. Educational and scientific discussion.

CoNoarLDE

Information and communication technologies — 3 credits
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Prerequisites: no.

Postrequisites: KMFPS3210 Computer modeling of physical processes, IEAAS4308 Information —entropy Analysis of
Astrophysical Signals, TsKS3309 Digital space communications.

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

— explain the purpose, content and development trends of information and communication technologies, justify the choice of
the most appropriate technology to solve specific problems;

— explain the methods of collecting, storing and processing information, how to implement information and communication
processes;

— describe the architecture of computer systems and networks, the purpose and functions of the main components;

— use information Internet resources, cloud and mobile services for searching, storing, processing and distributing
information;

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

— using digital technologies to develop data analysis and data management tools for various activities;

— carry out project activities in the specialty with the use of modern information and communication technologies.

Studied topics:

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

Introduction to computer systems. Computer systems architecture.

Software. Operating Systems.

Human-computer interaction.

Database systems.

Data analysis. Data management.

Networks and telecommunications.

Cybersecurity.

. Internet technology.

10. Cloud and mobile technologies.

11. Multimedia technology.

12. Smart technology.

CoNoORrWODE
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13. E-technology. Electronic business. Electronic learning. Electronic government.
14. Information technology in the professional field. Industrial ICT.
15. Prospects for ICT development

ELECTIVE COMPONENT (EC) — 8 credits
MODULE OF SOCIO-POLITICAL KNOWLEDGE -4 credits

Common cultural competencies:
— to formulate the main stages of the modern history of the progressive development of the statehood of Kazakhstan, in
the context of the world and Eurasian historical process;
—  freely interpret and creatively use scientific, historical and philosophical knowledge to summarize the success factors
of the Kazakhstan development model on the way to an established state - the Republic of Kazakhstan;
— to represent social and ethical values based on social and legal norms and tolerance to various cultural and confessional
traditions;
— work in a group and a team, communicate effectively with colleagues and management; take responsibility for the work

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

As a result of studying the module, a student is able to:
to adequately navigate in various socio-economic, political and emergency situations, political and emergency situations;
objectively and comprehensively interpret the advantages, features and significance of the Kazakhstan development model;
to analyze and evaluate socially significant phenomena, events, processes; to understand and analyze socially significant

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

build the foundations of sociohumanitarian knowledge, understanding of the driving forces and laws of the historical and
socio-cultural process, the socio-political organization of society;
Methods for evaluating the results achieved:

44



— verbal questioning: interview, colloquium, exam;

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

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

— innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Theoretical and Applied Political Science — 2 credits

Prerequisites: SIK1101 — Modern history of Kazakhstan.

Postrequisites: no.

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

— describe the features of the organization and functioning of political institutions (institutions of representation and
coordination of interests);

— demonstrate an understanding of the mechanisms and principles of the functioning of political power, political institutions,
domestic, foreign, world politics and international relations;

— demonstrate an understanding of the nature and laws of the functioning and development of politics, its role in various
spheres of society;

— justify the relationship of political systems and political regimes;

— to assess the degree of objectivity of political information from various sources, to argue with conviction to express their
citizenship, to evaluate facts, events, phenomena based on the analysis of political strategy and national interests of modern
states;

— justify the leading role of identity (national, civil) as a factor in ensuring the national security of the Republic of Kazakhstan;
— identify the nature of sociopolitical conflicts and assess their legitimacy;

— generate new ideas and apply to a changing political reality;
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— use of methods for analyzing modern political processes taking place in the world and in the Republic of Kazakhstan;
— the formation of the political consciousness and political culture of students.
Studied topics:

The main stages of development of political knowledge in the history of civilization.
Politics in the structure of public life.

Power as a political phenomenon.

Subjects of policy.

Political systems of the present.

Political regimes.

Elections and electoral systems.

State and civil society.

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

10 Political development and modernization.

11.Conflict and crisis situations in politics.

12.Political culture and political ideology.

13.World politics and modern international relations.

14.The main priorities of the foreign policy of the Republic of Kazakhstan.
15.Development Strategy of Kazakhstan until 2050.

©WooNo~WNE

General and applied Sociology — 2 credits

Prerequisites: SIK1101 — Modern history of Kazakhstan.

Postrequisites: no.

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

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

— explain key sociological ideas and theories;
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describe social structure and stratification of society, distinguish and analyze the degree of social inequality;

reveal the mechanism of formation of public opinion and consciousness in society;

analyze the characteristics of social institutions in the modernization of Kazakhstani society;

understand and explain social interactions, phenomena and processes, social changes in the world based on macro- and

microsociological theories;

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

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

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

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

Studied topics:

Sociology in understanding the social world.
Introduction to sociological theory.

Social structure and stratification.
Socialization and identity.

Mass media, technology and society.
Sociology of ethnicity and nation.

Religion, culture and society.

Education and social inequality.

Family and modernity.

. Deviation, crime and social control.

. Economy, globalization and labor.

. Health and medicine.

. Population, urbanization and social movements.
. Sociological research.

. Social change: the latest sociological debate.
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MODULE OF CULTURAL HERITAGE AND INTERPERSONAL COMMUNICATION -4 CREDITS

Common cultural competencies:

— to formulate the main stages of the modern history of the progressive development of the statehood of Kazakhstan, in the
context of the world and Eurasian historical process;

— freely interpret and creatively use scientific, historical and philosophical knowledge to summarize the success factors of the
Kazakhstan development model on the way to an established state - the Republic of Kazakhstan;

— to demonstrate the competent use of language and cultural linguistic knowledge for solving communication problems in a
multilingual and multicultural society of the Republic of Kazakhstan and in the international arena;

— to represent social and ethical values based on social and legal norms and tolerance to various cultural and confessional
traditions;

— work in a group and a team, communicate effectively with colleagues and management; take responsibility for the work of
team members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for
these decisions;

Professional competencies:

— use information and communication technologies in their professional activities;

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

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

— competently use linguistic and cultural linguistic knowledge to solve communication problems in a multilingual and
multicultural society of the Republic of Kazakhstan and in the international arena; to the perception, analysis, synthesis of
information, setting goals and choosing ways to achieve it

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

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

— summarize the results of mental, historical-typological, interpersonal analysis to determine the place of professional activity
in the cultural and historical paradigm
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— to assess and possess the skills of respect for the cultural heritage and man; information on the driving forces of the
psychological process

— communicate on the content and problems of the specialty both with colleagues at work and with representatives of the
general public, including from other countries in a foreign language

Methods for evaluating the results achieved:

— verbal questioning: interview, colloguium, exam;

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

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

— innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Culture of speech and language communication— 2 credits

Prerequisites: SIK1101 Modern history of Kazakhstan, OPS2111 General and applied Sociology, TPP2110 Theoretical and
Applied Political Science, K(R)Ya 1104 Kazakh (Russian) language.

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

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

— interpret the concept of “culture of speech” and its main aspects: normative, communicative, ethical and rhetorical;
— explain the principles of a culture of public speaking and requirements for public speaking;

— give a public speech;

— simulate situations of oral business communication;

— compile background documents (explanatory note, protocol, extract from the protocol) and business letters.
Studied topics:

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

3. Types of language norms of the literary language.

4. The communicative aspect of the culture of business speech. Communicative qualities of speech (pithiness of speech,
accuracy, clarity, purity, richness and diversity of speech).

5. The ethical aspect of the culture of speech. The functions of speech etiquette in business communication. Communication
atmosphere and etiquette formulas. The system of addresses in Russian speech etiquette.

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

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

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

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

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

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

12. Modeling situations of oral business communication: ‘“Telephone conversation”, “Business conversation”, “Negotiations”.
13. The culture of written business speech.

14. Types of business documents. Features of the preparation of personal business documents (application, power of attorney,
receipt, autobiography, resume).

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

Psychology of interpersonal communication— 2 credits

Prerequisites: SIK1101 Modern history of Kazakhstan, Fil2102 Philosophy.

Postrequisites: no.

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

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

analyze the signs and barriers of effective communication;

describe the concepts of personality and interpersonal communication in the context of the formation and modernization of
the national consciousness;

analyze the value-semantic structure of the individual and highlight the main priorities for the purpose of self-determination
and personal growth in the framework of the modernization of consciousness;

use psychological knowledge for career planning and building a professional path;

evaluate their own psychological qualities, resources and capabilities;

justify the value and place of interpersonal communication as a factor in the development of a harmonious personality;
develop your own strategies for effective interpersonal communication, use the skills of stress management and time
management, self-presentation skills to improve personal and professional effectiveness;

establish and maintain constructive communication with different people;

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

Studied topics:

Psychology of personality and its role in the system of human sciences.
Motivational-need sphere of personality.
Emotions and emotional intelligence.
Volitional processes and the psychology of self-regulation.
Temperament and character.
Values, interests, norms as the spiritual basis of personality.
Psychology of the meaning of life and professional self-determination.
Psychology of career growth.
Psychology of communication.

. Perceptual side of communication.

. Interactive side of communication.

. The communicative side of communication.

. The concept and structure of the socio-psychological conflict.
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14. Models of individual behavior in conflict.
15. Techniques and techniques for effective communication.

CORE DISCIPLINES (CD) — 69 credits

OBLIGATORY COMPONENT (OC) — 20 credits

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

Common cultural competencies:
— understand and apply knowledge of the basic physical laws in nature, and their connection with the observed phenomena
and processes; use inductive and deductive approches to cognition

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

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

for these decisions

— to demonstrate critical thinking when working with new information

Professional competencies:

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

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

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

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

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

As a result of studying the module, a student is able to:
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— Interpret basic mechanical phenomena; basic concepts and physical quantities from the course of mechanics; the basic
principles and laws of mechanics, their logical content, mathematical expression and area of applicability

— Interpret basic mathematical concepts included in this program, their interrelation, interdependence and mutual influence
not only among themselves, but also with other mathematical disciplines

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

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

— measure the physical characteristics of objects and processes

— evaluate the quality of experimental data and calculate measurement errors

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

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

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

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

Prerequisites: no.

Postrequisites: MF1214 Mechanics and molecular physics. Part 2. Molecular Physics (EEEA).
As a result of studying the discipline, a student is able to:

interpret the basic provisions, laws and methods of mechanics;

explain basic information in the field of mechanics;

— use basic physical instruments for measuring mechanical quantities;

— set and solve the experimental problems of mechanics;
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— construct mathematical models of the simplest mechanical phenomena and use the mathematical apparatus available to him
for analyzing these models, including methods of computational mathematics;
— process, analyze and evaluate the obtained measurement results;
— correlate (compare) the content of specific tasks with the general laws of physics.
Studied topics:
. Kinematics of a material point, speed, acceleration normal and tangential.
. Kinematics of circular motion.
. Kinematics of a solid.
. The dynamics of the material point, Newton's laws.
. Dynamics of the system of material points.
. Classification of forces and interactions.
. Gravitational force, mass inert and gravitational.
. Inertial reference systems, Galilean relativity principle.
. Non-inertial reference systems, inertial forces.
10. Work, potential force field, conservative forces.
11. Energy: potential energy; kinetic energy, energy conservation law.
12. Dynamics of a solid body.
13. Mechanics of liquids and gases.
14. Fluctuations.
15. Waves.
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Electricity and magnetism, Optics. Part 1. Electricity and magnetism — 4 credits
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Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Mechanics, MF1214 Mechanics and molecular physics.

Part 2. Molecular Physics.

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

astrophysics.

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

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

— explain basic information in the field of electromagnetism;

— use basic physical devices for measuring electrical quantities;

— set and solve the experimental problems of electromagnetism;

— build mathematical models of the simplest electromagnetic phenomena and to use the mathematical apparatus available to
him for the analysis of these models, including methods of computational mathematics;

— process, analyze and evaluate the measurement results;

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

Studied topics:

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

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

3. Electrostatic fields in dielectrics.

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

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

6. Electrical conductivity in solids.

7. Thermoelectric phenomena.

8. Electrical conductivity of semiconductors.

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

10. Constant magnetic fields.

11. Magnetic fields in magnetics.

12. Theory of magnetics.

13. Law of electromagnetic induction and its consequences.

55



14. Circuits of quasi-stationary alternating current and methods of calculations thereo.
15. Displacement current and Maxwell’s equations

Mathematical analysis.— 3 credits

Prerequisites: no.

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

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

— interpret the basic theorems of differential and integral calculus;

— discuss the basic concepts of mathematical analysis;

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

— process, analyze and evaluate the results of calculations;

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

Studied topics:

1. Introduction. Basic concepts of set theory, operations on them and logic symbols. Quantifiers. The set of rational numbers.
The set of real numbers. Properties of real numbers set. The absolute value. Count sets, their properties. The uncountability of
the set of real numbers. Principle of Mathematical induction.

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

3. Bolzano-Weierstrass’ theorem. The lower and upper limits of the sequence. Fundamental sequence. Cauchy's
Convergence Criterion. Number e.

4. Definition of function. Properties of the function. Limit of functions. Theorem (the limit of function is unique).
Properties of the limits.

5. One-Sided Limits. Infinite limits. Infinitesimal (Infinitely Small) and Infinitely Large functions and their properties.
First and Second remarkable limits.

6. The continuity of function.Continuity on an interval. Points of discontinuity. Uniform Continuity. Cantor’s Theorem.
7. The derivative of function. The relationship between differentiability and continuity. The basic rules of differentiability.
One-Sided Derivatives and other derivative notations.

56



8. Some Differentiation Formulas. Table of derivatives of basic function. Logarithmic Derivative. The Derivatives of
Functions represented in implicitly form.

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

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

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

12. Extrema of the functions. The necessary and sufficient conditions for the existence of Extrema. Increase and decrease of
function. The intervals of concavity and convexity of the graph of the function. The inflection points. Asymptotes. Analysis
of function using the derivative, plotting graph of function. Some curve sketching.

13. Antiderivative. Definition of the integral. The indefinite integral. The table of basic indefinite integrals. The main
properties of the indefinite integral. Integration by parts and the change of variables in the indefinite integral.

14. Integration of rational expressions. Decomposition of proper rational fraction into a sum of partial fractions. Method of
undetermined coefficients. Integrability of a rational fraction in elementary functions. The Ostrogradsky method.

15. Integration of irrational expressions. Integration of linear fractional irrationalities. Integration of quadratic irrationalities.
Euler substitutions. Integration of the differential binomial. Integrability in elementary functions of some trigonometric
expressions.

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

Common cultural competencies:

— Understand and apply knowledge of the basic physical laws in nature, and their connection with the observed phenomena
and processes; use inductive and deductive approches to cognition

— Work in a group and a team, communicate effectively with colleagues, supervisors; take responsibility for the work of team
members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for
these decisions

— Demonstrate critical thinking while working with new information

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

— Apply modern mathematical methods for analyzing of astrophysical signals and use modern digital space and ground based
technologies for receiving and processing data

— Present information, ideas, problems, solutions and results of scientific research in the field of physics and astronomy to
specialists and non-specialists

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

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

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

— to make scientific presentations on physics and astronomy

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

— recommend standard test methods

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

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

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

— produce a mathematical analysis of astrophysical signals based on Fourier, wavelet transformations, correlation
communication and using specialized methods for astronomical time series using the Lomb-Scargle method as an example

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

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

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

exam testing;
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- Innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Theory and methods of teaching physics and astronomy — 3 credits

Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Mechanics, MF1214 Mechanics and molecular physics. Part
2. Molecular Physics, EM2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism, Opt2215 Electricity and
magnetism, Optics. Part 2. Optics.

Postrequisites: PP Pedagogical internship.

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

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

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

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

— apply basic technologies used in teaching physics and astronomy;

— make thematic, calendar curricula, lesson plan;

— develop and conduct various forms of training;

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

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

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

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

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

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

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

. Didactic principles of teaching physics.

. Methods of teaching physics.

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

11. Types of educational physical experiment.

12. Monitoring and evaluation of knowledge and skills.

13. Planning training classes in physics. Calendar plan. Lesson plan.
14. Methodical issues of the main sections of physics and astronomy.
15. Using a computer to study physics.

Fundamentals of Radio Physics and Electronics — 3 credits

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

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

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

— demonstrate the basic radio elements;

— explain the principle of operation of basic analog and digital devices, their circuitry, structure and principle of organization
of electronic measuring devices;

— apply electronic equipment in practice;

— measure electrical quantities using general-purpose radioelectronic equipment;

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

— process, analyze and evaluate the measurement results;

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

Studied topics:

1. Signals, their classification, parameters.

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

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

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

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

7. Bipolar transistors, switching circuit.

8. Bipolar transistor as a quadrupole, parameters, equivalent circuits in different wiring diagrams.
9. Dynamic Bipolar Transistor Mode.

10. Field effect transistors.

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

12. Amplifier feedback gain, negative and positive feedback.

13. Operational amplifiers, main characteristics, parameters.

14. Electric Signal Generators.

15. Multivibrator in self-oscillating mode.

MODULE «PROFESSIONAL LANGUAGE» -4 CREDITS

Common cultural competencies:

- demonstrate the competent use of linguistic and cultural linguistic knowledge for solving communication problems in a
multilingual and multicultural society of the Republic of Kazakhstan and in the international arena;

-search and use of information necessary for the effective implementation of professional tasks, professional and personal
development; set a goal and choose ways to achieve it;

- work in a team and a team, communicate effectively with colleagues, management; take responsibility for the work of team
members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale for these
decisions;

- demonstrate critical thinking when working with new information;

Professional competencies:

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

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

As a result of studying the module, a student is able to:
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- use the structure and functioning of the language for working with texts in the specialty in order to form a professional world
outlook;

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

- create secondary scientific texts - annotation and conclusions;

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

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Professionally-oriented Kazakh (Russian) language — 2 credits

Prerequisites: K(R)Yal104 Kazakh (Russian) language.
Postrequisites: core and major disciplines.
As a result of studying the discipline, a student is able to:
- understand the orthoepic, spelling, stylistic norms of the Kazakh / Russian language;
- to systematize the system of concepts and terms of the discipline;
- apply theoretical knowledge of the Kazakh (Russian) language in educational and professional activities;
- understand the features of professional oral scientific speech;
- determine the features of professional written scientific speech;
- justify the strategy and tactics of speech communication in the field of professional interaction;
- be able to speak with an oral message;
- build oral and written statements in different communicative situations;
- understand and analyze the structural and semantic organization of a scientific text;
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- perform various operations with the text: describe, summarize information;

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

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

. Business documentation in the professional field.

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

. Scientific and publicistic style of speech.

. Grammar-style features of a professional text.

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

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

. Work with sources. Annotation. Referencing.

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

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

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

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

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

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

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

O©ooO~NOoO Ol WN K-

Professionally-oriented foreign language — 2 credits

Prerequisites: 1'Yal103 Foreign language.
Postrequisites: core and major disciplines.
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As a result of studying the discipline, a student is able to:

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

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

- possess strategies of communicative behavior in situations of international professional communication;

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

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

- show the ability to perceive, analyze and summarize educational and scientific information, logically and grammatically
correct formulation of statements;

- Independently prepare and make oral reports on professional topics, including using multimedia technologies;

- extract the necessary information from sources in a foreign language created in different sign systems (text, table, graph,
diagram, audiovisual series, etc.) in typical situations of professional and business communication.

Studied topics:

1. Professional vocabulary. Term system of professional language.

2. Business documentation in the professional field.

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

4. Scientific and publicistic style of speech.

5. Grammar-style features of a professional text.

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

7. Work with sources. Annotation. Referencing.

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

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

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

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

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

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

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

ELECTIVE COMPONENT (EC) — 49 credits

STEM - MODULE -7 CREDITS
Professional competencies:
- analyze and apply the physical laws of electronics for measuring and interpreting experimental data
- make special calculations of astronomical values and simulating physical processes occurring in outer space
- work with a specialized scientific source base, use modern computing equipment and software for conducting a scientific
research work
- know the principles of processing information flows of astronomical data, be able to use computer systems for collecting,
processing and storing;
As a result of studying the module, a student is able to:
- electronic measuring devices and installations for conducting an experiment
- analyze the results by using physical and mathematical methods of analysis
- build mathematical models to describe the physical properties and processes in astronomical objects
- apply modern methods of computer algebra Mathematica and numerical methods
- apply modern methods of numerical modeling of star systems and clusters
- use super computers for numerical models of star systems
Methods for evaluating the results achieved:
- verbal questioning: interview, colloquium, exam;
- written work: test, quiz, essay, abstract;
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- control with the help of technical means and information systems: computer testing programs, complex situational tasks;
exam testing;

- Innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Physical bases of electronics — 2 credits

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

Postrequisites: PrP Industrial internship.

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

- demonstrate typical circuit solutions for electronic devices;

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

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

- use electronic devices to build electronic devices;

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

Studied topics:

1. The role of physical phenomena and processes in electronics, the main directions of development of electronics.
2. Elements of the band theory of the structure of solids, the filling of zones with electrons and the division of bodies into
metals, dielectrics and semiconductors.

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

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

5. The law of the current masses.

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

7. Scattering mechanisms of free charge carriers.

8. Temperature dependence of conductivity in semiconductor and metal.

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

11. Fundamentals of physics of semiconductor devices.

12. Physical fundamentals of integrated electronics.

13. Dinistors. Thyristors.

14. Photovoltaic devices based on external photoelectric effect.

15. Photoelectric devices based on the internal photoelectric effect.

Computer modeling of physical processes - 2 credits

Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Electricity and magnetism, MF1214 Mechanics and
molecular physics. Part 2. Molecular Physics, EM2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism,
Opt2215 Electricity and magnetism, Optics. Part 2. Optics.

Postrequisites: PrP Industrial internship.

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

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

- develop computer programs using modern Matlab mathematical modeling packages;

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

- select and apply numerical methods for modeling various physical phenomena and approximate solving physical problems
with a given accuracy;

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

Studied topics:

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

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

3. Work with files.

4. Graphic representation of the results of calculations.
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5. Effective algorithms for the numerical solution of algebraic equations, the division of complex numbers, the calculation of
derivatives, the solution of systems of linear algebraic and differential equations.
6. Models of physical processes based on ordinary differential equations.

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

8. Formal description of random processes.

9. General scheme of Monte-Carlo methods.

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

11. Modeling of oscillatory processes and wave movements.

12. Modeling the behavior of systems consisting of a large number of particles.
13. Modeling of phase transitions by the method of molecular dynamics.

14. Simulation of optical phenomena.

15. Simulation of quantum systems.

Analytical geometry and linear algebra — 2 credits

Prerequisites: no.

Postrequisites: OVTA2224 Fundamentals of vector-tensor analysis

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

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

- demonstrate analytical methods for the study of basic geometric elements and shapes;
- apply the methods of vector and linear algebra in solving professional problems;
- analyze the properties of multidimensional vector and Euclidean spaces;

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

Studied topics:

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

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

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

5. Operations on matrices, their properties.

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

7. Minor, algebraic additions, their properties.

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

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

10. Linear space, sum and intersection of subspaces, direct sum of subspaces, properties.
11. Linear operators, their properties, examples.

12. Eigenvalues and eigenvectors of a linear operator.

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

15. Bilinear functions and quadratic forms in Euclidean space.

MODULE «PHYSICS OF STARS» - 8 CREDITS

Professional competencies:

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole;
- produce special calculations of astronomical quantities and simulate the physical processes occurring in outer space;

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

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

- make special calculations of astronomical quantities;
- simulate physical processes occurring in space;
As a result of studying the module, a student is able to:

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole;
- independently formulate and solve problems in physics and astronomy, formulate algorithms for modeling processes
occurring in outer space; to evaluate the results of research, the preparation of conclusions and proposals for their practical

use,
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- analyze the principles of processing information flows of data, be able to use computer systems for collecting, processing
astrophysical data; analyze the physical interpretation of new experimental information in the field of astronomy
(astrophysics);

- possess the mathematical apparatus and formalisms in modern theoretical astrophysics, the criteria for choosing methods for
solving problems both in analytical form and using computer technologies (modern computers and corresponding software
products);

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Fundamentals of Astrophysics — 4 credits

Prerequisites:. OA1301 General Astronomy (EEEA).

Postrequisites: SEZ4307 The Structure and Evolution of Stars.

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

- to substantiate modern ideas about the origin, structure, basic parameters and evolution of various objects of the Universe;
- explain the principle of operation of various astrophysical instruments;

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

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

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

Studied topics:

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

2. The emission and absorption of electromagnetic waves in a medium. Basic photometric concepts and units.
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3. The mechanism of absorption and radiation of light by matter (atoms, molecules). Formation of continuous spectra,
emission and absorption spectra. Free-free transitions. Free-bound transitions. Transitions between energy levels. lonization.
Recombination. The hydrogen atom. Rydberg's formula. The Zeeman effect. The Stark effect

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

5. Radiation of an absolutely black body. Fundamentals of the theory of radiation transfer. Emissivity coefficient.
Coefficient of absorption and optical thickness. The transport equation and its simplest special cases.

6. Features and physical limitations of astronomical observations. The main tasks of observational astronomy. Telescopes
and receivers of radiation. Physical limitations on the accuracy of astronomical measurements.

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

8. Classifications of stars. Spectra of stars. Spectral classes. The Hertzsprung-Russell diagram. Mass-luminosity ratio. Star
spectroscopy as a tool for determining the fundamental stellar parameters.

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

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

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

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

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

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

15. Interstellar medium. Its main components and observational manifestations. The nature of the main components of the
interstellar medium and their role in the universe.

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

Postrequisites: DZS4308 Dynamics of stellar systems.

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

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

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

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

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

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

- choose adequate physical methods to solve specific problems.

Studied topics:

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

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

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

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

5. Diagram of Hertzsprung-Russell. The main sequences on the Hertzsprung-Russell diagram. Star evolution. Types of
variable stars and the instability band.

6. Absorption of light in the galaxy. Complete and selective absorption of light. Determination of color excess in the UBV
system. Model of the visible distribution of absorbing matter. Absorbing matter in our Galaxy.

7. Dissipated star clusters and stellar associations. Common characteristics of scattered clusters. Determination of excess
color, distances and ages of scattered clusters.

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

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

10. Sources of energy stars. Formation of heavy elements. Basic concepts of astrophotometry. Stellar magnitudes.
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11. Degenerate stars. The relationship between mass and radius, the limiting mass of stars. Fundamentals of spectral
analysis. Spectral classification of stars. The Hertzsprung-Russell diagram (HR). The main sequence.

12. The theory of the evolution of stars. Jeans instability. The composition and structure of galaxies of various types. ..
Standard scenario of star formation. Dynamic balance of stars. Normal stars, white dwarfs and neutron stars. Black holes.
13. Neutron stars. Pulsars. Supernew stars. Supernova remnants and their observations. The sun is like a star. Elements of
stellar astronomy. The structure of the galaxy. Classification of galaxies. Clusters of galaxies.

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

15. Observations of objects with a large redshift and the evolution of galaxies. Quasars. Elements of cosmology. The Hubble
Act. Friedman's solution. Critical density. Standard cosmological scenario. Relic radiation. Cellular structure of the
Universe.

MODULE «GENERAL PHYSICS 2» -9 CREDITS

Common cultural competencies:

- understand and apply knowledge of the basic physical laws in nature, and their connection with the observed phenomena
and processes; use inductive and deductive approches to cognition

- demonstrate critical thinking while working with new information

Professional competencies:

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

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

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

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

- correctly correlate the content of specific tasks with the general laws of physics, apply the laws to solve physical problems
and at interdisciplinary boundaries with other fields of knowledge
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- measure the physical characteristics of objects and processes

- evaluate the quality of experimental data and calculate measurement errors

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

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

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

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

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

Postrequisites: FKS 3218 Condensed state physics.

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

- interpret the basic statistical laws and laws of distribution, the fundamentals of thermodynamics of equilibrium processes,
transport phenomena, models of ideal and real gases and their basic properties, phase transitions;

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

- apply methods for solving practical problems, the foundations of which are molecular forms of motion and statistical laws;
- use the basic knowledge of the fundamental sections of mathematics, to create mathematical models of typical professional
problems;

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

1. Molecular-kinetic theory.

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

4. The distribution of gas molecules in velocity.

5. The first law of thermodynamics.

6. The second law of thermodynamics.

7. Real gases and liquids.

8. Transport phenomena.

9. Surface phenomena in liquids.

10. Solids.

11. Waves in continuum and elements of acoustics.
12. Waves in elastic media.

13. Phase and group velocity.

14. Wave propagation in inhomogeneous media.
15. Reflection and refraction of waves at the boundary of two media.

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

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

Postrequisites: AF3216 Atomic physics

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

- demonstrate knowledge of the theoretical foundations of optical physics, the principles of mathematical description of
optical phenomena, concepts and models of approximation;

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

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

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

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

Studied topics:
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1. Development of ideas about the nature of light. The first laws of optics. Fermat's principle. Energy units and the
relationship between them. Models of radiation sources. Brightness of the scattering surface. Illumination created by various
sources.

2. The phenomena of refraction and refraction in nature. Optical fibers. Basic concepts and definitions of geometric optics.
Beginning of the geometric theory of optical images. Refraction on a spherical surface. Lens. Formulas of a thin lens.
Refraction on a spherical surface. Spherical mirror. Centered optical system.

3. Construction of an image in a thin/thick lens. Telescope. Microscope. Eye and sight. Illusions of perception of the image.
Camera. Eyepiece. The film "Lens". Eye and sight. Optical circuit of the eye. Accommodation and adaptation.

4. The concept of colour. Colour coordinates. Synthesis of colour. Colour profiles of devices. Interference of
monochromatic light. Interference of plane waves. Interference of waves emitted by two point sources. Interference
experiments by the method of wave front division. Division of amplitude. Relations for the calculation of interference
patterns.

5. Strips of equal slope. Strips of equal thickness. Rings of Newton. Interference of quasi-monochromatic light. Influence of
the size of the source on the interference pattern. Two point sources. Dependence of the visibility of the bands on the
distance between the sources. Extended source. Dependence of the visibility of bands on the width of an extended source.
Aperture of interference.

6. Application of multi-beam interference. Multilayer dielectric coatings. Reception of dielectric mirrors. Enlightenment
optics. Optical filters. Radiation of Vavilov - Cherenkov. Phased arrays.

7. The phenomenon of diffraction. The Huygens-Fresnel principle, its integral notation and interpretation. Principle of
Babin. Fresnel zones. Diffraction at the edge of a semi-infinite screen. The spiral of Cornu. Fresnel approximation and
Fraunhofer approximation. Diffraction of Fraunhofer on the slit, on the rectangular and circular holes.

8. Amplitude and phase diffraction gratings. Diffraction and spectral analysis. Spectral analysis in optics. Prizm diffraction
and interference spectral devices and their main characteristics: hardware function, angular and linear dispersion, resolving
power, dispersion area Experiments on diffraction and interference.

9. The physical basis of the method of holographic recording of images. Holograms of Gabor and Denisyuk. Application of
optical static holography. Diffraction on a multidimensional structure. The Breg-Wulf formula. The Laue method. Method
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of crystal rotation. Method of powder. The concept of the structural basis factor and the atomic scattering factor. Photonic
crystals.

10. The concepts of polarization in optics. Interference of polarized waves. Description of the polarization of radiation
within the electromagnetic theory of light. Visual representation of linear, circular, elliptically polarized and unpolarized
radiation. Natural light. The concept of Stokes parameters and the Mueller matrix. The degree of polarization. Polarizers.
11. Optics of anisotropic media. Propagation of light waves in anisotropic media: experimental facts and elements of the
theory. Equation of Fresnel wave normals. Double refraction of light. Qualitative analysis of the propagation of light by
means of Huygens' construction and wave normals. Beam demolition phenomena. Uniaxial and biaxial crystals.

12. The concept of gyrotropic media. Natural optical activity. Saccharometry. Anisotropy of optical properties induced by
mechanical deformation, electrical, magnetic fields. Optical effects in liquid crystals. Dynamic scattering. Electrical control
of birefringence. "Twist effect”. The effect of the guest is the host.

13. Thermal radiation. Emissivity and absorptivity of a substance and their ratio. A model of an absolutely black body. The
Stefan-Boltzmann law, the Wien displacement formula. Limititions of the classical theory of radiation. Elements of the
guantum approach. Planck's formula. Optical phenomena in nature. Polar lights. Synchrotron radiation.

14. Photoluminescence. Photoelectric effect. Basic experimental regularities and their interpretation. Photons and their
properties. Laws of conservation of energy and momentum in processes involving photons.

15. The Compton effect. Turbulent beam shift Optical phenomena in the atmosphere. History of the study of the rainbow.
Luminescence phenomenon: basic laws, spectral and temporal characteristics, interpretation within the framework of
guantum concepts. Photoluminescence. Photoelectric effect.

Atomic physics — 3 credits

Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Electricity and magnetism, MF1214 Mechanics and
molecular physics. Part 2. Molecular Physics, EM2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism,
Opt2215 Electricity and magnetism, Optics. Part 2. Optics.

Postrequisites: YaF3217 Nuclear physics.

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

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

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

Studied topics:

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

2. Bohr’s quantum model of the atom

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

4. Wave function. The Uncertainty Principle. The Schrodinger 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 guantum numbers. The concept of electronic
configuration. Vector addition of angular momentum. Types of bonds.

9. General characteristics of the spectra of multi-electron atoms. The application of the Pauli exclusion principle. Energy levels
and spectrum of atom He. Term symbol.

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

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

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

13. Types of motion in the molecule. Orders of magnitude of the electronic, vibrational and rotational energies. Vibration and
rotation of diatomic molecules. Rotational, vibrational and electronic spectra of molecules. Diatomic molecules.

14. Zeeman effect. Stark effect. Zeeman effect.

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

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

- understand and apply knowledge of the basic physical laws in nature, and their connection with the observed phenomena
and processes; use inductive and deductive approches to cognition

- demonstrate critical thinking while working with new information

Professional competencies:

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

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

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

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

- correctly correlate the content of specific tasks with the general laws of physics, apply the laws to solve physical problems
and at interdisciplinary boundaries with other fields of knowledge

- measure the physical characteristics of objects and processes

- evaluate the quality of experimental data and calculate measurement errors

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

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

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Nuclear physics — 3 credits
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Prerequisites: MF1201 Mechanics and molecular physics. Part 1. Electricity and magnetism, MF1214 Mechanics and
molecular physics. Part 2. Molecular Physics, EM2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism,
Opt2215 Electricity and magnetism, Optics. Part 2. Optics, AF3216 Atomic physics.

Postrequisites: PP Pedagogical internship.

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

- demonstrate knowledge of the properties of stable nuclei and nuclear forces, nuclear models, unstable nuclei, the
interaction of nuclear radiation with matter and nuclear reactions;

- discuss issues of modern nuclear physics;

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

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

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

Studied topics:

. The place and importance of nuclear physics.

. Static properties of atomic nuclei.

. Radioactivity.

. The laws of simple and complex radioactive decay.

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

. Thermonuclear reactions in the universe and in the laboratory.

. Interaction of radiation with matter.

. Interaction of heavy charged particles with matter.

. Nuclear reactions.

10. Conservation laws in nuclear reactions.

11. Mechanisms and parameters of nuclear reactions.

12. Detectors of particles of ionizing radiation.

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

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

Condensed state physics — 3 credits

Prerequisites: MF1214 Mechanics and molecular physics. Part 2. Molecular Physics.
Postrequisites: PrP Industrial internship.

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

- interpret the basic physical mechanisms of the phenomena occurring in condensed matter;
- describe the type of crystalline structure of a solid;

- apply the obtained knowledge to calculate the parameters characterizing the structure, mechanical, thermal, electrical and
magnetic properties of solids;

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

- draw conclusions on the results of the study.

Studied topics:

. Condensed state and the formation of a crystalline body.

. Classification of a solid body by structure and properties.

. The concept of translational symmetry.

. Crystallographic classes and systems.

. The interaction of the crystal with electromagnetic waves.

. Reverse grille.

. Weak chemical bond in solids.

. Strong chemical bonds in solids.

. Free electron gas in metals, electrical conductivity of metals, Hall effect, electronic heat capacity.
10. Fermi gas of free electrons.

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

13. Zone theory in solids: classification according to the features of the energy spectrum of electrons in solids, energy zones
and the Fermi surface, the electron effective mass tensor.

14. Oscillation of a diatomic chain and its solution.

15. Defects in solid state materials.

MODULE «WORKSHOP ON GENERAL PHYSICS» - 7 CREDITS

Professional competencies:

- understand the basic physical processes responsible for the nature and observable features of space objects and phenomena,;
- analyze basic information in the field of mechanics, molecular physics, electromagnetism, optics, atomic physics,
fundamentals of radiophysics and electronics;

- simulate physical processes;

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

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

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

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

- measure the physical characteristics

- evaluate the quality of experimental data and calculate measurement errors

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

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

- control with the help of technical means and information systems: computer testing programs, complex situational tasks;
exam testing;
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- Innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Workshop - mechanics — 2 credits

Prerequisites: no.

Postrequisites: PMF1221 Workshop- Molecular physics.

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

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

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

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

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

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

Studied topics:

1. Accurate body weighing.

2. Some methods of measurement results.

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

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

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

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

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

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

9. Determination of gravitational acceleration using an Atwood machine.

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

12. Measurement of the speed of a bullet.

13. Measurement of the speed of sound in the air by the method of interference.
14. Measurement of the speed of sound in the air by the standing wave method.
15. Measurement of elastic moduli from stretching.

Workshop — Molecular physics — 2 credits

Prerequisites: PM 1220 Workshop- mechanics.

Postrequisites: PEM2222 Workshop- Electricity and magnetism, FKS3218 Condensed state physics.

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

- demonstrate knowledge of the basic research methods (thermodynamic or phenomenological and molecular kinetic or
statistical), fundamental concepts, definitions and models used in molecular physics and their use to describe various
Processes;

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

- use instruments, methods for measuring the basic macroparameters of molecular systems and statistical methods for
processing measurement results;

- analyze current scientific problems of molecular physics and understand the results of theoretical and experimental
methods of testing scientific theories;

Studied topics:

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

2. Determination of thermal conductivity of solid heat insulator.

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

4. Determination of the coefficient of internal friction of gases, the average length of the free path and the effective diameter
of air molecules: using a gas meter, according to the average speed of a drip outflow of a liquid.
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5. Determination of the coefficient of surface tension of the liquid: the method of droplets, the method of gas bubbles.
6. Determination of air humidity: using a condensation hygrometer with thermoelectric cooling, using an Asman aspiration
psychrometer.

7. Acquaintance with statistical laws on mechanical models.

8. Determination of thermal conductivity of air.

9. Phase transitions: determination of the melting point.

10. The study of translational and rotational Brownian motion.

11. The study of the thermodynamics of sound vibrations.

12. The study of the calorimetric vessel.

13. Determination of the specific heat of the liquid.

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

15. Check Gauss distribution law.

Workshop- Electricity and magnetism — 1 credit

Prerequisites: PM 1220 Workshop- mechanics, PMF1221 Workshop- Molecular physics.

Postrequisites: PO2223 Workshop- Optics, ED3225 Electrodynamics.

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

- understand the physical nature of electrical phenomena, the basic laws governing the occurrence of electromagnetic
processes;

- apply these patterns to solve various physical problems of an applied nature and to conduct an experimental study of
electrical phenomena;

- understand the work of the main electrical devices and use them for the quantitative measurement of electrical quantities;
- critically analyze, generalize, evaluate, and synthesize new ideas in the context of modern ideas about electricity and
magnetism;

- present the results of the study of an electrical phenomenon or process, if necessary, in a project form;

- draw conclusions on the results of the study, solve experimental problems of various levels of complexity.
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Studied topics:

. Introduction lesson.

. The measurement of resistance by the method of the ammeter and voltmeter.
. The measurement of elementary charge. Millikan experiment.

. The determination of the ratio of electron charge to its mass by the method of magnetron.
. The study of the magnetic field of the solenoid using the hall sensor.

. The study of phenomena of mutual induction. Part 1.

. The study of phenomena of mutual induction. Part 2.

. The definition of the work function of electrons from the metal. Part 1.

. The definition of the work function of electrons from the metal. Part 2.

10. The study of electronic oscilloscope.

11. The resistance, power and shifts of the phase in AC circuits.

12. The study of electron-hole transition in semiconductors.

13. The study of the transistor.

14. The study of the bipolar transistor. Part 1.

15. The study of the bipolar transistor. Part 2.

O©CooO~NOoO Ol WN K-

Workshop- Optics — 2 credits

Prerequisites: PM 1220 Workshop- mechanics, PMF1221 Workshop- Molecular physics, PEM2222 Workshop- Electricity
and magnetism.

Postrequisites: AF3216 Atomic physics, PP Pedagogical Internship.

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

- demonstrate familiarization with modern measuring equipment and the principle of its operation; the main elements of safety
in experimental studies;

- explain the basics of optics;

- apply a mathematical apparatus for mastering the theoretical foundations and practical use of physical methods;
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- analyze experimental research methods for solving physical problems;

- to conduct an experiment using the methods of theoretical analysis of the results of observations, methods of computer
simulation;

Studied topics:

1. The study of the microscope and the determination of the refractive index of glass with a microscope.

2. Studying the process of photographing.

3. Getting negative and positive.

4. Determination of the refractive index of liquid and solids using an Abbe refractometer, the calculation of the diameters of
water molecules and glycerol.

5. Interference of light. Newton's rings.

6. Determination of the refractive index, dispersion and resolution of a prism using a goniometer spectrometer.

7. Diffraction on transparent and reflective gratings.

8. Studying the diffraction of Fraunhofer light. Diffraction of light in the near zone (Fresnel diffraction).

9. Determination of the refractometric characteristics of air using the Rayleigh interferometer.

10. Optical pyrometer.

11. The study of the laws of thermal radiation.

12. The study of the laws of light absorption.

13. The study of the photoelectric effect.

14. The study of the phenomenon of polarization of light.

15. Determination of Rydberg constant.
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MODULE «THEORETICAL PHYSICS» - 6 CREDITS

Professional competencies:

- analyze and apply the physical laws of electromagnetism, optics, theoretical physics for measuring and interpreting
experimental data

- to make special calculations of astronomical quantities;

- simulate physical processes occurring in outer space;

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

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

- interpret basic observed phenomena; basic concepts and physical quantities; the basic principles and laws, their logical
content, mathematical expression and area of applicability;

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

- argue the own vision of the applied aspect in rigorous mathematical formulations

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Fundamentals of vector-tensor analysis — 2 credits

Prerequisites: AGLA1211 Analytical geometry and linear algebra.

Postrequisites: ED3225 Electrodynamics.

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

- describe the physical interpretation of the results of integration and differentiation of mathematical objects;
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- apply curves and surfaces in space, their parameterization and internal geometry;

- analyze the basic formulas of field theory in curvilinear coordinates;

- create mathematical models of typical professional tasks.

Studied topics:

. Vector analysis: Main concepts. System turn coordinates.

. Multiplication of vectors. The scalar multiplication of vectors. Vector multiplication of vectors.
. The mixed and double vector multiplication of three vectors.

. Gradient, divergence, curl.

. Action of the operator . Consecutive application of the operator

.. Integration of vectors. Theorem of Gauss. Green's theorem.

. Stoks' theorem.

. Potential theory. Scalar potential. Vector potential.

. Gauss's law. Puasson's equation.

10. Systems of coordinates: Curvilinear coordinates. Cartesian, spherical, cylindrical coordinates.
11. Differential vector operators.

12. Special systems of coordinates. Division of variables.

13. Tenzor analysis: Introduction. Main concepts.

14. Folding. Direct multiplication.

15. Rule of the particular. Pseudo-tensors. Affinors.
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Electrodynamics - 2 credits

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

Postrequisites: FOE3209 Physical bases of electronics.

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

- interpret, using modern information technologies, the information necessary to form judgments on relevant special and
scientific problems;
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- explain the correct use of general scientific and special terminology;

- apply basic theoretical knowledge to solve professional problems;

- analyze the principles of work and methods of operation of modern equipment;

- formulate the basic laws of electrodynamics.

Studied topics:

. Introduction. Coulombs’ law. Ohm's Law; Electromotive Force; Faraday's Law; The Induced Electric Field.

. Energy in Electromagnetic Fields; Electrodynamics Before Maxwell.

. Maxwell's Equations both in differential and integral forms.

. Maxwell's Equations in Matter; Boundary Conditions.

. Four-potential of a field. Equations of motion of a charge in a field. Gauge invariance.

. Motion in a constant uniform electric field. Motion in a constant uniform magnetic field.

. The electromagnetic field tensor. Invariants of the field.

. The first pair of Maxwell's equations in the four dimensional form. The action function of the electromagnetic field.
. The four-dimensional current vector. The Continuity Equation; The second pair of Maxwell's equations in the four
dimensional form.

10. Energy density and energy flux. Poynting's Theorem. Energy-momentum tensor of the electromagnetic field. The
energy-momentum tensor for macroscopic bodies.

11. Multipole expansion of the potential in a static case. Magnetic moments. Larmor’s theorem.

12. Electromagnetic Waves in Vacuum. Solution of the D’alambert equation. Energy and Momentum in Electromagnetic
Waves.

13. Retarded Potentials. Lienard-Wiechert Potentials.

14. Electric Dipole Radiation. Quadrupole and magnetic dipole radiation.

15. Radiation from a rapidly moving charge. Synchrotron radiation (magnetic bremsstrahlung).
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Quantum Mechanics - 2 credits

Prerequisites: OVTA2224 Fundamentals of vector-tensor analysis, Opt2215 Electricity and magnetism, Optics. Part 2.
Optics.

Postrequisites: YaF3217 Nuclear physics.

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

- formulate the basic concepts and fundamental laws of quantum theory;

- describe the general laws of quantum mechanics;

- demonstrate skills in working with scientific, educational and reference literature;

- analyze the basic quantum concepts used in the study of the microworld;

- discuss the fundamental concepts of nonrelativistic quantum mechanics.

Studied topics:

1. Introduction. Wave function and its physical sense. Superposition principle. Linear operators. Operation of Hermitian
conjugation. Operators of QM. Expectation values.

2. Equation on eigen functions and eigen values. Classification of solutions. De Broglie wave.

3. Properties of eigen functions of Hermitian operators: discrete non-degenerate spectrum, discrete degenerate spectrum,
continuous spectrum. Expansion of arbitrary function in basic functions.

4. Mutually commuting joint operators. Uncertainty relation.

5. Wave Schrodinger equation. Stationary Schrodinger equation. Dependence of QM values on time. Continuity equation.
6. 1D Schrodinger equation. General properties. Square potential well of infinite depth.

7. Linear Harmonic oscillator.

8. Potential barrier of infinite width. Reflection and transmission coefficients. Above-barrier reflection.

9. Potential barrier of finite width. Tunneling. Penetrability of the arbitrary barrier. Cold emission of electrons from metals.
10. Elements of the representation theory. Impulse representation of operators and wave functions.

11. Matrix Quantum Mechanics. Properties of matrix elements. General theory of angular momentum.

12. Stern-Gerlach experiment. Eigen functions and eigen values of spin 1/2 operator.
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13. 3D Schrodinger Equation for central potentials. General properties. Degeneracy. Radial equation. Quantum rotator. 3D
Harmonic oscillator.

14. Hydrogen atom. Hydrogen-like systems.

15. Introduction to perturbation theory.

MAJOR DISCIPLINES (MD) - 32 credits

OBLIGATORY COMPONENT (OC) -5 credits

MODULE «GENERAL ASTRONOMY» -5 CREDITS

Professional competencies:

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

- Determine coordinates of celestial bodies and date of astronomical occasions by calculations and using of the star wheel;

- explain the patterns of formation, development, structure and movement of astronomical objects;

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

- determine the coordinates of celestial bodies and the time of astronomical events using calculations and using a moving map
of the starry sky;

- work with astronomical catalogs and databases;

- to make special calculations of astronomical quantities;

- simulate physical processes occurring in outer space;

- demonstrate skills of mastering the methodological aspects of teaching physics and astronomy in general, individual topics
and concepts;

- carry out the formulation, formulation and solve problems in physics and astronomy;
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- analyze the principles of processing information flows of astronomical data, be able to use computer systems for collecting,
processing and storing;

- use telescopes and receivers of cosmic electromagnetic radiation for scientific research;

- to organize and conduct special astronomical observations using modern astrophysical instruments and methods of
observation;

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

- to assess the results of professional research, the preparation of conclusions and proposals for their practical use;

- analyze the physical interpretation of new experimental information in the field of astronomy (astrophysics);

- use information and communication technologies in their professional activities;

- use modern databases and information extraction methods; to be guided in the conditions of change of technology in
professional activity;

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

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

— explain the physical structure and chemical composition of astronomical objects from protostar nebulae to metagalaxies
based on physical laws

— evaluate the evolutionary status of stars and classify them by properties

— determine the mechanisms and processes responsible for the origin and observed structure of stars and star systems

— classify stars by type of variability

— determine the structure and composition of individual components of galaxies

— establish relationships between kinematics, physical parameters and the evolutionary status of galaxies

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.
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General Astronomy (EEEA) - 3 credits

Prerequisites: no.

Postrequisites: OA2212 Fundamentals of Astrophysics.

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

- set forth the basic concepts of general and spherical astronomy, the basics of astrometry and astrophysics;

- discuss the principles of operation of modern tools and methods of observation used in astronomy;

- demonstrate the application of fundamental physical laws and mathematical apparatus to explain the physical processes in
various celestial objects;

- use different systems of celestial astronomical coordinates and convert coordinates from one system to another;

- substantiate the general ideas about the structure, origin and evolution of space objects.

Studied topics:

1. Introduction. Sections of astronomy. Basics of spherical astronomy.

2. The movement of the Sun on the celestial sphere. Ecliptic.

3. Time counting systems. The calendar. Julian days.

4. Apparent motions of the planets on the celestial sphere. Basic configurations of planets. Systems of the world. Synodic
and sidereal periods of planetary revolution.

5. Real motions of the planets. Kepler's laws. Elements of the orbits of planets. The main tasks of celestial mechanics.

6. The motion of a material point under the action of gravitational force. The law of conservation of energy and types of
orbits in the two-body problem.

7. Effects that distort the positions of the stars on the celestial sphere. Refraction. Aberration. Parallax. Distances in
astronomy.

8. The motion of the Earth and the Moon. Eclipses.

9. Practical tasks of astronomy. Tasks of fundamental astrometry. Proper motions of stars.

10. Fundamentals of astrophysics. Electromagnetic radiation, studied in astrophysics. Basic concepts of astrophotometry.
Magnitude scale.
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11. Fundamentals of spectral analysis. Spectral classification of stars. The Hertzsprung-Russell diagram. The Doppler effect.
Methods for determining of temperature. Determination of the chemical composition and density of celestial bodies.

12. Astronomical instruments and the basic methods of observation.

13. Stars. The main characteristics of stars and statistical dependencies between them. Nature and evolution of stars.

14. Our Galaxy. Determining of the distances to the stars. The composition and the structure of the Galaxy.

15. Fundamentals of extragalactic astronomy. Structure and types of galaxies. Elements of cosmology. Hubble's Law. Relict
radiation. Cellular structure of Universe.

Astrometry (EEEA) - 2 credits

Prerequisites: OA1301 General Astronomy (EEEA).

Postrequisites: DZS4308 Dynamics of stellar systems.

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

- formulate and explain the principles of construction and practical implementation of celestial and terrestrial coordinate
systems, the principles of time measurement by astronomical methods; demonstrate the translation of the coordinates of
stars and other celestial bodies from one system to another;

- explain the principles of operation of goniometric instruments and reproduce the methods of positional observations of
celestial bodies;

- apply the obtained knowledge to reduce the measured coordinates to refraction, aberration, parallax, precession and
nutation; have skills in using astrometric catalogs, including their electronic versions;

- analyze mathematical models of astrometric phenomena and processes and use for this purpose the appropriate
mathematical apparatus;

- collect and systematize information from various sources, evaluate its applicability for solving specific problems.
Studied topics:

1. The subject of astrometry, its main tasks, concepts and methods, new projects. The connection of astrometry with other
areas of astronomy. Its practical importance.
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2. The subject of astrometry, its main tasks, concepts and methods, new projects. The connection of astrometry with other
areas of astronomy. Its practical importance.

3. The figure of the Earth, the geoid equation. Different systems of geographical coordinates.

4. Changes in the angular velocity of the Earth's rotation.

5. Earth coordinate system.

6. Determination of coordinate systems in modern astrometry, kinematic and dynamic methods The era of the catalog, the
equinox, the dynamic equinox.

7. Determination of coordinate systems in modern astrometry, kinematic and dynamic methods The era of the catalog, the
equinox, the dynamic equinox.

8. Dynamic time scales.

9. The concept of astronomical refraction. Refraction in a plane-parallel atmosphere.

10. Aberration. Change in the coordinates of the stars under the influence of refraction and aberration.

11. Deviation of a light beam in a gravitational field. Change of coordinates of the reference source in the gravitational field
of the Sun.

12. The procedure of reduction of optical observations.

13. A review of practical astronomy methods.

14. Method of radiointerferometry with superlong bases (RSLB) in astrometry.

15. Space astrometry: astrometry using the Hubble space telescope.
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ELECTIVE COMPONENT (EC) — 27 credits
MODULE «COSMOLOGY» -9 CREDITS

Professional competencies:

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

- collect and analyze of observational materials (astronomical catalogs and databases) for the studying of astronomical objects
and the Universe as a whole;

- explain the patterns of formation, development, structure and movement of astronomical objects;

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

- simulate physical processes occurring in outer space;

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

- determine the structure and composition of individual components of galaxies.

- classify galaxies by morphological features.

- establish relationships between kinematics, physical parameters and the evolutionary status of galaxies.

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

- explain the stages of the development of the universe taking into account cosmological parameters.

- choose permanent cosmological models to determine the evolution of the universe

- explain the accelerated expansion of the universe based on physical laws.

- extract information from various astronomical databases (DBS).

- use data from astronomical surveys PLANK and WMAP to determine the parameters of the Universe.

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

- control with the help of technical means and information systems: computer testing programs, complex situational tasks;
exam testing;
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- Innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Structure and evolution of the Universe - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: PdP Pre-diploma internship.

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

- demonstrate the relationship and interdependence of the science of the Universe and the science of the microworld in the
context of modern concepts;

- explain the processes of the evolutionary development of the Universe, using its modern models;

- argue modern ideas about the structure and evolution of the Universe;

- classify the main stages of the development of the universe;

- evaluate the applicability of various laws of physics at different stages of the Universe development.

Studied topics:

1. Star systems. The evolution of stars. The life of stars of different masses and its reflection on the diagram "spectrum -
luminosity"; gravitational collapse and explosion of a white dwarf in a binary system due to the flow of a star-companion
substance onto it; gravitational collapse of the nucleus.

2. Gas and dust in the galaxy. Observed characteristics of reflecting and diffuse nebulae; distribution of them near the plane
of the galaxy.

3. Our Galaxy. Other galaxies. Composition - stars and star clusters, nebulae, interstellar gas, cosmic rays and magnetic fields;
the structure of the Galaxy; radio emission.

4. Metagalaxy. Systems of galaxies and large-scale structure of the Universe, the expansion of the Metagalaxy, the
hypothesis of the "hot Universe".

5 Supermassive black hole in the center of the Milky Way. Observation of the motion of stars in the center of the galaxy in
an infrared telescope.
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6. Classification of galaxies. Types of galaxies and their properties; redshift and determination of distances to galaxies;
Hubble's law.

7. Active galaxies and quasars. Nature of activity of galaxies; the nature of quasars.

8. Clusters of galaxies. The nature of the accumulations and the role of dark matter in them; intergalactic gas and X-ray
radiation from it.

9. Finiteness and infinity of the Universe. The connection between the law of universal gravitation and the ideas of the
finiteness and infinity of the Universe; photometric paradox.

10. Model of the "hot Universe". The connection between the average density of matter and the law of expansion and the
geometry of the Universe.

11. Accelerated expansion of the Universe and observation of supernovae in distant galaxies and the discovery of the
accelerated expansion of the Universe.

12. Dark matter and dark energy. The contribution of dark matter to the mass of the Universe.

13. Evolution of perturbations of baryonic matter in the Universe.

14. Detection of planets near other stars. Invisible companions of the stars; methods for detecting exoplanets.

15. Search for life and mind in the Universe. Development of ideas about the existence of life in the Universe; The Drake
formula and the number of civilizations in the galaxy.

Fundamentals of Cosmology - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: PdP Pre-diploma internship.

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

— interpret the detection of the CMB radiation as evidence in favor of the Hot Universe hypothesis;

— to explain the current data on the acceleration of the expansion of the Universe as a result of the action of the “dark
energy”’, a type of matter, the nature of which is still unknown;

— apply acquired knowledge to study and interpret the phenomena observed in the Universe;

— to classify the main periods of the evolution of the Universe since the beginning of its expansion - the Big Bang;
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— summarize the results of observational data from astrophysics in terms of cosmology.
Studied topics:
. The law of universal gravitation.
. Invariance principle.
. Curved space - time. Riemannian geometry.
. Basics of the general theory of relativity.
. Cosmography of the Universe. Hubble’s law.
. Static models of the Universe. Cosmological constant.
. Friedman model.
. Cosmic vacuum. Scalar fields.
. Scalars fields in cosmology.
10. The evolution of the Universe. Critical density.
11. Observational tests of modern cosmology.
12. Gravitational lensing and microlensing.
13. Cosmic strings. Domain walls.
14. Evolution of baryonic matter perturbations.
15. Theory of the birth of the Universe from "nothing”.
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Extragalactic astronomy - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: PdP Pre-diploma internship.

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

— interpret the physical processes occurring in the active galactic nuclei;

— describe the structure of different types of galaxies;

apply this knowledge to solve the specific problems of extragalactic astronomy;
— classify galaxies by morphological features, by radiation, by activity;
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— evaluate the basic physical parameters of galaxies using observational data.

Studied topics:

1. Introduction. The discovery of Galaxies. The structure of our Galaxy. Metagalaxy. The scale of distances in the Universe.
Cepheids, the method of combining the main sequences, regions HIl, New and Supernovas. General relativity in cosmology.
2. Our Galaxy. I. Stars - the main "bricks" of the galaxy. Dependence of "mass-luminosity" and age of stars. Local speed
reference system. Dependence of the chemical composition of stars on their age and position in the galaxy. Rotation of the
galaxy.

3. Our Galaxy. Il. Constant Orta. Interstellar medium. Line 21 cm. The rotation of the galaxy. Gas distribution. Interstellar
dust. Magnetic field and cosmic rays. Interstellar molecules (Abstract, orally).

4. Properties of galaxies. I. Classification of Hubble galaxies. Elliptical galaxies. Spiral galaxies, spirals with a bridge.
Wrong galaxies. Possible explanation of the Hubble classification.

5. Properties of galaxies. Il. Observation of the rotation of spiral galaxies. Rotation of Galaxies and a spiral structure. The
masses of galaxies. Dependence "mass-luminosity” for galaxies. Distribution of galaxies in the Universe. Clusters of
galaxies.

6. Properties of galaxies. 111. Expansion of the Universe. Pecular galaxies and quasars. Absorption lines in the spectra of
quasars. Radio galaxies. Seyfert galaxies. Energy sources of active galactic nuclei.

7. Elements of stellar dynamics. Distribution functions. Integrals of motion. The third integral and the galaxy. Movement of
individual stars in the galaxy. Field of gravitation in the meridian of the galaxy. Resonance orbits.

8. The masses of galaxies. I. Masses of double galaxies. The virial theorem and its use for determining the masses of
galaxies and their groups.

9. The masses of galaxies. Il Simple models of mass distribution in galaxies. Crowns of galaxies. Possible methods for
detecting crowns.

10. Interstellar medium. I. Cosmic rays and magnetic fields. Interaction of a magnetic field with a moving medium. Forces
acting in the disk of the galaxy and the evolution of the disk. The equilibrium of the gas-cosmic-ray system is a magnetic
field.

11. Interstellar medium. 1. Limit of Horta. Halo and intergalactic medium. The leakage of cosmic rays from the galaxy. Star
formation. Spiral density waves and star formation.
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12. Chemical evolution of galaxies. I. Model of the evolution of stars in the vicinity of the Sun. Rapid enrichment with
heavy elements at an early stage. Accretion of matter.

13. Chemical evolution of galaxies. Il. Variations of the chemical composition in galaxies. A momentary cycle of matter.
Isotopic composition of matter. Different rates of evolution of galaxies.

14. Metagalaxy. Cosmological theory of the hot Universe. The average density of matter in the Universe. Change in the
luminosity of galaxies with time.

15. Problems of cosmology. Formation and early evolution of galaxies. Explanation of flattened galaxies. The final stage of
the evolution of galaxies in the open Universe. The discovery of the accelerated expansion of the Universe. Dark matter and
energy.

MODULE «STAR ASTRONOMY» - 9 CREDITS

Professional competencies:

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

- determine the coordinates of celestial bodies and the time of astronomical events using calculations and using a moving map
of the starry sky;

- collect and analyze observational material (astronomical catalogs and databases) for the study of astronomical objects and
the Universe as a whole;

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

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

- assess the results of scientific research in the field of physics and astronomy, the preparation of conclusions and proposals
for their practical use;

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

-explain the physical structure and chemical composition of astronomical objects from protostar nebulae to the final stages of
the evolution of stars based on physical laws

- evaluate the evolutionary status of stars and classify by properties

- determine the mechanisms and processes responsible for the observed origin and current structure of stars and star systems.
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- categorize stars by types of variability

- use modern methods of computer technology and methods for finding stars on the celestial sphere.

- use the Simbad, Vizier, SDSS database when working with stars and galaxies.

- calculate and determine the physical quantities characterizing astronomical objects.

- apply modern methods of numerical modeling of star systems and clusters using the Phi-GRAPE code.

- use super computers for numerical models of star systems.

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Physics of variable stars - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: NOG3307 Nonstationary Objects of Galaxy.

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

- reproduce the basic concepts of the physics of variable stars;

- explain, using physical laws, observable phenomena of star variability;

- classify stars by the types of their variability;

- analyze observational data using the IRAF to determine the type of star variability;;

- evaluate the significance of the obtained research results in their own professional development and in the development of
methods and approaches to the study of variable stars.

Studied topics:
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1. Introduction The concept of a variable star. The main groups of causes of stellar variability. Historical overview. Basic
astrophysical concepts and formulas used in the study of variable stars.

2. Designations of variable stars. The main catalogs of variable stars.

3. Pulsating variable stars. The physical mechanism of stellar pulsations. The position of pulsating stars of different types on
the Hertzsprung — Ressel diagram.

4. Classical Cepheids, period — luminosity dependence.

5. The Baade — Vesselink method for determining the physical characteristics of Cepheids and other radially pulsating stars.
Period — age dependence. Hertzsprung sequence.

6. Radial velocities of Cepheids. Spectral - double and eclipse Cepheids. Changes in the periods of Cepheids as a direct
manifestation of stellar evolution.

7. Variables of the type RR Lyra, their role in studying the old population of the Galaxy.

8. Variables of the World of Whale type, red semi-correct and irregular variable stars.

9. Type Il Cepheids in the galactic field and in globular clusters, their relationship with stars outside the main sequences on
the Hertzsprung — Russell diagrams of globular clusters

10. Other types of pulsating variable stars: RV Taurus type stars, 6 Shield, ZZ Cetus,  Cepheus and others.

11. Explosive and new variable stars. New stars. Physical mechanisms of outbreaks of classic and dwarf New.

12. Young eruptive variable stars: T-type stars Taurus, fuors. The relationship of the variability of young stars with the
processes of accretion.

13. Stars with non-uniform surface brightness and variability due to axial rotation: variables of type BY Dragon, magnetic
variables.

14. Variable stars are binary systems with compact components (black holes, neutron stars), their role for studying the
processes of stellar evolution.

15. Introduction to eclipsing stars.
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The Structure and Evolution of Stars - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.
Postrequisites: PdP Pre-diploma internship.
As a result of studying the discipline, a student is able to:
- explain the structure and physical properties of stars on the basis of physical laws describing processes in stars;
- demonstrate the methods of studying the processes occurring in the stars;
- perform spectral analysis of stars using programm "the Image Reduction and Analysis Facility" - IRAF.;
- analyze the processes taking place in the atmospheres and in the depths of stars at different stages of their development;
- know the types of stars in different evolution stages by its spectrum;
- collect and systematize information from various sources, evaluate its applicability for solving specific problems, and make
a presentation on its basis.
Studied topics:
. The role of the star in the universe. Sections of Star Astrophysics.
. Star as a physical object.
. Physical classification of stars: normal stars, their main features.
. Mechanical and thermal equilibrium of stars. Thermodynamics's fundamentals of of stars. Reverse heat capacity.
. Features of nuclear reaction of massive and low-mass stars.
. Radiative transport of energy in stars. Characteristic of the quanta motion in the Sun and in the stars.
. The stellar structure systems equations.
. The atmosphere of the stars.

. Formation of spectral lines. Emission lines in the spectra of stars.
10. The main points of the theory of stars evolution . Radius-Luminosity-Mass Dependence.
11. Stages of the star formation.
12. Stars evolution based on nuclear reaction after the main sequence, burning of helium and heavy elements.
13. The Final Stages of the Star Evolution : White Dwarfs; their boundary masses.
14. The final stages of the star evolution: the supernova explosions , the neutron stars, their boundary masses.
15. The main types of physical variable stars, and the cause of their variability.
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Dynamics of stellar systems - 3 credits

Prerequisites: GA3213 Galactic astronomy.
Postrequisites: PdP Pre-diploma internship.
As a result of studying the discipline, a student is able to:
- describe and substantiate the theoretical foundations of stellar dynamics;
- explain the current understanding of the structure and evolution of large-scale gravitating systems - star clusters, galaxies,
clusters and superclusters of galaxies;
- The use of modern methods for the numerical simulation of star clusters using the code Phi-GRAPE;
- analyze output datas by using Python software with bibliography Astropy
- analyze the behavior and evolution of various gravitating systems based on their analytical and numerical models;
- collect and systematize information from various sources, evaluate its applicability for solving specific problems, and make
a presentation on its basis.
Studied topics:
1. The subject of stellar dynamics. Star clusters, Open and globular stellar clusters.
2. Elliptical galaxies. Lenticular galaxies.
3. Potential theory: Poisson equation, potential-energy tensor.
4. Potential of spheroidal and ellipsoidal systems.
5. Two-Body Problem.
6. Orbits in static spherical potentials.
7. Euler and Lagrangian approach to the description of fluid motion. Phase space, particle distribution function in phase
space.
8. Jeans Equations.
9. Disc dynamics and spiral structure.
10. Collisions & Encounters. The Boltzmann equation in the collisions presence.
11. Fokker-Planck equation.
12. Relaxation mechanisms.
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13. Evolution of spherical stellar systems: mass loss, evaporation and ejection, lifetime, core collapse.
14. Disruption of stellar systems by high-speed encounters.
15. On the origin of the universe's large-scale structure.

MODULE «PHYSICS OF PLANETARY SYSTEMS» - 9 CREDITS

Professional competencies:

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

- collect and analyze observational material (astronomical catalogs and databases) for the study of astronomical objects and
the Universe as a whole;

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

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

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole.
As a result of studying the module, a student is able to:

- compile SQL queries and use system commands when working with the database.

- compile automatic programs and scripts for collecting and analyzing data in the AstroPy and Phyton MySQL environment;
- use data from the MPC, GAIA, NASA exoplanets and ESO data catalogs when working with exoplanets and small bodies
of the solar system;

- calculate and determine the physical quantities characterizing astronomical objects;

- apply special processing methods in IRAF software environments.

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.
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Physics of Planets - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.
Postrequisites: SMIP3311 Spectral methods of Planets study.
As a result of studying the discipline, a student is able to:
- formulate the main characteristics of the planets of the Solar system, their satellites, asteroids, Kuiper belt objects, comets,
meteoroids and the Sun;
- describe the physical fundamentals of the research methods of planets;
- interpret the basic laws of radiation of the Sun and planets, stars;
- analyze new experimental data;
- explain the basic descriptions and properties of radio emission from the sun and planets.
Studied topics:
. Introduction in Solar system planets.
. Earth group planets: Mercury, Venus, Earth, Mars.
. Earth group planets atmospheres.
. Earth group planets’ surface.
. Research of Earth group planets by spacecrafts.
. Giant Planets and their features.
. Giant Planets’ atmospheres.
. Research of Giant Planets from spacecrafts.
. Giant Planets spectra and research of methane absorption.
10. Light distribution in GP disks.
11. Scattering indicatrix and its role in radiation transfer.
12. Ordinary reflection model.
13. Semi-infinite atmosphere model.
14. Two layered model of light reflection in GP.
15. Projects of space flights to planets.
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Physics of the Sun and the Solar System - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: PdP Pre-diploma internship.

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

- describe the manifestations and nature of solar activity;

- substantiate the modern ideas about the internal structure of the Sun and the physical processes in it;

- explain the physical processes leading to the formation of the solar wind;

- characterize the influence of processes in the Sun on the interplanetary medium and planets;

- collect and systematize information from various sources, evaluate its applicability for solving specific problems, and make
a presentation on its basis.

Studied topics:

1. General information about the Sun. The rotation of the Sun

2. General characteristics of the Solar phenomenon: the inner layers and the physical state in them, their basic physical
characteristics

3. The equation of the internal structure of stars: the mass equation, the energy bond equation describing the release of
energy from the nucleus

4. The equation of the internal structure of stars: the energy transfer equation for the diffusion approximation, the equation
of hydrostatic equality.

5. Physical conditions in the solar core, features of nuclear reactions in the Sun: the role of the effect of quantum-mechanical
tunneling, the reaction rate.

6. Nuclear reactions in the Sun: cycles of PP and CNO

7. The region of light transfer, the propagation of photons in the Sun

8. Convection area. Convection within the Sun.

9. Magnetic Field of the Sun.

10. Photosphere. Sun spots.

11. The Chromosphere and Corona. Chromospheric heating mechanism.
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12. The concept of the activity of the Sun. Index and identification of Solar activity.

13. Expansion of the solar corona. Solar wind. Interplanetary magnetic field.

14. Interaction of the Solar wind with the interstellar medium. The concept of the heliomagnetosphere.
15. Solar-terrestrial connections.

Spectral methods of Planets study - 3 credits

Prerequisites: FP3309 Physics of Planets.
Postrequisites: PdP Pre-diploma internship.
As a result of studying the discipline, a student is able to:
- formulate scientific and technical tasks;
- describe the fundamental and applied research aimed at developing new methods for spectral analysis;
- apply this knowledge to solve specific analytical problems;
- analyze the experience of using scientific and technical information in the process of conducting research;
- systematize the data of experimental studies.
Studied topics:
. Types of spectra.
. Spectral analysis and its use in the study of planets.
. Spectrum of electromagnetic radiation.
. Spectral studies in astronomy.
. Possibilities of modern spectral analysis.
. Principles of spectral research methods.
. Basics of spectroscopy.
. The ratio of electronic transitions with oscillatory, adiabatic approximation, the Franck-Condon principle and the
probability of electronic-vibrational transitions.
9. Basic patterns of light absorption.
10. Spectrophotometry in the visible and ultraviolet regions.
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11. The optimum value of optical density for measuring the concentration of a substance.
12. Features of accurate colorimetry.

13. Kinetic analysis and differential spectrophotometry.

14. The study of the fluorescence of objects.

15. Infrared spectrophotometry.

MODULE «OBSERVATIONAL ASTRONOMY» - 9 CREDITS

Professional competencies:

- determine coordinates of celestial bodies and date of astronomical occasions by calculations and using of the star wheel;

- collect and analyze of observational materials (astronomical catalogs and databases) for the studying of astronomical
objects and the Universe as a whole;

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

- use methods of information stream processing for astronomical data, use a computer systems of collecting, processing and
storing of observational material for the study of astronomical objects and the Universe as a whole;

- apply modern mathematical methods for analyzing of astrophysical signals and use modern digital space and ground based
technologies for receiving and processing data;

- organize a scientific research and conduct astronomical observations by using modern telescopes and receivers of cosmic
electromagnetic radiation and observation methods (spectral, photometric, etc.);

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

- evaluate the results of scientific research in the field of physics and astronomy, prepare of conclusions and proposals for
their practical application;

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

- plan astronomical observations.

- compile astronomical observation programs for robotic and automated telescopes.

- evaluate the effectiveness of the use of instrumental time.
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- use software packages for planning observations GILDAS: ASTRO.

- apply special processing methods in IRAF, AstroPy, GILDAS software environments: CLASS, GREG, AIPS.

- compile programs for the primary reduction of large streams of observational data.

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

- apply various information recording devices: Echelle spectrographs, interferometers, charge-coupled devices.

- use satellite observations to solve research and practical issues;

- explain the principles of operation of modern telescopes and receivers (spectrograph, photometer, etc.) in the study of
astronomical objects.

-select the required observation method (spectral, photometric, etc.) for space objects depending on the specific research task
-compare the advantages and disadvantages of various observation methods (spectral, photometric, etc.) used to study space
objects of various nature;

- use charge-coupled devices in photometric and spectral observations;

- monitor observational equipment using modern computer tools.

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

- innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Radio Astronomy - 3 credtis

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: NOG3307 Nonstationary Objects of Galaxy.

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

- explain the mechanisms of radio emission in astrophysical conditions;
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interpret the basic laws of radiation of the Sun and planets, stars, the Galaxy and extragalactic radio sources;

apply this knowledge to interpret the results of observations of celestial bodies in the radio band;

classify sources of cosmic radio emission;

- collect and systematize information from various sources, evaluate its applicability for solving specific problems.

Studied topics:

1. General information. The subject of radio astronomy. The history of the birth of radio astronomy. The first discoveries in
radio astronomy. The place of radio astronomy in modern all-wave astronomy and radiophysics. Radio astronomy and
astrophysics. Space objects as unique natural physical laboratories.

2. Radio emission mechanisms under astrophysical conditions |. Radio wave propagation in a plasma. Generation of radio
emission by plasma oscillations. Polarization of radiation. Brake radiation of ionized gas. Cyclotron radiation. Synchrotron
radiation.

3. Radio emission mechanisms under astrophysical conditions Il. Curvature radiation. Radiation in the spectral lines of
atoms and molecules. Molecular maser radiation. Scattering of radiation.

4. The Science of Radio Astronomy: The Sun. Radio emission from the quiet Sun. Coronal condensation. Sporadic radio
emission from the sun.

5. The Science of Radio Astronomy: The Solar System. Moon. Own radio emission of planets and comets.

6. Radar of the bodies of the Solar system. The basic formulas of radar astronomy. The structure of the signal reflected from
the planet. Radar meteors.

7. Interstellar environment and areas of star formation in the Galaxy I. Background galactic radio emission in the continuum.
Interstellar neutral hydrogen.

8. Interstellar environment and star formation regions in Galaxy Il. Zone HIl. Recombination radio lines. Spectral radio lines
of molecules. Giant Molecular Clouds

overruns and molecular masers.

9. Discrete galactic radio sources I. Molecular shells of stars late spectral classes. Radio Stars.

10. Discrete galactic radio sources Il. Radio emission of supernovae and their residues. Pulsars.

11. Extragalactic radio astronomy. Radio emission from normal galaxies in spectral lines and in the continuum. Radio
galaxies and quasi-stellar radio sources.
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12. Radio astronomy and cosmology. Basic information about cosmological models. Statistical calculations of radio sources.
LogN — logS dependency.

13. Radio astronomy aspects problems of finding extraterrestrial civilizations. Select objects to search. Frequency selection.
Selecting the moment to search for a signal. Astrophysical benefits of SETI observations.

14. Radio interferometry methods I: fundamentals. Modern (radio) interferometers. Basic radio interferometers and
correlator. Simple (radio) interferometer.

15. Future radio astronomy. Square killometrov (SKA). Intensive data astronomy.

Fundamentals of Astrophotometry - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: PdP Pre-diploma internship.

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

- demonstrate methods for measuring the amount of light coming from cosmic sources;

- explain the principle of operation of instruments used in astrophotometry;

- calculate the attenuation of light in the atmosphere of the Earth;

- analyze the effect of interstellar extinction on the extra-atmospheric distribution of energy in the spectra of stars, to apply
the knowledge gained in practice;

- compare stellar magnitudes in different photometric systems.

Studied topics:

1. Introduction Basic concepts, values and formulas of heterochromic photometry. Light and radiation
2. The main tasks of astrophotometry.

3. History and content of some photometric catalogs.

4. Absolutely black body and its radiation.

5. Instruments and devices for astronomical photometry.

6. Two-channel photometer. Three-channel photometer. Dual channel astrophotometer.
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7. Astrophotometry carried out using charge-coupled devices. CCD device.

8. Absorption of light in the earth's atmosphere. Types of light attenuation in the atmosphere. Forbes effect.

9. The energy distribution in the spectra of stars of various spectral types. Photometry, spectrophotometry and spectroscopy.
10. Spectral classification and distribution of energy in the spectrum. Catalogs of normal spectrophotometric data.

11. UBV system and similar broadband photometric systems.

12. Mid-band photometric systems. Stromgren's system uvbyp.

13. Organization, conduct and primary processing of photometric observations.

14. Calculation of the attenuation of light in the earth's atmosphere.

15. Note on heterochromic methods. Normalization and transfer of measurements to the general and standard photometric
systems.

Semiconductor electronics in astrophysics - 3 credits

Prerequisites: ORE4205 Fundamentals of radiophysics and electronics.

Postrequisites: PdP Pre-diploma internship.

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

- formulate knowledge and skills in ad hoc calculations, correctly draw up electrical circuits, measure electrical quantities
using measuring instruments;

- describe and measure the parameters and characteristics of semiconductor devices for astrophysics on personal computers;
- apply analytical and numerical analysis for a variety of effects in the time and frequency domain using modern software and
semiconductor devices in astrophysics;

- analyze the effectiveness and optimization of semiconductor devices in astrophysics;

- systematize and classify independently technical literature, using modern educational and information technologies.
Studied topics:

1. Basics of semiconductor electronics. Types of semiconductor devices. The use of semiconductor devices in astrophysics.
2. Fundamentals of the band theory of semiconductors. Brillouin zones. Possible filling of electronic states of the valence
band. The motion of electrons in a crystal under the action of an external electric field. Effective mass of charge carriers.
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3. Statistics of electrons and holes in semiconductors. The density of quantum states. Fermi - Dirac distribution function.
The degree of filling of impurity levels. Impurity semiconductor. Own semiconductor.

4. Generation and recombination of electrons and holes. Mechanisms of recombination. Interbandradiative recombination.
Interband shock recombination. Carrier recombination through traps. Capture centers and recombination traps.

5. Contact phenomena in semiconductors. Thermoelectronic work function. Contact metal - metal. Contact potential
difference.

6. Electron-hole transitions.The formation of the electron-hole transition, the contact potential difference.The capacity of the
p-n junction.The influence of centers with deep levels on the capacity of the p-n junction.

7. Semiconductor diodes.Rectifierdiodes.Zenerdiodes.Pulseddiodes.Varicaps Application diodes.Voltage-current
characteristics of the diodes.

8. Diodes for amplifying and generating microwave power. Tunnel diode.

9. Photodiodes with p — i — n structure. Photodiodes Schottky. Photodiodes with
heterostructures.Avalanchephotodiodes.Phototransistors.Photothyristors. The main characteristics and parameters of the
photoresistor.

10. Bipolar transistors. The main physical processes in bipolar transistors. Current-voltage characteristics of a bipolar
transistor in active mode. Differential parameters of bipolar transistors in a common base circuit. Bipolar transistor in a
common emitter circuit. The equivalent circuit of a bipolar transistor.

11. Field effect transistors. Field effect transistor with pn junction. The principle of operation and static characteristics of a
field-effect transistor with a p — n junction as a gate. TIR - transistor.

12. Optocouplers. The device and principle of operation of optocouplers. Block diagram of the optocoupler. Electric model
of the optocoupler. Resistor optocouplers. Diode optocouplers. Transistor Optocouplers. Thyristoroptocouplers.

13. Receivers of electromagnetic radiation in astrophysics. Photocathode. PMT. Bolometers The configuration of the CCD
matrix. Photographic photometry. Photoelectric photometry.

14. Characteristics, parameters and models of semiconductor photodetectors in astrophysics.The principle of operation of
photodetector devices.Noise parameters of photodetectors.
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15. Devices of coherent radiation in astrophysics. Structural scheme of the laser. The device and the principle of injection
monolaser. Device and principle of operation of semiconductor lasers by hetero-structures, amplifiers and lasers, light-
emitting diodes for fiber-optic systems.

MODULE «KINEMATICS AND PHYSICS OF CELESTIAL BODIES» - 9 CREDITS

Professional competencies:

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

- determine coordinates of celestial bodies and date of astronomical occasions by calculations and using of the star wheel;

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole;
- carry out the formulation, formulation and solve problems in physics and astronomy;

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

- determine the structure and composition of individual components of galaxies.

- classify galaxies by morphological features.

- establish relationships between kinematics, physical parameters and the evolutionary status of galaxies.

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

-explain the stages of the development of the universe taking into account cosmological parameters.

-choose permanent cosmological models to determine the evolution of the universe

- explain the accelerated expansion of the universe based on physical laws.

- use simulators of the virtual sky sphere.

-move between time and coordinate calculation systems.

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

- control with the help of technical means and information systems: computer testing programs, complex situational tasks;
exam testing;
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- Innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Celestial Mechanics - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: PdP Pre-diploma internship.

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

- formulate the basic laws of the motion of celestial bodies, the elements of the orbit and the range of their changes, the types
of motion of planets, satellites, asteroids, comets, artificial satellites of the Earth;

- apply the methods of numerical, analytical and qualitative studies of the motion of systems of celestial bodies in solving
computational problems;

- formulate algorithms for modeling the processes occurring in outer space;

- evaluate the research results, prepare conclusions and suggestions for their practical use.

Studied topics:

1. Introduction to celestial mechanics. The subject, methods, tasks of celestial mechanics, its relation to other sections of
astronomy. A short historical essay. Basic concepts of celestial mechanics. Introduction to vectors and vector mechanics.

. Unperturbed motion. Equations of absolute motion.Equations of relative motion. Equations of barycentric motion.

. The integrals of the relative motion.

. Trajectory of motion (orbit). Keplerian elements of the orbit.

. General solution of the equations of relative motion. General solution of the equations of absolute motion.

. The types of unperturbed motion.

. Calculation of ephemerides. Rows of elliptic motion.

. Perturbed motion. Equations of absolute motion. Ten classical integrals.

. The Lagrange-Jacobi equation. The virial theorem. The inequality of Sundman.

10. Perturbed motion. Equations of relative motion. Equations of motion in the Jacobi coordinates. Equations of motion in the
osculating elements.
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11. Approximate solution of the equations of motion. Laplace's theorems.

12. The restricted circular three-body problem. Equations of motion. The Jacobi integral. Libration points. The surfaces of
Hill.

13. The restricted elliptic three-body problem. Equations of motion. Libration points. On the law of energy conservation.

14. The common three-body problem. Equations of motion and strict particular solutions. Surfaces of Sundman.

15. Introduction to astrodynamics.

Nonstationary Objects of Galaxy - 3 credits

Prerequisites: FPZ4306 Physics of variable stars.

Postrequisites: PrP Industrial internship.

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

- explain the physical nature of the nonstationarity of various celestial bodies and their systems;
- describe the physical characteristics of various non-stationary objects of the Galaxy;

- classify non-stationary objects of the Galaxy;

- collect and systematize information from various sources;

- evaluate its applicability for solving specific problems.

Studied topics:

. Introduction. Star values and color indices of stars.

. Luminosities and radii of stars.

. Spectral classification. The Hertzsprung-Russell diagram.

. Types of stellar population. Eclipsing stars. Classification of eclipsing variable stars.
. Evolution of a close binary star. Change in the periods of eclipsing variable stars.

. Pulsating variable stars.

. Cepheids.

. Stars like RR Lyra.
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9. Dwarf cepheids. Miridy. Star type RV Taurus.

10. Semi-correct and irregular variable stars. Pulsational theory.
11. Variability of young stars. UV Cet type stars.

12. Flare stars. Stars such as RW in the Former T Taurus.

13. Exploding stars. Types of exploding stars.

14. Phenomena occurring during the outbreak of a new star.

15. Silent explosions. Z-type stars.

Physics of cosmic radiation - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: PdP Pre-diploma internship.

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

- to characterize the subject and the basic concepts of the physics of cosmic rays;

- describe the characteristics of cosmic rays on the surface of the Earth, near the Earth's orbit and outside the
heliomagnetosphere;

- explain the change in these characteristics on the way from the source to the observation point;

- compare the main models of CL origin;

- interpret the requirements for sources of KL;

- collect and systematize information from various sources, evaluate its applicability for solving specific problems.
Studied topics:

1. The subject of physics of cosmic rays, general information about CR, their role in nature and science.

2. Methods of registration CL.

3. The main characteristics of CR, characteristics on the surface of the Earth.

4. Passage of CR through the atmosphere of the Earth, primary and secondary CR, integral multiplicity.

5. Motion of charged particles in a uniform constant magnetic field.
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6. Motion of charged particles in slowly varying magnetic fields.

7. Adiabatic invariants of motion of charged particles in magnetic fields.

8. The motion of CR in the magnetic field of the Earth.

9. The formation and structure of the interplanetary magnetic field.

10. The kinetic Boltzmann equation for the CR motion in the heliomagnetic field.

11. The Fokker-Planck equation for the motion of CR in the helio-magnetosphere, the modulation mechanisms of CR in the
helio-magnetosphere.

12. The energy spectrum and the anisotropy of CRs on the Earth’s orbit.

13. Mechanisms of acceleration CL.

14. Requirements for sources of CL.

15. Possible sources of cosmic rays of different energies, basic models of the origin of cosmic rays.

MODULE «DIGITAL TECHNOLOGY AND DATA PROCESSING IN ASTRONOMY» - 9 CREDITS

Professional competencies:

- determine coordinates of celestial bodies and date of astronomical occasions by calculations and using of the star wheel;

- use methods of information stream processing for astronomical data, use a computer systems of collecting, processing and
storing of observational material for the study of astronomical objects and the Universe as a whole;

- apply modern mathematical methods for analyzing of astrophysical signals and use modern digital space and ground based
technologies for receiving and processing data;

- organize a scientific research and conduct astronomical observations by using modern telescopes and receivers of cosmic
electromagnetic radiation and observation methods (spectral, photometric, etc.);

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

- evaluate the results of scientific research in the field of physics and astronomy, prepare of conclusions and proposals for
their practical application;
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As a result of studying the module, a student is able to:

- calculate orbits for small bodies of the solar system. comets and comet tails, asteroids.

-calculate the trajectories of artificial earth satellites, manned spacecraft.

- use simulators of the virtual sky sphere.

-predict astronomical events. flashes of iridiums, the passage of satellites over the visible part of the celestial sphere.

-move between time and coordinate calculation systems.

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

- use modern methods of computer programming on Mathematica, Python, MatLAB for data analysis and storage.

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

- apply the principles of operation of the GLONASS, GPS and GALILEO navigation satellite systems in the calculations of
the coordinates of ground stations and objects.

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

- use satellite observations to solve research and practical issues

Methods for evaluating the results achieved:

- verbal questioning: interview, colloquium, exam;

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

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

innovative assessment tools: case-method, portfolio, business (role-playing) game, debate, discussion, project method,
incident method, method of successive situations, etc.

Digital space communications - 3 credits

Prerequisites: EM2202 Electricity and magnetism, Optics. Part 1. Electricity and magnetism.
Postrequisites: KRR3310 Space Radio location and Radio navigation.
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As a result of studying the discipline, a student is able to:

- to formulate the basic principles of the propagation of electromagnetic waves in different environments;
- describe the basics of digital communication, the principle of operation of digital transceivers;
- apply the basis of basic analog, digital devices, their circuitry;

- analyze the structure and principles of organization of radio, satellite systems;

- to design the main nodes of digital communication systems.

Studied topics:

. Introduction. Overview of Satellite Communication. Terminology of digital communication.

. Orbits and Launching Methods. Kepler’s Laws. Orbital elements.

. The Geostationary Orbit. Earth Eclipse of Satellite.

. Radio Wave Propagation. Atmospheric Losses. lonospheric Effects.

. Polarization. Antenna polarization. Polarization of Satellite Signals.

. Types of Antennas used in Satellite Communication. Coordinate System. The Radiated Fields.
. Basic components of the Space Segment.

. Basic components of the Earth Segment.

. Analog signals. Frequency modulation. Signal-to-noise ratio.

10. Digital signals. Pulse Code Modulation.

11. Digital phase modulations. Binary phase-shift keying. Quadrature phase-shift keying.

12. The Space Link. Transmission Losses. Internal and External Noises. Doppler’s Effect.

13. Error Control Coding. Linear Block Codes. Cyclic Redundancy Check. Shannon Capacity.
14. Interference between Satellite Circuits. Energy Dispersal.

15. Satellite communications technology VSAT. Overview of Modems of the Satellite System: Hughes, iDirect, Gilat,
SkyEdge

O©Coo~NoOoOolThs, WN -

Space Radio location and Radio navigation - 3 credits

Prerequisites: TsKS3309 Digital space communications.

123



Postrequisites: PdP Pre-diploma internship.

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

- formulate principles for the construction of radio-electronic devices and systems using the technology of radar and radio
navigation;

- describe the characteristics of the studied electronic systems for location and navigation;

- apply physical models of processes and phenomena that underlie the principles of operation of radio engineering devices and
systems;

- analyze the scientific and technical problems arising in the creation of electronic systems;
- design products using radar technology.

Studied topics:

. Introduction. Basics of space navigation

. Global Navigation Satellite System (GNSS) Technology.

. GNSS Technologies: GLONASS and GALILEO.

. Coordinate systems.

. Methods for determining the location of the user.

. GPS System Segments.

. GPS Satellite Signal Characteristics.

. Satellite System Acquisition, Tracking and Data Demodulation.

. Updated GPS: DGPS, SBAS, A-GPS, and HSGPS.

10. GPS Integration.

11. Radar receivers.

12. The Radar Transmitter.

13. The application of the Kalman filter for solving a navigation task.

14. Principles of Remote Sensing.

15. Photographing the surface of the Earth of high and super high quality.

OO NO OIS, WN B
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Information- entropy Analysis of Astrophysical Signals - 3 credits

Prerequisites: OA2212 Fundamentals of Astrophysics.

Postrequisites: PdP Pre-diploma internship.

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

- describe the main methods of the theory of dynamic chaos in astrophysics;

- explain the choice of information-entropy analysis for the study of astrophysical objects;
- analyze astrophysical signals of various nature by information-entrorism analysis;

- classify quantitatively astrophysical signals based on the information-entropy analysis;
- draw conclusions about the nature of the objects under study on the basis of information-entropy analysis.
Studied topics:

. Introduction, analysis of astrophysical signals.

. Analysis of time series.

. Methods of the theory of dynamic chaos in astrophysics.

. Statistical methods of signal processing.

. Dynamic systems.

. Nonlinear systems.

. Fractal and multifractal analysis of astrophysical signals.

. Determination of the fractal characteristics of interleaved signals.

. Determination of the multifractal characteristics of interleaved signals.

10. The concepts of information and entropy.

11. Criteria for the degree of self-organization of open systems.

12. The generalized metric characteristic.

13. Information and entropy analysis of the light curves of variable stars.

14. Information and entropy analysis of solar radio emission.

15. Normalized entropy of hot stars.

OCOoOoONO OIS, WN B
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ADDITIONAL TYPES OF TRAINING (ATT) — 22 credits
PHYSICAL TRAINING MODULE -8 CREDITS

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

- use in life practical skills that ensure the preservation and strengthening of health, development and improvement of
psychophysical abilities and qualities;

- independently maintain and develop the basic physical qualities in the process of exercising;

- use methods and means of physical training to ensure full social and professional activities;

- access the current state of physical culture and sports in the world;

- adhere to a healthy lifestyle;

- self-organization and self-education in the formation of a healthy lifestyle.

Methods for evaluating the results achieved:

- oral survey: interview, certification.

Physical Training — 8 credits

Prerequisites: no.

Postrequisites: no.

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

- formulate the state policy and the main achievements of the Republic of Kazakhstan in the field of physical culture and
sports;

- understand the theoretical and methodological, hygienic and organizational foundations of physical culture and sports;

- use in life practical skills and abilities ensuring the preservation and strengthening of health, development and improvement
of psychophysical abilities and qualities;

- use means of physical culture and sports for the prevention of diseases, mental well-being, development and improvement
of the qualities and properties of the individual
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Studied topics:

1. Physical personality culture. Basics of a healthy lifestyle student.

2. Fundamentals of self-study methods and self-control over the state of your body.

3. Features of the use of physical culture to optimize performance.

4. General physical and special training in the system of physical education.

5. Sport. Individual choice of sports or exercise systems. Professional and applied physical training of students.

6. Physical culture in the general cultural and vocational training of students. Its socio-biological basis. Legislation on physical
culture and sport.

7. Athletics. Long jump from the spot. Running exercises. Running for short, medium and long distances. Throwing grenades.
Relay race

8. Athletic gymnastics. Exercises with the use of gymnastic equipment and simulators.

9. Table Tennis. Submission, reception. Training game.

10. Volleyball. Transfer and receive the ball from the top, bottom. Top ball, bottom ball. Training game.

11. Basketball. Transfer and catch the ball on the spot, in motion; throw in the basket. Training game.

12. Football. Transfer, stop and dribble, hitting the ball, juggling the ball. Training game.

13. Skiing. Movement by a free wheeling on average and long distances.

14. Outdoor games. Sports games according to simplified rules, adapted to the existing equipment and sports equipment.

15. Checkers and chess. Training game.

PROFESSIONAL PRACTICE MODULE - 12 CREDITS

Common cultural competencies:

- search and use of information necessary for the effective implementation of professional tasks, professional and personal
development; set a goal and choose ways to achieve it;

- work in a team and a team, communicate effectively with colleagues, management; take responsibility for the work of
team members, the result of the assignments; be responsible for your own decisions and be prepared to provide a rationale
for these decisions;
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- demonstrate critical thinking when working with new information.

Professional competencies:

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

- understand, state and critically analyze basic information in the field of mechanics, molecular physics, electromagnetism,
optics, atomic physics, fundamentals of radiophysics and electronics;

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

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

- explain the patterns of formation, development, structure and movement of astronomical objects;

- apply physical laws to the study of the structure, origin and evolution of astronomical objects and the universe as a whole;
- determine the coordinates of celestial bodies and the time of astronomical events using calculations and using a moving
map of the starry sky;

- work with astronomical catalogs and databases;

- to make special calculations of astronomical quantities;

- simulate physical processes occurring in outer space;

- demonstrate skills of mastering the methodological aspects of teaching physics and astronomy in general, individual topics
and concepts;

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

- analyze the principles of processing information flows of astronomical data, use computer systems for collecting,
processing and storing;

- use telescopes and receivers of cosmic electromagnetic radiation for scientific research;

- to organize and conduct special astronomical observations using modern astrophysical instruments and methods of
observation;

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

- to assess the results of professional research, the preparation of conclusions and proposals for their practical use;

- analyze the physical interpretation of new experimental information in the field of astronomy (astrophysics);

- use information and communication technologies in their professional activities;
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- use modern databases and information extraction methods; to be guided in the conditions of change of technology in
professional activity;

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

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

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

- explain the basic laws of the functioning and development of nature and society, be able to adequately navigate in various
socio-economic, political and emergency situations; to freely interpret and creatively use scientific, historical and
philosophical knowledge to summarize the success factors of the Kazakhstan development model on the way to an established
state - the Republic of Kazakhstan; be able to identify and analyze natural and anthropogenic environmental processes and
possible ways to regulate them;

- use information and communication technologies in their professional activities; be able to use the ethical standards of a
professional in the field of political analysis and forecasting; search for information necessary for the effective performance
of professional tasks;

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

- understand the physical picture of the world, the basic physical processes responsible for the nature and observable features
of space objects and phenomena; understand, present and critically analyze the characteristics, physical and chemical
properties, patterns of formation, development, structure and movement of the studied celestial bodies and their systems;

- independently formulate and solve problems in physics and astronomy, formulate algorithms for modeling processes
occurring in outer space; to evaluate the results of research, the preparation of conclusions and proposals for their practical
use;

- analyze the principles of processing information flows of data, be able to use computer systems for collecting, processing
astrophysical data; analyze the physical interpretation of new experimental information in the field of astronomy
(astrophysics);

- use the main electronic equipment and physical devices for measuring mechanical and electrical quantities; understand the
physical principles of operation of modern receivers of cosmic electromagnetic radiation, the construction of telescopes used
in all ranges of the electromagnetic spectrum;
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- characterize the hardware and software parts of providing astronomical observations, basic physical processes and features
of the interaction of the radiation of astronomical objects with the environment;

- demonstrate skills of the mathematical apparatus and formalisms in modern theoretical astrophysics, the criteria for choosing
methods for solving problems both in analytical form and using computer technologies (modern computers and corresponding
software products);

- demonstrate skills of mastering the methodological aspects of teaching physics and astronomy in general, individual topics
and concepts; methods and techniques for drawing up tasks, exercises, tests on various topics;

- use linguistic and cultural linguistic knowledge for solving communication problems in a multilingual and multicultural
society of the Republic of Kazakhstan and in the international arena; to the perception, analysis, synthesis of information,
setting goals and choosing ways to achieve it;

- understand socio-ethical values based on social and legal norms and tolerance to various cultural and confessional
traditions; systematize conceptual knowledge of the legal framework for countering corruption and be aware of its role in
the context of professional activities.

Methods for evaluating the results achieved:

- oral survey: interview, report protection;

- written work: test;

- innovative assessment tools: discussion, project method, method of successive situations, etc.

Educational practice - 4 credits

Prerequisites: Basic and major disciplines.

Post requisites: PrP Production Practice, PdP Undergraduate Practice.

As a result of the practice, the student is able to:

Consolidate, expand and deepen the theoretical knowledge in the development of the chosen topic;
- to learn, acquire new knowledge, skills and abilities during the self-directed work on the topic;
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- to conduct written and oral communication in Russian (Kazakh, English) in the framework of professional and scientific
communication, both interpersonal and group; analyze, write and edit academic and technical texts in Russian (Kazakh,
English) to solve the problems of professional and scientific activities in the field of physics and astronomy;

- work with astronomical databases of scientific articles ADS.

Understand the purpose and basic principles of scientific and technical devices and equipment;

- Collect, systematize scientific information;

Determine the structure of the scientific report;

- Prepare a brief report on the completed work in the Latex format;

- Present the results of educational practice in the form of a presentation and be able to make a clear and clear presentation of
the material;

Content of practice:

1. Acquaintance with research directions and themes;

2. Acquaintance with the research achievements of the selected scientific group. Choice the supervisor and research topic.

3. Educational and scientific work under the guidance of the supervisor: the study of theoretical and experimental research
methods; research, study and analysis of the literature on the task;

4. Attend scientific seminar and follow-up report;

5. Preparation of reporting documentation on the results of educational practice.
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Work practice - 8 credits

Prerequisites: Basic and major disciplines, UP Training practice.

Post requisites: PdP Pre-diploma practice.

As a result of the practice, the student is able to:

- acquire initial practical skills in solving specific problems in professional activities;

- work with information: find, evaluate and use information from various sources necessary for solving scientific and
professional problems (including on the basis of a systematic approach);

- critically evaluate and rethink the accumulated experience (own and someone else’s);

- analyze the method of setting and conducting an experiment; describe problems and situations of professional activity;

- show creativity, initiative and perseverance in achieving goals (both professional and personal);

- acquire the skills and abilities of conducting research, solving specific scientific, methodological, information retrieval tasks;
- plan the experiment and draw up observation programs using the GILDAS software package: ASTRO

- to conduct observations on scientific research equipment and telescopes.

- master the skills of management, operation and collibration of scientific equipment.

- make measurements and measurements. Evaluate experimental errors and instrumental and statistical errors.

- perform the initial reduction of the “raw” material for the purpose of subsequent analysis using the software packages IRAF,
AIPS, CLASS.

- analysis, processing and obtaining a scientific result in software environments MATLAB, GREG, DS9.

- work with identical data from other observations from astronomical databases of similar projects.

Comparison of the results obtained with the data of other authors and interstate the standard result.

- Draw conclusions about the physical nature of the observed object and processes.

- Prepare a publication for discussion at an international conference of young scientists.

- competently and reasonably publicly present the results of their scientific and professional activities, including using modern
ICT tools;

- participate in research projects.

Content of practice:
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1. Faculty Orientation Conference. Issuing assignments and instructions on practical training and safety rules.

2. Acquaintance with the structure and nature of the selected unit; familiarization with the main research directions and themes
of the scientific group and supervisor;

3. Formation of an individual student work plan during work experience.

4. Fulfillment of research tasks.

5. Final reporting conference. Presentation of the report on the research work at a scientific seminar.

Pre-diploma internship — 2 credits

Prerequisites: core and major disciplines, UP Educational internship, PrP Industrial internship, PrP Industrial internship.
Postrequisites: NZDR Writing and defense of the thesis (project).

As a result of the practice, a student is able to:

- apply the acquired knowledge in practical activities to solve specific scientific, methodological, information retrieval tasks;
- work with information: find, evaluate and use information from various sources (catalogs, databases) necessary to solve
scientific and professional problems (including on the basis of a systematic approach);

- form the skills and abilities of conducting fundamental and applied scientific research in the field of physics and
astronomy;

- professionally compile and execute scientific and technical documentation, scientific reports, present the results of research
work, taking into account the specifics of the study;

- competently and reasonably publicly present the results of their scientific and professional activities, including using
modern ICT tools.

Content of internship:

1. Installation conference. Issuing assignments and briefing on practical training.

2. Acquaintance with the base of pre-diploma practice. Formation of the individual work plan of the student during the pre-
diploma practice.

3. Search and study of modern literature to justify the research topic.

4. Drawing up a work plan and schedule for the implementation of scientific research on the topic of the thesis.
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5. Methodological substantiation of the research (setting goals for specific tasks, formulating a working hypothesis,
generalizing and critically analyzing the works of domestic and foreign experts on the research topic);
6. Compilation of biliography on the topic of research work by standard;

7. Description of the object and subject of study.

8. Collection and analysis of available information about the subject of the study.

9. The study of certain aspects of the problem. Researching.

10. Statistical and mathematical processing of information.

11. Analysis of the results of scientific research.

12. Registration of the results of the study and their coordination with the supervisor.

13. Generalization of the collected material.

14. Registration and protection of a practice report at a scientific seminar.

15. Final reporting conference.

134



CATALOG OF DISCIPLINES

135



GENERAL EDUCATION DISCIPLINES (GED)

OBLIGATORY COMPONENT (OC)

Social and humanitarian module — 6 credits

Code SIK1101

Modern history of Kazakhstan (State exam)

Prerequisites

no Postrequisites no

Credits

3 Term 1

Aim of the
discipline

To form a system of scientific views on the history of modern Kazakhstan society in the context of the world
historical process.

Abstract of the
discipline

Discipline "Modern history of Kazakhstan" is aimed at shaping future thinking specialists, focused on self-
development with the priority of universal values. Large-scale transformations are accompanied by the
modernization of public consciousness, which involves the transformation of learning based on a problem-
based approach. Knowledge gained from the study of modern history of Kazakhstan contributes to the
understanding of the dynamics of the development of the historical process and forms value reference points
for ethnic, social, cultural identity in the surrounding world. Successful implementation of the state
programs ‘“Madeni Mura” and “Halyk Tarikh Tolknynda” expanded the horizons of historical knowledge
and led to fundamental work aimed at changing the public consciousness and forming a united Nation of
strong and responsible people . Present stage of development of our country is characterized by the Third
Modernization of Kazakhstan, creation of a new model of economic growth that will ensure the global
competitiveness of the country. Modernization of the economy is inextricably linked with the modernization
of consciousness, when every citizen of Kazakhstan must understand the need for change in order to move
to a qualitatively new level of development of his country. Kazakhstan society should have a spiritual and
ideological core for the successful implementation of the goals set, this is facilitated by the program “Ruhani
zhagyru” which reveals the mechanisms of modernization of public consciousness and is based on the
continuity of spiritual and cultural traditions. Knowledge of the history of their people contributes to a
broader perception and ability to rethink.

Code Fil2102

Philosophy
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Prerequisites

SIK1101 Modern history of Kazakhstan. | Postrequisites no

Credits 3 Term 4

Aim of the Formation of students' holistic system understanding of philosophy as a special form of knowledge of the
discipline world, its main sections, problems and methods of their study in the context of future professional activity.
Abstract of the Discipline “Philosophy” is aimed to develop students' openness of consciousness, understanding self
discipline national code and national self-awareness, spiritual modernization, competitiveness, realism and

pragmatism, independent critical thinking, cult of knowledge and education, and mastering such key
ideological concepts as justice, dignity and freedom, as well as the development and strengthening of the
values of tolerance, intercultural dialogue and the culture of peace. Particular attention is paid to the
problems of preserving national identity, the inner core of the national “I”” and the national spirit, which are
reflected in the project “Rukhani zhagyru”, role of philosophy in modernizing public consciousness and
solving global problems of modernity. Moral self-regulation, contributes to the development of research
abilities and the formation of intellectual and creative potential.

Instrument module — 15 credits

Code 1Yal103

Foreign language

Prerequisites no Postrequisites POIlYa2207 Professionally-oriented
foreign language.

Credits 6 Term 1,2

Aim of the Increasing the initial level of proficiency in a foreign language, achieved at the previous level of education,
discipline and mastering students with the necessary and sufficient level of communicative competence to solve social

and communicative tasks in various areas of everyday, cultural, professional and scientific activities.

Abstract of the The “Foreign Language” discipline is aimed at further developing the language competencies acquired at
discipline school as part of the English language discipline program (General English), as well as deepening skills in

the use of English as a means of communication with the formation of the following competencies:
communicative (reading, writing, listening, speaking), language (pronunciation, vocabulary, grammar),
general cultural and interpersonal.

Code K(R)Ya 1104

Kazakh (Russian) language
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Prerequisites

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

no Postrequisites

Credits 6 Term 1,2

Aim of the Provide high-quality Russian language proficiency in the context of Kazakh national culture as an

discipline instrument of social, intercultural, professional and personal communication through the formation of
communicative competence in all types of speech activity in accordance with the levels of proficiency in a
foreign language on a scale of the Council of Europe (A1, A2 + LSP; B1, B2+ LSP; C1 + LSP).

Abstract of the Discipline "Kazakh (Russian) language" is aimed to forming the social and humanitarian outlook of students

discipline in the context of a nationwide idea of spiritual modernization, involving the development of

internationalism, tolerant attitude to world cultures and languages as the basis of national consciousness and
cultural code. modern technologies, the use and transfer of which can ensure the modernization of the
country and the personal career growth of future specialists.

Code IKT1105

Information and communication technologies

Prerequisites

no Postrequisites KMFPS3210 Computer modeling of
physical processes, IEAAS4308
Information  —entropy  Analysis  of

Astrophysical Signals, TsKS3309 Digital
space communications

Credits 3 Term 2

Aim of the Formation of the ability to critically assess and analyze processes, methods of searching, storing and
discipline processing information, methods of collecting and transmitting information through digital technologies.
Abstract of the Discipline "Information and communication technologies” is designed to build the ability to critically
discipline understand the role and importance of modern information and communication technologies in the era of

digital globalization. In connection with the entry of the economy of Kazakhstan into the era of the Fourth
Industrial Revolution, the adoption of a comprehensive program “Digital Kazakhstan”, the development of
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new technologies such as the Internet of Things, cloud technologies, big data, blockchain, etc. thinking, the
acquisition of knowledge and skills in the use of modern information and communication technologies in
various activities.

ELECTIVE COMPONENT (EC)

Module of socio-political knowledge — 4 credits

Code TPP2110 Theoretical and Applied Political Science

Prerequisites SIK1101 — Modern history of Kazakhstan. | Postrequisites no

Credits 2 Term 3

Aim of the Studying the patterns of formation and functioning of politics, preparing students for participation in the

discipline political life of the country, the formation of an active citizenship.

Abstract of the The discipline "Theoretical and Applied Political Science" forms knowledge about the laws of world politics

discipline and modern political processes, explaining the essence and content of the policies of nation states, based on
ensuring national security and realizing national interests. The study of this discipline contributes to the
formation of the socio-humanitarian outlook as the basis for the modernization of public consciousness.
Understanding of internal and external relations and relations, major trends and patterns operating in
different political systems, objective criteria of the social policy dimension contributes to the formation of
national and civic identity.

Code OPS2111 General and applied Sociology

Prerequisites SIK1101 — Modern history of Kazakhstan. | Postrequisites no

Credits 2 Term 3

Aim of the Formation of sociological thinking and imagination of the dynamic social world in which we live, as well

discipline as in the formation of critical thinking and analysis of modern societies, their social structures, systems and
institutions.

Abstract of the The discipline "General and Applied Sociology” will allow a deeper insight into the fundamentals of

discipline sociology, including topics and applied aspects of research, theory and methodology. By developing what

S. Wright Mills calls “sociological imagination,” the discipline will provide insights into how culture,
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religion, history, people and institutions intersect in shaping their own experience, life chances and identity.
Throughout the course, a number of macro- and micro-sociological “perspectives” will be presented and
issues related to social inequality and accessibility of education, ethnicity, gender, social class, as well as
institutions such as family, education, and the media, which play an important role in shaping our own life
and the whole social world in which we live. Based on the Programmatic Article of the Head of State
"Looking into the Future: Modernization of Public Consciousness", the course examines the peculiarities of
the process of modernizing consciousness and adapting Kazakh society to the global challenges of our time.

Module of cultural heritage and interpersonal communication — 4 credits

Code KRYaK2108

Culture of speech and language communication

Prerequisites

SIK1101 Modern history of Kazakhstan, | Postrequisites POK(R)Ya2206 Professionally-oriented
OPS2111 General and applied Sociology, foreign language
TPP2110 Theoretical and Applied
Political Science, K(R)Ya 1104 Kazakh
(Russian) language.

Credits 2 Term 3

Aim of the Develop and improve the skills and techniques of effective speech interaction in various situations of
discipline communication, in the sociocultural and professional fields of communication.

Abstract of the The course is aimed at improving the level of speech, communicative competence. The focus is on the
discipline culture of oral (monologue and dialogical) and written speech in the Kazakh (Russian) language. Attention

Is paid to the conditions for successful public speaking and effective communication skills are being formed
in various conditions of communication. Students have the opportunity to improve their knowledge of the
norms of the modern Kazakh (Russian) language.

When studying the discipline, the following aspects will be considered: the concept of "culture of speech™;
speech culture of a business person; main aspects of business culture; regulatory aspect of business culture;
types of language norms of the Russian literary language; the communicative aspect of business culture;
communicative qualities of speech (pithiness of speech, accuracy, clarity, purity, richness and diversity of
speech); ethical aspect of culture of speech; functions of speech etiquette in business communication;
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communication atmosphere and etiquette formulas; system of addresses in Russian speech etiquette; the
role of ethics in business communication; business rhetoric; knowledge of the art of public speaking, the
necessary modern business person; principles of culture of oratory; requirements for public speech; target
settings of speech and their classification; speech design; creation of speech text; argumentation in oratorical
speech; classification of speech types; information speech; persuasive speech; a call to action; main
characteristics of business communication; principles of effective business communication; culture of oral
business communication; types of oral business communication; presentation; modeling of oral business
communication situations: “Telephone conversation”, “Business conversation”, “Negotiations”; culture of
written business speech; types of business documents; features of drawing up personal business documents
(application, power of attorney, receipt, autobiography, resume); features of the preparation of information
and reference documents (explanatory note, protocol, extract from the protocol); features of writing business
letters.

Code PMK2109

Psychology of interpersonal communication

Prerequisites

SIK1101 Modern history of Kazakhstan, | Postrequisites no
Fil2102 Philosophy

Credits 2 Term 3
Aim of the To form students' social-personal and instrumental competences in the field of psychological theory and
discipline practice of interpersonal communication, necessary in professional activities.
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Abstract of the
discipline

The discipline "Psychology of interpersonal communication™ contributes to the formation of a general
psychological culture of a person, awareness of his past, present and future from psychological positions,
as well as for mastering knowledge of the socio-psychological patterns of behavior in interpersonal
communication.

When studying the discipline, the following aspects will be considered: personality psychology and its role
in the system of human sciences; motivational-need sphere of personality; emotions and emotional
intelligence; volitional processes and the psychology of self-regulation; temperament and character; values,
interests, norms as the spiritual basis of personality; psychology of the meaning of life and professional self-
determination; career psychology; psychology of communication; perceptual side of communication;
interactive side of communication; the communicative side of communication; the concept and structure of
the socio-psychological conflict; personality behavior patterns in conflict; techniques and techniques of
effective communication.

CORE DISCIPLINES (CD)

OBLIGATORY COMPONENT (OC)

Module «General physics 1 and higher mathematics» — 10 credits

Code Mech1201

Mechanics and molecular physics. Part 1. Mechanics (EEEA)

Prerequisites no Postrequisites MF1214 Mechanics and molecular physics.
Part 2. Molecular Physics (EEEA).

Credits 3 Term 1

Aim of the To form among students an integral systemic view of the basic concepts and laws of mechanics and the

discipline methods of studying movement and interaction of material bodies and their systems arising from these laws.

Abstract of the Discipline is aimed at developing a student's system of knowledge and skills, which allows explaining and

discipline analyzing the behavior of various mechanical systems under the influence of various forces.

When studying the discipline, the following aspects will be considered: the kinematics of the material point,
speed, normal acceleration and tangential; kinematics of circular motion; solid kinematics; the dynamics of
the material point, Newton's laws; the dynamics of the system of material points; classification of forces
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and interactions; gravitational force, mass inert and gravitational; inertial reference systems, Galilean
relativity principle; non-inertial reference systems, inertial forces; work, potential field of forces,
conservative forces; energy: potential energy; Kinetic energy, energy conservation law; solid body
dynamics; mechanics of liquids and gases; fluctuations; waves.

Code EM2202

Electricity and magnetism, Optics. Part 1. Electricity and magnetism

Prerequisites

MF1201 Mechanics and molecular | Postrequisites ED3225 Electrodynamics, FOE 3209
physics. Part 1. Mechanics, MF1214 Physical bases of electronics, PEA4305
Mechanics and molecular physics. Part 2. Semiconductor electronics in astrophysics;
Molecular Physics.

Credits 4 Term 3

Aim of the Formation of a student's ideas about electromagnetism as a theory of electromagnetic phenomena, arising

discipline from the generalization of observations, practical experience and experiment, the basic concepts and laws
of electromagnetism and the limits of their applicability.

Abstract of the Discipline is aimed at the formation of a student's system of knowledge and skills, allowing to explain and

discipline analyze various electromagnetic phenomena.

In studying the discipline the following aspects will be considered: electric charge, Coulomb's law, electric
field in vacuum; Gauss electrostatic theorem; electric field potential; electrostatic field in and around
conductors; electric capacity, capacitors, electric field energy; electrostatic field in dielectrics and near them;
the concept of current, Ohm and Joule-Lenz laws; methods for calculating DC electrical circuits; electrical
conductivity of semiconductors; electric current in liquids and gases; magnetic field in vacuum; magnetic
field in matter; electromagnetic induction; Maxwell's system of equations; elements of AC circuits.

Code MA1205

Mathematical analysis

Prerequisites no Postrequisites AGLA1211 Analytical geometry and linear
algebra

Credits 3 Term 1

Aim of the Formulate in students a system of knowledge and skills that allows them to understand and use the

discipline differential and integral calculus of functions of one or several variables for solving physical problems.
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Abstract of the
discipline

Discipline is aimed at teaching students the use of differential and integral calculus in solving problems of
their specialty.

When studying the discipline, the following aspects will be considered: the subject of mathematical analysis;
elements of set theory; sequences of real numbers; limit of numeric sequence; the limit of a real function of
a single real variable; the continuity of a function at a point and on a set; differentiability and derivative of
the real function of one real variable; indefinite integral of function of one variable; certain integral; metric
space; differentiability, partial derivatives and differentials of functions of several variables; multiple,
curvilinear, and surface integrals; number series; functional sequences and rows; Fourier series.

Module «innovative teaching methods and digital technologies» — 6 credits

Code TMOFA3204

Theory and methods of teaching physics and astronomy

Prerequisites

MF1201 Mechanics and molecular | Postrequisites PrP Industrial internship
physics. Part 1. Mechanics, MF1214
Mechanics and molecular physics. Part 2.
Molecular Physics, EM2202 Electricity
and magnetism, Optics. Part 1. Electricity
and magnetism, Opt2215 Electricity and
magnetism, Optics. Part 2. Optics.

Credits 3 Term 6

Aim of the Formation of students' system of knowledge and skills necessary for teaching physics and astronomy in
discipline secondary schools using modern educational technologies.

Abstract of the Discipline is aimed at developing students' knowledge about the content and organization of the educational
discipline process in physics and astronomy in institutions of secondary general (complete) education; preparation of

specialists for teaching physics and astronomy in the modern school.

When studying the discipline, the following aspects will be considered: the scientific-theoretical and
methodological foundations of teaching physics and astronomy; theory and methods of teaching physics,
subject of the discipline, goals and objectives; types of organization of studies in physics and astronomy in
secondary schools; organization of studies in physics and astronomy in higher education; methods of
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studying the main topics of the course in physics and astronomy; Mechanics; a system of methods and tools
for teaching physics and astronomy; didactic principles of teaching physics; physics teaching methods;
methods of intensification of teaching physics; types of physics lessons; types of educational physical
experiment; control and evaluation of knowledge and skills; planning study classes in physics; calendar
plan; lesson plan; methodological issues of the course of molecular physics; computer use in the study of
physics.

Code ORE4203

Fundamentals of Radio Physics and Electronics

Prerequisites

EM2202 Electricity and magnetism, | Prerequisites EM2202 Electricity and magnetism, Optics.

Optics. Part 1. Electricity and magnetism. Part 1. Electricity and magnetism.
Credits 3 Credits 3
Aim of the To form the students' fundamental knowledge in the field of radiophysics and electronics, the development
discipline of skills in the use of electronic equipment.
Abstract of the Discipline is aimed at developing students' systems of knowledge and skills that allow them to understand
discipline the principle of work and use general-purpose radio equipment in their professional activities.

When studying the discipline, the following aspects will be considered: signals, their classification,
parameters; elements of linear electric circuits, source of EMF, source of current; calculation of linear chains
by the method of complex images; the passage of pulsed signals through linear circuits, transients, operator
method of analysis; differentiating, integrating circuits, compensated voltage divider; electron-hole
transition, its properties, semiconductor diodes, zener diodes, tunnel diodes; bipolar transistors, switching
circuit; bipolar transistor as a quadrupole, parameters, equivalent circuits in different wiring diagrams;
dynamic mode of the bipolar transistor; field effect transistors; classification of electronic amplifiers, their
main characteristics, parameters; gain amplifier with feedback, negative and positive feedback; operational
amplifiers, main characteristics, parameters; electrical signal generators; multivibrator in self-oscillatory
mode.

Module «professional language» — 4 credits

Code POK(R)Ya2206

Professionally-oriented Kazakh (Russian) language

Prerequisites

K(R)Ya1104 Kazakh (Russian) language | Postrequisites | Core and major disciplines
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Credits

2 | Term E

Aim of the Formation of professionally-oriented linguistic personality, able to build communication in professionally
discipline significant situations.

Abstract of the The discipline "Professional Kazakh (Russian) language” is aimed at the formation of practical skills of
discipline professional communication in the Kazakh (Russian) language and is intended to create a student's language

readiness for further mastering special disciplines.

When studying the discipline, the following aspects will be considered: professional vocabulary; term
system of professional language; requirements for terms; business documentation in the professional field;
business relations in the professional field; dialogue; monologue; scientific and journalistic style of speech;
grammatical style features of a professional text; thesis; types of arguments; types of evidence: direct,
indirect, theoretical and empirical; ways of presenting the material: historical, analogy, stepped, conceptual;
work with sources; annotation; referencing; development of skills and readings of scientific literature in the
specialty for the formation of professional competence; formulation of abstracts of a scientific article on the
specialty; compiling a glossary; work on writing a scientific article on the specialty; increasing the level of
speech, communicative competence in the professional sphere; the development of creative writing skills
on the basis of secondary scientific texts, as well as texts relating to various functional-semantic types of
speech; selection of material on the topic and problem of scientific research; rules for compiling
bibliography; the semantic structure of the scientific text, its various types and skills of analyzing scientific
information on the basis of generalization and compression.

Code POIYa2207

Professionally-oriented foreign language

Prerequisites I'Yal103 Foreign language Postrequisites Core and major disciplines

Credits 2 Term 4

Aim of the Teach students to use a foreign language as a means of expanding and deepening system knowledge in their
discipline field and a means of self-improvement of their professional qualifications.

Abstract of the The discipline "Professionally-oriented foreign language" is aimed at teaching students basic grammatical
discipline rules, expanding vocabulary, developing listening skills for fluency in oral, written speech and learning

professional terminology in their specialty. Levels: Pre-Intermediate, Intermediate, Upper-Intermediate.
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When studying the discipline, the following aspects will be considered: professional vocabulary; term
system of professional language; business documentation in the professional field; business relations in the
professional field; dialogue; monologue; scientific and journalistic style of speech; grammatical style
features of a professional text; thesis; types of arguments; types of evidence: direct, indirect, theoretical and
empirical; work with sources; annotation; referencing; development of skills and readings of scientific
literature in the specialty for the formation of professional competence; formulation of abstracts of a
scientific article on the specialty; compiling a glossary; work on writing a scientific article on the specialty;
increasing the level of speech, communicative competence in the professional sphere; the development of
creative writing skills on the basis of secondary scientific texts, as well as texts relating to various functional -
semantic types of speech; selection of material on the topic and problem of scientific research; rules for
compiling bibliography; semantic structure of the scientific text, its various types; analysis of scientific
information on the basis of generalization and compression.

ELECTIVE COMPONENT (EC)

Stem - module — 7 credits

Code FOE3209

Physical bases of electronics

Prerequisites

EM2202 Electricity and magnetism, | Postrequisites PrP Industrial internship
Optics. Part 1. Electricity and magnetism.

Credits 2 Term 6

Aim of the Formation of the student's understanding of the relationship between the physical laws of electronic
discipline processes in solids with the final characteristics of electronic devices.

Abstract of the Discipline is aimed at shaping students' understanding of which physical processes and laws underlie the
discipline work of various electronic devices.

When studying the discipline, the following aspects will be considered: the role of physical phenomena and
processes in electronics, the main directions of development of electronics; elements of the band theory of
the structure of solids, the filling of zones with electrons and the division of bodies into metals, dielectrics
and semiconductors; statistical laws on particle collectives, Maxwell-Boltzmann distribution, Fermi-Dirac;
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electron statistics in metals, statistics of charge carriers in a semiconductor; the law of the masses;
conductivity, mobility of charge carriers, its dependence on temperature; mechanisms of scattering of free
charge carriers; temperature dependence of conductivity in semiconductor and metal; diffusion current in
semiconductors, total current in a semiconductor; equilibrium and nonequilibrium charge carriers;
fundamentals of semiconductor physics; physical fundamentals of integrated electronics; dinistors;
thyristors; photoelectric devices based on external photoelectric effect; photoelectric devices based on the
internal photoelectric effect.

Code KMFPS3210

Computer modeling of physical processes

Prerequisites

MF1201 Mechanics and molecular | Postrequisites PrP Industrial internship
physics. Part 1. Electricity and magnetism,
MF1214 Mechanics and molecular
physics. Part 2. Molecular Physics,
EM2202 Electricity and magnetism,
Optics. Part 1. Electricity and magnetism,
Opt2215 Electricity and magnetism,
Optics. Part 2. Optics.

Credits 2 Term 5

Aim of the Formation of students' understanding of the principles of numerical modeling of physical phenomena,
discipline mastering the technique of setting a computer experiment in the field of physics.

Abstract of the Discipline is aimed at developing students' skills in building models of physical processes and phenomena
discipline using personal computers, skills in developing algorithms that simulate physical phenomena and processing

physical experiments, mastering techniques for implementing algorithms using high-level programming
languages

When studying the discipline, the following aspects will be considered: the goals, methods and approaches
of modeling physical processes; a general description of high-level programming languages and modern
integrated math packages (Matlab, Scilab, Maple, Mathematica, Mathcad); work with files; graphical
presentation of calculation results; effective algorithms for the numerical solution of algebraic equations,
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the division of complex numbers, the calculation of derivatives, the solution of systems of linear algebraic
and differential equations; models of physical processes based on ordinary differential equations; models of
physical processes based on partial differential equations; formal description of random processes; general
scheme of Monte Carlo methods; modeling the movement of bodies in uniform force fields; modeling of
oscillatory processes and wave movements; modeling the behavior of systems consisting of a large number
of particles; simulation of phase transitions by the method of molecular dynamics; modeling of optical
phenomena; simulation of quantum systems.

Code AGLA1211 Analytical geometry and linear algebra

Prerequisites no Postrequisites OVTA2224 Fundamentals of vector-tensor
analysis

Credits 2 Term 2

Aim of the Formation of students with the correct ideas about the basic concepts and methods of analytical geometry

discipline and linear algebra.

Abstract of the Discipline is aimed at developing students' skills in solving problems of analytical geometry and linear

discipline algebra and using this skill in their professional activities.

When studying the discipline, the following aspects will be considered: vector algebra: the concept of a
vector, operations with vectors; straight line on the plane and in space; second order lines; second order
surfaces; operations on matrices, their properties; determinant of the matrix, its properties and calculation;
minors, algebraic complements, their properties; a system of n linear equations with n unknowns, methods
for its solution; compatibility criterion, the Kronecker — Capelli theorem; linear space, sum and intersection
of subspaces, direct sum of subspaces, properties; linear operators, their properties, examples; eigenvalues
and eigenvectors of a linear operator; matrix of a linear operator, its transformation upon transition to a new
basis; eigenvalues and eigenvectors of a linear operator; bilinear functions and quadratic forms in Euclidean

space.

Module «physics of stars» - 8 credits

Code 0A2212

| Fundamentals of Astrophysics
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Prerequisites

OAL1301 General Astronomy (EEEA) Postrequisites SEZ4307 The Structure and Evolution of

Stars
Credits 4 Term 4
Aim of the Formation of students' holistic understanding of the origin, structure, chemical composition, physical
discipline properties and evolution of various celestial bodies and their systems, as well as methods for obtaining this
information.
Abstract of the The discipline is aimed at a consistent presentation of the fundamentals of astrophysics, such as the methods
discipline used in research of objects of the Universe, the mechanisms of formation and passage through various

environments of electromagnetic radiation, principles of operation and features of the use of modern
astrophysical tools, observational manifestations of astrophysical objects, modern ideas about the structure,
physical properties and evolution various objects of the universe.

When studying the discipline, the following aspects will be considered: the tasks and main sections of
astrophysics, space-time scales in astrophysics; basic photometric concepts and units; the mechanism of
absorption and emission of light by a substance (atoms, molecules), the formation of continuous, emission
and absorption spectra, the Zeeman effect, the Stark effect; radiation properties and the fundamentals of
spectral analysis, Doppler shift of spectral lines; black body radiation; features and physical limitations of
astronomical observations, the main tasks of observational astronomy, telescopes and radiation detectors;
types of temperature, methods of its determination, determination of the chemical composition and density
of celestial bodies; interstellar medium, its main components and observational manifestations; star
classifications, Hertzsprung-Russell diagram, mass-luminosity ratio, stellar spectroscopy as a tool for
determining fundamental stellar parameters; double stars, determination of the parameters of stars from
observations of double stars; the internal structure of stars, their evolution; modern ideas about the internal
structure and structure of the atmosphere of the Sun; non-stationary stars, ideas about the nature of their
variability and research methods; hot stars with spectral features, Ae / Be Herbig, Be and B types [e];
compact stars as a result of the final stage of the evolution of stars.

Code GA3213

Galactic astronomy

Prerequisites

OA1301 General Astronomy (EEEA) | Postrequisites | DZS4308 Dynamics of stellar systems

150




Credits

4 | Term |5

Aim of the Formation of knowledge about the kinematics of stars in our galaxy, the composition and structure of
discipline subsystems of galaxies, obtaining basic information about the composition and structure of the galaxy.

Abstract of the Discipline is aimed at developing students' knowledge about the structure and development of galaxies
discipline based on the study of the collective properties of stellar and gas objects in our and other galaxies. When

studying the discipline, the following aspects will be considered: the coordinates of stellar astronomy;
geometric methods for determining distances to celestial bodies; photometric methods for determining
distances to celestial bodies; elements of the theory of potential and celestial mechanics, potential energy
and the virial theorem; problems associated with the description of movements in the gravitational fields of
the simplest configuration; tasks associated with the statistical processing of observations; numerical
methods for studying the dynamic evolution of gravitating systems; composition and structure of spiral
galaxies; full and selective absorption of light in the Galaxy; determination of excess color in the UBV
system; the model of the visible distribution of the absorbing substance absorbing the substance in our
Galaxy; general characteristics of scattered star clusters; determination of excess color, distance and age of
the scattered clusters; GR-diagram of the scattered cluster; stellar associations, complexes and mobile
groups; submerged clusters; gas hazardous disk; spiral branches and star formation.

Module «general physics 2» - 9 credits

Code MF1214

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

Prerequisites

Mech1201 Mechanics and molecular | Postrequisites FKS 3218 Condensed state physics
physics. Par 1. Mechanicst.

Credits 3 Term 2
Aim of the Acquaintance with the fundamentals of the molecular-kinetic theory of the motion of liquids and gas, the
discipline basic models of molecular physics, the statistical laws of a system of a large number of particles, models

and laws of ideal and real gases, the classical distribution of molecules, the basics of the classical theory of
heat capacity and quantum theory, the phenomena of thermodynamics and their fundamental nature, the
properties of liquids, solids and phase transitions; development of skills: to assess the basic parameters of
thermodynamic systems in various states - gaseous, liquid, solid; to determine the limits of applicability of
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the classical distribution of particle velocities in the force field; to single out from the large volume of new
complex information the main thing, to take notes, to work with literature and Internet resources.

Abstract of the
discipline

Discipline is aimed at shaping students' understanding of the main phenomena, concepts, laws and methods
of molecular physics and thermodynamics, as well as the skills of practical calculations and experimental
work.

When studying the discipline, the following aspects will be considered: molecular kinetic theory; perfect
gas; the concept of temperature; velocity distribution of gas molecules; the first law of thermodynamics; the
second law of thermodynamics; real gases and liquids; transfer phenomena; surface phenomena in liquids;
solids; waves in continuous medium and acoustic elements; waves in elastic media; phase and group
velocity; wave propagation in inhomogeneous media; reflection and refraction of waves at the boundary of
two media.

Code Opt2215

Electricity and magnetism, Optics. Part 2. Optics

Prerequisites

EM2202 Electricity and magnetism, | Postrequisites AF3216 Atomic physics
Optics. Part 1. Electricity and magnetism

Credits 3 Term 4

Aim of the Acquisition of knowledge about various optical phenomena and approaches to their description; the

discipline formation of skills and competencies for their analysis, research and application of calculation methods in
solving real problems in future professional activities.

Abstract of the Discipline is aimed at shaping students' understanding of the laws of optics in their relationship with the

discipline entire spectrum of laws of physics and the limits of their applicability; skills of using basic optical devices,

analyzing the experimental data obtained and using them to calculate the characteristics of optical systems.
When studying the discipline, the following aspects will be considered: electromagnetic waves; photometry;
geometrical optics; light interference; light diffraction; basics of holography; optics of inhomogeneous
media; polarization; light dispersion; light absorption; optics of anisotropic media; light scattering;
fundamentals of quantum optics; nonlinear optics; power optics.

Code AF3216

Atomic physics
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Prerequisites

MF1201 Mechanics and molecular | Postrequisites YaF3217 Nuclear physics
physics. Part 1. Electricity and magnetism,
MF1214 Mechanics and molecular
physics. Part 2. Molecular Physics,
EM2202 Electricity and magnetism,
Optics. Part 1. Electricity and magnetism,
Opt2215 Electricity and magnetism,
Optics. Part 2. Optics.

Credits 3 Term 5

Aim of the Formation of an integrated system of students knowledge of the basics of modern physics of atoms and

discipline atomic phenomena, the basic quantum concepts, the development of skills for constructing quantum-
mechanical models and solving physical problems.

Abstract of the Discipline is aimed at forming in future specialists a representation of a physical theory as a generalization

discipline of observation, practical experience and experiment, described at the appropriate mathematical level, as a

link between physical phenomena and quantities.

When studying the discipline, the following aspects will be considered: the development of quantum
concepts; corpuscular properties of light; Coordinate, momentum, angular momentum and energy operators
in quantum mechanics; introduction to the apparatus of physics of micro-objects; stationary and
nonstationary Schrodinger equation; energy states and emission spectra of hydrogen-like atoms; spectra of
hydrogen-like atoms; electron orbital and spin moments; multielectron atoms; quantum statistics; quantum
properties of a solid; bond types of atoms in solids; electrical conductivity of solids; elementary particles;
Physics of the atomic nucleus.

Module «general physics 3» - 8 credits

Code YaF3217

Nuclear physics

Prerequisites

MF1201 Mechanics and molecular | Postrequisites PrP Industrial internship.
physics. Part 1. Electricity and magnetism,
MF1214 Mechanics and molecular
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physics. Part 2. Molecular Physics,
EM2202 Electricity and magnetism,
Optics. Part 1. Electricity and magnetism,
Opt2215 Electricity and magnetism,
Optics. Part 2. Optics, AF3216 Atomic

physics.

Credits 3 Term 6

Aim of the Formation of general cultural and general professional competencies in terms of sections of modern physics:

discipline the atomic nucleus and elementary particles; Acquaintance of students with the most important experimental
facts underlying quantum concepts; Formation of students' understanding of the composition and properties
of atomic nuclei, radioactive transformations, nuclear reactions, the main problems of nuclear energy,
modern concepts of elementary particle physics.

Abstract of the Discipline is aimed at clarifying the physical meaning and content of the basic laws and concepts of nuclear

discipline physics, establishing the limits of applicability of these laws, developing students’ skills in physical thinking

and the ability to set and solve specific problems.

When studying the discipline, the following aspects will be considered: the place and importance of nuclear
physics; static properties of atomic nuclei; radioactivity; laws of simple and complex radioactive decay;
problems and prospects for the development of world and domestic energy, the role of atomic energy;
thermonuclear reactions in the universe and in the laboratory; interaction of radiation with matter;
interaction of heavy charged particles with matter; nuclear reactions; conservation laws in nuclear reactions;
mechanisms and parameters of nuclear reactions; detectors of particles of ionizing radiation; registration of
charged and neutral particles of various energies; elementary particles; particle and antiparticle models.

Code FKS3218

Condensed state physics

Prerequisites

MF1214 Mechanics and molecular | Postrequisites PrP Industrial internship
physics. Part 2. Molecular Physics.

Credits

3 Term 6
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Aim of the Formation of a fundamental knowledge base of existing ideas in the field of condensed matter physics, based
discipline on modern scientific data.

Abstract of the Discipline is aimed at developing students' understanding of the physical nature of the structure, mechanical,
discipline thermal, electrical and magnetic properties of solids.

In studying the discipline, the following aspects will be considered: condensed state and the formation of a
crystalline body; classification of a solid by structure and properties; concept of translational symmetry;
crystallographic classes and systems; crystal interaction with electromagnetic waves; back grill; weak
chemical bonds in solids; strong chemical bonds in solids; free electron gas in metals, electrical conductivity
of metals, Hall effect, electronic heat capacity; Fermi gas of free electrons; free electron model; almost free
electron model; zone theory in solids: classification by features of the energy spectrum of electrons in solids,
energy zones and the Fermi surface, the electron effective mass tensor; oscillation of a diatomic chain and
its solution; defects in solids.

Module «workshop on general physics» - 7 credits

Code PM1220

Workshop - mechanics

Prerequisites no Postrequisites PMF1221 Workshop- Molecular physics
Credits 2 Term 1

Aim of the To develop the ability to practice basic theoretical knowledge for laboratory work.

discipline

Abstract of the Discipline is aimed at checking the theoretical foundations of mechanics, acquaintance with physical
discipline instruments, measurement methods and interpretation of measurement results.

When studying the discipline, the following aspects will be considered: accurate weighing of bodies; some
methods of measurement results; determining the volume of the body of a regular geometric shape;
calculation of the resistance of conductors by geometric dimensions; determining the speed of a bullet with
a ballistic pendulum; determination of the moment of inertia of the pebbler overbucker by the dynamic
method; determination of the coefficient of internal friction of the fluid according to the Stokes method,;
verification of the laws of conservation of momentum and energy on the example of the collision of bodies;
determination of the acceleration of free fall using a machine; Maxwell's pendulum; study of the movement
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of the gyroscope; measuring the speed of a bullet; measurement of the speed of sound in air by the
interference method; measuring the speed of sound in the air by the standing wave method; measurement
of elastic moduli from stretching.

Code PMF1221

Workshop — Molecular physics

Prerequisites PM 1220 Workshop- mechanics Postrequisites PEM2222 Workshop- Electricity and
magnetism, FKS3218 Condensed state
physics.

Credits 2 Term 2

Aim of the Training in the ability to put into practice basic theoretical knowledge for laboratory work.

discipline

Abstract of the Discipline is aimed at contributing to the formation of the students' scientific outlook by mastering the

discipline system of generalized knowledge about nature and the ways of its cognition; the ability to interpret

experimental data presented in the form of graphs, diagrams, tables and other means of presenting scientific
knowledge.

When studying the discipline, the following aspects will be considered: determination of the ratio of specific
heat capacities by the adiabatic method; determination of thermal conductivity coefficient of solid heat
insulator; determination of the coefficient of internal friction of the liquid: according to the Stokes method,
using a capillary viscometer; determination of the coefficient of internal friction of gases, the average free
path length and the effective diameter of air molecules: using a gas meter, according to the average speed
of a drip fluid flow determination of the coefficient of surface tension of a liquid: by the method of droplets,
by the method of gas bubbles; determination of air humidity: using a condensation hygrometer with
thermoelectric cooling, using an Assman aspiration psychrometer; acquaintance with statistical laws on
mechanical models; determination of air thermal conductivity; phase transitions: determination of melting
point; study of translational and rotational Brownian motion; study of the thermodynamics of sound
vibrations; study of calorimetric vessel; determination of the specific heat of the liquid; determination of the
heat capacity of a solid by the calorimetric method; Check Gauss distribution law.,

Code PEM2222

Workshop- Electricity and magnetism
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Prerequisites

PM1220 Workshop- mechanics, | Postrequisites
PMF1221 Workshop- Molecular physics

P0O2223 Workshop- Optics, ED3225
Electrodynamics

Credits 1 Term 3

Aim of the To impart practical skills in applying theoretical knowledge of electricity and magnetism to solve various
discipline physical problems of an applied nature and to conduct an experimental study of electrical phenomena.
Abstract of the Discipline aims to deepen the theoretical and practical knowledge of the physical nature of electrical
discipline phenomena, the basic laws of the course of electromagnetic processes.

When studying the discipline, the following aspects will be considered: interaction of point charges and
particles; electrostatic field strength; potential and energy of an electrostatic field; electrostatic field in
dielectrics; direct electric current; work and power current; electrical conductivity; electric current in
vacuum and in gases; branched DC circuit; Kirchhoff's laws; a magnetic field; Lorentz force; the movement
of charged particles in a magnetic field; Ampere power; conductor with current in a magnetic field; magnetic
field energy; electromagnetic induction; electromagnetic oscillations and waves.

Code P0O2223

Workshop- Optics

Prerequisites

PM 1220 Workshop- mechanics,
PMF1221 Workshop- Molecular physics,
PEM2222 Workshop- Electricity and

Postrequisites AF3216 Atomic physics

magnetism
Credits 2 Term 4
Aim of the Formation of students' skills in the application of theoretical material to the analysis of specific physical
discipline situations, experimental study of the basic laws.
Abstract of the Discipline is aimed at developing students' practical skills with laboratory equipment, the ability to plan and
discipline carry out a laboratory experiment.

When studying the discipline, the following aspects will be considered: the study of a microscope and the
determination of the refractive index of glass using a microscope; studying the process of photographing;
getting negative and positive; determination of the refractive index of liquid and solids using an Abbe
refractometer, the calculation of the diameters of water molecules and glycerin; light interference; Newton's
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rings; determination of the refractive index, dispersion and resolution of a prism using a goniometer
spectrometer; diffraction on transparent and reflective gratings; Fraunhofer light diffraction study;
diffraction of light in the near zone (Fresnel diffraction); determination of the refractometric characteristics
of air using the Rayleigh interferometer; optical pyrometer; the study of the laws of thermal radiation; the
study of the laws of light absorption; the study of the photoelectric effect; the study of the polarization of
light; definition of Rydberg constant.

Module «theoretical physics» - 6 credits

Code OVTA2224

Fundamentals of vector-tensor analysis

Prerequisites

AGLA1211 Analytical geometry and | Postrequisites ED3225 Electrodynamics
linear algebra

Credits 2 Term 4

Aim of the Provide the student with the necessary knowledge and inculcate practical skills in working with the
discipline fundamental concepts of vector and tensor analysis.

Abstract of the Discipline is aimed at developing students' knowledge of the basic concepts of vector and tensor analysis,
discipline actions on tensors and tensor fields.

When studying the discipline, the following aspects will be considered: elements of tensor algebra; vector
algebra operations in tensor notation; elements of differential geometry; Formulas freinet; the first and
second quadratic forms and their application; surface area; curvilinear coordinates in three-dimensional
space; the expression of the elements of the arc length for the coordinate curves, the elements of the areas
for the coordinate surfaces and the volume element in terms of the Lame coefficients; scalar and vector
fields; limit, continuity, differentiability of scalar and vector fields; curvilinear and surface integrals;
curvilinear integrals of the first and second kinds and their applications; Green's formula; elements of field
theory; Ostrogradsky-Gauss theorem in vector form.

Code ED3225

Electrodynamics

Prerequisites

EM2202 Electricity and magnetism, | Postrequisites FOE3209 Physical bases of electronics
Optics. Part 1. Electricity and magnetism

Credits

2 Term 5
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Aim of the

The development and deepening of the basic knowledge of students in the field of electromagnetism, laid

discipline in the study of various disciplines of general physics.
Abstract of the Discipline is aimed at developing students' knowledge of the electromagnetic field.
discipline In studying the discipline the following aspects will be considered: the Maxwell equation in integral and

differential forms; boundary conditions for tangential and normal field components in the general case;
charge conservation law (continuity equation) in differential and integral forms; energy conservation law
(Poynting theorem) in differential and integral forms; Maxwell's equation in complex form, complex
dielectric constant; skin effect, skin layer thickness (depth of current and field penetration into the
conductor); recording expressions for a plane wave in vector form and in projections on the axis of the
Cartesian coordinate system; dispersion equation for a uniform plane wave; definition of phase and group
velocity; Fresnel formulas in the case of a normal fall; general expression for the vector potential of a given
distribution of arbitrary in time and harmonic currents; the expression for the vector potential of a given
distribution of harmonic currents in the Fraunhofer zone; the field of an elementary electric dipole in the
quasistatic zone; the field of an elementary electric dipole in the wave zone; radiation pattern.

Code KM3226

Quantum Mechanics

Prerequisites

OVTA2224 Fundamentals of vector-
tensor analysis, Opt2215 Electricity and
magnetism, Optics. Part 2. Optics.

Postrequisites YaF3217 Nuclear physics

Credits 2 Term 6

Aim of the Teaching students how to use the mathematical apparatus of non-relativistic quantum mechanics, using
discipline approximate methods; show the features of the quantum description of particle motion in potential fields.
Abstract of the Discipline is aimed at developing students' knowledge of the basic concepts and concepts of non-relativistic
discipline quantum mechanics.

When studying the discipline, the following aspects will be considered: quantum concepts; the need for a
probabilistic interpretation of the motion of a quantum particle; properties of eigenfunctions of operators;
Schrodinger equation; change over time of the average values of the observed parameters; Ehrenfest
theorems; a particle in a one-dimensional rectangular potential well; general properties of motion in a
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centrally symmetric field; elements of the theory of representations; spin and wave function of a particle
with spin; Schrodinger equation for a particle with spin; wave function of a particle system; Hamilton
operator and Schrodinger equation for an atom; probability of quantum transitions; uncertainty and width
of the level.

MAJOR DISCIPLINES (MD)

OBLIGATORY COMPONENT (OC)

Module «general astronomy» - 5 credits

Code OA1301

General Astronomy (EEEA)

Prerequisites

no Postrequisites 0OA2212 Fundamentals of Astrophysics

Credits

3 Term 2

Aim of the
discipline

Formation of the students' system of sequential, logically following each other knowledge about the subject
of astronomy, about the methods and tools used by astronomers to study space objects and the Universe as
a whole, about the main results of these studies.

Abstract of the
discipline

Discipline is aimed at the formation of students' general ideas about the location, movement, structure, origin
and evolution of various celestial objects and their systems, as well as about the methods of their study.
When studying the discipline, the following aspects will be considered: the subject of astronomy, its
sections; basics of spherical astronomy, horizontal and equatorial coordinates; the movement of the sun on
the celestial sphere, the ecliptic; basic time counting systems; visible movements of the planets on the
celestial sphere, the main configuration of the planets; Kepler's laws, the main tasks of celestial mechanics;
determining the size, shape of celestial bodies and distances to them; the movement of the Earth and the
Moon, eclipses; electromagnetic radiation studied in astrophysics, its properties and the fundamentals of
spectral analysis, the Doppler shift of spectral lines; basic concepts of astrophotometry; methods for
determining temperature, determining the chemical composition and density of celestial bodies;
astrophysical instruments and basic observation methods; nature and evolution of stars; our galaxy;
fundamentals of extragalactic astronomy.

Code Ast2302

Astrometry (EEEA)
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Prerequisites

OA1301 General Astronomy (EEEA) Postrequisites DZS4308 Dynamics of stellar systems

Credits 2 Term 3

Aim of the Formation of students' holistic understanding of the theoretical foundations and practical methods of

discipline positional observations of celestial bodies, including from space, the acquisition of the skills necessary to
reduce astrometric observations.

Abstract of the Discipline is aimed at shaping students' understanding of modern methods of high-precision determination

discipline of the location of celestial bodies and their velocity vectors at a given point in time.

When studying the discipline, the following aspects will be considered: the subject of astrometry, its main
tasks, concepts and methods, new projects, connection with other areas of astronomy, its practical
significance; systems of celestial coordinates and relationships between them; the figure of the Earth, the
geoid equation, various systems of geographical coordinates; uneven rotation of the earth; terrestrial
coordinate system; definition and implementation of coordinate systems in modern astrometry, epoch in
astrometry; determining time using astrometric observations, the universal time system; world time systems;
dynamic time scales; atomic time scales; the concept of astronomical refraction, refraction in a plane-parallel
and spherically symmetric atmosphere; aberration; changing the coordinates of the stars under the influence
of refraction and aberration; the deviation of the light beam in the gravitational field, the change in the
coordinates of the reference source in the gravitational field of the sun; optical observation reduction
procedure; review of instruments and methods of practical astronomy; radiointerferometry method with
superlong bases in astrometry; cosmic astrometry.

ELECTIVE COMPONENT (EC)

Module «cosmology» - 9 credits

Code SEV4303

Structure and evolution of the Universe

Prerequisites

OA2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship

Credits

3 Term 7
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Aim of the

To form among students a systematic idea of the modern models of the origin, development and structure

discipline of the Universe and large-scale structures in it, the theoretical and observational foundations of the study of
these problems.

Abstract of the Discipline is aimed at shaping students' understanding of modern models of the structure and evolution of

discipline the Universe, as constructed on the basis of the interpretation of numerous observational data from the point

of view of fundamental physical laws.

When studying the discipline, the following aspects will be considered: the observational foundations of the
evolution models of the Universe: the structure in the Universe (star clusters, their properties; galaxies, their
types, nuclei); structure in the Universe (clusters and superclusters of galaxies, large-scale structure of the
Universe); relic radiation, its properties; observational bases of the models of the evolution of the Universe:
chemical composition of the substance of the Universe, baryon asymmetry of the Universe; Hubble's law,
the expansion of the universe, the acceleration of the expansion of the universe; hidden mass, hypotheses
about its nature; dark energy, hypotheses about its nature; the concept of models of the Great Union, the
possibility of mutual transformations of quarks and leptons from the standpoint of the models of the Great
Union; Hot Universe Model: Hadron Era, Lepton Era; model of the hot universe: primary nucleosynthesis,
the era of radiation, the era of matter; the difficulties of a hot universe model; inflationary stage of the
Universe; anthropic principle, the multiplicity of worlds; the gravitational instability of Jeans and Livshits,
the development of primary density perturbations; changes in the mass and length of Jeans with time, the
formation of clusters of galaxies.

Code OK4304

Fundamentals of Cosmology

Prerequisites

0OA2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship

Credits 3 Term 7

Aim of the To form with students ideas about modern views on the properties and evolution of the Universe, which

discipline were formed as a result of the generalization of the observations of various phenomena in space and
theoretical developments on the interpretation of these phenomena.

Abstract of the Discipline is aimed at shaping students' perception of the Universe as a holistic self-developing and self-

discipline organizing system.

162




When studying the discipline, the following aspects will be considered: the finiteness and infinity of the
Universe - the paradoxes of classical cosmology, the photometric paradox and the contradictions between
the classical ideas about the structure of the Universe and observations; the need to involve the general
theory of relativity to build a model of the universe; the relationship between the geometric properties of
the space of the Universe with the distribution and movement of matter in it; expanding universe, the
relationship of the average density of matter with the law of expansion and the geometric properties of the
universe; determination of the radius and age of the universe; the abundance of helium in the universe and
the need for its formation in the early stages of the evolution of the universe; the need for not only high
density of matter, but also its high temperature in the early stages of the evolution of the Universe; Model
"hot universe™; relic radiation; observation of supernovae in distant galaxies and the discovery of accelerated
expansion of the Universe; Dark matter and dark energy, their contribution to the mass of the universe; anti-
gravity instability of the cosmological substrate; evolution of perturbations of baryonic matter in the
Universe; Search for life and mind in the universe, the development of ideas about the existence of life in
the universe; Drake's formula and the number of civilizations in the galaxy.

Code VA4305 Extragalactic astronomy - 3 credits

Prerequisites OA2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship

Credits 3 Term 7

Aim of the Formation of the students' systemic understanding of the classification, structure, composition of various
discipline extragalactic objects and the physical processes in them.

Abstract of the The discipline is designed to form students' knowledge of the classification, structure, composition and
discipline physics of galaxies of various types, their clusters and active nuclei.

When studying the discipline, the following aspects will be considered: introduction, the subject of
extragalactic astronomy, methods for determining distances to galaxies and their physical characteristics;
spiral galaxies, their structure, types, stellar population; modern concepts of the spiral spiral arms of
galaxies; elliptical galaxies, their types, structure and properties; lenticular galaxies; irregular galaxies of
various types; the most characteristic representatives of different type of galaxies; the nature of cosmic radio
sources; Seyfert galaxies, Lazertids, radio galaxies; signs and nature of activity of galactic nuclei; quasars;
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a local group of galaxies, our closest neighbors; groups and clusters of galaxies; large-scale distribution of
galaxies; evolution of galaxies

Module «star astronomy» - 9 credits

Code FPZz4306

Physics of variable stars

Prerequisites

OA2212 Fundamentals of Astrophysics Postrequisites NOG3307 Nonstationary Objects of

Galaxy
Credits 3 Term 7
Aim of the To form among students a systematic idea of the types and structure of variable stars, of the physics of
discipline phenomena leading to the variability of stars, and also of their research methods.
Abstract of the The course is designed to form students’ system of knowledge about the physical processes responsible for
discipline the variability of stars, as well as the types, composition and structure of variable stars.

When studying the discipline, the following aspects will be considered: the concept of a variable star, the
main groups of causes of stellar variability; main catalogs of variable stars; pulsating stars (general outline),
the physical mechanism of stellar pulsations, the position of pulsating stars of different types on the
Hertzsprung — Russell diagram; classical Cepheids, period — luminosity dependence; the Baade — Vesselink
method for determining the physical characteristics of Cepheids and other radially pulsating stars, the period
— age relationship; radial velocities of Cepheids, spectral double and eclipsed Cepheids, changes in Cepheid
periods as a direct manifestation of stellar evolution; RR Lyrah variables, their role in studying the old
population of the Galaxy; variables such as the Worlds of Whale, red semi-correct and irregular variable
stars; type Il cepheids in the galactic field and in globular clusters, their connection with stars outside the
main sequences on the Hertzsprung — Russell diagrams of globular clusters; other types of pulsating variable
stars: RV Taurus type stars, 6 Shield, ZZ Ceutus, B Cepheus and others; explosive and new variable stars;
new stars, physical mechanisms of outbreaks of classical and dwarf new ones; young eruptive variable stars:
T-type stars Taurus, fuors, connection of the variability of young stars with accretion processes; stars with
inhomogeneous surface brightness and variability due to axial rotation: variables of type BY Dragon,
magnetic variables; variable stars are binary systems with compact components (black holes, neutron stars),
their role for studying the processes of stellar evolution; introduction to eclipsing variable stars.
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Code SEZ4307

The Structure and Evolution of Stars

Prerequisites

OA2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship

Credits 3 Term 7

Aim of the To form in students a system of knowledge and skills necessary for understanding and analyzing the physical

discipline processes occurring in the depths and atmospheres of stars, about the ways of star evolution based on the
physical laws governing these phenomena.

Abstract of the Discipline is aimed at shaping students' understanding of the structure and physical processes in the depths

discipline and atmospheres of stars at different stages of their evolution.

When studying the discipline, the following aspects will be considered: introduction: the role of stars in the
Universe, the structure of stellar astrophysics, general characteristics of stars, an overview of methods for
their determination; star as a physical object; physical classification of stars: normal stars, their main
features; virial theorem for a star; basics of thermodynamics of stars, thermal stability of stars, negative heat
capacity; virial theorem for a star; features of nuclear reactions in high and low mass stars, the role of
radiation pressure in high mass stars, the Eddington limit of luminosity; system of stellar structure equations;
star atmospheres, continuous spectrum of stars; the formation of spectral lines, emission lines in the spectra
of stars; the basic principles of the theory of the evolution of stars, the dependence of radius-luminosity-
mass, gravitational instability, the condition of fragmentation of a compressing cloud; stages of star
formation, the effect of rotation and magnetic field on compression, protostars; advanced stages of the
evolution of stars: the evolution of stars after the main sequence based on nuclear reactions, non-stationary
processes in the later stages of the evolution of stars; the final stages of the evolution of stars: white dwarfs,
degenerate gas and its pressure, limiting masses of white dwarfs; the final stages of the evolution of stars:
supernova explosions, neutron stars, their limiting masses, basic concepts of black holes; the main types of
physical variable stars, the causes of their variability.

Code DZS4308

Dynamics of stellar systems

Prerequisites

GA3213 Galactic astronomy Postrequisites PdP Pre-diploma internship

Credits

3 Term 7
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Aim of the

Students form a holistic view of the dynamics of stellar systems as a section of astrophysics that studies the

discipline collective movement of a large number of stars under the influence of their general gravity, its problems
and methods, developing an understanding of the theoretical foundations and methods of constructing and
studying models of gravitating systems.

Abstract of the Discipline is aimed at developing students' understanding of the theoretical foundations and methods for

discipline constructing and researching models of gravitating systems.

When studying the discipline, the following aspects will be considered: the subject of stellar dynamics;
morphological types of galaxies, features of their structure and population; potential theory: Poisson
equation, potential energy tensor, spherical systems; potential of spheroidal and ellipsoidal systems,
potential of disks; the problem of two bodies, the problem of three bodies; orbits in static spherical
potentials, orbits in axisymmetric potentials, orbits in nonaxisymmetric potentials; Eulerian and Lagrangian
approach to the description of fluid motion, phase space, particle distribution function in phase space,
collisionless Boltzmann equation; Jeans equations, viral tensor equation, integrals of motion; disk dynamics
and spiral structure; collisions and clashes, the Boltzmann equation in the presence of collisions; Fokker-
Planck equation; relaxation mechanisms; evolution of spherical star systems: mass loss, evaporation and
ejection, lifetime, nuclear collapse, tidal effect, the formation of binary stars and the collapse of the collapse;
violation of star systems by high-speed collisions; galaxy formation: linear structure formation, non-linear
structure formation; on origin of the large-scale structure of the universe.

Module «physics of planetary systems» - 9 credits

Code FP3309

Physics of Planets

Prerequisites

OA2212 Fundamentals of Astrophysics Postrequisites SMIP3311 Spectral methods of Planets

study
Credits 3 Term 5
Aim of the Formation of basic knowledge about the methods of studying the processes of the formation of planets, the
discipline modern composition, structure and dynamics of the evolution of planets.
Abstract of the Discipline is aimed at the formation of students of modern ideas about the physical processes occurring in
discipline the planets, buildings, evolution and methods of studying the planets.
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When studying the discipline, the following aspects will be considered: review of the solar system; structure
and evolution of the planets; orbit dynamics; energy transfer; properties of the atmosphere; planetary
surfaces; physics of the magnetosphere; the formation of planets; astrobiology; experimental study of the
gravitational, magnetic fields of the earth and planets; propagation of seismic and electromagnetic waves to
obtain information about the structure and state of the inner regions of the planets; composition of planetary
systems; planetary mass objects; brown dwarfs; satellite planets and planet belts.

Code FSSS3310

Physics of the Sun and the Solar System

Prerequisites

OA2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship

Credits 3 Term 6

Aim of the To form the system of students' knowledge and skills necessary for understanding and analyzing the physical

discipline processes occurring in the depths and on the surface of the Sun and their influence on the properties of the
interplanetary medium

Abstract of the Discipline is aimed at shaping students' understanding of the structure of the Sun, about the processes inside

discipline it and in its atmosphere, about the influence of these processes on phenomena in the interplanetary

environment.

When studying the discipline, the following aspects will be considered: general information about the Sun,
rotation of the Sun; general characteristics of the structure of the Sun: the inner layers, the physical
conditions in them, the main features; equations of stellar structure: the mass equation, the energy balance
equation characterizing the energy release in the solar core, boundary conditions; stellar structure equations:
energy transfer equation in diffusion approximation, hydrostatic equilibrium equation, equation of state,
expression for opacity; physical conditions in the solar core, features of nuclear reactions in the Sun: the
role of the effect of quantum-mechanical tunneling, the reaction rate; the problem of solar neutrino, neutrino
oscillations, their rest mass; radiant transfer zone, the distribution of photons in the sun; convection in the
sun; solar magnetic fields, the mechanisms of their formation; sun radiation, photosphere, sunspots; the
crown, the mechanisms of its heating; concept of solar activity, its manifestations, indices and cycles, solar
flares; expansion of the solar corona, solar wind, interplanetary magnetic field; the interaction of the solar
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wind with the interstellar medium and the magnetospheres of the planets, the concept of the
heliomagnetosphere, phenomena excited by solar activity in interplanetary outer space.

Code SMIP3311

Spectral methods of Planets study

Prerequisites

FP3309 Physics of Planets Postrequisites PdP Pre-diploma internship

Credits 3 Term 6

Aim of the Acquaintance and study of the main spectral methods of research of planets.

discipline

Abstract of the Discipline is aimed at developing among students the concept of spectral analysis of the planets.

discipline When studying the discipline, the following aspects will be considered: types of spectra; spectral analysis

and its use in the study of planets; electromagnetic radiation spectrum; spectral studies in astronomy;
capabilities of modern spectral analysis; principles of spectral research methods; basic spectroscopy; the
ratio of electronic transitions with oscillatory, adiabatic approximation, the Frank-Condon principle and the
probability of electronic-vibrational transitions; basic patterns of light absorption; spectrophotometry in the
visible and ultraviolet regions; optimal optical density for measuring the concentration of a substance;
features of accurate colorimetry; kinetic analysis and differential spectrophotometry; the study of the
fluorescence of objects; infrared spectrophotometry.

Module «observational astronomy» - 9 credits

Code NM3303

Radio Astronomy

Prerequisites

OA2212 Fundamentals of Astrophysics Postrequisites NOG3307 Nonstationary Objects of

Galaxy
Credits 3 Term 7
Aim of the To form in students a holistic and consistent understanding of the theoretical foundations and results of
discipline astronomical observations in the radio frequency range, as well as their interpretation.
Abstract of the The discipline is designed to shape students' understanding of the modern theory of radio emission
discipline mechanisms in space, modern radio astronomy methods and the results of the study of celestial objects in

the solar system, in our galaxy and beyond. When studying the discipline, the following aspects will be
considered: introduction, basic concepts of radio astronomy; mechanisms of radio emission in astrophysical
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conditions: the propagation of radio waves in a plasma, the generation of radio emission by plasma
oscillations, the bremsstrahlung of an ionized gas; cyclotron radiation, synchrotron radiation, curvature
radiation; radiation in the spectral lines of atoms and molecules, molecular maser radiation; radio emission
from the quiet Sun; radio emission from the disturbed Sun; radio emission of the moon, planets and comets;
Galaxy synchrotron radio emission; emission of interstellar neutral hydrogen, the spiral structure of the
galaxy from observations of the 21 cm line; radiation of interstellar molecules in the radio band; radio
emission from normal galaxies (in the continuum and in radio links); radio galaxies; quasi-star radio sources;
radio telescopes; radio astronomy observatories of the world.

Code 0OA4304

Fundamentals of Astrophotometry

Prerequisites

0OA2212 Fundamentals of Astrophysics. | Postrequisites PdP Pre-diploma internship

Credits 3 Term 5

Aim of the Acquaintance of students with the methods and tasks of celestial mechanics, to give them an idea of its role
discipline and significance in astronomy and in everyday life.

Abstract of the Discipline is aimed at developing among students a system of knowledge about the basic laws of the motion
discipline of celestial bodies, elements of orbits, types of motion of planets, satellites, asteroids, comets, artificial earth

satellites and the use of numerical, analytical and qualitative methods of studying the motion of celestial
bodies to solve computational problems.

When studying the discipline, the following aspects will be considered: introduction to celestial mechanics;
fundamentals of the theory of attraction; potential; extended body; Keplerian elements of the orbit;
movement along an ellipse, hyperbola, parabola; stability of the motion of celestial bodies; stability of
motion in a many-body problem; two body problem; calculating the ephemeris of celestial bodies;
determination of unperturbed orbits; the task of several bodies; osculating elements; analytical integration
of the equations of perturbed motion; secular perturbations; limited three-body task; the movement of the
natural bodies of the solar system; the movement of artificial celestial bodies.

Code PEA4305

Semiconductor electronics in astrophysics

Prerequisites

ORE4203 Fundamentals of radiophysics | Postrequisites PdP Pre-diploma internship
and electronics
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Credits

3 | Term K

Aim of the Mastering the theoretical basis underlying the creation and operation of various semiconductor devices in
discipline astrophysics, as well as in imparting the skills of practical use of methods of analysis and calculation.
Abstract of the Discipline is aimed at developing students' skills in researching the properties of semiconductors, acquiring
discipline knowledge by students in the field of creating modern elemental base of semiconductor electronics.

When studying the discipline, the following aspects will be considered: the interaction of electromagnetic
waves with matter; registration of light based on the thermal resistance effect; vacuum photocell; light
interaction with semiconductors; photoconductivity; semiconductor photodiode at the pn junction; high-
speed photo detectors; the effect of defects on the relaxation rate and quantum yield; photoluminescence,
excitation and emission spectra, Stokes shift; quantum well photodetectors; methods for increasing the
efficiency of solar cells using nanoparticles; light emitting devices; stimulated radiation; semiconductor
heterostructure laser; the principle of control of the light flux in the liquid crystal cell.

Module «kinematics and physics of celestial bodiesy» - 9 credits

Code NM3303

Celestial mechanics

Prerequisites

OA2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship

Credits 3 Term 5

Aim of the Study of the latest methods of analysis and synthesis of signal detection devices and measurement of their

discipline parameters; study of promising methods for determining the coordinates and motion parameters of objects;
studying the principles of building advanced radar systems.

Abstract of the Discipline is aimed at developing students' skills in applying the methods of the theory of optimal solutions

discipline when designing radio information transmission systems, radar and radionavigation systems.

When studying the discipline, the following aspects will be considered: directions of development of radar
systems; prospects for improving the efficiency of meter radars when using long-term coherent
accumulation; the formalism of fuzzy sets and fuzzy integrals in the synthesis of new classes of fractals and
multifractals for radar problems; reconstruction of the strange attractor in the reflected radar signals; fractal
classification and clustering of optical and radar images of surface and subsurface objects; detection of
weakly reflecting ground objects based on the background radar method; radar detection of unobtrusive
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targets; adaptation of the spectrum of an ultra-wideband probe pulse with monopulse radar; effective area
of scattering of objects with multi-position radar observation; the results of digital modeling of the scattering
characteristics of objects of complex electrophysical structure and form; methods of digital modeling of the
radar characteristics of complex objects against the background of natural and anthropogenic formations;
optimal weight processing of radar signals by discrete Fourier transform; operator method of processing
information in two-channel polarimetric radars; polarization diagnostics and selective excitation of
characteristic waves in the anisotropic ionosphere; passive radar on millimeter waves.

Code NOG3307

Nonstationary Objects of Galaxy

Prerequisites

FPZ4306 Physics of variable stars Postrequisites PrP Industrial internship

Credits 3 Term 6

Aim of the To form in students a representation of the properties, characteristics, structure and nature of the variability
discipline of non-stationary objects of the Galaxy as a manifestation of the idea of evolution in astronomy.

Abstract of the Discipline is designed to form students’ understanding of the evolutionary problem in astronomy and
discipline cosmology on the example of the evolving objects of our Galaxy.

When studying the discipline, the following aspects will be considered: introduction, subject of the
discipline, the idea of evolution in astronomy; star formation regions; the W5 star formation region in the
constellation Cassiopeia; activity of young stars; T Tauri stars; star associations; ov associations; Wolf stars
- Raye; tight binary systems; explosions of new stars; planetary nebulae: origin, structure, physical
characteristics, evolution, typical representatives; supernova explosions; supernova remnants, stages of their
evolution; galactic core, its composition, physical parameters, non-stationary processes.

Code VFKI3311

Introduction to the physics of cosmic rays

Prerequisites

0OA2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship

Credits 3 Term 5
Aim of the To form the students a holistic view of the subject and the basic concepts of the physics of cosmic rays (CR),
discipline the change in the characteristics of CRs from the sources to the observation point, the main models of the

origin of CRs of various energies and the basic mechanisms for accelerating CRs.
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Abstract of the
discipline

Discipline is aimed at shaping students' understanding of the role of cosmic rays in nature and science, their
research methods, their origin and interaction with the medium all the way from the source to the point of
observation, understanding the fundamentals of physics.

When studying the discipline, the following aspects will be considered: the subject of physics of cosmic ray,
general information about CR, their role in nature and science; CR registration methods; the main
characteristics of CR, characteristics on the surface of the Earth; the passage of CR through the atmosphere
of the Earth, primary and secondary CR, integral multiplicity; the movement of charged particles in a
uniform constant magnetic field; the movement of charged particles in slowly varying magnetic fields;
adiabatic invariants of the motion of charged particles in magnetic fields; CR motion in the Earth’s magnetic
field; the formation and structure of the interplanetary magnetic field; the Boltzmann kinetic equation for
the CR motion in the heliomagnetic field; the Fokker-Planck equation for the motion of a CR in the helio-
magnetosphere, the modulation mechanisms of CR in the helio-magnetosphere, the energy spectrum and
the anisotropy of CRs on the Earth’s orbit; mechanisms of accelerating CR; requirements for sources CR;
possible sources of cosmic rays of different energies, basic models of the origin of cosmic rays.

Module «digital technology and data processing in astronomy» - 9 credits

Code TsKS3309

Digital space communications

Prerequisites

EM2202 Electricity and magnetism, | Postrequisites KRR3310 Space Radio location and Radio

Optics. Part 1. Electricity and magnetism navigation
Credits 3 Term 5
Aim of the Formation of students' system of knowledge, skills in the field of digital, satellite communications and
discipline technology, instilling skills and abilities to work with literature.
Abstract of the Discipline is aimed at teaching students the principles of building communication systems based on modern
discipline digital technologies and the basics of designing such systems.

When studying the discipline, the following aspects will be considered: functional blocks and basic
transformations; autocorrelation of the energy signal; signal transmission through linear systems; formatting
of analog information; signal / noise ratio; phase digital keying; demodulation and detection; composition
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and purpose of satellite communication systems; geostationary orbit; distribution of radio signals;
weakening of radio signals in the atmosphere; basic parameters of earth station antennas; fractal-shaped
antennas; airborne space repeater module; satellite communications technology.

Code IEAAS4308

Information- entropy Analysis of Astrophysical Signals

Prerequisites

OA2212 Fundamentals of Astrophysics Postrequisites PdP Pre-diploma internship

Credits 3 Term 7

Aim of the To form the students a holistic view of the use of information and entropy analysis for the study of
discipline astrophysical objects.

Abstract of the Discipline is aimed at developing students' knowledge and skills in using information and entropy analysis
discipline for the quantitative classification of astrophysical objects of various nature.

When studying the discipline, the following aspects will be considered: introduction, analysis of
astrophysical signals; time series analysis; methods of the theory of dynamic chaos in astrophysics;
statistical signal processing methods; dynamic systems; nonlinear systems; fractal and multifractal analysis
of astrophysical signals; determining the fractal characteristics of the interleaved signals; determination of
the multifractal characteristics of interleaved signals; concepts of information and entropy; criteria for the
degree of self-organization of open systems; generalized metric characteristic; information and entropy
analysis of the light curves of variable stars; information and entropy analysis of solar radio emission;
normalized entropy of hot stars.
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Report on development and expert analysis of the educational program “Astrophysics and
Observational Astronomy” on the specialty 5B061100 — “Physics and Astronomy” of Al-Farabi
Kazakh National University.

The core curriculum for a bachelor of science on the specialty 5B061100 — “Physics and
Astronomy” contains most courses that a student needs to start working as a scientist. | have a
few suggestions in order to bring the curriculum closer to a modern level of science.

In particular, | suggest developing a course on collections of observational data (catalogs,
databases) and tools to study and analyze them. This course would include the following:
introduction to astronomical databases, such as SIMBAD (and Vizier as part of SIMBAD) and
NED, MAST (archive of the Space Telescope Science Institute), photometric surveys in the
optical (e.g., ASAS-3, ASAS-SN) and infrared (e.g., IRAS, 2MASS, WISE) spectral regions;
examples of constructing queries for retrieving data samples and analyzing them with such
tools as Excel and Python. Course projects for using the databases need to be developed to
check the student skills.

The goal of the existing course “Introduction to cosmic ray physics” is stated to be “to give
students the necessary amount of fundamental knowledge in the field of interstellar medium
physics.” However. this subject also includes introduction to interstellar gas and dust as well as
to processes of getting the matter from stars to the interstellar medium. It may also include basics
of interstellar chemistry. Formation of interstellar dust can also be introduced in this course. In
my opinion, there is too much emphasis on cosmic rays coming from supernovae. binary
systems. galactic nuclei, and pulsars in the current course version. These sources also deliver
matter to the interstellar space.

4 A. Miroshnichenko, Ph.D., D.Sci.
Professor
Department of Physics and Astronomy

University of North Carolina at Greensboro
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Report on the development and expert analysis of the education program
“Astrophysics and Observational Astronomy” on the specialty 58061100
- “Physics and Astronomy” of Al-Farabi Kazakh National University.

Astronomy and its methods are of great importance in the life of modern
society. Issues related to measuring time and providing humanity with
knowledge of the exact time, are now solved by special laboratories - time
services, organized, as a rule, in astronomical institutions. Astronomical
methods of orientation along with others are still widely and used in navigation
and in aviation, and in recent years also in space exploration. Calculation and
compilation of a calendar, which is widely used in the economy, are also based
on astronomical knowledge. The geographical and topographic maps, pre-
calculation of offensives sea tides and tides, the determination of gravity in
various points of the earth surface for the purpose of discovering deposits of
minerals - all this in its based on astronomical methods. Studies of processes
occurring on various celestial bodies allow astronomers to study matter in such
states of it as have not yet been achieved in terrestrial laboratory conditions.
Therefore, astronomy, and in particular astrophysics, closely connected with
physics, chemistry, mathematics, contributes to the development of the latter,
and they, as is known, are the basis of all modern technology. From my point of
view, it is very important that such a program to study Astronomy and
Astrophysics was opened at the University.

The curriculum of the astronomy program on the specialty 5B061100 of Al-
Farabi Kazakh National University, in general, contains all the necessary
sources that are necessary for training specialists in this field of knowledge.
Nevertheless, | would like to draw your attention to the fact that a modern
specialist in this field needs knowledge not only in the field of astronomy, but
also in specialized disciplines as a computer science, programming, knowledge
of modern methods of observational astronomy, data processing, and analysis,
and also in practical work with modern telescopes and instruments. The latter
can be achieved in a cooperation between the specialists and professors of
your university with the staff Fesenkov Astrophysical Institute, Kamenskoe
Plateau Observatory, Assy-Turgen Observatory and Tien Shan Astronomical
Observatory, and foreign specialists. Modern astrophysics is developing at a
very fastly, public astronomical databases are being formed with information on
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a huge number of sources and, as a result, all this requires from future
specialists knowledge in the field of working with databases and modern
computer programs for analyzing and processing astronomical information
such as IRAF, astronomical applications of python, and modern methods of
computer simulation of astrophysical phenomena and processes. Especially
want to pay attention that most of the scientific programs are implemented in
the operating system UNIX/LINUX, the ability to work in which is also
necessary for a modern specialist.

Publication of scientific results in astrophysics requires the ability to edit and
prepare a publication using such editing packages as Latex that is generally
accepted in the modern scientific community. In this vein, it seems necessary
to prepare all student's works and publications with the using of Latex.

From my point of view the content of curriculum of the educational program can
be improved. It seems necessary to restructure of modules and disciplines
included into Elective Component (EC) in Major Disciplines (MD). Therefore,
steps are described below is recommended:

-Change the title of module «Astrophysics» onto «Cosmology».

Its close related with disciplines in the module. Structure and evolution of
the Universe, Fundamentals of Cosmology and Extragalactic astronomy are
main parts of general cosmology. Hence, module renaming will match to
content.

-‘Replace the «Celestial Mechanics» discipline with «Radio astronomy». in
« i »

This is related to the material which studied in the course. As so as radio
astronomy methods and analysis are more suited to observational astronomy
module.

-‘Hereinafter, abandon the “Introduction” prefix in the titles of the Major
Disciplines also recommended.

Reason is incongruous of using such, general word in titles of majors by
profile 5B061100 - Physics and Astronomy.

‘Rename the module as «Kinematics and physics of celestial
bodies»_instead of «Radio astronomy».

This step will unite disciplines into a single, logical module, under one

title.

- « i ics» discipli «
astronomy» module to «Kinematics and physics of celestial bodies»
module.
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. « i i i »
which included in «Cosmic rays» module and move into «Kinematics and

physics of celestial bodies» as «Physics of cosmic rays».

‘Rename the «Cosmic rays» module onto «Digital technology and data
processing in astronomy».

Modern astronomy is impossible without knowledge of the basics of
digital technology and data processing methods. Therefore, courses included
in the educational program can be well aggregated under this name.

‘Move the «Information-entropy Analysis of Astrophysical Signals»

«Digi i i »
module.

Here, want to pay attention to implementation of the course content.
Informational entropy analysis covers the basics of digital signal processing,
including Fourier, wavelet and correlation analyzes. The methods of probability
theory and analysis of signals of different nature also mentioned.

And lastly, in modern science, it is important not only to get a scientific result
but also be able to bring it to the scientific community and the public. The ability
to correctly create a presentation of the result, the ability to present it in a short
and clear manner to the listener can only be achieved through public
presentations by students at seminars, scientific conferences and/or public
lectures. The organization and participation of students in such activities are
highly recommended and should be included in the educational process for this
specialty.

Dr. Sergey Zharikov (Serguei Jarikov) Wﬂ ((,/

Chef of Department of Observational Astronomy
of Astronomical Institute of National Autonomy University of Mexico.
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Report on the development and expert analysis of the education
program “Astrophysics and Observational Astronomy” on the specialty
SB061100 — “Physics and Astronomy” of al-Farabi Kazakh National
University.

Generally, the educational program and all the courses included in it are
compiled according to modern, classical textbooks in the relevant fields. The
course material is presented clearly and will be understandable for graduates and
beginner physicists. The program covers modern trends in technology and teaching
material according to Western standards. Serious assumptions that could adversely
affect the quality of training are not available. With full confidence I can say that
the presented educational program and courses can be applied for the training of
qualified personnel in the specialty "physics and astronomy",

To improve the quality of the material presented and increase the
competitiveness of the graduates, | recommend the following steps:

Briefly mention in the introduction part of the course about current and
future projects in the relevant fields. Also provide some additional references to
reviews and research plans in the list of “References and resources”. This step will
help the student to represent the real scope of the discipline and can serve as a
motivation for effective learning of the subject. Knowledge about the state of
science "for today" is very important.

Scientific and pedagogical orientation of the educational program makes it
necessary to know the latest, topical trends in the research field. This will be
helpful for expanding the outlook of the students. It would be an introduction for
choosing an interesting field in scientific researches. Also, this knowledge will be
useful for future professionals in teaching, for the preparation of competitive
personnel, whose knowledge will meet the requirements for specialists in the field.
In this regard, I recommend pointing out links to international, quoted databases of
scientific articles, for example:

adsabs.harvard.edu/abstract_service.html.

This is the largest and all-encompassing database of scientific works on the physics
and astronomy specialty. The data from this source are available also in their
author's version, and the abstracts are published ahead of the cited astronomical
journals with high impact factors. Also, this source includes references to an
articles in archive of preprints: arxiv.org. In my personal conviction, it must be
indicated in every syllabus.

.

150, Science 1-St, Urumdgt Web: english.xaoc.ac.cn Tel: +85*{70}93!—568§O?3‘
Xinjiang 830011, China Email: info@xao.ac.cn Fax: +86—(0091-383862¢
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When performing laboratory works it is convenient to use data from open
scientific projects and surveys. It is important to show in the training syllabus some
links to open databases of observational data. Organizations which publish this
data also readily share with the results of their surveys, observations and provide
whole sets of tools for their processing and analysis. As sources of such data can
serve a project and observatory like:

- Gaia (Global Astrometric Interferometer for Astrophysics), in optical

wavelength

- IRAM (International research institute for radio astronomy),

- ALMA (Atacama Large Millimeter Array),

- GBT (Green Bank Telescope),

- Effelsberg radio observatory at Max Planck Institute for Radio

Astronomy.
This would open up the possibility for students to practice with real data for real
scientific laboratory works.

[ recommend including some practical task on the basis of linux-like
systems. It wills contribution to shifting the main accent from windows to linux-
like system, where it will possible. This advice applies to graduate students of high
courses (3-4 courses). I want to note that for the beginners a change of the
operating system can cause some inconvenience. However, i want to assure that
this transformation will only have a favorable effect on the level of qualifications
of the trainees. This is due to a number of advantages of such systems as open
source code, general and free accessibility for a wide range of users and the
availability of support from user community. Alternatives to the windows based
programs used in the courses are available. For example, GNU Octave is a full-
fledged analog of MATLAB for linux. Thus, it becomes possible to use the high-
level Phyton programming language too. Conducting research on such freely
available platforms is an integral part of any research, and it is very popular in the
scientific community. In general, this trend is caused by possibility for free
distribution of author's solutions and additions widely.

On the specific syllabus of the educational program: "Introduction to Radio
Astronomy". It is very gratifying that the graduate program includes the practice of

the GILDAS (Grenoble Image and Line Data Analysis Software) family of

software: ASTRO (4 Sofiware To pRepare Observations), CLASS (Continuum
and Line Analysis Single -dish Softiware) and GREG (GREnoble Graphics)

-supported by IRAM. These are main windows-based programs for the primary

reduction of "raw" astronomical data in many scientific organizations, at the
Beijing Observatory in particular. Also, you can use the IDL software which

160, Science 1-St, Urumagi Web: english.xao.zc.cn Telz+86‘(0}991-36890(12
Xinjiang 830011, China _ Email: info@xao.ac.cn Fax: +86-(0:391-3838628
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is an analog of MATLAB, optionally. In my opinion, it would be effective to teach
the basics of such programs for Linux as AIPS (d4stronomical Image Processing
System) and CASA developed and supported by NRAO (National Radio
Astronomy Observatory) which are designed for serious astronomical research on
the bases of several laboratory tasks.

At the last, I attach a brief list of the disciplines taught to students in the
research and scientific universities of the People's Republic of China which
recommended by the Chinese Academy of Sciences for students in Physics and

- Astronomy.

Mm ZMM

Dr. Jarken Esimbek
Deputy Director of Xinjiang Astronomical Observatory, CAS

E-mail: jarken@xao.ac.cn

Postal Address: 150, Science 1-Street, Urumgi, Xinjiang 830011, China.
Tel: 86-0991-3689002

Fax: 86-0991-3838628

150, Science 1-St. Lkwnqa Web: english.xao.ac.cn Tel +86~(0)991~3685002
Xinjiang 830011, China Email: info@xao.ac.cn Fax: +86-{0191-3838628
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Astronomy related courses at
colleges and universities of People's Republic China

Peking University:

Stellar structure and evolution
Astrophysical radiation mechanisms
Astronomical literature review

Galaxy formation

Astrophysics

Astronomy technology and methods
Stellar atmosphere and celestial spectrum
Introduction to cosmology

Particle physics

e Physical cosmology

Nanjing university:

Celestial mechanics

Spherical astronomy

Physics of celestial bodies

Theoretical astrophysics

An introduction to galaxies

Physics of X-ray binaries

History of astronomy

Multiband astronomy in deep space probe
Radio astronomy

150, Science 1-St, Urumgi Web: english.xao.ac cn Tel: +86-(0)891-3689002
Xinjiang 830011, China Email: info@xao.ac.cn Fax: +86~(01/991-3838628
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Astronomy related courses at
colleges and universities of People's Republic China

Universities of Chinese academy of science:

Astrophysics in radiation process

Radio telescopes and implementation

Galaxy astronomy ‘

Introduction to modern Sun physics
Introduction to planetary science

Stellar atmosphere and line analysis
Astronomical geodynamics

Astrometry and its application

Astronomical optic systems

Stellar internal structure and evolutional phy51cs
Multiband astronomical observations and data processing
Spectrometers and implementation

Gravitation and cosmology

Galaxy dynamics

Telescope design

Introduction to radio astronomy

High-energy astrophysics

Plasma astrophysics

Measuring adjustment

Beijing University:

Introduction to astronomy
Measurement astrophysics
Spectral astronomy

Sun physics

Advanced research in astrophysxcs
Gravity and cosmology

150, Science 1-St, Urumgi Web: english.xao.2ac.cn Tel: +86-(0)991-3689002
Xinjiang 830011, China . Email: info@xao.ac.cn Fax: +86~(01391-3836628
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Evaluation of the Bachelor Educational Program
Physics and Astronomy
at the

Al-Farabi Kazakh National University

presented by

Prof. Hernando Quevedo
Institute of Nuclear Sciences
National Autonomous University of Mexico
and
Department of Physics
University of Rome “La Sapienza”
E-mail: quevedo@nucleares.unam.mx

Physics and Astronomy is one of the bachelor programs offered at the Al-Farabi Kazakh
National University (KazNU). The teaching plan for this program can be divided into two main
blocks. The first block includes general education and basic disciplines with both obligatory and
elective courses. After a general introduction to the main topics of astronomy and astrophysics,
the second block of the program offers two specialties, namely, observational astrophysics and
theoretical astrophysics. The preparation and defense of a scientific thesis is considered as the
last requirement to become the B.S. degree.

The general education category of the first block consists of five obligatory and four elective
courses aimed to strengthen the knowledge of the local Kazakh culture and of two foreign
languages. namely, Russian and English. It is worth mentioning that the general education
category includes two courses of history and philosophy that are essential to develop the
historical and cultural belonging of students, aspects that are usually not sufficiently emphasized
in the programs of most universities worldwide. This can be considered as a very positive facet
of the educational program at KazNU. The categories of elective, obligatory and interdisciplinary
courses contain a considerable number of subjects which deal with topics of different nature,
giving students the possibility of specializing for future work in educational institutions, industry
or résearch. Courses like economics and sociology are of special importance for students who
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would like to join the productive market specially of private companies. In addition, the general
education disciplines are complemented by profession practices and physical culture.

Although this area is certainly a very important aspect of the students’ education, I consider that
the number of courses related to general education is quite high, taking a large amount of
educational time that could lead to decreasing the scientific level of KazNU students, when
compared to the levels at other international universities. Below, | will give a specific
recommendation in this regard.

The category of basic disciplines is essentially dedicated to the study of general physics and
includes courses in elementary mechanics, molecular physics, electricity and magnetism. optics,
fundamentals of radio physics and electronics. A comprehensive physics and mathematical
education is provided by the 21 additional courses that are included in this category. It contains
courses in concepts of modern natural science, physical bases of electronics, computer modeling
of physical processes, fundamentals of astrophysics, general astronomy, galactic astronomy,
electrodynamics, quantum mechanics, physics of condensed matter, atom physics and nuclear
physics. Moreover, the main aspects of mathematical sciences are studied in courses about
analytic geometry and linear algebra, mathematical analysis, theory of probabilities and statistics,
fundamentals of vector and tensor analysis. The learning units described in the outline of these
courses are classified in a logical way and agree with the standards recognized in major
universities. An important aspect of the physical education offered in this program is that most
courses on general physics are accompanied by laboratory works that serve to put into practice
the theoretical aspects of the courses.

The second block of the program starts in general during the seventh semester of the curriculum
and is dedicated mainly to astrophysics and cosmology. It also offers students the possibility of
selecting a specialty in accordance with their own interests and personal purposes.

The specialty of theoretical astrophysics includes nine special courses which cover practically all
the main aspects of modern astrophysics. Three courses are dedicated to the study of the Sun and
the solar system. the physics of planets and spectral methods. It is important to notice that the
topics considered in the course of spectral methods are especially oriented to the study of planets
not only at the introductory undergraduate level, but they also contain aspects that are usually left
for more advanced courses at the graduate level. The physics of stars is studied in three courses
that cover the main aspects of the structure, dynamics and evolution of stars. Finally, three
courses are dedicated to the study of large scale effects in the Universe; they include
extragalactic astronomy, structure and evolution of the Universe and fundamentals of
cosmology. The topics contained in the outline of each course are organized in a logic manner
and correspond to the state-of-the-art scientific knowledge.
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The learning units of the course in fundamentals of cosmology cover quite well all the
phenomenological aspects of this field; however, modern cosmology contains a very important
theoretical component that is based upon the theory of general relativity, which is not included in
the program. Moreover, due to the rapid development of satellite-based telescopes and radio
telescopes. during the last few decades, cosmology has transformed from a pure theoretical
branch of physics to an observational science that has led to drastic changes in the understanding
of the Universe. Therefore, 1 propose to add a new course on modern cosmology that would
contain an introduction to general relativity, the standard cosmological model, including the era
of inflation and the Big Bang, and some basic aspects of observational cosmology.

The specialty of observational astrophysics contains nine courses which are divided into three
groups. The first group includes all the main aspects of celestial mechanics, astrophotometry and
electronics. This last course is based upon the use of semiconductors, which are the most
commonly used electronic devices for astrophysical research at the international level. The
second group is dedicated to the study of radio astronomy and contains an introductory course to
the physics of non-stationary galactic objects as well as to the applications of information theory
to the analysis of astrophysical signals. The learning units of this last course are particularly
important because they introduce the students to the physical applications of information theory,
an area that has been neglected in physics for many years and only recently has found some
applications. It is interesting that the program of Physics and Astronomy at KazNU has
incorporated so early this new scientific trend. Finally, the group of cosmic rays includes also
introductory courses in satellite communication and radio navigation.

The last step towards the B.S. degree consists in writing and defending a scientific thesis under
the supervision of a faculty member. This is a particularly important requirement that allows the
students to prepare themselves for continuing their careers either in state or private research
institutions as well as in industrial enterprises. Interestingly, the students can select the theme of
their thesis from a pool that contains a large number of topics in observational and theoretical
astrophysics. This is an important advantage for students because they have the opportunity to
select topics that agree with their personal goals.

In summary, the program Physics and Astronomy satisfies all the requirements for a bachelor
degree in the field of physical and astronomical sciences. The learning units agree with other
similar programs of major universities worldwide. The courses that handle spectral methods and
information theory are beyond the scope of the ‘undergraduate programs of other international
universities and are usually included in graduate programs. This certainly gives the KazNU
students an advantage, when compared with students of other high education institutions abroad.
The program also contains additional subjects that contribute to develop the Kazakh cultural
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belonging of students. Finally, to further improve the competencies of the students at the
international level, I have the following recommendations:

a)

b)

D
2)

3)
4)

Reduce the number of general educational courses to decrease the time that students
dedicate to the learning of human and social aspects of education.

Introduce a new course in modern cosmology that should include a brief introduction to
general relativity, the essential aspects of the standard cosmological model, including the
era of inflation and the Big Bang, and some basic features of observational cosmology.
To this end, | recommend the following textbooks which are used for teaching in several
universities worldwide:

B. Schutz "A first course in general relativity" (Cambridge University Press, 2009).

J. Foster and J. D. Nightingale "A short course in general relativity" (Springer-Verlag,
2006).

A. Liddle "An Introduction to modern cosmology" (John Wiley & Sons Ltd., 2003).

J. Rich "Fundamentals of cosmology" (Springer Verlag, 2009).

1 hope the above comments and recommendations will contribute to maintain the high
educational level of the program of Physics and Astronomy at KazNU.

Sincerely.

Prof, Hernando Quevedo
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Review of the educational program “Astrophysics and Observational Astronomy”
on the specialty 5B061100 — “Physics and Astronomy”
of Al-Farabi Kazakh National University

26.09.2018

The educational program “Astrophysics and Observational Astronomy™ includes the subjects
and disciplines required for the young researcher to start the scientific carrier, giving the
introduction to the most important physical processes and classical methods of their study. The
program also includes the General Educational disciplines that are important for the
fundamental education, that classical University should give.

I have some suggestions, that are listed below.

1) During the first or second educational year I would suggest to have a course called “The
Structure of the Scientific Research”. This course should include the overview about the main
stages of the scientific investigations from the point of the formulation of the scientific task,
through the scientific study itself and to the moment of the presentation of the result. Such that
it will become clear what is a difference between the referred paper, proceeding and the abstract.
This course should also prepare young scientists to present their work at conferences and
explain what is the difference between the research school, workshop, conference, assembly,
etc.; as well as give a direction on how to find proper scientific meeting to present their results
or how to find the place for the best research practice.

2) The program includes 4 disciplines related to the languages: Kazakh (Russian) Language
(code: K(R)Yall04) and Professionally Oriented Kazakh (Russian) language (code:
POK(R)Ya2206); Foreign Language (code: 1Yal103) and Professionally Oriented Foreign
language (code: POIYa2207). I find these disciplines repetitive, especially accounting that all
the students previously have studied the native and foreign languages in school.

I would suggest to replace at least one of the native language courses to the Business
Kazakh (Russian) language. The course that will prepare the students to write the official letters,
statements, reports; on how the templates of different official documents look and which
formulations are commonly used in such documents.

For the Foreign language (I believe that it should be English by the definition, as far as
all international astronomical journals publish in English) the Professionally Oriented course is
obviously essential. It should be the course that explain on how to understand the scientific
lariguage and on how to use it. But instead of just a general course of the foreign language I
would suggest to have a special course dedicated also to the scientific communication (writing
the official letters and e-mails) and preparing the basic documents (like CV, motivation letters,
resume, etc.). I would suggest to have this course as a practice, such as by the end of it students
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would have a basic set of their own documents and could use them later to apply for the research
schools, grants or future studies in other foreign universities and institutes.

3) Additionally T suggest to have a special course about the history of science and the
Astronomy in particular. Such course should not only give an introduction about the history of
the science itself, but also give an overview about the modern research centers and Universities.

4) Also it is very important to have a special practicum that will give an introduction on how to
use the modern databases, like SAO/NASA ADS, SCOPUS, SIMBAD — for a literature search
and of course special astronomical databases like VIZIER, GAIA data releases, Exoplanets
databases, ESO archives and many others. This course might be reasonably short, but it should
give to the student proper directions on how to find and how to use the literature and archive
data.

5) For the course “Computer modeling of physical processes™ I recommend additionally to have
an overview about the most usable programing languages, that will explain the specificity of
each of them and for which task which language would be the most efficient. In particular I
would recommend to dedicate some time to Python, as far as it is commonly used programing
language in science nowadays.

6) For the special astronomical courses | would recommend to add the one called “Introduction
to the Exoplanetary Science”. By the meaning it is close to the course of the “Physics of
Planetary systems”. But exoplanetary science has developed significantly during last 20 years.
This course should include the overview about the methods of the exoplanets search and the
modem theory of the stellar and planetary systems formation. It is also one of the most popular
modern directions of the astronomical studies.

As a basis I would suggest to use the topics that are listed in the separate document
attached to this review. For the preparation of the course on the planetary formation I would
recommend the lectures of Philip Armitage and Cornelius Dullemond that are publicly available
and are updated regularly by authors. For the basis of the exoplanets search methods lectures I
recommend to use books of Sara Seager "Exoplanets" and Michael Perryman "The Exoplanet
Handbook" (2nd edition is available since August 2018).

7) I have a general comment to the courses of Astrophysics and Observational Astronomy. I
think that during the studies in the University students should attend the lectures of the both
disciplines set. Because the gap in between the “modelers” and “observers” seems to be a
classical problem of the Astrophysics in general. Models help to understand the data, the
observations confirm or falsify the theories. Observers need to understand where to point the
telescopes and the modelers should understand how their data were taken.

In general the educational program “Astrophysics and Observational Astronomy” meets all
requirements for the program of the Bachelor Degree on specialty “Physics and Astronomy”,

QK Dr. Olga Zakhozhay
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Suggestions for the course «Introduction to the Exoplanetary Science»
to be included in educational program “Astrophysics and Observational Astronomy”
on the specialty 5B061100 — “Physics and Astronomy”
of Al-Farabi Kazakh National University

The aim: To form the basic concepts about the methods of the exoplanets search and the modern
theory of the stellar and planetary systems formation. It is also one of the most popular modern
directions of the astronomical studies.

The topic titles:

Lecture 1. Introduction to the Exoplanetary sciences. Planet categories. Historic overview.
Practice 1. The Extrasolar Planets Encyclopaedia (http://exoplanet.eu/)

Lecture 2. Planetary systems formation: I. Protostellar and Protoplanetary disks. Physical properties
and evolution. Observational methods.
Practice 2. Tasks to the topic of lecture.

Lecture 3. Planetary systems formation: II. Debris disks. Physical properties. Observational
methods.
Practice 3. Tasks to the topic of lecture.

Lecture 4. Planetary systems formation: III. Peculiarities of the giant and rocky planets formation.
Observational methods.
Practice 4. Tasks to the topic of lecture.

Lecture 5. Methods of exoplanets search: I. Radial Velocity.
Practice 5. Computations of the planetary characteristics from the radial velocity data.

Lecture 6. Methods of exoplanets search: II. Transit.
Practice 6. Kepler space mission. Work with NASA exoplanets archive
(https://exoplanetarchive.ipac.caltech.edu/)

Lecture 7. Methods of exoplanets search: ITI. Astrometry.
Practice 7. GAIA space mission. Work with GAIA data release 2
(https://www.cosmos.esa.int/web/gaia/dr2)

Lecture 8. Methods of exoplanets search: IV. Microlensing.
Practice 8. Tasks to the topic of lecture.

Lecture 9. Methods of exoplanets search: V. Timing. "
Practice 9. Tasks to the topic of lecture.

Lecture 10. Methods of exoplanets search: VI. Imaging.

Practice 10. Exploring the ESO (European Southern Observatory) data archive
(http://archive.eso.org/cms.html)
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Lecture 11. Planet categories and physical properties.
Practice 11. Exploring the exoplanet orbit database (http://exoplanets.org/)

Lecture 12, Stars hosting the exoplanets, their physical characteristics. Star-planet interactions.
Practice 12. Exploring the SIMBAD Astronomical Database (http://simbad.u-strasbg.fr/simbad/)

Lecture 13. Brown dwarfs and free floating planets.
Practice 13. Tasks to the topic of lecture.

Lecture 14. Specific planet classes and peculiarities of their formation.,
Practice 14. Tasks to the topic of lecture.

Lecture 15. The Solar System, putting the knowledge in a context.
Practice 15. Tasks to the topic of lecture.

The literature:

- Michael Perryman "The Exoplanet Handbook",

- Sara Seager "Exaplanets',

- Sara Seager “Exoplanet Atmospheres; Physical Processes”,

- Philip Armitage “Astrophysics of Planet Formation”,

- Henrik Beuther et al. "Protostars and Planets VI (Space Science Series)",

- Patrick Cassen, Tristan Guillot, Andreas Quirrenbach "Extrasolar Planets",

- Valerio Bozza, Luigi Mancini, Alessandro Sozzetti "Methods of Detecting Exoplanets: 1st
Advanced Schocl on Exoplanetary Science",

- Ray Jayawardhana "Strange New Worlds: The Search for Alien Planets and Life beyond Our Solar
System".

~ Dr. Olga Zakhozhay

%
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ot 20 nonGpsn 2018 r

NPUCYTCTBOBANN: 3am. npeacenarens YMO PYMC na Gase KasHY um.
anb-Mapatu, npopekTop no yyedHoii paGore Xukmeros A.K., yueHblH ceKkpeTapb
YMO PYMC Chiprak6aesa A.C., paipaGorunku oOpazopaTenbHON MPOrpamMMbl

«Du3uka u ACTPOHOMMUSAY,

CJAYIIAJIN:
- 3am. npeacenareas YMO PYMC na 6aze KazHY um. anp-®apadwm,

IpopexTopa no y4uednoii pabore Xuxmerosa A.K.: B 2018 rr. B COOTBETCTBHH €
Aorosopom Ne 183 or 14.05.2018 roga KasHY um. anp-®apabu GbL10 NOPYHEHO

pa3spabotare 10 o6pa3zoBarenbHbIX NporpaMM Ha aHITMICKOM f3biKe (nasee OIl), B
Hx qucne OIT «@usuka u actpoHomusy». CioBO nNpeocTaBiseTcs AeKaHy GU3nKo-
TexHuyeckoro gakyabrera KasHY wum. anb-®apadu, a.¢.-m.H., npodeccopy

JlaBnerosy A.E.
- AaBaeros A.E.: OIT «®u3uka u acTpoHoMus» Gblia pazpaboTana B paMKax

BBINOTHEHHA NyHKTa 133 Ilnana Meponpustuii no peanusauuu ['ocyrapcTBeHHOH
NporpamMmel pa3sBuTHs oOpa3oBaHus M Hayku PecniyGamku Kasaxcran na 2016-2019
roziel, B cOOTBeTCTBHH ¢ 3akoHoM Pecny6nuku Kasaxcran «O6 o6pa3oBaHUH» OT
27 wrona 2007 roaa Ne 319-111, HopMmaTHBHO-NpaBoBbiIMH aktamu MOH PK, ¢
TeXHHYECKOH cneupukaumneii no papaborke 06pa3oBaTelibHBIX NPOrpamMM Ha
aHriuickoM s3eike. B nepwoa paspaGotku nporpammbei 8 MOH PK 6bu1o
OTNpaBIeHO 2 IPOMEKYTOUHBIX oTYeTa  Apadra OIT— 1 mons 2018 r., 1 OKTAOps
2018 r. Bee aucuunmuusl U Mmomyiu OIl 6blTH cornacoBanbl ¢ BEAYLIHMH

OTCYECTBECHHBIMH H 3ap)’66)l(ﬂblMl‘l YYEHLIMH M 3KC nepraMM, a TakKxe

paboroaarensMH.
Crnoso npenocrasnsercs koopaunaropy OIl «®Dusmka u aCTPOHOMMSI»

aoktopy PhD HU6panmosy M.K.
H6panmos MLK.: B nonnom coorBercTsun ¢ TPeOOBAHUAMH TEXHUYECKOI

cneunpukaunu 1us paspaborku OIT « ®usmka u aCTPOHOMHS » ObUTH NPHBIIEYEHD]
BEILYLIME OTEUCCTBCHHbIE M 3apYOeKHbIE CIELMANNCTDI, BIANEIOIIME AHITHICKHM
A3LIKOM M ONBITOM paboThl B cepe BbiCwEro obpasoBanHus: Hbpaumos M.K.,
Kanabaes 3.XK., Usrneyos H.T., Hayps6aesa A. K., Xoxznos C.A., Kanam6aii M.T.,
Kypatos K.C., Arumes A.T., Kaiiparkeisst JI., MaiinbiGaen A.T., Dr.
Miroshnichenko Anatoly - University of North Carolina at Greensboro, North
Carolina, United States Professor of Dept. Physics & Astronomy.  Dr.  Jarken
Esimbek 5 Xinjiang Astronomical Observatory, CAS, Urumgi, Xinjiang, China,
Deputy Director of XAO, CAS. Dr. Zaks Michael - Humboldt University of Berlin,
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nt of Physics
Mexico City,

Germany (Humboldt-Universitit zu Berlin), Professor of Departme
Dr. Quevedo Hernando - National Autonomous University of Mexico,
Mexico (Universidad Nacional Auténoma de México). Dr. Zharikov Sergey 4

National Autonomous University of Mexico, Mexico City, Mexico (Universida
Nacional Auténoma de México). OteuectBennbie y4eOHbie 3aBe/ICHHA: bekos A.A.
- A.¢.-M.1., npodeccop KasHUTY um. K. M. Catnaesa. TypmyxamGeToB AK. =
A.b.-M.H., npodeccop  KasHUTY um. K. M. Carnaesa. [lpencTaBHTE:IH

paGoTonareneii: Yewnn JLM. — npodeccop, ad.-m.n. JTOO «ADHD»
(Actpodusnueckuii uucturyt um.®ecenkosa). COMCHKOB BM. -aA.¢.-M.H.,
npodeccop ITOO UucTuTyT HoHOCepbl. Banny/uinH P.P.- K.¢.-M.H.,

3aMECTHTE/Ib JIMPEKTOPA MO HAYYHO-HCC/IEe10BaTe ILCKOH pabore AO «HLIKHUT».
MmanbGaesa A K. - K.¢.-M.H., yuenbiii cekperaps, AT TI Ha ITXB «HUUDTD». Bo
BPEMS KOMaHIHPOBKH ObUIH O3HaKOMIeHbl € y4yeOHbIMH NPOrpaMMaMH
yHuBepcuteton I'epManim no cnieunanbHocTH «PH3HKa H ACTPOHOMHSY, & TAKIKE C
pestenunoctuio  Max-Planck-Institut  fur  Astronomie  ans  nanbHeiiwero
COTPYAHHYECTBA.

XukmeroB A.K.: OIl «Dusmka u acTpoHomus» paspaboraHa B
COOTBETCTBHH € TpeDOBaHHAMH TeXHHYeckoil cneunuKaunH, CTPYKTypa H
conepianne OIT cormacopanbl ¢ paboTojaTeNsiMH, CPOKH BBINOJHEHHs paboT
coomonenbl. [lpeanaraio onobputs OIl Ha anriniickom si3bike «@Pu3MKa H
actporomus». Ipouly Kosuter Bbickasarb cBoe MHeHHe. [IpHHATO eAMHOracHo.

NOCTAHOBWIM:

OnoGpuTh 00pazoBaTebHYIO POrPaMMy Ha aHITHIICKOM fi3blke «(DH3HKa H
aCTPOHOMHSA.

’ T:D‘H.m;.‘l-b‘s‘u"-
3am. npeaceaareas YMO PNfoi ﬁm g
na b6aze KasHY um. anb-d)aﬁppi“i{i;;f;f‘;g.@%
npopexkTop no y4ednoii padtqﬁh‘}"ﬁiﬁf_‘ : *x*’f‘*; B e

F

AK. Xukmeros

W

oy,

Jlexkan GpHIHKO-TeXHHYECKOrD,

LN
v~
e

™

Sk ?..?1.1*‘:'_“ , c?
pakyabrera, A.¢.-M.H., npod)eé;gp},;;;i - ’/ZE ldasaerosn
r,w:'f‘}::m >
™
Yueuntii cekperaps YMO PYMC A.C. CoiprakGaena
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«¥TTTbIK FAPLIWTBK 3EPTTEYJIEP MEH

AKLMOHEPHOE O
TEXHONIOMSUIAP OPTASbIFbI»

«HALIMOHA/TbHbBIA LIEHTP KOCMUYECKMX

+ +
AKLIMOHEPNIK KOFAMbI K ) )% ”CC"EAOBAHﬁ N TEXHONOMA»
5 f aj
«B.N®ECEHKOB arbiHaarsl AOYEPHEE TOBAPULLECTBO

ACTPO®U3NKAJIbIK UHCTUTYT» ADUD C OrPAHUYEHHOWM OTBETCTBEHHOCTbIO

EHLWUINEC XXAYANKEPLWINITT «ACTPOOU3NYECKMA NHCTUTYT

LUEKTEYNI CEPIKTECTIIN M. B.l'. @ECEHKOBA»
050020, Anmarsi K., Kamenckoe ruaro, O6cepsatopus 23 050020, r. Anmarsl, Kamencxoe ruaro, O6cepsaropus 23

ren/gaxce.: 8 (727) 260-75-90, e-mail: secretariat@aphi kz ren/daxc.: 8 (727) 260-75-90, e-mail: secretaniat@aphi.kz

OF (R ROls Mo DA-10-08/130

Penen3us

Ha 0Opa3oBaTeIbHYIO [MPOrpaMMy MO ClNEeLHATbHOCTH
«5B061100 — ®u3uka 1 ACTPOHOMHS»

Obpa3zoBaTenbHas y4eOHas nporpamMma no CrnelHalbHOCTH «5B061100 —
®usuka ¥ ACTPOHOMHS» OXBATHIBAET OCHOBHBIE pa3Jienbl obuieil pusnku, odiei
aCTPOHOMHH, aCTPO(PHU3UKH H KOCMOIOTHH.

[lporpaMma MOArOTOBAEHa ¢ ydYeToM HeoGXoauMmbix — TpebGoBaHwuii,
MpeAbABIAEMBbIM K obpa3zoBaTeIbHBIM NporpaMMam, BbIJIBUraeMbIM
MHHHMCTEPCTBOM oOpa3oBaHuss M Hayku pecnyOaukn Kasaxcran. B pamkax
CIeIYIOLMX HOPMATHBHBIX aKTOB:

e 3akon Pecny6auku Kazaxcran «O6 obGpasosanun» (Ne319-1I1 ot 27 wmrons
2007 r. B penakunn 3akona PK ot 24.10.11 r. Ne 487-1V, ¢ usMeHEeHUAMH H
JIOTIOJITHEHUSIMH 110 cocTosiHrio Ha 04.07.2018 r.);

e TocynapcTBeHHbIH 00uIe00s3aTeNBHBINH CTAHNAAPT BbICLIEr0 00pa3OBaHMS,
yTBepKeHHbli moctanosieHrem [IpaButensctBa PecnyGnnku Kasaxcran
ot 23 asrycra 2012 roza Nel080, ¢ namenenusmu ot 13 mas 2016 roma Ne
292;

e [locranosnenue Ilpasurenscrsa Pecny6nuku Kazaxcran ot 24 nexabps
2007 roma Nel270 "O6 yreepxkaenun [IpaBun rocyaapcTBeHHOMN
aTTecTalMM opraHusanuii obpazosanus";

e Tunosoii y4eOHblii miaH no cneunanpHocT SB061100 — ®dusuka u
ACTPOHOMHMS, YTBEPKAEHHBIH MpukazoM MMHHUCTpa o0pa3oBaHHsS W HayKH
Pecny6auku Kaszaxcran ot 5 nions 2016 roma Ne 425;

AHITIMACKHIA A3BIK MOArOTOBKH CTYJEHTOB, BbiCOKas rubkocth BbIGOpa
HHIAMBHIYalbHBIX 00pa30BaTeIbHBIX TPacKTOpPHH OO0y4HalOLIMMHCA, a TaKKe
HalMYMe AHAJOTHYHBIX KypcOB B OOpa3oBaTellbHBIX MpOrpammax 3apyOexHbIX
VHHBEPCHTETOB JIeJIAl0T  HACTOSIILYIO TNpOrpamMmy  BbICOKOI(pdeKkTHBHOH B

" moaroroBke GakanaBp eCTECTBO3HAHHSA 110 CMIELHATIBHOCTH.
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bonbioit 06beM npakTH4YeckuX KU 1abopaTOpHBIX 3aHATHH 110 NMPOGHIBLHEIM
AUCUMIUIMHAM  CMEUMaNbHOCTH HALleJIeHbl Ha YKpeIUleHHe MpPOHIEeHHOrOo,
TEOPUTHYECKOro MaTepHajla Ha pealjibHbIX, HaGmoaaTeNbHBIX JaHHbIX. Pabora ¢
COBPEMEHHBIM, IUHPOKO paclpoCTPaHEHHBIM Cpead Hay4YHoro coobiecrsa,
MpOrpaMMHbIM  ODECNEeYEeHHEM CO3AI0T HAJAEXKHYI0 OCHOBY JUIS BeJACHMS
YCMELIHOH HAayYHO MCC/IE/IOBAaTeNIbCKOM  JeATENbHOCTH WIH  [IPOJOJIKEHHMs
oOyuyeHHss B MarucTparype IO HCCIel0BaTeIbCKOMY HANpaBlIeHUIO, [0cle
noJiy4eHHs cTerneHu Oakasnaspa.

Hanu4yue  npoM3BOACTBEHHBIX M NPEUIMILUIOMHBIX  TPAKTHK M
COTPY/IHHHYECTBO CHCCIIEIOBATEIbCKUMH HHCTHTYTAMH CIIOCOOCTBYET BOCITHTAHHUIO
Hay4YHBIX KaJpOB yXe Ha CTaplMX Kypcax oOy4yeHHs M OJaronpusiTHO BIMseT Ha
Oo6MeH OnbITOM MeXy yueOHBbIM 3aBeJIeHHEM M HCCIIe0BaTeIbCKMMH LIEHTPaMH.
CryaeHTbl NONYYalOT peanbHYI0 MNpPOBEPKY TMOJYYeHHBIX 3HAHMA M MOryT
NpeTeH10BaTh Ha BAKAHTHbBIC [103HLIHH.

CTpykTypa ¥ HanojHEHHe OT/IeJbHBIX CHIIA6YCOB COOTBETCTBYET
MEXKIYHApOAHbIM  00pa3oBaTeIbHBIM  MPOTPaMMaM [0  COAEPKaHUI0.ITO
NMO3BOJIAET  peanu3oBaTh Npouecckl oOMeHa CTyAeHTamH, 3apyOekKHBIX
CTaXXKUPOBOKH MOATOTOBKH BBINTYCKHUKOB MO JBYX IHMIUIOMHBIM MpPOrpaMMam Ha
OCHOBE HACTOSIIEH MPOrpaMMBbl.

Paspaborannas oOpasoBaTelbHasi MporpamMma peKOMeHayeTcss  JUIS
BHE/IDEHHs] B BBICIUHX YYeOHBIX 3aBElIeHWSAX /IS MOATOTOBKM OakanaBpoB Mo
crneuranbHOocTH «5B061100 — ®du3nka u AcTpoHOMUSY.

A.¢$.-M.H., npodeccop,
APHUD um. B.I'.Pecenkona

[Toanuce 3aBepsio HHCNEKTOp Mo Kaapam AragoHosa 3.B.
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Peuen3us

Ha o0Opa3oBaTe/ibHyI0 NporpaMmy
B paMKax CrelHaJIbHOCTH Gakanasprata «5B061100 — ®u3uka 1 ACTPOHOMHA»

Hacrosmas oOpaszoBaTelbHas NporpaMma no cCrelnHajibHOCTH «Pu3uKa 4
acCTPOHOMHS» pa3paboTaHa Ha OCHOBE Tunosoro y4e6HOro mnjaHa crneuHalbHOCTH
5B061100 — ®u3HKa U aCTPOHOMHUSA (ot 23 aBrycta 2012 roaa ¢ H3MEHEHHAMH OT
13 mas 2016 rona) B COOTBETCTBHH € MEXIYyHAPONHBIMH NOKyMeHTaMH B cdepe
peicuiero  00pa3’oBaHMdA, PEKOMEHJALMAMH MNPOrpamMMBl ECTS Users’ Guide
(PyKkoBOACTBO 10  HCMOJIBE30BAHHIO ECTS), «Hacrtpoiika o00Opa3oBaTelbHbIX
CIPYKTYp B €BpONEHCKHX By3ax» («Tuning Educational Structuresin Europe») u
ycTaHaB/lHBaeT TPeOOBaHUA K COAEPXaHHIO obpa3oBaHus 4epe3 pe3yJbTaThbl
o6yuenus, 00beMy yueOHOI HAarpy3Ku ¥ YpOBHIO npo)ecCHOHANbHOH MOArOTOBKH
GakanaspoB. OOpa3oBare/ibHas nporpaMma pa3paoTaHa ¢ y4ETOM COMOCTABICIIH
TPYAOEMKOCTH yueOHOH Harpy3kH B COOTBETCTBHH C TpeGoBaHnsAMH BoNOHCKOH
JieKNIapaLuH.

[oAroTOBKA CMEUMANHCTOB uepe3 pe3yibTaTsl o0yueHHs B BHIC
chOPMHPOBAHHBIX KOMIETEHLHH MO3BONAET TOTOBHTDH KOHKYPEHTOCIOCOOHBIX
kanpos. IlporpamMMa HaueneHa He TONbKO Ha MOJYuCHH: 00y4atoLMMHUCS
KOHKPETHBIX 3HaHHH, a JieflaeT aKLUeHT HMEHHO Ha npuoGpeTeHHe HEOOXOAUMBIX
yYMEHM U HaBBIKOB.

OGpaszopaTe/ibHas NporpaMmMa B LEJIOM HMEET HETKylo JIOrHYEeCKylo
[0C/IEOBATE/ILHOCTh M3y4aeMbiX MMCLMIUIMH H CIOCOOCTBYET KOMIUIEKCHOH
noarotoske BeIMyckHMKoB. [IpH 3TOM nporpamMma obnajaer 3HA4YMUTENbHOH
rubkoctoio B Bbifope Oydyuleil cneunanusaudd CaMOCTOATENIbHO, CaMHMH
CTYJIeHTaMH CJIOXKEHHBIX M3 TpeOOBaHHH PpbIHKA, XeNaHHs obyyarowerocs
BO3MOXHOCTeH yHMBepcHTeTa. B mepcrexTHBe 3apyOeXHOro COTpYAHHYECTBa H
oOMeHa ONBITOM CTOMT MOAYEPKHYTh HalH4YHEe OJHOHMMEHHBIX H CXOXHX IIO
COEPKAHHMIO TPACKTOPHIA M OTAEBHBIX NHCUMIUIMH B Nporpammax GakanaBpHara
Be/lyIMX HcclenoBarenbckux yHuBepcuteros CILIA, Esponsl u Kuras. ITpu atom,
aHrHHCKUH A3bIK 06YYeHHA NenaeT BCe BHABI HAy4HOro M NpodeCCHOHATLHOro
COTpyAHHYecTBa Mexny BY3amu BO3MOXKHBIM.

K paspaborke oOpa3oBaTenbHOl TmporpaMMsl OBUIH  NPHBJIEYEHBI
3apy0exHble KOHCYNbTaHTH, CneuuanucTsl B cdepe oOpa3oBaHHd H HAyKH,
paGoronaTend M HCCIENOBAaTeIbCKHE HMHCTHTYTBL. JTO OINpPENENUIO COCTaB H
CTPYKTYpa KaXJO#, OTHeNbHOM JHCUMIUIHHBEL, KOTOpble OBLIH JeTanbHO
npopaboTaHbl ¢ y4eTOM COBPEMEHHONO COCTOSAHHE  (H3HYECKOTO W
aCTPOHOMHYECKOr0 00pa3oBaHKs, MEXIYHAPOAHBIX TpeboBaHUit K KBaNTudHKaLMu
GakanaBpa Mo CneUHaTbHOCTH M 06JIACTH HAYYHBIX HMHTEPECOB OTEYECTBEHHBIX
:ﬁ:ﬂ;ﬁﬂes;m;e;;c;ﬂ: (;;;I:Tl:::aunﬁ Hanpumep, ceroaHsuHie TpeHIs! H
conepKanHe Kypcos. 310 Bon €HHUSA TOCNECNHMX JIET YXe BK/IIOUYEHH B

. POCHI, KacalolHecs rpaBUTALIMOHHBIX BOJIH, TEMHOM



JHEPIHM WM YCKOPEHHOro PpaclIMpeHHs BCelleHHOH — TepeaHero pybexa
HCCIIeJOBATENIbCKOrO0 HHTEpECa.

O6pazoBaTenbHas ~ NporpaMma npeaHa3HayeHa  JUIA  MOATOTOBKH
BBICOKOKBATH(HMIMPOBAHHBIX CMNEIHAIMCTOB B 061aCTH  3KCIEpHUMEHTAIbHOM,
TEOpeTHYECKOH H NPUKJIATHOH aCTPOHOMHH H KOCMO(QH3HKH, a TaKkxKe B 001acTH
CMEKHBIX €CTECTBEHHBIX M TEXHHYECKHX HayK. B obnactu oOpa3zoBaHHs, B TOM
gHcse 061acTH NeJaroruku, TeOpHH U METONKH o6y4eHus Gpu3MKe U aCTPOHOMHUH
B CpeNHHX M BBICLIHX y4eOHBIX 3aBEIECHHAX. CrneLManucToB, 00JanaroLmUXx
TEXHHYECKHMH YMEHMSMH M HaBbIKaMM [0 KOHTPONIO, YNPABICHUIO H
TeXHHYECKOMY OOCIY)KHBAHHIO HCCIIEZ0BATENbCKOro U HayqHOro o0opynoBaHus,
yCTpOHCTB M TMPHOOPOB I obcepBaTopHii, aCTPOHOMHYECKHUX CTAHLUMH M HYXNI
BoeHHOH MW OOOpOHHOH NPOMBILLICHHOCTH, crnocoOHBIX K  pa3paboTke
NMpOrpaMMHO-aNMNapaTHeIX ~ KOMIUIEKCOB € NPHMEHEHHEM COBPEMEHHBIX
MH(POPMALHOHHO-KOMMYHHKALIHOHHBIX TEeXHOJIOrH I KOHKPETHBIX HYXI H €ro
00CTy)KHBaHHIO.

[Ipu paspaboTke oOpa3oBaTe/NbHOM NPOrpaMMsl ydTEHBI NpepeKBHU3UTHI
CIELMATbHOCTH, a HAIMYHe MEXIMCLHMIUIHHAPDHON HANpaBJIEeHHOCTH MO3BOJIAIOT
NPOAODKHTE OOyueHHe Mo rpynmne creLanpHocTeli Ha Maructpatype W PhD
JOKTOpaHType, kak B Kaszaxcrane, Tak u 3a €ro npeziesiaMH.

JlanHas obpasoBaTesibHas NporpaMMa peKOMEHAYeTCs A pealus3alnd B
BBICIIMX  y4eOHBIX  3aBENeHHSX, JUIA  TOATOTOBKH obyyalomuxcss 10
cnemuansHocTd «5SB061100 — ®u3nka 1 ACTPOHOMHUSA.

1.0-M.H., podeccop, Y AP S N
3aeytomuii 1aboparopuei:
(H3HKH reOKOCMHYECKHX CBsi3ei, "~
JTOO MHCTATYT HOHOCEPH . " i/

ComcukoB B.M.
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IKCNePTHOE 3aKTI0UYeHHe
Ha o0pa3oBaTe/ibHYI0 nporpammy «PH3IHKA H ACTPOHOMHS» 1O
cnennanabHocTH SB061100- «®@u3nka U acTPOHOMHSS»
Ka3zaxckoro nannonaasnoro YHHBepCHTETa HM. ajib-Papatu

O6was xapakrepucTuka o6paszoBaTe/bHOi nporpamMmmal.

ObpasoBarenbHas nporpamma coCTaBlIeHa JU1st MOJArOTOBKH
BBICOKOKBATH(DUIMPOBAHHBIX CMELHAIHCTOB B 00JIaCTH GU3MKH, acTPOHOMMH,
obnajalowMx  GyHAAMEHTAILHBIMM  3HAHHMAMM, HABBIKAMH W YMEHHAMH
[IPHMEHEHHA  JKCNIEPUMEHTANIbHBIX, TEOPEeTHYECKHMX M YHMC/IEHHBIX METOIOB
Hay4HbIX uccrnenoBanui. OGpasoBatenbHas nporpamma NnpeacTaBjieHa Ha
K43aXCKOM,  pyCCKOM W QHIIIHHCKOM  s3bIKaX,  COJAEPKHMT  pasjelsl
001eobpasoBatebHbIX, Ga30BbIX H MPOGHIHPYIOLINX JAHCUMIUIMH, BKJIIOYAIONIMX
00si3aTe/IbHble KOMIIOHEHThl U KOMIIOHEHTBI 10 BbIOOpy. OO1eo6pazoBarelibHbie
AMCLIMITMHBL  1AI0T MOATOTOBKY MOJIHOUEHHBIX CIIELMAIMCTOB, B pe3yJsibTare
M3YyYCHH M OCBOeHHs  0Opa3oBaTelbHbIX  MOJYyJeH,  BKIIOYAIOIIHX
HHCTPYMEHTA/IbHBIH MOJYJb, KOTOPBIH JaeT 3HaHHe Ka3axCKoOro, PYCCKOro,
aHIJIMHCKOrO  S3bIKOB M HH(OPMAIMOHHO-KOMMYHHKALIMOHHBIX TEXHOJIOTHH,
HEOOXOMMMBIX /1 Oy AyLIMX CrIelMalnCcTOB B 001acTH (GH3MKH M aCTPOHOMMH.
basoBbie JMCUMIUIMHBI BKIIOYAIOT pa3jensl  obwIei Gu3MKH, MaTemaTHKH,
NPOpECCHOHATBHO-OPHEHTHPOBAHHOTO A3bIKA, AOMOJHHTEIbHbIE IABLI BbICLLICH
MaTeMaTHKH M NPEeAONpeleNsioT IMOArOTOBKY CHEUHATHCTOB, 3HAIOIMX W
CMOCOOHBIX NPHMEHATH OCHOBHOMH MaTeMaTHyecKuii u (bu3uyeckuit annapar s
AaNbHEHLINX HCCIIe/I0BAHNH B 061aCTH (PM3MKH H ACTPOHOMMH. [podunupyromme
AMCLMIUIHHBL  BKJIIOYAIOT — ODLIYI0  acTPOHOMHIO,  acTPOMETPHIO, OCHOBbI
acTpOQHU3NKH, HeGecHyl0 MexaHHKy, PalHOaCTPOHOMHIO M J1al0T OCHOBY JUIsl
MOJArOTOBKH BbICOKOKBAJIM(PULUMPOBAHHBIX  CHELHATUCTOR B obuactu
byHnamenTanbHON GU3HKK U aCTpOHOMMH. JlasibHel11e J0NOIHUTENbHbIC BH/bI
obyuennss B dopme yuebHOI M NPOM3BOJICTBEHHOH, MNeJaroruyeckoil M
NpEIUIIOMHON NPaKTHKH W MTOroBas aTTecTalus B BHJlE roCy1apcTBEHHOIO
JK3aMCHAa MO CNeUHANbHOCTH M HAalMCaHWe W 3alUTa JHUILIOMHOI paboThl
MpeAnoaraeT BbIMYCK BBICOKOKBATH(DHUIMPOBAHHLIX CHELMAIMCTOB B 06IACTH
(usuku u acrpoHomun. Tun obpa3zosarenbHOl nporpammbl — 6akanasp. Cpoku
OCBOEHHs MporpaMmel — 4 akageMH4eckux roja. I1poaomKHTeNsHOCTh OHOrO
AKaJIeMHYECKOro roga — 2 cemectpa no 15 Hepens. ®opma obyueHus — ouHas.
Tpynoemkocts B 3aueTHbIxX exunHuuax — 153 KpeauTa.

Ouenka o6pa3zoBaTteasbHoii nporpammer u PEKOMEH/1alHH.

CrynenTsl H3yuaiot o6pasoBaresibHble MOJ1y/TH M TUCUMILIMHBI, HAallpaBJIeHHbIE
Ha MCTOAbl HMCC/IC/IOBAHUS TEOPETHYECKUX M IKCNIEPHMMEHTANbHBIX JaHHBIX,
00paboTKy JaHHBIX, TakHe Kak « KommbroTeproe MOJIeJIMpOBaHHEe B (U3MKe»,
«CrnekTpajbHble MeTOAbl HCC/IeI0BAHHS maHe™», «HebGecHas wmexanukay,
«OcHoBbl  acTpodoTOMETPHIY, «MHpOopMallHOHHO-9HTPONMITHBIN  ananu3
acTpodu3HyYecKnX curnanosy», «KocMuueckas PaaMOIOKaLMA W paiHOHABHTALIMAY,
KOTOPBIE AIOT OCHOBBI 3HAHUI M HAaBBIKOB 0O6PAabOTKH aCTPOHOMHYECKHUX MAHHbIX
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M METO/Ibl aHanM3a M pacyera (U3MYECKUX MpoleccoB. Psa obpa3zoBaTtenbHbIX
MOAyNeH M IMCUMIUIHH HANpaBleHbl HAa TEOpeTHYECKHe 3HAHUs oOLiel (u3MKH,
aCTPOHOMMH, HYTO NaeT BO3MOXKHOCThH NpenoaaBaTth (HU3UKY M aCTPOHOMHIO B
CPEHHX M BBICIIMX y4eOHBIX 3aBel€HMAX, ObITh BOCTPEGOBAHHBIMH B Hayu4yHO-
HCCIICI0BATENbCKUX MHCTHTYTaX, 1abopaTopusX, HayuyHbIX LeHTpax. B npouecce
00y4eHHs! CTYZIeHTbl MOTYT Y4acTBOBaTh HENOCPEJICTBEHHO B ACTPOHOMHYECKHX
Habmonenusx. Takke CTYJEHTbl y4acTBYIOT B HCCIIEA0BATENbCKHX pabortax u
MOryT NpEICTAaBIATH CBOM paboThl B pecnyONMKaHCKMX KOHKypcaX Cpem
CTYAEHTOB H MOJIOJBIX YYEHBIX.

PekoMeHyeM yBelMuuTh MpakTHYECKHE 3aHATHS, CBS3aHHBIE C obpaborkoii
U WHTEpIIpeTallHeH aCTPOHOMHYECKHX JaHHBIX Ul MOJAMOTOBKH CMELMAIHUCTOB B
061acTH (PU3MKH U ACTPOHOMMH.

B uenom obpa3zoBarensHas nporpamma «®usuka M AcCTpoHOMHS» 110

cneunanbHocTi SB061100- «®usmka u actponomus» KazsHY umenu anb-Papabu
COOTBETCTBYET TPEDOBAHHMAM, NPEABABIAEMBIM K KBATH(HKALIMH BBIITYCKHHKA.

MEM MG
g Py,
'-‘/:‘\‘:::_qu";’.*
+ 2%,

JlokTop ¢u3.-mar Hayk, npodglc

KazsHUTY um. K.U.Carnaesa Bekos A.A.
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Max-Planck-Institut fiir Astronomie
Christian Fendt

Prof. apl. Dr. rer nat.

Max-Planck-institut 10r Astronomie ** KOnigstuhl 17 ** D-68117 Heieibarg ** Email: tfendi@mpia de

Towhom it may concern

Heidelberg, November 23, 2018
Ref.:

Comments to the educational program
Astrophysics and Observational Astronomy,
the specialty 5061100 Physics and Astronomy
of Al-Farabi Kazakh National University

Based on the discussion with the developers of the program Dr. Margulan Ibraimov and Dr. Serik
Khokhlov and quick review of the KEY (WORKING) EDUCATIONAL PLAN FOR SPECIALTIES 5061100
PHYSICS AND ASTRONOMY | have the following recommendations.

1) | would recommend to shorten significantly the GENERAL EDUCATION DISCIPLINES (GED) and
allow the students to dedicate more time to the fundamental physical subjects. | believe that 29 credits
out of 130 for the all theoretical studies (that is more than 20

2) | also would recommend to include the preparation and the defense of the Bachelor thesis, that will
give students a first experience in the scientific research and help to find the first scientific supervisors
and collaborators. When the students apply for future positions (MSc or PhD), their research experience
is the most important selection criterion.

3) It is also essential to offer practical courses, that will provide necessary skills in programming or
data reduction. A basic understanding of the numerical tools is required for any progect in astronomy or
astrophysics. Examples are tools for data mining and analysis, machine learning. scientifically oriented
programming languages (like Python, IDL, C, Fortran, etc.). This will put students also in a much better
position when they look for a job outside academia, for example as a data scientist.

4) Another part of the education program should be seminars or journal clubs where students can prac-
tice scientific presentations and - even in a BSc program - will come in contact with scientific publications.
Again this is a suggestion concerning practicing - instead of attending a lecture on a foreign language
(most probably English), they better practice English in a seminar talk. Having a colloquium series with
invited speakers from international destination would help students also to communicate with research
colleagues early on.

In general the educational program contains most of core disciplines required for a Bachelor degree of
Astronomy. Note, however, that in many countries students study first physics as a major, finishing with
a BSc in physics, and only then enter an astronomy program.

With best regards, e
Ot/

Christian Fendt

200



WTTTLIK FAPLILLTLK 3EPTTEYNIEP MEH AKUMOHEPHOE OBLLECTBO
) + - «HALIMOHANBHbIA LLEHTP KOCMUYECKWNX

TEXHONOMANAP OPTANLIFbI»
AKUMOHEPNIK KOFAMbI WCCNIEAOBAHMIA U TEXHONOMIH»
«B.I.OECEHKOB aTsinaarsi d AOMEPHEE TOBAPWILECTBO
ACTPOOH3UKANIBIK MHCTUTYT» W C OrPAHWYEHHOW OTBETCTBEHHOCTBIO
EHLWINEC XAYANKEPWINITT «ACTPO®U3UYECKWIA MHCTUTYT
WEKTEYNI CEPIKTECTIN uM. B.I. ®ECEHKOBA»
050020, r. Anmari, Kavenckoe naaro, Obcepsaropus 23

050020, Anmas ., Kamenoxoe naaro, O6cepearopus 23
Ten/dakc.: 8 (727) 260-75-90, e-maul: secretanati@aphi kz

AL LR AU Ny Ox-i0-02/233

Ten/daxc.: 8 (727) 260-75-90, e-mail: secretanat@aphi.kz

IKCnepTHoe 3aKJII0HeHHE
Ha obpaszoBaTe/bHyI10 NPOrpamMmy
«Astrophysics and Observational Astronomy» Ha aHI/IHICKOM si3bIKE 110
cnieunaabHocTH SB061100 — «Du3HKa H ACTPOHOMHI»
Kaszaxckoro naunonaabHoro ynusepceurera um. ajab-Papadu

O6man xapakrepucrika o6pasoBaTe/ibHOI NPOrpaMmbl.

Hacmnmaa oGpaaoaareanaﬂ nporpamMMa  HaueJiecHa Ha MNOJAroToBKY
BbICOKOKBA/IH(OHLHPOBAHHBIX CMELHATHCTOB B 00NacTH (HM3MKH, ACTPOHOMHM,
acTpPOQHU3HKH H KOCMOJIOTHH: 3HAIOIINX HauGo/lee H3BECTHBIE OCHOBHBIC TCOPHH M
MOJIeJIH  aCTPOHOMHYCCKHX  ABJICHHMI W NPOLECCOB, BO3MOXKHOCTH  MX
NPaKTHYECKOro NPHIOKECHHSA; 3HAIOWMX H YMEIOUIHX TPHMEHATh OCHOBHBIE
IKCMEPHMEHTAJIbHbIE, TEOPETHYECKHE M HYHCICHHBIE METOAbl MCClIe0BAHUS
aCTPOHOMHYECKHX ABJIEHHH W NPOLECCOB, (PUIHYECKHX CBOHCTB M XapaKTePHCTHK
KOCMHYECKHX OOBEKTOB M H3JyyeHMil; cnocobubix Kk oOpaboTke MOJIy4EHHBIX
Pe3y/ILTATOB HAYYHBIX HMCCIIEI0OBAHHI M MX QHAIM3Y C MCIONB30BAHHEM HOBBIX
KOMILIOTEPHBIX TE€XHOJIOTHIH; NPOBEACHHIO YPOKOB (H3MKM M acTPOHOMHH B
CpeaHuX 00weoOpa3oBaTe/IbHbIX M CMEUHANbHBIX Y4YeOHBIX 3aBEIEHHSNX C
HCMOIB30BAHHEM HOBBIX METONIOB W TeXHONOTWH 0Oyuenus. Takxke nporpamma
HalleJIeHa Ha NOAroTOBKY BbICOKOKBaTH(PHUMPOBAHHBIX CNELHAIHCTOB B 00J1aCTH
bu3ukn  u  actpomomuu  oGnazaOWMX GYHIAMEHTANLHBIMH  3HAHHAMH,
GasupylowUMHCA Ha NPOYHON SKCTIEPHMEHTANLHON | TEOPETHYECKOH OCHOBE,
HOBEHIUMX JOCTHXEHMSX HAyKM, OONAfAIOUMX HABBIKAMH M YMEHUSAMH JUIA
MPOBEAICHHA HAY4HBIX HCCNEOBaHHI B 0GMAacTH acTPODM3MKM M KOCMOIOIMH,
BOCTPeOOBaHHBIMHM B HAy4YHO-HCC/IE0BATENBCKHX HHCTHTYTax, Hay4YHbIX LIEHTpax,
KOHCTPYKTOPCKHX M MPOEKTHBIX GI0po, yupexaeHnsx ofpa3zoBanus M opraHax
FOCYAapCTBEHHOTO YIIPAB/IEHUS COOTBETCTBYIOILETO npoguns. 3agaun nporpaMMsl
~ /AaTh CTYACHTaM IIMPOKHe (YHAAMEHTAIbHbIE 3HAHMS M KOMIIETEHLIHH,
HeoOXoaumble s paboTel B  HayuyHO-HCCIEAOBATENBCKHX HHCTHTYTaXx,
naboparopusx, KOHCTPYKTOPCKHX H NpPOEKTHLIX 6I0po u ¢bupmax, yupexaeHusx
CpeHero H cneunanbHoro obpasosanus, rOCYapCTBEHHBIX H HErOCYIapCTBEHHbBIX
YUPEXIEHHAX COOTBETCTBYIOLIEro NpOQHIA, HHULHATHBHBIX, CHOCOOHBIX K
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MCHHAIONTHXCH TPCGOBRIIHQX philKa TpyAa H TEXHOJIOIHH,

Tun obpazosatensHoil NporpaMMbl — Gakanasp.
akanemmuueckux rojaa. I'lpoaoskuTelIbHOCTh
Mbl 0OyyeHus —

ajantatlid  [1pH
YMEHOUIHX pa()orarb B KOManjie.

Cpoku OCBOCHHA NPOTPaMMbl — 4
OHOrO aKaJEMHYECKOro roja — 2 cemecTpa no 15 nenens. dop

ounas. Tpy0eMKOCTh B 3a4ETHBIX €AHTIHIAX = 153 KpenuToB.
Oucnka 06pa3OBATEALNOH HPOIPAMMEL W PCROMCITATIMN.
CTyeHTHl Gakananpnata yuacTRyloT HEHOCPEICTBCHIO B acTpOHOMHYECKHX

HaONIOJAEHHAX, HMCIOT BO3MOKIHOCTH HA BHCKJIACCHBLIC, NMOJIEBLIC IKCIEeAnIIHH TEM
CaMbIM MOTYT 3aKPEINTh TCOPETHUCCKHE 3HAtHA Ha TIpAKTHKE. Takxke y4acTBYIOT
B HCCNEOBATENILCKHX  paboTax, TeM CaMmbiM  MOTYT [NpPEICTAaBIAIOT ~ CBOH
TBOpuecKite paGoThl B peciiyOMKalcKkuX KOHKypeax CpeJIn CTYJIEHTOB H MOJIOJIBIX
yueHbiX. CTyIeHTbl H3y4aloT oGpaioBate/ibHble  MOJAYTH M JMCLMILIHHEL
cBR3aHHble ¢ 00paBoTKOil AaHHbIX, Kak «MarteMaTHYecKHe METO/bI 0bpaboTku
nupopmMalHH (naHHBIX)», «Muq)opMalumuuo—rnnponuﬁubn‘i aHanus
acTpodm3HYecKHX  CHrHaN0B»,  «OCHOBBI BEKTOPHO-TEH30PHOIO  aHAJIN3a»,
«KoMnbloTepHOe  MOZIeTHPOBaHHe (PH3HYECKHX TPOLECCOBY, «CriekTpaabHbie
metonsl  Hecnenosanus  maver»,  «Hebechas  MeXaHMKa», «OCHOBBI
acTpoOTOMETPHH», KOTOpbie (OPMHPYIOT 0Ga30BBIE HABBIKH JUIA 06paboTKH
acTpou3NYECKHX JaHHbIX M Ga3oBble 3HAHHA METO/IOB aHaW3a H pactueTon ans
onucanus npoieccos. Kpome 31oro MMeioTes psijl CleLKypcoB, HanpasicHHbIE Ha

TeOpeTHYECKHE H TMPAKTHYECKHE 3HAHMA aCTPOHOMHH, acTpopu3uKH H obuiei

(I)HBHKH, YTO JlaeT BO3MOXHOCTH BbIIIYCKHHKaM JAHHOW CclneuHaJIbHOCTH

npenoaasarh B CPEJIHHX H BbICLIHX y‘lCﬁHle 3aBC/ICHHUAX.
PeKOMCHﬂyeM YBEJIHYHTE [PAKTHYCCKHE KYpChbl, HalpabJICcHHbIE Ha

uceneoBaHue, o0paboTKy M aHalin3 acTpoU3HYCCKHX JIaHHBIX LIS NOArOTOBKH
crenManHcToB-HecaeaoBarteneii B 06MacTH  (GyHAAMEHTAIbHOH  (QH3HKH M

aCTPOHOMHH.
B uenom obpasosatensHas nporpamma «Astrophysics and Observational

Astronomy» Ha aHFAMICKOM f3bIKe crneuManbHocTH «SB061100 — ®usuka u
actpoomus» KasHY umenn anb-@apabu  cOOTBETCTBYeT —TpeboBaHHMAM,

NpeAbABIACMBIM K KB&HH¢HK8HHH BbIITYCKHHKA.

3amecTHTeNb AHPEKTOpPA

No Hay4YHO-HCCle10BaTeNbCKOI
pabore, K.¢).-M.H.

ATOO «Actpodusuyeckuii
HHCTHTYT HMeHM B.I", Mecenxona»

(/- Banuynnus P.P.
i asd KR
;‘,'- 4 1HI7'\'|3\\ ) '-'

SNBap o S

‘s e e’ o

[oanucs 3asepsio nHcnekTOp MO Kapam AN g Ara«bouosa
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AJI-PAPABH arsinaare KA3ZAXCKMHA HALMOHAJIBHBIA

KA3AK YJTTbIK YHHBEPCHTETI

IKCIMEPHMEHTTIK K9HE
TEOPUSJIBIK ®H3HKA FbLJIBIMH
3EPTTEY HHCTHUTYThI

YHUBEPUCHTEL um. AJIb-WAPABH

HAYYHO-UCCJIEJOBATEJIbCKHA
HHCTHUTYT SKCINMEPHMEHTAJIBHOH
H TEOPETHYECKOH ®HU3UKH

050040, r. Aamatsi, np. ans-Gapadu, 71. Tea.-daxc: 7(727)3773174, e-mail: akmaral@physics.kz
050040, Almaty, 71 al Farabi av. Phone-fax: 7(727) 37731'/4, e-mail: akmarali@physics.kz

APl /et W 513

DKcnep‘moc 3AKJIOMCIIHC

na ofpasoBarebHYI0 YucOnyio nporpammy no
cnennaabHoOCcTH «5B061100 — PH3HKaA H ACTPOHOMHA»

INMpeacrapnenmnasi obpasoBaTesibHas NNPOrpaMMa  HAULJIEHA HA TNOArOTORKY
Gakanabpon €CTeCTBO3HAHMA Mo cneuHaabHocTH. Kype coctomT M3 153 xpenuton
OCBAHBAEMBIX B TEHEHHH 8 CEMECTPOB Ha NpoTsKeHun 4 net ofyuenus no 43, 42.39u
29 KpeaAMTOB COOTBETCTBEHHO. OOyueHMe SRISETCS MOJYIBHBIM M COICPKHT Kak
o0g3are/ibHEIE KOMIIOHEHTRI, TAK W KOMITOHEHThI MO BblOOpy. B paspese kKypca no
COAEPHKAHUIO, KAPTHHA CKNA/IRRACTCS CETYIOWMUM 00pazoM:

Teopernueckoe ofipatoranue — 130 kpeanros
O6meobpazoBaTebHble JTHCHANIHHBL — 29 KpeAHTOB
O6s3aTenbHbIH KOMINOHEHT — 21 KpeauT

CoumManbHO-IyMaHHUTapHBIH MOYJIb — 6 KpeAUTOB
HUHCcTpyMeHTaNbHbIH MOIYJIb — 15 KpeauToB

KoMNoHEeHT no BeIOOpY — 8 KpeIHTOB

DUHAHCOBO-NPABOBOI MOAYJIb — 4 KpeauTa
KyabTYpHO-KOMMYHHKATHBHBIH MOJYJb -4 KpeJIHTa
OO611eCTBEHHO-TIOIMTHYECKHH MOJLYJIb — 4 KpeuTa
DKOJIOrHYEeCKHH MOAY/Ib — 4 KpeauTa

[MpeanpuHUMATENLCKUH MOIY/Ib — 4 KpeauTa
IKOHOMMKO-IIPaBOBOH MOYJIb — 4 KpeIHuTa
HUcTopHKO-KYJIBTYPHBIH MOAY /b — 4 KpeauTa
ConHanbHO-TIOJIHTHYECKHE " HUCTOPHYECKHE OCHOBBI
cOBpeMeHHOro obuecTsa — 4 Kpeaura

["no6anbHble BLI30BEI COBPEMEHHOMH YKOHOMHKH — 4 KpeJHuTa

Ba3oBble THCUHIIHHBI — 69 KpeanToB
O06s3aTeIbHbIH KOMITIOHEHT — 20 KpeanToB

O6uas ¢usuka 1 — 10 kpeauTos
MIHHOBALIMOHHBIE METO/1bI B IPENIOIaBaHHH — 6 KPEIHTOB
INpodeccHonanbHbli A3bIK — 4 KpeauTa
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KommnoueHT 1o Beibopy — 49 kpeautos
e STEM-monyiab — 7 KpeauTos
®u3uka 38e31 — 8 KpeTUTOR
Obmas guinka 2 — 8 kpeiuTOR
O6was ¢usuka 3 u [Nlegaroruka — 8 kpeauToB
IpakTukym no obumeit pusnke — 8 kpeauros
Teopernueckas ¢gusuka — 6 KpeaHTOB
HononuuTensHeie r1aBbl BhICIIEH MaTeMaTHKH 4 KpeauTa

[poduanpyomme AHCUHNIHEDLI — 32 KpeauTa
OGsa3aTeIbHBII KOMIIOHEHT — 5 KPeAHTOB
e OO0mas acTPOHOMHS — 5 KPeJIHTOB
Komnonent no seiSopy — 27 KpeauToB
e Actpodu3nka- 9 KpeaHTOB
3Be3aHas acTpolOMHs 9 KpeaHToD
PHIHKA MIANCTHBIX CHCTCM — 9 KPCAHTOB
HabmonarcnsHas acTpoHOMHEA — 9 KpeauTOB
PangnoacTpoHoOMHUs ~ 9 KpeaAUTOB
e [ocmuueckue nyun — 9 KpeanToB
JonoanurenbHbie BHAB 00y4yenns = 23 kpeanTa
e ®usnyicckas KyabTypa — 8 KpeaHTOB
Moayns npodeccroHanbHoON npakTuku — 12 UTOB
e VyeOHas npakTHka — 2 Kpeaura
e [IpousBojacTBeHHas NpaKTHKA — 4 KpeauTa
e [leparornueckas npaktuka — 4 Kkpeaura
e [lpeaauniomnas npakTuka — 2 Kpeamra
Hrorosas arrecraums — 3 Kpeaura
e TocyaapcTseHHBIH 3K3aMEH MO CNELHAIBHOCTH — | KpeauT
e Hanucanue u 3aummra quniomHol paboTsl (poekra) — 2 KpeauTa

MonaynbHas cuctema oOy4yeHHMs:, rjie Ka/abli MOXKET HE3aBHCHMO BHIGMpaTh
coliepKaHHe UHIAMBHYalbHBIX Y4EOHBIX MPOrpaMM SIBJISETCH MaKCHMAIbHO FHOKHM H
COOTBETCTBYET COBpeMeHHbIM TpeboBanuaM obpa3oBarenbHOI cucTeMsl. Bo3moxkHOCTH
BbIOMpaTL KOMIOHEHTBI CAMOCTOATEIBHO CTYJEHTAMH JaeT BO3MOKHOCTb JUIA KakI0r0o
00y4aThCsi HHTEPECYIOLHM 3HAHUAM H YMEHHSIM H Pa3BHBAThCH HHIMBHYAILHO.

BellieonucanHas BO3MOKHOCTL elle Oosiee akTyalnbHee B paMmKax JaHHOIM
NporpaMMmbl, TaK KaK OHa MNpejHa3Ha4yeHa Ha IOJArOTOBKY BbIIYCKHHKOB IIHPOKOIO
npoduas. ITO CTYACHTHI, HMEIOLIHe KBATHOHKALMIO KaK B QYHIAMEHTAILHOMH Qu3MKe,
TAaK M B aCTPOHOMHH, KaK ee OTBeTBJIeHMs. Hanuume mnenarormyeckoi MpakTHKH,
MOy e HHOCTPAHHOIO H NpO(ECCHOHAILHOIO  S3bIKOB, KYJIbTYPHO-
KOMMYHHKaTHBHOI'O H METO/IOB B MPENoJaBaHHH OTKPBIBACT KapbepHbIE BO3MOXKHOCTH
JUIS BBITYCKHMKOB B 00pa3oBaTe/bHON JeATeIbHOCTH. DTO NpenoaasaTe/id (GU3HKH B
WKONaX M CMICUHATH3HPOBAHHBIX OOpPa30BaTe/bHBLIX YYPEXKACHHAX Ha TpeX A3bIKax,
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Ka3aXCKOM, QHTTIHHCKOM M pycckom. Hanuune moaynei no obwueit u dyHiameHTanbHOM
bH3HKe OTKPLIDAET MOJIOABIM CIICHHAIHCTAM KAPBCPHBIC BO3MOXHOCTH B HAYYHBIX M
HAY'THO-HCCIeIOBATEJILCKHX  Y'IPeNUIEITHAX D KAQ4YeCTBE HAYYHBIX COTPYAHHKOB.
[Ipou3soacTBEHHAsA MpaKTHKA H MPAKTHKYMLI 10 obLuel GH3HKe Taloke moje3na u s
OyaymMx HHMKeHEpoB M onepartopoB oGopynosanus. B 'mcno Takux oprammsaumii
MOXCHO NMPHYHCIHTD 3 00cepBaTOpHH ACTpoHOMHIYECKOi obcepBaropun HM. Pecerkopa
(ADHD) H B obcepBaTopuin HAIHOHAJIBHOTO HaY4HO-IPAKTHYeCKOro,
ofpaz0RATENHHOIO U O340POBUTEIEHOIO UeHTpa «bobek» ToMbKo B camoii Anmare, He
YUUTRIRAS JIECHTKU CNIeNUATHINPORAHHBIX [UIAHEeTapHeB Mo pecnyOiHKe, HaNpHMep, B
ropoaax Axtobe u INarnonap.

AHrMHCKUIA s3bIK W oBpazoBaTenkHas NPOTPAMMA, NOCTPOEHHAS AHATOIHYHO
MEXIYHAPOIHBIM CTAHAAPTaM H CoaepxKalliie OTHOWMEHHRIE KYPCRI, J1aeT RhINMYCKHUKAM
BO3MOJKHOCTB TPYAOYCTPOHCTBA MO CMELHAILHOCTH 3a pybexom wnm ke nankHeinero
o0yuenus B marucTpatype M JOKTOpaHType Ge3 cyuiecTBeHHBIX npenstcrsuii. C ato
TOYKH 3PCHHA, MOXHO yTBepXKjaaTh, 4TO oOpasoBartenbHas ydeGHas nporpamma Mo
crieunansHocTH «5SB061100 — Mu3nka M acCTPOHOMHS» COOTBETCTBYET 3apyOesKHLIM
aHaJIOraM M I10 COAEPKAHHIO M Ha3BaHHIO YHTAeMbIX JHCUMIUIMH. D10 Ge3ycioBHOe,
KOHKYPEHTHOE NMPEHMYLIECTBO HALIMX BbIMYCKHHKOB H Ha MeXIYHAPOAHOI apeHe.

[Moapobuelii aHanu3 B paspese cu1abycoB U KOHKPETHBIX MOJyJieil NoKa3biBaeT
CTPOryl0, JIOFHYECKYHO CBA3aHHOCTh M I10CJII0BATEIBHOCTh CTPYKTYPhI JHCLMILUIHH, a
YHTAEMbIH MaTepuas no KaxJ0My M3 HHX SABJIACTCH aKTyalbHbIM M CBEXHM. B Kax1om
OT/C/IBHOM 4HTAaeMOM OJIOKe KOMIIOHEHTOB No BbIOOpY, Hanpumep: Actpodusuka,
3Be3qHas  actpoHomusi, HaGmoaarensHas — acTpoHOMHS,  PajHOAaCTPOHOMHS,
Kocmuyeckue ydn — BbLIESETCS 3HAYMTENBHOE KOJIMYECTBO BPEMEHH Ui OOy4eHHs
OCHOBaM KOMIIBIOTEPHBIX METOAOB B KaKJI0H M3 3THX AMCUMIUIHH, H HA MOMH, JIMYHBIH
B3MJIAJA, HE AaKUCHTHPYETCS METO[Abl OLEHKH TOrpeiiHocTeif W M3MepeHus
HHCTPYMEHTAILHbLIX OLIHOOK B KaXJIOM OT/1e/IbHOM 6110Ke.

[loatoMy s pexoMeHayo n00aBUTh JOMOJHMTENLHLI 610K 1O OCHOBaM
KOMITBIOTEPHOM TEXHHKH B aCTPOHOMHH M acTpoH3HKe, rJie CTYACHTbl MOIJIH Obl
obyuyarcs paboTe Ha KOMIBIOTEpAaX MOA YIPABICHHEM pa3IHYHLIX ONEPALMOHHBIX
cucteM. MeTs 6a30Bbie HaBBIKH 110 CKAYHBAHHIO, YCTAHOBKE M MHTEIPALMH Pa3IHYHBIX,
acTPOHOMHYECKHX MaKeToB B 3TH cucTeMsl. [Ipuobpectn ymenus paborats ¢ KomaHqHOMH
CTPOKOH M MNpH OTCYTCTBMM TNpHBBIYHOrO, Ha windows, rpaduueckoro
110/1b30BaTe/IbCKOro MHTepdeiica. 3HaTh OCHOBHbIE KOMAHIbl W MOHUMATH NPHHLIKITHI
pabotel Takux cucteM. B nmepByio ouepeab 3TO CBS3aHO C  IIHPOKO¥
pacnpocTpaH€HHOCTBIO TAKOro [0AX04a B HAy4YHOH cCpelae H [OBCEMECTHOTO
HCTIOJIB30BAHHA B CHCTEMAX YIPaBJIeHHsA TEJICCKOMNAMH U JIPYTrUM Hay4HBIMH IPHOOpaMH.
B kauecTBe KOHKPETHOrO NpUMepa npuseay paboTy B onepanHOHHOM cucreme Linux u
Ha s3blKe nporpaMMmupoBaHus AstroPy (npowssoanas Oubnmoreka Juis  s3bika
nporpamMmuposatnus - Phyton).

AHanu3 NOCTYNHMBUIMX CTYJICHTOB Ha CreuHanbHOCTh «DH3MKa U aCTPOHOMHS»
MPOLUIBIX JIET MOKa3bIBaeT HaiMyue GONbIIOro NMpoueHTa pebsT ¢ CelbCKON MECTHOCTH
H IpYrHX ropozaos Yem ActaHa H Anmartel. Ha Mo# B3rasa 31o Xopoiuas BO3MOXKHOCTb
ans obecrnievenus Gasbl NPAKTHKH THX CTYJAEHTOB 110 MECTY NMPHUOBITHA 1S CO3JAHHS
3KO cdepbl Mo oOMeHY 3HAHHMIi M HABBIKOB MEXKIY KPYIHBIM y4eOHBIM LEHTPOM' Kak
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KasHY wu  perionami. Do-nepsbix, MOSBISEICH — BUSMUKHOCTL  TPAHCIAIHHU
TFEIEPHPYCMBIX B YHHBCPCHTETE 3HaHM B pernoHsl GeicTpo. Bo-siopeix, vbieryaercs
3a/a"a, cpslanmas ¢ TPYAOYCTPOHCTBOM BBINYCKHHMKOB YyiKe Ha 3Tane ux 00yvyeHus B
YHHBEpCHTeTe MyTem obecnieuents 6a3sl CTaXHPOBKH.

B ueiowm, obpasosarenviias yuebias nporpamma crcupansHoct «SB061100 —
Puznka H  aCTPOHOMHA»  COOTBETCTBYeT TpeGODAIHAM, INpPCABABIACMBIM K
00pa3oBaTe/IbHEIM TNPOTPaMMaM M ABAAETCA HAAGKHOH 6ajoif D MOArOTOBKC
REICOKOKRATH(PHLHPOBAHHLIX ¥ KOHKYPEHTOCIIOCOOHBIX CIELHATHCTOB 3TOH 061aCTH.

Yuéublii cexperapb
KaH. (u3.-Mat. Hayf

o A K. Umanbaesa
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Jlekany OH3nKO-TeXHHYECKOTO (aKy/ibrera
KazHY um.ans-®apabu
Hasnerosy A.E.

[TucbMo-TI0/ITBEPAK IeHHE

ACTPOMETPHS, 3aHHMAIOWIAACH ONPEC/ICHHEM MOJOKEHHH M JIBHKCHMII
HeDECHBIX TeJl, H3yYeHHeM BpalleHus ¥ (opMbI 3eMITH, @ TaKKe Onpejle/eHHeM u
XpPaHCHHECM BPEMECHH, SBJIACTCA OJHHM W3  OCHOBHBIX HalpapBieHuil, H4bH
pe3yabTaThl MWIKUPOKO HCMOAL3YIOTCA BCCMH JIPYTHMH pasjielaMu acTpOHOMHH. B
CBS3H C ITUM JUCIMIIHHE «8B36 Actpomerpusi» oTHOCHTCS K 4nciay namboliee
B@KHBIX JAMCUHIUIHH TIPU NOJANOTOBKE (DHU3UKOB-aCTPOHOMOB M SIBASETCH OCHOBOI
S TIOC/TCAYIOWIEr0 HM3YYEHHs CTYACHTAMH  Pas3JHYHbIX CIICIKYPCOB  Kak
TEOPETHYECKOr0, TaK H HAO/II0AATe/IBHOIO LIMKJIOB,

Llenn M oXuaaeMble pe3yabTaTbl M3YHEHHS AMCUMILTHHBI «ACTPOMETPHS»
ObUIM  OmpejiesieHbl  COBMECTHO €O CIELMATHCTAMH B OOJIACTH NpOBEjAeHUS
NO3WIHOHHBIX Habmonaenuit neGecHbix Ten W oOpaloTKM pe3yiabTaTOB ITHX
Habmoaenuit Halero MHCTHTYTA.

Cunnabyc AMCUMILIAHBL NOIHOCTBLIO OXBATHIBACT OCHOBHBIE BOIPOCH! KypCa.
BKJIIOYas Takue  KIlOueBble pasjenwl, Kak: IlpocTpancTBeHHO-BpeMeHIbIe
CHCTEMbI KOOPJAHHAT B &CTPOMETpHH, PUrypa u BpaieHue 3eMin, CHCTeMbl cyeTa
U XpaHeHHe BpeMeHH, d(QeKTbl, HCKaKAIOUNE NOJIOKEHHE CBETHSI Ha HebecHOI
chepe, METOIBI M HHCTPYMEHTDI NPAKTHYECKOH aCTPOHOMHH M (DyHIaMEeHTAILHOI
aCTPOMETPHH, METO/l PaJHOMHTEPPCPOMETPHH CO CBEPXUIMHHBIME OazaMu
(PCJIB) B actpomeTpHu.

Taxum  obpazom, cuinabyc gmcumnauesl  «8B36  Actpomerpusi»
COOTBETCTBYET TpeDOBAHMAM TOJrOTOBKH BBIMYCKHUKOB M0 CHEUHAILHOCTH
«5B061100 — Mdu3uka 1 acTpOHOMHS».

' ‘.‘ \\
[Mpesuaent AO «HLIKHUT»
Kau/l. u3.-maT. HayK

S '\

\ " "

“ Y{)MEPOB y.T.
r 24

J {
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Jexany puinko-rexuuueckoro paxkyinrera

A.-m.u., npod. /lasaerony A.E.

IMucsmo-noarsepaaeHne

Ha cospemenHoM otane passurus Hayk HeoOXoummbl 0osee coaepkarte/bHbie
yueOHbIE NPOrpaMMBel, OTPAKAIOUME AKTYILHBIC HANPABACHHS M TCHACHIHH B H3VYCHHH
PAAMOPHINKH H YIEKTPOHHKH.

B macrosmem yueGHom kypee no mcumiumue «OCHOBBI  paanoH3nKH M
ICKTPOHHKHY, COCTABACHHBIM JUIS crietnaibHoctn «3SB061100 - ®@usuka u acTpoHOMHI»,
OTpaKeH HEOOXOIMMBIH MHHHMYM BOINPOCOB 110 W3YHCHHIO CTYICHTAMH JeMEHTHOH Gashbl
PAAHOYICKTPOHHBIX  YCTPOHCTB, [IPHHIMIOB ACHCTBHA ana’aoroseix M UMGpoBBIX
VCTPOMCTB, HAYHHAA C NPOCTHIX M 3AKAHUMBAS CIOKHBIMH MHOTODYHKIHOHATLHKIMH
YCTpOHCTBAMH.

B paspaborannoil nporpamMme YYTCHO COBPEMCHHOC COCTOSHHE H IEPCHEKTHBEI
PasBHTHA ICKTPOHHOH TeXHHKH. B Hell npusencHbl BONPOCH N0 M3YHEHHIO OCHOBHBIX
KJIACCOB  JICKTPOHHBIX TMPHOOPOB. (DHIMYCCKHX POLECCOB B ICKTPHUECKHX  LCHAX,
XAPaKTCPHCTHK M NMapaMeTPOB MPOCTEHIINX MOAYIIPOBOHHKOB CXEM, HHTEIPAJILHBIX CXEM H
emeHTos  umdposoii  Texuukn,  CoaepAKanne M HOCHCAOBATEABHOCTL  MAIOKCHNS
MOCTABACHHBIX  BONPOCOB  J0/DKHO  OOJICMYMTH  YCBOGHME  CTYJACHTAMM  Kypca
PATHOICKTPOHUKH H CHOPMHPOBATL HABBIKK PalboT ¢ PajgHOVIEKTPOHHON anmnaparypoii.
Paccmotpensl Bonpochl nepesadyn HEQOPMALMK, AHATHIMPYIOTCH CTPYKTYPHBIC CXCMBI
OCHOBHBIX ~ PAHOYNICKTPOHHBIX  YCTPOiicTB.  OTpakeHBl BOMPOCH  NEpeaun  CHrHaIa
PAHOYVIEKTPOHHBIMH  LENAMH, [OCTPOCHHA NMPOCTEHINX MOJYNPOBOIHHKOBBEIX CXCM,
CXEMOTEXHHKH  OTACABHBIX  YCTPOHCTB Ha 0ase JMCKPCTHBIX  PAAHOKOMITOHCHTOR,
0COBEHHOCTH MHTETPAILHBIX CXEM.

[lo ancumnimMHe npegycMaTpuBactcs JCKIMOHHBIC, CCMHHAPCKHE W 1abopaTopHbie
3AHATHS. PekoMeryeMbIii CITHCOK MTEPATYPEI BK/IOYACT OCHOBHBIE YueOHRIE 10cotus
H coBpeMennbie paboTsl.

Cunabyc no smcunnanne «OCHOBBI PATHONDHIMKN H YICKTPOHHKHY COOTBETCTRYCT
NPOQECCHOHAILHOI IOArOTOBKE BhIIIYCKHHKOB 110 cnenHanbHocTH «5B061100 - Ousuka n
ACTPOHOMUAY.

O

Mpesuaent AO «HamonarbHLL LEHTP KOCMHUECK]
[52

o\
/‘%‘,ﬂk : /Ompou i
5332\ . n [ _"

~

HCC/ICIOBAHMIT H TEXHOIOTHIIY, K..-M.H.

¥ 3
\
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| e Py Jlekany iinko-rexHuyeckoro (axy1bTeTa
KasHY umenn an-®apaby
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MTACBMO-TIOITBEPXAFHWUE

Ou3nKka 1 ACTPOHOMMA B CPCAHCM ODPaIOBAHHKN HC3aMENMBE B 1TPOLILCCe
GopMHpOBANNY  MHPOBOZIPCHNA  OBYHAIOWIXCH W COTLANMH  COBPEMEHTION
HAYYHOM KapTinnl Mupa Diiika TECHO CBA3ANA ¢ TEXHHKON 1 TPONIROICTROM

Heavo kypea «Teopus u meroauka obyqcnis pioinke 1 acipoHoMui»
ABACTCA HOLOTOBKA CTVACHTOR B NIPOMEcee ODYICHHA B BYIC K BHIIOITHCHINO
MPOGECCHOMANLIO-NEIAN OTHHECKON  _ICATCABHOCTI HPCHoaRate s Guinkn w
acrponomuu B pesyanrare ofyuenmnn cryaent 6yier ¢nocoten HoHMMaTh (1ean
obyueHin  QiIMKE M ACIPOHOMHM B YUPCACICHMAN  CPCHRIO 1 BBICIHIETO
oOpaloBaANMK. HHOHHMATHL COIEPAAHNE KYPCOB PUINKN 1 ACTPOHOMIM CpeaHed
BLICHICH  IUKOABI,  NPUMCHATE  NOCODMA,  BXOUINE B YeONO-MCTOIHCCKHE
KOMILIEKThd 110 PHINKE W ACTPOHOMMIL. AHATHIHPORA TS MCTO I 00y HeHsn Qirike
HACTPOHOMHK, TIPHMCHATE GOPMEE OPranisain yHeOHmX 3antriit no Guinke n
ACTPOHOMMMK. AHAIMIHPOBATE THIIL YPOKOB 1O PIIHKC, ITPHMCHATL COBPCMCHHBIC
TEXHO 10K 0Oy CHIA (DUINKE 1 ACTPOHOMIN, BKIOYAA i opMaionnbe
KOMM) HHKQUHOHNLIC, OHPCICINTE HANPABICHNR TATHHCHILCTO IHUMHOCTHOTO )
NPOGCCCHONAILIIOL O PAIBHTHA

Cwabye no aucioncinige «Teopus n meroanka odyuciin ditsnke w

ACTPOHOMIIEY COOTHETCIBYCT NPOGIRCCHONHLILHON 1O OTOBKE BEITY CKHIKOB 10
cneainnoct «SBO61100 - @iriuka w actpoHoMusy

AL LT
o

Jlupexrop ['umnaiun N‘d‘i, Q‘%h/- beficenGacsa 3 T,

(A g
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Evaluation of the educational curriculum for the specialty
"5SB061100 - Physics and Astronomy"'
of the Al-Farabi Kazakh National University.

The educational curriculum for the specialty “5SB061100 - Physics and A.slronomy.”
is intended for the preparation of Bachelor of Natural Sciences on a specialty. This
educational program covers theoretical and practical issues of modern astronomy and
astrophysics, courses in cosmology and theoretical physics, the basics of physical
education, such as mechanics, molecular physics, electricity and magnetism.

The course is aimed at the formation of cultural, professional and special
competences, knowledge and skills in the field of physics and astronomy. The main
curriculum of the educational program contains actual theoretical and practically relevant
material, supported by skills acquired in laboratory work.

Educational curriculum is modular and flexible. It’s one of advantages for further
professional growth of each individual. Knowledge of fundamental physics provides
opportunities for students to build successful professional, research and engineering
career. The presence of computer skills will allow future graduates to work in the field of
analysis processing and modeling of physical processes. The topics presented in the
syllabuses of the “Physics and Astronomy” educational program that are being
implemented contain the main ideas and concepts of the course and contribute to the
acquisition of basic knowledge and skills for further professional use.

Main attention is paid to working with software and packages related to data
processing and analysis. It is included photometric and spectral data in the multiwave
range as radio, optical and infrared range. The student gains skills in the basics of
working with databases of astronomical and astrophysical data. A number of laboratory
works on the above topics are envisaged, as well as homework assignments by the
students themselves.

~ The curricula on the basics of modern cosmology reflect quite well the modern
achievements in science. However, the expansion of this course or the addition of an
educational program with a new course related to the problems of gravitational-wave
astronomy woul'd make the program more relevant to modern trends in the development
of the'sc1ence mdustrx. This can be an important factor in improving the quality of
educational program, since the direct detection of gravitational waves makes this area
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very p?PUIar at the turn of the decades. This direction is predicted by the rapid and

Ynamic growth and high interest of the scientific community in the development of this
t0p1(~: and promises great discoveries. Moreover, due to the rapid development of
graw.talionai-wave telescopes over the past, cosmology has evolved from pure theoretical
Physics into the science of observations.

This recommendation is significant and implementable for the reason that the main
mathematical approaches to understanding this course are already being studied by
students in non-linear physics module. Methods of analysis and signal processing are
given in practical astronomy courses. And knowledge of the methods of informational
entropy and fractal analysis given at this course are advantages over other universities.

Thus, the program "Physics and Astronomy" satisfies all the requirements for a
bachelor degree in the field of physical and astronomical sciences. Study programs are
consistent with other similar programs at large, foreign universities around the world.
The presented educational program for the specialty “SB061100 - Physics and
Astronomy” meets the requirements for graduate qualifications, provides comprehensive
training for students, forms cultural, ethical and professional competences, is relevant and
significant in the preparation of graduates.

Teacher of physics, gmd\ bayev Y.
AQ “Nazarbayev Intellectual Schools” )

NIS ChB Almaty
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Hex. Ne 74 « 2 » /ol 2018 . r. AcraHa

JKCNepPTHOE 3aKJII0YEeHHEe
Ha 00pa30oBaTe/IbHYIO NPOrpaMMy NO CHEUHAIBHOCTH
«5B061100 — ®u3uKka H aCTPOHOMHSA»
Ha ocnose npedocmaenenno2o mamepuana: y4ebnozo niana, y4ebHou
npozpammol, cunnabycos u y4ebHo-MemooOudecKux KOMNIeKCco8 OUCYUNIUH

O6pasoBaTenbHas nporpamMma paspaboraHa Ha ocHoBe THNOBOro yseGHoOro
miana crneuuansHoctd 5SB061100 — dusuka u actpoHoMmus (ot 23 asrycra 2012
roza ¢ usMeHeHusAMH OT 13 masa 2016 roga) B COOTBETCTBUH C MEXIAYHAPOAHBIMH
TpeGoBaHUAMH B cdepe BhIClIEro oOpa3oBaHus: peKkoMeHaauus nporpamMmel ECTS
u «TuningEducationalStructuresinEurope», u ycraHaBnuBaeT TpeboBaHHs K
cozliep)kaHuil0 00pa3oBaHMsl uepe3 pe3yabTaThl 00ydeHHs, oObeMy y4eOHOM
Harpy3kk M  YPOBHIO  MpO(ECCHOHAIBHOW  MOATOTOBKHM  GakalaBpoOB.
Ob6pazoBatesnpHas  mporpaMma paspaboraHa ¢ y4eTOM  COIIOCTaBJICHHS
TPYAOEMKOCTH Y4eOHOM Harpy3sku B COOTBETCTBHH C TpeOoBaHUAMH BosoHCKOM
JIeKJIaparuH.

B uenom, obpasoBarenbHasi, ydeOHas nporpamMma IO CHEIHAJIbHOCTH
«5B061100 — ®du3KMka U aCTPOHOMHS» HallpaBjeHa Ha ITOATOTOBKY 0akallaBpOBB
TeyeHHH 8ceMecTpoB OOyUYeHHsI B YHUBEPCHTETE U sBIIsieTCS MOAYNbHOM. [TepBhie
3 cemecTpa HarnpasJieHbl Ha yKperieHHe 0a3o0BbixX 3HaHMI 1o obuei ¢usnke u
MaTeMaTHKe, a TaKXe COJIeP)KAT KYypChl COLMANbHO F'YMaHHTAapHOIO XapakTepa.
DTO AMCHMIUITMHBI IO JKOHOMHKE, IMpaBy, UCTOpHMH M sA3blkaM. OcraBuiuecs S
CEMECTPOB, Ha CTapUIMX Kypcax, HalpaBJieHbl Ha IpUoOpeTeHHe CTyAEeHTaMH
CriellMaJIN3UPOBAHHBIX 3HAHUH. DTO Kypchbl no obued ¢u3nke, aCTPOHOMHH H
actpodusuke. YuebHOMH nporpaMmol NMpeaycMOTPEHO 3aKpeljieHHe Moy4eHHOro,
TEOPUTUYECKOrO 3HAHUSI Ha TPAKTHYECKHX, JAaOOpAaTOPHBIX 3aHSITHAX, 4 TaKXKe
NPHMEHECHHUH MOJIYYCHHBIX YMCHUH Ha peLUeHHMH NMPaKTHYECKHX 3ajad, BO BpeMs
MPOM3BOJCTBEHHOM, MNEAaroryyeckod H MNpeUIMIUIOMHON npakTuk. JlaHHBIA
NMoAXOA JAEHCTBHTENBHO CMOCOOCTBYET pa3BHTHIO CHELHANBHEIX HaBBEIKOB Y
BBITTYCKHHUKOB, Ha BbIXOJle 00pa30BaTeIbHOM IIPOrpaMMBEl.

B nenom mporpamMma Hale/leHa Ha TNOANOTOBKY KaIpoB i Hay4HO
HCCIeAOBaTENIECKOH M TPErNoaBaTe/IbCKOi AesATeIbHOCTH. BBIMYCKHHKH HMEIOT
NpouYHBIE  3HAHUA  MPUroAHbIE AN BeJeHus  oOpa3oBaTelbHOM M
UCCIel0BaTeIbCKONH JesTeIbHOCTH cpa3y no 3aBepiueHHio obOydeHus. [Tomumo
ITOro, 3HaHHs, PHOOPETEHHbIE B paMKaX COLMAIBLHO I'YMaHHTAPHBIX MMPOrpaMM —
AT JOTMOJIHUTENbHYIO OPHEHTHPOBAHHOCTh M CTENEHH CcBOOOABI ISl BEAEHMS
CMEXXHOH JeATeIbHOCTH.

CwibHBIMHM CTOpOHaMHM y4eOHO#H nporpamMMmbl SIBISETCSA MMOJArOTOBKA KaJpoB
BeAyllleHcs Ha aHMIMHCKOM SI3BIKE M BO3MOXKHOCTb CTYJEHTOB CAMOCTOSTEIBHO
BbIOMpaTe HWHTepecylomue AucUMIUIHHBL. Oco0oro BHHMaHHsS 3aciy)HBaeT
JIorMyecKas TI10CJIe0BAaTENBHOCTh B CTPYKTYpE NHpOrpaMMbl M BO3MOXXHOCTH ee
MOAY/bHOH coBMeCTUMOCTH. Kypchl, npeinoxeHHbIe B paMKaX paccMaTpHBaeMoOi
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MporpaMMbl, HMEIOT AaHAJOrH B  BeAylIMX, 3apybexusix BVY3ax wu
HCCNIEIOBATEeNbCKUX LIEHTpax, rae oOy4YeHHe TakKe BEAETCs ¥ Ha aHTTIHHCKOM
s3plke. B cBOO odepenb 3TO HeceT MoTeHuHan s 3apyOeKHOro cCoTpyaHHYECTBa
H JleflaeT MPOCTBIM MpoLecc oOMeHa CTyZAEHTaMH.

CootBeTcTBHE MPOGUABHLIX NPEeAMETOB 3apy0eXHBIM aHa/loram, a TaKXe
COOTBETCTBHE CTPYKTYphl Kypca TpeboBaHuaM MOH PK nenaioT BO3IMOXKHEIM
JnanpHedilee OOy4YeHHs BBIMNYCKHHKOB ©OakajaBpuata B MarucTparype u
nokropantype PhD, kak B Hawlel crpaHe, Tak M 3a ee npeaenaMH. B pamkax
BBILLIECKA3aHHOTO, PEKOMEHAYIO  YKPENnUTh  MEeXIOYHapOAHBIE CBA3M C
YHHBEPCHTETAMH M HMCCJIEJOBATEJIbCKMMH LEHTPaMH BEAYILIHE IepPCICKTHBHBIE
HCClIeIOBaHMsl 110 CHNELHaJIBHOCTH i oOMeHa cTyaeHTamMH W olecredeHus
NPOHU3BOACTBEHHBIX H IIPEAIMIUIOMHBIX CTOXXHPOBOK CTYAEHTOB Ha 0ase 3THX
LIEHTPOB.

Tak kak rJjaBHOM 3ajJayeil yHHBepcurera, Ha MO B3rnga, sBngercs
MOArOTOBKA KaJpOB, CIIOCOOHBIX ObITE KOHKYPEHTOCNIOCOOHBIMH Ha pBIHKE Tpya,
PEKOMEHAYIO PpaCIUUPHTh COTPYAHHYECTBO YHHMBEpPCHTETAa C MECTHBIMH |
peruoHanbHbBIMM NPOHU3BOAHTENISIMH H JAUCTPHOBIOTOpPaMH acTpOhU3UIECKOTO,
ucciegoparensckoro obopynosanusa. Pacmivpute 6a3y  NpoOH3BOACTBEHHBIX
MpaKTHK B COTPYAHUYECTBE C TAKHMH OpPraHHU3aLHsIMH.

Ha Mo B3risija, HHIIa aCTPOHOMHYECKOro obpa3oBaHUs M INONMYASpPH3ALHS
3TOW HayKH /15 IIMpOKoro obuecrBa MoXeT OBITH HHTEPEeCHBIM H HECTH
no3HaBaTeNbHBIH Xapakrep. [JlaHHOe HanmpaBleHHe HeceT OONMBIIOH MOTeHUHaN A1
cTapr-anl  [POEKTOB  CTYJAeHTOB. Hanuuume  Ou3Hec-uHKyOaTOpoB  mipu
YHUBEPCHUTETaX, a TakxXe  MHOXECTBO TIPaHTOB Uil  MOJIOAEXKHBIX
HCCIIeJOBATeIbCKHX M HMHHLUHMATHBHBIX  NPOEKTOB  BBIAENAEMBIX  IIpH
COTPY/JIHHUYECTBE C TOCYAapCTBEHHBIMM M OOKETHBIMH OpraHW3alUsIMU TUMa
nnaHeTapusi BO JBOpUE IUKOJBHHKOB MJIHM 0O0OCEpBaTOPMH INPH  LEHTpe
«bobexk»MOryT OBITh MPOCTUMYNHPOBAHb!I AOMOTHUTENBHO. XOTA TaKHe MNPOEKThbI
He CBs3aHbl ¢ OoOpa3oBaTe/NbHON MporpaMMol HanpsAMylo, akleHT Ha MoAoOHYI0
JeSITENIBHOCTh TOMOTr OBl OBITE BBITYCKHHKAM IIPOrpaMMBl COOTBETCTBOBAaTh
pealivsiM pbIHKa.

B uenom, cuuraio oOpa3oBaTesbHyH0, y4eOHYI0 NporpaMMy Criel{HasbHOCTH
«5B061100 — @uzuka M acTPOHOMHSA» COOTBETCTBYKWIUEH TpeboBaHUAM,
npeabpsBisieMbIM K JIOKYMeHTam Takoro poaa. IIporpamma, B ee Tekyuieit
pedakiHH MOXET CIYXHTb IS TOATOTOBKH KOHKYPEHTOCIIOCOOHBIX M
KBaNH(HULUMPOBAHHBIX CIIELHAIIMCTOB ISl phIHKA TPYAa.

DKCIepTH3Y NPOBE — 4
%a e/,
£

n.7.H., YneH HHC ot HITIT «Atameken» Taitbacapos XK. K.

[Moanuce npodeccopa Taibacaposa JK.K.
kadenpel «Tennosnepreruka» EHY um. JLH. I'ymunesa, Tpem —————

¢ : RUNBIH Kyanavabipams
3aaepﬁm: J‘-*G_/r! oe b D o € k; & * / II_J H l'ymunes atoiHgart
e | Eypaana yip ToiK JHusepcuTe
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Boinucka u3 nporoko.aa Ne 1
3ace1aHnst y4eOHO-MeToAnYec KOro odbe I nHenns
PecnyGamKanekoro yuebHo-MeTo1HECKOr 0 COBETA
" BBICILIErO H NOCJAeBY30BCKOT0 obpazoBanns
na 6aze KasHY um. aan-@apabu (naaee YMO PYMC)
ot 20 nonops 2018 r

[MPHCYTCTBOBAJIH: 3am. npeacenarens YMO PYMC na 6aze KasHY wum.
anp-Papabu, npopektop no yuebHoii pabore Xukmeros AK., yueHnlii cekperaphb
VMO PYMC Cuiprakbaesa A.C., pazpaboryuku oOpa3osateibHOH NMporpaMmsl
«Du3uKa U ACTPOHOMHAY.

CIAYIUAJIH:

- 3am. npeaceaareas YMO PYMC na 6asze KazHY um. ans-®apabn,
npopexrtopa no yuednoii pabore Xukmerosa A.K.: B 2018 rr. 8 coorsercrsnm ¢
aorosopom Ne 183 ot 14.05.2018 roga KasHY um. anp-Mapabu Ob110 nopyueno
paszpabotate 10 oOpa3oBareibHbIX IPOrPaMM Ha aHrIHHCcKoM s3bike (nanee Oll), B
ux uucie OIT «Dusuka u actpoHoMus». CloBo npejoctapnsercs nekany Qpuinko-
rexHudeckoro dakynerera KazHY wum. anp-®apabu, a.d.-m.H., npodeccopy
Jasaetrosy A.E.

- lasaeros A.E.: OIT «®u3uka v actponomus» Obiia pazpaborana B pamkax
BRINOAHEeHUs nyHkTa 133 Iliana meponpusithil 1o peannsauuu ['ocynapeTBeHHOM
nporpaMMbl passuTHs odpazosanus n Hayku Pecnybankn Kasaxcran na 2016-2019
rojibl, B cooTBeTCTBHH ¢ 3akonom PecnyOaukn Kasaxcran «O0 obpaszosannn» ot
27 wroasn 2007 rona Ne 319-111, HopmatusHo-npasosBeiMu aktamu MOH PK, ¢
TexHuyeckoi cneundukaumeii no paspaborke oOpazoBareibHLIX NPOrpaMMm Ha
auriauiickom s3sike. B nepuon pazpaborku nporpammel 8 MOH PK Owuto
OTIpaBaeHo 2 npoMexyTouHbIX oTueta u apadra OIT— | mioas 2018 r., 1 okrabps
2018 r. Bee aucummiamust v moayau OIT Oblaim cornacosadbl ¢ BEAYUIMMH
OTEYECTBEHHBIMH M 3apyOe/KHBIMH  YHYEHBIMH M OJKCMEpTaMH, a Takke
paboTosarensmu.

Caoso npenocrasiasercs koopaunatopy OIl «Dusuka M acTpoHOMHA»
noktopy PhD UGpaumosy M.K.

Hopanmos ML.K.: B noanom coorsercrenmn ¢ rpeSoBaHmsamMu TEXHHYECKOH
cneundukaunu 11s pazpadborkn OIT « Gu3nka U acTpOHOMUA » ObLIH NPUBIEYEHBI
BEJIYIIIME OTEYECTBEHHbIE U 3apyDekHbIe CNELHATHCThI, BIANCIONIHE AHTTTHICKUM
S3BIKOM U onbITOM pabotel B cdepe Bbicero obpaszosanns: Mopanmos MK,
Kanabaes 3.K., Usrneyos H.T., Haypsbaesa A.K., Xoxaos C.A., Kanambait M. T.,
Kypatos K.C., Aruwes A.T. Kaiiparkbizer [l, Maiineibaes A.T., Dr.
Miroshnichenko Anatoly - University of North Carolina at Greensboro, North
Carolina, United States Professor of Dept. Physics & Astronomy. Dr.  Jarken
Esimbek — Xinjiang Astronomical Observatory, CAS, Urumqi, Xinjiang, China,
Deputy Director of XAO, CAS. Dr. Zaks Michael - Humboldt University of Berlin,
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Germany (Humboldt-Universitit zu Berlin), Professor of Department of Physics
Dr. Quevedo Hernando - National Autonomous University of Mexico, Mexico City,
Mexico (Universidad Nacional Autonoma de México). Dr. Zharikov Sergey -
National Autonomous University of Mexico, Mexico City, Mexico (Universidad
Nacional Autonoma de México). OrevecTBeHHble yieOHble 3aBeeHus: bekoB AL A.
- 1.¢.-M.H., npodeccop KasHUTY um. K. K. CarnaeBa. Typmyxamberor AK. -
A.¢.-m.H., npopeccop  KazHHUTY wum. K. HW. Carnaesa. [Tlpeacrasurenn
pabotonateneii: Yeuun JLM. - npodeccop, a.p.-m.uH. JITOO «AOHD»
(Actpodusudecknii MHCTHTYT M. Mecenkosa). Comcukos BM.  —ad.-mu,
npodeccop ATOO Huctutyr nonocdepsl. Banuyaiaun P.P.- K.().-M.H.,
3aMECTHTEIb JMPEKTOPa Mo HayuHO-HecaeaoBatenbekoil pabore AO «HLIKHUT».
Mmanbaesa A K. - k.d.-M.H., yuenslii cekpetaps, JII'TI na [TXB « HUUI3Td». Bo
BpeMs KOMaHAMPOBKH OblIM  O3HAKOMJIEHBl ¢  y4eOHbIMH  nporpamMmamu
yHHBepcuTeToB ['epManuu 1o cneunanbHocTH «MH3MKa H aCTPOHOMMS», & TaKKe C
nesteabHocThio  Max-Planck-Institut  fur  Astronomie 18 naneHeiiero
COTPY/IHHYECTBA.

Xuxkmerob A.K.:  OIl «®usuka u actpoHomus» paspaboraHa B
COOTBETCTBHH C TPeOOBAHHAMH TEeXHHUECKOR crneuddukauuu, CTpyKTypa M
conepxkanne OIl cornacoaubl ¢ paboTosarensiMH, CPOKH BbiNOIHEHUA pabot
cobmoaensl. Ilpeanaraiwo oa00pute OIl Ha aurimiickom s3bike «OH3MKa W
actpoHomusi». [Tpouuy kosuter Boickasarh cBoe MHeHHe. [IpuHsaTO emHOrIacHo.

NOCTAHOBH.IH:

On00puth 06pa3oBaTe/ILHYIO MPOrPaMMY HA aHTIHIICKOM s3bike «DH3HKa 1
ACTPOHOMMSI».

3am. npeaceaareasn YMO P
ua 6aze KasHY um. ann-®:

npopexkTop no yuedHoii pa A.K. Xukmeros

—

E. /laBaieros

— A
Yuenwtii cexperaps YMO PYMC féz/{/ A.C. Cuiprakbaesa
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