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	ID 
and name 
of course
	Independent work 
of the student
(IWS)

	Number of credits
	General
number 
of credits
	Independent work 
of the student
under the guidance 
of a teacher (IWST) 


	
	
	Lectures (L)
	Practical classes (PC)
	Lab. classes (LC)
	
	

	Variation calculus and optimization methods
	
	3
	3
	
	6
	

	ACADEMIC INFORMATION ABOUT THE COURSE

	Learning Format
	Cycle,
component
	Lecture 
types
	Types 
of practical classes
	Form and platform final control

	Offline
	
	
	
	standard oral exam

	Lecturer - (s)
	S. Ya. Serovajsky, doctor of science,  professor
	

	e-mail :
	serovajskys@mail.ru
	

	Phone :
	+7 707 5242043
	

	Assistant - (s)
	
	

	e-mail :
	
	

	Phone :
	
	

	ACADEMIC COURSE PRESENTATION


	Purpose
of the course
	Expected Learning Outcomes (LO) * 

	Indicators of LO achievement (ID)


	The main purpose of the course is to familiarize students with the fundamental concepts of calculus of variations and optimization control theory

	LO1 Introduction 

	ID1.1 Applications of extremum theory
ID1.2 Function minimization theory

	
	LO2 Variation calculus
	ID2.1 Euler equation for Lagrange problem.
ID2.2 Lagrange problem for the function family.
ID2.3 Lagrange problem with high derivatives. 
ID2.4 Lagrange Problem for functions with many variables.
ID2.5 Bolza Problem.
ID2.6 Variational problems with isoperimetric conditions.
ID2.7 Variational problems with pointwise constraints.

	
	LO3 Optimization methods 
	ID3.1 Easiest optimization control problems.
ID3.2 Optimization control problems for the vector case.
ID3.3 Optimization control problem with fixed final state.

	
	LO4 Addition
	ID4.1 Differentiation of functionals and abstract optimization problems.
ID4.2 Variational inequalities.
ID4.3 Existence and uniqueness of extremum problems.
ID4.4 Inverse problems

	Prerequisites
	Mathematical analysis, differential equations, numerical methods

	Postrequisites
	Special courses

	Learning Resources
	1. Васильев Ф.П. Методы оптимизации. В двух томах. – М.: МЦНМО, 2011. 
2. Serovajsky S. Practical Course of the Optimal Control Theory with Examples. Almaty, Қазақ университеті, 2011.
3. Kirk D. E. Optimal Control Theory: An Introduction. – New Jersey, Englewood Cliffs, 2004. 
4. Будылин А.М. Вариационное исчисление. – Санкт-Петербург, СПбГУ, 2001. 
5. Лутманов С.В. Курс лекций по методам оптимизации. – Ижевск, 2001. 
6. Алексеев В. М., Тихомиров В. М., Фомин С. В. Оптимальное управление. – М., Наука, 2000. 
7. Эльсгольц Л.Э. Дифференциальные уравнения и вариационное исчисление. – М., Наука, 2000. 
8. http://www.newlibrary.ru/book/budylin_a_m_/variacionnoe_ischislenie.html .



	Academic
course policy
	The academic policy of the course is determined by the Academic Policy and the Policy of Academic Integrity of Al-Farabi Kazakh National University . 
Documents are available on the main page of IS Univer .
Integration of science and education. The research work of students, undergraduates and doctoral students is a deepening of the educational process. It is organized directly at the departments, laboratories, scientific and design departments of the university, in student scientific and technical associations. Independent work of students at all levels of education is aimed at developing research skills and competencies based on obtaining new knowledge using modern research and information technologies. A research university teacher integrates the results of scientific activities into the topics of lectures and seminars (practical) classes, laboratory classes and into the tasks of the IWST, IWS, which are reflected in the syllabus and are responsible for the relevance of the topics of training sessions and assignments.
Attendance. The deadline for each task is indicated in the calendar (schedule) for the implementation of the content of the course. Failure to meet deadlines results in loss of points.
Аcademic honesty. Practical/laboratory classes, IWS develop the student's independence, critical thinking, and creativity. Plagiarism, forgery, the use of cheat sheets, cheating at all stages of completing tasks are unacceptable.
Compliance with academic honesty during the period of theoretical training and at exams, in addition to the main policies, is regulated by the "Rules for the final control" , "Instructions for the final control of the autumn / spring semester of the current academic year" , "Regulations on checking students' text documents for borrowings".
Documents are available on the main page of IS Univer .
Basic principles of inclusive education. The educational environment of the university is conceived as a safe place where there is always support and equal attitude from the teacher to all students and students to each other, regardless of gender, race / ethnicity, religious beliefs, socio-economic status, physical health of the student, etc. All people need the support and friendship of peers and fellow students. For all students, progress is more about what they can do than what they can't. Diversity enhances all aspects of life.
All students, especially those with disabilities, can receive counseling assistance by phone / e- mail enter teacher's contacts or via video link in MS Teams enter a permanent link to the meeting.
Integration MOOC (massive open online course). In the case of integrating MOOC into the course, all students need to register for MOOC. The deadlines for passing MOOC modules must be strictly observed in accordance with the course study schedule. 
ATTENTION! The deadline for each task is indicated in the calendar (schedule) for the implementation of the content of the course, as well as in the MOOC. Failure to meet deadlines results in loss of points.

	INFORMATION ABOUT TEACHING, LEARNING AND ASSESSMENT

	Score-rating letter system of assessment of accounting for educational achievements
	Assessment Methods

	Grade
	Digital
equivalent
points
	points,
% content
	Assessment according to the traditional system
	Criteria-based assessment is the process of correlating actual learning outcomes with expected learning outcomes based on clearly defined criteria. Based on formative and summative assessment.
Formative assessment is a type of assessment that is carried out in the course of daily learning activities. It is the current measure of progress. Provides an operational relationship between the student and the teacher. It allows you to determine the capabilities of the student, identify difficulties, help achieve the best results, timely correct the educational process for the teacher. The performance of tasks, the activity of work in the classroom during lectures, seminars, practical exercises (discussions, quizzes, debates, round tables, laboratory work, etc.) are evaluated. Acquired knowledge and competencies are assessed.
Summative assessment - type of assessment, which is carried out upon completion of the study of the section in accordance with the program of the course. Conducted 3-4 times per semester when performing IWS. This is the assessment of mastering the expected learning outcomes in relation to the descriptors. Allows you to determine and fix the level of mastering the course for a certain period. Learning outcomes are evaluated.

	A
	4.0 _
	95-100
	Great
	

	A-
	3.67
	90-94
	
	

	B+
	3.33
	85-89
	Fine
	

	B
	3.0
	80-84
	
	Formative and summative assessment
The teacher introduces his own types of assessment or uses the proposed option
	Points % content
The teacher enters his score into points in accordance with the calendar (schedule).
The exam does not change
and the final score in the course.

	B-
	2.67
	75-79
	
	Activity at lectures
	5

	C+
	2.33
	70-74
	
	Work in practical classes
	20

	C
	2.0
	65-69
	Satisfactorily
	Independent work
	25

	C-
	1.67
	60-64
	
	Design and creative activity
	10

	D+
	1.33
	55-59
	Unsatisfactory
	Final control (exam)
	40

	D
	1.0
	50-54
	
	TOTAL
	100

	
Calendar (schedule) for the implementation of the content of the course. Methods of teaching and learning.



	A week
	Topic name
	Number of hours
	Max.
ball

	MODULE 1 Introduction


	1
	L 1 Practical examples of the extremum problems. Minimization of functions.
	3
	4

	
	Seminar 1. Function minimization theory
	3
	10

	
	PC 1. Function minimization theory
	
	

	
MODULE 2 Variation calculus

	2
	L 2 Euler equation for Lagrange problem. Lagrange problem. Euler equation. Examples. The fall of the body. Fermat principle and the refraction of light law.
	3
	4

	
	Seminar 2. Euler equation for Lagrange problem.
	3
	10

	
	PT 2 Euler equation for Lagrange problem.
	
	

	3
	L 3 Lagrange problem for the function family. Problem statement. The system of Euler equations. Example. Principle of the least action
	3
	

	
	Seminar 3. PT 3 Lagrange problem for the function family.
	3
	10

	
	PT 3 Lagrange problem for the function family.
	
	

	4
	L 4 Lagrange problem with high derivatives. Problem statement. Euler – Poisson Equation. Example. Bending of the elastic beam.
	3
	4

	
	Seminar 4 Lagrange problem with high derivatives.
	3
	10

	
	PT 4 Lagrange problem with high derivatives.
	
	

	5
	L 5 Lagrange Problem for functions with many variables. Problem statement. Ostrogradsky equation. Dirichlet integral. The oscillation of the string.
	3
	4

	
	Seminar 5 Lagrange Problem for functions with many variables.
	3
	10

	
	PT 5 Lagrange Problem for functions with many variables
	
	

	6
	L 6 Bolza Problem. Problem statement. Necessary conditions of extremum. Transversality conditions. Example. River crossing problem.
	3
	5

	
	Seminar 6 Bolza Problem
	3
	10

	
	PT 6 Bolza Problem
	
	

	
	IWS P 1. Consultations on the implementation of IWST 1
	
	

	7
	L 7 Variational problems with isoperimetric conditions. Problems with isoperimetric condition. Lagrange multipliers method. A spectrum problem. The problem with many isoperimetric conditions
	3
	5

	
	Seminar 7 Variational problems with isoperimetric conditions.
	3
	10

	
	PT 7 Variational problems with isoperimetric conditions.
	
	

	
	Midterm control
	
	100

	8
	L 8 Variational problems with pointwise constraints. Problem statement. Lagrange multipliers method. Example. Oscillation of the pendulum.
	3
	4

	
	Seminar 8 Variational problems with pointwise constraints.
	3
	9

	
	PT 8 Variational problems with pointwise constraints.
	
	

	
	IWST 1 Variation calculus
	
	

	
	

	
	

	MODULE 3 Optimization methods

	9
	L 9 Easiest optimization control problems. Maximization of the flight of the missile (problem statement). Pontyagin’s maximum principle. Example.  Iterative method for solving the optimality conditions.
	3
	4

	
	Seminar 9 Easiest optimization control problems.
	3
	9

	
	PT 9 Easiest optimization control problems.
	
	

	10
	L 10 Optimization control problems for the vector case. Problem statement. Pontyagin’s maximum principle. Example. Maximization of the flight of the missile (solving).
	3
	4

	
	Seminar 10 Optimization control problems for the vector case.
	3
	9

	
	PT 10 Optimization control problems for the vector case.
	
	

	
	IWS P 2. Consultations on the implementation of IWST 2
	
	

	11
	L 11 Optimization control problem with fixed final state. Problem Statement. Maximum principle. Example. Time optimization problem. Firing method.
	3
	4

	
	Seminar 11 Optimization control problem with fixed final state
	3
	9

	
	PT 11 Optimization control problem with fixed final state
	
	

	
	IWST 2 Optimization control problems
	
	

	
MODULE 4 Addition

	12
	L 12 Differentiation of functionals and abstract optimization problems. Gradient methods for functions. Gateau derivatives of functionals. Examples.  Gradient methods for functionals
	3
	4

	
	Seminar 12 Differentiation of functionals and abstract optimization problems
	3
	9

	
	PT 12 Differentiation of functionals and abstract optimization problems
	
	

	13
	L 13 Variational inequalities. Variational inequalities and constraints minimization of functional. Examples. Variational inequalities and constraints minimization of functional
	3
	4

	
	Seminar 13 Variational inequalities
	3
	9

	
	PT 13 Variational inequalities
	
	

	
	
	
	

	14
	L 14. Existence and uniqueness of extremum problems. Existence theorem for abstract optimization problems. Uniqueness theorem for abstract optimization problems. Example.
	3
	5

	
	Seminar 14 Finite difference method
	3
	9

	
	PT 14 Finite difference method
	
	

	
	IWS P 3. Consultations on the implementation of IWST 3
	
	

	15
	L 15 Inverse problems of mathematical physics. Identification of the mathematical models. Direct and inverse problems of mathematical physics. Inverse problems of mathematical physics and the theory of extremum.
	3
	5

	
	Seminar 15 Inverse problems 
	3
	9

	
	PT 15 Inverse problems
	
	

	
	IWST 3 Differentiation and optimization
	
	

	Midterm control 2
	100

	Final control (exam)
	100

	TOTAL for course
	100
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