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Course Duration: 3 credits, 45 class hours

Course Pre-Requisites: Mathematical Analysis I, Mathematical Analysis II, Linear Algebra.
                                  COURSE DESCRIPTION
Course objectives
The course “Modelling and idintification of control objects ” contains main principles of analysis of control problems. It is a serious theoretical result with important applications. This course contains extremum functions problems, variational problems, optimization control problems, and its physical applications. 
Course outcomes
As a result of study of the course a specialist must get fundamental training on methods of analysis of control problems.
Knowledge: 
Extremum functions problems, Lagrange problems, Bolza problems, variational problems with isoperimetric and other additional conditions, optimization controls problems with free and fixed final state.

Skills: To apply variational method and optimization control theory to the practical extremum problems.  
Prerequisites:  course is based on knowledge, skills and experiences obtained during study of courses: Mathematical Analysis I, Mathematical Analysis II, and Linear Algebra.
Post requisites:  knowledge and skills, obtained during study of variational problems of physics, numerical methods for extremum problems, optimization methods for systems described by mathematical physics equations.
 Weekly Distribution of Topics with References

Totally: 45 hours 

	No
	Content of lecture

(2 hours per lesson)
	Content of classes

(1 hour per lesson)
	References 

	1
	Introduction. Maximization of the flight of the body. Brachistochrone problem. Maximization of the flight of the miss.
	Physical extremum problems
	[1], p. 24-27, 44-47;
[2], p. 8-9;
[3], p. 107-108;

[4], p. 4.

	2
	Minimization of functions
	Minimization of functions
	[1], p. 44-47.

	3
	Lagrange problem
	Lagrange problem
	[1], p. 24-29; 
[2], p. 12-27;

[3], p. 122-132.
[5], ch. 3;

[6], p. 292-304.

	4
	Euler equation and its solutions. 
	Lagrange problem for the functions family
	[1], p. 58-64; 

[2], p. 12-27;
[5], ch. 4.1;

[7], p. 8-13.

	5
	Lagrange problem for the functions family
	Lagrange problem for the functions family
	[4], p. 14-15;

[6], p. 305-308;

[8], p. 84-85.

	6
	Lagrange problem with high derivativ
	Lagrange problem with high derivativ
	[4], p. 14-15;
[6], p. 308-312;
[7], p. 33-34; 
[8], p. 46-48.

	7
	Lagrange Problem for functions with many variables
	Lagrange Problem for functions with many variables
	[2], p. 112-122;

[4], p. 20-24, 80-82;
[6], p. 312-317, 321-322;
[5], ch. 5.5;  
[8], p. 28-31, 151-167.

	8
	Bolza Problem
	Bolza Problem
	[1], p. 64-66;

[2]. p. 105-111;

[3], p 47-57.

	9
	Bolza Problem. 2
	Bolza Problem. 2
	[5], ch. 5.4;

[6], p. 327-333;
[7], p. 25-29;

[8], p. 30-32, 56-63.

	10
	Problems with isoperimetric conditions
	Problems with isoperimetric conditions
	[2], p. 126-131;

[4], p. 14-15;
[5], ch. 6;  
[6], p. 385-393;
[7], p. 29-32; 
[8], p. 48-55.

	11
	Conditional variational problems
	Conditional variational problems
	[2], p. 122-126;

[4], p. 38-43;
[5], ch. 6,10;  
[6], p. 375-382.

	12
	Optimization control problems.
	Optimization control problems.
	[1]

	13
	Maximization of the flight of the missile
	Maximization of the flight of the missile
	[1]

	14
	Optimization control problems. Vector case
	Optimization control problems. Vector case
	[1]

	15
	Optimization control problem with fixed final state
	Optimization control problem with fixed final state
	[1]


Total: 30 hours (lectures) +15 hours (classes) = 45 hours 
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4. Smirnov V., Krylov V., Kantorovich L. Variational calculus. – L., 1933. 
5. Budylin A. Variational calculus. – SP, 2001.

6. Elsgolz L. Differential equations and variational calculus. – M., Nauka, 1969.

7. Sharapov V. Manual for problems solving for the course “Variational calculus and optimization methods”, Volgograd, 2004.
8. Gelfand I., Fomin S. Variational calculus. – M., Physmatgiz, 1961.
COURSE ASSESSMENT PARAMETERS
	Type of activity
	Final scores

	Attendance/participation
	15%

	Classes
	15%

	Midterm and Endterm
	 30%

	Final Exam
	40%

	Total
	100%
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	Assessment criteria
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	2
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	10
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	15
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	1.
	Attendance/participation
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*
	*
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	2.
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	*
	*
	*
	*
	*
	*
	*
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	15%
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	*
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	5.
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	*
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	100%

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Lectures are conducted in the form of understanding the theory of given course, that is why students supplied with handouts uploaded into the intranet. Activity on lectures is required and is one of the constituent of final score. Mandatory requirement is preparation to each lesson.
Classes are organized in the form of individual work using handouts distributed before. 

Grading policy:

Intermediate attestations (on 7th and 15th week) join topics of all lectures. Maximum number of points within attendance, activity, and classes for each attestation is 30 points. 

Final exam joins and generalizes all course materials, is conducted in the complex form with quiz and problem. Final exam duration is 100 min. Maximum number of points is 40. At the end of the semester you receive overall total grade (summarized index of your work during semester) according to conventional KBTU grade scale.
ACADEMIC POLICY

Students are required: 

· to be respectful to the teacher and other students;

· to switch off mobile phones during classes;

· not to cheat. Plagiarized papers shall not be graded; 

· to meet the deadlines;

· to come to classes prepared and actively participate in classroom work; 

· to enter the room before the teacher starts the lesson; 

· to attend all classes. No make-up tests are allowed unless there is a valid reason for missing them; 
· to follow KBTU academic policy regarding W, AW, I, F grades.
Students are encouraged to

· consult the teacher on any issues related to the course;

· make up within a week’s time for the works undone for a valid reason without any grade deductions; 

· make any proposals on improvement of the academic process;

· track down their continuous rating throughout the semester.
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