SELECTED CHAPTERS OF DIFFERENTIAL EQUATIONS AND CONTROL THEORY
GENERAL DESCRIPTION OF THE DISCIPLINE Selected chapters of differential equations and control theory
	1. Prerequisites
	History of science

Scientific research methodology

	2. Corequisites
	-

	3. Postrequisites
	Final State Attestation

	4. Discipline/module work input, credits
	3


1.1. Discipline objectives
The discipline objectives are: 

- Introduction of postgraduate students to modern and classical sections of differential and optimal control theory;

- By using the whole range of fundamental knowledge available to postgraduate students, give at the modern level a review of achievements in the field of optimal control, introduce postgraduate students to a very important section of modern mathematics problems, so that they can study the key problems arising in the foundations of theory and applications.
The discipline is aimed at generating the competencies by postgraduate students as follows:

- the ability to critically analyse and evaluate current scientific achievements, generate new ideas for solving research and practical problems, including in interdisciplinary areas (Universal Competence-1);

- readiness to engage in the work of Russian and international research teams to tackle academic problems (Universal Competence-3);

- readiness to use contemporary methods and technologies of scientific communication in the state and foreign languages (Universal Competence-4);
- the ability to plan and solve their own professional and personal development problems (Universal Competence -5);

- the ability to independently carry out research activities in the relevant professional field by using modern research methods as well as information and communication technologies (General Professional Competence-1);

- readiness for engaging in teaching activities following the basic higher education programmes (General Professional Competence-2).

- ability to intensively engage research-and-development and exploratory activities (Professional Competence-3);

- an independent analysis of physical aspects in the classical statements of mathematical problems (Professional Competence-4);

- the ability to feel confident in modern algorithms of computer mathematics, improve, deepen and develop the mathematical theory underlying them (Professional Competence-7);
- own vision of the applied aspect in strict mathematical formulations (Professional Competence-8);

- the ability to use, develop and implement mathematically complex algorithms in modern software systems (Professional Competence-9);

- the ability to represent and adapt mathematical knowledge in various ways, taking into account the level of the audience (Professional Competence-11);

- the ability to manage and guide the research teamwork (Professional Competence-12);

- the ability to apply basic models and algorithms of computational mathematics to solving problems of an applied nature (Professional Competence-14);
- the ability to develop, analyse and justify the adequacy of mathematical models (Professional Competence-15);

- the ability to perform comparative analysis and implement a reasonable choice of algorithmic and software and hardware (Professional Competence-16);

- the ability to model and design data and knowledge structures, application and information processes (Professional Competence-17).

1.2. Discipline mastering outcome requirements
As a result of mastering the discipline, a postgraduate student should:

Know:

· the current state and development tendencies in the optimal control theory;

· the possibility of using the optimal control theory for mathematical modelling and the subsequent use of the optimal control theory methods in their professional activities;

· the main scientific achievements in the field of optimal control, both fundamental and applied.

Be able: 

· to operate modern machinery of the optimal control theory;

· to conduct research using both classical and modern sections of the optimal control theory.

Master: 

· the main theoretical provisions of differential equations that are included in the programmes qualifying for the PhD degree;

· differential equation analysis methods by using the modern machinery of fundamental disciplines, especially functional analysis;
· methods for the qualitative research of differential equations including a non-linear analysis of complex dynamic objects;
· methods of the approximate research into differential equations, such as the small parameter method;
1.3. Brief description of the discipline
   The course is a follow-up of the basic course with the same title. By using the whole set of fundamental knowledge available to postgraduate students, the goal is to provide an up-to-date review of achievements in the field of differential equations. The goals also include the development of working skills at the modern scientific level by using the fundamental achievements of this section of science.
     The main objective of the course is to introduce postgraduate students into the problem of a very important section of modern mathematics so that they can study the key problems arising in the foundations of the theory and applications.
    Many sections of modern mathematics, especially that of functional analysis, are extensively used in the course.
     Postgraduate students should master the basic theoretical provisions of differential equations that are included in the programmes qualifying for the PhD degree.
     The main content of the special course contains the lecturer’s original works published in the form of a teaching aid and reflecting the current state of the differential equations theory.
.

1.4.   Proportion of sessions conducted in interactive forms: 

The proportion of sessions conducted in an interactive form accounts for 100% of the classroom workload for the discipline.

1.5. Work input in mastering the discipline
Intramural form of study
	Types of educational activity, forms of control
	Total, hours
	Term number



	
	
	5

	In-class learning, hours
	4
	4

	Lectures, hours
	4
	4

	Practical exercises, hours
	
	

	Laboratory research, hours
	
	

	Self-guided of graduate students, hours
	104
	104

	Type of interim attestation (test, exam)
	З
	З

	Total work input by curriculum, hours
	108
	108

	Total work input by curriculum, credits
	3
	3


1. DISCIPLINE CONTENT
	Section and subject code
	Section, subject of
the discipline
	Content

	Р1
	Differential equations with measurable right-hand members
	An existence theorem for a solution of differential equation with a measurable right-hand member. Carathéodory conditions. A theorem on the uniqueness of the solution. Theorem on the continuity of the solution. Wintner condition. The theorem of existence and uniqueness for linear systems with integrable coefficients.


	Р2
	Equations with periodic coefficients and limit cycles
	Linear systems with periodic coefficients. Floquet’s theorems. Equivalent systems. The theorem on reducibility. The monodromy matrix, multipliers, characteristic exponents, Lyapunov exponents.
Theorems on stability. Stability zones for second-order equations with periodic coefficients. The equations of Hill and Mathieu. Parametric resonance.
Orbital stability. Stability of periodic solutions of an autonomous system. The Andronov-Witt theorem and its analogue for asymptotic orbital stability. Poincaré Stability Criterion.
The concept of a limit cycle. Self-oscillations. A method for investigating limit cycles by the example of the van der Pol equation, the Poincaré section method, the method of stationary approximations, the small parameter method.

Bifurcations in the broad sense and bifurcation of the birth cycle. Hopf’s theorem. Examples of soft and hard bifurcations. The hazardous and safe boundaries of stability zones.


	Р3
	Small parameter method
	Small parameter method - regular disturbances. The use of a small parameter in the theory of quasilinear oscillations. The theory of singular perturbations. The one-dimensional case. Tikhonov’s theorem. Singular expansions. Bogolyubov’s averaging method.



	Р4
	Dissipative system attractors
	Dissipative systems and their attractors. The Lorentz system as an example of a strange attractor. The quantitative indicators of attractors. Fractional dimension. Kaplan-York hypothesis. The Feigenbaum universality.



	Р5
	Functional differential equations
	Differential equations with delay, examples of models and classification.

Existence and uniqueness theorem for functional differential equations. Other generalisations of differential equations.



2. WORK INPUT DISTRIBUTION IN MASTERING THE DISCIPLINE BY SECTION AND CONTROL ACTIVITY
(BY INTRAMURAL FORM OF STUDY)

	
	Term:
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Scope of discipline (credits):
	5

	Discipline section
	In-class load (hours)
	Types, quantities and volumes of activities

	Code of section, subject
	Section, subject
	Section, subject, total (hours)
	Total
	Lectures
	Practical exercises
	Laboratory research
	Preparation for in-class learning (hours)
	Total (hours)
	Performing self-guided extracurricular activities (number)
	Total (hours)
	Preparation for control and attestation activities (number)

	
	
	
	
	
	
	
	Total
	Lectures
	Practical exercises
	Laboratory research
	Research seminar, conference seminar, colloquium
	
	Homework*
	Graphical work *
	Research paper, essay, creative work *
	Individual or group project*
	Translation of foreign literature*
	Calculations, software product development *
	Calculation and graphic work*
	Term paper*
	Term project*
	
	Test*
	Colloquium*
	Test* (if an exam is scheduled)
	Test * (graded or in the absence of an exam)
	Exam*

	Р1
	Differential equations with measurable right-hand members
	16
	2
	2
	0
	 
	2
	2
	 
	 
	 
	12
	2
	 
	 
	 
	 
	 
	 
	 
	 
	0
	 
	 
	 
	 
	 

	Р2
	Equations with periodic coefficients and limit cycles
	24
	0
	 
	0
	 
	0
	 
	 
	 
	 
	24
	4
	 
	 
	 
	 
	 
	
	 
	 
	0
	 
	 
	
	 
	 

	Р3
	Small parameter method
	24
	0
	 
	0
	 
	0
	 
	 
	 
	 
	24
	4
	 
	 
	 
	 
	 
	
	 
	 
	0
	 
	 
	
	 
	 

	Р4
	Attractors of dissipative systems
	12
	0
	 
	0
	 
	0
	 
	 
	 
	 
	12
	2
	 
	 
	 
	 
	 
	
	 
	 
	0
	 
	 
	
	 
	 

	Р5
	Functional differential equations
	12
	0
	 
	0
	 
	0
	 
	 
	 
	 
	12
	2
	 
	 
	 
	 
	 
	 
	 
	 
	0
	 
	 
	
	 
	 

	
	Total (hour):
	104.0
	4
	4
	0
	0
	4
	4
	0
	0
	0
	96
	96
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	
	4
	

	
	Discipline, total (hour):
	108
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	*  The total number of hours per activity is indicated in the line ‘Total (hour):’
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


4. ARRANGEMENTS FOR PRACTICAL EXERCISES, SELF-GUIDED WORK AND ATTESTATION BY DISCIPLINE
4.1 Laboratory practicum
Not applicable.

4.2 Practical exercises

Not applicable
4.3 Self-guided work of postgraduate students and ongoing control activities
4.3.1. Indicative list of research paper topics

Not applicable
4.3.2.
Indicative list of homework topics

As homework, a post-graduate student’s speech can be prepared with previous research on the topics as follows:

· The existence theorem for a solution of a differential equation with a measurable right-hand member. Carathéodory conditions.
· The theorem on uniqueness of solution.
· The theorem on the continuity of solution. Wintner condition.
· The theorem on the existence and uniqueness of solution for linear systems with integrable coefficients.
· Linear systems with periodic coefficients. Floquet’s theorems.
·  Equivalent systems. The theorem on reducibility.
· The monodromy matrix, multipliers, characteristic exponents, Lyapunov exponents.
· Stability zones for the second-order equations with periodic coefficients. The Hill and Mathieu equations. Parametric resonance.
· Orbital stability. Stability of periodic solutions of a stand-alone system. The Andronov-Witt theorem and its analogue for the asymptotic orbital stability.
· Poincare criterion for orbital stability. 

· The limit cycle concept. Self-oscillations.
·  Methods for studying limit cycles by the example of the van der Pol equation, the Poincaré section method, the method of stationary approximations and the small parameter method.
· Bifurcations in the broad sense and bifurcation of cycle generation. Hopf’s theorem.
· Examples of soft and hard bifurcations. Hazardous and safe boundaries of zones of stability.
· Small parameter method, regular perturbations. The use of a small parameter in the theory of quasilinear oscillations.

· The theory of singular perturbations. The one-dimensional case. Tikhonov’s theorem.

· Bogolyubov averaging method.
· Dissipative systems and their attractors.
· The Lorentz system as an example of a strange attractor.

· Quantitative indicators of attractors.

· Fractal. Kaplan-York hypothesis.

· The Feigenbaum universality.

· Differential equations with delay, examples of models and classification.
· Existence and uniqueness theorem for functional differential equations.
· Generalisations of differential equations.
4.3.3.
An indicative list of test topics

Not applicable
4.3.4.
An indicative list of the calculation work topics

Not applicable
4.3.5.
An indicative list of the calculation and graphical work topics

Not applicable
4.3.6.
Sample topics of the colloquiums

Not applicable
4.3.2. Sample topics of the term project (paper)

Not applicable
4.4 An indicative list of control questions for preparation for the discipline attestation
1. The existence theorem for a solution of a differential equation with a measurable right-hand member. Carathéodory's theorem.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
2. The uniqueness theorem for the solution. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
3. The theorem on the continuity of the solution. Wintner condition.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
4. Existence and uniqueness theorem for linear systems with integrable coefficients.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
5. Linear systems with periodic coefficients. Floquet’s theorems. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
6. Equivalent systems. The reducibility theorem.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
7. The monodromy matrix, multipliers and characteristic exponents. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
8. The Lyapunov exponents. Theorems on stability. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
9. Stability zones for second-order equations with periodic coefficients.      (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
10. The Hill and Mathieu equations. Parametric resonance. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
11. Orbital stability. Stability of periodic solutions of a stand-alone system.    (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
12. The Andronov-Witt theorem and its analogue for the asymptotic orbital stability. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
13. The Poincaré criterion for orbital stability.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
14. The limit cycle concept. Self-oscillations. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
15. Method for investigating limit cycles by the example of the van der Pol equation (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
16. The Poincaré section method. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
17. The method of stationary approximations. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
18. The small parameter method for the van der Pol equation. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
19. Bifurcations in the broad sense and bifurcation of cycle generation. Hopf’s theorem.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
20. Soft and hard bifurcation. Hazardous and safe boundaries of stability zones. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
21. Small parameter method, regular perturbations. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
22. Use of a small parameter in the theory of quasilinear oscillations. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
23. Singular perturbation theory. One-dimensional case.  (Universal Competence-1, Universal competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
24. Tikhonov’s theorem. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
25. Singular decomposition.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
26. Bogolyubov’s averaging method.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
27. Dissipative systems and their attractors.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
28. The Lorentz system as an example of a strange attractor. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
29. Quantitative indicators of attractors. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
30. Fractal. Kaplan-York hypothesis.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
31. Feigenbaum universality. (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
32. Differential equations with delay, examples of models and classification. (Universal Competence-1, Universal Сompetence-3, Universal Сompetence-4, Universal Сompetence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
33. Existence and uniqueness theorem for functional differential equations.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
34. Generalisations of differential equations.  (Universal Competence-1, Universal Competence-3, Universal Competence-4, Universal Competence-5, General Professional Competence-1, General Professional Competence-2, Professional Competence-3, Professional Competence-5, Professional Competence-7, Professional Competence-8, Professional Competence-9, Professional Competence-11, Professional Competence-12, Professional Competence-14, Professional Competence-15, Professional Competence-16, Professional Competence-17)
         A research paper or a report/speech of a postgraduate student with a previous research work can be counted as attestation/appraisal for each term of an educational and research seminar.
5. CURRICULAR AND INFORMATION SUPPORT
References
5.1. Databases, information and reference systems and search systems
1) The official Internet portal of legal information. – Available at http://pravo.gov.ru/, free. – Title from screen. 

2) UrFU Information and Educational Resource Portal. – Available at http://study.urfu.ru/info/, free. – Title from screen.
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