Oles Honchar Dnipropetrovsk National University

Department of Mechanics and Mathematics

Dean







Chairs
Oleksandr Khaminich




Geometry and Algebra

E-mail: khaminich_a_v@i.ua



Differential Equations

Tel.: (+38056) 776-82-41



Mathematical Analysis and Function 








Theory

Program coordinator

Deputy Dean on Research

Andriy Syasev

E-mail: syasev@i.ua
Tel.: (+38056) 776-82-41

COURSES DESCRIPTION

for M.S. program in Mathematics

(duration of study – 1,5 years, required amount of credits – 60 ECTS,

1 credit equals to 36 hours)

The proposed courses focus on the following topics:

– The study of algebraic structures (courses 1-4). The knowledge obtained from these courses can be further used for the studies of algebraic structures such as groups, rings, algebras and modules.

– Courses (5-7) are devoted to the questions on differential equations and partial differential equations. In particular, students will gain mathematical bases and skills needed for the modeling of various physical phenomena. Practical exercises include numerical implementation of some of the methods. The question of well-posedness of mathematical problems is studied in details.

– Some questions of mathematical and functional analysis are covered in the scope of courses (8-9). The main objects of study are functionals in the linear and Hilbert spaces.

– Courses (10-11) discuss the basic principles of optimal control theory and the fundamentals of decision making theory. These courses are aimed at finding the optimum performance, controllability and reachability of linear control systems, and provide the basic methods for solving multi-objective optimization problems.

– The course (12) provides the insights into actuarial mathematics. It covers basic concepts and methods of solving life insurance problems and risk analysis.

– The theory of adequate mathematical description of the process (course 13) considers dynamical systems, adequate mathematical descriptions, various methods for identification of external influences, the method of regularization, resistance and special adequate mathematical descriptions and practical examples of the synthesis of adequate mathematical descriptions.

– Some questions of mathematical tools to solve economic problems are covered by the course 14. This course focuses on classical linear models in economics.

– Courses (15-17) are devoted to the study of teaching mathematics courses at universities and secondary schools, as well as some other issues.

Students can choose courses either from one topic or from different topics depending on the courses taught at their Home University.

Individual research under supervisor guidance is one of the requirements of Master program and is finalized by the project defense.
	№
	Course
	Description (if necessary preceding courses are given in parentheses)
	Credits
	Possibility of teaching the course in English

	1
	Algebraic basics of number theory and fundamentals of geometry
	The course covers basic axioms and theorems of Euclidean and Lobachevsky geometry, theory of divisibility in rings of principal ideals and its connection with the theory of divisibility in rings of integers (Linear algebra and number theory).
	5
	First Semester, 2015

	2
	General algebra and selected topics of algebra
	In the scope of the course the following questions are studied: algebraic operations, modules and algebras, universal algebras and their manifolds, homomorphisms of algebraic structures (Linear algebra and number theory).
	4
	First Semester, 2015

	3
	Ordered sets and lattices
	The following questions are studied: ordered sets, distributive and modular lattices, lattice polynomials and cardinal arithmetic. (Linear algebra and number theory).
	4
	First Semester, 2015

	4
	Algebraic structures
	The course provides the knowledge on universal algebra, abelian, solvable and nilpotent Ω-group structure, Dedekind structures, ordered groups and rings, normalized ring (Linear algebra and number theory).
	4
	First Semester, 2015

	5
	Qualitative theory of differential equations
	The autonomous system of differential equations. The phase space, phase trajectories, their group properties. Trajectories limit sets. Linear systems of the first approximation, the types of singular points and their stability by Lyapunov. Theorem of matching topological solutions of nonlinear and linearized systems. Critical cases. Limit cycles of autonomous systems. The theory of Poincaré-Bendykson, Dyulak criteria. Poincaré index of singular points and limit cycles. Nonrough systems, complex limit cycles. Stability theorem. The second method of Lyapunov-Poincare. (Linear algebra and number theory, Mathematical analysis, Differential Equations, Equations of Mathematical Physics, Functional Analysis).
	4
	First Semester, 2017

	6
	Hyperbolic balance laws
	The course deals with the nonlinear partial equations and systems of equations of hyperbolic type by Petrowskii. It starts from the elementary level to give a mathematical introduction into the problem of wave propagation phenomena and eventually makes it possible for the students to model nonlinear wave propagation phenomena including discontinuities and shock waves. The theoretical fundamentals of the course are based on concepts of balance laws and their weak admissible solutions after Soboleff, Lax, Oleynik, Kruzhkov etc. Some advanced numerical methods to solve IBVP for hyperbolic balance laws including those being known as Riemann solvers supplement the course to be fully complete in the field being under consideration. Theoretical questions are covered in a way that enables students to be able to do the numerical implementation of methods. (Linear algebra and number theory, Mathematical analysis, Differential Equations, Equations of Mathematical Physics, Functional Analysis).
	5
	First Semester, 2015

	7
	Inverse problems for differential equations
	Well-posedness of mathematical problem by Hadamard. Examples of ill-posed problems. Well-posedness of mathematical problem by Tikhonov. The sets of correctness. Theorems of stability of inverse mapping. Quasi-solutions. Stability theorems. Regularizing operators. Methods of regularizing operators’ synthesis. Discrepancy method (Linear algebra and number theory, Mathematical analysis, Differential Equations, Equations of Mathematical Physics, Functional Analysis).
	4
	First Semester, 2015

	8
	Methods of applied mathematics
	The scalar product in complex significant linear spaces, theorem on the Fredholm alternative, approximation method in Hilbert space, conjugate operators, Fourier transform, Laplace transform, Mellin transform, Henkel transform (Linear algebra and number theory, Mathematical analysis, Functional analysis).
	5
	First Semester, 2015

	9
	Nonlinear analysis
	Vector fields on the plane, solvability of equations, convex functionals, weakly semi-continuous functionals, extreme points of functionals, variational method study of nonlinear equations (Mathematical analysis, topology, measure theory, functional analysis, calculus of variations).
	6
	First Semester, 2015

	10
	The theory of optimal control processes and systems
	This course studies basic principles and methods of mathematical optimal control theory for finite dimensional dynamical systems. It considers such aspects as controllability and observability of linear systems with bounded controls, bang-bang principle, time optimal control for linear systems, optimal control by principle of minimal energy and minimal force, method of dynamic programming, and approaches based on Pontryagin's maximum principle (Linear algebra and number theory, Mathematical analysis, Differential Equations, Equations of Mathematical Physics, Functional Analysis).
	4
	First Semester, 2015

	11
	Decision Making under Uncertainty
	This course is aimed on the study of basic principles and methods of Decision Making theory. In particular, classical approaches of Wald, Hurwicz, Savage, and Laplace are examined and compared. As a basic mathematical background to Decision Making theory a concept of binary relations is covered within the course. The main results of vector optimization problems are discussed. (Linear algebra and number theory, Mathematical analysis, Differential Equations, Equations of Mathematical Physics, Functional Analysis).
	4
	First Semester, 2015

	12
	Fundamentals of actuarial mathematics
	Survival function, the curve of deaths, the intensity of mortality, life expectancy analytical methods, models of short-term and long-term life insurance, final risk analysis, reinsurance (Mathematical analysis, Probability theory and mathematical statistics).
	6
	First Semester, 2015

	13
	Adequate mathematical descriptions of processes
	Dynamical systems. Adequate mathematical descriptions. Method of external loads identification. Integral equations of the first kind. Regularization method. Stable adequate mathematical descriptions. Special adequate mathematical descriptions. Practical examples of adequate mathematical descriptions synthesis (Linear algebra and number theory, Mathematical analysis, Differential Equations, Equations of Mathematical Physics, Functional Analysis).
	4
	First Semester, 2015

	14
	Linear models in economics
	Classical linear model, non-negative matrix, eigenvectors, matrix stability, cyclic matrices (Linear algebra and number theory).
	4
	First Semester, 2015

	15
	Methods of teaching the specialty subjects in higher education
	The course provides the insights on methods and learning techniques used in teaching of higher mathematics and its applications.
	4
	First Semester, 2015

	16
	Problems with the parameters
	Analytical and graphical methods of solving problems with parameters. The usage of derivatives for parameterized problems. (Mathematical analysis)
	4
	First Semester, 2015

	17
	Methods of teaching the elements of higher mathematics in high school
	The elements of higher algebra, probability theory, mathematical statistics and mathematical analysis in the scope of mathematics in high school. Complex numbers.
	4
	First Semester, 2015

	18
	Research
	Individual theoretical work under professor supervision, which is finalized with the project defense.

(The credits amount is a subject to discussion during the adjustment of study plan)
	6-12
	First Semester, 2015
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