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1. The aim and the place of the discipline in the structure of the General Educational Program

     This discipline (code Б1.Б.08)  is to be studied at the 4-th semester of the second  level. The study of this discipline is based on the level of the competencies after the study of  “Mathematical Analysis”,“Algebra and Geometry”,  and “Discrete Mathematics”. The aim of this discipline  is to give the students elements of the theory of  differential equations and some skills in solving  the simplest types of  differential equations.      This discipline will be useful for the study of  the disciplines  “Concepts of Natural Sciences”, “Methods of Optimization”, “Operations Research” and for the qualification work.

2. In the framework of this module, the following competencies are formed 

	Competencies to be formed
	Results to be obtained



	ОПК-1.  The  ability to understand and apply in research  the basic knowledge of natural sciences , mathematics and informatics, main facts, concepts, principles  of theories linked to informatics and IT


	To know:

Kn1 (ОПК-1) the main facts  of  mathematical analysis, differential equations, algebra 

    Kn 2 (ОПК-1) the simplest types of differential equations of the first order and methods of their solutions

    Kn 3 (ОПК-1) The structure of the solution of linear differential equations with constant coefficients

Kn 4 (ОПК-1) the types of states of equilibrium of second order linear systems 

     Skills:

Sk1 (ОПК-1) apply the basic knowledge of natural sciences , mathematics and informatics 

       Sk 2 (ОПК-1) solve the simplest types of differential equations of the first order

  Sk 3 (ОПК-1) solve the linear differential equations with constant coefficients

Abilities:

Ab 1 (ОПК-1)mathematical and algorythmical mentality, mathematical culture

     Ab 2 (ОПК-1) construction of phase portraits of two-dimensional linear systems

	ПК-3.– The ability to conduct research in projects and technologies in different branches of informatics

 
	Skills:

Sk1 (ПК-1) interpret new information in different branches of informatics

Sk2 (ПК-1)  construct mathematical models in the form of differential equations

Abilities:

Ab1 (ПК-1) find new information using Internet

Ab2 (ПК-1 )use universal mathematical tools for solution some problem of mathematical modeling


3. The structure and the contents of the discipline 

3.1. The structure of the discipline


The volume of the discipline is 144 hours (4 units): 34 contact hours, of which 16 hours for lectures, 16 hours for seminars, 110 hours for the students’ individual work, including 36 hours of control, 2 hours of intermediate certification.

3.2. The contents of the discipline

3.2. 1.The table of the contents of the discipline 

	Sections and topics 


	Hours 
	

	
	
	Contact’s hours


	 Individual work



	
	
	Lectures
	Seminars 
	   Laboratories
	Consultaitions
	
	Total
	

	1. Introduction. Differential equations of the first order. Theorem of the existence and unicness. The simplest types of the equations of the first order.


	26
	4
	4
	
	
	
	8
	18

	Раздел 2. Linear equations with the constant coefficients.


	26
	4
	4
	
	
	
	8
	18

	Раздел 3.Linear systems of equations with the constant coefficients.

 
	27
	4
	4
	
	
	
	8
	19

	Раздел 4. 

States of equilibrium of the  systems of the second order.
	27
	4
	4
	
	
	
	8
	19

	Attestation
	36
	
	
	
	
	
	
	

	Промежуточный контроль                     2

	Exam       

	
	144
	16
	16
	
	
	
	32
	74


3.2.2.  The contents of the discipline 

 Краткое содержание разделов дисциплины

1. Introduction. Differential equations of the first order.

    1.1.  The notion of ordinary differential equation (ODE) . Geometrical interpretation. Integral curves.

 Examples of problems stated in the form of ODE.

    1.2. Theorem of the existence and unicness.  

    1.3.   The simplest types of the equations of the first order. 

 2. Linear equations with constant coefficients. 

    2.1. Homogeneous linear ODE with constant coefficients.   

   2.2. The case of repeated roots.

   2. 3.  The case of complex roots.

   2.4.   Non- homogeneous linear DE with constant coefficients.  

   2.5. The structure of the general solution.

  2.6. Method of variation of constants.

3. Linear systems of equations with constant coefficients.

    3.1.  Homogeneous linear systems.  

    3..2. Fundamental system of solutions 

    3..3.  Inhomogeneous linear systems. The structure of the general solution.

    3.4. The method of undefined coefficients to determine a particular solution.

    3.5. Method of variation of constants.

4. States of equilibrium of systems of the second order.

    3.1.  Types of the states of equilibrium for a  linear system of the second order. 

    3..2. Linearization.

4. Technologies of Education

All lectures are prepared in the form of presentations.

5. Individual work of students

                      The list of questions to be prepared for the exam

1. The notion of ordinary differential equation (ODE) . Geometrical interpretation. Integral curves.

 2. Theorem of the existence and unicness.  

 3.  Separable equations of the first order. 

4.  Homogeneous equations of the first order.

5. Linear equations of the first order.

6. Homogeneous linear ODE with constant coefficients (the case of distinct roots).   

7. Homogeneous linear ODE with constant coefficients (the case of repeated roots).

 8.  Homogeneous linear ODE with constant coefficients (the case of complex roots).

 9.   Non- homogeneous linear DE with constant coefficients.  The structure of the general solution.

 10. Method of variation of constants.

 11.  Homogeneous linear systems ODE.  

 12. Fundamental system of solutions of homogeneous linear systems ODE.

 13.  Inhomogeneous linear systems. The structure of the general solution.

 14. The method of undefined coefficients to determine a particular solution.

 15. Method of variation of constants.

16.  Types of the states of equilibrium for a  linear system of the second order. 

17. Linearization.

6.  Fund of evaluation materials for intermediate qualification in discipline  

6.1. Appreciation of the obtained level of the competence ОПК-1

	Indicators of ОПК-1. 

The  ability to understand and apply in research  the basic knowledge of natural sciences , mathematics and informatics, main facts, concepts, principles  of theories linked to informatics and IT
	Indicators of the obtained level 
	Characterization of of the obtained level of the competence   

	To know:

Kn1 (ОПК-1) the main facts  of  mathematical analysis, differential equations, algebra 

    Kn 2 (ОПК-1) the simplest types of differential equations of the first order and methods of their solutions

    Kn 3 (ОПК-1) The structure of the solution of linear differential equations with constant coefficients

     Skills:

Sk1 (ОПК-1) apply the basic knowledge of natural sciences , mathematics and informatics 

       Sk 2 (ОПК-1) solve the simplest types of differential equations of the first order

  Sk 3 (ОПК-1) solve the linear differential equations with constant coefficients

Abilities:

Ab 1 (ОПК-1)mathematical and algorythmical mentality, mathematical culture

     Ab 2 (ОПК-1) construction of phase portraits of two-dimensional linear systems


	 Absence of elementary knowledge of the contents of the discipline, skills and abilities. 
	Very bad level. It corresponds to 0-15% of the necessary level.

	
	Many errors in Kn 1-4, absence of skills and abilities. 
	Unsatisfactory  level. It corresponds to 15-35% of the necessary level.



	
	Presence of basic knowledge, skills and abilities but with some errors. 


	Satisfactory level. It corresponds to 35-55% of the necessary level.



	
	Demonstration of Kn 1-4, skills 1-2,abilities 1-4 for standard situations with some mistakes.


	Good level. It corresponds to 55-70% of the necessary level.



	
	Good knowledge of basic notions, facts and methods of the discipline with some little mistakes. 
	Very  good level. It corresponds to 70-85% of the necessary level.



	
	Good knowledge of basic notions, facts and methods of the discipline without any mistakes.

.
	Excellent level. It corresponds to 85-95% of the necessary level.



	
	Excellent knowledge of basic and additional  notions, facts and methods of the discipline without any mistakes.


	Brilliant level. It corresponds to 95-100% of the necessary level.




6.2. Appreciation of the obtained level of the competence ПК-3

	Indicators of ПК-3. The ability to conduct research in projects and technologies in different branches of informatics


	Indicators of the obtained level
	Characterization of of the obtained level of the competence   

	Skills:

Sk1 (ПК-1) interpret new information in different branches of informatics

Sk2 (ПК-1)  construct mathematical models in the form of differential equations

Abilities:

Ab1 (ПК-1) find new information using Internet

Ab2 (ПК-1 )use universal mathematical tools for solution some problem of mathematical modelling


	Absence of elementary knowledge of the contents of the discipline, skills and abilities. 
	Unsatisfactory

	
	Many errors in Kn 1-4, absence of skills and abilities. 
	Low



	
	Presence of basic knowledge, skills and abilities but with some errors. 
	Satisfactory



	
	Good knowledge of basic notions, facts and methods of the discipline with some little mistakes. 


	Sufficient



	
	Good knowledge of basic notions, facts and methods of the discipline without any mistakes.

.
	Excellent


The table of scales for the exam

	Excellent
	Good knowledge of basic notions, facts and methods of the discipline without any mistakes.



	Very good
	Good knowledge of basic notions, facts and methods of the discipline with some little mistakes. 



	Good
	Demonstration of good knowledge , skills andabilities for standard situations with some mistakes.



	Satisfactory
	Demonstration of minimum  knowledge , skills andabilities for standard situations with some errors.



	Unsatisfactory
	The student has to prepare more. There sections where the students  knows  nothing.

	Badly
	Absence of elementary knowledge of the contents of the discipline, skills and abilities.


                                The list of problems  for the exam

1.  Solve the equation  

[image: image1.png](2x — 4y + 6)dx + (x +y — 3)d)





2. Solve the equation  

[image: image2.png]



3.  Solve the equation  

[image: image3.png]y + ytgx = secx.




4.  Solve the equation  

[image: image4.png]



5.  Solve the equation  

[image: image5.png]y +y —2y =3xe®.




6.  Solve the equation  

[image: image6.png]Vx+ 1.

v +2y +y




7. Solve the equation  

[image: image7.png]y +2y +2y=xe” '(0)

y(0)





8. Solve the system of equations 

[image: image8.png]



9.  Solve the system of equations

[image: image9.png]2x—y+z
x+2y -z
x—y+2z





10.  Solve the system of equations

[image: image10.png]{ 4x+y +4e>
y=y-2x




11. Solve the system of equations

[image: image11.png]



12. Investigate the singular points 

[image: image12.png]dy

x—2y
3x — 4y





13. Investigate the points of equilibrium 

[image: image13.png]x+3y
—6x — 5y





                                Examples of exam’s tickets   

(оценка формирования ОПК-1, ПК-3)

Национальный исследовательский Нижегородский государственный университет

им. Н.И. Лобачевского

Институт/факультет _ИИТММ________________

Кафедра ___ТУиДС__________________________

Дисциплина _Дифференциальные уравнения______

ЭКЗАМЕНАЦИОННЫЙ БИЛЕТ № 1

1. Homogeneous linear ODE with constant coefficients (the case of distinct roots).   

2. The notion of ordinary differential equation of the first order . Geometrical interpretation.

3.Solve the equation  

[image: image14.png]y +y —2y =3xe®.




……………………………………………………………

Зав. кафедрой ___________Осипов Г.В.

Экзаменатор___________Савельев В.П.

Национальный исследовательский Нижегородский государственный университет

им. Н.И. Лобачевского

Институт/факультет _ИИТММ________________

Кафедра ___ТУиДС__________________________

Дисциплина _Дифференциальные уравнения______

ЭКЗАМЕНАЦИОННЫЙ БИЛЕТ № 2

1.  Separable ODE of the first order.

2 .  Homogeneous linear systems ODE.  

      3  Solve the equation  

[image: image15.png](2x — 4y + 6)dx + (x +y — 3)d)





                                                                                                         Зав. кафедрой __________Осипов Г.В.

                                                                                                       Экзаменатор___________Савельев В.П.

7. Учебно-методическое и информационное обеспечение дисциплины.

Рекомендуемая литература.

а) основная литература: 

1. Jeffrey R. Chasnov “Introduction to Differential Equations” 

http://www.math.ust.hk/~machas/dif-equations.pdf
2. Gerald R. Teschl “Ordernary Differential Equations and Dynamic Systems”

https://digitalcommons.trinity.edu/mond/8

б) дополнительная литература:

William F. Trench “Elementary Differential Equations”

The course program was composed in accordance with requirements of NSU’s Proper Educational Standard for the Area of studies 02.03.02 Fundamental informatics and information technologies

Автор (ы): к.ф.-м.н., доц. каф. ТУиДС _________В.П.Савельев

Рецензент (ы) _________

Заведующий кафедрой ТУиДС, д.ф.-м.н.__________ Осипов Г.В.

Программа одобрена на заседании методической комиссии 
      Института информационных технологий, математики и механики

                                  от                                         2016  года, протокол № ________.

