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	Department of Mathematical Physics and Differential Equations

	COURSE NAME
HIGHER MATHEMATICS PART 3. SERIES. Function theory 
COMPLEX VARIABLE
Work program of the discipline (Syllabus)


Details of the discipline
	Level of higher education
	First (bachelor's) 

	Field of study
	13 Mechanical engineering

	Speciality
	131 Pricading mechanics

	Educational program
	Automated and robotic mechanical systems;
Dynamics and strength of machines;
Design and design of machines;
Aircraft production technologies;
Mechanical engineering technologies

	Discipline status
	Normative 

	Form of study
	full-time (full-time)

	Year of preparation, semester
	2nd year, autumn semester

	Volume of discipline
	4 ECTS credits (120 hours), including 36 hours  of lectures  , 36 hours of practical classes, 48 hours of independent work 

	Semester control/ control measures
	Exam/
Modular control work, Calculation work

	Schedule of classes
	According to the schedule on the university's website
 http://roz.kpi.ua

	Language of teaching
	Ukrainian

	Information about 
the academicyeara course/teachersin
	Lecturers and teachers of practical classes of the Department of Mathematical Physics and Differential Equations
https://mph.kpi.ua/osobovij-sklad.html

	Course placement
	It is determined by the lecturer of the relevant part of the course (sending to a remote resource  in Moodle, Google classroom, information resources in the university library and on the department's website, etc.) and communicated to students at the first lesson 


The program of the discipline
1. Description of the discipline, its purpose, subject of study and learning outcomes
Discipline "Higher Mathematics.  Part 3.  Rows.  Teorii function and  complexvariable" is the  third final part  of the mandatory component "Higher Mathematics", which is included in the cycle  of professional training of bachelors of  the   relevant educational and professional program in the specialty "131 Applied Mechanics". 
The purpose of the discipline is to form students' abilities to master the basic concepts and methods of the theory of   numerical and functional series, the function of a complex variable, operational calculus; use theoretical material to solve typical problems on these topics; apply the acquired knowledge, skills and  abilities to solve applied problems of mathematics, mechanics, physics and in their daily practical activities; to self-use  and the study of mathematical literature and other information sources.
The task of the discipline is to form the following abilities among students:
   according to the matrix of compliance of program competencies
· General competencies: 
ZK1.  Ability to abstract thinking, analysis and synthesis;
· Professional competencies: 
FC1.  Ability to analyze materials, structures and processes based on laws, theories and methods of mathematics, natural sciences and applied mechanics.
	After mastering the discipline, students must demonstrate the following learning outcomes:
         according to the matrix of compliance of program learning outcomes in the educational program
· PH1) select and apply suitable mathematical methods for solving problems of applied mechanics;
· knowledge: basic concepts and methods of the theory of numerical and functional series, their application to approximate calculations, the concept of a function of a complex variable, operational calculus, solving differential and integral equations using Laplace's transformation. 
· ability: to investigate numerical series for convergence, to find the convergence area of a functional series, to use power series for approximate calculations, to find derivatives of the functions of a complex variable, to calculate integrals from a function of a complex variable, to present a function of a complex variable in the form of a Taylor or Laurent series, to use the Laplace transform to solve ordinary differential equations and systems of such equations.
· experience: learn to work independently with textbooks, reference books and other educational literature; be able to apply the acquired knowledge of mathematics to the solution of various problems.
1. Prerequisites and post-requisites of the discipline (place in the structural and logical scheme of training in the relevant educational program)
Discipline "Higher Mathematics.  Part 3. Rows. The theory of the function of a complex variable" is taught in the third semester on the basis of the previous two parts "Higher Mathematics. Part 1. Differential and integral calculus of a function of one variable" and "Higher mathematics. Part 2. Differential and integral calculus of a function of many variables. Differential equations", which were studied in the previous two semesters. This discipline provides such disciplines as "Theoretical Mechanics", "Informatics", "Mechanics of Liquid and Gas", "Machine Parts and Fundamentals of Design" according to the structural and logical scheme of the relevant educational and professional program.
Contents of the course
Section 11. Numerical series.
Topic 11.1. Basic concepts and definitions of numerical series. Properties of numerical series. A necessary sign of convergence of the numerical series.
Topic 11.2. Sign positive numerical series. Sufficient signs of convergence.
Topic 11.3. Alternating rows. Sign of Leibniz.  Absolute and conditional convergence.
Section 12. Functional series.
Topic 12.1. The concept of a functional series. Uniform convergence of the functional series. Sign of Weierstrass. Continuity of the sum of the functional series. Member-by-member differentiation and integration of functional series.
Topic 12.2. The concept of a power series. Abel's theorem. Interval and radius of convergence of the power series. Properties of power series.
Topic 12.3. The ranks of Taylor and McLoren. The development of elementary functions in the row of McLoren.
Topic 12.4. Applying power series to approximate calculations, function boundaries, calculating defined integrals, and solving Cauchy problems for differential equations.
Section 13. Fourier rows.
Topic 13.1. The concept of the trigonometric Fourier series. Formulas to calculate
coefficients of the Fourier series. Sufficient conditions for representing a function through its Fourier series.

Topic 13.2. Fourier series for even and odd functions. The Fourier series for is a periodic function.


Topic 13.3.Fourier series for functions specified on a segment or on a segment .
The complex form of the Fourier series.
Section 14. Elements of the theory of functions of a complex variable.
Topic 14. 1. The concept of a function of a complex variable.  Complex numbers. Geometric image, write shapes and actions on complex numbers.  Granitsa and the continuity of the function of a complex variable. Basic elementary functions of a complex variable.  Definitions, properties.
Topic 14. 2. Differentiation of the function of a complex variable. Cauchy's conditions – Riemann.  Analyticality of the function of a complex variable. Conjugate harmonic functions. 
Topic 14. 3. The geometric content of the argument and the modulus of the derived function of a complex variable. The concept of conformal reflections. 
Topic 14. 4. Integration of the function of a complex variable. Definitions, properties, and calculation rules. Newton-Leibniz formula. Cauchy integral. Cauchy integral formula. 
Topic 14.5. Power series in the complex area. The ranks of Taylor and Laurent.
Topic 14.6.Classification of isolated special points. The remnants of the function and their use for calculating integrals.
Section 15. Operational calculus.
Topic 15.1. Definition of the Laplace transformation. Laplace's transformation of some elementary functions. 
Topic 15.2. The main properties of the Laplace transformation. Image of a convolution of two functions. Duhamel formula. Table of originals and images.
Topic 15.3. Inverse Laplace transform. Development theorems. The Riemann–Mellin formula. Finding the original by image. Image decomposition for the sum of elementary fractions.
Topic 15.4. Application of the Laplace transform. Solving differential equations, systems of differential equations
Topic 15.5. Fourier integral and Fourier transform.
Learning Materials and Resources
Recommended Reading
Basic
1. [bookmark: _Hlk124951476][bookmark: _Hlk125043776]Gerasymchuk V.S. Higher Mathematics. Full course in examples and tasks.  Part 3. Multiple, curvilinear, and surface integrals. Elements of field theory. Rows. Applied tasks: a textbook for students of higher technical institutions / V.S. Gerasymchuk, G.S. Vasylchenko, V.I. Kravtsov – K.: Books of Ukraine, 2014. – Ch. 3. – 399 p.  – ISBN 978-966-2331-04-2.
2. Dubovyk V.P. Higher Mathematics: textbook. posib. for stud. higher. training. institutions / V.P. Dubovyk, I.I. Yurik. – 4th ed. – K.: Ignatex–Ukraine, 2013. – 648 p. – 500 pr. – ISBN 978- 966-97049-3-1.
3. Zhuravskaya G.V. Methodical instructions and options for typical and calculated works in higher mathematics. Rows /  Compiled by: G.V. Zhuravskaya, I.M. Kopas, G.M. Kulik, N.V. Reva, N.V. Stepanenko -  K.: NTUU "KPI", 2013 - 52 p. - Electronic resources: 
http://ela.kpi.ua/handle/123456789/27851
4. Zhuravskaya G.V. Tasks for calculation work: Theory of functions of a complex variable. Operational calculus / Compiled by: G.V. Zhuravska, I.M., Kopas, N.V. Reva –K.: NTUU "KPI", 2015 – 29 p. - Electronic resources:
https://ela.kpi.ua/handle/123456789/43549
5. Zhuravskaya, G. V. Theory of the function of a complex variable [Electronic resource] : a textbook for engineering specialties / G. V. Zhuravskaya ; KPI them. Igor Sikorsky. – Electronic text data (1 file: 2.26 MB). - Kyiv : KPI them. Igor Sikorsky, 2017 − 92s. – Name from the screen.
https://ela.kpi.ua/handle/123456789/19900
6. Zhuravskaya G.V. Operational calculus. Textbook for engineering specialties / Compiled by: G. V. Zhuravskaya, T. O. Karpalyuk, I. M. Kopas, N. V. Reva K.: KPI them. Igor Sikorsky, 2018.   79 p. - Electronic resources:
http://ela.kpi.ua/handle/123456789/23490
Additional
7. Dudkin, M. E. Higher Mathematics: a textbook for applicants for a bachelor's degree in engineering specialties / M. E. Dudkin, O. Y. Dyuzhenkova, I. V. Stepakhno ; KPI them. Igor Sikorsky. – Electronic text data (1 file: 10.96 MB). - Kyiv : KPI them. Igor Sikorsky, 2022. – 449 p. –  Access mode: https://ela.kpi.ua/handle/123456789/51064
8. Zaitsev E.P. Higher mathematics: integral calculus of functions of one and many variables, ordinary differential equations, series: textbook. posib. / E.P. Zaitsev. – K.: Alert, 2018. – 608 p.
Information resource
9. [bookmark: _Hlk115080713]Zhuravska G.V., Karpaliuk T.O., Kopas I.M. Distance course "Higher Mathematics-3. Rows. Theory of the Function of a Complex Variable" for bachelors of the 2nd year of specialty 131 Applied Mechanics  // 27.7 Mb (25.7 um.dr.ark.) .  Киев: NTUU"KPI them. Igor Sikorsky", IPO, 2022. (information resource (element) of the distance learning system on the basis of the platform of the SS "Sikorsky") – Address of placement:
 https://do.ipo.kpi.ua/course/view.php?id=1656

Educational content
Methods of mastering the discipline (educational component)
The method of studying this discipline is traditional:  the lectures on theoretical material are given and  examples of solving the main thematic  problems  are given. In practical classes, students work out theoretical and practical material, solving problems similar to those considered at lectures. For independent work and  students are given homework and individual assignments of calculation work to master the material of the best assimilation of the material.  Checking the level of knowledge and assimilation of the material is carried out with the help of a variety of control measures: thematic control works, express control, mathematical dictations, performance and protection of settlement work. Evaluation of such works is carried out in accordance with the regulations on the rating system for assessing the performance of students in this discipline.
Lectures
	№
s/n
	The title of the lecture topic and a list of main questions
(list of didactic means, references to literature and tasks of the SRS)

	1
	Basic concepts and definitions of numerical series. Properties of numerical series. A necessary sign of convergence of the numerical series. Sign positive numerical series. Sufficient signs of convergence. Signs of comparison. A sign of D'Alembert. Cauchy's radical and integral signs.

	2
	Alternating rows. Sign of Leibniz.  Absolute and conditional convergence.

	3
	The concept of a functional series. Uniform convergence of the functional series. Sign of Weierstrass. Properties of uniformly convergent functional series. Continuity of the sum of the functional series. Member-by-member differentiation and integration of functional series.

	4
	The concept of a power series. Abel's theorem. Interval and radius of convergence of the power series. Properties of power series.

	5
	The ranks of Taylor and McLoren. The decomposition of elementary functions in a series of McLoren.

	6
	Applying power series to approximate calculations, function boundaries, calculating defined integrals, and solving Cauchy problems for differential equations.

	7
	The concept of the trigonometric Fourier series. Formulas to calculate
coefficients of the Fourier series. Sufficient conditions for representing a function through its Fourier series.

	8
	


Fourier series for even and odd functions. Fourier series for periodic function. Fourier series for functions specified on a segment or on a segment .
The complex form of the Fourier series.

	9

	Complex numbers. Geometric image, writing shapes, and actions on complex numbers. The concept of a function of a complex variable. The boundary and continuity of the function of a complex variable. Basic elementary functions of a complex variable.  Definitions, properties.

	10
	Differentiation of the function of a complex variable. Cauchy's conditions – Riemann.  Analyticality of the function of a complex variable. Conjugate harmonic functions. The geometric content of the argument and the modulus of the derived function of a complex variable. The concept of conformal reflections. 

	11
	Integration of the function of a complex variable. Definitions, properties, and calculation rules. Newton-Leibniz formula. Cauchy integral. Cauchy integral formula.

	12
	Power series in the complex area. The ranks of Taylor and Laurent.

	13
	Classification of isolated special points.

	14
	The remnants of the function and their use for calculating integrals.

	15
	Definition of the Laplace transformation. Laplace's transformation of some elementary functions. The main properties of the Laplace transformation. Image of a convolution of two functions. Duhamel formula. Table of originals and images.

	16
	Inverse Laplace transform. Development theorems. The Riemann–Mellin formula.  Finding the original by image. Image decomposition for the sum of elementary fractions. 

	17
	Application of the Laplace transform. Solving differential equations, systems of differential equations.

	18
	Fourier integral. Fourier integral for even and odd functions. Fourier integral in complex form. Fourier transform.


 Practical classes
	№
s/n
	The name of the topic of the lesson and the list of main questions

	1
	Numerical series. The study of convergence by definition, finding the sum of the number series. A necessary condition for the convergence of the series. Sign positive numerical series. Signs of comparison: the first sign of comparison, the marginal sign of comparison.

	2
	A sign of D'Alembert, a radical sign of Cauchy, an integral sign of Cauchy.

	3
	Alternating rows. Leibniz's sign of the convergence of the sign rows. Absolute and conditional convergence. 

	4
	Functional series. Finding the area of convergence of functional series. Uniform convergence of the functional series. Sign of Weierstrass.

	5
	The concept of a power series. Abel's theorem. Interval and radius of convergence of the power series.

	6
	The ranks of Taylor and McLoren. The development of elementary functions in the row of McLoren.

	7
	Applying power series to approximate calculations, function boundaries, calculating defined integrals, and solving Cauchy problems for differential equations.

	8
	Fourier trigonometric series. Development in a number of Fourier periodic functions.

	9
	Test paper – 1.

	10
	The concept of complex numbers, their geometric image and writing forms. Actions on complex numbers.  The concept of a function of a complex variable. Complex plane. Basic elementary functions of a complex variable. Definition, properties.

	11
	Differentiation of the function of a complex variable. Cauchy's conditions – Riemann.  Analyticality of the function of a complex variable. Conjugate harmonic functions. Restoration of the analytical function according to its real or imaginary part. 
Tasks on the SRS: 
The geometric content of the argument and the modulus of the derived function of a complex variable. The concept of conformal reflections. 

	12
	Integration of the function of a complex variable. Definitions, properties, and calculation rules. Newton-Leibniz formula. Cauchy integral. Cauchy integral formula.

	13
	Power series in the complex area. The ranks of Taylor and Laurent.

	14
	Classification of isolated special points. The remnants of the function. Using function lichens to calculate integrals.

	15
	Test work - 2

	16
	Operational calculus. Laplace's transformation of some elementary functions. The main properties of the Laplace transformation. Table of originals and images. Finding images and originals.

	17
	The use of operational calculus. Solving differential equations, systems of differential equations.

	18
	Fourier integral for even and odd functions. Fourier integral in complex form. Fourier transform. (45 min.)
Test paper – 3. (45 min.)


Independent work of the student
For independent work, studentA (SRS) is given 48 hours of study time. 
The SRS includes: processing  lectures,  preparing for classroom classes, doing homework (18 hours. ), preparation for tests (5 hours). ), performance of  tasks of calculation work (5 hours  ), preparation for the exam (20 hours)  .  Na SRS also makes an independent study of some topics of the discipline.
Independent work
	№
s/n
	The name of the topic submitted for independent study
	Number of hours of SRS

	Section 14. Elements of the theory of functions of a complex variable

	1
	Topic 14.3. The geometric content of the argument and the modulus of the derived function of a complex variable. The concept of conformal reflections. 
	1



Politics and control
Policy of the discipline (educational component)
Classes are held in classrooms according to the schedule.  Also, classes can be held online using video communication tools, subject to unambiguous identification of the applicant for higher education. Conducting classes onlineshould be provided for by the relevant order on KPI them. Igor Sikorsky. 
The system of requirements that the teacher sets for the student and the RSO of the learning outcomes are announced to the students in the first lesson.
Attending classes
Absence from lectures and practical classes  is not punishable by penalty points, but students are encouraged to attend classes, as they teach theoretical material and develop the skills and abilities necessary to perform practical tasks, semester individual work and successfully write an ICR. 
Academic integrity
The policy and principles of academic integrity are defined in Section 3 of the Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute". Read more: https://kpi.ua/code.
Norms of ethical behavior
The norms of ethical behavior of students and pedagogical staff are defined in Chapter 2 of the Code of Honor of the National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute". Read more: https://kpi.ua/code.
Types of control and rating system  for evaluating learning outcomes (RSO) 
Current control: express survey, survey on the topic of the lesson, testing, ICR, calculation work.
Calendar control: is carried out twice a semester as a monitoring of the current state of compliance with the requirements of the syllabus.
Semester control: exam.
Rating system for evaluating learning outcomes
1. The rating of a student in an academic discipline is calculated from 100 points, of which 60 points are the starting scale. The starting rating (during the semester) consists of points that the student receives for: 
– work in practical classes (18 lessons); 
– performance of thematic tests (3 works); 
[bookmark: _Hlk492474723]– performance of settlement work. 

[bookmark: _Hlk492474802]2.  Scoring criteria:
2.1. Work in practical classes may include an oral or written survey to test the knowledge of theoretical material;  solving practical problems at the blackboard or small written works to test the student's ability to apply theoretical knowledge to solving applied problems. The work is evaluated in 
– 1 point with an accurate answer to the question posed, the correct recording of formulas, the ability to apply the necessary methods, formulas for solving a practical problem; 
– 0.5 pointsin case of fuzzy formulation of the main theoretical provisions, formulas or solving a problem with the help of a teacher;
– 0 points in case of ignorance of formulas, theorems and inability to apply them to the solution of tasks;
– at the end of the semester, students may be added incentive points for activity.
Weight score – 1. The maximum number of points in all practical classes is 1 point16=16 points.
In the case of distance learning, points for work in practical classes are awarded for students to perform tests in Moodle during the semester based on the Sikorsky platform.
2.2. Modular controland robota (MKR):
According to the curriculum in the third semester, it is planned to conduct a modular test, which is divided into  two thematic tests lasting two acads. hours: the weight score of  each is 10, and one in the thematic in the test paperlasting 1 acad. hour: weight score – 6. The maximum number of points for all tests is equal to: 
(10 points 2)+(6 points 1) = 26 points.
[bookmark: _Hlk492474352]
	Types of work
	Mach points

	Thematic test paper No1

	on the topic: "Rows", 2 hours.
	10

	Thematic test paper No2

	on the topic: "Theory of the function of a complex variable", 2 hours.
	10

	Thematic test paper No3

	on the topic: " Operational calculus", 1 hour.
	6



Test evaluation system:
–  "excellent", a complete answer (at least 90% of the necessary information) 9-10 points, or 5.5-6 points, respectively, for two-hour and one-hour work.
– "good", almost complete answer (at least 75% of the necessary information), or a complete answer with minor inaccuracies of 7.5-8.5 points, or 4.5-5 points, respectively, for two-hour and one-hour work.
– "satisfactory", incomplete answer (at least 60% of the required information) and minor errors of 6-7 points, or 3.5-4 points, respectively, for two-hour and one-hour work.
– "unsatisfactory", unsatisfactory answer (does not meet the requirements of the previous paragraph) 0-5 points, or 0-3 points, respectively, for two-hour and one-hour work.
In the case of distance learning, the test work that was to be written in the classroom is written by students in practical classes on a schedule using Zoom or Skype platforms (or another, depending on the agreement with the teacher). 
Students are sent assignments to the test, and after the time allotted for writing the test, they must send a written solution to the problems. If the solution from the student is not sent on time, it is considered that this student was absent from the test, the work is not checked, and he receives 0 points (in the absence of a valid reason).
Re-writing a modular test is not allowed.
2.3. Execution of settlement work.
The maximum number of points for the performed calculation work is 18 points.
· completed all tasks taking into account the requirements for work, there may be minor shortcomings in the design of the result of 1 6-18 points;
· almost all work requirements have been met, or there are minor errors 
of 13.5-15.5 points;
· there are shortcomings in meeting the requirements for work and certain errors  of 11-13 points;
· the task is not completed or gross mistakes were made, the work was not credited with 0-10 points.
The student must pass the tasks of the calculation work for verification in time, the deadline for the delivery of parts of the settlement work is determined by the teacher. The student must submit a fully completed  settlement work  no later than the last lesson of the semester. In case of violation of this deadline, the student is considered not admitted to the exam of the main session. In the future, a student in order to obtain admission to the examination of an additional session can pass and defend his settlement work  only for a minimum positive assessment, which is 60 percent of the maximum possible number of points for the calculated work. 
In the case of distance learning, the performance of settlement work is checked by sent photos of the written work to the teacher's e-mail (or another platform, depending on the agreement with the teacher).
3.  The condition for positive calendar control is to receive at least 60 percent of the maximum possible number of points at the time of control.  
4. The condition for admission to the exam is the enrollment of the calculation work and the starting rating of at least 36 points. 
5. At the exam, students perform a written test. Each task contains two theoretical questions and three practical ones, which are evaluated at 8 points according to the following criteria.
The system of evaluation of theoretical issues:
– "excellent", full answer (at least 90% of the required information) 8 points;
– "good", a sufficiently complete answer (at least 75% of the necessary information), or minor inaccuracies of 6-7 points;
· "satisfactory", incomplete answer (at least 60% of the necessary information) and some errors of 5 points;
· "unsatisfactory", unsatisfactory answer 0-4 points.
System of evaluation of practical issues:
· "excellent", complete error-free solution of the problem 8 points;
· "good", complete solution of the problem with insignificant inaccuracies of 6-7 points;
· "satisfactory", the task is completed with certain disadvantages of 5 points;
· "unsatisfactory", the task was not completed 0-4 points.
During the exam, the use of any reference materials, phones and other gadgets is prohibited.
6. The sum of the starting points and points for the examination test is transferred to the examination assessment according to the table:

	Points:
practical classes + MKR  + settlement work +
+ examination test paper
	Score

	100... 95
	Perfectly

	94... 85
	Very good

	84... 75
	Well

	74... 65
	Satisfactory

	64... 60
	Enough

	Less than 60
	Disappointing

	Estimated work is not credited, or the starting rating is less than 36 points
	Not allowed



In the case of distance learning, according to the decision of the university administration,  it is possible to give an examination mark "automatically" (with the consent of the student) by recalculating the starting points on a 100-point scale:

,
where points  -  the maximum amount of weight points of control measures during the semester,

 - the amount of points scored by the student during the semester (individual student rating),
  points - admission score to the exam.
In case of disagreement of the student with the assessment "automatic", the student takes the exam in the  mode of video communication in accordance with the schedule of the examination session.
If the student's individual rating of points and he is considered not admitted to the exam of the main session, then, in the case of credited settlement work, the student is given the opportunity to obtain admission to the exam of an additional session by conducting additional control measures.
Work program of the discipline (syllabus):
Compiled by:
Associate Professor, Cand. phys.-math. of sciences, associate professor Kopas Inna Nikolaevna
Associate Professor, Cand. phys.-math. of sciences, associate professor Karpaliuk Tamara Oleksiivna
Adopted:
Department of Mathematical Physics and Differential Equations (protocol No 9 of 0 July 7, 2022)
Agreed:
[bookmark: _Hlk113656848]Methodical Commission of the Mechanical Engineering Institute (protocol No11 of August 29, 2022. )
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