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Annotation

The discipline belongs to the basic part of the educational program. The development of the discipline is
aimed at developing the ability to acquire new scientific and professional knowledge using modern
educational and information technologies. Topics such as Initial geometric data, Triangles, Polygons, Circles,
stereometry Elements, Matrices, Vector space, Basis, Cartesian coordinate systems, Scalar product, Vector
product, Mixed product, Algebraic lines and surfaces, Straight lines and planes are considered.

1. Study objective

Purpose of the course

to provide students with foundations of analytic geometry that will help them to study advanced
mathematical disciplines — differential equations, complex analysis, mathematical physics, functional
analysis, analytical mechanics, theoretical physics, methods of optimal control, etc.

Tasks of the course
- to provide students with theoretical knowledge and practical skills in geometry;
- to motivate students towards treatment of related mathematical disciplines;

- to equip students with skills to apply techniques of analytic geometry in physics and other natural
sciences.

2. List of the planned results of the course (training module), correlated with the planned results of the
mastering the educational program

Mastering the discipline is aimed at the formation of the following competencies:

Code and the name of the competence Competency indicators

UC-1.1 Analyze problems, highlight the stages of their
solution, plan actions required to solve them

UC-1.2 Find, critically assess, and select information

UC-1 Search and identify, critically assess and required for the task in hand

synthesize information, apply a systematic

approach to problem-solving UC-1.3 Consider various options for solving a problem,

assess the advantages and disadvantages of each option

UC-1.4 Make competent judgments and estimates supported
by logic and reasoning

UC-6.2 Plan independent activities in professional
problem-solving; critically analyze the work performed; find
creative ways to use relevant experience for
self-development

UC-6 Use time-management skills, apply
principles of self-development and lifelong
learning

3. List of the planned results of the course (training module)
As a result of studying the course the student should:
know:
- methodical foundations of study and use of mathematical statements;
- foundations of the course.
be able to:
- develop, use and apply definitions and theorems;
- study and form systems of mathematical knowledge;
- prove main theorems of the course;
- solve standard problems on topics covered in the course.
master:
- the essential concept of the course.

4. Content of the course (training module), structured by topics (sections), indicating the number of
allocated academic hours and types of training sessions

4.1. The sections of the course (training module) and the complexity of the types of training sessions




Types of training sessions, including independent work
Ne Topic (section) of the course
Lectures Seminars Labora!tory Independent
practical work
1 The initial geometric information 2 2 6
2 Triangle 4 4 8
3 Polygons 2 2 6
4 Circle 2 2 6
5 Elements of stereometry 2 2 6
6 Matrixes 2 2 6
7 Vector space 2 2 6
8 Basis 2 2 6
9 Cartesian coordinate system 2 2 6
10 Scalar product 2 2 6
11 Vector product 2 2 6
12 |Mixed product 2 2 6
13 |Algebraic lines and surfaces 2 2 8
14 |Straight and planes 2 2 8
AH in total 30 30 90
Exam preparation 30 AH.
Total complexity 180 AH., credits in total 4
4.2. Content of the course (training module), structured by topics (sections)

Semester: 1 (Fall)

1. The initial geometric information

Points, lines, line segments. Ray. Angle. Comparison of segments and angles. Measurement of
segments. Measurement of angles. Adjacent and vertical angles. Perpendicular lines. Parallel lines.

2. Triangle

Signs of equality of triangles. Medians, bisectors and heights of a triangle. Properties of an isosceles
triangle. Sum of the angles of a triangle. Equilateral triangles. Area of a triangle. Pythagorean
theorem. Similar triangles. Law of sines. Law of cosines.

3. Polygons

Convexpolygon. Quadrilateral. Parallelogram. Characteristics of a parallelogram. Trapezoid.
Rectangle. Rhombus. Square.

4. Circle

Tangent to a circle. Degree measure of an arc of a circle. Inscribed angle theorem. Inscribed circle.
Circumscribed circle. Length of a circle and area of a circle.

5. Elements of stereometry

Polyhedron. Parallelepiped. Prism. Cylinder. Cone. Sphereandball. Bodyvolume.




6. Matrixes

Operations of addition of matrices and multiplication of matrices by numbers. Matrix multiplication
and inversion. Determinants of square matrices of 2-nd and 3-rd orders. Solving systems of linear
equations by the Cramer method.

7. Vector space

Linear spaces and their basic properties. Directed segments and actions on them. Operations of
adding directed segments and multiplying them by numbers. Their property. Commutativity,
associativity and distributivity of vector operations.

8. Basis

Linearly dependent and linearly independent systems of vectors. Basis, coordinates of vectors in the
basis. Coordinate representation of vectors. Operations with vectors in coordinate representation.
Changing the coordinates of the vector when replacing the basis. Necessary and sufficient condition
for linear dependence of vectors in coordinate form.

9. Cartesian coordinate system

Linearly dependent and linearly independent systems of vectors. Basis, coordinates of vectors in the
basis. Coordinate representation of vectors. Operations with vectors in coordinate representation.
Changing the coordinates of the vector when replacing the basis. Necessary and sufficient condition
for linear dependence of vectors in coordinate form.

10. Scalar product

Orthogonal projections of vectors and their properties. Scalar product: properties, coordinate
expression. Formulas for the distance between two points and the angle between two directions.

11. Vector product

Oriented set of vectors. Vector product, its properties, expression in orthonormal basis. Geometric
meaning of the vector product. Expression of a vector product in an arbitrary basis.

12. Mixed product

Triple product of vectors, its properties, expression in arbitrary and orthonormal bases. The
geometric meaning of the triple product. Conditions of collinearity and coplanarity of vectors. The
formula of a double vector product. Derivation of the double vector product formula.

13. Algebraic lines and surfaces

Coordinate equation of lines on the plane, surfaces in space. Invariance of the order of algebraic lines
on the plane when replacing the Cartesian coordinate system. Coordinate equation of a lines in space.
Invariance of the order of algebraic lines and surfaces in space when replacing the Cartesian
coordinate system. Coordinate equations of figures on the plane and bodies in space.

14. Straight and planes

A line on a plane. Vector and coordinate equations of a line. Positional and metric problems on lines
on a plane. Translation of one form of description of lines on a plane into other form.

5. Description of the material and technical facilities that are necessary for the implementation of the
educational process of the course (training module)

A classroom equipped with multimedia projector, screen, and microphone.



6. List of the main and additional literature, that is necessary for the course (training module)
mastering

Main literature

Strang, G. Linear algebra and its applications / G. Strange ; Massachusetts Institute of Technology. -
4th edition. - USA : Brooks/Cole : Cengage Learning, 2006. - 488 p. - Index: p. 482-487. - ISBN
978-0-03-010567-8

Additional literature
Edumos,, H. B.

Kparkwuii kypc ananutrueckoit reometpun [ Teker] : yue6HUK 115t By30B / H. B. Edumos .— 10-e u3n.,
crepeotun. — M. : Hayka, 1969 .— 272 c. - 77 500 sk3.

7. List of web resources that are necessary for the course (training module) mastering
http://www.math.mipt.ru
http:/lib.mipt.ru

https://arxiv.org/pdf/1111.6521.pdf

8. List of information technologies used for implementation of the educational process, including a list
of software and information reference systems (if necessary)

The lectures use multimedia technologies, including presentations.
9. Guidelines for students to master the course

Given in the annually developed homework.
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1. Competencies formed during the process of studying the course

Code and the name of the competence

Competency indicators

UC-1 Search and identify, critically assess and
synthesize information, apply a systematic
approach to problem-solving

UC-1.1 Analyze problems, highlight the stages of their
solution, plan actions required to solve them

UC-1.2 Find, critically assess, and select information
required for the task in hand

UC-1.3 Consider various options for solving a problem,
assess the advantages and disadvantages of each option

UC-1.4 Make competent judgments and estimates supported
by logic and reasoning

UC-6 Use time-management skills, apply
principles of self-development and lifelong
learning

UC-6.2 Plan independent activities in professional
problem-solving; critically analyze the work performed; find
creative ~ways to use relevant experience for
self-development

2. Competency assessment indicators

As a result of studying the course the student should:

Kknow:

- methodical foundations of study and use of mathematical statements;

- foundations of the course.
be able to:

- develop, use and apply definitions and theorems;
- study and form systems of mathematical knowledge;

- prove main theorems of the course;

- solve standard problems on topics covered in the course.

master:
- the essential concept of the course.

3. List of typical control tasks used to evaluate knowledge and skills

Current control is carried out on the basis of a point-rating system (BRS) for evaluating knowledge in
the discipline being studied. The BRS takes into account the students ' performance of a set of
homework assignments and tests in accordance with the curriculum. Data on attendance and current
academic performance are entered by teachers in special journals and recorded in the BRS.

Current control on the basis of homework is carried out during the academic semester in the terms set
by the Educational Department, in accordance with the curriculum.

To pass the task, the student must provide a solution to the homework problem in writing, answer the
questions of the teacher and write a test paper on the task, which checks the knowledge of concepts and
statements on the topics of the task and the ability to solve problems.

You can't use other people's help, computers, or mobile phones during the test.

* A BRS is attached to the subject being studied.

4. Evaluation criteria

Certification in the discipline "Geometry/I'eomerpus" is carried out in the form of an exam.

The examination is conducted in accordance with the previously performed by the students in the

control tasks.

Control tasks:

1. Find adjacent angles if the difference is known. Find the vertical angles, if given their sum.




2. Prove that the bisectors of vertical angles lie on the same line.

3. Formulate and prove a theorem expressing the first (second, third) sign of equality of triangles.

4. Prove that the midpoints of the sides of an isosceles triangle are the vertices of another isosceles
triangle.

5. Prove that at the intersection of two parallel lines of the cross-cutting lying angles are equal.

6. Prove that the doubled sum of the distances from any point inside the triangle to its vertices is
greater than the perimeter of the triangle.

7. In the parallelogram whose adjacent angles are not equal, bisectors of angles are carried out. Prove
that at their intersection a rectangle is formed.

8. The diagonals of the isosceles trapezoid are mutually perpendicular, and the sum of its bases is 2a.
Find the area of the trapezoid.

9. Prove that the vertices of the triangle are equidistant from the line containing its middle line.

10. Prove that if the lines containing the bases of the trapezoid touch the circle, the line passing
through the middle of the sides of the trapezoid passes through the center of the circle.

11. Prove that the diagonal of the parallelepiped is less than the sum of three edges having a common
vertex.

12. Find the product of matrices.
13. Find the inverse matrix.
14. Solve a system of linear equations with 3 unknowns.

15. Two different coordinate systems and the coordinates of some point in the first system are given.
Find its coordinates in the second system.

16. Find the distance from the point to the plane.

17. Explicitly Express the relationship between the parameters of two different forms of the equation of
the line.

Examples esamination tickets:

Ticket 1
1. Find adjacent angles if the difference is known. Find the vertical angles, if given their sum.
2. Prove that the bisectors of vertical angles lie on the same line.

Ticket 2

1. The diagonals of the isosceles trapezoid are mutually perpendicular, and the sum of its bases is 2a.
Find the area of the trapezoid.

2. Prove that the vertices of the triangle are equidistant from the line containing its middle line.

Grade "excellent (10)" is given to a student who has exhibited extensive and deep knowledge of the
course and ability to apply skills when solving specific tasks;

Grade "excellent (9)" is given to a student who has exhibited extensive and deep knowledge of the
course and ability to apply skills when solving specific tasks, but he has made minor errors that were
independently found and corrected;

Grade "excellent (8)" is given to a student who has exhibited extensive and deep knowledge of the
course and ability to apply skills when solving specific tasks, but he has made minor errors that were
independently corrected after the instructions of an examiner;

Grade "good (7)" is given to a student who has a good command of the course and is able to apply
skills when solving specific tasks, but has made minor mistakes when answering questions or solving
problems;

Grade "good (6)" is given to a student who has a good command of the course and is able to apply
skills when solving specific tasks, but has made rare mistakes when answering questions or solving
problems;



Grade "good (5)" is given to a student who has a good command of the course and is able to apply
skills when solving specific tasks, but has made mistakes when answering questions or solving
problems;

Grade "satisfactory (4)" is given to a student who has exhibited fragmented knowledge, has made
inaccurate formulation of the basic concepts, but understands the subject well, is able to apply the
knowledge in standard situations and possesses skills necessary for the future study;

Grade "satisfactory (3)" is given to a student who has exhibited fragmented knowledge, has made
inaccurate formulation of the basic concepts, has inconsistencies in understanding the course, but is
able to apply the knowledge in standard situations and possesses skills necessary for the future study;

Grade "unsatisfactory (2)" is given to a student who does not possess knowledge of the essential
concept of the course, has made gross mistakes in formulations of basic concepts and cannot use the
knowledge in solving typical tasks;

Grade "unsatisfactory (1)" is given to a student who has exhibited total lack of knowledge of the
course.

5. Methodological materials defining the procedures for the assessment of knowledge, skills, abilities
and/or experience

During the oral exam, a student is given one (astronomical) hour to prepare the answer to the question.
The schedule of discussion between an examiner and a student is limited by two hours.

During the exam, students can use the discipline program.



«COI'NTACOBAHO»

[IpopekTopa 10 y4ebHOII paboTe U JOBY30BCKOM IOArOTOBKE

«

»

BaagbHO-peiiTHHrOBasi cucTeMa OIeHKU 3HAHUM CTYyJIEeHTOB

HucnunanHa:

Kadenpa:

Geometry /Teomerpust
1 xkypc, 1 cemecTp, IK3aMeH

BBICIIICH MaTeMaTUuKn

Ne Bupa 3anarmit Cymvmma 6as1710B

1. | Ilocemenue nexmmii 0-3

2. | IIpoBepka TeopeTuvdecKuX 3HAHWI 0-3

3. | Kourposabnas paboThl, IPOBOIUMbBIE B KJIacce 0-18

4. | Tomamass pabora 0-6

5. | MroroBuiit KOHTPOJIBL 0-70
Dk3aMeH (yCTHBINH OTBeT)
nToro 0-100

A.A. Boponos

2020

*Ecau npu ydere 3TOro Buga paboThl HTOTOBasg CyMMa 3a paboTy B cemecTpe IpeBocxoauT 30 6arios,
TO CUUTATH ee paBHoii 30 OastaM.

Cymma 6a10B 3a yeTHBIH oTBeT Hauucasercs mo ¢gpopmyae N x 7, rne N > 3 — npeaBapuTeabHas
OILIEHKA 3a yCTHBIA OTBET MO mecaTudaanbnoii mkaae. Ecaiu N = 1,2, To nTOroBas oneHKa COBIAIAET

¢ N.

CoorBercrBue ONEHOK UTOrOBOI aKaIeMUYIeCKOil ycreBaeMocTu O6a/ibHO-PERTHHTIOBOM CUCTEMBI.

Banasr BPC Ouenku

93-100 10

86-92 9 OTJIMIHO
79-85 8

72-78 7

6571 6 XOPOTITO
58-64 D

21-57 4 VIOBJIETBOPUTETHHO
44-50 3

30-43 2 | HEeyTOBIETBOPHUTEIHHO
0-29 1

PermamenT npundaTug goMallHuX 3aJaHuil U MpOBeAeHNs dK3ameHa onpejaenserca «l[lomoxenunem o
TEKYIIeM KOHTPOJIE YCIIEBAEMOCTH W MPOMEXKYTOUYHON aTTecTaluu CTYJACHTOB Ha Kadepe BbICIIe

MaTeMaTHKH».

BaB.kadeapoit

I'.E. Usanos



