SYLLABUS 
[bookmark: _GoBack]Fall semester 2021-2022 academic years
on the educational program “5B074600-Space Engineering and Technologies”

	Discipline’s code
	Discipline’s title
	Independent work of students (IWS)
	No. of hours per week
	Number of credits
	Independent work of student with teacher (IWST)

	
	
	
	Lectures (L)
	Practical training (PT)
	Laboratory  (Lab)
	
	

	OM1401
	Orbital Mechanics
	-
	2
	1
	-
	3
	3

	Academic course information

	Form of education
	Type of course 
	Types of lectures
	Types of practical training 
	Number of IWS
	Form of final control

	Online/combined
	Theoretic
	Problem, analytical
	Problem solution,
situation assignments
	-
	Paperwork

	Lecturer   
	S.B.Bizhanova
	Office hours
	Scheduled

	e-mail
	bizhanova.saltanat92@gmail.com
	
	

	Telephone number
	+7 (727) 377 33 31
+7 (727) 377 33 32
+7 (727) 377 33 33 (вн. 1580)
	
	



	Academic presentation of the course 



	Aim of course 
	Expected Learning Outcomes (LO)
As a result of studying the discipline the undergraduate will be able to:
	Indicators of LO achievement (ID)
 (for each LO at least 2 indicators)

	The main purpose of the course is to familiarize students with the fundamental concepts of orbital mechanics, methods of investigation of celestial bodies motion . 
	LO 1 State and prove equations of motion and to be able to solve appropriate Cauchy problem. 

	ID 1.1 Know of  fundamentals of celestial mechanics.
ID 1.2 Achieve good understanding of basic concepts of the two-body problem and three-body problem.

	
	LO 2 To analyze motion in different reference frame.

	ID 2.1 Know  the theory of motion of material points interacting by Newtonian laws;
ID 2.2 Be able to distinguish elliptical, parabolic and hyperbolic orbits.

	
	LO 3 Clearly present and explain solutions to problems in both written and verbal form.
	ID 3.1 Be competent in the issues of professional activity related to the orbital mechanics.
ID 3.2 Be able to study the movements of mechanical systems using celestial mechanics methods

	Prerequisites
	Methods of celestial mechanics, dynamics of space flight, theoretical mechanics, theory of differential equations, equations of mathematical physics.

	Post requisites
	Modern celestial mechanics, resonant multi-frequency systems, order and chaos in dynamic systems

	Information resources 
	Recommended Textbooks (main):
Duboshin G.N. Celestial mechanics. Main problems and methods. M., “Nauka”, 1975
Subbotin M.F. Introduction to theoretical astronomy. М., ”Nauka”, 1968 
Balk M.B., Demin V.G., Kunitsyn А.L. Problem sets on celestial mechanics and spacedynamics, ”Nauka”, 1972
Markeev A.P. Libration points in celestial mechanics and spacedynamics. М.: «Nauka», 1978.

Roi A. Motion by orbits. М., ”Mir”, 1981.

Szebeheley V. Theory of Orbits. М., 1982
Balk M.B. Elements of space flight dynamics. М.,  ”Nauka”, 1965
Bruno A.D. Restricted three-body problem. М.,”Nauka”,1980
Bate, R.R., Muller, D.D., White, J.E., Fundamentals of Astrodynamics, Dover Publications, New York, 1971.

Danby, J.M.A., Fundamentals of Celestial Mechanics, Willmann-Bell, Inc., 2003.

Montenbruck, O., Gill, E., Satellite Orbits, Springer, New York, 2001.

Prussing, J.E., Conway, B.A., Orbital Mechanics, Oxford University Press, Inc., New York, 1993.

Roy, A.E., Orbital Motion, Institute of Physics Publishing, 1998.

Vallado, D.A., Fundamentals of Astrodynamics and Applications, McGraw-Hill, New York, 1997.

Additional textbooks:
1) Brower D., Clemens J. Celestial Mechanics methods, М., «Mir» , 1964
2) Lukyanov L.G., Shirmin G.I. Lectures on Celetial Mechanics. Textbook for Universities, Almaty, 2009, 227 p.

Internet-resources: Lectures and practical tutorials, assignments for the Individual Student's Study, control materials, as well as additional training material for the course (textbooks, problem books) that is used for your homework are available on your webpage at univer.kaznu.kz in section of Educational Methodical Complex.



	Academic policy of the course in the context of university moral and ethical values
	Academic Behavior Rules: 
All students have to register at the MOOC. The deadlines for completing the modules of the online course must be strictly observed in accordance with the discipline study schedule.  
ATTENTION! Non-compliance with deadlines leads to loss of points! The deadline of each task is indicated in the calendar (schedule) of implementation of the content of the curriculum, as well as in the MOOC.
Academic values:
- Practical trainings/laboratories, IWS should be independent, creative.
- Plagiarism, forgery, cheating at all stages of control are unacceptable.
- Students with disabilities can receive counseling at e-mail bizhanova.saltanat92@gmail.com.

	Evaluation and attestation policy
	Criteria-based evaluation: 
assessment of learning outcomes in relation to descriptors (verification of the formation of competencies in midterm control and exams).
Summative evaluation: assessment of work activity in an audience (at a webinar); assessment of the completed task.





CALENDAR (SCHEDULE) THE IMPLEMENTATION OF THE COURSE CONTENT:
	Weeks
	Topic name
	LO
	ID
	Amount of hours 
	Maximum score
	Form of Knowledge Assessment 
	The
Form of the lesson 
/ platform

	Module 1.  Introduction.

	1

	L.1  The subject of orbital mechanics. Basic concepts of Tycho Brahe observation. Kepler laws and Newton laws. The N-bodies problem and its particular case.
	LО 1
	ID 1.1.
	2
	8
	QS 1
	Video lecture
 in MS Teams

	
	PT 1 Equation of motion of the two-body problem in absolute and relative reference frames. The Cauchy problem.
	LО 1
	ID 1.1.
	1
	10
	TS 1
	Webinar
in MS Teams

	
	
	LО 1
	ID 1.1.
	
	
	
	

	2
	L.2 The problem of one fixed center and its integrals. Energy integral.
	LО 1
	ID 1.1.
	2
	8
	QS 2
	Video lecture
 in MS Teams

	
	PT 2 Analysis of energy integral and orbit classification.
	LО 1
	ID 1.1.
	1
	10
	TS 2
	Webinar
in MS Teams

	
	
	

	Module 2. The numerical sequence, its limit.

	3

	L.3 The areas integral, the Laplace integral. Trajectory determination in the two-body problem. 
	LО 1
	ID 1.2.
	2
	8
	QS 3
	Video lecture
 in MS Teams

	
	PT 3 Analysis of Laplace integral and orbit classification.
	LО 1
	ID 1.2.
	1
	10
	TS 3
	Webinar
in MS Teams

	4
	L.4 The two connections between first integrals of the two-body problem. The Kepler equation.
	LО 1
	ID 1.2.
	2
	8
	QS 4
	Video lecture
 in MS Teams

	
	PT 4 The solution of the Kepler equation.
	LО 1
	ID 1.2.
	1
	10
	TS 4
	Webinar
in MS Teams

	Module 3. Orbit types

	5
	L.5 The equation of motion of the two-body problem in polar reference frames. The Binet equation and its solution. 
	LО 1
	ID 1.2.
	2
	8
	QS 5
	Video lecture
 in MS Teams

	
	PT 5 The equation of motion of the two-body problem in spherical reference frames. Definition of the orbit plane.
	LО 1
	ID 1.2.
	1
	10
	TS 5
	Webinar
in MS Teams

	
	IWST 1 Preparing for Control Work
	LО 1
	ID 1.2.
	1
	10
	IT 1
	Webinar
in MS Teams

	
	MT 1
	
	
	
	100
	
	

	     6
	L.6 The elliptical, parabolic and hyperbolic orbits. Finite and infinite orbits.
	LО 2
	ID 2.1.
	2
	8
	QS 6
	Video lecture
 in MS Teams

	
	PT 6 Analysis of elliptical orbits.
	LО 2
	ID 2.1.
	1
	10
	TS 6
	Webinar
in MS Teams

	Module 4. The definition of coordinate and velocity in the two-body problem.

	7

	L.7 The definition of coordinate and velocity in elliptical motion. The six orbit elements. 
	LО 2
	ID 2.1.
	2
	8
	QS 7
	Video lecture
 in MS Teams

	
	PT 7 Geometrical and dynamical meanings of orbital elements in elliptical motion.
	LО 2
	ID 2.1.
	1
	10
	TS 7
	Webinar
in MS Teams

	8
	L.8 The definition of coordinate and velocity in parabolic motion. The six orbit elements.
	LО 2
	ID 2.2.
	2
	8
	QS 8
	Video lecture
 in MS Teams

	
	PT 8 Geometrical and dynamical meanings of orbital elements in parabolic motion.
	LО 2
	ID 2.2.
	1
	10
	TS 8
	Webinar
in MS Teams

	Module 5.  The definition of orbits in the two-body problem and the three-body problem.

	
9
	L.9 The definition of coordinate and velocity in hyperbolic motion. The six orbit elements.
	LО 2
	ID 2.2.
	2
	8
	QS 9
	Video lecture
 in MS Teams

	
	PT 9 Geometrical and dynamical meanings of orbital elements in hyperbolic motion.
	LО 2
	ID 2.2.
	1
	10
	TS 9
	Webinar
in MS Teams

	10
	L.10 Integration of motion equation of the two-body problem by Hamilton-Jacobi method. The Jacobi and Delaunay elements.
	LО 2
	ID 2.2.
	2
	8
	QS 10
	Video lecture
 in MS Teams

	
	PT 10 Canonical equations and its integrations by Hamilton-Jacobi method.
	LО 2
	ID 2.2.
	1
	10
	TS 10
	Webinar
in MS Teams

	
	IWST 2 Preparing for Control Work
	LО 2
	ID 2.2.
	1
	10
	IT 2
	Video lecture
 in MS Teams

	
	MT (Midterm Exam)
	
	
	
	100
	
	

	11
	L.11 The classical three-body problem and its particular solution. 
	LО 3
	ID 3.1.
	2
	8
	QS 11
	Video lecture
 in MS Teams

	
	PT 11 The Lagrange solution and the Euler solution and their applications.
	LО 3
	ID 3.1.
	1
	10
	TS 11
	Webinar
in MS Teams

	Module 6. The libration points.
	

	
12
	L.12 The classical restricted three-body problem and its particular solution. Libration points. 
	LО 3
	ID 3.1.
	2
	8
	QS 12
	Video lecture
 in MS Teams

	
	PT 12 Geometry of the Lagrange and Euler solutions.
	LО 3
	ID 3.1.
	1
	10
	TS 12
	Webinar
in MS Teams

	
13 
	L.13 The classical circular restricted three-body problem and its particular solution. Jacobi integral. The Hill surface.
	LО 3
	ID 3.1.
	2
	8
	QS 13
	Video lecture
 in MS Teams

	
	PT 13 The analysis of Hill surface.
	LО 3
	ID 3.1.
	1
	10
	TS 13
	Webinar
in MS Teams

	Module 7. The fixed centers problems.

	
14 
	L.14 The two fixed centers problem and its solution.
	LО 3
	ID 3.2.
	2
	8
	QS 14
	Video lecture
 in MS Teams

	
	PT 14 Application of the two fixed centers problem.
	LО 3
	ID 3.2.
	1
	10
	TS 14
	Webinar
in MS Teams

	15 
	L.15 The generalized two fixed centers problem and its solution.
	LО 3
	ID 3.2.
	2
	8
	QS 15
	Video lecture
 in MS Teams

	
	PT 15 Application of the generalized two fixed centers problem.
	LО 3
	ID 3.2.
	1
	10
	TS 15
	Webinar
in MS Teams

	
	IWST 3 Preparing for Control Work
	LО 3
	ID 3.2.
	1
	10
	IT 3
	Video lecture
 in MS Teams

	
	MT 3
	
	
	
	100
	CW 3
	



[Abbreviations: QS - questions for self-examination; TK - typical tasks; IT - individual tasks; CW - control work; MT - midterm.
 Comments:
- Form of L and PT: webinar in MS Teams / Zoom (presentation of video materials for 10-15 minutes, then its discussion / consolidation in the form of a discussion / problem solving / ...)
- Form of carrying out the CW: webinar (at the end of the course, the students pass screenshots of the work to the monitor, he/she sends them to the teacher) / test in the Moodle DLS.
- All course materials (L, QS, TK, IT, etc.) see here (see Literature and Resources, p. 6).
- Tasks for the next week open after each deadline.
- CW assignments are given by the teacher at the beginning of the webinar.]



Dean                                                                                                                                        D.B. Zhakebayev
                                                                 
Chairman of the Faculty Methodical Bureau
					
Head of the Department			                                                                           Z.B. Rakisheva
		               
Lecturer                                                                                                                                   S.B. Bizhanova

