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1. Annotation

Course Description

Hamiltonian mechanics is one of basic disciplines in mathematical physics. The scope of our course is to
introduce students to modern views on the fundamentals of the theory of integrable systems and
mathematical physics. Mastering its program makes it possible to study of advanced courses of
mathematical physics.

The mathematics of the modern theory of Hamiltonian systems includes methods of the theory of
differential equations and dynamical systems, Lie groups and algebras and their representations,
symplectic and Poisson geometry, analysis on manifolds and many others. Acquiring practical skills in
applying the techniques and structures of these domains of mathematics, the ability to combine them to
solve problems in mechanics is one of the main goals of this course. The course can be recommended
not only to students of mathematical physics program, but also to those planning to specialize in pure
mathematics or its applications.

Course Description (in Russian)

FaMUNbTOHOBA MexaHMKa OTHOCUTCA K 6a30BbIM MaTPUINYECKMM ancumnaMHam. Haw Kypc HanpaBneH
Ha 3HaKOMCTBO clyLuiaTesiel C COBpeEMEHHbIMU B3rNsiAaMn Ha OCHOBbI TEOPUN UHTErPUPYEMbIX CUCTEM U
MaTemMaTnyeckon pusnkn. OcBOeHUe ero NporpaMmbl AAET BO3MOXHOCTb B falibHeENLLEM U3yYvaTb
60n1ee NPoABUHYTbIE KYPCbl, CBA3aHHblE C MaTeEMATUYECKOM HU3NKOM.

MaTemaTunyeckuii annapaTt COBPEMEHHON TEOPUM FaMUIIbTOHOBbIX CUCTEM BKJTHOYAET B ce6s MeTOAbI
Teopuun anddepeHumnanbHbiX ypaBHEHUA U AUHAMUYECKUX CUCTEM, Tpynn u anreébp Jn n ux
npeacTaB/€HUIN, CUMMIEKTUYECKOM U NyaCCOHOBOW reOMeTpuK, aHannsa Ha MHOro6pasmnsaix 1 MHOrnx
Apyrux. NprnobpeTeHne NpakTUYeCcKMxX HaBbIKOB MPUMEHEHUSA MPUEMOB N KOHCTPYKLIMIA 3TUX pasfenos
MaTeMaTUKK, YMEHME UX coveTaTb 415 peLleHns 3aad MexaHUKN aBnseTcsa O4HON N3 OCHOBHbIX Liesen
AaHHoro Kypca. Kypc MOXeT 6bITb peKOMEHA0BaH He TONbKO CTyAeHTaM-MaThun3nKam, Ho U
NJaaHUPYHOLWMM CneLmann3mpoBaTbCsa B YACTOM MaTeEMaTUKE UK €€ MPUNOXKEHUSAX.



2. Basic Information

Course Academic Level BSc

Number of ECTS credits 6

Course Prerequisites / Recommendations
Standard courses of Real analysis, differential equations and analysis on manifolds/

Type of Assessment Graded

Mapping from grades to percentage:

A:

F:

Term

86

76

66

56

46

Terms 1-2

Students of Which Programs do You Recommend to Consider this Course as an Elective?

BSc Programs

Masters Programs PhD Programs

Mathematical and Theoretical

Physics
Maximum Number of Students
Overall: 10
Per Group (for seminars and labs): 10

3. Course Content

Newtonian
formalism

Summary of Topic

Geometry of Newtonian mechanics.

Symmetries, conservation laws and
integrability in Newtonian context

Mathematics and Mechanics

Maximum Number of Students

Non-contact
Contact Contact Contact Hours: Stude

Hours: Lec Hours: S Hours: nt's
tures eminars Labs Independent
Study
8 8 0 16



Contact
Topic Summary of Topic Hours: Le
ctures
Lagrangian Geometry of Lagranglan mechanics.
. Symmetries, conservation laws and 8
formalism ) o X
integrability in Lagrangian context
Geometry,symmetries, conservation
Hamiltonian laws. Liouville-Arnold integrability.
formalism Hamilton-Jacobi equation. Separation
of variables.
Symplectic Darboux theorem, canonical structures,
and Poisson  systems on Lie algebras, coadjoint 8
structures orbits, Kirillov-Costant bracket
Hamiltonian Moment maps, homogenious spaces 8
reduction and hamiltonian reduction

4. Learning Outcomes

Skoltech Learning Outcomes are indicated as per Skoltech Learning Outcomes Framework.

Contact
Hours:
Seminar

10

S

Contac
t
Hours:
Labs

1. FUNDAMENTAL KNOWLEDGE
1.1. KNOWLEDGE OF MATHEMATICS AND NATURAL SCIENCES

1.4. INTERDISCIPLINARY THINKING, KNOWLEDGE STRUCTURE AND INTEGRATION

2.1. COGNITION AND MODES OF REASONING

2.1.1. Analytical reasoning and problem solving

2.1.3. Creative thinking

5. Assignments and Grading

Physical Attendance Requirement 75
(% of classes)

Assignment Type Assignment Summary
Final Exam Oral exam on‘theory with short
problem solving part
Set of problems covering first
Problem Set half of the course
Problem Set Set of problems covering

second half of the course

6. Assessment Criteria

50

25

25

2.1.2. System thinking

Non-contact
Hours: Stude
nt's
Independent
Study

16

16

16

16

% of Final Course Grade


https://drive.google.com/file/d/1X7xTm259keOUNEpg_Sdjrb2GMYP1IPoi/view?usp=sharing

Assignment 1 Type Problem Set
Sample of Assignment 1

On two-dimensional plane a particle of mass Sm$ moves under the action of force SF=\partial_vS$, where
coordinates $(x,y)$ are Carthesian and coordinates $(x,y)=(u\cos v, 2u\sin v)S. Derive equations of motion
and find the solution with given initial data.

Assessment Criteria for Assignment 1

Highest number of points will be given for obtaining equations of motion in explicit form and correct
calculation of parameters corresponding to initial data. Incorrect calculation of solution will reduce the
points by 25%. Incorrect applicatiopn of Newton law to derive the equation reduse the points by 75%.

Assignment 2 Type Final Exam
Sample of Assignment 2
Give the definition of coadjoint action and construct the Kirillov-Costant bracket on its orbits.

Full mark is given if the student completly understand the topic and can give clear and profound
explanation of all constructions used in his answer.

Assignment 3 Type Problem Set
Sample of Assignment 3

Prove that Poisson bracket of two integrals of motion explicitely dependent on time is again an integral of
motion.

Assessment Criteria for Assignment 3

Incorrect choice of hamiltonian equation of motion for the function explicitely depending on time reduce
the points by 75%.

7. Textbooks and Internet Resources

You can request at most two required textbooks. Additionaly, you can suggest up to nine recommended
textbooks.

Required Textbooks ISBN-13 (or ISBN-10)

A.M. Perelomoy, Integrable Systems of
Classical Mechanics and Lie Algebras, 978-3-7643-2336-3
Birkhduser Basel, 1990

V.l. Arnold, Mathematical Methods of
Classical Mechanics, Springer New 978-1-4757-1693-1
York, NY

Recommended Textbooks ISBN-13 (or ISBN-10)

Guillemin, Sternberg, Symplectic
methods in physics, Cambridge 9780521389907
University Press



Papers DOI or URL

B. A. Dubrovin, |. M.
Krichever, S. P.
Novikov, “Integrable

systems. ", .
Dynamical systems — ?tt?]?.//l\;vww.mathnet.ru/php/getp
4, Itogi Nauki i -pntmi

jrnid=intf&paperid=37&what=fullt&

Tekhniki. Ser. Sovrem. )
option_lang=eng

Probl. Mat. Fund.
Napr., 4, VINITI,
Moscow, 1985, 179-
277

8. Facilities

Labs for Education NRU HSE-Skoltech International Laboratory of
Representation Theory and Mathematical Physics

9. Additional Notes

The proposed course 1) has explicit academic content and requirements for receiving credits,
2) is in alignment with the program'’s learning outcomes, 3) adheres to policies and Skoltech
regulations.

Lead Instructor confirms



