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1. Annotation

Course Description

One of the most powerful methods of modern theoretical physics is the method of functional integration
or path integration. The foundations of this approach were developed by N. Wiener at the beginning of the
20th century, but it spread widely after R. Feynman, who applied this approach in quantum mechanics. At
present, the functional integral has found its application in the theory of random processes, polymer
physics, quantum and statistical mechanics, and even in financial mathematics. Despite the fact that in
some cases its applicability has not yet been mathematically rigorous proven, this method makes it
possible to obtain exact and approximate solutions of various interesting problems with surprising
elegance. The course is devoted to the basics of this approach and its applications to the theory of
random processes and quantum mechanics. In the first part of the course, using the example of
stochastic differential equations, the main ideas of this approach will be described, as well as various
methods for exact and approximate calculation of functional integrals. Further, within the framework of
the course, the main ideas of quantum mechanics will be considered, and both the operator approach and
the approach using functional integration will be considered. It will be demonstrated that, from the point of
view of formalism, the description of random processes and the description of quantum mechanical
systems are very similar. This will make it possible to make a number of interesting observations, such as,
for example, the analogy between supersymmetric quantum mechanics and the diffusion of a particle in
an external potential. In the final part of the course, depending on the interests of the audience, various
applications of the functional integration method will be discussed, such as polymer physics, financial
mathematics, etc.

Course Description (in Russian)

OOHMM M3 MOLLHENLLIMX METOA0B COBPEMEHHONM TEOPETUYECKON DUN3NKU ABSIETCA METO,
(OYHKLMOHANBbHOIO MHTErPUPOBAHUSA UK, UHTErpUpoOBaHUs No TpaekTopmsam. OCHOBbI AaHHOrO Nnoaxoaa
6b1711 3anoXeHbl H. BuHepom eLwé B Hayane XX Beka, 04HaKO HanbosbLLYH U3BECTHOCTb OH NOYy4YNI
nocne Toro, kak P. PernHMaH NpMMeHnn AaHHbIM NoAX0A B KBAHTOBOW MexaHuKe. B HacTosLee Bpems
(YHKUMOHANbHbBIN MHTErpan Hallen CBOE NpMMEHeHNe B TEOPUKN CITyYalHbIX NPoLEeccoB, husnke
NOSIMMEPOB, KBAHTOBOW M CTaTUCTMYECKON MEXaHUKe U Aaxke B pMHaHCOBON MaTeMaTuke. HecMoTps Ha
TO, YTO B psiie Criy4yaeB ero NpUMEeHMMOCTb MaTeMaTUYECKM CTPOro MNoKa He AoKasaHa, AaHHbI MeTos
NO3BONSIET C YAMBUTENbHBbIM U3ALLECTBOM MOJIyYaTb TOYHbIE U MPUBMXKEHHbIE PELLUEHNS Pas3fINYHbIX
MHTepecHbIX 3aga4. Kypc nocBsLWEH OCHOBaM AaHHOro NoAxoAa 1 ero nNpuUaoXKeHUAM K Teopum
CllyyanHbIX NPOLLECCOB U KBAHTOBOW MexaHuKe. B nepBon yacTu Kypca Ha npumepe CToXxacTU4YeCKmuX
anddepeHumanbHbIX ypaBHEHUIN 6yAyT pacckasaHbl OCHOBHbIE UAEN [aHHOIO NMOAX0AA, a TaK e
pasfinyHble CNOCO6bl TOYHOIO M NPUBMXKEHHOIO BblYMCNEHUA PYHKLUMOHANbHbIX MHTerpanos. [anee B
pamMkax Kypca 6yayT paCCMOTPEHbl OCHOBHbIE NAEN KBAHTOBOW MEXaHMKMN, MpuyemM 6yaeT pacCMOTPEH
KaK ornepaTopHbI Noaxond, Tak U NoAX0A C UCMOSIb30BaHMEM PYHKLMOHANbHOIrO MHTerpupoBaHuns. byaet
NPOAEMOHCTPUPOBAHO, YTO C TOYKM 3peHus popmannama onncaHme ciyyamHbix NPOLECCOB U ONucaHne
KBaAaHTOBOMEXaHUYECKNX CUCTEM BeCbMa MOX0Xe. ITO MO3BONUT caenaTtb psf MHTEPECHbIX



HabNOAEHMI, TaKMUX KaK, HaNnpuMep, aHanorn Mexay cynepcMMMeTpUMYHON KBAHTOBOW MeXaHUKOM U
Anddy3neit yacTuubl Bo BHELLHEM NoTeHLMane. B 3aknounTenbHOM YacTu Kypca, B 3aBUCMMOCTH OT
WHTEPECOB ayaMTopuK, byaeT pacckasaHo O pPa3INYHbIX MPUMEHEHUSAX MeToga PYHKLUMOHANbHOIo
WHTErpMpoBaHus, TaKnx Kak Gpusnka nonnmepos, GrHaHcoBas MaTemMaTuka u ap.



2. Basic Information

Course Academic Level BSc MSc PhD
Number of ECTS credits 6
Type of Assessment )

Mapping from grades to percentage:

A: 86

B: 76

Cc 66

D 56

E: 46

F: 0

Term Term 1 Term 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 Mathematics and Mechanics
Photonics and Quantum Physics
Materials

Maximum Number of Students

Maximum Number of Students
Overall: 15

Per Group (for seminars and labs): 15

Course Stream Science, Technology and Engineering (STE)

3. Course Content
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4. Learning Outcomes

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

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

2.1. COGNITION AND MODES OF REASONING

2.1.1. Analytical reasoning and problem solving 2.1.3. Creative thinking

2.2. ATTITUDES AND LEARNING PROCESS

2.2.5. Self-awareness and a commitment to self-improvement, lifelong learning and educating

3.1. COMMUNICATIONS IN INTERNATIONAL ENVIRONMENTS

3.1.3. Oral presentation and discussion 3.1.4. Inquiry, listening and dialogue

4.1. MAKING SENSE OF GLOBAL SOCIETAL ENVIRONMENTAL AND BUSINESS CONTEXT

4.1.1. Appreciating the potential and limitations of science and technology, their role in society and
society's role in their evolution

4.2. VISIONING — INVENTING NEW TECHNOLOGIES THROUGH RESEARCH

4.2.1. The research process — hypothesis, evidence and defense

4.2.2. Basic research leading to new scientific discovery

5. Assignments and Grading

Physical Attendance Requirement 50
(% of classes)

In-person Attendance Requirement Comment

Certainly, students can master the material and pass the exam on their own, but the course contains
original ideas that are difficult to find in existing literature.


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

Assignment Type Assignment Summary % of Final Course Grade

There are some interesting

problems to solve at home. 30
Typically, it takes about a week

to complete them.

Homework Assignments

There are some interesting
problems to solve at home.

Homework Assignments Typically, it takes about a week e
to complete them.
Final Exam Discussion about course and 40

homeworks.

6. Assessment Criteria

Assignment 1 Type Homework Assignments

Sample of Assignment 1

The lecture proved the Gelfand-Yaglom theorem for the determinant of an operator acting on functions
defined on the interval from 0 to 1 and vanishing at the ends. Generalize this statement to the case when
the operator acts on periodic functions.

Assessment Criteria for Assignment 1
It is necessary to solve this problem completely.

Assignment 2 Type Final Exam

Sample of Assignment 2
Discussion about course and homeworks.

Deep understanding of all themes discussed within the course.

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)

Chaichian M., Demichev A. Path

integrals in physics. Vol. 1: Stochastic 9780367397142
processes and quantum mechanics.

2001

Faddeev, L.D., IAkubovskii, O.A.
Lectures on quantum mechanics for 9780821846995
mathematics students. 2009

Web-resources (links) Description

https://arxiv.org/ A lot of papers.



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



