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YcnewHas Kapbepa B (hM3MKe HeBO3MOXXHa 6e3 r/iybokoro 3HaHusi ee si3blka - MaTeMaTuku. Llenb Kypca - HayyYnTb 6a30BbiM
MaTeMaTN4YeCKUM MeToAaM, UCMOJ/Ib3yeMbIM B COBPEMEHHbIX pa3fenax (PUsvKu: (pU3NKe KOHAEHCMPOBAHHOrO COCTOSIHWS, Teopum
HeyMnopsiA0YEHHbIX CUCTEM, (U3MKE HAHOCTPYKTYP MOHVIKEHHON pa3sMepHOCTU W T.A. Kypc OpveHTMpoBaH Ha passBuTue
MaTeMaTWYeCKOr0 MbILWIEHUS U YMEHUS MPUMEHSTb XOpowo pa3paboTaHHbie MaTeMaTu4yeckme MpuemMsl A5  pelleHus
pacnpocTpaHeHHbIX TUMOB 3a4ay (MU3MKU. 3aHATUSA MPOBOASTCA B BUAE CEMWHAPOB, Ha KOTOPbLIX AAOTCH TEOPEeTUYeCcKMe OCHOBbI
NCMO/b3yeMbIX MaTeMaTUYeCKUX METOAOB, a 3aTeM pasbupatloTcs npuMepbl pelleHns 3ajady. PaccMaTprBaeTCsi LUMPOKWIA Kpyr
BOMPOCOB OT TEOPUM (PYHKLMIA KOMIMIEKCHOW NepeMeHHo 1 creumnabHbiX MyHKUUA A0 N36paHHbIX BOMPOCOB TEOPUM MEPKOSLNUN 1
OCHOB Teopuu rpymnm.

A successful career in physics is impossible without a deep knowledge of her language - mathematics. The goal of the course is to
teach basic mathematical methods used in modern branches of physics: condensed matter physics, the theory of disordered systems,
lowdimensional nanostructures physics, etc. The course is focused on the development of mathematical thinking and the ability to
apply well-developed mathematical techniques for solving commonly used types of problems in physics. Classes are held in the form
of seminars, where in the first part theoretical foundations of the mathematical methods used are given, and then examples of
problems are treated and solved. A wide range of issues from the theory of functions of a complex variable and special functions to
selected questions of the percolation theory and the foundations of group theory are considered.
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Course content
MnaH Kypca

CTpyKTypa Kypca

|. Teopua pyHKLNIN KOMMIEKCHON NepeMeHHOoMn

1) ®YHKLMM KOMMIEKCHOIO NepeMeHHoro, 0TobpakeHns N TOYKN BETBJIEHUS, Npeaen n HenpepbIBHOCTb YHKLNIA

. N . o Nekuns

KOMMJIEKCHON MepeMeHHOW, MPOon3BOAHas OT (PYHKLIMN KOMMJIEKCHOW nepemMeHHou, ycnosuns Kowmn-PrumaHa.

2) NHTerpupoBaHme pyHKLUN KOMMJIEKCHON NepeMeHHon, ocobble To4Ykn, psabl JlopaHa, TeopeMa O BblHeTax. Nekuwms
3) KoHhopMHoe npeobpaszoBaHue. CemMmuHap
Il. Bbl4ncieHne nHTerpanos n creymnasbHblie QYHKLUN

1) icnonb3oBaHne CUMMETPUN NPU BbIYUCIEHUN NHTErpasos OT PYHKLUKN, MHTErpaJsibl OT YETHbIX N HEYETHbIX Cemuhap
PYHKUMIA, MHTErpupoBaHMe No KOHTYpY, ieMMa XKopaaHa.

2) FamMa-hyHKUMA, BeTa-hyHKUNSA, QYHKLUNA OoWNBOK, MHTerpasibHasa nokasaTenbHas MYHKUNA, MHTErpajbHble CemuHap
KOCWHYC 1 CUHYC.

3) PewleHue ypaBHeHUs Jlanaaca B LWINHAPUYECKUX N CPepnYecKnxX KoopanHaTax, MyHkUun beccens n nx Cemuna
CBOWCTBa, chepnyeckmne yHKLMN N NX CBONCTBA. P
IIl. NpnbnanxeHHble MeToabl B (hn3nke

1) AcuMnToTrYecKni psad, NpubanKeHHbIe MeTOoAbl pelleHni anrebpanyecknx ypaBHeHnn, MeTo nepesana Nexums
(MeTopn cTaumoHapHoOM asbl).

2) KBa3uknaccuyeckoe npmbamxeHve B KBaHTOBOW MexaHuKe (MeTof BeHTuens-Kpamepca-bpunniosHa). CemunHap
3) BapnauunoHHble MeToAbl B KBAHTOBOW MEXaHUKE. CemunHap
IV. Heynopsago4eHHble CUCTEMbl U HEJIMHENHbIE ABJIEHUA

1) MpoTekaHue (NepkoaALMA) Mo pelleTKe ¢ gedeKkTamu, 3aja4a y310B, 3afa4a CBA3EN, KnacTepbl, Cemuhap
NepKOIALMOHHbBIN Nepexon A5 pa3inyHbIX TUMOB peLleToK.

2) HennHenHoe ypasHeHue LLpéanHrepa, onepnposaHne 6E€CKOHEYHOCTSAMMU B (PU3NYECKMX CUCTEMAX. CeMuHap
3) JInHeapmsauunsa HeNMHERHbIX cUcTeM AnddepeHunanbHbIX ypaBHeHUA, ocobble ToOYKM ha30BOro NPoCTpaHCTBa Cemuna
HeNIMHeNHOW ANHaMMNYeCKon cucTeMsl, bBrudypkauus, aTTpakTop AMHaMUYECKON CUCTEMBI. P
V. HTerpasnbHble npeobpa3oBaHna U UHTErpasbHble ypaBHEHNS

1) MpeobpasosaHne dypbe, AenbTa-OyHKUMS U PpyHKUUA prHa. CeMuHap
2) Mpeobpa3sosaHue Jlannaca, TUMNbl MHTErpasbHbIX YPAaBHEHUA N METOAbI UX PELUEHUS. CemunHap
V1. Teopus rpynm n ee NnpusioXXeHus

1) OnpepeneHus n cBoncTBa abcTpakTHONM rpynmnbl, KNAacChbl COMPAMXEHHOCTW, FPYNMbl TPAHCAALMOHHON 1

BpallaTenbHOW CUMMETPUM 1N CBA3aHHbIE C HUMUW 3aKOHbl COXpaHeHus, TeopeMa bnoxa, Teopema BurHepa, JNekumsa
TO4YeYHble rpynnbl CUMMeTPUN.

2) MNpeacTasBneHusa rpynn u UxX CBOWCTBA, XapakKTep npeacTaB/ieHns, NpousseaeHne npeacTasieHnin, npasnia Cemuhap
oTbopa, MeTo MHBaAPMAHTOB.
Plan of a course

CTpyKTypa Kypca

I. Theory of functions of a complex variable

1) Functions of a complex variable, a mapping and a branch point, limit and continuity of functions of a complex Lecture
variable, derivative of a function of a complex variable, Cauchy-Riemann condition.

2) Integration of the function of a complex variable, singular points, Laurent series, residue theorem. Lecture
3) Conformal mapping. Seminar
1. Calculation of integrals and special functions

1) The use of symmetry in the calculation of integrals of a function, integrals of even and odd functions, integration Seminar

over a contour, Jordan's lemma.




2) Gamma function, Beta function, error function, integral exponential function, integral cosine and sine. Seminar
3) Solution of the Laplace equation in cylindrical and spherical coordinates, Bessel functions and their properties, Seminar
spherical functions and their properties.

IIl. Approximate methods in physics

1) Asymptotic series, approximate methods for solving algebraic equations, the method of steepest descent Lecture
(stationary phase method)

2) Quasiclassical approximation in quantum mechanics (Wentzel-Kramers-Brillouin method) Seminar
3) Variational methods in quantum mechanics. Seminar
IV. Disordered systems and nonlinear phenomena

1) Percolation (percolation) in a lattice with defects, site percolation problem, bond percolation problem, clusters, Seminar
percolation transition for various types of lattices.

2) Non-linear Schrédinger equation, tackling infinities in physical systems. Seminar
3) Linearization of nonlinear systems of differential equations, singular points of the phase space of a nonlinear Seminar
dynamical system, bifurcation, attractor of a dynamical system.

V. Integral transformations and integral equations

1) Fourier transform, delta function and Green function. Seminar
2) Laplace transform, types of integral equations and methods for solving them. Seminar
VI. Group theory and its applications

11) Definitions and properties of an abstract group, conjugacy classes, translational and rotational symmetry Lecture
groups and the associated conservation laws, the Bloch theorem, the Wigner theorem, point symmetry groups.

2) Representations of groups and their properties, character of representation, product of representations, selection Seminar
rules, method of invariants.

Recommended resources

[1] Arfken G.B. and Weber H.). (2001), Mathematical methods for physicists (5th edn.), Academic Press, ISBN 0-120-59826-4.

[2] Mathews J. and Walker R.L. (1970), Mathematical Methods of Physics (2nd edition), Benjamin, ISBN 0-805-37002-1.

[3] Spiegel M. R., Advanced Mathematics for Engineers and Scientists, (Chapter 13: Complex Variables and Conformal Mapping).
[4] Spiegel M.R., Complex Variables, (any edition), McGraw-Hill.

[5] Stauffer D. (1985), Introduction to Percolation Theory, Taylor and Francis, ISBN 0- 850-663156 (UL: 530.13 STA).

[6] Efros A.L. (1986), Physics and Geometry of Disorder, Mir Publishers.

[7] Anselm A. (1981), Introduction to Semiconductor Theory, Mir Publishers.

Grading Policy

OueHKa 3a KOJUIOKBMYM Bbille nMbo paBHasf «3» ABASETCSA LAOMYCKOM K 3K3aMeHy ¢ 0 wTpadHbix Hannos. Ecnm oueHka 3a
KOJUTOKBUYM HUXKE «3» WM KOJUUIOKBMYM HE Mucascs, TO K 3K3aMeHy CTyAeHT ponyckaeTtcsa ¢ 20 wrpadpHbiMu H6annamu, KoTopble
Bbl4MTaloTCA M3 obuwiero ymcrna 6annoB 3a 3k3aMeH. Ha ycMoTpeHue npenofaBaTenst ANs LOMyCKa K dK3aMeHy 6e3 HayucneHus
wTpadHbIX 6anfoB CTYLEHTY MOXXeT OblTb 3acYMTaHO BbIMOJIHEHME O6LMX WU VHOMBUAYaAJbHbIX AOMalIHMX paboT mno Kypcy.
OueHKa 3a MUCbMEHHbIN 3K3aMeH - MakcuMyM 100 6annoB: Onsa oueHKn «5» Heobxonmmo HabpaTb MUHMMYM 70 6annoB; 0515 OLEeHKN
«4» Heobxogmmo HabpaTb MUHUMYM 50 6annos; OnsA oueHkU «3» Heobxoommo HabpaTb MMHMMYM 40 6annoB; Ecnm HabpaHo MeHee
40 6ann0B - 3K3aMeH He ChaH.

The mark for a colloquium higher than or equal to «3» is an exam qualification with 0 penalty points. If the mark for a colloquium
below «3» or if the colloquium was not written, then a student is allowed to the exam with 20 penalty points, which are subtracted
from the total number of points for the exam. At the discretion of the teacher for admission to the exam without calculating the
penalty points, the student may be credited with performing general or individual homework for the course. Maximum mark for the
written exam is 100 points: To get mark “3” minimum 40 points should be attained. To get mark “4” minimum 50 points should be
attained. To get mark “5” minimum 70 points should be attained. Less than 40 points attained means the exam is not passed.



