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YcnewHas Kapbepa B (M3UKe HeBO3MOXXHa 6e3 riybokoro 3HaHMsA ee s3blka - MaTeMaTuKu. Llenb KoppekTupylollero Kypca:
yCTpaHUTb Npobenibl U Hay4yuTb 6a30BbIM MaTeMaTU4YeCKUM MeToLaM, UCMOJb3yeMbIM B COBPEMEHHbIX pa3fenax (U3UKM: usnke
KOHAEHCMPOBAHHOIO COCTOSIHWS, TEOPUN HEYMNOPSAOYEHHBIX CUCTEM, (PU3MKE HAHOCTPYKTYP MOHVXKEHHON pasMepHOCTM U T. 4. Kypc
OPMEHTMPOBaH Ha Pa3BMTVE MAaTEMAaTUYECKOrO MbILLJIEHUS Y YMEHUS NPUMeEHATb XOpoLlo pa3paboTaHHble MaTeMaTuyeckne npuemsl
ON5 pelleHnst pacrnpocTPaHeHHbIX TUMOB 3afay MU3NKU. 3aHATUS NPOBOAATCSA B BMAE NIEKUUA N CEMUHAPOB, Ha KOTOPbLIX AaloTCs
TeopeTU4yeckre OCHOBbI WCMOJb3yeMbIX MaTeMaTUYeCcKMx MeToAoB, a 3aTeM pa3bupaloTcs npuMmepbl  pelleHus  3anad.
PaccmaTpuBaeTCsi LUMPOKWIA KPyr BOMPOCOB OT Teopunm (YHKLMIA KOMMIEKCHON MNepeMeHHOW W crneunanbHbliX (YHKLMA [0
JINHeapu3aunm HeNMHenHbIX CUCTEM.

A successful career in physics is impossible without a deep knowledge of its language - mathematics. The goal of the remedial course
is to fill the gaps and teach the basic mathematical methods used in modern sections of physics: condensed matter physics,
disordered systems theory, low-dimensional nanostructure physics, etc. The course is aimed at developing mathematical thinking and
the ability to apply well-developed mathematical techniques to solve common types of physics problems. Classes are held in the form
of lectures and seminars, which provide the theoretical foundations of the mathematical methods used and then analyze examples of
problem solutions. A wide range of issues is considered, from the theory of functions of a complex variable and special functions to the
linearization of nonlinear systems.


https://physics.itmo.ru/en/personality/alexey_proskurin-0
https://physics.itmo.ru/en/personality/ekaterina_maslova
http://physics.itmo.ru/en/study-program/2980
http://physics.itmo.ru/en/study-program/3936
http://physics.itmo.ru/en/study-program/2979
http://physics.itmo.ru/en/study-program/8729
http://physics.itmo.ru/en/study-program/8729
http://physics.itmo.ru/ru/discipline/3068
http://physics.itmo.ru/ru/discipline/28550
http://physics.itmo.ru/ru/discipline/28549
http://physics.itmo.ru/ru/discipline/28569
http://physics.itmo.ru/ru/discipline/9794

Course content
MnaH Kypca

CTpyKTypa Kypca

|. Teopua pyHKLNIN KOMMIEKCHON NepeMeHHOoMn

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

KOMMJIEKCHO NEPEMEHHON, MPON3BOAHAs OT (hYHKLNM KOMIMJIEKCHON NepeMeHHon, ycnosus Kowmn-PumaHa. Jlekuns

2) NHTerpupoBaHme pyHKLUN KOMMJIEKCHON NepeMeHHon, ocobble To4Ykn, psabl JlopaHa, TeopeMa O BblHeTax. Nekumna

3) KoHhopMHoe npeobpaszoBaHue. CemuHap

Il. Bbl4ncieHne nHTerpanos n creymnasbHblie QYHKLUN

1) |/|CI'IOJijOBaHI/Ie CUMMETPUN NPU BbIYNCIEHUN UHTErPanoB OT PYHKLUN, MHTErpasbl OT YEeTHbIX N HEYETHbIX Cemmhap

PYHKLUUIN, NHTErpnpoBaHne no KOHTYpy, leMma XKopaaHa.

2) FamMa-hyHKUMA, BeTa-hyHKUNSA, QYHKLUNA OoWNBOK, MHTerpasibHasa nokasaTenbHas MYHKUNA, MHTErpajbHble CemuHap

KOCUHYC 1 CUHYC.

3) PE%LIJEHI/Ie ypaBHeHus Jlannaca B LI,I/IJ’]I/IH,EI,E)VILIeCKVIX 1 chepuyeckux KoopguHaTax, pyHKUNKM Beccens n nx Cemunap

CBOWCTBa, chepnyeckmne yHKLMN N NX CBONCTBA.

IIl. NpnbnanxeHHble MeToabl B (hn3nke

1) AcuMnToTrYecKni psad, NpubanKeHHbIe MeTOoAbl pelleHni anrebpanyecknx ypaBHeHnn, MeTo nepesana Nexums

(MeTopn cTaumoHapHoOM asbl).

2) KBa3uknaccuyeckoe npnbsivxeHne B KBaHTOBOW MexaHuKe (MeTof BeHTuens-Kpamepca-bpunntoaHa). CeMmuHap

3) BapnauunoHHble MeToAbl B KBAHTOBOW MEXaHUKE. CemuHap

IV. Heynopsago4eHHble CUCTEMbl U HEJIMHENHbIE ABJIEHUA

1) JlnHeapusauwms HEi'IVIHveVIHbIX cncTem ,zjmcp(pepeHumaanblx ypaBHeHuI, ocobble ToYKK ha3oBoro Nekuus

MPOCTPaHCTBa HEJINHENHOW AUHAaMUYECKOWN CUCTEMbI.

V. UHTerpanbHble npeobpa3oBaHUs N MHTErpasjbHble ypaBHEHMS

1) NpeobpaszoBaHue Pypbe, aenbTa-PyHKUNA U PyHKLNSA TpuHa. CemuHap

2) MNpeobpa3oBaHune Jlannaca, TUNbl UHTErpasbHbIX YPaBHEHUA N METOAbI UX PELLUEHWNS. CemuHap
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.

I1l. 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) Linearization of nonlinear systems of differential equations, singular points of the phase space of a nonlinear
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

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

Grading Policy

OueHKa 3a KOJUIOKBMYM Bbille NMB0 paBHas «3» ABAAETCS [OOMYCKOM K 3k3ameHy ¢ 0 wTpadgHbix 6annos. Ecnm oueHka 3a
KOJIIOKBUYM HWMXE «3» WAN KOJIJIOKBUYM He MUCAJICs, TO K 3K3aMeHy CTyAeHT gonyckaeTtcs ¢ 20 wrpadHbiMu Bannamu, KoTopble
BblYMTalOTCA M3 obwero ymucna 6annos 3a 3k3ameH. Ha ycMoTpeHue npenofasaTens AJiA OOMyCKa K 3K3amMeHy 6e3 HavucneHus
wTpadHbiXx 6ann0B CTyAeHTY MOXKeT ObiTb 3acyMTaHO BbIMOJIHEHWE OBWNX AN WUHAMBUAYabHbIX AOMallHMX paboT mo Kypcy.
OueHKa 3a MUCbMEHHbIN 3K3aMeH - MakcuMyM 100 6annoB: Ona oueHkn «5» Heobxoammo HabpaTb MUHMMYM 70 6ann0B; O15 OLEeHKN
«4» Heobxoammo HabpaTb MMHUMYM 50 6annos; OnsA oueHkU «3» Heobxoammo HabpaTb MuHUMyM 40 6annos; Ecnm HabpaHo MeHee
40 6annoB - 3K3aMeH He ChAaH.

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.

JdonoJsiHuTesibHbile KOMMEHTapuu

Kypc 4ntaeTca Ha aHMIMNCKOM si3blKe, AJINTEeNIbHOCTb BCeX JIeKUMA 1 CEMUHAPOB paccinTaHa Ha 3 aCTPOHOMUYECKMX Haca.

Additional comments: the course language is English, the duration of all lectures and seminars is designed for 3 astronomical hours.



