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1.Ha3Banue: YpaBHeHHsT M MeTOabl Maremarndeckoil ¢usuku / Equations and Methods of
Mathematical Physics

2. Jlextop: Urops ITonos
Lecturer: Igor Popov

5. HazBanue nporpammel u cemectp: OakaaBpuat « Texaudeckas pusuka», 4-5 cemecTpsl
Study program and semester: bachelor program “Technical Physics”, 4-5 semesters

6. [Iporpamma Kkypca:

‘ Tema ‘ Tun 3ansaTHii

I'maBa 1. OgHOMEpPHOE BOJTHOBOE YpaBHEHUE

1 | OgnomepHoe BoHOBOe ypaBHeHue. Meton Jlanambepa | Jlekius

2 | Meron mnpomomkeHus. Meron mnpomonkeHuid it | JIekmus
MOJIyOTpaHUYEHHON CTpyHbl. JKecTkoe 3akperieHue
cTpyHbl. CBOOO/IHOE 3akperuvieHHe cTpyHbl. KoHeuHas
CTpYHa.

3 Meton @ypbe 1151 KOHEUHOU CTPYHBI Jlexnsa

4 | Metox @ypbe Uit cBOOOJHOrO 3aKperieHus cTpyHsl. | CemuHap
BoinykieHHBIE KOJI€0aHUS! CTPYHBI.

I'naBa 2. OgHOMEpHOE ypaBHEHHE TEMJIONPOBOIHOCTH

5 | OnHOMepHOE ypaBHEHME TEIUIONPOBOAHOCTH. Mertox | Jlekuus
Dypbe 17151 KOHEUHOTO CTEPXKHS.

6 | Meron ®ypbe A1 KOHEYHOIO TEIUIOM30JIMPOBAaHHOTO | JIeKkuus
CTEpKHSI. Heonnopoanoe ypaBHEHUE
TEIIONPOBOAHOCTH.

7 | YpaBHEeHUE TEIUIONPOBOJHOCTH C HEOJHOPOJIHBIMU | Jlekuus
KpPaeBbIMHU YCJIOBUSIMU. YPAaBHEHHE TEIJIONPOBOAHOCTH
JUIsl 0ECKOHEUHOTO CTEPIKHS.

8 | 3amaum 06 ycraHoBuBIIMXCS nporeccax. 3akoHbl Pypre. | CemMuHap

9 | Merox mogo0us B TCOPUH TEIUIONPOBOIHOCTH. 3aaada o | CemuHap
BO3pacTe 3eMIId.

I'maBa 3. YpaBuenue Jlamaca

10 | YpaBuenue Jlamnaca. 3amaua [upuxie mis ypaBHeHus | Jlexius
Jlannaca B kpyre.

11 | 3amawa dupuxne s ypaBHeHus Jlammaca B kosbie. | Cemunap
3amaua Jlupuxse 1 ypaBHeHus Jlammaca B
PSIMOYTOJIbHUKE.

I'naBa 4. Teopembl eAMHCTBEHHOCTH

12 | Teopema eAMHCTBEHHOCTH [JIsi ypaBHEHHUS CTpyHbIL. | Jlekius
Teopema €IMHCTBEHHOCTH JUIS ypaBHEHUs
TEIJIONPOBOJHOCTH.

13 | ®opmynsl ['puna B TpexmepHoM ciydae. Crnenctus u3 | Jlekuus
dbopmyn ['puna.




14

TeopemMa eIMHCTBEHHOCTH M ypaBHeHus Jlammaca.

Bropas dhopmymna ['puna B npoctpanctse [ .

Jlexnsa

I'maBa 5. Knaccudukanus JIuHEHHBIX ypaBHEHUH B YaCTHBIX MPOU3BOIHBIX

15 | Knaccudukanus JIMHEHHBIX YypaBHEHHH B dYacTHBIX | JIeKus
n
IPOM3BOAHBIX B IPOCTPAHCTBE || .

16 | Knaccudukanus JIWMHEHHBIX ypaBHeHMH B 4acTHbIX | CeMuHAp

2
IPOM3BOAHBIX B IPOCTpaHcTBe || .

I'maBa 6. ®ynkius ['puHa 00BIKHOBEHHOTO AU (HEPEHITNATBLHOTO ONepaTopa.

17

Oyuknus ['puna 00bIKHOBEeHHOTO nud(epeHITnaATEHOTO
onepartopa. @ynkuus ['puna 3agayu [typma-JInyBumis.

Jlexknsa

I'naBa 7. @ynkuus ['puna 3agaun Jupuxine st ypapHenus Jlamaca

18 | ®yuknus ['puna 3amaunm upuxne npns ypaBHeHus | Jlexius
Jlannaca. WNHBapuaHnTHOCTH byHKIUU I'puna
OTHOCHUTEJIbHO IEPECTAHOBKU aPTyYMEHTOB.

19 | Meron n3obpaxennii. dynkuuu ['puna mist paznuysaeix | CemuHap
JBYI'PaHHbIX YIJIOB. DYHKIMS AJIs1 CIOSI MEXKIY ABYMS
MapajuIeIbHBIMU INIOCKOCTSIMHU.

20 | Oynkuusa ['puna 3agaunm upuxiie ans ypaBHeHus | Jlekuus
Jlarmaca B kpyre. @ynkuus ['puna 3agaun dupuxne aist
ypaBHeHus Jlanaca B mape.

21 | Meron unBepcuii. @ynkus ['puna 3amaun Jupuxie mist | CemuHap
JIBYX KacarolllMXcs IapoB.

I'naBa 8. Ypasuenue ['enbMromnbia

22 | YpaBuenue [empmromeiia. 3amava [upuxne i | Jlexmous
ypaBHeHus ['enbmronsna.

23 | ®opmynel I'puHa pns omepatopa [enpmrosbima B | Jlekmus

3
npocrpancte [ °. ®yuknusa [puna 3amaun Jupuxiie
JUIsl ypaBHEHHs [ epMrosipLa.

Detailed content and structure with sectioning of lectures/seminars:

‘ Tema

‘ Tun 3ansTHi

Cha

pter 1. One-dimensional wave equation

1 | One-dimensional wave equation. D’ Alambert method Lecture

2 | Continuation method. The continuation method for a | Lecture
semi-bounded string. Hard string fastening. Free string
anchorage. Finite string.

3 | Fourier method for finite string. Lecture

4 | Fourier method for free string fixing. Forced vibrations of | Seminar
the string.

Chapter 2. One-dimensional heat conduction equation

5 | One-dimensional heat equation. Fourier method for a | Lecture
finite rod.

6 | Fourier method for the finite heat-insulated rod. | Lecture
Inhomogeneous heat equation.

7 | Heat equation with non-uniform boundary conditions. | Lecture
The heat equation for an infinite rod.

8 | Tasks about established processes. Fourier laws. Seminar




9 | The method of similarity in the theory of heat conduction. | Seminar
The task of the age of the Earth.
Chapter 3. Laplace equation

10 | Laplace equation. The Dirichlet problem for the Laplace | Lecture
equation in a circle.
11 | The Dirichlet problem for the Laplace equation in a ring. | Seminar
The Dirichlet problem for the Laplace equation in a
rectangle.

Chapter 4. Unigueness Theorems

12 | Uniqueness theorem for string equation. The uniqueness | Lecture
theorem for the heat equation.
13 | Green formulas in the three-dimensional case. Corollaries | Lecture
from Green's formulas.
14 | The uniqueness theorem for the Laplace equation. | Lecture

Green's second formula in [1 " space.

Chapter 5. Classification of linear partial differential equations
15 | Classification of linear partial differential equations in | Lecture
[] " space.
16 | Classification of linear partial differential equations in | Seminar
[] % space.
Chapter 6. The Green function of an ordinary differential operator
17 | Green function of an ordinary differential operator. Green | Lecture
function of the Sturm-Liouville problem.
Chapter 7. The Green function of the Dirichlet problem for the Laplace equation
18 | The Green function of the Dirichlet problem for the | Lecture
Laplace equation. Invariance of the Green function with
respect to the permutation of arguments.

19 | Image method. Green functions for different dihedral | Seminar
angles. The function for a layer between two parallel
planes.

20 | The Green function of the Dirichlet problem for the | Lecture
Laplace equation in a circle. The Green function of the
Dirichlet problem for the Laplace equation in a ball.

21 | Inversion method. The Green function of the Dirichlet | Seminar
problem for two touching balls.
Chapter 8. Helmholtz Equation

22 | Helmholtz equation. Dirichlet problem for the Helmholtz | Lecture
equation.

23 | Green's formulas for the Helmholtz operator in [ * space. | Lecture
The Green function of the Dirichlet problem for the
Helmholtz equation.

7. PexomenoBaHHas JIUTEpaTypa:
1. Jlo6anos WU.C., IlonmoB A.W., Tlomo WN.IO., Tpudano A.M. Tumomoiti pacyer mo

Maremarnueckor ¢(usuke. Yuuepcurer MTMO, Cankr-IlerepOypr, 2018 — 39 c.
http://books.ifmo.ru/book/2189/tipovoy raschet po matematicheskoy fizike: uchebno-
metodicheskoe posobie / recenzenty: miroshnichenko g. p., uzdin v. m..htm

2. Bnamumupo B.C., Kapuno B.B. VYpaBHenuss martemaruueckoil ¢usuku. Mocksa:
®dusmataut, 2004. — 400 c.



http://books.ifmo.ru/book/2189/tipovoy_raschet_po_matematicheskoy_fizike:_uchebno-metodicheskoe_posobie_/_recenzenty:_miroshnichenko_g._p.,_uzdin_v._m..htm
http://books.ifmo.ru/book/2189/tipovoy_raschet_po_matematicheskoy_fizike:_uchebno-metodicheskoe_posobie_/_recenzenty:_miroshnichenko_g._p.,_uzdin_v._m..htm

BrnacoBa E.A., MapueBckuii M.K. Dnements! ¢yHKIIMOHANBHOTO aHanmu3a. CaHKT-
[TerepOypr: Jlans, 2015. — 400 c.

4. TuxonoB A.H, Camapckuii A.A. YpaBHeHuss MaremMaruueckon ¢usuku. Mocksa: Hayka,
2004. — 798 c.

5. Cwmupnos B.U. Kypc Beiciieit Matematuku. Tom |l / TIpen. JI. 1. @anneesa, npea. u mpum.
E. A. I'pununoii: 24-¢ u3g. — CI16.: BXB-Iletepoypr, 2008. - 848 c.

6. bmunosa U.B., IlonoB WN.10., Tpudanosa E.C. Tumnosie pacdersl 1m0 (GyHIHMOHATHBHOMY
aHanu3sy. VYuusepcurer  UTMO, Canxkr-IlerepOypr, 2011 - 24 C.
https://books.ifmo.ru/book/647/tipovye raschety po_funkcionalnomu_analizu.htm

7. Tlomor N.}O. Marematudeckas ¢usuka. Y auBepcuter MTMO, Cankr-Ilerepoypr, 2005 —
105 c.

8. bmmuoBa W.B., Ilomo W.IO. Ilpocreiimme ypaBHEHUS MaTEeMAaTHUYECKON (PU3HKH.
YHuBepcurer UTMO, Canxrt-IlerepOypr, 2009 — 59 c.
https://books.ifmo.ru/book/488/prosteyshie_uravneniya_matematicheskoy fiziki. uchebn
0e_posobie.htm

9. Komoxkomor U.B., Ky3uenos E.A., Munsmireiin A.U., [TonuBunos E.B., Uepnsix A.H.,
[ammpo JI.A., Hlamupo E.I'. 3agaun mo matematudeckuMm Meroaam ¢usuku. M3a. 4-e. —
Mocksa: Kamxkubiii nom «JIMBPOKOM», 2009 — 288 c.

Textbooks:

1. Lobanov I.S., Popov A.l., Popov L.Yu., Trifanov A.l. Problems for individual work in
mathematical physics. ITMO University, St. Petersburg, 2018 - 39 p.
http://books.ifmo.ru/book/2189/tipovoy_raschet po_matematicheskoy fizike: uchebno-
metodicheskoe posobie / recenzenty: miroshnichenko_g. p.,_uzdin_v._m..htm

2. Vladimirov V.S., Zharinov V.V. Equations of mathematical physics. Moscow: Fizmatlit,
2004. - 400 p.

3. Vlasova E.A., Marchevsky I.K. Elements of functional analysis. St. Petersburg: Lan, 2015.
- 400 p.

4. Tikhonov A.N., Samarskiy A.A. Equations of mathematical physics. Moscow: Science,
2004. - 798 p.

5. Smirnov V.I. The course of higher mathematics. Volume Il / Prev L. D. Faddeeva, before.
and approx. E. A. Grinina: 24th ed. - SPb .: BHV-Petersburg, 2008. - 848 p.

6. Blinova L.V., Popov I.Yu., Trifanova E.S. Problems for individual work in functional
analysis. ITMO University, St. Petersburg, 2011 - 24 p.
https://books.ifmo.ru/book/647/tipovye_raschety po_funkcionalnomu_analizu.htm

7. Popov L.Yu. Mathematical physics. ITMO University, St. Petersburg, 2005 - 105 p.

8. Blinova 1.V., Popov L.Yu. The simplest equations of mathematical physics. ITMO
University, St. Petersburg, 2009 - 59 p.
https://books.ifmo.ru/book/488/prosteyshie_uravneniya_matematicheskoy_fiziki._uchebn
0e_posobie.htm

9. Kolokolov 1.V., Kuznetsov E.A., Milshtein A.l., Podivilov E.V., Chernykh A.l., Shapiro

D.A., Shapiro E.G. Problems in mathematical methods of physics. Ed. 4th - Moscow:
LIBROCOM Book House, 2009 - 288 p.

8. [IpenBapuTenbHO MPOHICHHBIE KYPChI, HEOOXOANMBIE [UIS H3Y4YEHHS ITPeaAMeTa
MaremaTtnueckuii ananus, anredpa u reomerpus, 1uddepeHranbHbe ypaBHEHHS.


https://books.ifmo.ru/book/647/tipovye_raschety_po_funkcionalnomu_analizu.htm
https://books.ifmo.ru/book/488/prosteyshie_uravneniya_matematicheskoy_fiziki._uchebnoe_posobie.htm
https://books.ifmo.ru/book/488/prosteyshie_uravneniya_matematicheskoy_fiziki._uchebnoe_posobie.htm
http://books.ifmo.ru/book/2189/tipovoy_raschet_po_matematicheskoy_fizike:_uchebno-metodicheskoe_posobie_/_recenzenty:_miroshnichenko_g._p.,_uzdin_v._m..htm
http://books.ifmo.ru/book/2189/tipovoy_raschet_po_matematicheskoy_fizike:_uchebno-metodicheskoe_posobie_/_recenzenty:_miroshnichenko_g._p.,_uzdin_v._m..htm

Course prerequisites:
Mathematical analysis, algebra and geometry, differential equations.

9. Tun caMOCTOATENbHBIX 3a0aHWIl:
3amaya 1.
PemnTh HayanbHO-KpaeBYIO 3a7a4y 1)1 YPAaBHEHUS CTPYHBI:

ou o
ot o
u(0,t)=u’(4,t)=0
u(x,0)=-x

u;(x,0)=0

3amaua 2.
Pemmte HaYambHO-KpaeBYIO 33/1a4y JUIsl YPaBHEHUS TEIJIONPOBOIHOCTH:

_u
ot ox°
u(o,t)=u(1,t)=0
u(x,0) = x — x*

3amaua 3.
Pemuts rpannunyto 3aaauy i oneparopa Jlannaca B 3a1aHHOM oOnacTu:

Au=0, r<l
u|,_, =cosg

3amaua 4.
[TpuBecTu ypaBHEHHE K KAHOHUYECKOMY BHUIY B KaXI0H U3 001acTel, TJIe €ro THUIl COXPAHSIETCS:

U, +xu, =0

3amgauga 5.
[Toctpouts dyHkiuto ['prHa (ecau oHa CylecTByeT) NaHHOro nuddepeHIanIbHOTO oneparopa:

Ly=y", y(0)=Yy'(0)=y'@)+y@d)=y"@)=0.

3agauya 6.
[Toctpouts dpynkuuto ['puna ans auddepennnanbHOro onepaTopa BTOPOro Mopsaka:

Ly=y"+y, y(0)= y(gj =0.

3agaua 7.
Hanwucares ¢popmyny I'puna u Haiitu opmanbHo conpsipkeHHoe aAuddepeHnnanbHoe BhIpakeHue:



ou , ou du  x ou
Lu=—+X t—t+t .
OX; OX,0X, OX; X, OX,

3anaya 8.
Hcnonb3ys meTon uzoOpakeHuil, Haith (ynknuio ['puna 3amaum Jlupuxmie s ypaBHEHHsS
Jlammaca B yka3zaHHOM 001acTH:

3 . T
[ ¥, BHyTpEHHOCTb JBYIrPaHHOIO yIjla BETMYUHOMN 3

Assignments:
Task 1.
Solve the initial-boundary value problem for the string equation:

ou o
ot o
u(,t)=u’(4,t)=0
u(x,0)=-x

u;(x,0)=0

Task 2.
Solve the initial-boundary value problem for the heat equation:

_2
ot ox°
u(0o,t)=u(1,t)=0
u(x,0) = x — x*

Task 3.
Solve the boundary problem for the Laplace operator in a given domain:

Au=0, r<i
u|,_, =cosg

Task 4.
To bring the equation to the canonical form in each of the areas where its type is preserved:

u, +xu, =0

Task 5.
Construct the Green function (if it exists) of the given differential operator:

Ly=Yy", y(0)=Yy'(0)=y'@)+y@d)=y"@)=0.

Task 6.



Build the Green  function for a second order differential  operator:

Ly=y"+y, y(0)= y(gj ~0.

Task 7.
Write  Green's formula and find a formally adjoint differential expression:

82u+ , 0% +82u+i@

Lu= :
oX; & OX0X, OX5 X, OX;

Task 8.

Using the image method, find the Green function of the Dirichlet problem for the Laplace equation
in the specified region:

[13, dihedral angle interior of %

10. Kak onieHuBaeTcs ycreBaeMoCTh 110 Kypey:

MaxkcrMaabHOE KOJMYECTBO OAJITIOB 3a KypC 100
WNHnuBuayanbHOE 3aaHNe 40
BrImonHeHe KOHTPOJIBHBIX paboT 20
PaboTa Ha MpakTHYECKUX 3aHATHUIX 20
DK3aMeH 20

Grading policy:

Highest final grade for the course 100
Individual task 40
Tests 20
Work on practical classes 20
Exam 20




