OnddepeHumanbHblie ypaBHEHNA

Differential equations

1.HasBaHue: JuddepeHumnanbHble ypaBHEHMUA.
Course title: Differential equations.
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3. KpaTtKkasa aHHOTauuma:

OnddepeHumanbHble ypaBHEHUA ABNAKOTCA OCHOBHbIM MHCTPYMEHTOM MAaTEMATUYECKOro
MOZENNPOBAHNA GU3NUYECKUX, XUMUYECKMX, BUONOrMYECKMX, SKOHOMUYECKUX, @ TAKKE MHOTUX
OPYrMX NPOLLeCCOB M ABNEHWUI. B JaHHOM Kypce M3y4atoTca pasanyHble TUMbl 0ObIKHOBEHHbIX
anddepeHumnanbHbiX ypaBHEHUN N NX cucTem. NoapobHO paccmaTpMBatoOTCA Kak cnocobbl
ABHOrO HAaXOXAEHMA PeLeHN, Tak N KauecTBEHHble MeToAbl uccnegoBaHus. Ctporoe
U3/10}KEHNE TEOPUMN UNNIOCTPUPYETCA KOHKPETHBIMM NPUMEPamMM U3 NPUKNagHbIx obnacten
3HaHUA. CoaeprKalumeca B Kypce cBefeHuA, B YaCTHOCTU, HeobxoAuMbl ANA Aa/ibHENLLEro
M3y4YeHMA YpaBHEHNIA MAaTEMATUYECKON UMK,

Short annotation:

Differential equations are the main tool for mathematical modeling of physical, chemical,
biological, economical and many other processes and phenomena. This course is about various
types of ordinary differential equations and their systems. We study in detail explicit methods
of solving the equations as well as qualitative methods. Rigorous theory is illustrated by
concrete examples from applied fields of knowledge. In particular, the information contained in
the course forms the basis for further study of mathematical physics equations.

5. HasBaHue nporpammbi u cemecTtp: 6akanaspmat «HaHOPOTOHMKA N KBAHTOBAA ONTUKa», 3
cemecTp.

Study program and semester: bachelor program “Nanophotonics and quantum optics”, 3™
semester.

6. [leTanbHOe onucaHue Kypca ¢ pasbueHuem no nekumam/cemmHapam/npakTMKam:



NnaH nekuui

No Tema

1 BeeaeHne. MeToabl peleHna NpocTenwmx anddepeHumanbHbiX ypaBHEHUM
nepsoro nopsagkKa.

2 YpaBHeHUS, He pa3peLLéHHble OTHOCUTENbHO NPon3BoAHON. MeToabl
NMOHMMXKEHUA NOoPASKaA.

3 OnddepeHumnanbHbie MHOrovneHsbl. JIMHenHble OAHOPOAHbIE YPaBHEHUA €
NOCTOSAAHHBbIMWU KO3pPULMEHTAMMU.

4 JInHenHble HeOAHOPOAHbIE YPAaBHEHMA C MOCTOAHHBIMWU KO3bbUUMEHTaMM.
BbigeneHue BewecTBeHHbIX PeLleHUN.

5 OpHopoaHble CUMCTEMBI IMHENHDBIX YPAaBHEHWUIN C NOCTOAHHbBIMM
KoappumumeHTamm.

6 HeopHopoaHble CMCTEMbI IMHENHDBIX YPAaBHEHWUI C NOCTOAHHbIMM
KoadpdumumeHTamu. PelieHne cmctem ¢ NOMOLLLbIO MAaTPUYHOM SKCMOHEHTI.

7 Teopembl CyLLECTBOBAHUA U € AUHCTBEHHOCTU A1 HOPMAJIbHOM CUCTEMBI U
ONA ypaBHEHUA NPOU3BOILHOMO NOPAAKaA.

8 Nemma lpoHyonna. NobanbHasa Teopema eaAnHCTBEHHOCTU. MpogonkeHne
pelweHn 3agaum Kowwn.

9 3apadva Kowwu ana ypaBHeHUA, He paspeLlléHHOro OTHOCUTE/IbHO
nponssogHon. Ocobble peleHus.

10 JInHeliHble cMcTeMbI YPaBHEHWI C NEPEMEHHBIMU KO3PDULMEHTAMMU.
BpoHCKMaH u ero ceomncrea.

11 JInHelHble ypaBHEHUSA C NePEMEHHbIMU KO3ddULMEHTaMU. YPaBHEHMUA
BTOpOro nopsagka. Teopema LLTypma o cpaBHEeHUW.

12 ABTOHOMHbIE CUCTEMbI YpaBHEHUN. KnaccnduKauma nonoxeHun
pasHoBecuA.

13 Teopusa yCTONYMBOCTM.

14 YpaBHEHMA B YAaCTHbIX MPOU3BOAHbIX NEPBOro NopAAKa.

15 DNIeMEHTbI HENIMHEMHOM ANHAMUKN.

MnaH NnpakTUYECKUX 3aHATUI
Ne Tema

1 YpaBHeHMA € pa3genaomnummca nepemeHHbIMKU, O4HOPOAHbIE YPaBHEHUA.
JNInHenHble ypaBHeHWA nepsoro nopagka. CoctasneHune anddepeHumanbHbix
YyPaBHEHWIA.

2 YpaBHeHus bepHynnu, PUKKaTK. YpaBHeHME B NOAHbIX gnddepeHumanax.
YpaBHeHuA JlarpaHxa u Knepo.

3 MeToapbl NOHUMKEeHUA nopaaKa.

4 JInHenHble ypaBHEHMA C NOCTOAHHbIMM KO3dduumeHTamm. YpaBHeHue
dnnepa.

5 Cuctembl NIMHENHDBIX YPaBHEHUI C NOCTOAHHbIMMK KO3dduumeHtamum. Metop,
ncknoyveHna. O4HoOpoaHbIE CUCTEMDI.

6 HeopHopogHble cucTembl IMHEMHbIX YPAaBHEHWUIN C NOCTOAHHBIMMU
KoadpdumumeHTamu. PelleHme cmctem € NOMOLLbIO MATPUYHOMN SKCMOHEHTI.

7 KoHTposbHas pabota Nel.

8 UccnepoBaHme 3agaum Kown. Metog nocneagoBatesibHbIX NPUBANKEHUN.

9 3agaya Kowwu gna ypasHeHUA, He paspeLléHHOro OTHOCUTEIbHO

npoussogHon. Ocobble peleHus.




10 JInHeRnHble cucTembl ¢ nepemeHHbIMU Ko3dpduumeHtamm. PeweHme
YpaBHEHWUI NPU NOMOLLM CTENEHHbIX PALOB.

11 JInHeNHble ypaBHEHUA C NepeMeHHbIMU KOIPPULUNEHTAMN. YPaBHEHUA
BTOPOro nopaaka. KauectseHHoe nccnegoBaHne peLleHum.

12 ABTOHOMHbIE CUCTEMbI YPaBHEHUI. MiccneoBaHWe NONOXKEHMUIA PAaBHOBECUS.

13 NccnepoBaHme pelweHnii Ha YCTOMYMBOCTb. JInHeapm3auma HeNMHENHbIX
cucTem.

14 YpaBHEHMA B YACTHbIX NPON3BOAHbIX NEePBOro NOpAAKa.

15 KoHTponbHas paboTta No2.

Detailed content and structure with sectioning of lectures/seminars:

Lectures plan

Neo Topic

1 Introduction. Solving methods for the simplest types of the first order
differential equations.

2 Implicit differential equations. Reduction of order methods.

3 Differential polynomials. Linear homogeneous equations with constant
coefficients.

4 Linear nonhomogeneous equations with constant coefficients. Finding real
solutions.

5 Homogeneous systems of linear equations with constant coefficients.

6 Nonhomogeneous systems of linear equations with constant coefficients.
Application of matrix exponential to solving the systems.

7 Existence and unigueness theorems for normal system and for equation of
arbitrary order.

8 Gronwall lemma. Global theorem of existence. Extension of solutions of
initial value problem.

9 Initial value problem for implicit differential equation. Singular solutions.

10 Linear systems of equations with variable coefficients. Wronskian and its
properties.

11 Linear equations with variable coefficients. Equations of the second order.
Sturm comparison theorem.

12 Autonomous systems. Equilibrium points classification.

13 Stability theory.

14 Partial differential equations of the first order.

15 Elements of nonlinear dynamics.

Seminars plan
Neo Topic

1 Separable differential equations, homogeneous equations. Linear equations
of the first order. Deriving the differential equations.

2 Bernoulli equation, Riccati equation. Exact differential equation. Lagrange
and Clairaut equations.

3 Reduction of order methods.

4 Linear equations with constant coefficients. Euler equation.

5 Systems of linear equations with constant coefficients. Elimination method.

Homogeneous systems.




6 Nonhomogeneous systems of linear equations with constant coefficients.
Solving the systems with the matrix exponential.

7 Test Ne1l.

8 Analysis of initial value problem. Method of successive approximations.

9 Initial value problem for implicit differential equation. Singular solutions.

10 Linear systems with variable coefficients. Solving the equations with power
series.

11 Linear equations with variable coefficients. Equations of the second order.
Qualitative analysis of solutions.

12 Autonomous systems. Analysis of equilibrium points.

13 Stability analysis of solutions. Linearization of nonlinear systems.

14 Partial differential equations of the first order.

15 Test No2.

7. PeKomeHp0BaHHAA AnTepartypa:

1. B. K. PomaHko, Kypc anddepeHumanbHbix ypaBHEHUI M BAPUALMOHHOTO MCHNCIEHUA. —
4 n3g. — Mocksa: BUHOM. NlabopaTopus 3HaHui, 2015.

2. B. K. PomaHko, H. X. AraxaHos, B. B. Bnacos, /1. . KoBaneHKo, COOpHUK 3aga4 no
anddepeHLManbHbIM ypaBHEHUAM M BapMaLMOHHOMY Mcuucaenuio / nog, pea. B. K.
PomaHko. — 5 n3g. — Mockea: BUHOM. JTabopaTtopus 3HaHui, 2015.

3. A.®. duaunnos, BeegeHune B Teoputo gupdepeHunanbHbiX YypaBHEHUN. — 2 U3a. —
Mocksa: KomKnura, 2007.

4. A. d. dununnos, C60pHMK 3a4a4 No gudpdepeHumnanbHbiMm ypaBHEHMAM. — VKeBCK:
HWLL PerynapHaa n xaotnyeckaa auHamuka, 2000.

5. M. /1. KpacHos, A. U. Kucenés, I'. . MakapeHKo, ObbIkHOBEHHbIEe gnddepeHUnanbHble
ypaBHeHUA: 3a4a4m 1 npumepsbl ¢ NoApobHbIMK peweHnamu. — 4 n3a. — Mocksa:
Eantopunan YPCC, 2002.

6. Wnatosa B. M., Mbipkosa O. A., Cegos B. H. AnddepeHumanbHble ypaBHeHUsA. MeToabl
peweHnit. — 2 n3g. — Mockea: MOTH, 2012.

Textbooks:

1. Romanko V. K. Course of differential equations and calculus of variations. — Moscow,
2015 [in Russian].

2. V. K.Romanko, N. H. Agahanov, V. V. Vlasov, L. |. Kovalenko, Problems in differential
equations and calculus of variations — Moscow, 2015 [in Russian].

3. A.F. Filippov, Introduction to theory of differential equations. — Moscow, 2007 [in
Russian].

4. A.F.Filippov, Problems in differential equations. — Izhevsk, 2000 [in Russian].

5. M. L. Krasnov, A. |. Kiselev, G. I. Makarenko, Ordinary differential equations: Problems
and examples with detailed solutions. — Moscow, 2002 [in Russian].

6. V.M. Ipatova, O. A. Pyrkova, V. N. Sedov, Differential equations. Methods of solving. —
Moscow, 2012.

8. MpepBapuTeNnbHO NpoAEHHbIEe Kypcbl, HEO6X0AUMbIE ANA U3YyYeHUA NpeaMeTa:
MaTemaTuyeckuii aHaus3, IMHenHas anrebpa.

Course prerequisites:
Calculus, linear algebra.



9. TN camocToATeNbHbIX 3a4aHUN:

Ha npaKTUYecKmx 3aHATUAX CTYAEHTbI MOAYYAOT 33434M A4/1A CAMOCTOATENIbHOTO
peleHnn. B KOHLEe KaXKa0ro 3aHATUA BblAAETCA AOMaLLHee 33aHue.

B Kypce npeaycmoTpeHbl aBe 6onbluve AomallHue paboTbl, cogepiKalime 3a4aum no
BCEMY NPONAEHHOMY MaTepuany B Kaxgom mogyne. ITn paboTbl TpebyeTcs He TO/IbKO
cAaTb HA NPOBEPKY, HO U 3aLLUTUTb, TO €CTb YCTHO OTBETUTL HAa BOMPOCHI NpenoaBaTens
no AaHHon pabore.

B KOHLLe KaXKA0ro Moayns Ha 3aHATUAX NPOBOAATCSA KOHTPOJIbHbIE PaboThbI.

Assignments:

On seminars students are given problems for solving in class. At the end of each class
they get a home task.

There are two big home works with problems covering all the material studied in each
module. It is required not only to submit the assignments for checking but also to
answer the additional questions concerning the work.

Students are given a test at the end of each module.

10. Kak oueHuBaeTca ycneBaemocTb Mo Kypcy:

PaboTa B TeueHue cemecTtpa oueHusaeTtca ot 0 go 100 6annos.

CTyaeHT AONYCKaeTCa K caaye aK3aMeHa, eciv OH Habpan He meHee 60 6annos.
OTBeT Ha 3K3aMeHe oueHMBaeTcA No NATUBaNAbHOM WKane. [na NoayYeHUa OLEHKM
«OTINYHO» HEObXoAMMO NMeTb He meHee 80 6annoB 3a cemecTp.

NToroBas ouUeHKa 3a Kypc COBNagaeT C 3K3aMeHaLUMOHHOM.

Grading policy:

The work during semester is grading from 0 to 100 points.

A student is permitted to take the exam only if he has scored at least 60 points.
Five-point grading scale is used on the exam. To get the highest mark 5(A) it is necessary
to have at least 80 points for the semester work.

The final grade coincides with the examination result.

11. flononHUTENbHbIE KOMMEHTapUM:

Additional comments:



