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I. Syllabus

Learning Objectives:

1 Studing of basic technics of constructing of mathematical models defined by differential equations
2 Studying of some methods of the quality theory of differential equations
.3 Studying of basic methods of analytical solution of differential equation

Learning Outcomes: A student knows motivation and  basic technics of constructing differ- ential
equations in different tasks, basic methods of quality research and methods if finding exact solution of dif-
ferential equations; is able to apply his knowledge to solution of textbook problems and confidently use a
terminology of the subject.

II. Course Plan

4.1 Problems leading to differential equations. Methods of solution of the simplest first order
differential equations.

4.2 The geometric interpretation of first-order equations.

4.3 Differential equations of higher orders.

4.4 Basic theorems.

4.5 Exact differential equations.

4.6 Linear equations of the first order.

4.7 Linear homogeneous equations with constant coefficients of order greater than one.



4.8 Classification of isolated singular points of autonomous systems of the second order.

4.9 Linear inhomogeneous equations with constant coefficients.

4.10 Introduction to the theory of stability.

4.11 Structural stability.

4.12 The simplest bifurcations in ODE systems. Saddle-node bifurcation, pitch-fork bifurcation,
Andronov-Hopf bifurcation.

4.13 Stability by Lyapunov. The Lyapunov exponents.

4.14 Instability. Dynamical chaos. Examples of systems with chaotic dynamics.

4.15 Construction of Poincare map by ODE systems.

4.16 Classification of dynamic chaos: conservative (Hamiltonian chaos), strange attractors,
mixed dynamics.

4.17 Main bifurcations of point maps: saddle-node, pitch-fork, period doubling, Neimark-Saker
bifurcation.

4.18 Saddle limit cycles. Homoclinic structures.

4.19 Bifurcation analysis in the Henon map and the minimal Sprott map.

4.20 The main scenarios of the emergence of chaos in conservative and dissipative systems.

I11. Grading system:

There are the following forms of control: current control of student activities on
classes and homework, a written test at module 3 and an exam at the end of module 4.
The cumulative current grade is comprised of: average grade for the activities on clas-
ses and home assignments (50%); written test (50%). The final grade is comprised of
cumulative current grade (50%) and the grade for the exam (50%).

Assessment of knowledge is based on the results of written home and classroom
tests. The result of inspection work is to assess, display on a 10-point scale in ac-
cordance with the following criteria:

« highest score 10 points is given for an original and correct solution of the task, that
is with detailed explanations, calculations culture of problems and high-quality de-
sign work.

« estimate of 7-8-9 points exhibited in the presence of solutions of problems and cor-
rect aswer, but in the absence of any of the above distinctive features, for example,
the detailed calculations and explana- tions or high-quality design.

A score of 6 points is exposed in the presence of certain inaccuracies in the re-
sponses (including grammatical errors), or random errors of the arithmetic nature.

» A score of 5 points is exposed in cases where the answers and solutions to prob-
lems are contain in- accuracies and errors, indicating a lack of understanding and re-
quiring additional studing of the sub- ject.

« A score of 4 points is exposed in the presence of serious errors and gaps in
knowledge on the con-

trolled subjects.

+ A score of 3 points is exposed in the presence of a single positive moments in the
present study.

* A score of 2 is exposed in the absence of positive aspects in the present study.

« A score of 1 or O points exhibited when records does not contains right answers
and solutions, in addition, accompanied by any demonstrative manifestations of ig-
norance or unethical attitude to study the subject and the object in general.



V. EXAMPLES OF ASSESSMENT FACILITIES

1. Using the isoclines method to construct integral curves of the equation
. yCOSX
T 1+42y?

2. The bank opened an account for a certain amount. Find the dependence of the
time for which the initial deposit will double, from the interest rate r. Assume that
interest accrues continuously.

3. The natural population growth of a certain city is proportional to the number of
inhabitants of this city and the period of time. In addition, the population of this
city increases due to immigration, the rate of population growth in this way is
proportional to the time measured from the moment when the population of the
city was equal to A,. Find the dependence of the number of inhabitants of this

city on time.

Solve equation 4xy'+(4x+1)y* —4y =0

Solve equation (x—y+2Ddx +(x+y+3)dy =0

Solve equation (1—3x* —y)dx = (x—3y?)dy

Does the equation y'"'+y = cost have periodic solutions? If the answer is yes, find
them.

N o o b

8. Resources
8.1 Reading list

1. Jlepman, JI.M. Jlekuuu no oObIKHOBEHHBIM TU((HepeHIINATbHBIM YPaBHEHUSAM:
[yueOnuk] / JI. M. Jlepman. - M.; MkeBck: MTHCTUTYT KOMITBIOTEPHBIX HCCIIEI0Ba-
Hui, 2016. - 279 c. - (YHUBEpCUTETCKHUE YICOHUKHU U y4eOHBIE TOCOOMS).

2. Myparoga, T.B. luddepennmansapie ypaBHEHH [ DIEKTPOHHBIN pecypc]: yaeOHHUK
Y TIPaKTUKYM JUTsl akajgeMuyeckoro 6akanaBpuara / T.B.Myparosa; 9bC FOpaiit. —
M.: FOpaiit, 2015. — 435 ¢. — Pexxum gocryma: http://www.biblio-
online.ru/thematic/?20&id=urait.content. BASABCOF-73F5-4204-87D2-
663114257989&type=c_pub. — 3arun. ¢ skpana. ['pud YMO BO

8.2 Optional literature

1. IlanTenees, A.B. O0bikHOBeHHBIE AU depeHnanbHble ypaBHeHus. [IpakTnueckuit
Kypc [D7eKTpOoHHBIH pecypc]: yuedHOoe mocobre ¢ MyJIbTUMEANA COMPOBOXKIECHUEM /
A.B.ITanrenees, A.C.SIxkumona, K.A.Pri6akos; D65C Znanium. — M.: Jloroc, 2010. -
384 c.: ui. - (HoBas ynuBepcuterckas o6mbanoreka). — Pexxum nocryma:
http://znanium.com/bookread.php?book=469288. — 3arux. ¢ skpana. ['pud YMO

2. Aumwceud, JILA. luddepeHnunansabie ypaBHeHUA. [IpakTHKYM [ DJIEKTPOHHBIN pe-
cypc]: yueonoe mocoodue / JI.A.Anbcesud [u ap.]; DBC Znanium. - Munck: Baimr.
K., 2012. — 382 ¢. — Pexum nocryna:
http://znanium.com/bookread.php?book=508479. — 3arun. ¢ skpana. ['pud MO Pb

3. JuddepenunanbHbie U pa3HOCTHBIC ypaBHEHHS . yueOHOe mocooue / B. A. Kansarun
[ np.]. - H. HoBropoa: U3a-so HI'TY, 2006. - 216 c.



http://www.biblio-online.ru/thematic/?20&id=urait.content.BA3ABC9F-73F5-4204-87D2-663114257989&type=c_pub
http://www.biblio-online.ru/thematic/?20&id=urait.content.BA3ABC9F-73F5-4204-87D2-663114257989&type=c_pub
http://www.biblio-online.ru/thematic/?20&id=urait.content.BA3ABC9F-73F5-4204-87D2-663114257989&type=c_pub
http://znanium.com/bookread.php?book=469288
http://znanium.com/catalog.php?item=booksearch&code=%D0%B4%D0%B8%D1%84%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5%20%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F#none
http://znanium.com/bookread.php?book=508479

8.3 Program software.

Ne HaumMmeHnoBaHue YcaoBus nocryna
n/n
1. | MathWorks MATLAB U3 enympenneti cemu yHusepcumema (002060p)

8.4 IlpodeccuonaibHble 6a3bl JAHHBIX, HHPOPMAIHOHHbIE CIIPABOYHbIE CHCTE-
MBI,
HHTEpPHeT-pecypchl (31eKTPOHHBIe 00pa3oBaTe/IbHbIEe PeCypChl)

Ne |HamMmeHoBaHHe YcaoBus 10ocTyna/cKauyuBaHus
n/n

1 |DnexktpoHHEIE 00- |/[02060p Ha ucnorb306aHUE INEKMPOHHBIX OA3 OAHHBIX/NO NOOKII0Ye-
pa3oBaTeNbHbIE pe- |HU U 0becneueHuro docmyna K 6a3am OaHHbIX

CYpCHI

8.5 MaTepuajibHO-TeXHHYECKOe o0ecnevyeHne TUCIUTLTMHBI

VYuebHble ayIUTOPUH Ul JEKIMOHHBIX 3aHATHH [0 TUCUUIUIMHE 00ECIeYMBAIOT HCIIOJIb-
30BaHUE U JEMOHCTPALMIO TEMATHYECKUX WIIIOCTpAlUi, COOTBETCTBYIOIIMX IMpOrpaMMe Iuc-
LIUIUIMHBI B COCTABE:

— II9BM c nocrynom B UHTepHeT (omepaiioHHas cucTeMa, opuCHbIE pOrpamMmbl, aH-
TUBHUPYCHBIE TPOrPAMMBI);

— MYJbTUMEIUNHBIA IPOEKTOP C AUCTAHLMOHHBIM YIIPABICHHUEM.

VYyeOHble ayIUTOPHM I TaOOPAaTOPHBIX U CaMOCTOSITEIbHBIX 3aHATHHA MO JAUCIUIUIUHE
OCHAIIIEHBl KOMIIBIOTEPOM, C BO3MOYKHOCTBIO IOAKJIIOUEHUs K ceTh MHTEepHET M JOCTynoM K
AJIEKTPOHHOHN MH(pOopMaImoHHo-00pa3oBarenbHoi cpeae HIUY BIID.




