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YrBbpaun:
(nmpod. amH I1. boitBanenkos, {upexrop Ha UMIM-BAH)

YueOHa mporpama

34 ClICHHAIU3UPAH JOKTOPAHTCKH KYPC

Ob6nacT Ha BHcIIE 00pa30BaHUE:

4. IlpupoaHu HayKu, MaTeMaTuka U HHGOpMaTUKa

npodecroHaIHO HallpaBJICHUE:

4.5. MaremaTtuka

MaremaTHudecKo MOACIMPAaHEC u IMPUITOKCHUC Ha
JOKTOPCKa Iporpama:

MaTeMaTukKarTra
TeMa: Teopus Ha OudypKaMuTe U NPUIOKEHUS
JIEKTOp: qon. [lersp Pamkos

TIaHHU 32 BPB3Ka C JIEKTOpa
(Ten., umein)

02 9793885 p.rashkov@math.bas.bg

XOpapuyMm:

20 gaca nexuuu 1 20 yaca NpaKTUYECKU YIPAKHEHUS

KPEIUTH CBIJI. KpeAUTHATA CHCTEMA
Ha [1O na BAH:

20

1. AHOoTALIUAA

TeopHﬂTa Ha 6I/I(bypKaI_[I/II/ITe H3CJIcABa KAQYCCTBCHUTC IIPOMCHU B JHUHAMUKATA HA Pa3TJIC)KAdHATA
CHUCTCMA, KOIraTO BapupaT €AWH HJIN IMOBCYUC IapaMCETpH. Kpr’bT JaBa YBOJ B OCHOBHUTC UACHU U
pe3yiaTatu OT 6I/I(1)ypI(aLII/IOHHI/I$I AHAJIN3 Ha HCUPCKBCHATUTC AWHAMHWYHHU CUCTCMHU U PaA3IJICKIaA

IMPHUIIOKCHUSA B MAaTCMAaTHYCCKOTO MOJACIIMPAHE B Oouojoruara u HAayYKHTC 3a KXHMBOTA. OcHoBHaTa

nen € KiacupukanusITa Ha JIOKATHHTE OudypKanud Ha BEKTOPHHU IOJETa W pPEIIaBaHETO Ha

HEIUHEHHU YpaBHCHHA C IIOMOIITAa Ha YHCJICHO IMPOABIIKCHHUC. Kpr'BT npeacraBd OCHOBHHTEC

TCOPCTUYHN KOHLCIIIUHW W TH HIIOCTpUpa IMPAKTUYCCKHU, A3T0JI3BANKHU IOMyJIApHUA TIIAKET 3a

yuciaeHo mnpoabinkeHue MatCont, ocHoBan Ha MATLAB. Ille 6pmar pasrienanu HpUMEpHHU
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MOJIETIH C MOTHBAIIHS OT €KOJIOTHATA M eMUAEMHOJIOTHATA, KOUTO WIIIOCTPUPAT KaK MOrar aa Obaar
IIPECMETHATH PAaBHOBECHS, IEPHOANYHHI OPOUTH M TEXHUTE JIOKATHU OU(YpKAIHH.

2. Heo0xoauMu npeaBapuTeJTHH 3HAHUS

Teopus Ha TuHAMUYHKUTE cucTeMH, JInneitna anreOpa, OOMKHOBEHH JU(EepeHIINATHN YPaBHEHUS

3. KomneTreHTHOCTH, IPUIOOUTH B Pe3yJTAT HA 00y4eHUETO

,HOKTOpaHTI/ITC, KOHUTO HM3II0JI3BAaT MOJACJIU, OITMCAaHHU C OOHMKHOBEHHU I[I/I(i)epCHHI/IaJ'IHI/I YpaBHCHUA, LIS
I[06I/IHT 3HaHHUA 3a OCHOBHUTC IIOHATHA B 6I/I(bypKaI_[I/IOHHI/I$I aHaJIn3, KakKTO U YMCHHA 3a YHCIICH
aHaJIM3, OCHOBAH Ha MCETOJAa 3a NpOoABbJDKAaBAaHC Ha pPEIICHHATA Ha AWMHAMHWYHUTE CHUCTEMH B
3aBUCUMOCT OT IIpOMsHaTa BBB BXOJHUTC IIapaMETpPH. U_[e 6’B,Z[aT pasBUTH W YMCHHA 3a

nporpaMHpaHe Ha YHCJICHATa 3a/ada B MAKeTa 3a YuciIeHo mpoabivkeHne MatCont, ocHOBaH Ha
MATLAB.

4. TeMaTH4HO ChIbPKAHHE

Opoii Opoil yacose

TeMa 4acoBe NPaKTUYECKH
JEeKIUHU | yIpaKHEHUS

JIMHaMUYHU CHCTEMH: TOMOJIOTHYHA €KBHBAJICHTHOCT, CTPYKTYpHA )

YCTOMYUBOCT

budypkanuu u 6upypkanMoHHH AUarpaMu 1

Hopmanna ¢opma Ha Oudypkamus 3a eIHOMEPHH U JBYMEPHHU )

CUCTEMH

EnnonapamerspHu 0MQypKaluy Ha paBHOBECHS U MPOIbIKEHUE 2

budypkanus Ha Xond u npoabikenue 2

bu¢ypkanum Ha paBHOBECHs W TEPHOAMYHH OPOUTH B CHCTEMH C )

M0-BUCOKA Pa3MEPHOCT

Teopema 3a LIEHTPaITHOTO MHOroOOpasue 1

Knacuduxauus Ha opoutu 2

JIBynapamerbpHu OudypKauy Ha paBHOBECHS 2

Hpyrn Ttunose Oudypkanuu (ceqIoBHHA, TOpP, YABOSBaHE Ha )

nepuosa)

Xaoc ¥ CTpaHHU aTPaKTOpH 2




[Ipunoxenus Ha Teopus Ha OudypKaluMUTe B MOJCTH 3a 5
MOIMYyJallMOHHA IMHAMUKA B €KOJIOTHTA

[Mpunoxenus Ha Teopusi Ha OUypKAIMHUTE B EMUIECMHOJIOTUYHU 5
MO/JIEH

UYucnen 6udypkannonen ananus ¢ naker MatCont 10

5. KoHcnekr

e

16.
17.
18.

1.

TononornyHa eKBUBAJICHTHOCT Ha HEMPEKbCHATH IMHAMUYHUA CUCTEMH |2 ]

budypkanuu u 6udypkanronau auarpami [1]

CTpyKTypHa YCTOMYMBOCT Ha IMHAMHUYHU cucTeMH [ 1,2]

Ennonapamerspuu Oudypkanuu Ha paBHOBECHS B HENPEKbCHATH JUHAMHYHU CHUCTEMH
[1.2]

Hopwmanna popma Ha Tanrenuuanna oudypkanus [2]

[Ipoabmxenue Ha TaHreHManHa oudypkanus [1,3]

Hopwmanna popma Ha 6udypkanus Ha Xomnd 3a 1BymMepHU AMHAMUYHU cucTeMu [1,2]
[Ipoxwsmxenue Ha Oudypkamus va Xong [1,3]

budypkanuu Ha paBHOBECHSI M IEPUOJUYHNA OPOUTH B N-MEPHU HEMPEKbCHATH TUHAMAYHH

. cucremu [2]

. Teopema 3a 1IeHTpaTHOTO MHOT000pasue [2].

. XOMOKJIMHHHU U XETePOKIMHHU opOuTH [1].

. budypxanus c yapossane Ha nepuoaa [1,2]

. Apyru Tunose 6udypkanuu (ceniaoBuna, Top u ap.) [1,2].

. Xaoc B JETEPMUHUCTHYHU HENPEKbCHATH TUHAMHYHU CHUCTEMH M CTPaHHU aTPaKTOPH:

OCHOBHH TOHSTHS [1]

JIBynapameTbpHU OuypKaluy Ha paBHOBECHS B HEMTPEKbCHATH JUHAMHYHU CUCTEMH [2]
[Tpunoxxenust Ha Teopust Ha OUPypKALMUTE B MOJIETTH, OTMIMCBAIIN OUOJIOTUYHU SIBJICHUS [4]
Uucnen oudypxanuonen ananus ¢ oudaunoreka MatCont 3a MATLAB [3]

. IIpenopbyana aureparypa:

J. Guckenheimer, P. Holmes. Nonlinear Oscillations, Dynamical Systems, and Bifurcations
of Vector Fields. Springer New York, 6th printing, 2002.

Y. Kuznetsov. Elements of Applied Bifurcation Theory. Springer, 3rd edition, 2004.

W. Govaerts, Yu. A. Kuznetsov, H.G.E. Meijer, B. Al-Hdaibat, V. De Witte, A. Dhooge, W.
Mestrom, N. Neirynck, A.M. Riet, B. Sautois. MATCONT: Continuation toolbox for ODEs
in MATLAB, https://webspace.science.uu.nl/~kouzn101/NBA/ManualMatcontAug2019.pdf
(124 p.)

F. Brauer, C. Castillo-Chavez. Mathematical Models in Population Biology and
Epidemiology. Springer New York, 2012.
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7. PecypcHo ocurypsiBaHe Ha 00y4eHHETO:

bubnmorexka MatCont (makeT cbc cBoboaeH goctbil) 328 MATLAB.

8. Kpurepumn 3a oneHka

M3nuThT € ¢ NpoABIKUTEIIHOCT 4 Yyaca U CE CbCTOU OT JIBE YAaCTH — ITUCMEH U YCTEH.

Ha nucMeHus M3MUT OKTOPAHTHT pPa3BUBA CBOMTE MJIEM M KOHIEMIMM IO JABa BBIPOCA OT
KOHCIIEKTa M pellaBa NpakTuyecka 3aaada B naketr MatCont, cBbp3aHa ¢ ymclieH OudypKaluoHeH
aHalM3 Ha JAajgeH Mmojen. Ha ycTHHS M3NUT JOKTOPAHTHT OTroBapsl Ha 3afajieHu OT >KypHUTO
BBIIPOCH, CBBP3aHU C TEMAaTa Ha Kypca.

Kpaiinata onenka e ot 2 10 6 (¢ Tounoct a0 0.5).
Tst ce popmupa Ha 6azara Ha CIEAHOTO CHOTBETCTBUE!

OTtnueH OtinyHO Biazee MaTepuaia. M3moKeHHeTo e n3deprnaTeaHo, NocIe10BaTeTHO, KOMIIETEHTHO,

(6 wm 5.50) | moruyHo M xapMoHHYHO. [IpaBuiaHO 000CHOBaBa MpeAaraHUTe PEleHNs, 3Hae Kak Ja 00001asa u
n3Jara Matepuana 6e3 Ja mpaBu rpemku. [Ipurexasa He0OXOAUMUTE YMEHUS 3a U3IIBbIHEHUE HA
MIPAKTUYECKH 3a7jauyl.

MH. 100Bp IToznaBa maTepuana. M3nara ro npaBuwiHo 0e3 Jja IOMycKa ChIIECTBEHH HETOUHOCTU. Moxe
(5 mm 4.50) | mpaBWIIHO Na TIpHIIara TEOPETUYHH MPHHIUIH U IPUTEKaBa HEOOXOAUMHUTE YMEHUS 32 H3ITBIHCHUC
HAa TIPAKTHYECKH 3aIa9H.

J1o6Bp Brnanee romsiMa act Marepuana, HO JOIYCKa HETOYHOCTH IIPH U3JI0KEHUETO U OTTOBOPHUTE Ha
(4 wn 3.50) | Benpocute. MimMa n3BECTHHU HESICHOTH IIPY OIMTHUTE 3a MIPWIAraHe Ha MaTepuaia B IPaKTHICCKU

CUTYaIUH.

Cpenen Bnanee camo yacT ot Marepuana, HO ce 3aTpy/HsBa B OTJCIHUTE AeTaiau. J[ormycka HeTOUHOCTH BbB

3) (GhOopMYIMPOBKHTE ¥ HapylllaBa IIOCIEAOBATCIHOCTTa MpPH MPEACTAaBIHETO Ha Marepuan. lma
3aTPYAHCHUA ITPU U3MTBJIHCHUC HA MPAKTUYCCKU 3ada4u.

Crnab He mo3HaBa 3HAYMTENIHA YacT OT MaTepHaa, JOMyCKa ChUICCTBEHU IPEIIKU U C TOJEMH TPYJHOCTH

2) M3MBJIHSBA MPAKTUYECKH 3a/1a4H.

YyeOnata mporpama € oOChA€Ha W 0J00peHa Ha 3acelaHHe Ha CeKuus ,,MaTreMaTudecko
MojieJIupaHe U yrciieH aHnanu3, Ha 17.10.2022 r

PvroBoauTen cexuus:

(nmpod. Kamen VBaHOB)

Pasrnenana ot {upexropckus cxBer Ha UMUM-BAH na 21.10.2022 1. (mpoTokon Ne 41).

ITpuera ot Hayunus ceBer Ha UMU-BAH na 28.10.2022 1. (mpoTtokoin Ne 10).
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1. Annotation

Bifurcation theory studies the qualitative changes in the dynamics of the considered system when
one or more parameters vary. The course provides an introduction to the basic ideas and results of
bifurcation analysis of continuous dynamical systems and examines applications in mathematical
modeling in biology and life sciences. The main goal is the classification of local bifurcations of
vector fields and the solution of nonlinear equations using numerical continuation. The course
presents main theoretical concepts and illustrates them in practice using the popular numerical

continuation package MatCont based on MATLAB. Example models motivated by ecology and
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epidemiology will be considered to illustrate how equilibria, periodic orbits and their local
bifurcations can be computed.
2. Prerequisites

Theory of dynamical systems, Linear algebra, Ordinary differential equations

3. Expected Learning Outcomes

PhD students using models described by ordinary differential equations will gain knowledge of
basic concepts in bifurcation analysis, as well as numerical analysis skills based on the method of
continuing solutions of dynamical systems subject to change in input parameters. Skills for
programming the numerical problem in the numerical continuation package MatCont based on
MATLAB will also be developed.

4. Topical Outline of Content

Hours
) Hours .
Topic Practical
Lectures .
Exercises
Dynamical systems: topological equivalence, structural stability 2
Bifurcations and bifurcation diagrams 1
Normal form of bifurcations for one-dimensional and two- )
dimensional systems
One-parameter bifurcations of equilibria and continuation 2
Hopf bifurcation and continuation 2
Bifurcations of equilibria and periodic orbits in higher )
dimensional systems
Centre manifold theorem 1
Classification of orbits 2
Two-parameter bifurcations of equilibria 2
Other types of bifurcations (saddle, torus, period doubling) 2
Chaos and strange attractors 2
Applications of bifurcation theory in models of population 5
dynamics in ecology
Applications of bifurcation theory in epidemiological models 5
Numerical bifurcation analysis with MatCont package 10




5. Questionnaire (list of selected questions)

A e A o e

10.
11.
12.

13

15.
16.
17.

Topological equivalence of continuous dynamical systems [2]

Bifurcations and bifurcation diagrams [1]

Structural stability of dynamical systems [1,2]

One-parameter bifurcations of equilibria in continuous dynamical systems [1,2]
Normal form of tangent bifurcation [2]

Continuation of tangent bifurcation [1,3]

Normal form of Hopf bifurcation for two-dimensional dynamical systems [1,2]
Continuation of a Hopf bifurcation [1,3]

Bifurcations of equilibria and periodic orbits in n-dimensional continuous dynamical
systems [2]

Centre manifold theorem [2].

Homoclinic and heteroclinic orbits [1].

Period-doubling bifurcation [1,2]

. Other types of bifurcations (saddle, torus, etc.) [1,2].
14.

Chaos in Deterministic Continuous Dynamical Systems and Strange Attractors: Basic
Concepts [1]

Two-parameter bifurcations of equilibria in continuous dynamical systems [2]

Applications of bifurcation theory in models describing biological phenomena [4]
Numerical bifurcation analysis with MatCont package for MATLAB [3]

6. References

. J. Guckenheimer, P. Holmes. Nonlinear Oscillations, Dynamical Systems, and Bifurcations

of Vector Fields. Springer New York, 6th printing, 2002.
Y. Kuznetsov. Elements of Applied Bifurcation Theory. Springer, 3rd edition, 2004.

. W. Govaerts, Yu. A. Kuznetsov, H.G.E. Meijer, B. Al-Hdaibat, V. De Witte, A. Dhooge, W.

Mestrom, N. Neirynck, A.M. Riet, B. Sautois. MATCONT: Continuation toolbox for ODEs
in MATLAB, https://webspace.science.uu.nl/~kouznl01/NBA/ManualMatcontAug2019.pdf
(124 p.)

F. Brauer, C. Castillo-Chavez. Mathematical Models in Population Biology and
Epidemiology. Springer New York, 2012.

7. Resource provision of training

MatCont library (open access package) for MATLAB.

8. Evaluation criteria

In the written exam, the PhD student develops his/her ideas and concepts on two questions from the
syllabus and solves a practical problem in the MatCont package related to numerical bifurcation
analysis of a given model. At the oral exam, the doctoral student answers questions related to the
subject of the course set by the examiners.
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The final grade is from 2 to 6 (to the nearest 0.5).
It is formed on the basis of the following correspondence:

Excellent Excellent command of the material. Comprehensive, consistent, competent, logical and

(6 or 5.50) harmonious presentation. Proper justification of the proposed solutions, good summary and
presentation of the material without making mistakes. Good necessary skills to perform practical
tasks.

Very good Satisfactory command of the material. Correct explanation without significant inaccuracies.

(5 or 4.50) Proper application of the theoretical principles and appropriate performance of practical tasks.

Good Good command of the material, but with inaccuracies in the presentation and in the answers to

(4 or 3.50) questions. There are some ambiguities in attempts to apply the material in practical situations.

Average Limited command of the material, difficulties in the individual details. Inaccuracies in the

3) wording and inconsistency in the presentation of the material. Difficulties in the performing of
practical tasks.

Weak A significant part of the material is not known, serious mistakes are made and the practical tasks

(Failing grade) are performed with great difficulty.

2

The curriculum was discussed and approved at a meeting of the Department “Mathematical
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