BBenenue B 3progmyieckyio TeOpuio
M.JI. Baank (BIIID u UIIIINA PAH)

Mo>kHO J11 OTJINYNTH JIETEPMUHUPOBAHHYI0 XaOTHYECKYI0 IMHAMUKY OT 4UH-
CTO CcJIydJaliHoil U UMeeT Jiu STOT BOIPOC cMmbici?! Bausger jiu Heo6paTuMoOCTh au-
HAMUKH HA KAa4YeCTBEHHBbIE XapPaKTEePUCTUKHU mporecca? dprogudeckas Teopus
U3ydYaeT 3TU U APYyrue CTATUCTUYIECKNEe CBOCTBA AuHAMUYecKux cucteM. HTe-
pec K 3Toit mpobjeMaTuKe CBA3aH C TEM, 4TO "'TUNUYHBIE'" Ie TEpMUHUPOBAHHBIE
AUHAMUYECKue cucreMbl (HanpuMmep, auddepeHnuanbHble ypaBHEHUs) 1€MOH-
CTPUPYIOT XaOTUYECKOE MOBEAEHUE: MX TPAEKTOPHUU IOXOXKM HA pPeaim3anuun
ciydaiiHbIx mporieccoB. Mbl HagHEM ¢ KJjaaccmdecKnX pe3yabTtaToB llyamkape,
Bupkroda, Xununna, Kosmoroposa u moiiieM 10 COBpeMEHHBIX IIOCTAHOBOK (B
TOM YHCJIe ¥ HepeIeHHbIX) 3a1a4. Kypc saBisiercss BBOSZHBIM U OPUEHTHPOBAH
Ha OakanaBpoB 2-4 Kypca, MAaruCTpanToB m acnupaHToB. lIpenBapurenbHBIX
3HAHUH KPpOMe Kypca MaT. aHajau3a He Tpebyercs (XOTsi OHU U >KeJIaTeIbHbI).

IIporpamma Kypca:

e /IlmHaMmYeckme CHUCTEMBI: TPAEKTOPUN, MHBAPUAHTHBIE MHOXKECTBAa, ITPO-
CThI€ U CTPAHHBIE aTTPAKTOPHI N UX KJacCupUKaANnd, XaOTUIHOCTD.

e /leiicTBue B mpocTpaHCTBE Mep, IOHATHE TpaHcdep-oneparopa, HHBaApU-
anTHbIe Mepbl. CpaBHEHNE CO CJOyYaHBIMU MAapKOBCKHMMU ITPOIECCAMU.

® DproamvHOCTh, Teopema bupkroda, nepememmnBanme, IIIIT. Mepsnt
Cunasg-Boysua-Proasis u ecrecrBenHble /HAGII0HaeMbIE MEDHI.

e OcCHOBHbBIE ProanvecKne KOHCTPYKIINN: IIPIMbIE€ U KOChI€ ITPOU3BE/IEHU,
MPOU3BOAHOE U MHTETPAJIbHOE OTOOPaKEHNSA, ECTECTBEHHOE PAaCIHINPEHUE
u mmpobjieMa HeoOOpPaTUMOCTH.

e Dproamyueckuii moaxoa K 3agadaM TEOPHUM YHCEJI.
e I'mnmepboanmyeckme JUHAMUYECKNE CUCTEMbI U TTOKas3arean JldamyHoBa.
® DHTpONUAd: METPUYECKUIl M TOMOJIOTUYECKUIT MOAXO0/IbI.

e Omneparopusbiit dopmanu3sm. CrnekTpanapHasd TeopUd AMHAMUYIECKUX CH-
creM. BanaxoBbl IpocTpaHCcTBA Mep, CJIAyYaiiHble BO3MYIIEHUS.

o MHOroKOMIIOHEHTHBIE CHCTEMBI: CHHXPOHHU3anud u (pa30BbIe€ MEPEXO/IbI.

e MaremaTmdeckue OCHOBAHHUS YWCJIEHHOTO MOJIEJTWPOBAHUA XAOTMUECKOI
ANHAMUKH.
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Kypc antaerca Ha ¢d-Te maremaTnKn BpIcineil ITKOJIbI SKOHOMUKH.



Introduction to Ergodic Theory
M.L. Blank (HSE and IITP RAS)

Is it possible to distinguish deterministic chaotic dynamics from a purely
random and whether this question makes sense? Does irreversibility influence
qualitative characteristics of the process? Ergodic theory studies these and
other statistical properties of dynamical systems. Interest in this subject stems
from the fact that “typical” deterministic dynamical systems (eg, differential
equations) exhibit chaotic behavior: their trajectories look similar to the
implementation of random processes. We begin with the classical results by
Poincare, Birkhoff, Khinchin, Kolmogorov, and get to modern productions
(including yet unresolved) problems. This is an introductory course designed
for 2-4 bachelors and graduate students. Prior knowledge except for the course
in mathematical analysis is not required (although it is desirable).

Course program:

Dynamical systems: trajectories, invariant sets, simple and strange
attractors and their classification, the concept randomness.

The action in the space of measures, the concept of the transfer operator,
invariant measures. Comparison with Markov chains.

Ergodicity, Birkhoff ergodic theorem, mixing, CLT. Sinai-Bowen-Ruelle
measures and natural / observable measures.

Basic ergodic structures: direct and skew products, Poincare and integral
maps, a natural extension and the problem of irreversibility.

Ergodic approach to number theoretical problems.
Hyperbolic dynamical systems and Lyapunov exponents.
Entropy: metric and topological approaches.

Operator formalism. Spectral theory of dynamical systems. Banach space
of measures, random perturbations.

Multicomponent systems: synchronization and phase transitions.

Mathematical foundations of numerical simulations.
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