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3. KpaTtkasa aHHoTaumsa (500-700 cMMBOOB, Ha MPOCTOM M IOCTYNHOM f3bIKe):

Kypc, daktnueckun, ssnsetca 0630pHbIM KypcCOM MO TEOPUM HESIMHEHWHbIX BOMH B
MPUNOXKEHUM K 33aJa4aM HEeNMHEMHOW ONTMKW. B  Kypce paccmoTpeHbl BOMPOCHI
B3aMMOLENCTBUA HENMHENHDBIX BOMIH, GOPMMUPOBAHUA U ANHAMUKM HENUHENHDBIX aBTOCTPYKTYP
W uccnefoBaHma ux 6udypraumi.

Kypc HauMHaeTcA C M3NO0XKEHUA €ro NOTMYECKOM CTPYKTYpbl U NOBTOPEHMA OCHOBHbIX
NOHATUI Teopun KonebaHnn 1 BoNH (ancnepcus, gudpakums, ¢asosble U rPynnoBble CKOPOCTH,
MeToAbl TEOPUW BO3MYLLEHWUI). 3aTem B Kypce OOCY)KAATCA pPasvyHble HEeMHEWHble
a¢ddeKTbl, HaNpUMep, TaKMe KaK reHepauma BTOPON U TPETbEN FAPMOHUKM, NapameTpuyecKan
reHepaums, YeTblpeXBOJIHOBOE CMELLEHME U 0bpalleHne BONHOBOro ¢ppoHTa. Bo BTOpOI YacTm
Kypca paccmatpuBaetcs GOpPMMPOBAHUE U AMHAMMKA PaA3/IUYHbLIX HEIMHEMHbIX ONTUYECKUX
CTPYKTYP B KOHCEPBATMBHbIX M AMCCMMATMBHBIX Cpeaax. B 3akniouyeHMM NpoBOAMTCA KpaTKUi
00630p MNPUMMEHEHMA U3YYEHHbIX METOAOB A/ aHa/M3a MOBENEHUS XUMMYECKMX MU
61oNornyecKmx cuctem.

Short annotation (500-700 characters, in plain and simple language):

The course is a brief review of theory of nonlinear oscillations and waves in the context
of nonlinear optics. The course addresses the interaction of nonlinear waves, the formation and
the dynamics of the nonlinear patterns and solitary waves and their bifurcations.

The lectures start with the introduction and brief overview of the basic phenomena like
dispersion, diffraction, phase and group velocities, etc. Then various nonlinear effects are
considered: generation of the second and third harmonics, phase matching condition,
parametric effects, three and four waves mixing. In the second part f the course the formation
and the stability of nonlinear patterns are considered in the conservative and dissipative



systems.

implemented to describe chemical and biological systems.

5. HasBaHuMe nporpammbl U cemecTp:

In the conclusion it is discussed how the methods of nonlinear waves can

6. [leTanbHoe onucaHue Kypca c pasbreHmem no nekumam/cemmHapam/npakTMKam:

be

Tema Tun 3auaTuit

1 Beenenne. Kparkuii 0630p Teopun Kosnebanuii 1 BOJIH Jlexuus + cemuHap

2 Onrudeckue HEMMHEHHOCTH. Jlexuus

3 OnTuyecKkre BOJHOBOABI, METOJ MEJICHHO MEHSIOIIEHCS Jlexkuus + ceMunap
AMIIIMTYABI

4 ['enepanust BTopoii v TpeTheit rapmMoHuK. Da3oBbiit Jlexuus
CHUHXPOHH3M.

5 TpexBoTHOBOE CMEIICHUE, TapaMeTpUIECKas reHepanus Jlekmus (3) + cemunap
BOJIH. quI)IpeXBOJIOBOC CMCIICHUC, 06paHICHI/IC BOJIHOBOI'O
dbpoHTa.

6 BzaumopeiictBue ceera ¢ BemectBoMm. Jlazepsl. Jlexuwmsi(2) + cemunap

7 Y napHbie U AoKanu30BaHHBIE BOIHBI. OOpa3oBaHue Jlexnusi(4)+cemunap
aBTOCTPYKTYp. ONTHYECKHE BUXPH.

8 B3anmonencTere onTHYECKUX aBTOCTPYKTYP. Jlexuus
CuHXpOHU3aIUA .

9 HenuHelnpie BOIHEBI B XUMHUU U OMOJIOTUH Jleknusa

Detailed content and structure with sectioning of lectures/seminars:

Topic Class type

1 Introduction. Brief review on nonlinear oscillations and Lecture + Seminar
waves.

2 Optical nonlinearities. Lecture

3 Optical waveguides. Slow varying amplitude approach. Lecture+ seminar

4 Second and third harmonic generation. Phase matching Lecture
condition.

5 Three wave mixing. Parametric effects. Four waves Lecture(3) + seminar
mixing.

6 Light-matter interactions. Lasers. Lecture (2) + seminar

7 Shock waves. Solitary waves, Pattern formation. Optical Lecture (4) + seminar
vortices.

8 Interaction of nonlinear optical patterns. Synchronization. Lecture

9 Nonlinear waves in chemistry and biology Lecture
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2. MNpeasapuTenbHO NPOMAEHHbIE KYpCbl, HEOBXO4MMbIE ANA U3YyYEeHUs NpegMeTa:

Mar. aHanus
Teopusa anddepeHumanbHbIX ypaBHEHUN
MaTtemaTtunyeckasa ¢pm3mka

Ccalculus
Differential equations
Mathematical physics

9. Tun camocToATeNbHbIX 3a4aHNI (NOXKANYNCTA, NPUNOKUTE TaKKe HECKO/IbKO NMPUMEPOB):
Assignments (please, attach a couple of examples):

PacnpocTpaHeHWe BO/IHbI B BOJIHOBOAE ONUCbIBAETCA 0606LLEHHBIM HENMHEVHBIM YPaBHEHNEM
LLipeauHrepa c ancnepcueit Tpetbero nopaaka id.U = 02U + ifo3U + a|U|*U. Haiaute
CTaLMOHapHbIe peLleHUs B BUAE MAOCKUX BOJH U MPOaHaIM3UPYIATE UX IUHEHYIO
YCTOMYMNBOCTD.

Waves in a waveguide are described by generalized nonlinear Schroedinger equation
i0,U = 02U + if02U + a|U|?U.. Find a family of solutions in the form of plane waves and
examine their linear stability.

[>K03epCOHOBCKMI Nepexos onmncbiBaeTcs ypaBHeHMEM GU3MYECKOrO MAasTHUKA C 6onbLINM
Tpenuem J;A + sin A = | + fsin(wt), rae /- NOCTOAHHLIN TOK, NPOTEKaoLWWMii Yepes Nepexoa,
a fsin(wt) — cnabblii nepemeHHbI TOK C 4acTOTOM w. HalTn ycnoBua CMHXPOHM3aLMK
A>K03e(COHOBCKOro Nepexoaa BHELWHMM CUTHAIOM.

An overdamped Josephson junction is described by the equation d;4 + sin A = | + fsin(wt),
where Jis a DC current through the junction and fsin(wt) is the AC current of the frequency w.
Find the synchronization condition of the junction by the external AC signal.

10. Kak oueHuBaeTcA ycneBaemocTb NO Kypcy:
Grading policy:

OLI,eHKa 32 KypcC BbICTaB/AETCA MO pe3ynbTaTaM YCTHOMO 3K3ameHa. BbinoaHeHWe JoMaluHNX
3ap,aHm71 NPUBETCTBYETCA U MOXKET NPUHECTU AOI'IOI'IHMTGJTbeIVI 6an Ha 3K3ameHe.

Final grade is based on the final oral exam. Solution of the homework problems is not
mandatory but is strongly recommended and can increase the mark given at the final exam.



11. JononHUTeNbHble KOMMEHTapUKN: be3 AONONHUTENbHbIX KOMMEHTapu1es
Additional comments: No additional comments



