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Introduction

1. The original motivation o thiSTWorKSWaSIdIifErent

2. The effects look trivial, but "must See:

3. Hope to highlight some amusing featuresiGIatiISHOA I ary/Aastlii

4. Some Introduction for. the educational PurRPese



Introduction

INekunsa C.UN. bagynuHa (BTOpHUK) «A3DyKa pas3BUTUS MOPCKOro BOSTHEHNUS»

YpaBHeHUda K. XaccenbmaHa: KUHETUYECKOE ypaBHeEHWE O19 BETPOBbLIX BOSH

YpaBHeHua B.E. 3axapoBa: raMmnsTOHOB popmManmam n anHamuyeckume
ypaBHEHUSA HA HENIMHENHbIE KBAPTETbIl UIN NATEPKMU

YcrnoBme HesIMHeMHOro pe3oHaHca _
k, +k,=k;+k,
YeTBEPKM BOJIH

o= w(K) O+ W= w03t @

dopma ONcnepCcmMoHHOIo COOTHOLLEHUSA OrNpeaernsieT, Kakne B3ammoaeucTBus
BO3MOXHbI (CTENEHb HENMMHENHOCTN, TEOMETPUA KBAPTETOB B 00nacTu
BOJTHOBbIX BEKTOPOB).

KoatpdnuneHT HenmHeENHOro B3anmMoaencTBust (MHTerpan CToNKHOBEHUN ONH
KWHETUYECKON Teopuun) onpeaendeT apheKTMBHOCTbL B3anMoaeucTBus
(MOXeT obpallaTbCs B HOSb).

Dyachenko et al (2016): (nnaHapHble BOSHLI Ha riyboKon Boae): ecrnuv Bce
BOJTHbI M3HaYanbLHO OeryT BrnpaBo, TO BOSIHbI BIIEBO HE BO3HUKHYT.



Introduction

MprMep TPEXBOMNMHOBbLIX PE30HAHCOB HAa AUCKPETHOM ceTke K

Ki+ Ky =ks,  kK=(k, k)

W, + @, = @y

Example of geometrical structure,
spectral domain |k| <50

Example of topological structure, the
same spectral domain. The number in
brackets shows how many times
corresponding cluster appears in the
chosen spectral domain

[Kartashova & Mayrhofer, 2007]



Introduction

Ponb Hepe30HaHCHbIX B3aUMOOENCTBUN

A
@
k. +k, =k
B 1 T Ky =Ks
W, + 0, ~ W,
2
1 3 (K, @) + (Ky, @) = (K3, 5)
>
K

Stiassnie & Shemer (2005): Hanbonee addekTnBHOE B3anMogencTamne
HE npu To4HOM BbINOMHEHNN PE30HAHCHbLIX YCNOBUN

Annenkov & Shrira (2006): «BbIKOSIOTbIE» TOYHbIE PE3OHAHCHI
HE n3meHsa0T AMHaMUKy CyLeCcTBEHHO

PeuenT yncneHHoro MogenupoBaHusa: & - obnacTb BMECTO O - pyHKL MM
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1. The toolkit & Linear problem



Fourier transform for linear waves

The toolkit

' 1\1 N l
: A NE LN '*\
1 || . | §
E \
A real-valued field s N Rt
IN a space-time domain W |
(the deep-water surface e o Wtﬂw..
displacement caused by Gt
collinear gravity waves) 4000
2000 .
distance, m 0

The periodic spatial condition
The data is not periodic in time



Fourier transform for linear waves

The toolkit

25
) Qp@%)
5 g, One half
/ of the plane
1 B WY is sufficient
|Og S(a),k) 2 05 _ __
1\ max S(w,k) - 0 Linear Discrete in
g wavenumbers
Normalized amplitudes £ °° \ { @ Slowly decaying
of the x-t Fourier A in frequencies

transform of the
water surface elevation

2
Some time averaging
-2.5

always takes place — Tgg 04 02 0 0.2 0.4 06

wavenumber, rad/m

‘. Qo,oos '
e 7
‘. ..‘.“.‘?56_"@




Fourier transform for linear waves

The toolkit

45 artifact

g 3 inadequately
eg@ 25 RO | slow decay _ -
N %, in frequencies

4 %&

1.5

0.5

0

-0.6 -0.4 0.2 8 | 0.2 0.4 0.6
wavenumber, rad/m



Fourier transform for linear waves
JONSWAP spectrum, thelinearssimulaten

H,=33m,T,=10s, y=3 cut-off

5

The energy location #°
follows the linear 4
dispersion curve .

2
S 3
T
-
& 25
= 2
-
o
@
E 2

- 10° F H . ' i j ]
NE 107 .—// \C"——““'“- |
£ ™ 1.5

4 j
210 i ——seastate | 1
& . | JONSWAP
o 10 F
w
-8 i
10 . . . . . 1
0 0.5 1 1.5 2 25 3

frequency, rad/s

Ve e —— R X
mE 10 i L \~h___ ]
e 107 F st s ]
% 10*} — sea state J '
| JONSWAP | 0
0 Y e 0.6 -0.4 .02 0 0.2 0.4 0.6
0 0.1 0.2 0.3 0.4 0.5 0.6 Wavenumber‘ l'ad/m

wavenumber, rad/m



2. One nonlinear wave



Fourier transform of a nonlinear wave

A sinusoidal wavetrain, primitivespoientiel iy u o yIiIRey

@

Initial condition:
1n(x,0)= Acos(k,x)

7
@°(x,0)= AC, sin(k,x)

6
ko= 1, 6=Ak,=0.1,g=1

|og10\/ S(w,k)

max S(w,k)

(&)

n

frequency

w

Amplitudes to order ,
gl are shown

wavenumber



Fourier transform of a nonlinear wave

A sinusoidal wavetrain, primitivespoientiel iy u o yIiIRey

@

Initial condition:
1n(x,0)= Acos(k,x)

@°(x,0)= AC, sin(k,x)
ko= 1, 6=Ak,=0.1,g=1

|og10\/ S(w,k)

frequency

max S(w,k)

Amplitudes to order
gl are shown

wavenumber



Fourier transform of a nonlinear wave

A sinusoidal wavetrain, primitivespoientiel iy u o yIiIRey

@

Initial condition:
1n(x,0)= Acos(k,x)

@°(x,0)= AC, sin(k,x)
ko= 1, 6=Ak,=0.1,g=1

Amplitudes to order
& are shown

frequency

a bound wave

The second harmonic
~ &
|/
N/
\/
¥

wavenumber



Fourier transform of a nonlinear wave

Initial condition:
1n(x,0)= Acos(k,x)

7
@°(x,0)= AC, sin(k,x)

6
ko= 1, 6=Ak,=0.1,g=1

(&)

Amplitudes to order
& are shown

n

frequency

w

The second harmonic ,
~ &2
+ free waves at the 1
double wavenumber
(following and opposite)® s 4+ =2 o 2 4 &

wavenumber

A sinusoidal wavetrain, primitivespotential iy u o IIRey sy

2

1-0.6

1-0.8

1-1.2




Fourier transform of a nonlinear wave

A sinusoidal wavetrain, primitivespotential iy u o IIRey sy

Initial condition:
1n(x,0)= Acos(k,x)

@°(x,0)= AC, sin(k,x)
6
ko= 1, 6=Ak,=0.1,g=1

(&)

n

Amplitudes to order
& are shown

frequency

w

wavenumber



Fourier transform of a nonlinear wave

A sinusoidal wavetrain, primitivespotential iy u o IIRey sy

Initial condition:
1n(x,0)= Acos(k,x)

@°(x,0)= AC, sin(k,x)
ko= 1, 6=Ak,=0.1,g=1

Amplitudes to order
& are shown

frequency

wavenumber



Fourier transform of a nonlinear wave

A sinusoidal wavetrain, primitivespotential iy u o IIRey sy

Initial condition:
1n(x,0)= Acos(k,x)

@°(x,0)= AC, sin(k,x)
ko= 1, 6=Ak,=0.1,g=1

Amplitudes to order
&5 are shown

frequency

wavenumber



Fourier transform of a nonlinear wave

A sinusoidal wavetrain, primitivespotential iy u o IIRey sy

Initial condition:
1n(x,0)= Acos(k,x)

@°(x,0)= AC, sin(k,x)
ko= 1, 6=Ak,=0.1,g=1

Amplitudes to order
&5 are shown

frequency

The phase-locked
(bound) waves 2
are located at
(NKq, Nevy) —
for the primary and o
secondary waves T wavenumber




Fourier transform of a nonlinear wave

A sinusoidal wavetrain, primitivespotential iy u o IIRey sy

Initial condition:
1n(x,0)= Acos(k,x)

@°(x,0)= AC, sin(k,x)
ko= 1, 6=Ak,=0.1,g=1

(&)

Amplitudes to order
&8 are shown

A uniform sin wave with’
given length generates ,
plenty of unwanted
energetic spots in the
Fourier domain — ;
free and bound waves!

n

frequency

wavenumber



Fourier transform of a nonlinear wave

Generation of ‘true’ nonlineanWwaVves =i ErSiOKESINaAVES'

Sinusoidal initial condition Stokes wave

‘ .
Bound waves are

present in the |

besides the
free (true) waves

>
Q
| ol
(]
3
o
(O]
{ =
R

wavenumber

D.Dommermuth (2000) The initialization of nonlinear waves using an adjustment
scheme. Wave Motion 32, 307-317: nonlinear terms are enforced slowly




Fourier transform of irregular waves
JONSWAP irregular waves, pPrmitVeR oieEn el My  rouIiNeyss

H,=33m,T,=10s, y=3, & =0.07 H,=7m, T,=10.5s, y=3.3, &=0.13
‘ R R R R R R R R R 0
5 5 [
: cut-off
ME Spreading due s : :
¥ to the nonlinearity :
35 b 35
@ ® I3
E 3 B 3
52_5 gz.s i

—
wn

1.5

—_

o
()]

-0.6 -0.4 0.2 0 0.2 0.4 0.6 -06 -0.4 0.2 0 0.2
wavenumber, rad/m wavenumber, rad/m

The spectral lobes responsible for free and bound waves are well
separated, though they overlap in either spatial or frequency transforms !



3. Wave-group linear resonances



Fourier transform of envelope solitons

Narrow Gaussian spectrium; nenlineargSCHIouINUEREYET

Hy=33m, T,=10s, Awlw=0.1, & =0.07

Describes the evolution °s
of an envelope of +5
free waves under the
assumption of slow

modulations of small >
waves

w

25

frequency, rad/s

The spectrum
does not follow the
dispersive relation 15

Formation of
coherent wave 0.5

groups — 0
. -0.6 -0.4 -0.2 0 0.2 04 0.6
envelope solitons wavenumber, rad/m




Nonlinear wave interactions

The gualitative description

Kyt K =Ko+ Ky

A Wqt Oy = @yt @
w the exact resonance
for four waves

dispersive relation

Fulfillment of the resonance
conditions is not sufficient to
provide the energy exchange
(e.g., the linear problem)




Nonlinear wave interactions

The gualitative description

a coherent wave quartet = K1+ K =ko+ kg
A one mode of modulational instability W+ 0, # Wy + O

1) due to the quasi-resonance
Wqt Oy = Oyt O

ﬁ Nonlinear

frequency
correction

‘nonlinear dispersiv
relation’




Nonlinear wave interactions

a coherent wave group = Ko+ Kip = kig +kiy

envelope soliton or breather
@ | Its shape is determined by
non-resonant interactions v

linear group (dispersing)

S The four-wave interactions
‘ are sufficient for this effect




Nonlinear wave interactions

+k,, =k, +
The life is more complicated: kot Kip =Ko+ kg

A e more guartets with bound waves W+ W,y = Wyt
@ e nonlinear coupling coefficients

e dependence on the initial energy distribution among the waves

Synchronized dynamtcs
‘ of many sidebands




Nonlinear wave interactions

The gualitative description

@

(Quasi-)resonance of free (true) waves
A ‘wings’ of \

‘slave’ bound waves
| | T

©

The four-wave interactions

are sufficient for this effect



One amusing observation

The very general situation

Modulated signal 7(x) n(x)= A(x)exp(ik,x) + A"(x )exp(=ik,x)
with complex envelope A(x)

A S Downshift of the
dominant wave length
F(7n) always exist

F(A")




One amusing observation

The very general situation

Modulated signal 7(x) n(x)= A(x)exp(ik,x) + A"(x )exp(=ik,x)
with complex envelope A(x)

SWhat If discrete k (periodic domain)?
A

F(7) Nothing new

In the k space
F(AY)

F(A)




One amusing observation

The very general situation

Modulated signal 7(x) n(x)= A(x)exp(ik,x) + A"(x )exp(=ik,x)
with complex envelope A(x)

What if discrete k (periodic domain)?

A S
If o # CKk,
C = Const

F(AY)
l I F(A)
| . -




One amusing observation

The very general situation

Modulated signal 7(x) n(x)= A(x)exp(ik,x) + A"(x )exp(=ik,x)
with complex envelope A(x)

What if discrete k (periodic domain)?

A S
If w = CK,
F(7n) C = Const

In some sense New frequencies
similar to the In the low frequency
aliasing effect range of the
I measurement
I >




Fourier transform of a solitary group
Soliton-like group; primitiverpotential iy ot yIREY S

crest
trough
--------- envelope

Effects of 2 & 1.5
nonlinearity 2

are not limited ¢ S 12
by the frequency % 4

shift! -

Intense wave groups
may result in 1
generation of 0
other waves? -




Resonance between waves and
moving objects (Cherenkov radiation)

A
W Perturbation with the velocity V

=V Kk

radiation of waves —

dispersive relation @ = Q(k)

A linear effect similar

to the resonance of an
oscillator under the action
of a periodic force




Resonance between waves and groups

The general idea

w’=V Kk’




Resonance between waves and groups

The general idea

If such interaction may occur, the groups are not solitons,
but rather quasi-solitons [Zakharov & Kuznetsov, 1998]

w’=V Kk’

Nonlinearity is
......................... . K" necessary to maintain

the group propagating
with velocity V as a whole.

radiation

: Nonlinear Cherenkov radiation
= ' > when the nonlinear frequency
/ Kk correction taken into account




Resonance between waves and groups

The general idea

Formation of the

/N coherent nolinear wave
group is a quasi-
resonant & non-
resonant four-wave
Interaction process

k/

N
>

k, +k; =k, +k,
ot w;=w0, T 0,




Resonance between waves and groups

The general idea

Then, the wave
emission

Itis a strongly
non-resonant
four-wave
Interaction

k, +k; =k, +k,
ot w;=w0, T 0,




4. Nonlinear wave-group resonances
[Accurate numerical simulations of the modulational instability]



Nonlinear modulated waves

The initial condition: ene noenlinearawave

log,,|F(K)| periodic spatial domain
0 Stokes wave components
— :
® l The Fourier transform
& should be as simple for
o ® Interpretation
wv O ]
== as possible
S © O
= 2
S o
m £ _ Perturbation o
//
|l __ e e computer round-off
o O O © © 000 0O
® Noise °
>




Nonlinear modulated waves

The initial condition

The ‘numerically exact’ Stokes wave, I.e., the stationary solution
of the Euler egs. for the potential movement of ideal fluid.

Due to the choice of the wave steepness, ¢= k;H/2 and

the size of the periodic computational domain, L,

only one mode of the modulational instability may develop.

The Initial perturbations are at the level of the computer round-off.

Simulation of the full potential hydrodynamic eqgs in conformal
variables.

_ 0.1F ' ' ' ' ]
The Fourier transform 0.05} _
should be as simple for <« ¢ -
. . . -0.05F .
Interpretation as possible | | _ | | :
5 10 15 20 2

kox

5

e=011,L/I1=4



Nonlinear modulated waves

Evolution of the spatial
Fourier transform:
guasi-periodic
self-modulation circles

Fourier Spectrum
)

e Breather-type solution
of the primitive equatlo_nS
" 1000 of hydrodynamics

k= \ ; The maximum wave
I/T0 =653.0206

150

01F
0.05F

-0.05F
-01E




Nonlinear modulated waves

The modulational instability

Evolution of the maximum surface elevation and three selections:

1) Before the wave focusing

Il) At the moment of the focusing event

\iii){etween two consecutive focuses
0.2 | | | | | .
0.151

0 500 1000

1500 2000 2500
0 Hanning window in time



Double Fourier transform plane
The modulational instabilityAgrowinganeu i oS

0
=0.07,L/I1=6

1-1

2\ Wavenumber
Fourier transform
1-3 above

e‘;‘:»
3 15 4 Frequency
; Fourier transforms
1 at the sides
05 Normalized

-/ Fourier amplitudes
__. are shown in the
Q5 4 3 2 - 1 o2 3 4 5 -8 logarithmic scale,

Kk, 10g10F(77(X,1))



Double Fourier transform plane

The modulational instabilityAgrowinganeu i oS

. : . , F— 0
) £=0.07, LU= 6

E -1
L 1 Wavenumber

dispersive i

plaw second | Fourier transform
harmonic, ! . above

SQ | _
3 4 Frequency
; Fourier transforms
. Tee ) ) at the sides

. wave |

- ' -6

Normalized

-/ Fourier amplitudes
are shown in the
8 Jogarithmic scale,

kik log,oF(7(x,1))

zeroth
harmonic




Double Fourier transform plane

The modulational instabilityAgrowinganeu i oS

a)/a)O

0
c=0.07,L/1=6

E-1
12 Wavenumber
Fourier transform
1-3 above
-4 Frequency
Fourier transforms
] at the sides

6
Normalized

-/ Fourier amplitudes
are shown in the
8 Jogarithmic scale,

10g10F(77(X,1))



Double Fourier transform plane

The modulational instability S thENOCUSIHEEVENT:

e AT

a)/a)O




Double Fourier transform plane

The modulational instability S thENOCUSIHEEVENT:

N (i) X!!H][HHHHHH'HHH:::;

the modulation /

-, and the phase- —— |!
. ||
locked waves 1
form parallel

a)/a)O

straight. lines

l

0
=0.07,L/I1=6

4 Appearance of a
5 Ccoherent strongly

modulated group
6 of strongly
nonlinear waves



Double Fourier transform plane

The modulational instability S thENOCUSIHEEVENT:

wwmuww"HH”"'_' | 2007, Ui=6

a)/a)O




Double Fourier transform plane

The modulational instability#d emot Ul aliGIISTEgE

=0.07,L/I1=6

1-2
1-3
3 4
3
-5 ]
The modulation
5 has relaxed,

but the new

-7 wave component
remains — the free

-8 (true) wave




Nonlinear modulated waves

The evolution

e=0.07,L/1=6







Double Fourier transform plane

The modulational instability S thENOCUSIHEEVENT:

KNS

a1

2.5

Py Opposite wave
generated by the
(%4 second harmonic

of the modulation
1 g

0.5

0
e=0.11,L/A1=4

1-1 (different initial

condition)

The bound wave

6 component
resulted in an

-7 occurrence of a
new (‘true’) wave



Double Fourier transform plane
The modulational instability#demod il aticnIStaue

0
e=011,L/I1=4




Double Fourier transform plane

The modulational instability S thENOCUSIHEEVENT:

4.i (ii) Al ””””””;: 0

1-1(different Initial

£=0.146,L/1=3
25 condition)

3 1-3
< 25
3 4
3 “
2
-5
15
-6
1
0.5 -
0 -8

5 4 3 2 1 0 1 2 3 4 5



Double Fourier transform plane

The modulational instability#d emot Ul aliGIISTEgE

£=0.146, L/1 =3

following waves ‘ “  The bound wave
generated by the ' L |3 component

PP zeroth harmonic resulted in an
SN of the modulation | -4 occurrence of a

new (‘true’) wave

5 This wave cannot
be distinguished

.7 with the help of a
1D - spatial or

-8 temporal Fourier
transform!




Nonlinear modulated waves

The ‘nonlinear dispersive el atienateN it e IHoT!

log, | F(K)|

A Stokes wave components
(ab)
o
S
v O
cC C
S S
S ©
N ®) -
S S
oM & _ Perturbation
//

d-___®_ e _______/ C anlf)_ut_er_rgund-off

o O © o O """ 00 O 0
® Noise o
>




Nonlinear modulated waves

The ‘nonlinear dispersive el atienateN it e IHoT!

log, | F(K)|
10,4\ Visualization of the actual

‘nonlinear dispersive relation’

Noise
O O e e O O © o O O O O @ O O O

computer round-off




Nonlinear modulated waves

Visualization of the dispersiverelanon:

I HWH]”W”!”"’.

35 (i)

W

VEVYVVUVIVVVY

N
o

s 2B
= 8
=
1.5E
=
1 =
E
= NI
0.5E ¥
S
%
5 4 3 2 1 0 1 2 3 4 5

4

-5

0
e=011,L/I1=4

{-1

Noisy perturbations

1-2at all wavenumbers

were introduced

1-3initially to make the

actual dispersive
relation visible

The excursion
from the linear

~ dispersive curve is
_70bvious, especially

In the short-wave

8 bound



Nonlinear modulated waves

Visualization of the dispersiverelanon:

I H”Hi]i”i”ii”"’.
(iii) :

W

VEVYVVUVIVVVY

N
o

s L
3 ZE N
3
1.5E
=
1=
E
> .
0.55 :
: \[
W |
-5 4 -3 2 -1 0 1 2 3 4 5

0
e=011,L/I1=4

{-1

1-2 The actual

dispersive relation

1-3 may be described

with the help of a
-4 modified
dependence

-5 obtained within the

weakly nonlinear

theory for
Interacting waves
(the long-dashed

8 curve)



Spectra of nonlinear wave systems

NEREACETSSERRS esgidtin (ars intnss), Fosyl (W = §)

H=7m,T,= 10.5 s, 181
Aolw=0.1, ¢=0.13 ”5:

Excitation of short waves
by the nonlinear induced flow

Induced flow: @ = Ck,
linear dispersion: «? = gk,
then resonance occurs at k = 4k,

frequency, rad/s

Cannot be found in spatial

-06 -04 -0.2 0 0.2 0.4 0.6

Or freq Uency SpeCtral wavenumber, rad/m



Conclusions - Technical

HeakkypaTtHoe BO30yxAeHVe NPOocTov HENMHENHOVIBOHBINCITOMOLUIBHO
NPOCTON JIMHENHON NMPUBOAUT K OMEHB «OORATOMY» CHIEKTPY DY PBEM
HexenatrenbHbIM husnyeckum adhPekTam (Hanps CroTYNEIBOIHBI)!
PeuenT nsbaBrneHuns ot NpooieMbl N3BECTEH
e
TpeboBaHMe Yy3KOro CreKTpa AJisd onncaHnsa MoayiaunnBoNHNEONIKHO
BbINOJIHATLCS B MPOCTPAaHCTBE BOJTHOBBIX YNCEN MIYACTOT; i HEIBIKAKMXE
TO ero NpoeKunax
e
[lpuBbLIYHLIE onepauuy ¢ MoayNIVPOBaHHBIMN BONHAMN MO ISAaABATS
«CTpaHHbIe» (PU3NYECKN SHAUYNMBbIE PP EKTHI
e —
dypbe aHann3 B NPOCTPaHCTBE-BPEeMEHN — MOLUIHBINNHOHEIBCECVNIBHBIN)
WHCTPYMEHT AJiS nccreaoBaHUs HENIMHEVHBIX NP OLECCOBNKCRPBITBIEY
pe30HaHChbI)




Conclusions - Physical

OnucaHHbIe 3O eKTbI MMET YHUBEpPCANIBHBINIXaPaKTeP

Cnektp ®ypb€e CONMMTOHA OrMbaroLLIEN COBCEM HE CIIEQYET;
AUCNepCUOHHOU KpnBoU. CubHO MOAYIINPOBAHHBIEKOLEPEHTHBIE
rpynnbl gaxe U3 cnaboHenVHEeNHBLIX BOSH paayKkaniBHOMWEHS O KAPTVHY/
BOJIHOBbLIX P€30HAHCOB (KBaspPEe30HAHCORB)

CunbHO HenUHenHbIe BOJIHbI C 0AHOW ANIVHON NSMEHS IO,
AUCNepCUOHHbIE CBOVUCTBA BOJIH C APYLon asninHon

CBs3aHHbIEe HENIMHEVHBbIE KOMMOHEHTHI — He 00S3anesBHONPAOBIMCEOVX:
poautenen — cBOb6oAHbLIX BOJH (CTeneHeN CBOOGOABI)FOHNIMOR;
ABNATLCA NPUYNHON AUHAMUNYECKMX 3D EKTOBNPNBOANTBIKLEHEpalm

HOBbIX CBOOOAHBLIX BOJIH U «000rallaThE» CHEKTP
e

YTBepxaeHue, YTO OAHOHaNpPaBJIEHHBIE BOSIHBI HANJIYOOKOMIBOLEHE
POXAAIT BCTPEYHbIX BOJIH — HE COBCEM BEPHO

Bpusepbl B UCXOAHLIX YPaBHEHNAX IMAPOAVHAMUKMN S aBammne
cenapaTpMcCHbIe pelueHus angd moaynasaunm) He CyLleCTBYIo G
MaTeMaTU4eCKON TOYKN 3pEeHNS



A.V. Slunyaev, Group-wave resonances in nonlinear dispersive media. Phys. Rev. E 97, 010202(R) (2018)

A. Slunyaev, A. Dosaev, On the incomplete recurrence of modulationally unstable deep-water surface
gravity waves. arXiv: 1710.01477

Thank you very much for your attention!
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