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Norwegian Petroleum Directorate’s regulations 4

Hopmbl 6€30NacHOCTU KOHCTPYKU MM WenbdoBbIX NAaTGopm
(Norwegian Petroleum Directorate’s regulations, Det Norske Veritas):

Ultimate Limit State: 1 pa3 8 100 net —
3annecK 6e3 HapyweHuna pabotocnocobHoOCTU
n 6e3 TpaBMMUPOBAHMNA NEPCOHANA;

Accidental Limit State : 1 pa3 8 10 000 net
— 6e3 pa3pyleHna nnatpopmbl, BO3SMOXKHOCTb
3BaKyaumu, 6e3 cylecTBeHHOro 3arpsisHeHms
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HelTpanbHble BOAbI ABCTpanma Manafsua
NoCTpOEHD NoCTPO&HO NoCTPOEHO
1995 rog 2005 rog 1998 ron

472 M 322 M 452 M

AnfA cpaBHeHWA OCTaHKMHCKaA GawHsa - Kpbiwa: 385 M, wWnune: 540 M




BonHbl Kak cnydanHaa cynepno3vunga rapMoHuK 2

n(%,t)= Zan cos(a)nt — fcljé + (pn)

n
Longuet-Higgins (1952): BonHbI NpeactaBUMbl cynepno3vuuuen cCuHycoma co
crnyvyanHbiMu cpaszamum.
[TpegnonoXeHne ctaTMCTUYECKON HE3ABUCMMOCTU rAPMOHUK 1N (NMMHEWHbIN npeaen),

cnyyavHble aMnnnTyabl a, NOAYNHAKTCA 3a4aHHOMY pacnpeneneHuto, assl ¢,
pacnpeneneHbl paBHOMEPHO N HE3aBUCUMbI. beCckoHeYHO BonbLION aHCaMBIb (N—eo).

Torga B cuny LleHTpanbHOW npegernbHon TeopeMbl MeeTcs FayccoBo (HopmaribHoe)
pacnpepgerneHue ansi CMeLEHNsS NOBEPXHOCTN B Touke 77(f)
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BonHbl kak cny4yanHas cynepno3uumsa rapMoHuK °

= Zan cos(a)nt — lgnp_c’ + qon)

Longuet-Higgins (1952): BonHbI NpeactaBUMbl cynepno3vuuuen cCuHycoma co
crnyvyanHbiMu cpaszamum.

[MpeononoxeHne ctaTUCTUYECKON HEe3aBUCUMOCTM rapMOHUK N (NIMHENHbIW Npeaen),
cnyyavHble aMnnnTyabl a, NOAYNHAKTCA 3a4aHHOMY pacnpeneneHuto, assl ¢,
pacnpeneneHbl paBHOMEPHO N HE3aBUCUMbI. beCckoHeYHO BonbLION aHCaMBIb (N—eo).

Torga B cuny LleHTpanbHOW npegernbHon TeopeMbl MeeTcs FayccoBo (HopmaribHoe)
pacnpepgerneHue ansi CMeLEHNsS NOBEPXHOCTN B Touke 77(f)
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[Fig: Holthuijsen, 2007] ee BbicoTa f1




BonHbl Kak cnydyamHaa cynepno3muusg rapMoHuK

B npeanoroXeHnn y3Koro CnekTtpa BOJiH npnMmeHnma 3arnumcb

nn(')_é’t):‘Bn

rae B, v ¢, meaneHHble dyHKunw.
Toraa NNoTHOCTL BeposATHocTu Ans Beicotel H = 2 | B| ectb pacnpeaenenue Panes

cos(a)nt — l%jc’ +0, )

PacnpenerneHne BeposATHOCTHU
npeBbILLIEeHUSA

P(H)= exp{— :; 22 }

77( I) Tm an elevation is not a wave and
J 2R does not provide a wave height

3HaunTenbHasa BbICOTa BOJSH
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[Fig: Holthuijsen, 2007]



BonHbl kKak cnyyarHasa cynepno3numsa rapMoHuK °

Hopmbl 6esonacHocTu wernbdosbix nnatdopm (Norwegian Petroleum Directorate’s regulations):

ULS: 1 pa3 B 100 net — 3anneck 6e3 HapyLleHns pabotocnocobHocTn n 6e3
TpaBMUPOBaAHUA NepcoHana;

ALS: 1 pa3 B 10 000 net — 6€3 pa3pyweHus nnaTtdopmMbl, BOSMOXHOCTb 3BaKkyauuu, bes
CYLLLIECTBEHHOIO 3arpsA3HEHNS

10° ¢

H = 1H_ => BepoaTHoCTb: 0,14
yucno BonH: 1/(0.14) = 7.4 wr.

H = 2H_ => BeposTHOCTb: 3:10~* (~ 8 yacos)
ymncno BonH: 1/(3-10~4) = 3000 wr.

H = 3H, => BeposiTHOoCTb 1.5:10-8 (~20 neT)
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S : Hiooy = 3.13H,— cTONETHSASA BOMHa
o \
0% S L\ OpHa BosHa B 10 ThiC. NeT:
10_63 3 : BEPOATHOCTb 3-10~1,
| GC | !
107} y _
Y | 3a Bcto uctoputo BeenenHon (14 mnpa. net):
ol , 1 ! 1 BEPOATHOCTb 2.3-10-17,
o 05 1 15 2 25 3 H imate = 4.38H.

BbicOTa H/H [Slunyaev & Kokorina, 2017]



[IpaMble n3mepeHna MOPCKUX BOJH 2

1806 peructpauma nPUINBHDIX
Bo/H (Brest, France)

1950 pasosble
WHCTPYMEHTaNbHblIE N3MEPEHUA
£S5 BOJIH C KOopabnei

= FLoating Instrument

FLI

=

1 mnpa. BOAH ™
N3IMepeHmne
bonee 300 net

1870 — 3anuncb HabaaaTeNbHbIX
NaHHbIX ¢ Kopabnen (Voluntary
Observing Ship, VOS Program)



[TopTpeT «BOMHbLI-yOUNLbI» e

Pa3Hble popmbl BONH-yOUNL,

2 300} T | ™mn2 tun 3 1007 in 4
8 jg o 3apPEernMcTpmMpPoOBaHHbIX byem
S 20 50 > Ha 3anagHom wenbde UHanum:
100 0 o
. 50 0 BbICOKUM rpebeHsb (1),
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ol 40 0 s | 3HaKonepemeHHan BOMHaA (2),
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. ‘ . t(c)
T H>2Hs uty —» o i
S\ mea h\ YcpeaHeHHbIn npodunb BoNH-ybMIL, (YepHan NMHUA) u
Iy 11% «HOPMaNbHbIX» BOJIH C MAaKCUMaAJIbHOM aMNINTYAOM
rpebHs (KpacHaa amHuA) no pesynbtatam [Christou &
0.5 1 Ewans, 2014]
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dopMmbl BONH-ybUIL, € BbiIcOTOW Bonee 2H, (cnHUK),
BblcOTON rpebHa 6onee 1.25H, (KpacHbIn), -0.5
a TaKk»Ke 1% camblX BbICOKMX « HOPMaJIbHbIX» BOJIH (3eN1eHbli)
no pe3ynbratam [Cattrell et al., 2018] 5 1 0 1 > 4T,




Pegkne akcTtpemarnbHble COObITUA i

elevation (m)

Haver (2005): BepoAaTHOCTb ’“E

|“|.||I||. ol (L I AIAR ||Il||'.|.||.]”|..||l. ||'.'|"].|“. ||] “
N l

=
BbICOTbI I'p96HF| HOBOI’O,EI,HEVI S 5
©
BOMHbI: 1 pa3 B 10 Tbic. net. s
-5
0
o 1A TGN AL \ Lt AR IAK I it T EAAAAL A it AN RLTETORA KL AT (M)
||'|11| HIVEVRONUT 'r|][ 1Y A ”HH ' |I"-[' 1l 1|'|'| I il
W T 1 I I T T T
0 200 400 600 800 1000 1200

time (s)

[aHHble Cattrell et al, (2018): maccus u3
1.1 mapAa. nHanemAayasibHbIX BOJH,
BKAtoYaa 19 wr. ¢ yeunenvmem H/H, > 5, uto
COOTBETCTBYEeT BEpOATHOCTU He bonee
2:107%2: ~1 pa3 B 10> net (??2?!1).

Pa3 B ~10 TbIcC.

200 400 600 800 1000 1200
time (s)

Stansell (2005): BepoATHOCTb
Hanbonee saKCTpeMabHOro cobbiTmA
NO AaHHbIM n3mepeHuUn B CeBepHOM
mope H/H, = 3.19 (1 pa3 8 220 ner)
HepgooueHeHa B ~300 pas (!!!).




Katanorn «BonH-younmuy»

12

deep
water 38

[18%]
coast 120
[57 %]
shallow
water 52
[25%)]

gentle
beach 41
[34%]

rocks/
sea wall
79 [66%]

b)



[IpsgMble N3MepeHnsa MOPCKMX BOJTH 13

KaxeTcs, YTO MHCTPYMEHTaIbHbIX AAHHbIX MHOIO, HO X HEAOCTATOYHO:
® HeJ0CTOBEPHbIe AaHHble (OWNBOKKN, NOrpeLlHoCTb, HU3Koe pa3peLlleHue, T.n.)
® CTAaTUCTUYECKasas HEOAHOPOAHOCTb AaHHbIX, sSampling variability

BO3MOXKHOCTb 3KCTPaNONALMUM CYLLECTBYIOLMX TEOPUN Ha Bonee peakue cobbiTuA
COMHUTE/IbHA N3-3a APKUX MPUMEPOB «MOYTU HEBO3MOXKHbIX» CODbITUN.

Kputnyeckaa ponb

.
.

Bad-behaving problem| TEOPETUYECKOTO PacCMOTPEHMUS,
NPAMOTO YNC/IEHHOTO
MOAENNPOBAHUA,

dn3nM4YecKkoro moaenmpoBaHmA.

KpynHble eBponenckme Hay4yHo-
nccnenoBaTeNbCKME NPOEKTI:

| ) MaxWave (2000-2003)

curna Bo3gemncTeug

eedance probability) ExtremeSeas (2009-2012)
PEKOCTb COObITUS

- log (anmu

[Fig: Bitner-Gregersen]



«AHOMarnbHaga» BOJHa Ta,
4YTO HE OMUCbIBAETCHA «HOPMaribHOU» TeEOpUeEn



MopgenupoBaHue BETPOBOIo BOJNTHEHUS 2

YpaBHeHue 6anaHca cneKkTpanbHOM u(f,t) = Zan COS((()nt —k X+ (Dn)
NAOTHOCTM BoNHOBOTO Aencteua N = E/ @ n
(ypaBHEHME XaccenbMaHHa)

—

aN(k,F,t
ot

, V(E,N)= 5, (N)+ S, (N)+ 5, ()

N3meHeHue pacnpeaeneHms sHeprum
B GM3MYECKUM NPOCTPAHCTBE U B

NPOCTPAHCTBE BO/IHOBbIX BEKTOPOB
Sn/ - eAUHCTBEHHOE cllaraemoe

[lepeHoC 3Hepruun B pusnyeckom B MPABOW YACTU YPaBHEHUS,
MPOCTPaHCTBE C rPYNNOBON CKOPOCTbIO KOTOPOE MOXeT BbITb PacCUUTAHO

U3 NepBbIX MPUHLMNOB
HakauKa aHeprum (Betep)

MoTepwu aHeprun (0bpyLLIEeHMA, MONEKYNAPHAA BA3KOCTb)

HennHenHble B3aMmoaencTsmna BoaH
KnHeTnyeckoe moaennposaHue onepupyeT npeagnonaraer,
4TO a3bl BOJIH (), — HE3aBUCKMMbIE C/IyYalHble BE/INUYUHDI.
[anee bygem cumntaTb, YTO Mope MyboKoe, BONHblI OAHOPOAHbI MO NPOCTPAHCTBY,
HaKa4yKoW 1 NOoTePAMU MOXKHO npeHebpeyb.



AHanorus konebarenbHOM cucTemMbl i
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AHanorung konedoartenbHOU cuctemsbl

.

HennHenHoctb npnsognT
K 3aBMCMMOCTU YacTOTbl OT

\\ E // aMnNANTYAbl U U3MEHEHU0 GOPMbI

W P(x)

>

-~

/]

B ®ypbe-npeacraBaeHmnu
TaKas BOJIHA AOMNO/HAETCA
KPaTHbIMW rapMOHMKaMM

BOJ/IHOBbIX KOMMNOHEHT
~ HECMMMETPUYHDbIE

dHMAPMOHUNYECKNE OCUNNNATOPDI




AHanormsa koneobarenbHOU CUCTEMbI

.

0y

Bo/nHOBble KOMMOHEHTbI HE BMO/IHE HE3AaBUCUMDI.
N3-3a pa3HOCTM YaCTOT JIMHENHbIE PE30HAHCbl HE Peanmn3yrTCA.
Ho BO3MOXHbl HEIMHEWHbIE PE30HAHCbI, KOraa
KOMBWHALUMOHHbIE YaCcTOTbl COBNAAAOT C COOCTBEHHbIMM
YacToTaMu: W, = @, = ... = W, = @, .

N BOMIH B3aUMOZENCTBYET B pe3y/ibTaTe HEJIMHENHOTO
npouecca nopagka N—1. [lpn aTom NCNONb3YHOTCA YaCTOTb!
MaNo0aMNAUTYAHOro npeaena.

BonHbl MOryT 6bITb CBEAEHDBI K CUCTEME OCLUNNIATOPOB KakK
bYHKUMIM BpemeHM (4acToTbl), TaK U KOOPAUHAT (BOJIHOBbIE
BEKTOpPbI), NOTOMY Pe30HaHCHOE YC/IOBME Ha 4acToTbl
AOMNONIHAETCA aHa/IoTYHbIM ycnoBmnem B k-npoctpaHcTBe.




Dynamical spectral theory 19
Hamiltonian theory

Primitive equations for potential movement of ideal fluid (Zakharov, 1968)
on oH oD oH o = o /)
— . o — Xa z=1/,
ot ob ot on v {

H=T+U Tzljdx?(v(p)zdz U=§I772dx
20 Y 2
Canonical variables for the spectral representation in space
% * 1 —ikx
T = &(ak T a-k) O, =i S (ak - a-k) =5 a(x,t)e dx
2g 2a)k 27T
da, .OH

The spectral theory for the full system of equations in terms of
It &11"; variables a, = a(k,t) for the dispersion relation o, = w(k)

The Hamiltonian has a complicated form H = H, + H. ., with H, = fw,a,0, dk describing
linear independent waves. The part responsible for the nonlinear wave interactions
may be expanded into the series of different orders of nonlinear interaction assuming
that the wave steepness £= O(|k|a) is a small parameter, £<< 1.



Dynamical spectral theory 20

Hamiltonian weakly nonlinear Zakharov's eq

Non-resonant terms are eliminated with the help of the canonical transformation of
variables ( (77, ®) — a(k, t) — b(k, t) ).
Higher than 4-wave resonances are not resolved (wave slopes should be mild).

ab
az

“ = OB, + | Taeren, bbb Sk +k, =k, — K )k, dK ,dk,

A 67-fold integral from the RHS and a horrible nonlinear coefficient T,,,s.

e Inner symmetries of the nonlinear coefficient T,,,; ;

e modifications of the expression for T,,,; which retain it close to the original one
in the vicinity of resonant curves and

e new canonical variables b(k, t) — c(k, t)

are examined with the purpose to simplify the expression (A.l. Dyachenko, D.I.
Kachulin & \/mmoprc\ and hence to increase the nprfnrm:-mrp of simulations.

- -l Wi I e W § WA W

Currently employed by engineers 2-order statistical models assume that the nonlinear
part in the equation is absent (7,,,; = 0), but take into account the quadratic terms in
relation between a(k, t) and b(k, t).



Kinetic theory &

aabz = @b, +ITkkkk3bklbk2bk35(k+k —k, -k, )dk dk,dKk,
— E(k’x’t) *
Nlex o)== 555 (b0]) = N3k

Here N(k,x,t) is the wave action. The angle brackets <e> are the ensemble averaging.

a—N+V(
ot

Su = 4”HT KK K,k 2

xIm|G(Aw,?)|0(k +k, -k, —k,)dk dK,dk,

) S c, =V, W0

(N,N,N,+N N,N,—N N,N, - N N,N,)X

G(Aa),t):l_eXpA(_iAwt) ACU:(U+(()1—(U2—(()3
0,

The wave phases (arg b,) are assumed to be random and completely independent.



22

Kinetic theory

The classical Hasselmann equation

“(N,N,N,+N N,N,—N NN, - N N,N,)x

S = 4IIJ‘Tkklkzk3

xIm|G(Aw, )0k +k, -k, —k,)dk dK,dk,

1—exp(—iAwt)
Aw

In the traditional (currently used) approach the long-term stage is considered, then

Im[G(Aw,t)] — mo(Aw), and only resonant (nearly resonant) interactions play the role
due to the two delta functions:

2
S, = A7 [[[| T, | (N\NoNy + N NNy =N NN, =N N, N;)X

x0(w+w —w, —w,)0(k+k, -k, —k,)dk dk,dk,

For homogeneous conditions, the characteristic scale ON
of the kinetic equation is "N~ ~ O(w,e™*) E =
(so-called kinetic scale).

For shorter times Im[G(Aw,t)] = t and then the characteristic scale is two order faster,
O(wye7?) (so-called dynamic scale).

Thus, the traditional kinetic theory does not take into account fast processes.

G(A(o,t): Aw=0+ 0, -0, —w,

(Q

)

nl



MopgenupoBaHue BOSH: BYepa 1 CerogHs =

XapaKTepHbIi MacliTab BpeMeHU AN KUHETUYECKUX YPaBHEHUI ~& 4T, ~ 10° ¢~ 28 4
ANA KPYTU3Hbl BosIH £= 0.1. 3a 370 Bpems BO/IHbI Npoberatot He meHee 800 Km.

OTtanume Gopmbl MUHTEHCUBHbIX BOTH OT CUHYCOUAANbHOW — BaXKHbIN 3 deKT. OH
yuynTbiBaeTcA (B nepBom NpUBANMKEHMMN) UCMONB3YEMbBIMWU Ha NPAKTUKE MOAENIAMMU
(second order theory).

Mpn onnucaHnmM B3aMMoenCcTBUN MeXK Ay BOTHAMU B KUHETUYECKOW TEOPUM
MCNOJIb30BAH pPAL NPEANONOKEHNN U NPUDANKEHNIA:
® B3aMMOZEeNCTBMA cnabble, n cooTBeTcTByloWME 3PPEKTbl MeSIEHHbIE
—> CUJIbHO HEJINHENHbIE BOJIHbl HE ONUCLIBAOTCA;
—> ObICTPO pa3BMBatOLWMECA HEIMHENHDbIE npouecchl (Hanp., MOAYAALMNOHHAA
HEeYCTOMYNBOCTb gZTf% HE OMUCbIBAOTCA;
e $pa3bl BONH HE3aBUCUMDbI =
—> KOrepeHTHble NaTTePHbl HE ONUCbIBAIOTCS;
—> HeBepHaa popma cnektpoB [Annenkov & Shrira, 2022];

® ypoueHHble opMbl 3anncu KoapdruneHTa B3aMmMoaencTBms
—> NoBeAeHMe Ha KNHETUYECKUX MacliTabax He Bceraa BepHO.

[MepeyncneHHble NyHKTbl (Kpome nocneaHero) — noTeHuuasibHble YCA0BUA
BO3HMKHOBEHMA aHOMaJIbHbIX BOJIH B CMbIC/1€ CYLLLeCTBYHOLLLEro NporHo3a.




Narrow-banded weakly nonlinear waves .

Statistical moments for the surface displacement

Fourth statistical moment, the kurtosis Can be O(1)
[71' \ _ steepness __ kyll,,,,
/14 ~3+4+24e” + - BFJ?  bandwidth Ak/ k,

V3
/ T \ [Mori & Janssen, JPO2006]

The Gaussian statistics Bound wave contribution Dynamic part: Benjamin-Feir
(wave non-sinusoidality)  instability (quasi-resonant
interactions) [Onorato et al, 2001]

Exceedance probability for wave heights H

) The probability of large waves
P(H) ~ exp( H WH_ (1 3) (Hﬂ increases when the kurtosis

So surpasses the value of three
oY L N v

) Large kurtosis is a sighature
é: (é: —16) of dangerous wave conditions

[Mor1 & Janssen, JPO2016]

B(¢)=

384



[Ipamoe YyncneHHoe MmogenupoBaHme 2

OrpaHuyeHna KMHEeTUYECKUX Moaeneu, cnosib3yeMbiX OHOpPO NPOrHo3a:

¢ npeanonaralT HEKOPPENMPOBaHHOCTL dpa3 BOSH
¢ ONUCBLIBAIOT OYEHb MEOJIEHHYHO HEMMHENHYHO BOSOLNI0 ~£
¢ orpaHun4eHue criabon HeNNMHEMHOCTN, NPUbNMKeHHoe BbluncneHne S,

JOMUHUPYOLWKMU TUN HEYCTOUYUBOCTU BOSTH YMEPEHHOMN KPYTUSHbI
Ha rnybokon BoJe — MoAynALUMOHHas HeYCTOUYNBOCTb: MWVWWLP WMﬂj\”ﬁlﬂv‘“”ﬁ(w&}mw’w
¢ BO3HMKHOBEHVE KOppennpoBaHHbLIX KBapTeTOB BOJH |

¢ ObICTPbIN (T.H. «AHAMUNYECKNNY» ) BPEMEHHOW MacLuTad aBoNOLNN ~£2
¢ BOIHbI BblpacTatoT BMS0Tb A0 OOpYLIEHNA — CUNbHAA HEMTMHENHOCTb

A3 .~ S~ ~,  HCXOmHBIC ConocTtaBneHue 3BoAOUUN 4-TO
0.5 > YpaBHCHUSL
o CTaTUCTUYECKOro MomeHTa (3Kcuecca)
i - :\ Mo pe3y/nbTaTam pacyeTa Y/yyYleHHbIX
0.3 r N ismeperdis -~ ~{  KMHETMYecKnx ypasHeHwii (gKE),

ypaBHeHUE 3axapoBa CNEeKTPa/bHbIX Ypa BHEHMM 3axa poBa
(DNS-ZE) n pacyeTa MCXOAHbIX YPaBHEHW I
rmapoamHamukm (HOS) [Annenkov &
Shrira, 2018]

0.2
0.1

- — —
—— —

KHMHETUYECKOE YpaBHEHHUE

01110[2|O|3|01410[50
| /L. === HOS ——DNS-ZE ==-=gKE
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Outcomes

Higher probability of large waves

Long-lived soliton-like groups form occasionally in the direct numerical simulations of
irregular waves with realistic for the sea not too much extreme conditions (JONSWAP
spectrum, y=3,7,=10, H;=3.5m, collinear waves)

0
10 : : :
g The long-lived soliton-like groups correspond to
I | hydrodynamic envelope solitons with
i surprisingly stable parameters (amplitude and
10°} - Simulation 4 velocity), which persists for more than 200 7, (!)
| \ .. No295 _
101 _ View on the water surface from the top
g | in co-moving reference
| N K
£ [ Raylelgh %N 200 H
10°L 100 realiz-s e | %:g’
st. deviation EL 9 150
N E— 300 realiz-s \,\ SN ‘ i
107} st. deviation By e N 100 | AwwAlbbyamios \
| === 999 realiz-s e :
10" st. deviation R =
| ------- realiz. No 295 o
Lf st. deviation 0 o T R 7 T s
10 : : L L (x-x, - (“W(.r-.'*))/ziﬂ
0 2 4 6 8

(20N [Slunyaev & Kokorina, 2017]



Outcomes: Rogue waves &

Hydrodynamic solitions can be revealed using the WIS T

Windowed Inverse Scattering Transform

10

= 5
= o N
o 200 400
Example of a intense hydrodynamic envelope Most of extreme wave occur on the top
soliton found in two time instants using the WIST of the intense envelope soliton
7 T T
3.36m 3.30m +  local maxima +
3.5¢1 7.73m/s *7 58m/s O soliton location +
g f | ] 200
= o sl
354 150
0 2000 4000 6000 8000 s
, 100
3.37m :
35F 7.67m/s . 50F +
E . .
0 1 1 1 1 1 1
35h ] 30 20 -10 10 20 30
' : ' ' (x-x0 -c rt)/’l
0 2000 4000 6000 8000 gr’p

X, m [Slunyaev, 2006, 2018, 2021]
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Outcomes

Imprints in wave spectra

Coherent patterns correspond to a strong Stcesin (k. ) plane
excursion from the dispersive relation and lead

to the frequency broadening additional to the ...
classic ‘nonlinear frequency shift’, to formation _ ’]
of straight lobes of nonlinear harmonics 5

The cut along 6 = 14°

coherent
second / free waves
harmonic // appn T

e
g
/

g
coherent
L i -

zeroth
harmonic

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

k
JONSWAP, H.=6m,y=6,0 = 12O| | [Slunyaev, 2020]
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B sKcnepmMmeHTax no npssMomy YMCAeHHOMY MOEe/IMPOBaHUIO BONH Mbl Habatogaem
1Be CUTyaLlMM BOJIHOBbIX COCTOAHUMN: «HOPMa/ibHble», Korga npeanoioxeHus
KUHEeTUYECKOoM TEOPUM XOPOLLO BbINOAHAKTCA (Ppasbl BOAH Cy4alHbl M HE3aBUCUMDbI),
N CTaHAAPTHOE ONUCaHWE BOIH XOPOLLO 1

— o
pa60TaeT. JTO BOJIHOBbIE CUCTEMDI C LLIMPOKNM 08¢ @ — 62 -
YINoBbIM CNEKTPOM. 0.6}

~' 04}

Ecnn e BOMHbI BEIMKM NO aMNINTYAE U
061a4atoT Y3KMM YII0BbIM CMEKTPOM, TO
PEeann3yTCa «KaHOMa/IbHble COCTOAHUAY C I | | |
BbICOKOW BEPOSATHOCTbIO BO3HUKHOBEHMUS 200 0 200 400 600 800 1000 1200

60NbLUUX BOJIH.
1

B Hawwunx pa60Tax Mbl NMOKa3blBaeM, HYTO
oTBeTCTBEHHbIMUN 3a BO3HUMKHOBEHUE
BbICOKUX BOJIH B TAKUX aHOMAJIbHbIX

0.8}

06+

NPT AN ML AMN\N MM /ML AT N (Vi aYSuwaYaYall bad B! 1./

LolivAanvinA noJiAarwiLAd RUICpPCHIADIC

BOJIHOBbIE CTPYKTYpPbI (Fpynnbl BOH).
[MoHMMaHne 3pPeKTa no3sonseT

%0 0 200 400 600 80 1000 1200 NPeanoOXnUTb PAL CUTYaALUMIN, KOraa

Peann3ylTca KaHOMabHbIE» YCNOBUA.

[Slunyaev, PRE’20]



OnncaHne MOpPCKUX BOJSH 30

BornHbl B Mope

1. NpeHebpexeHne adppekTamn Haka4vku (BeTep)
n guccunaunm (BA3KOCTb)
[HeOOSbLLOW NHTEPBAST BPEMEH]

2. [NloTeHumanbHble TeYeHUS ngearnbHOU XUOKOCTHU
noa OJEUCTBUEM CUIbl rpaBUTaLUn

. CobcTBEHHAA AMHaAMMKaA BOMH (HET TEYEHMN, OHA, T.4.)

BsuHamoduA

. Cnabaga HennHenHOCTb / gucrnepcus

. 'Nnockaga reomeTpus

oo O A~ W

. MHTEerpnpyemble ypaBHEHUS

<

TOYHbIE pelleHns ]
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AHanorns mexay ruapoanHammnkon
N ONTUKOW

Soliton on zero background

e S —

u(m)
/
[
|
\

Time (s)

TOYHbIE pelleHNs ModeNbHbIX YpaBHEHUN,
OMUCBIBAIOT U BO3HUKHOBEHWE BOMNH-YOMiiL, =
N UX HENMUHEWNHYIO CTaauto, BKIoYagd
HacblLEeHNe N MakCMMaribHO LOCTUraemMble
aMnnnTyabl

Bua cBepxy Ha CnoXHble pelleHns
TMMNa BOSTH-YOUNLL, NOXOXME Ha
aTOMHbIe CTPYKTYpbI.

Rogue wave solutions




PeLieHunsa BOCMNPON3BOAATCA B SKCMNEPUMEHTE
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Teopuel npeanaraeTca cepums
cLueHapueB pa3BUTUA «BONH-YOUNLLY C
MHOIOKPaTHbIM YCUNEHUEM aMNINTYAbl
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HoBble pelweHna HYLW n gpyrux HOAY 33

CI'IeI-(TpafI bHAA NJIOCKOCTb

aCCOLI,I/IMpOBaHHOI‘/JI 3a4a4n pacCeAHUA Iy ;

1

08}t ] 3

06t 1 24

04t ;
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.g 0 ,_: - ) ( \/Z:_l 13 ;x\
£ -02f _va /5 -

04f

-06F
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Real Part MaTemaTnyeckume onpeaeneHme BONHbI-

ybuinubl Ha doHOBOM BoNHE Y, (X,t)

erKx‘l//xt l//b(x X, ,t—1, ‘%O

«MaTemaTmnyeckme» BOJIHbI-yOUnLbl

yAQeTCcA NOCTPOUTb TONIbKO ANA max |w( X, t)|

MOAYNALMOHHO HEYCTONYMBbLIX Cy4aeB M= (e, eR2 > M

y — RW
HeYCTOMYMBOCTb MO OTHOLLEHUIO K
(Hey max |/, (x,t)‘
OJIVMHHbIM BO3MYLLEHUAM, BK/ItOYas npeaen (x,t R

6eCcKOHEeYHO AJIMHHbIX BO3MYLLEHWNI)
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Bonpoc o npupoae aHOMaibHO BbICOKUX BOJIH MOTUBMPOBAA UCCAeA0BaHUA Kyaa
bonee WNMPOKOro Kpyra 3aaau.

HacunTtbiBalOTCA COTHU MWUIMOHOB UHCTPYMEHTANbHO M3MEPEHHbIX BOJIH,
BK/ItOYAA TbICAYN BONH-YOUINL, HO pe3ynbTaTbl CTAaTUCTUYECKON 0OPabOTKU HATYPHbIX
N3MEPEHNIN NPOTUBOPEYUMBDI.

Bolnn maeHTUPMUMPOBAHbI MEXaHM3Mbl FreHepaLunm aHOMaANbHO BbICOKMX BOJIH,
npeano)eHbol HoBble GU3MKO-maTeMaTnyeckme mogenu. [lpoTtoTunbl BOAH-yOunL,
6a3npytoTCA Ha COIMTOHHbIX U BPU3EPHbBIX PEeLUEeHUSAX.

[lepecmoTpeH B3rnA4 Ha pPOJb NPOLECCOB HENMHEWHOWM Ccamomoaynsauum B
CTOXaCTUYECKUX NOAAX MOPCKUX BOJIH.

[Mpobnemy MOPCKUX BOJH-YOMWL, HeNb3a CYUTATb PELUEHHOW: AENCTBEHHOCTb
MEXaHU3Ma HEe/MHEMHON CaMOMOAYNALUMM BOJMIH OCTaeTcA HeaoKa3aHHOM AnsA
peanbHbIX YCAOBUMN.

CTaTMCTMYECKMW BKNag, OT peakoro Knacca cobbiTUiA, COOTBETCTBYHOLLMX
«aHOMaNbHbIM» COCTOAHMAM MOPA C 60/bLLION BEPOATHOCTbIO BO3HMKHOBEHMA OYEHb
BbICOKMX BOJIH, MOXET bbiTb Hebonbwmm. HO BO3MOKHOCTb MPOrHO3MpPOBaATh Takue
ycnoBua byaet umeTb 60/1bLUYIO0 NPAaKTUYECKYIO MONb3Y.

MpennoeHbl HoBble NOAXOAbI A1 NPOrHO3a BO3HUKHOBEHMA ONACHbIX BOJH.



