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NnNo, HEHEEoO—KNE RV ELERREEEZEZ LN TWD, ITEOHFEIC . WOERARE

ENT V=T WDBEDA =X LO—KTHLHZ ERPLNIINTETND (eg., [1][121[3D,
ZOERARLEBGIZONTIX, KA b — 27 2P OMFERAEELC S 2 AL EME &0 5 Bl
b, %< O ST E (e g., [4][5]),

O XD REPARLERIZEAT D TV E TOARMER T, SRR RN 225 52 5 2,
HAE LT DO ZERPEZICOW TR b T X (g, [BI6D., Z @ X 5 7o REf & N T2/ E S
%W & AHF5ETIE TPSE (temporally periodic and spatially evolving) & FE5, —J5, Zakharov
FRRRCIHEMIL Y = LT 1 v A= (NLSE) [7]10 X 5 700 O IR 7n s & stk 3 2 ¢ Pl
BTV, Jox . ORI ELFTR T A TEL IATWS, 2 b 28I BRI
AR RSN EN D Z 1% < (e.g,[8]) . T X 5 7222 AW CREFIRET 2% ’i’zii
#f%2Cix SPTE (spatially periodic and temporally evolving) & FE5, 7272 L, ¥R « fii€5 /v
WZOWTIL, TPSE 225 L0 b H 5 (e.g., TPSE 72 NLSE[9]), Z o Xk 91z, SPTE B LW
TPSE WTNOERAZER S K OIFIEIEE (7 U — 7 PIERL A 7 = K L) CWE O criterion,

(a) SPTE (t: numerical study (b) TPSE {: itr:srl::zr:t :
spatially periodic & temporally evolving | temporally periodic & spatia eI[y evo V|%g
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1 ZEPRARLEWE D53HE, (a: SPTE) Z2 A MR CHREHIFEET 2 M A2 EW ., (b: TPSE) KA
WAy CaEREE T 2 AWM ZER ((10]&L v 51, —#HMELE),



WA B ~ D RS Ziim T DFRICE W THRbDIL TE 22, W ORI RE < i
5o BB IFZEMAMTHY | BEITEMPTHEEL TWDHLHOTHL (K 1), LiLl, 7L A
MRS DRR L 2 DT RIT DWE DBTENRIR D PENIRA SN TRV, RpH 8458,
Bl 2L SPTE ZiM A2 EH & TPSE L AL EW & THIZICED R G RAR L 2 L &b,
B OFPEZ S22 5 2 LITHETH D, € 2T, AFTid, SPTE ZL#ALER & TPSE
AL ERDOBITCROBENEIFEH L, FEHELN T E TIcd L& 258 (Eicl1ol[11l)
(ZoWT, TOWMEEMNTT 5,

EJ/eN LIZBW T, SPTE A AL EW DOKRNMEHRAIC () & TPSE ZFHN 22 E I DB (x)
(FETEHELE) (DL, SPTE EFALEREDOWMI(x) &L TPSE Z§H A% I O /KALRE R 5
(DR (ELEEEAT)) DMEUTHWDZENRDND, ZOZEIX, 20X REOIFRILIEEL
#HL$ 2 NLSE OxiFrENOHI S LD, SPTE ZREOIFHRIEHEL LR T 5 NLSE B LW
TPSE 72 OIERIEHE A5k 35 NLSE I3, £ ZhkAD L) IckEND -
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A4, T, X0, I IE Y IS EOu S ERIRIE, KR, (LR TH D, WA, KRHEL LEY A A
NEZHEL—BTHEXNTHDLIEnbhD, 2O b, SPTE EFARLER ORHFEED
Rt (W 1, Z£F) & TPSE A AEil oz (M 1, AL) ORFN/—ET 52 Li3b
1%, LU, AWFFETERT 201320 6 0PN GRRE) T3 < SPTE &R AL e &
TPSE ZSiH AL E WA BT 2o RO (FRH) Th 5,

2. FEBR - BHEFRIE

AW5EClL, SPTE ZFAZE W & TPSE Zil AL E WK OWHK O EZIT 5 I2HT= 0, KIEHE
B & B EBR 21T - 72, AKREBRICB W TIE, ZHE T2 SPTE 223 2 KRNI 44 5 FIEN e
SEENTE S P ANIZE TILEHR O DRI Lz HOSM ikik[12] & v 5 FikZz T SPTE
BN W O AT - 72, ARETIL, ARBFJE TR L7z EBER O FE, il Fikico
WTCHT 5,

PR TP O TR A . W EEATZ e OB AR (RS 50m., i 8m, K% 4.5m)
ICBWTHEM L, BiEARO—5ciZ 7 7 v 7RO MEZ S TR0, MisicidEke
—FDREHE STV D, ARFEBRTIE, FEAPEFHT X2 KOEHIOM, BERKE2 5572 DIc 2
T LA AT DRI ZIT > 72, BEE 12mm~20mm OERR~ — 7 — OREL R Y 2 F L Hl)
Z 100 FLLEAKEICSENR, ZNENO~Y—I—OEHZ 2 GO AT TEWT5Z 12X 0,
WK ORI A 2 HeE L 72131,
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0 RHIPHIZ D72 DETCRIZ DWW TR D 72D PR EFEVEICH-S < fully nonlinear 72 Y L/ —%
A U7z 2 onE s i kil (NWT2D[14]) (2 X 2 Bl 526k & 520 L7z, 2 OBl Km
DERGENET, EEEE SR KO 2 —F A v Lo 2 Rk 28 L= b DO Th 5,

Fo, ERLEERALEROVIIEIZIE, Mk (TiRxTc) & BT (FRA5+%
FO-) 23 AT AELTHER

{(x) = a. cos(k.x) + b, cos{(k, + Ak)x + ¢} + b_ cos{(k, — Ak)x + ¢_}. 2)

Z 2T, a, bITEIEARNR . kXA, ARITIBELEE. oII i TH D, K37 A —FZ OPMIEIT,
R 1OWY HxT, TN TA—=21%, IERBEDR BN ODOE ) KVIE LR E S (eg,
[15])) FELEZLDOTH S,

DX BT A=FOERALERIZHOWNWT, SPTE B TPSE Z2i&E #17->7-, SPTE
723 I3, HOSM & k(1611 L 0 47 o 7=, HOSM &1 B 1%, mk A7 b vk (HOSMISI[17])
(2L % SPTE 7eiiRsl OFH AL S 2 ou I RERFE T 5 (5 5 2 B L, HOSM FHAEJ IR %
FTOFEFEBHKMCHETHFETHD, HOSM (X, Zakharov(1968)[7lic L W& H En/-HH
K REME CLTORB) ob L, ZHEMEREZR L, 777 2AHBRAE 2T MUEIC X
DRI FiETH D,

{ G+ Vol -Vl @S — (1 + Vo0 -V, )P, (x,{,1) = 0
3)

1 1
(pts + g{ +§Vx¢s ' Vx(ps - E(l + Vx( : Vx{)(pz(x; (: t)z =0

ZZTC, FBEHFEm, QITEERT Uy b, SITHMEBHICBITHHERT Vv, gliE
JIMIREE 2 L, Vy= (8/0x,0/0y) T 5, HOSM OIS & 3HE S - WIS 525
ZEIEWHIC S 25 2 LT, HOSM Cat¥i &7z SPTE 2RSS KENICHR SRS (X 2,
B

—J7, %&d % TPSE ZRAZENKILZ, HOSM Tathi & 7= SPTE 2R iRB O A ~7 b
IV AP AR N OVZKHGA T . Z A% ST IRE R JE W) 70 0 (5 55 2 VERR L Codide L7z, sy,
Btk & WS w DX PNTIRADBIE PR TR SN D RAKKEZUE) -

w? = gk. 4
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[X| 2 STPE 721&#% & TPSE 721& i OMEX([11]1 L 0 51, —&BEE)

L, ZOWEEART b EJEREE AT S OSHGATIIE, BRI 5 8 BEER R o2
ke = k. THT DEMBR (KG) 2V

1 |g 1
a)—z\/k—ik +E,/gkc. (5)

ZIUX, BRARLERED AT MVRIEFITHNIIZIBWD T, B B2 O BIER 23 HIE 73 8
AHTh., ZoXG)OEMBRERIZIT S (eg, [18]) Z L &2EETLH1-OTHD, ZDLIIT
FHE SR R I 22 0S5 Bl L 0 . KNI TPSE 7Rz 84 L7 (K 20 T),

3. FEBRAER

A Tk ~_72 FikIc L Y. SPTE B X O TPSE 725 R 22 E I & KA IC 364k Uiz, AT,
WG OWE AT %, 7277 L, 2 2 Tl NWT2D Ol EBiE RO LB+ 5 2L &35,
IR E W DERIZHONT, NWT2D ¥l 2 = b—3 9 > & g AK I EER & TR RS E
W L7= & 2 A, Wi O] 2 T 1T 1.5% Th 0 [10], F72 NWT2D THEE 73 O RffH
BAIZOWT S, BEKIEIZBIT A AT LA A TEHIE OHRIZ L0 ZDOZ 4 MEDRfEND DL
Tna[11l,

F9. 7 VA NESERKOANIZEBIT S SPTE & TPSE OAFRLZER ORI Z g4 5 (K
3o MEANLLS =ML TEY, /2, TO—HOHMN D &b 1 EHEREL ETHDL Z L
DHER STz, [FERIZ, SPTE & TPSE OZEFHANLE R DKALRFRINT OWT H 1 R
FEDO#PH T 8T 5 2 L BER ST [10],

UATWTCAR DOIFR AL Z B LT, 22 Clk, WBRER T RFA—FL LT, ZLAFEE

4



— SPTE
— TPSE

1 wave group e
5 10 15 20 25 x[m]

3 SPTE £ AZEW & TPSE ZHALE R OZZREE Ot (NWT2D ¥zt &5 ([10]
ZMR)

0.4 Crest height i Crest front steepness
(@) keer |(B)sy $cr/Fa
03 7N 03
/ \\ A\
’
02 /  \ 02 [ \ SPTE
/ \ / i\ - =—==- TPSE
/ % 7
0.1 L N / \,
0 - i} 0 \t-, \\.u~r-
35 @ 45 35 40 45
Wavelength Geometry definition
(e)L’ L/a. o S
1.5
S I""\\
\\ 'l ~
1 ST, O ¢
0.5 - /\
35 40 45

t[s]
4 SPTE £ X O TPSE ERAZER IR OB Z(bO s, (@7 LA MEE, (b)7 VA N
HEL, @FEE., A T, BEIREZET T A —=2@)-DEEICEAT AL, (101X v 5IH. EIE)

k.l 7 VA MRIEAR . /F. R L/AD 3 2525, WInbERTTILSNTZ/RT A —H
ThbH, it BROERITL, 4 CFT) O ThHD, 7 VA MEIDRKE 2 DH0E] (t = 40s)
£+ ¢, SPTE & TPSE Ol O ORFMZ{LNE L —& LT\ 5,

4. WIEO—HITET 255

ATEEClX, B KIS IS 2 & E5RE L OV NWT2D 12 X 2 &R I LD, 7 VA ME
SN ERDRFZNZ BT, SPTE ZALEWK & TPSE B EROWIA—H L, £
Z DR ORIZIZIB T DWW ORI S =BT 5 2 L 2W NI LTz, AFETIE, BRALE
IR % NLSE Ofig#ifit Cé 5 Akhmediev breather[19]1% FH\V N, [#E& O O — B % fif
MIZRd (§4.1), E 512, HOSM EHEAEEE H, §2 Tk~ 725 B BIFR O ML 2 w3 4%
MmEOFT NN, SPTE & TPSE OLHARLZER DWW O—BIZHF LG L T\H I L7 7T (§84.2),

4.1. SPTE EFAANZEW & TPSE ZFARLE R DR WIFED —E
B LEW DKL (x, )Y, BEREIEA(x, ) 2 FH T

{(x,t) = %[A(x, t) expfi(k.x — w.t)} + c.c.], (6)
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5 SPTE £ X O TPSE @ Akhmediev breather fifASPTE, ATPSE DWFZE 7' 0 7 7 A /L

LRINDHETDH, 22T, celdFRELEEZTRL TS, 2D L& &, Onorato et al. (2013)[20]iz
fit> & . SPTE £ L X TPSE 72 NLSE ® Akhmediev breather f#ASFTE, ATPSE 13 L F k=
DEHrEREIND

i p? cosh(t) — iy sinh(Qt)
ASPTE = g exp{——ezwc } —-1¢, @)
’ 2 cosh(2t) — /1 — p2/2 cos {(k (x— cgc))/Nk}
2 h — . . h
ATPSE = q, exp{—ie?k.x} p” cosh(yx) — Iy sinh (4% —-1;. (8)
cosh(yx) — /1 = p2/2cos {(wc(t - x/cgc))/(ZNk)}
=E L
1 V2 1\ 1 ke
€= aOkCI ZENk,]/ ZENk \/1 - (1 - 2\/§6Nk> X = Y€ kCI‘Q - EVG wCFNk Ak (9)

THY | cuelTMER Ry OHEEZRX L TVD, ZH61E, (1,t) =(00)TZ LA MEI DK
ERDEIDBMERARLEROMRE > TWVD, £, p=0(E),y=0ENTHD, 21D
ASPTE ATPSE DB, 372 D LI DO BRI ORFZER 7 1 7 7 A V&K 5 IR T, W& ORRR7R
W B B2 2 Li3bhd, L, FRZE Y HEDEEEE DM (1/c5.) DEMBITIH-
TopEll GRFASED) 1T THD L, MEDBEL —HLTWDH L IITRZ D,
@*ﬁ% Akhmediev breather fif)> HFFATHNC R TIZH TV . R 28 0 BEHEE CRE
R (o, L) EHANT D, T LT, bEDEERM DA, BEEIER(x, t) & Z Z0bDOTh
@,tyoﬁ&lxt%#w



X =xq+x,
{t =ty +t. 10
T IZT, (o, t) TR R A0 ) BFEREE CRENT SRR AR L TWDH 20,
a
Xo = Cgclo (E k_c) ) 1y

Thbd, ZZTCLalIBEEER LORERET DT A—2ThH D, >F D Akhmediev breather
fit (ZA7),8)) Z(a,x', t)THEL, t' =02RATHI LT, aCTIREINIBINEER EOSICE
TAEBEENSE NS, t' =01281F 5 SPTE @ Akhmediev fi# 1.

p cosh(ye?a) — iy sinh(ye?a)
cosh(ye2a) — /1= p2/2 cos[{2p/ (ey)}xx']’

ASPTE(x',t' = 0; @) = ag exp(—ie*a)

(12)

LEREND, HERIC, t' =028 5 TPSE @ Akhmediev fig b5 5L, & H1yx’ = 0(e) ZE
LT, yx lZ oW THRBEEMT 2 &,

ATPSE(x" t' = 0; )
p cosh(ye?a) — iy sinh(ye?a) + 0(¢)

= —jg? 1 0 ’
Gexpie i+ (6)}{cosh(yeza)+0(6)}—\/1—pZ/ZCOS[{Zp/(EV)}Xx’] (

13)

ERTZENTED, R(12) LA Z LT H L, WER0(e)DEPDOFPAT—E L TW\DHZ &
PND, TTETOERIZENTyx' =0 & BE L TV, Ziudx'~0(e kY., 7725
1RO —X—%2FK L TWDH, DF D SPTE EHARLEW & TPSE B AL ER DI,
FERE COBBEERND 1 WHRBEOHEM T8+ 5 &9 Z &8, Akhmediev breather
RO E RSN, Fo, FEE COBBEIE R D 1 HHEE W O S C Wi O KNLIRE
RN =T HZEHFEERICRTZENTE D, KEOXOEHOFFEMILX, Houtani et al.
(2018)[10]1 &= S E L7z,

4.2, PEC B EPEER ORI 3 BBAGR D & O T & KA R P D —E

§3 B L U§4.2 (28T, SPTE A AL EW & TPSE ZFARLE R D ARNREREIIA . 1 HeHEE
W OfPH T8 5 Z RSN oTe, L L, MEOFEE A7 hVidAsk 8L
B, 7876, SPTE ZMALERIFRFAMA Tz <. AESEEICRT 57 v —r
7RI Kexp(iwt) Z EFRT DI ENTERNWIZDOTH D, L., UUTICERT 2B 0
(instantaneous frequency[18]) #& A5 Z & T, 227 MpEFRfEIRICIS1T 5 SPTE 2853
REER OB I AR MVEERTHI LN TE D, 20O SPTE EFIARZLEE R O W& 1
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: : f : O: SPTE [«
QOBG e comine v s ® """" A X TPSE|]
QOB - o rmions smaes e e ars g SRR RRREREE
; ; ; instantaneous frequency spectrum
] A S o at the time of the maximum crest height
E ool e s s oy v S R ]
= "” : & : : :
0.015 ‘ :
0.01
0.005
(1), L ) N XROERBR
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w/wc' wirlst/wc

6 SPTE A% TE I OWRREJE AL A 27 DA (Winsts tmax) & TPSE ZEFAARZE TE W O J& 1 47 A
~7 V() DS, ([101 5V B, —HIEE)

AT S LD HJEexp(iwipmset) & TPSE ZFHREE R O I A =7 F Lo M Kexp(iot) 75—
T5HZ LT, WMEDKNFERIIN—ET 52 LIk 5b,
ARSI DBRREEI AT, D K H ITER SN SH[18] -

36 (k;
winst(k; t) = \/g__ E?t t)- (14)

S FHESLIBF AAEHIC KV Do <V ERFIE(LT AR (eg., [4]) TH D, ARWFET
Fii L T 5 HOSM HEEH R IR Wi, I AT (k) ORI EN R SN D — 5
T, SO ORHIFEEG R NS, 2FD . RADITEY | BERFEIE I w6 (k; £) 25K
AR D 2 L RTREL 720 . ZHUC K VB A2y bR BRI A < MR D
ZENAREL 2D (C(k;t) = {(Winse; ) o

HOSM #HEFE 2 5 SPTE 280 R 281 D4 i /31 OB E M 5 % R 7= & = 5 (1) 452
F2HOEEIT LY | BRI w e DSFRIE 3 BEAFRIRER D D 40, BRI 55 TR B AR R L ik
Bk =k, THT HEME GKGB) 12FEDLZEBRDN-T2[10], =D SPTE ZEiHAZ E B OBfEfY
732 Wk g Ji] 8 B0 IS exp (iwnset) & « TPSE 28§ AN 22 58 W D BE W) 72 77 v — 8L 70 i 3G T
exp(iwt)T—% T 5. D72, SPTE A AL E K OBHERA I AT M (wpms; t) &« TPSE
ZERRE R ORPHA T PAL() E BT 5 2 LN TE 5 (M 6), M6 kv, 7L%
b SRR & 72 BIFANC IS 5 SPTE KR E R OV A7+ (@it tmax) 75
TPSE ZMALERORWH AT bl(@) b B —H LTS ZERbnb, 2ED, 7 L2
N SRR & 72 DR DR & T2 RS BN T, WE DAY MRS —F L, T
b BmE ORRIIN—ET 52 ERbhrolz,
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