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Abstract

In this paper, the (2 + 1)-dimensional Hirota-Satsuma-Ito equation is studied based on the Hirota
bilinear method. Under certain circumstances, the breather wave can be transformed into other
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types of nonlinear waves, including W-type, M-type, oscillating-W-type, oscillating-M-type and qu-
asi-periodic-type waves, and the dynamic characteristics of these nonlinear waves are analyzed.
Based on the characteristic line analysis, the conversion condition between the breather wave
and other nonlinear waves is obtained. The results enrich the dynamic characteristics of the (2 +
1)-dimensional nonlinear waves.

Keywords

State Transformation, (2 + 1)-Dimensional Hirota-Satsuma-Ito Equation, Nonlinear Waves, Hirota
Bilinear Method

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

AL A T AR RG TR AR AE SR ME R 22 AU, Rl R AE S TR B D — 52 DRI T 3H Ut SR AA R 45 2
TS U AT B R X [1]-[6], BT PUARA TR SE 2 ) BAE B, IR AA D — B R A It i S I R
HIERfE, MMARRNTZ N BRE[7]. L8] lump ¥ [9] [10]15 # )8 T-AE Ze it .

£ FE(2 + 1)4E Hirota-Satsuma-Ito (HSI) /7 F£[11]

ux(?ajutdx+;/)+3uut +U,, +Juytdx:0, (1)

Horpx, y ZoRB AR, t RORINTE], u 2R T X Yt RS,y RAEEE. Bl —%5E Oa8X HSI
JiREREAT TREFE[11] [12] [13], MOXS T HSI 5 RE )RS e AEAR KRR AT RBAR & . AEA S, JRATAIH
WAL TTIF:RAF HSI J7 TR IR, 32 1385 23 B R AR 2 28 o 0 81 P e A AR A e K 25 1, It
IR LR B 1 52AT N
ARG AR 58 2 FRAr T HSI J5RE B WR IR B LK R R AR A e R A . B 3 D
AT RN 5 4 S T ARSI — ek
2. MRORCH RS HR SR
IS AR A [14]
u=2[Inf(xyt)] , (2)
AT LAMR R R Q) R, R
(DD} +yD} +D,D, ) f-f =0, ©)

HApXPESE T D #E LW R [15]:

o oY(o oY .
D/DJf-g =(&—&j (5‘5] FOGY) 90X Y)] gy - 4)
EE v 5 Bt 1 T 55 B R L5 S N ETEE e i A
f,=1+e% +e”% +e%"%d,,. (5)

DOI: 10.12677/aam.2021.104149 1404 IR ES

2
b


https://doi.org/10.12677/aam.2021.104149
http://creativecommons.org/licenses/by/4.0/

I

WO =kx+Ly+aot+s,(i=12), Hh

;kaiz (i=12).0, = (a)l—a)z)(kl—kz):+(a)l—a)2)(ll—lz)+y(kl—kz)z’
ki +1, (0, +0,) (K +K,) + (0 + @) (I +1,)+7(k +k,)

kil,6 (i=12)2—aMmZE, RIWXESEITEHL, M.

1M12 T

w; ==

kl:a1+ib1:k;'ll:C1+id1:|2*151:|n%+:31+i771:5;,
RS, by, 0,4 (>0), B, HRSHEL 4 RE)MDRATIRE)F, WL
f, ~ ﬂlcos(Al)+2\/Zcosh(§l+%In,12],

+H

& =aX+Cy+agt+ A =bx+dy+at+n, i, :%ﬂfdu’
y(al + 2407 +afc, —blc, +a (b + 204, ))

(a2 -3 +c,) +(3a, ~b +0, )’
) _ 7(afb +bf ~2abc, ~bld; +a (20 +d,))

(e -sapi ) (3 b )
HERERAFRQ)E, #AFHT HSI FREM—FER AR, FoxN:
8a1blﬂi\/ZSin(A1)sinh(§l +%|n /lzj+8afﬂ,2 — 2% A2

{/?1 cos(A, ) +24/4, cosh (51 +;In22H
4(af _qZ)glJZcos(Al)cosh(él +;In/12)
{ﬂi cos(A, )+ 2[4, cosh (cfl +;Inﬁzﬂ

IS 5 A PR AR 7 R AT ASRAS AR

Op ==

u[x,y.t]=

L =a1x+cly+a)mt+/ifl+%Inﬁ,2 =0,
L, =bx+d,y+ao,t+n =0.
Tt MTRFE R 5T, AT AR I 2R E 26 7 3 a2 AT 26
aldl _blcl =0,

B 2R RFAE R T AT I, PPIR O A 2R T A T T BAT TR AR AT IR S R (3N 14T N

3. BRHURHIRE
ILWHE, MB

(6)

Y]

®)

©)

(10)

(11)

(12)

(13)

HRIE IR AF(13), FATRWE FCREARAR LA R B I AL, I HAE TSRS R A IR A o) ATy
XA SRR IR I . B8 —RifEoL, a =b =1c =d, =-0.5. XIFFPIRBAERHIEITT

DOI: 10.12677/aam.2021.104149 1405


https://doi.org/10.12677/aam.2021.104149

KT

AR T WORLRT M R, sl 1 froR. MR RTBUR Y, B I 1R B3RS, e il AU BOE N M AR A%
T WAL BSEAE N W RAR [ T M Y 22 I A B e B TR AL B A B, R IEIRASHCT,
FAR B IARAE M ORURT W AL RS 8 M. S W 56X =N 2R3 I, mT AR T 21, BB [A]
MRS, BR T AR MR A AL 2388, ERIALE kA T2k, (R AR IS sl i R h R AR B A R AR
[l AT DAL 2] M RS 58 R T W A

®
=

'
o]
'

o2

(d (e) )

Figure 1. Converted waves at different times: (a) t = —19; (b) t = 4.35; (c) t = 21.06; (d), (e) and (f) are the corresponding
density maps respectively
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Figure 2. Sectional view of three moments
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Figure 3. Converted waves at different times: (a) t = —58.6; (b) t = 20.95; (c) t = 92.9; (d), (e) and (f) are the corresponding
density maps respectively
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Figure 4. Sectional view of three moments
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Figure 5. Converted waves at different times: (a) t = 37; (b) t = 45; (c) t = 92.9; (c) and (d) are the corresponding density
maps respectively
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Figure 6. Sectional view of two moments
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