Chinese Physical Society
ME#E Acta Physica Sinica .

€D Institute of Physics, CAS

(2+1) 4=/ Broer-Kaup RGBS R RAB B AE R %

FAM x)EF X AR

Nonlocal symmetries and interaction solutions of the (2+1)-dimensional higher order Broer-Kaup system
Xin Xiang-Peng Liu Han-Ze Liu Xi-Qiang

5| 15 & Citation: Acta Physica Sinica, 65, 240202 (2016) DOI: 10.7498/aps.65.240202

TE£R %152 View online:  http://dx.doi.org/10.7498/aps.65.240202
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/124

A RE R A S E
Articles you may be interested in

— R RN ARLAERTT R R T i OL R G KSR < e AR

Lie symmetry analysis, optimal system, exact solutions and conservation laws of a class of high-order
nonlinear wave equations

YH 24,2016, 65(14): 140201  http://dx.doi.org/10.7498/aps.65.140201

] X Birkhoff 2GR UBE IR
Two kinds of generalized gradient representations for generalized Birkhoff system
PP 2242016, 65(8): 080201  http://dx.doi.org/10.7498/aps.65.080201

)T SRR KO 9K < i A SRR I R A Al

Homotopic mapping solving method of transfers model with a class of generalized femtosecond pulse
laser for nano metal

Y 4:.2014, 63(24): 240201  http://dx.doi.org/10.7498/aps.63.240201

% 241 Whitham-Broer-Kaup J7 B4R 144 KRS e
Exact solutions of Whitham-Broer-Kaup equations with variable coefficients
Yy 2242 . 2014, 63(20): 200203  http://dx.doi.org/10.7498/aps.63.200203

Kaup-Kupershmidt /5 #2 13 & 3806 ) B 5T kS 1 it
Nonlocal symmetry and explicit solutions of the Kaup-Kupershmidt equation
YE = 4.2014, 63(18): 180205  http://dx.doi.org/10.7498/aps.63.180205


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.240202
http://dx.doi.org/10.7498/aps.65.240202
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I24
http://wulixb.iphy.ac.cn/CN/abstract/abstract67704.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67704.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67704.shtml
http://dx.doi.org/10.7498/aps.65.140201
http://wulixb.iphy.ac.cn/CN/abstract/abstract67082.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67082.shtml
http://dx.doi.org/10.7498/aps.65.080201
http://wulixb.iphy.ac.cn/CN/abstract/abstract62602.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62602.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62602.shtml
http://dx.doi.org/10.7498/aps.63.240201
http://wulixb.iphy.ac.cn/CN/abstract/abstract62142.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62142.shtml
http://dx.doi.org/10.7498/aps.63.200203
http://wulixb.iphy.ac.cn/CN/abstract/abstract61126.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61126.shtml
http://dx.doi.org/10.7498/aps.63.180205

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 24 (2016) 240202

(2+1) Sk Broer-Kaup 34t HY
e/ FR R B E{ER T

FAET

M ezS

x| 5

(R 2 A R 222, IR 252059)

(2016 4 6 A 19 HUEHI; 2016 4 8 A 22 HIZ R & eh )

T AR R 30 B 7 v Je AH A tanh JE FVER T T (2+1) 4E = M Broer-Kaup £48. 38 id X Broer-Kaup %
G 1) B RO R AT Jy Ak, 10 R R O AR L AL S 1R 25 RO RR, RIS 45 31 7 AF B AR, I FAE 25 tanh
JEFF T, BT (241) kR Broer-Kaup &4t (14 2 F0 % 2 ¥k 5 AL AR TR R AR, Qoish [ 3% -5 90
SLFEE. N T WU RN )T R, ASSCEE TR AH B R

X521 AFRIFR, AHE tanh FEITJTIE, AHHAE H iR

PACS: 02.30.Jr, 11.10.Lm, 02.20.—a, 04.20.Jb

15 =

P AR S Ve R R J7 R BRS il i — B AR # 2
HEVHZLZMAMNEENB 2 — 25 NIED
LR E TR Z R, B Ik 12, Painlevé
M ik B0 g R dR 4 s AR B vk 0L R
S Bk i D010 AR B 4y B 10T bR BRI
IS ON SRR 2 S R SR AR R I R R
T2 (A ELAE A A (2021 o 5t R IR A AR A
Y EE A AE EEELNFH TT ELAR ER  d TE R

A% HTJE AL Painlevé 43 Ht 72 W 98 & 4 nl AR 1%
M E Bk —, T H— AN E B HET 2 AW 0
Painlevé JEFF 532 eI iEAMUAT DL E IS R 4t
() B Bécklund A2 4 F# BT fif, 1677 DU R #4 i R
SRR, I, BT Painlevé 775 XA T
FERE, Lou %k 2251 4y i T —Fl LB A% tanh
JEFFPER TR, X Fh 7 VAT LA S A 1E AN [ T
A EAE AR, A0 90SZ 5 1 [ o6 2 Painlevé
W Airy 3 Bessel ¥ 25 A0 BAE I, IX AR 2 ] #

DOI: 10.7498/aps.65.240202

F G FHAY tanh B IT AT AR5 B A AH ELAE AR

RS SR AW ) Painlevé & T 7 1504 i&
T (2+41) 4E & M Broer-Kaup (BK) £ 4t 17 /8 £t
PR, FRIERE 51 AT R EOC R A8 2 SR Ak i AR
AR DR B R AT R 20T,
FIFAHES tanh @ FF J7 kM%7 RGH 2 MK U
FHEAE IR, [RS8 W T AR R BRI S ff 2
JIEAT R, B JaidbAT 1R

2 &M BK R Zuny 3 & B
AR (241) 4Em P BK R 81 3E R
R, =l BK &40 546 W Rt 2027
Uyt + AU + u® — Buny + 3uw) gy
+ 12(uv)ze = 0,
v + 4(Vgp + 3vu® + 3uv, + 3vw), = 0,
wy — vy =0, (1)

Hrbu=wu(z,y,t),0=v(,y,t),w=w(z,yt).
R4 7% Kadomtsev-Petviashvili 77 T2 PN 255 1%

s [H 5 HREF RS (ibHE S 11505090, 11171041, 11405103, 11447220) Al il 4248 075 o 35 4E BF 2% 5 % i 3 & (e 5

BS2015SF009) % B 1 iR .
T B E/E#H. E-mail: xinxiangpeng2012@gmail.com
© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

240202-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.240202
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 240202

MRARMGE], Yy = b, R4 (1) BLAMHR (141)
el BK 5240, 7 3CHA [26) F, FEE e T 05
T2 1) Painlevé P i 7753 2] T R 4 1] 4> J& dromion
Je 2 OUEfR, 78 SCHR [27) F, I tanh & A4S 2
T RER =M REE, HERBA EE TR RS
(AR R 800 R AR BLAE FH .
X F (241) 4k B BK R 46 (1), F1 N 3
Painlevé JE 7t N

Ug
U:7+U/1,

¢
v = Zg 1$+v2,
’w*?—l—yﬁ-’w% (2)

HA ug, uy, vo, v1, vo, wo, w1, we ARG EREL, ¢ &
z, y Kt IR

IR 2) RANEN (1) K, 21/ MEIRTTHI R
HOAEW LR H]

Up = (bra Vo = 7¢x¢y7 Wy = 7¢3;7

v = d)xya W1 = Pug; (3)
SRIG TN TR (2) F1(3) ARG (1), H4 1/6% 1
RECNO, 155

V2 = U1y,

(,2515 = - 12¢:17u% - 12¢ww2 - 12¢:wcu1

A uy, v, we N (24+1) 4E MY BK RERIfE. @i
FrfE (1) BT Painlevé J& 75 #2 (2), BT LA1S 2] T 1
H Bécklund & BE & J& 3800t 71 oE 2.

EE1 WRRE QBT 1) g, WRIE
X (2) ATk 8 B, v, w2 (2+1) 4 & i BK &
8 (1) .

MERR  E3EIS RIS

EIE2  (2+1)4Em BK 24t A FHEER
[ B8 UK
ot = (Zsa:a o’ = ¢zy7 o = szza (5)

Hodru, v, w X ¢ & B Biacklund & #; 0%, oV, oV
AN w, v, w BIXFR.

MERR  E3EISUERIAT.

N T A BN BOS IR FREE, N TR A AR A
WRTFR ) RIEA TV, 2 S T — N EHRAN
ZERERR. AN (5) AT A, FERIBFRR RS T A ¢

(S H00, N 7 AR R RR R AL, 51N R T )
AR

Gz = P1, Qux = P12 = P2,

Poy = P1y = 3, Oy = Pa. (6)
HAR & M= Ve N,
V= Xaﬁﬂ/aa +Ti+U§ A%
+W8+wa¢+zb1azl+w2£2
+¢38¢ +¢4az

:/E\:[PX7KTaUaAaWw7w17¢27¢37w4i/}]y\j{xay7tv
u, v,w,¢,¢1,¢2,¢3,¢4} Eﬁﬁ%‘:%@ﬁ7 Eﬂ%ﬂ» IBH/%
GAEIN N AR T —RAEN, (2,y,t,u,0,w, ¢,¢1,

b2, P3,04) — (v + X,y + €Y, t + €T, u+ eU,v +
€A, p1 + €y, pa + edy), DRIAH LR BRI 2
A

w v Ou ou Ou
v 81} 81) ov

aw 8w ow

o =X+ Yo, + T W
o =X ?H/%JJ%—%
o x0 g O B,
0% = %Hf%jw%—wg,
0% = %‘i“ Y% T%—w, (7)

:/H\:E'jua v, w, ¢)) (bla "',¢4E/]Xj‘$d\0' 70 wa 0¢)
o1, 092, 0% oP i B TR (1), (4), (6) FIZHEAL
e
ATLAIEW, (7) RA T T2 i

X:Fﬁ—ngt, Y:CQ—F5, T261—3F2,

U= Fi¢1 + ulyy,

A= Fiyp1 + Fids +v(For + Fsy),

1
W = Fi¢y — E(xFQtt — Fo) +2wky,

Y= — [1¢* + F3¢ + Fy,
Y1 = — 2F1¢p1 + F3d1 + Forhy,

240202-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 240202

Vo = — 2F1¢2 + F3¢p — 2F 100 + 2Fo1,
Y3 = — 2F 1104 + F301 — 2F1 41
+ (Fat + F3 + Fsy — 2F19)¢3,
s = —2F1¢¢s + F3¢ + Fyy — F16°
+ (F3 + Fsy)¢a, (8)

Heh P = Fi(y), F, = Fa(t),F3 = Fy(y),Fy =
Fy(y), Fs = F5(y), Fs = Fe(t). A2 (8) RMAESH
WX ITRE (5) WL 3 (8] (2, y, ¢, u, v, w) 55
M SR AL B ZS 8] (2, y, t, u, v, w, ), 1, Yo, b3, 1y
Hk.

T AR R O FR (5) JR AR B S I 4R R
L 23 AR TR (8), PRI AT AR A 2= e i by i
B ATEREN, £ Fi(y) =1, F(t) =
F3(y) = Fuly) = Fs(y) = Fs(t) = 0, 2RJ5 /@ NIl
WIUEAA 1] 75

WO _ 5.0, 1O _ g0,
06 _ g0, 200 __gae),
d%l €<E> = —26()¢1(e),

d«‘i(f) = 203 (c) — 26(e)a(e).
d%g(f) — —261()64(c) — 26() s e),
d%g(f) — 2(2)ale) — B2(e),
WMo =, N0 =

W(e)|e=0 = w, G(e)]-=0 = ¢,
(Z_Si(E)LS:O =¢; (7’ =1,2, 3?4) (9)

TIE SR AR IR WIAA ) R, AT DAL 3 T E
EEEE:‘ ﬁu%{u7v7wa¢7¢l7¢2a¢37¢4} %E&F’E
AR5 (1), (4), (6) Wi, M

o) = o+ 2,
1_)(5) _ 2¢1¢4 - ¢¢3 _ ¢l¢4
e+ @2 e2¢* + 2e¢3 + ¢?

P*v + Pd3 — Pp1da

+ 5 ,

0w + gy — 3 &

¢2 €2¢4 + 2€¢3 + ¢2

207 — pp2
ep® + @2’

w(e) =

YR

¢(E) - 1 +E¢7
R
O T o

C o E0Py —2e¢7 + o
P =i
Ba(e) = EQP3 — 2104 + @3
ST (1+e¢)? ’
TN
da(e) = (1+¢e¢)?

2 RS (1) Al (4) .

SEHE 3R, v LARI A &R 40110 O A0 AR R A i
BT, PR TR UEH T
T, DR AT PAR I (24-1) 4E B BK R4 B R
Tz

3 (2+1) £ & BK RS H N 748

NTREIRS (1) KR, FERMETE(4), |
7T Yy, wo N R FT R R B, RTFE (4) —
FOCAR R AR R R, B R G E T AR, RN
Rl T ug, wo AT DAL = A1 ¢ RO BRI R K
up = up (@, t), wy = wa(z,t) FANBITTHE (4) F15 2]

vy =0,
¢t = - 12({%’&% - 12¢)xw2 - 12¢x:pu1
— 120,22 (10)

9 T AR (241) 4 BH BK R GHAR, 1 BT 28
A, B

¢ = a1p(z,t) + azq(y,t), (11)
1M wo ¥ 2 72
1
wa = = g (12mpsn £ a2l

+ a1P¢ + 4a1pwx:p)a
q=F1+ F3, (12)

Hrp Fy = Fi(t), Fr = Fa(y).
R (3), (11), (12) FRNEIJTFE (2) kAl
LI E] (24+1) 4Em B BK RS HIR i,
O

u E+u1a
Py | Pa
i
w:—ﬁ—l— ¢ +U)2, (13)

240202-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 240202

Hruy 2 o, t BAEEREL ¢ 1wy iR TR (11)
A(12). EoRNHRE(12) PEE TIE R R p(x,t),
BRI TT DAAS 25 2 (13) 6% 2 B A, fEix 5
¥ B 7 R DI A0 U A

3.1 BIlFiE
Mp(w, t) BTG 2 B 6 M BRI, AT LAY i
(2+1) 4k M BK RS AR T i, i FLEY
p =sech(§), &=z — wt, (14)

B (14) ARNEI TR (11)—(13) H, BPA3 37
(1) W B9 1 fil, A T W FC AR I B 01 AT O,
BATE B T -t EMR, WEL1. SHEHRA
Fi(t)=1,F(y) =y,u1 = 1,w =0.1.

1/1//////7///”'
f////////////////////////‘i/’/l//,’a
i

M

/] \
a0 A
7 7 i \

//,,,,,////////// I A \\\\\
il

7

il

mIIIIIlI;ZZ'

i

v(t,,0)

\
L
RN

TN

R
RV

1 (MR (a) kRIS AR (b) v S
PRRLPTEE; (c) w XS RL AL S5 R AT it

Fig. 1. (color online) (a) The bell-shaped soliton for
the fields u; (b) the bell-shaped soliton for the fields
v; (c) the kink-shaped soliton for the fields w.

3.2 ZHIRIMFE

N T BRI (241) 4Emfr BK & 48 00 H At B
T, BUSRIRAN T, AT DAMEGSE p B R

1 n
p=—3n {1 + z_; exp(kiz + wit)} - (1)

A7 R (11) B (13) B f#, 7T LLAS 21 & 48 (1) 1
(n 4+ 1) IR T M. AT A5, BATEH A
FIHA tanh FEITFVE T 1 A R 2 10 8 22 1) f4 A0 B
fEH.

4 ® W BK R S ev A8 B 1F A

Xt F (241) 4= BK &40 (1), 27 31 tanh
B

u = ug + uy tanh(f),

v = vy 4 vy tanh(f) + vy tanh?(f),

w = wp + wy tanh(f) + we tanhg(f), (16)
Hoff2 A e,y Mtk BIF IR K
Ug, U1, V0, V1, V2, Wo, w1, wo K 18 1T tanh(f) I R 4L
KA. 0 FER (16) FOA (1) R, F38 5t tanh(f)
FERAEEEIR

Uy = f:l:)

Vo = facfy + Upy, V1 = facyaUZ = _fzfy)

wo = —12f; 1 (1203 fo — 87 + 120 fua

+ft+4fza:a:)7

wy = fza:7w2 = _fwz (17)
BREL f AT g T A2
1
Uozy = — Ef;2(8fxyf§ + fatfyt + 4fzfac:cwy

- ftfzy - 4fza:a:fa:y + 24u0u0yfx2
+ 12u0yfxf:cz + 12u0fxf9:xy

- 12u0fx:cf:cy)7 (18)
F(ug, f) = 0. (19)

Kl 9 77 12 (19) L8 B2 A%, JRATT K 3 T80 AE B
KA. FHITRE(18), (19) Fuo, f 1 — MR 2
ARH 2RI, N T RMER I, BB ue = 0, KA
FJ7HE (18) Hh, 135

famc:zcy = ;sz_l(ftfxy - fa:fyt - ngfry

240202-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 240202

SRJRAETTRE (20) AN BT AR (19) w1, Afai ] 15

8 fuwa fuy + froafrw — 8Fuyfo + fifuy
— fufyt =0. (21)
PR oRAE KM AR (21), HEMIAF )T I =%
Z-‘LEEI‘J*HEVEFH%
IE}R 1 7 =3 /\ ﬁ
AHERIETT R (21) A
fiFt,

HA N i 2 7 8 42

il

f=h(z)+ fay) + f3(t), (22)
BEMSE] (2+41) 4Em= B BK R48 (1) A ELAE FA#,

U= flac tanh(f),
0 = fizfoy — frafoy tanh?(f),

= 1712f1_:pl(8ffx - 4f1:mca: - f3t
+ 12f14 fiae tanh(f) — 123 tanh?(f)).

A1 HTAEERRE fi1(n), f2(9), f3(t),
UEAT DL R 8 2 MR T AH AR AR, 9 tn, 4
fi(z) = kysinz, fo(y) = kocosy, f3(t) = kst, NI
133 775 =4 ) eR B 8] A T P A
WER 2 f1(2) = kaw, fo(y) = ksy, f3(t) = ket, W
fif SCIR AL 8 8 AT . T8 I B AN TR R B
B f1(x), f2(y), f5(t), AT LAFS 3 5E 2 A 1A B4R
P .

1FAL 2 55— BUMIE S S 011 H

SRMAETTRE (21), IRBCRA TR A A

f = sn(kiz + kot,mq), (23)

o ky ko NAEEEEL, my N Jacobi 1 [57 68 21
LB R T LA 2] (2+1) 4E = B BK R4SE1IAH
HAEH ik,

u = k1CDtanh(S), v =0,
= — k2C%D? tanh?(S)
1
1.2 22 2 _
k1 S(m=C* + D7) tanh(S) ok
(ko + 16k3m3S? — 8k3C? D?
— 4k3miC? — 4k3D?), (24)

Het S = sn(kiz + kaot,my),C = en(kiz +

kot,mq), D = dn(kiz + kaot,my). M (24) AT LLE

Hh Mg ARG 5 R S A A A LA P .
B3 5 AU JE s S 11 F A

TR (21) B R R
f=lox+lLy+Iat
+ cF(sn(wox + w1y + wat, ma), ma), (25)
F A5 5 1 5 AF Maple, #8335 38 (25) fR N F
(21) A3,
f=lx+hy+ i(Sci”wg + 24c2wily

+ 24cl3wd + Sliwo + lowa)t
+ cF(sn(As,m2), ma), (26)
lo, l1,wo, w1, ws M c NAEE HE, mo N T Ja-
cobi 1[5 pR £ L. 48 b T 25 SRAR N (16) K
W, 153 BK KRG HHHEAE R RN
Ug = V1 = W1 = 0,
up = (cwoDC + 19 A1A3) /(A1 Az),
Vg = (loll -+ lollm254 lollmESQ — 101152

+ cwoli DC A1 Ag + cor1loDC AL Ag

2 2

+c wowlmQS —c wowlsz — Pwowy S*
m38% — S +1),
wy = — (12 + Pwi + Awim3 St — Pwimis?
— Wi S? + 2cwplg DO AL Ay + l%m§S4
—13m35?% —135?)

x (m28* —m328% — 8% + 1)1

+ wowy ) /(m3S* —

V2 = — Yo,

1
wo = E(8C3W§CD — 24clpwi AL Ay — cwowaCD

+ 24018&)801) - lOCL)QAlAQ — 863M§A1A2)
X (CM%CD + lo&)oAlAg)_l, (27)

Hir S = sn(ldz,m2),C = en(As,me),D =
(Az,ma), Ay = \/1—STL2(A3,TTL2),A2 =
V1= sn2(Az,ma)m3, Az = woz + w1y + wot. il
a4 (27) AR (17) 2N0] A4S 2HH BAE H A,
TR RIEA RS 4, R AR, 1EfR (27)
i, F(E,m) Ron N — KBA TR R AR 4, B

F@m)l/vu_ﬁl_mm)Mﬁmﬁﬁ

X (24), (27) T LLE H, M RR AT 586
Je 3938 A ELAE R, AT RAR SR 0 A AR 2 W Bk
%n [2829]_

NI WRFERR (27) B3N 54T D9, A48 AR B
IR, BN w, v, w 3 15747 9 R, Rk

240202-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 240202

TEIX A S Hu MR, @I ERFE UM SE, o
BN ST N E 2 iR, Himy # 1, w BERR
— MG ICT MR JE B3 EATE; Mme = LI,
Jacobi i[5 R H0E 16 985 38 10U iR 5, W AR
AT 3 fs.

—0.05 1

—0.10 1

—0.15 1

—20 —10 0 10 20 30
0.15 7

0.10 1§

0.05 7

—0.05 1

—0.10 1

(c)
—0.15 -

-8 —6 —4 =2 0 2 4 6 8 10

t
K2 (MTIRE) (a) w X RHINT 5 105 R A B AR
HIfig; (b) 5t =0,y = O, BWAE z-u BohR R PRI R
3, (o) e =0,y =0 B, PAE t-u AR R T AR

Fig. 2. (color online) (a) The interaction solution be-

tween a soliton and a special cnoidal wave for the fields
u; (b) the wave propagation pattern of the wave along
z-u axis at t = 0,y = 0; (c) the wave propagation

pattern of the wave along t-u axis at x = 0,y = 0.
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Fig. 3. (color online) (a) Kink-shaped soliton wave for
the fields u; (b) the wave propagation pattern of the

wave along z-u axis at t =0,y = 0.
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F(uo, f) =  12uoytfa 28u0 fu foy fe fox —
544U fo foz foze foy — OASL foy — 812 fyt — Af3 foaye +
802 frway+16 2 foy fr+96uoy f2 fox+ frfa fry— Fo foy fot
64ud [ foy + Budf2 fry + WU fowy — 16US [ fray +
1600 f7 fuwy — 4u0 f3 foye + 32000z f3 foy + 4tos f3 fyr —
12u0y f3 fot — 643 fry foe — 96Uy frtiows — 48Uoaa fo fray —
80uoz f fraay 64uo f3 frazay 6oy fo freer +
2565 fowfoey + 240f3fooafoy — 16f7 foxnfyr  +
122 foa foyt + 482 fravay fra + 83 frawy [t + 82 fuay for +
Af2 fayfoat  + 16f2 fovoaafoy + 322 fozwefoey —
240 30 fyt — 96 fo foz frawy — 288 fu fautioy + 441 fru fuy
176 foue foafye + 528uofoafye + 80fezafs fyaae
288ud f3 fuwtioy + 1600 f2 foy fowca + 19208 f2 fow foay —
duoe frfayfe + A16uofr foyfee + 96uoUoyfi foza
240u0 f3 fuw foaay + A8Uoza [ fou foy + 80U0x f7 foy foze +
6410 f2 foy foaa + 3040 f2 foan foay + 384Uoy f2 foa foza —
20z fow foxyft — 20fafoafoyfor — 80fs fou foana foy —
80 fz fra faza frny + 240000 fon fray fo — 2400 fo foy fon —
528u0 fau foayfow — 24fufeyfoaeft + 24uoyfifeefs +
12uo fytfeafo — 19208 fufeyfoe + 16u0fifoeyfa +
4uo fut foy fz — 8uf fi fuy f7 — 192uouoy f3 + 192uduoy fr +
24uguoy f2 fr — 16 f2 fowwway = 0.
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Abstract

Finding explicit solutions of nonlinear partial differential equation is one of the most important problems in
mathematical physics. And it is very difficult to find interaction solutions among different types of nonlinear excitations
except for soliton-soliton interactions. It is known that Painlevé analysis is an important method to investigate the
integrable property of a given nonlinear evolution equation, and the truncated Painlevé expansion method is a straight
way to provide auto-Béacklund transformation and analytic solution, furthermore, it can also be used to obtain nonlocal
symmetries. Symmetry group theory plays an important role in constructing explicit solutions, whether the equations are
integrable or not. By applying the nolocal symmetry method, many new exact group invariant solution can be obtained.
This method is greatly valid for constructing various interaction solutions between different types of excitations, for
example, solitons, cnoidal waves, Painlevé waves, Airy waves, Bessel waves, etc. It has been revealed that many more
integrable systems are consistent tanh expansion (CTE) solvable and possess quite similar interaction solutions which
can be described by the same determining equation with different constant constraints.

In this paper, the (241)-dimensional higher-order Broer-Kaup (HBK) system is studied by the nonlocal symmetry
method and CTE method. By using the nonlocal symmetry method, the residual symmetries of (241)-dimensional
higher order Broer-Kaup system can be localized to Lie point symmetries after introducing suitable prolonged systems,
and symmetry groups can also be obtained from the Lie point symmetry approach via the localization of the residual
symmetries. By developing the truncated Painlevé analysis, we use the CTE method to solve the HBK system. It is
found that the HBK system is not only integrable under some nonstandard meaning but also CTE solvable. Some
interaction solutions among solitons and other types of nonlinear waves which may be explicitly expressed by the Jacobi
elliptic functions and the corresponding elliptic integral are constructed. To leave it clear, we give out four types of
soliton+cnoidal periodic wave solutions. In order to study their dynamic behaviors, corresponding images are explicitly

given.

Keywords: nonlocal symmetry, consistent tanh expansion method, interaction solution
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