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Abstract. A spatial symmetric generalized Kadomtsev-Petviashvili (KP) model
in (2+1)-dimensions is taken into consideration in the present study. Advanced computer
algebra system software is employed for symbolic calculations, enabling the construction
of diverse multiwave interaction solutions for this model. Moreover, by appropriately
setting the associated constants, the profiles of some acquired solutions are plotted.
This graphical representation effectively clarifies the structural characteristics of waves,
providing valuable insights into the underlying physical phenomena.
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1. INTRODUCTION

In the exploration of a wide range of natural phenomena, multiwave interactions
are commonly observed. For example, within the realm of fluid mechanics, when
studying the propagation of shallow water waves, such interactions often emerge.
Multiwave interactions involve different types of waves such as solitary waves, rogue
waves, and breathers [1-3]. When these different types of waves interact and su-
perimpose, they will present complex and diverse characteristics. When it comes to
describing numerous physical phenomena, multiwave interaction solutions can more
accurately mirror the actual circumstances. For instance, in plasma physics, the exis-
tence and interactions of multiwaves have a significant effect on energy transmission
and matter distribution [4]. The ways of studying multiwave interaction solutions
are diverse, including analytical methods, numerical simulations, and experimental
observations [5—16]. Overall, the research on multiwave interaction solutions is of
great worth for deeply comprehending complex physical systems and mathematical
models.

It is a known fact that the KP equation is the natural generalization of the
KdV equation from one dimension to two dimensions in space [17]. In the research
of shallow water waves, when the weakly nonlinear restoring force and the wave
length of frequency dispersion are taken into account, the KP equation serves as a
highly useful model for exploring the behavior of water waves. For instance, during
the propagation of water waves, when the surface tension is less than gravity, the
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KP equation can be used to characterize the behavior of water waves under such a
circumstance. With this equation, the propagation, evolution and diverse phenomena
of water waves can be explored, which is of great significance for understanding
the water wave dynamics in shallow water areas [18-20]. The KP equation can also
serve to simulate the propagation of waves in magnetic media [21]. Studies on the KP
equation enable an in-depth exploration of the propagation and evolution mechanisms
of waves under the interaction of nonlinear effects and dispersion effects, helping
to gain a more profound understanding of the complex phenomena in fields such as
plasma physics and quantum field theory [22]. Previously, scholars have executed
probes into KP equations from different perspectives [23-26].
In 2024, a nonlinear spatial symmetric generalized KP model

a(6Uzvy + 6Upa¥ + Uggze + 6UyWy 4 6UyyW + Uyyyy )
+ B(4uttgy + 4vywy + gty + UyyV + Ugp W + Vg Wy + Uggyy) (D)
+M (utx + Uty) + 72 (Uxx + uyy) +Y3Ugy = 0,

where vy = Uy, Wy = Uy, Py = V,qy = w, was introduced [27]. Lump waves of model
(1) were worked out, and their dynamical characteristic properties were elaborately
examined, including critical points and optimal values [27].

What we are interested in is to look for some multiwave interaction solutions
for model (1) with the help of computer algebra systems and graphically manifest the
localized structures of some acquired solutions.

2. MULTIWAVE INTERACTION SOLUTIONS FOR MODEL (1)

We can achieve the desired bilinear form
(a(Dz +Dy) + BD; Dy +71(Dy Dz + De Dy
+72(D2 4 D}) + 73D Dy) ¥ - =0
from model (1) via the logarithmic derivative transformations

u=2(In¥)zy, v=2(InV),,, w=2(InV¥),,, p=2(InV),, ¢=2(In¥),, (3)

(@)

where D is the Hirota D-operator [28], and W is a test function that depends on x,y,
and t.
From equation (2), it is straightforward to derive that

20(Vagae ¥ — 4We0p Uy + 302, + Uy U — 4T, W, + 302 )
+2B8(Vaayy VU — 2W 0y Uy — 2Wo Uy + W Uy + 202 )
291 (W U — Wy Wy 4 Wy U — W0 )+ 299 (U U — W5+ W, W — U2
+273(Wyy U — U, T, ) = 0.

“
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Evidently, once a solution of equation (4) is found, a solution of model (1)
can be constructed via transformations (3). In the subsequent subsections, we shall
calculate solutions for the examined equation relying on three assumptions [29, 30].

2.1. ASSUMPTION 1

Firstly, we adopt the test function in the form of
W = K1 cos X1 + Ko cosh xo +mieX3 +6, 5
where
X1 = a1+ aoy +agt+aq, X2 = b1x+boy + b3t + by, x3 = c1z+ coy + c3t + ¢4,

and k1,k2,m1,a4,bj,cj,1 < j < 4 are constants to be worked out. Incorporating
assumption (5) into equation (4) and combining like terms results in a group of
algebraic equations. Upon executing some calculations on this group of algebraic
equations, the relationships serving to restrict the constants are ascertained:

Family 1.
a1(eX1v3+v2+ 7T
az = €Tya1,by = €T1by,co = €Xyc1,a3 = — t 711813+ 6?/;1) 2),
by — _b1(6T1’YS +v2+T2) o= _01(6T173 +72+7T2)
’Yl(l—i-érl) ’ ’71(1+6T1) )
b VAV (e PR
1= o= 1.
2a

Taking these relationships into (5), followed by utilizing transformations (3),
gives multiwave interaction solutions

26(—T16L%/€1 cos X1+ le%/ﬁlg cosh xs + Tlc%mlem)

. v (©6)
2(—aqk18inx1 + by ke sinh xo + c;mqeX3)Qy
P2 ’
- 2(—@%/@1 cos X1+ b?@ cosh x2 —}—c%mlexz”)
v )
2(—a1 k1 sinyg + by kg sinh o + c1my eX3)?
P2 ’
v 2(—=T2a2k1 cos x1 + Y2b2kocosh o + Y2c2myeX3)
v ®)
2(—"1a1ksinx1 + Y1by ke sinh yo + TicymyeXs)?
P2 ’
_ ; ; X3
b 2(—ayk18inx1 + by ke sinh xo 4 cymeX?) ©)

q] )
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2¢(—=Y1a1k1siny; + T1bikesinh xo + T1c1myeX3)
q= T ; (10)
where
Q1 = —eY1ai1k18in )1 + €L 1b1kosinh o + €Y 1c1meX3,
W is defined by (5), and
ar1(eY1y3+v2+T2)
= T — t
X1=a1xz+elia1y (11 eTy) +aa,
bi(eY1y3+v2+T2)
=b YTiby — t+b
X2 =01x+€l101y (1 1eTy) + 04,
c1(eT1y3+ 72 +7T2)
= T — t )
X3 =cixt+elicry P +cy
Family 2.
a1 (eY3y3+v2 —Ty)
as = €Ygaq,bo = €Y3b1,co = €Y3c1,a3 = — ,
2 301,02 301,C2 3C1,03 1 (1+eTs)
b — bi(eTsvs+72—Ta)  caleTsys+y2—Ta)
3 = ,C3 = — )
v (14+€Y3) Y1 (1+€Y3)
V (B+VB2 - &ﬁ _ 2(B+VB*—4a?) +1
3= y €= .
2c 200

Making use of these relationships along with transformations (3), we get multi-

wave interaction solutions
26(—T3G%/€1 cosx1+ Tgb%/ﬂg cosh xs + T3C%m1€X3)
u =
v (11)
2(—ayk18inx1 + by ke sinh xo 4+ cymeX3) Qo
_ 53
. 2(—@%/@1 cos x1+ b%/ig cosh xs + c%mlem)
v (12)
2(—ay k1 sinyy + by ko sinh ya + cymyeX3)?
_ 53
2(— T%allil cosx1+ Y2 bllig coshya + Y3 clmleXS)
w =
. v (13)
2(—Y3aik1sinx1 + Y3bykasinh o + T3cymyeXs)?
_ 0
2(—a1k1sinx1 + by ko sinh xg + cymieX3
p:(ll X1 1; X2 11)7 (14)
2¢(—TY3aik1sinxg + Ygbi ke sinh xo + LacimieX3)
q =
v

)

)

)

(15)

)
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where
Qo = —eY3a1k18in )1 + €Y 3b1 ko sinh xo + € Y3c1mqeX3,
W is defined by (5), and

a1(eY3y3+v2—T4)

X1 =a1x+€eYsa1y — (1 +eT5) t+ay,
b1(eX3y3+v72—T

X2 =bix+€eY3b1y— it 'yf(’ylg—FZTQg) 4)t+b4,
c1(eY3y3+7 -7

x3=ciz+el3c1y— it 75(713—1—:;3) 4)t+04.

2.2. ASSUMPTION II
Secondly, we consider the test function ¥ to be
U=k COSC1+/€2COSh<2+m16C3+m2€<4—|—9, (16)

in which
G = a1z +agy +ast +aq, (2 = b1z +bay + b3t + by,
G=cxz+cytegttcs, Ca=ha+ly+Ist+l,
and the constants x;,m;,a;,bj,c;,1;,1=1,2;1 < j < 4 are all to be solved for. Next,
incorporating assumption (16) into equation (4) and combining like terms, a collec-

tion of sixteen algebraic equations regarding the unknowns can be produced. By
computations, we build the following relationships among the constants:

Family 1.
ag = 6Y1a1,bg = €Ylbl,CQ = 6Y101,l2 = 6Y1[1,
s = a1+ Ya+€Y173) by = b2+ Yo +eY173)
7(l+evr) Y1(1+4€Y1)
oy — (et Ya+eYiys) Iy = hi(e+Ya+eY1s)
y(l+eyy) 7 11 (1+€Y7)
v Vay/a(=p-+/F—10?) v 2BtV da?)
1 = 5 2 prng ,6 = .
2 2

Through the utilization of these relationships along with transformations (3), we
obtain multiwave interaction solutions

26(—}/161%1%1 cos(y + Ylb%fig cosh (s + ch%mle43 + Yll%mgec“)
u =

R
. . (17)
2(—a1k1sin(y +bykrasinh o + c1mie® +lymoes) Q3

v2 ’
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2(—a%m cos(y + b%l’ig cosh (o + c%mleC3 + l%mgeg“)

)
) . 9 (18)
2(—ayk1sin(y + by kosinh o + cymypet? 4+ l1maoett)
_ = ’
2(=Ya2k1 cos(y + Y02 ko cosh (o + Y22my et + Y 12moett)
w =
v (19)
2(—Y1a1/<clsinC1—i—Ylbmgsinth—i-qumleCB—i—Yll1mge<4)2
_ o ,
2(—a1k1sin + by ko sinh Gy + cymy e + lymoe’t
p:(ll G 12\1,C2 1M1 12)7 20)
_ 2e(—Yra1k18in(1 + Y1b1kosinh (o +Yicimoes +Y1l1m2644) 21
q= U )
where

Q3 = —eY1a1kK1 SinC1 +eY1b1k9 SinhCQ + 6Y161m16<3 + eYlllmgeC‘*,
U is defined by (16), and

a1 (y2+Ya+€Y173)
= Y; — t
Gl =amz+eYiary (i er) +ay,
bi(y2+ Y2 +€Yi73)
=b Yibiy — t+0b
G =biz+eY1bry (4 erh) + by,
ci(v2+Yo+€Y173)
=cix+eYic1y — 14 cy,
=c 1c1y (L er) 4
Li(y2+Ya+€Yi73)
=lhzxz+eYiliy— t+14.
G=bhr+eYiliy (L erh) 4
Family 2.
az = €Y3a1,by = €Y3b1,c2 = €Y3c1,l2 = €Y3l,
05 — _ar(y2 —Ya+€Yss) by = _bi(r2 —Ya+€Ysns)
’yl(l-i-EYg) ’ ’}/1(1+EY3)
o5 = (2 —Yat+eYsys) Iy = _hi(y2 —Yi+eYss)
v1(1+€Y3) ’ v1(1+€Y3)
Y: Vay/—a(s+ VB 40‘2 _ VB4t
3= , €= .
2cy 20

By means of these relationships and transformations (3), we can present multi-
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wave interaction solutions as

26(—Y3a%/<51 cos(y + YE),b%/ig cosh (o + ch%mleCS + Ygl%mgec“)
u =

N\
. . 22)
2(—ajk1sin(y + by ko sinh (o + c1mieS + lymgeSt)Qy
_ 0 7
2(—a%m cos(q1+ b%/@g cosh (s + C%mle<3 + Z%TTLQEC4)
| v , (23)
2(—ayk1sin(y + bykosinh o + cympe®® + l1maoett)
_ = ’
2(—Y32a%/£1 cos(q + Y32b%/12 cosh (o + Y}?c%mle@ + Yfl%mge@)
w =
v (24)
2(—Yzaik1sin(y + Y3bykosinh (o + Yzeimy e + Yalymoett)?
_ = ’
2(—ayk1sinCy + bykosinh (o + cympe®? 4 l1maoett)
p= . , 25)
26(—}/3(“ k18in(q + Y3b1kosinh (o + Y361m1€C3 + Ygllmgec‘l)
q= - SNC
where
Q4 = —€Ysai1k18in(y + €Ysby ko sinh (o + 6Y301m16<3 + 6Y3l1m26C4,
W is defined by (16), and
ai(v2 — Yy +eYzy3)
1=a17+€eY3a1y — t+ay,
¢ Y Y1 (1+€Y7)
bi(v2 — Ya+€Y3y3)
o =bix+€Y3biy — t+b4,
¢ Y Y1 (1 +€Y3)
c1(v2 —Ya+e€Ysys)
3=c1o+eYzcry — t+c4,
¢ Y 71 (1 +€Y3)
Li(y2 —Ya+€Ysys)
4 =lhx+eY3liy— t+14.
¢ Y 71 (1 +€Y3)
2.3. ASSUMPTION III
Thirdly, we postulate the test function ¥ to be
WU = K1 cost + ko coshdg + kg sintds + k4 cosh iy + 6, 27

with
Y = a1x 4+ agy + ast + ayg, Vo = b1z + boy + bst + by,
Y3 =crx+coy+cst+ecg, Vg=lix+loy+ist+l1y,
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and the constants x;,a;,b;,c;,l;,1 < j < 4 are to be computed. Conducting operations
that are similar to those previously done gives a group of algebraic equations. After a
sequence of further calculations on this group of algebraic equations, the constraints
among the constants are found as follows:

Family 1.
ag = €d1a1,by = €d1b1,c2 = €d1c1,ly = €drly,
_ ai(f2tehyst2) ,  bi(f2+€diys+2)
az = — 7b3 - = )
~v1(€ed1 +1) ~v1(ed; +1)
_ albetehyzty2) ,  h(f2+edhys+e)
Cc3 = — 7l3 - = )
~v1(ed; +1) ~v1 (€01 +1)
; V2y/a(-6 + /B —do?) 5 _ 2BV —da?)
1= , 00 = ,E= .
2 20

By incorporating the obtained outcomes into (27) and employing transforma-
tions (3), we can write multiwave interaction solutions as

B 2¢(—81a% k1 cosy + 8162 kg cosh g — 012 kg sin s + 0112 k4 coshidy)

v
28
2(—aik18indy + bikesinhdg + 1 k3 cos¥3 + I ke sinh¥4) Ay (28)
_ o ,
2(—a%/<51 cos + b%:‘ig cosh iy — C%H:}, sinds + l%m coshiy)
V=
v (29)
2(*@1/&1 sinth + by ko sinh ¥y + c1 k3 cosdg + 11 Ky SiIlh’l94)2
_ =2 7
2(—02a2 k1 cos)y + 62b3 kg coshidg — 82c2 kg sin s + 0212 k4 coshiy)
w =
v
2(—51a1/<51 sim91 + (51[)1/@2 Sinh192 + 5161,‘{3 COS193 +(5111/€4 sinh194)2
_ o2 ’
(30)
_ 2(—ayk1sindy + bykgsinh s + ¢y k3 cosv3 + 1k sinhdy) 31)
p - \I’ 9
26(—51@1/%1 siny + §1b1 ko sinh g + d1¢c1 k3 cos 3 + d1l1 Ky sinhﬁ4) (32)
q= >

v

where

Ay = —ed1a1K1 8in + €d1b1 ko sinh Vs + €01 ¢ k3 cos 3 + €611 kg sinh ¥y,
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U is defined by (27), and

a1 (02 + €013 +y2)
¥ = ) — t
1=0a1x+€01a1y (e 1) + a4,
b1 (62 + €d1v3 +2)
P9 =0b 01b1y — t+0b
2 1T+ €0101Yy (e +1) + 04,
c1(d2 4 €9173 +72)
Vg = ) — t
3 =c1r+eoicry (e +1) +ca,
11(02 +€d1v3 +72)
Py =1 o1ly — t+1y.
4 =0T+ €011y (e 1) + iy
Family 2.
az = €03a1,by = €d3by,c2 = €d3cy,lo = €d3ly,
_ a1(datedzysty2) ,  bi(dat+edzys+2)
asz = — 7b3 - = )
~1(eds+1) ~v1(ed3 +1)
%:_Q@+dwﬁﬁﬂh:_MM+¢m+w)
~1(eds+1) ’ ~1(eds+1) ’
5o \/ (B++/ 32— 4a2 72(5_*_ /B2 — 4a?) _—
3 — , €= .
2 2a

Incorporating the obtained outcomes into (27) and taking advantage of transfor-
mations (3) yields

2¢(—03a3k1 costy + d3b3 ko coshdy — d3c3 kg sinds + 0312 k4 coshily)

G
33
2(—ayk18in¥y + by ko sinh e + c1 k3 cos I3 + 11 kg sinh dy) Ag (33)

2 ’

u =

2(—a%m cos + b%/ﬁg cosh iy — C%/ﬁg sinds + l%m coshy)
v (34)
2(—(11%1 Sin’l91 + b11€2 Sinh’l92 + c1K3COS 193 + l1/€4 Sinhﬁ4)2
P2 ’
2(—63a? k1 cos + 03b3 kg cosh ¥y — 83c2 k3 sinds + 0512 k4 coshdy)
v
2(—63a1 k1 sin vy + 63by ko sinh s + d3¢1 k3 cos V3 + d3l1 kg sinhd)?
P2 ’
(35)

(36)

V=

w =

_ 2(—ayikysindy +bykgsinh s + c1h3 cos 3 + 11Ky sinhdy)
p= 7 )
26(—(53a11€1 sint + d3b1 ko sinh W9 + d3¢1 k3 cos Y3 + 03l1 k4 sinh194)
q= )
v

(37
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in which
Ao = —€d3a1 K1 8in1 + €d3b1 ko sinh ¥y + €d3¢1 k3 cos¥g + €d3l1 kg sinhdy,
W is defined by (27), and

Y1 = a17 +€dza1y — - (5’4;1—’(_;;3131—; S fras
o = b1 +€dzbry — 2 (5:‘;1—2523131—; S e
3 = c17+€dzc1y — - (%Ieﬁf; = e
V4 =Lz +edzliy— 2 (5iI:§§f$ S tla

3. CONCLUDING REMARKS

For the visual demonstrations of the localized features of some acquired solu-
tions, we utilize the drawing tools within Maple to create a few 3D plots. First of all,
we assign the constants in solutions (6)—(10) as

o = 1,,8: —2.5,%1 = —2,/4,2 :2,m1 = 16,0,1 = 16,b1 :2,

(38)
C1 = —].,(14 = 17b4 = ]-704 = 1771 = 1772 = 1773 = 179 :40562 L.

Relying on these values, we outline the 3D structures, as illustrated in Figure 1. Then,
we take the constants in solutions (17)—(21) as
a=1,8=—-2.5,k1 =2,k =2,m1 =16, mo = 16,
a1:16,61:2,01:—1,l1:1,a4:1,b4:1,64:1, (39)
l4 = 1,’)/1 = 1,")/2 = 1,’}’3 = 1,0 = 40,6 =1.
Figure 2 signifies the 3D localized visualizations of (17)—(21) with (39). The periodic-
ities exhibited by the waves in both figures are owing to the presence of trigonometric
functions within the solutions. As seen in subfigures (d) and (e) of Figure 1, a breather-
kink wave interacts with a kink wave. While in subfigures (d) and (e) of Figure 2, a
breather-kink wave can be observed interacting with two kink waves.

In this study, after conducting computations with the computer algebra systems,
diverse multiwave interaction solutions formulated as combinations of trigonometric,
hyperbolic, and exponential functions to a spatial symmetric generalized KP model in
(2+1)-dimensions were found. The acquired solutions provide valuable insights into
the nature of the investigated model. Moreover, it is clear that multiwave interaction
solutions of nonlinear models help in interpreting wave-wave interactions in fluid
dynamics, and predicting wave-related phenomena, guiding practical applications in
oceanography and engineering.
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-6 -0.6 -5 -0.6 -7 -04

(a) (b) ()

508 -6 -4

(d) (e)

Fig. 1 — Profiles of (6)—(10) with (38); (a) uw when ¢ = 0; (b) v when y = 0; (¢) w when z = 0; (d) p
when y = 0; (¢) ¢ when = = 0.
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-0.8

508 -6 -4

(d) (e)

Fig. 2 — Profiles of (17)—(21) with (39); (a) v when t = 0; (b) v when y = 0; (c) w when x = 0; (d) p
when y = 0; (¢) ¢ when = = 0.



13

Multiwave interaction solutions for spatial symmetric generalized KP model Article no. 107

Acknowledgements. This work is supported by the Doctoral Scientific Research Initiation Fund

of Wannan Medical College (Grant Number: WYRCQD2024007).

W=

e

10.
11.
12.
13.
14.
15.

16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.

REFERENCES

. A. Ankiewicz and N. Akhmediev, Rom. Rep. Phys. 69(1), 104 (2017).

M. A. Hoefer, A. Mucalica and D. E. Pelinovsky, J. Phys. A-Math. Theor. 56(18), 185701 (2023).
M. Alquran, M. Ali, Q. Katatbeh, H. M. Jaradat, I. Jaradat and M. Al-Dolat, Rom. Rep. Phys. 75(1),
102 (2023).

Y. Qin, J. Manafian, K. M. Sulieman, A. Kumar, N. Kumari, R. Sharma, M. Fazli and T. Awad, Opt.
Quant. Electron. 56(6), 1008 (2024).

Y. Yang and Y. Liu, Rom. Rep. Phys. 75(2), 110 (2023).

H. O. Sidi, M. A. Zaky, K. E. Waled, A. Akgiil and A. S. Hendy, Rom. Rep. Phys. 75(4), 120
(2023).

S. Tarla, K. K. Ali, A. Yusuf, R. Yilmazer and M. Alquran, Rom. Rep. Phys. 74(4), 118 (2022).
Z.Z.Kang and R. C. Yang, Nonlinear Dynam. 110(4), 3605-3615 (2022).

Z.7Z.Kang, T. C. Xia and W. X. Ma, Proc. Rom. Acad. Ser. A Math. Phys. Tech. Sci. Inf. Sci. 20(2),
115-122 (2019).

Z.Z.Kang and T. C. Xia, Appl. Math. Lett. 103, 106163 (2020).

W. Alhejaili, A. M. Wazwaz and S. A. El-Tantawy, Rom. Rep. Phys. 76(4), 115 (2024).
Z.Z.Kang, Rom. J. Phys. 69(7-8), 109 (2024).

Y. Qin and Y. Liu, Chinese J. Phys. 71, 561-573 (2021).

W. Cui, W. Li and Y. Liu, Mod. Phys. Lett. B 34(35), 2050405 (2020).

A. R. Seadawy, S. T. R. Rizvi, S. Ahmad, M. Younis and D. Baleanu, Open Phys. 19(1), 1-10
(2021).

S. M. E. Ismaeel, A. M. Wazwaz and S. A. El-Tantawy, Rom. Rep. Phys. 76(1), 102 (2024).

G. Biondini and D. E. Pelinovsky, Scholarpedia 3(10), 6539 (2008).

W. X. Ma, Phys. Lett. A 379(36), 1975-1978 (2015).

S. Chakravarty, T. McDowell and M. Osborne, Commun. Nonlinear Sci. Numer. Simul. 44, 37-51
(2017).

T. Hirakawa and M. Okamura, Fluid Dyn. Res. 50(2), 025510 (2018).

M. S. Ruderman, Phys. Scripta 95(9), 095601 (2020).

X. Yuand Z. Y. Sun, Ann. Phys.-New York 367, 251-257 (2016).

C.Z.Liand H. J. Zhou, J. Math. Phys. Anal. Geo. 15(3), 369-378 (2019).

X. Lii and S. J. Chen, Commun. Nonlinear Sci. Numer. Simul. 103, 105939 (2021).

Y. Guo, Z. Dai, and C. Guo, Front. Math. China 17(5), 875-886 (2022).

S. C. Anco and M. L. Gandarias, Nonlinear Anal.-Real 75, 103964 (2024).

W. X. Ma, Rom. Rep. Phys. 76(3), 108 (2024).

R. Hirota, J. Phys. Soc. Japan 45, 321-332 (1978).

L. Gai, W. X. Ma, and M. Li, Nonlinear Dynam. 100(3), 2715-2727 (2020).

H. D. Guo, T. C. Xia, and B. B. Hu, Nonlinear Dynam. 100(1), 601-614 (2020).



