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Abstract: This paper examines the propagation of M-shape solitons and their interactions with kink
waves to the (2 + 1)-dimensional integrable Schwarz-Korteweg-de Vries (ISKdV) problem by applying
the symbolic computation with ansatz functions technique and logarithmic transformation. The
governing model usually appears in the nonlinear shallow water waves and fluid mechanics. We
discuss various nonlinear waves like multiwave solutions (MSs), homoclinic breather (HB), M-shape
solitons, single exponential form (one-kink), and double exponential form (two-kink). These waves
have lot of applications in fluid dynamics, nonlinear optics, chemical reaction networks, biological
systems, climate science, and material science. We also study interaction among M-shape solitons
with kink wave. At the end, we discuss the stability characteristics of all solutions.

Keywords: nonlinear waves; computational simulations; homoclinic breather; interaction phenomena

1. Introduction

Soliton solutions of nonlinear differential equations (NLPDEs) are a fundamental
object in nonlinear sciences. The stability property of a soliton plays a crucial role in
unalike mathematical and physical contexts, as it enables the persistence of coherent
structures. Solitons are capable of modeling and describing a wide range of complex
physical phenomena, including nonlinear optics, plasma physics, and more. Studying
solitons in NLPDEs creates opportunities and mathematical challenges for thriving new
analytical and numerical techniques. These characteristics advance the field of nonlinear
mathematics. Several techniques for finding soliton solutions of NLPDEs have been studied
during the past few decades [1-5]. Recently, the interaction among soliton solutions
has received a lot of attention from many researchers, due to their uses in biophysics,
oceanography, plasma physics, and nonlinear fiber optics [6-11]. An extensive variety of
features in soliton dynamics have been studied over the past few decades for nonlinear
systems [12-26]. One of the renowned NLPDEs is the Kortweg-de Vries (KdV), given as [24]

Y+ Yoy —6¥Y: =0, D

where the nonlinear shallow water waves are given in ¥ = ¥(x, t). The generalized form
of Equation (1) is the Schwarz-Kortweg-de Vries (SKdV) equation, given as [25]

Yool 1(¥e\?|
() (%)) -
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The component generalization of the SKdV-model in (2 + 1)-dimensions is given as
1 V¥ Yy¥au  ¥2¥, ¥ [ [ Y2
Y+ oYy — - —— [ (<5 ] dx=0. 3
Tt T Ty v e s/ \w) " )

Equation (3) was originated by Yu and Toda [27]. By the following assumption in
Equation (3),

‘P:WX/W:eg/gx:H/gt:®/ (4)
where W = W(x,t), g = g(x,t), H= H(x,t),and © = O(x, t) are unknown functions, one

can obtain

{4H2®x — 4HH® + H?Hyx,y — HH\xH, — 3HH,Hy, + 3H2H, — H*H, =0, )

Hy — 0, =0.

This equation is due to Pickering and Kudriashov [28-30]. By the Miura transform [30] on
Equation (5), one can obtain

Hy 3H2 H? e)
Y, = XY = —
X 4H H2 8 7 y H/ (6)
and it generates [30]
4Y ¢ + Yoxxy +8¥ay ¥ +4%,¥Yar = 0. ?)

Many researchers worked on the ISKDV model. Ramirez et al. investigated multiple
solutions for the SKDV equation in (2 + 1)-dimensions [29] via Mobius transformation,
Khater worked on new solitary solutions for a (2 + 1)-dimensional ISKDV-model via
the Khater technique and Bernoulli sub-equation technique [30], Attia et al. studied
numerical and computational solutions for a (2 4 1)-dimensional ISKDV-model with
Miura transform [31], Toda et al. investigated the soliton solutions for a governing model
in (2 + 1)-dimensions [32] via Lax pairs and well-known higher-dimensional manner,
Gandarias et al. founded the classical symmetry reductions for the ISKDV model by
using symmetries and arbitrary functions [33], Li et al. studied the soliton solutions of
the (2 4 1)-dimensional ISKDV-model by applying Darboux transformation [34], Li et al.
evaluated the diversity soliton excitations for the (2 + 1)-dimensional ISKDV-model [35],
and Aslan worked on an investigation of analytic solutions for the (2 + 1)-dimensional
ISKDV-model via improved mapping approach [36], but the contribution of this document
is to evaluate MS, HB, and M—shaped solitons by applying the symbolic computation
with ansatz functions approach and logarithmic transformation for the (2 + 1)-dimensional
ISKDV-model. M-shape rational solitons are described by nonlinear equations that involve
both the phase and amplitude of the wave. They often arise in optical fibers, plasma
physics, and Bose—Einstein condensates. These solitons are important because of their
ability to maintain their stability and shape over long distances. Furthermore, we will
study the M-shaped solitons and their interactions among one- and two-kink waves. When
M-shape solitons interact, they can undergo complex dynamics. These interactions depend
on the amplitudes, velocities, and phases of the solitons. They can show behaviors like
fusion, elastic scattering, and bound states. The study of soliton interactions is crucial in
signal processing and communication. We will also study the HBs that appear in various
systems like Klein-Gordon equations, Hamiltonian systems, and optical systems. Lastly,
we will also apply the stability property for attained solutions. All these stated rational
solutions via the proposed method are novel and not found in the earlier literature. Our
new solutions will be useful for understanding the nonlinear phenomena in the nonlinear
shallow water waves and fluid mechanics.
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The article template is arranged as follows. In Section 2, we will compute the MS for
the (2 + 1)-dimensional ISKdV problem with logarithmic transformation and three waves
scheme. In Section 3, we will utilize the HB method and compute some new classes of solitons
for the (2 + 1)-dimensional ISKdV problem. In Section 4, we will compute the M-shaped
solitons for Equation (1) and we will show some 3D, 2D, contours, and their stability profiles.
The precise computation of interaction of M-shaped solitons via one exponential function
approach along some 3D, 2D, contours, and their stability graphs is shown in Section 5. We
will determine interactional solutions with double exponential form for the stated model in
Sections 6 and 7, and this will contain the stability property of solutions and their application
to all obtained solutions (see Table 1). In Section 8, we will give results and discussions, and
finally, in Section 9, we will state our concluding observations.

Table 1. Stability properties for newly attained solutions ¥;(x, y, t) where (i = 1,2,3, ..., 14).

Solution Stability Values of Variables
kr = 1,y = 15c¢ =
o Stable 2 Z Sm 3 -
2.5,x,y,te[-7,7]
ki = 1,a4 = —-15c¢ =
ks Stable 5%651“:5 ifgfgf :: —32/,116 z

a;
—2,by = =25,x,y,te[-7,7]

Y3 Unstable Singular solution

k1 = 1,k2 = 1.5,C = 4,u6
5a4 = 2,bp = 15p;

Yy Stable 3, = 2,p = 7b
1,x,y,te[-5,5]
k1 = 1,k2 = 1.5,C = 4,a4 =
2,(16 = S,bo = 1.5,p1 =
Ys Stable 30, = 2,p = 2b =
—1,x,y,te[-3,3]
151 = 1,k2 S—b—1.5,C T54,tl4 =
, 06 = —9,bp = — /P1:
Ye Stable B, = 2,p = 2,b; =
1,x,y,te[-8,8]
Yy Unstable Singular solution
d3 = 10,](2 = 5c¢c =
Yg Stable —24,kq = —3,dy =
—5,x,y,t €[—6,6]
dl = *4,k1 = *1,6 =
¥o Stable 2.5,%,y,t ¢[-10,10]
dl = 74/d3 = 2/d5 =
Y9 Stable 4,k = 2,c = 25k =
—1,x,y,te[—6,6]
Y11 Unstable Singular solution
Y10 Unstable Singular solution
a = 4,a4 = 1,c = 15,a, =
REE Stable 2y = 2,by = 6,x,y,t £ ~5,5]
‘Y14 Stable ay = 4,&4 = 1,C = 1.5,b2 =

02,ky =2,x,y,te[—9,9]
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2. MS

For this purpose, we use the ansatz [37]

Y(x,y,t) =Y(), n=hkx+ky—ct ®)

By applying Equation (8) into Equation (7), we obtain

4cY” + 1283k, YY" + kY ) = 0. )
Now with usage of the logarithmic transformation in Equation (9),

Y =2(Inf),, (10)

we obtain

8cky f2£% — 48K3kf° + 24k3ko f 0 — 12cki 2 £ f 4+ 120K3ka f£ 3 f — 60K ko f f2f — 72K3 ko f2F £ 2 (11)
+ 30k?k2f2f/f//2 + 4Cklf4f/// N 24k%k2f2f/2f/// + zok?szzflzf/// + 24k%k2f3f,/f”/ - 10k%k2f3f//f///

— 54k, f2f £ + Ik 1) = 0.
For MS, we utilize three waves ansatz on f in Equation (11) as [37]

f = bgcosh(an + ay) + by cos(azn + ay) + by cosh(asy + ag), (12)

where a; are any constants. By usage of Equations (11) and (12) and solving the equations
from coefficients of cos, sinh, and cosh functions, we have
Set L.

|15k - 36 15k =36 AAtSk)e 0 g3

BN ok P TN T a5k T 305k — 120k (5k —8)” !

By using the above values, we have

125k .. 3615k 4(—4+5k; )cy 12-5k
\@(_bl 5%, Sin (2 (”4 +\/ TR (Ct +hx + 3(5k—12)k; (15k178) ) )) + b2/ Gsg; Nl)
= 445k
by cos (614 + 4/ % (Ct +kix + %)) ~+ by COSh(az) + by Np

— 36— 15k 4(—4+5k))cy
where N1 = smh(Z (a6 + 74+5k11 (ct +kix + W))) and

Y, = , (14)

_ 3615k 4(—445k; ey
N> _cosh(a6+ —4+5k1] (Ct+k1x+Wim)).
Set II. When
4
ky = — ¢ , a1 = ay, ay = az, a3 = 0. (15)

k1(10a3ky — 1243 + 15k; — 36)

By using the above values,

a1bg sinh (2 <a2 + a1 (ct +kix — 0 (1Ou2k171§22+15k1736) y> )> + N3
¥, = — (16)

o 4c ’
b COS(H4) + by cosh (az +a; <Ct + k1x A (10a§k1712u§+15k1736) y) ) + Ny
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_ H _ 4c
where N3 = asbysinh <2 (a6 + as (ct + kix (10026 12215k, =36) y> )) and

_ _ 4y
Ny = bycosh (2 (% T as <k1x T <t k1 (10a2k; —1242+15k; —36) ) > ) > :
Set III.

_15k1—36 e — _—15k1 + 36 g — _15k1—36 o — c(—4+ 5kq) (17)
—4 + 5k’ 5 —4 +5ky ' > —4 + 5k’ 2_3(5k1—12)k1(5k1—8)'

By using the above values, we have

125k, o 3615k o(—4+5k) )y
. (\/§<—b Skl) sm(Z (a4 + 475,{11) (ct + k1% + ey 18+5k1))) +boNs + +b2N6) )
3 = ’
3615k c(—4+5k;)
bycos (a4 +/ 28 (ct + k1% + et (_18&5,{1)) 1 boNy + +b2N8)

o 3615k c(=445k )y
where N5 = sinh (2 (u2 T 4—5k11> (Ct +hx+ 3k (5k1*12)(*18+5k1) )>’
o 3615k c(=445k1 )y
Ng = sinh (2 <a4 +\/ "5, 1) (Cf + k1x + 3k1(5k1—12)(—18+5k1))>’
B 36—15k c(—4+5ky )y
N7 = cosh(az + /55 (et 4k + it S)) and

B 3615k c(—4+5k; )y
Ng = cosh( 5%, (Ct + kix + 3k1(5k1—12)(—18+5k1)))'

3. HB
For HB, we consider f as follows [37]:
fr= e Pt 4yl (1) by cos(pi (a6 +as)), (19)

where a/s, bs are any constants. Inserting Equation (19) in Equation (11) and taking equa-
tions from the coefficients of exp and cos functions and by solving them, we obtain the

following:
Set I. When
Bk —12 )
- 3k1—4 B _kzkl (5k1 — 12) o o _
al—ip , C= —12k1—16 ,a5—0, a3—0, bo—bo. (20)

Via the above values, we obtain

Skq —12 k2k2(5k1—12)t
[k _kky
31— ( 12k 16 TR1¥tkoy

—p| ot 7
2e _53k13]i£12
Yy=— 5 (21)
5k —12 k2k1(5k1—12)t o xk
VT Bk—a \ T 12k-16 Thv Ry
—p|axt+ 7
bie™P 4 2e + bg cos(agp1)
Set II. When
10k, —24 ~ 10k, —24
15k, —24 T5k, —24
ay = ; , a3 = ; , by = by, as = 0. (22)

Via the above values, we have
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10k —24
A= 15k | (Ct+k1 x+k2y)
10k A ’ [ 10k, —24
Uk &7 _ 1—
~ 15k, 24 + bye 15k, —24

10k
151{1 24(ct+klx+k21/)
—p|axt+ 7
—e

2
Y5 = (23)
o (aer igi 24 (ct+k1x+k2y ) ( ig}; 24 (ct+k1x+k2y) )
e + bre + bo cos(agp1)
Set III. When
30k 472 30k 472
o = 101k, 216 s = T01k; —216 iy = ay, by by, as — 0, (24)
p p
Via the above values, we have
. (m BT (ff+klx+w>> ( - B ct+k1x+k2y )
i’ 30k, +72 30k, +72
2| —e V- 101k, —216 T D16 ~ 101k, —216
Yo = (25)
(ﬂ 18(1),5 216 ct+k] x+k2y ) ( 13(1): 216 (ct+k1 x+k2y))
—p| a2t 7
e + bre + bo cos(agp1)
4. M-Shape Solitons
For obtaining the M-shape solution, we choose f in the form [37,38]

f = (dvy +d2)* + (d3y + dy)* + ds, (26)
where d;(1 < i < 5) are any parameters. Put f into Equation (11) and solve the system of
equations, which is achieved from various coefficients of ¢:

Set I. Whends = d, =0,
4(12042d3% + 45d5 — 1643) L (57600d7d8 + 36000d5d}° + 5625d}> — 15360d1d; — 4800d7dS + 1024d7)c o
= s K2 = = .

240d2d5 + 754§ — 3242 192(120d3d} + 454§ — 16d2)d?

Using the above values, we obtain

6.4 842 (21544 6.1 1642 4
(oA R ) )
dz( 4(45d5+843(—2-15d4) )x  c(75d5+16d3(— 2+15d§))y> LR
75d5+16d2 (—2—15d%) 75d5+16d% (—2—15d3) 1
whre Ry = s+ L2 I (2
Set II. When ds = d, =0,
di =V —=1ds, ky =k, ky = ky, d3 = d3, dy = d. (29)
Through the above values,
2(—2d3(ct + kyx + koy) + 2d5(ct + ki x + kaoy)) 30)

B —d3(ct + kyx + koy)® + (dy + da(ct + krx + kay))*
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Set III. When ds = d, =0,

dy = 23153k, = _ 5 cv2vi5

864 T/ ki = ki, d5 = 0. (31)
1

Through the above values, we have
442 (ct +kix + 45—4 \/gcd%y)

9= 2"
\ & +d? <ct+k1x+ &\/gcd%y)

Set IV.Whendy =d, =0,

¥ (32)

72k; (24} + 423 + 243 + Ld3/15 + Ld2/15 ) . 4(2d2 4243 + 1v/15) o )
C = — , = — , = .
4844 + 9622 + 48424 + 82/15 + 842\/15+5 a2 a2+ 1vis 0

Then we obtain

72(\/§d%+2d‘11+\/§d§+4d§d§+zd§) ot 4<\/§ +2d%+2d§> x
— — +hky | | +2R;

5+8v/15d2 4844 +8+/1543+96d3d3+483 \/g A2+ 4d2
‘P]O - ’ (34)

2
32 4 32 2 92 4 3 2 2
) 72<\/;d1+2d1+\/; d3+4d1d3+2d3> kot 4 <\/; +2d1+2d3> x

ds +di | — -
5+dj 5+8+/15d2+4844+8+/15d3+9643d% +4843 \/g 42+ 4d2

7z<\/§d%+2d;1+ @ d§+4d§d§+zd§> kot 4 <\/§ +2d%+2d§> x

© 54+8V1542 +48d% +8V/1543+9643d3 +4845 342 443

2| 242

+ koy + R%

where R, = d% + koy

5. M-Shape Soliton Interaction with One Kink

For these solutions, we consider one exponential hypothesis on f [37,38],
f=0+0+ds+e, (35)

where {1 = di& +dp, (o = dsl + ds, {3 = deC + dy d;(1 < i < 7) are any parameters. Put
f into Equation (11) and evaluate the system of equations, which is attained from the

coefficients of ¢ and exp functions:
Set. Whendy, =d, =0,

d2 (5dzd3ky — 4d3kq + 10d3ky — 24d2)k1ky

o 12d%2 — 16 ,dy=d3V/ =1, ky = ko, d7 = d7.  (36)
2 _
We obtain _ 3 2 2
sdge <_ A= e S +k1x+kzy>
Y1 = 6 2 (52a3)y —4d3ky 102Ky 2402 ) ot . (37)
d —|—ed7+d6 <7 R 61211%—165 e *kl"“fzy)
5
SetII. Whend, =d, =0,
2 12
d5 = g\/g, kl = m, dl = d3\/—71, d7 = d7, c=_cC. (38)
6
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Then we obtain
12x
2d6€d7+d6 (CtJr 5+d2 +k2y)
le(x, Y, f) = " . (39)
2 n ed7+d6 <Ct+ 5+d2 +k2]/>
V3
6. M-Shape Soliton Interaction with Two Kinks
We use the following two exponential ansatz [37,38]:
f — ble—ﬂlA-l-az + b26a3A+u4, (40)

where a1, a, a3 and a4 are some constants. By using f in Equation (11) and solving
the equations obtained from the coefficients of the exponential functions, we obtain the
following:

Set L.

(33 +5)° | 4(d3+3)
4a§(a§+3)2/ ! 303 +5

ko = by = by, as = as, by = by. (41)

Using the above values, we have

2 2
aytay (Ct+4(a%+3)x 4 c(3a%+5) y) aytas (Ct+4(a%+3)x+_ c(3u%+5) y)
2| ajbre + azbye

3”%+5 4a§(n%+3)2 3”§+5 4u%(a§+3)2

2 2. 5)? 2 2. 5)? (42)
ax+ay (ct+4(:;2f5)x +— C(jusj) i ) as+as (ct+ 4(;52135% +- 6(23113:5) Z )
bre 3 43 (a3+3) + boe 3 403 (3+3)
Set II.
7 26 361 7
=—V-39, ki =—, ki = =¢, a3 = ——=iV39, a5 = as. 4
1739 17197 1T 7357 BT TtV BT *3)
Then, we have
7i(ct+ S%EX +k2y) 7i(ct+ 3(7’%?( +k2y)
’  Tibye V39 n Zibye 2 V39
V39 V39
Y = 7,‘(cr+§%gl+kzy) 7"(Cf+§%§l+kzy) (44)
bpe™ T VA b v
7. Stability Characteristic of Solutions
We now evaluate the stability characteristic via Hamiltonian approach ¥ [30],
1 k
A= / ¥2(2)dz. (45)
—k
Hence, the stability condition of the solutions can be evaluated as
oA
— >0, (46)

Jdc
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where A denotes the momentum in the Hamiltonian system, and c stands for wave velocity.
The stability for Equation (28) with appropriate values of constants is given by

JA
() = —0.000161749 < 0. 47)
dc c=4

In the interval x, y, te[—9,9] and ¢ = 4, we conclude that this solution is unstable. In
the same way, we check the stability of all results in the Table 1.

8. Results and Discussions

For finding numerical results, we have used the configuration of the Software MATH-
EMATICA:12.1 and MAPLE:14 to perform the simulation results. We have successfully
obtained the stated forms of solutions and they show a discrepancy in the wave when
setting the parameters to the appropriate values. First, by applying the three waves ap-
proach, we have evaluated three sets of solutions for Equation (1) and their graphs are
constructed via appropriate values of involved parameters. Note that Figure 1 shows
the 3D multiwave plots for ¥; in Equation (14) presented via numeric values k; = 1,
by = 15c¢ = 25,ap = 3,a4 = 3,bp = 1.5,a5 = 2,a6 = 5,bp = 2.5, respectively.
Figure 2 represents the 2D multiwave profiles for ¥; in Equation (14) via numeric values
ofkj =1,by =15,c=25,ap =3,a4 =3,bp = 1.5,a5 = 2,24 = 5,b, = 2.5. Figures 3 and 4
interpret the density and stream plots for Figure 1. Furthermore, by utilizing the HB
technique, we have computed three sets of solutions for Equation (1) and their plots are
constructed. We have successfully evaluated the 3D HB profiles for ¥4, which are con-

structed with numeric valuesof ky = 1,41 = —1.5,c = —25,a5 = —3,a4 = —2,a¢ = 3,by =
—1.5,by =3,ay = —2,by = —2.5, respectively, in Figure 5. The 2D HB plots for ¥, are dis-
played via numeric values of k1 = 1,41 = —1.5,c = —=2.5,a5 = —3,a4 = —2,a6 = 3,by =

—1.5,by =3,ay = —2,by = —2.5, respectively, in Figure 6. Similarly, Figures 7 and 8 inter-
pret the density and stream plots for Figure 5. We have attained four classes of M-shaped
solitons via a suitable transformation in Equation (11). We have constructed M-shape
evolution plots for Y7, constructed with d; = —5,d4 = 2,c = 10,d3 = 3,bp = 2, in
Figure 9. We have attained two classes of M-shaped solitons with one exp function via a
suitable transformation in Equation (11). The resulting 3D interaction plots for ¥1; are
displayed with numerical values of d¢ = 6,d7 = 2,c = 1.5,k; = 2i in Figures 10 and 11.
Figures 12 and 13 interpret the density and stream plots for Figure 10. We have computed
two sets of solutions for M-shaped solitons with double exp function through a suitable
transformation in Equation (11). The evolution profiles for Y13 are constructed with choice
ofay =4,a4 =1,c =15,ap = 2,by = 2,bp = 6 in Figure 14. Furthermore, their stability
characteristics are successfully manipulated. We believe that the results attained in this
work will be helpful for recognizing rogue wave-like phenomena and many other novel
interactional phenomena in shallow water waves.
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(d)t=038 (e)t==6
Figure 1. 3D multiwave plots for ¥ in Equation (14) are presented via k; = 1,b; = 1.5,c = 2.5,
ap = 3,114 = 3,b0 = 1.5,{15 = 2,116 = 5,b2 = 2.5.

e NN
055 _ _p;n-— - n%s = —n'za \
200 200\ -~ - 08 : KD RNrE
-7 ~
(@)t =—0.1 (b)t=—02

12000 120107

10000 10.10%
8.0x10%
e0x10%2

20x10%2

20x10%

(dt=038 (e)t=6
Figure 2. 2D multiwave profiles for ¥; in Equation (14) are constructed with ky = 1,b; = 1.5,c = 2.5,
ap = 3,&4 = 3,b0 = 1.5,&5 = 2,5[6 = 5,b2 =2.5.
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(d)t=08 (e)t=6
Figure 3. Density multiwave plots for ¥; are constructed with k; = 1,b; = 1.5,c = 2.5,a, = 3,
a, = 3,b0 = 1.5,(15 = 2,a6 = 5,b2 =2.5.
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Figure 5. 3D HB profiles for ¥, are constructed with k; = 1,47 = —1.5,c = —2.5,a5 = —3,a4 = -2,
ag = 3,b0 = —1.5, b1 = 3,[12 = —2,b2 = —25.
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Figure 6. 2D HB plots for ¥, are displayed with ky = 1,47 = —1.5,c = —2.5,a5 = —3,a4 = -2,
ag = 3,b0 = —1.5, b1 = 3,112 = —2,b2 = —2.5.
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Figure 7. Density profiles for ¥4 are constructed withky = 1,4; = —1.5,c = —2.5,a5 = —=3,a4 = -2,
ag = 3,b() = —1.5,b1 = 3,LZ2 = —2,b2 = —2.5.
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ag = 3, b() = —1.5,b1 = 3,112 = —2, bz = —25.
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Figure 14. Evolution profiles for Y13 are constructed withay = 4,a4 =1,c =1.5,ap =2,by =2,b = 6.

9. Concluding Remarks

In this article, we studied MS, HB, M-shaped solitons by utilizing the symbolic compu-
tation with ansatz functions technique and logarithmic transformation. We also discussed
interactions among M-shape solitons with kink waves, like single exponential form (one-
kink) and double exponential form (two-kink). These solutions may be used to manage the
behavior of pulses. MS and other solutions in shallow water wave theory are valuable tools
for understanding the complex dynamics of water waves in shallow environments. They
contribute to the fields of environmental science, coastal engineering, and oceanography
by providing insights into wave behavior and its impact on coastal areas and ecosystems.
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Additionally, we discuss the stability characteristics of the obtained solutions. By using
the Hamilton system characteristics, we have come to the conclusion that '¥;(x, y, t), where
(i=1,2,4,5,6,8,10,13,14), is a stable solution (see Table 2).

Table 2. Obtained solutions ¥;(x,y, t) where (i = 1,2,3,...,14).

Solution Type of Solution Values of Variables
k1 = 1,b1 =15,c = 2.5,{12 =
‘Pl MS 3,&4 = 3,b0 = 1.5,&5 =
2, ag = 5, b2 =25
k1 = 1,[11 = —15c =
—2.5,&5 = —3, ag = —2,[16 =
¥y MS 3,0y = —15b, — 3,1 —
22y = 25
di = —5,dy =2,c =10,d3 =
¥, M-shape 3,1b0 _y 8
Y4 Interactional solution £2116 =6d; =2,c=15k =
Y13 Interactional solution g,zb1::4/ %2:: 16’.6 =15 =
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