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Abstract. The fractional pure-quartic nonlinear Schrédinger equation (FPQNLSE) plays an important role in
modeling nonlinear wave propagation in complex dispersive media where quartic dispersion dominates the
conventional second-order effects. This model has significant applications in nonlinear optics, optical fibers,
plasma physics, and other systems with memory and nonlocal properties. In this work, exact analytical
solutions of the FPQNLSE with the M-truncated fractional derivative are obtained using the mapping method.
Different types of solutions, including elliptic, rational, trigonometric, and hyperbolic forms, are derived. These
solutions provide important insights into nonlinear phenomena such as optical pulse propagation, signal
transmission, and solitary-wave dynamics. Moreover, MATLAB simulations are presented to illustrate the
physical behavior of the obtained solutions and to investigate the influence of the fractional-order parameter
on wave propagation.
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1.Introduction
The investigation of fractional nonlinear evolution equations (FNLEEs) has attracted

growing interest due to their enhanced ability to capture intricate dynamical behaviors
beyond the scope of classical integer-order models. By incorporating fractional-order
derivatives, these equations inherently account for memory and hereditary characteristics,
which are crucial for accurately describing many natural and engineered systems.
Consequently, FNLEEs offer a more realistic and flexible framework for modeling processes
that exhibit nonlocal interactions, long-range dependence, and anomalous diffusion. In
recent years, significant progress has been made in both the analytical and numerical
treatment of such equations, leading to the development of various exact solution techniques
and efficient computational methods. Furthermore, FNLEEs have demonstrated their
effectiveness across a wide range of applications, including nonlinear optics, quantum
mechanics, biological systems, chemical kinetics, financial modeling, and economic dynamics.
This broad applicability underscores their importance as powerful tools for understanding
complex phenomena and advancing research across interdisciplinary scientific fields [1-5].
In physics, these equations have been widely employed to characterize diffusion in
heterogeneous or fractal media, wave propagation in viscoelastic environments, and heat
transfer in materials exhibiting anomalous thermal responses. In biological applications,
fractional nonlinear evolution equations are effective tools for modeling complex processes
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such as population dynamics, tumor development, and the spread of infectious diseases, in
which memory and nonlocal interactions play significant roles. Their utility also extends to
chemical systems, particularly for analyzing reaction-diffusion mechanisms and Kkinetic
processes influenced by history-dependent effects.

In light of the increasing importance of FNLEEs in modeling nonlinear and memory-
dependent processes, a wide range of analytical methods has been used to derive their exact
solutions. Notable examples include the Riccati expansion method [6], sine-cosine method

[7], (G'/G) -expansion [8, 9], extended tanh-coth method [10], first-integral method [11],

exp-function method [12], generalized Kudryashov method [13], Jacobi elliptic function
expansion [14], sine-Gordon expansion technique [15], etc.

In this work, we consider the fractional pure-quartic nonlinear Schrédinger equation
(FPQNLSE) formulated with the M-truncated derivative, given by [16]:

IMI:Z ﬂz +_7/1Mk xxxxz+y2|z|22 +7/3Z 20‘ ﬂ(|Z| ) (1)

k,xx

where Z=2Z (x,t) represents the complex wave function (or envelope), describing both its

amplitude and phase. The term ./\/lk %P Z denotes the M-truncated fractional derivative of
order o with res ime; i=+/— 1 da.fp i
pect to time; i =+/-1. The term 247/1Mk i Z Tepresents the fractional

fourth-order spatial dispersion; y; is a real coefficient controlling the strength of dispersion.

The term ;/2|Z|ZZ represents to the cubic Kerr nonlinearity, accounting for self-phase

modulation and interactions among waves in a nonlinear medium; y, determines the
strength and type of the nonlinearity. The term y; ZAM?%P (|Z|2) represents a nonlinear

dispersive effect, describing how the dispersion depends on the wave intensity and
capturing nonlocal nonlinear behavior in complex media; y; controls its contribution.

The pure-quartic nonlinear Schrédinger equation (PQNLSE) plays an important role in
modeling wave propagation in media where higher-order dispersion dominates over
conventional second-order effects [17, 18]. In particular, it is highly relevant in nonlinear
optics, especially in engineered optical fibers and waveguides designed to suppress
quadratic dispersion, allowing quartic dispersion to govern pulse dynamics. This equation
enables the study of novel wave structures, including ultra-broadband pulses and stable
solitary waves, which are not captured by the standard nonlinear Schrédinger equation.
Beyond optics, the PQNLSE also finds applications in plasma physics and other complex
dispersive systems, providing a more accurate framework for understanding nonlinear wave
interactions and advanced signal transmission phenomena.

Due to the significance of the PQNLSE, it has attracted considerable attention in the
literature. For example, Dai et al. [19] performed a quantitative investigation of equilibrium and
oscillatory bound states of pure-quartic solitons by deriving an effective interaction potential and
formulating a particle-like model to describe their dynamics. Kevian et al. [20] performed a
numerical study of a generalized nonlinear Schrodinger equation and reported a family of pure-
quartic solitons sustained by a balance between positive Kerr nonlinearity and negative quartic
dispersion. Deng et al. [21] studied weak interactions of well-separated pure-quartic solitons
using an asymptotic approach to track their separation and phase evolution, identify bound
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states, and evaluate stability through spectral methods. Soltani et al. [22-23] analyzed the
dynamics and modulational instability of the PQNLSE with quartic dispersion and cubic-quintic
nonlinear effects, while Irshad et al. [24] investigated the stability properties of the solutions.
Wazwaz [25] obtained exact solutions to the PQNLSE using two methods: the tanh method and
the sine-cosine method. Recently, Soliman et al. [16] investigated exact solutions to the PQNLSE
with a B-fractional derivative using the improved modified extended tanh-function method.

In the present study, the M-truncated fractional derivative is adopted as an alternative
framework to describe fractional-order dynamics. Unlike classical operators such as the Caputo
or Atangana-Baleanu derivatives, which are defined through singular or non-singular memory
kernels, the M-truncated derivative provides a modified local formulation that retains several key
properties of standard differentiation while incorporating fractional effects. This feature makes it
particularly suitable for analytical investigations and for constructing exact solutions. Although
its representation of memory differs from that of kernel-based approaches, it offers an effective
way to capture nonlocal behavior via the fractional-order parameter. Consequently, the use of the
M-truncated derivative in this work provides a complementary perspective on fractional
nonlinear wave propagation and facilitates comparison with results obtained using other
fractional formulations.

The primary objective of this work is to derive exact analytical solutions of the FPQNLSE (1)
by employing the mapping method within the framework of the M-truncated fractional
derivative. Although the solution technique is well established, the present study focuses on
obtaining new solution structures arising from the use of this alternative fractional operator, in
contrast to earlier works that adopt the -fractional derivative.

In this setting, we construct several classes of exact solutions, including elliptic, rational,
trigonometric, and hyperbolic forms. These solutions extend the existing solution space reported
for fractional nonlinear Schrodinger equations and are not, in general, reducible to previously
published results via simple parameter transformations. The present work also provides a
comparative perspective on how different fractional derivatives influence the analytical structure
of the solutions.

Moreover, this study extends the results stated in [16] by introducing the M-truncated
fractional derivative as an alternative modeling framework and by deriving a broader range of
analytical solutions for the FPQNLSE. The physical relevance of the obtained solutions is
illustrated through applications in heat pulse propagation, signal transmission, and nonlinear
optical phenomena. In addition, graphical simulations using MATLAB are presented to visualize
the solutions and to examine the influence of the fractional operator on their qualitative behavior.

The remainder of the paper is organized as follows. Section 2 introduces the M-truncated
derivative (MTD) along with its main properties. In Section 3, the corresponding wave equation
for the FPQNLSE (1) is derived. Section 4 is devoted to constructing the exact solutions of the
FPQNLSE (1). In Section 5, we discuss the physical meaning of the solutions. Section 6 is devoted
to examining the influence of the M-truncated derivative (MTD) on the obtained solutions.
Finally, the paper concludes with a summary of the main findings.

2.The M-truncated derivative
Fractional calculus has emerged as an effective and rigorous mathematical framework for

describing complex dynamical phenomena that are not adequately captured by classical
integer-order models. In contrast to standard derivatives, fractional operators possess an
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intrinsic nonlocal character, enabling them to incorporate memory and hereditary
properties into the formulation of physical and engineering processes. This capability has led
to their successful application in diverse areas such as anomalous diffusion, viscoelasticity,
fluid dynamics, and nonlinear wave propagation. Over the years, numerous definitions of
fractional derivatives have been introduced, each tailored to particular analytical or
modeling requirements. Prominent among these are the Caputo and Riemann-Liouville
derivatives [3], which differ primarily in their treatment of initial conditions and physical
interpretability, as well as the Griinwald-Letnikov approach, which provides a natural bridge
to discrete and numerical formulations. Furthermore, alternative operators, including the
Hadamard, Jumarie, and Katugampola derivatives [2, 26, 27], have been proposed to extend
the classical framework by incorporating logarithmic kernels, handling non-smooth
functions, or generalizing integral transforms. The availability of these diverse formulations
offers significant flexibility in the modeling process, allowing researchers to select the most
appropriate operator for accurately characterizing the underlying dynamics of nonlinear
evolution equations and other complex systems. In recent years, Sousa et al. [28] proposed a
new fractional operator, referred to as the M-truncated derivative (MTD), which is
constructed as a natural extension of the classical derivative.

Definition. Let f:[a,0)—R be a continuous function. Then the MTD of order 0 <a <1

is defined as follows:

P ()= tim L Frp )1 0),

&0 &

where Ek'ﬂ(t)zér(ﬂtTkJrl)' for teC and >0

Theorem. Consider u(t) and v(t) are « -order differentiable; then the MTD satisfies

the following features for any real constantsa and b [28]:
(1) M,zgﬁ (au+bv)= a./\/l,ffgﬁ (u)+ b./\/l,ffgﬂ (v),
(2) M (uev)(e)=u' (v(e) Mo (t),
(3) ./\/l,f’ge (uv)= u./\/l,fféﬁv + v./\/l,f‘_iﬁu,

) M )~ e

&) M () =05

3.Traveling wave equation for FPQNLSE
To obtain the wave equation associated with the FPQNLSE (1), the following transformation

is employed:

r(B+1)

Z(x,t)=Y(&, )eld., ¢, =T{¢1X“ +¢2t0¢} and &, =@{§1X“ +§2t“}' (2)

here the constants ¢, ¢,, &;, and &, are non-zero. We observe that

03142 UKr. ]. Phys. Opt. 2026, Volume 27, Issue 3



Exact Solutions and Dynamical Behavior

MIPZ =&Y +igY]eit., MEPZ=(EY +ipY )exp(id,,),
|2 =22, MEP (|2 ) =223 + 907), 3)
ML Z =[GV + 4 GV" — 66752V — 4167V + ¢ Jexp(ig,, ).
Plugging Eq. (3) into Eq. (1), we have for the imaginary part

(fz —% féljy' +%¢1§13y”' =0, (4)

and for the real part
ety TLgpepy (ﬁqﬁf —@jy +7,V3+ 272V (V' +92)"] =0, (5)

From Eq. (4), we have the following constraint conditions

52 = 0 and ¢1 = 0 (6)
By using Eq. (5), it becomes

V" +h[ VYR +Y2Y"|-h Y+ 1,03 =0, (7)
where

h0=487/§’ 1=24¢i' nd h2=24—yf- 8)

7164 7161 161

4.Exact solutions of the FPQNLSE
Here, we implement the mapping method mentioned in [29]. Considering the solutions of

Eq. (7) as follows
K
y(fa)zzaipi(éa) (9)
i=0

where g; is an undefined constant and P’ solves

PI=\[£1P4+€2,P2+€3, (10)
with ¢4,¢, and /5 are real constants.

To find the parameter K stated in Eq. (9), we equalize )™ with Y2)" in Eq.(7) as
2K+K+2=K+4= K=1 Eq.(9),with K =1, becomes

y(fa)z% +a173'(§a). (11)
Differentiating Eq. (11) twice and using (10), we have
y”zal(£273+2£1733). (12)

Inserting Egs. (11) and (12) into Eq. (7), we get
[24a,03 +3hga}ty | PS5 +[ 2hgaga?ty +hyad | P4
+[ 20a,01£, +3h0a3t , +agadhol 1 +3haagal | P3 +| 3hol ya0af +3h,ada; | P2
+[ 12a,¢,05+ay03 +3hgadls + hoagadl, — ashy +3hya0a? |P
+[ hgaga?ls —hyay + hoag | =0.
Equating each coefficient of Pk to zero, we have a system of equations. By solving this

system, we obtain

Ukr. ]. Phys. Opt. 2026, Volume 27, Issue 3 03143



Sofian T. Obiedat et al

80, 2h _ hghy —4n3

ay=0, a; == ,ly=""2 and (3= 13
0 ! he % hy T ande, (13)
Hence, by using Egs. (2), (11), and (13), the solution of Eq. (1) is
Z(xt)=% _sglp(flx)exp(iwtaj. (14)
0 a

Many cases based on ¢, are:
Case 1. Assuming that ¢, =m2,(, =—(1+m2) and (3=1, it follows that P(&,)=sn(&,).
Accordingly, by substituting into Eq. (14), the solution of the FPQNLSE (1) takes the form:

Z(xt)== _2mzsn[§lr(ﬂ+1)xajexp( (ﬂ+1)¢2 j,forh0<0. (15)
\' 7 a

If m—1, then Eq. (15) becomes

Z(x,t):i\/?tanh[él (ﬂ+1)xajexp( Mtaj, for hy<0. (16)
0

a

Case 2. Let (y=1,0,=2m2—-1 and (3=-m2(1-m2). Then, one obtains P(&,)=ds(&,).
Hence, by using Eq. (14), the corresponding solution of the FPQNLSE (1) is given by:

Z(x,t)= \/; [51 (B+ 1) j Xp(i@taj,forho <0. (17)

As m—1, Eq. (17) reduces to
_ r 1
Z(xt)=% ffcsch[mxajexp(iwtaj, forny<0. (18)
0 o a

If m— 0, then Eq. (17) becomes
Z(xt)== f;l—8c [51 (B+ 1)xajexp(iwtaj,for hy <O. (19)
0 a

Case 3. Let (1 =1,(,=2-m2 and (3=(1-m2). Then, we obtain P(,)=cs(&,). Thus, by
using Eq. (14), the corresponding solution of the FPQNLSE (1) is given by:
— +1
Z(xt)== Bes SUCES )xa exp(iwtaj,forho <0. (20)
hg a a
If m—1, then Eq. (20) tends to
— r 1
Z(xt)== Besch Mx“ exp(iwtaj, for ny<0. (21)
hg a a
As m— 0, Eq. (20) turns into

Z(x,t)=iJ?cot[anjexp(thaj, for ny <0. (22)
0

a a

sn(&,)
dn(é,)+en(&, )

Therefore, by using Eq. (14), the corresponding solution of the FPQNLSE (1) is given by:

Case 4. If ({=(1-m2)2/4,(,=(1-m2)2/2 and (3=1/4, then P({,)=
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sn(flr(ﬂJrl)xa)

a

ho dn[ér(ﬂ+1)xd}+cn[§1r(ﬂ+1)xo‘} (23)

o o
Xexp(iwta).

a

Z(xt)=+ —2(1-m2)2

When m — 0, Eq. (23) changes to

sin(wxaj
Z(x,t):i\/;;z I(‘Z il exp(iwtaj, for g <0. (24)
0 1+cos(§1 (B+ )Xaj «
a

Case 5. If (y=-m2,(,=2m2-1 and (3=1-m2, then P(&,)=cn(&,). Therefore, the
solution of FPQNLSE (1), utilizing Eq. (14), is

Z(xt)== ’710 (51 (B+ 1)xa)exp(i@taj,forho >0. (25)

When m — 1, Eq. (25) changes to
Z(xt)= \/;sech(él (B+1) ajexp(iwtaj, foriiy>0.  (26)
0 a

Case 6. If (;=-1,0,=2-m2 and (3=m2-1, then P(&,)=dn(&,). Accordingly, by
substituting into Eq. (14), the solution of the FPQNLSE (1) can be expressed as follows:

Z(x,t)= \/; [51 (B+ 1)x0¢jexp(i@taj,forho>0. (27)

If m—1, then Eq. (27) turns to Eq. (26).

Case 7. If (1 =1,0{,=-m2—-1 and (3=m2, then P(¢,)=ns(&,)=———. Therefore, the

solution of FPQNLSE (1), utilizing Eq. (14), is
Z(xt)== /ﬁns(wxajexp(iwtaj, for 7y <0. (28)
hg o a
If m—1, then Eq. (28) tends to
_ I 1
Z(xt)== /fcoth[mxajexp(iwtaj, for 1y <0. (29)
0 a o

As m— 0, then Eq. (28) changes to

Z(x,t):i\/_—T;c [51 (p+1 ) j xp(iwtaj,forho <0. (30)
hg a

Case 8. Taking (1 =1-m2, {, =2m2—1 and (3 =-m2, we obtain P(&,)=nc(&,)=1/cn(&,).

Accordingly, by substituting into Eq. (14), the solution of the FPQNLSE (1) can be expressed
as follows:

Z(nt)=s [P0 —mZ)HC(éF(ﬂ + 1)XaJexp(,-Mta J forhg<0.  (31)

hg a a
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When m — 0, Eq. (31) turns to
Z(x,t)= J_r\/;l—T;s [51 (B+ 1)x0¢jexp(iwtaj, forn <O0. (32)
0 a

1-2m?2

Case 9. Let €1=%'€2= and €3=%. Then, one obtains P(&,)=ns(&,)+cs(&,).

Hence, upon employing Eq. (14), the corresponding solution of the FPQNLSE (1) is given by:
Z(xt)=% /;l—z[ns(flx) + cs(élx)]exp(iwta j, for iy <O0. (33)
0 a

As m—1, Eq. (33) simplifies to:

Z(xt)=t E{sech{@xaj+coth[é (B+1) aﬂ .

x exp(iwtaj, for 7y <0.

o
If m— 0, then Eq. (33) changes to

Z(X,t)=i\/%{cs{§lr(§+l) J [51 e aﬂ (35)

x exp(iwtaj, forng <0.

a
Case 10. Taking (;=(1-m2)/4,(,=(1-m2)/2 and ¢3=(1-m2)/4, we obtain
P(&,)=cn(&,)/(1+sn(&,)). Thus, by substituting into Eq.(14), the solution of the
FPQNLSE (1) can be expressed as follows:

n &r(B+1) xa
Z(nt)=+ —2(1—m2) o
| "o (51 (£+1) “J (36)
xexp(i@taj, for 74 <O0.

As m— 0, Eq. (36) turns to

& (ﬂ+1) aJ

a

Z(x,t)=i\/% 1+si((§1 r(p+1) aj (37)

X exp(iwta} for 7y <O.

a

Case 11.Let /1 =1,/,=0 and /3=0. Then, we get P(&,)=c/&,. Therefore, by substituting
into Eq. (14), the solution of the FPQNLSE (1) can be written as:

SR RE -

X exp(iwta j, for i, <O0.
a
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5.Physical Interpretation of the obtained solutions
In this section, we discuss the physical significance of the obtained analytical solutions of the

FPQNLSE (1) and classify them according to their corresponding wave structures. This
interpretation provides a clearer connection between the mathematical results and their
relevance in physical systems, particularly in the context of nonlinear optics and pure-
quartic dispersion media.

The Jacobi elliptic function solutions (e.g., sn, cn, dn) represent nonlinear periodic
waves, often referred to as cnoidal wave structures. These solutions can be viewed as
intermediate states between purely periodic waves and localized solitons. In particular, they
describe periodic pulse trains in optical systems. An important feature of these solutions is
that, in appropriate limiting cases (e.g, as the elliptic modulus approaches unity), they
reduce to hyperbolic soliton solutions, thereby establishing a direct link between periodic
and solitary wave regimes.

The hyperbolic function solutions represent localized wave structures and can be
classified as soliton solutions. Depending on the parameter choices, these solutions
correspond to either bright solitons, which describe localized pulse peaks propagating
without distortion, or dark solitons, which represent localized intensity dips on a continuous
background. Such structures are of fundamental importance in optical fiber communications,
where stable pulse propagation is required.

The trigonometric function solutions correspond to periodic waveforms that describe
oscillatory behavior in space and time. These solutions are associated with wave trains and
modulation patterns that arise in nonlinear dispersive systems. Physically, they model situations
where energy is distributed periodically rather than concentrated in a localized pulse.

The rational solutions are typically associated with singular or rogue-wave-like
structures, characterized by strong localization in both space and time. These solutions may
represent extreme events or transient high-amplitude pulses in nonlinear media. Their
presence highlights the possibility of energy localization and instability phenomena in pure-
quartic dispersive systems.

From a physical perspective, the obtained solutions are relevant to optical pulse
propagation in nonlinear media with pure-quartic dispersion, where higher-order dispersion
effects dominate. In such systems, different types of wave structures correspond to different
propagation regimes, including stable pulse transmission (solitons), periodic modulation
(trigonometric and elliptic waves), and localized extreme events (rational solutions).

Furthermore, incorporating the M-truncated fractional derivative provides additional
flexibility in modeling the system dynamics. The fractional-order parameter modifies the
effective dispersion and phase evolution, thereby influencing key characteristics such as
amplitude, width, and propagation speed of the wave structures. As a result, the solutions
provide insight into how fractional-order effects alter nonlinear wave behavior compared to
classical models.

6.Influence of MTD
Here, we explore the impact of the MTD on the solutions of the FPQNLSE (1). To highlight

this effect, a set of plots is presented for selected analytical solutions, including (16), (25),
(26), and (30), as follows:
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Im(2)

(d)
Fig.1. Exhibits 3D-profile of Im(Z) where Z(x,t):\/%tanh(r(ﬂmxajexp(iwtaj
a a

described in Eq.(16) with y; =y, =& =¢; =1,73=—1. Hence, 7ij=-48,7%1 =24 and ,=24:
(@) =1 and B =0,(b) «=0.7 and B =0.9, (c) «=0.5 and B =0.9, (d) «=0.3 and B =0.9.
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Im(2)

(d)
an j exp(fwta ] described
o

1
Fig. 2. Exhibits 3D-profile of Im( Z ) where Z(x,t :cn(
R T
in Eq. (25) with xe[O,ZO], te0,10], y1=y,=73=& =¢ =1 and m=0.5. Hence, 7j=48, 1, =24
and fi,=24: () =1 and g =0, (b) «=07 and S =09, (c) a=05 and S =09,

(d) «=0.3 and B =0.9.
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(d)
rg+1
Fig. 3. Exhibits 3D-profile of Im(Z) where Z(x,t):1(1+sech( (8 )xa]]exp(fr(ﬂ+1)taj
a

V6| 4 o

described in Eq. (26) with y; =y, =y3 =& =¢; =1. Hence, 71j=48, ;=24 and h,=24:(a) a=1 and
B =0,(b) «=0.7 and B =0.9,(c) «=0.5 and g =0.9,(d) «=0.8 and S =0.9.
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Im(Z)

Im(z)

. i
g

Ll ,.,dll
il

(d)

Fig. 4. Exhibits 3D-profile of Im( Z ) where Z(x,t) =\/1€csc(r(ﬁ+1)xajexp(i
a

F(ﬂ + 1) ta j described
o

in Eq. (30) with y;=y,=y3=& =¢; =1. Hence, /1j=48,%;=24 and %,=24: (a) =1 and B =0,
(b) «=0.7 and B =0.9,(c) «=0.5 and S =0.9,(d) «=0.8 and B =0.9.
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The obtained solutions demonstrate that the fractional derivative parameter a plays a
crucial role in controlling the dynamical behavior of the wave profile. For the classical case at
a=1 (see Fig. 1-4a), the solution exhibits regular oscillatory propagation with stronger
amplitude variations and well-defined periodic behavior, corresponding to standard local
dynamics without memory effects. However, as the fractional order decreases to a=0.7,
a=0.5, and a=0.3 (see Fig. 1- 4b-d), the oscillations gradually weaken, and the wave profile
becomes smoother and less localized. This behavior indicates that the fractional derivative
introduces significant memory and nonlocal effects into the system, leading to slower phase
evolution and anomalous propagation characteristics. Physically, decreasing («) enhances
hereditary properties of the medium, suppresses energy transport, and increases dispersive
effects, resuing in broader wave structures with reduced oscillatory intensity. These results
confirm that the fractional-order parameter can effectively regulate localization, dispersion,
and stability of nonlinear waves in complex media such as viscoelastic materials, plasma
systems, nonlinear optical fibers, and anomalous diffusion environments.

7.Conclusion
In this work, the fractional pure-quartic nonlinear Schrédinger equation with the

M-truncated fractional derivative was successfully investigated. Various classes of exact
analytical solutions, including elliptic, rational, trigonometric, and hyperbolic solutions, were
obtained by using the mapping method. The derived solutions reveal important
characteristics of nonlinear wave propagation in fractional-dispersive media and provide
useful insights into several physical phenomena arising in nonlinear optics, optical fiber
communications, plasma physics, and related fields. Furthermore, MATLAB simulations were
presented to analyze the dynamical behavior of the obtained solutions and to study the
influence of the fractional-order parameter on wave propagation. The results demonstrate
that fractional derivatives play a significant role in controlling localization, oscillation, and
stability of nonlinear waves through memory and nonlocal effects. The proposed analytical
approach is effective and can be extended to investigate other nonlinear fractional evolution
equations arising in mathematical physics and engineering applications.
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AHomayis. []po6ose yucmo-keapmuuHe HeiHiliHe pieHaHHsA llpedineepa (FPQNLSE) sidizpae
8aXC/AUBY POAb Y MOOEA08AHHI HENIHITIHO20 NOWUPEHHs X8U/b Y CKAAGHUX ducnepciliHux
cepedosuwjax, de keapmuyHa ducnepcis domiHye Had mpaduyiliHumu eekmamu dpyzo2o
nops10ky. Ljs modeab Mae 3Ha4He 3aCMOCYB8AHHS 8 HEAIHIUHIl onmuyi, ONMUYHUX 80/I0KHAX,
¢izuyi naazmu ma [HWUx cucmemax 3 8/4ACMUBOCMAMU nAM'SiImMi mMa HeA0KAJbHUMU
saacmusocmsamu. Y yili pobomi ompumaHo mouHi aHasimuuHi pose'sisku FPQNLSE 3
M-yciueHor 0dpo60o6or noxidHow 3a donomozor memody gidobpaxceHHs. OmpumaHo pisHi
munu po38's3Kie, 8K/AYAIOYU eAinMUYHI, payioHaAbHI, mpuzoHoMempu4Hi ma 2inep6oaiuHi
dopmu. L]i poss'si3ku Hadaromo eaxcause po3yMiHHS HEATHITHUX S8UW, MAKUX K NOWUPEHHS
onmu4Hux iMnyscie, nepedava cuzHaaie ma OuHamika 00uHO4HUX x8u.b. Kpim moeo,
npedcmasseHo modeasarus 8 MATLAB dasa intocmpayii ¢pizuuHoi nogediHKu ompumMaHux
po38'si3Kie ma docaidxnceHHs enaugy napamempa dpo608020 NOPSAOKY HA NOWUPEHHS X8UIb.

Kawuoesi caoea: pieHsmHs IllpediHeepa, onmuyuHi coaimoHu, M-yciueHa noxioHa, mouHi
p038’'s13KU, M0OeN08AHHS, Memod 8i006paxceHHs

03154 UKr. ]. Phys. Opt. 2026, Volume 27, Issue 3



