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Abstract

Nonlinear phenomena are ubiquitous in nature, and all of them can be general-
ized into specific nonlinear problems. Nonlinear fractional partial differential equations
(FPDESs) are capable of depicting complex physical processes with high precision and
have been widely applied in disciplines including fluid mechanics and plasma physics.
Adopting mathematical analytical methods to study such models can explicitly re-
veal the physical evolution mechanisms of relevant systems, thus laying a theoretical
foundation for understanding the inherent laws and essences of natural phenomena.
Owing to their extensive applicability in engineering and scientific research, fractional
differential equations have attracted considerable attention from scholars. Research
on nonlinear waves associated with analytical solutions—such as solitons and breather
solutions—is particularly prominent, effectively simulating complex nonlinear behav-

iors like ocean waves and ion acoustic waves.

Key words: Nonlinear Fractional partial differential equation; KP hierarchy reduc-

tion method; Hirota method; Breather solution; Solitons
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Fig 2.1 The first-order breather on the results of a first-order breather and one lump within

z—yplane with¢§ =0,0 =1, w=—-3,Q =4+4+%, Q0 =1/10—14, f=1and z=0.
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Table 1-1 Comparison of mechanical properties of materials under different conditions

Mg BE (K) K7 (MPa) SRPERIE (GPa) JEARWEE (MPa)

1 298 0.1 210 355
2 298 0.5 212 360
3 300 0.1 208 350
4 300 0.5 211 358
5 350 0.1 195 320
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