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Abstract. This survey presents a systematic development of the classification and
analysis of first transitions and bifurcations in one-dimensional nonlinear reaction-diffusion
systems. The research begins with the foundational case of self-adjoint systems, where the
interaction between linear and nonlinear terms, combined with various boundary condi-
tions, leads to the identification of continuous, jump, and mixed transitions. The classifi-
cation is extended to non-self-adjoint systems, where the inclusion of first-order derivative
terms introduces new dynamics, particularly Hopf bifurcations in periodic boundary set-
tings. The work is further generalized by removing specific assumptions on the nonlinear
operator, relying on center manifold theory and Taylor expansion to explore the influ-
ence of higher-order nonlinearities on transition behavior. Finally, a broad theoretical
framework is established for arbitrary nonlinear partial differential equations, character-
ized by eigenfunctions of a general linear operator. The resulting classification, utilizing
transition numbers and critical indices, demonstrates the applicability of these methods
to a wide range of nonlinear phenomena in diverse scientific fields. Together, this survey
offers a comprehensive theoretical foundation for understanding the dynamic transitions
in reaction-diffusion systems, with potential extensions to higher dimensions and more
complex systems.

∗Corrseponding Author
Communicated by Messoud Efendiyev; Received February 10, 2025
AMS Subject Classification: 37L10, 35A09, 35K57.
Keywords: Burger’s, Chaffee–Infante, Kolmogorov–Fisher, Sine–Gordon, Swift–Hohenberg, Kuramoto–
Sivashinsky, Cahn–Hilliard, Thin–Film, Harry–Dym, Kawamoto and Rosenau–Hyman equations.

347


