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Melnikov Analysis of Chaos in a Stochastic SIR Model with
Nonlinear Incidence Rate
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(School of Mathematics and Statistics, Shanxi University, Taiyuan 030006, China)

Abstract: In view of the fact that the prevalence of diseases is often disturbed by random factors, this paper studies the chaotic dy-
namics of a class of SIR model with nonlinear incidence rate through the infection rate disturbed by bounded noise. Based on the
homoclinic bifurcation and by using the stochastic Melnikov theory, from the perspective of mathematical theory, the sufficient
condition for the possible occurrence of chaos in the model is derived, and the threshold of chaos in the model under bounded
noise disturbance is obtained. Moreover, the influence of the noise amplitude on the chaotic dynamic behavior of the SIR model is
elucidated. Numerical simulations, including potential, threshold curve graphs, and phase portraits, are used to verify the results of
the theoretical analysis. The research results contribute to accurately predicting the disease transmission trends, provide theoretical
support for formulating public health prevention and control strategies, and facilitate the scientific prevention and control of epi-
demics.
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