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Abstract: Chaos theory represents a fundamental shift in understanding the behavior of dynamical
systems, particularly those that exhibit nonlinear and unpredictable characteristics. Although governed
by deterministic equations, such systems can produce outcomes that appear random due to their extreme
sensitivity to initial conditions a phenomenon known as the butterfly effect. This paper explores the
mathematical foundations and conceptual framework of chaos theory, including the roles of strange
attractors, Lyapunov exponents, and bifurcation theory. Through analysis of models such as the Lorenz
system and the logistic map, the study illustrates how simple nonlinear equations can generate complex,
chaotic behavior. Applications of chaos theory span a wide range of disciplines, including meteorology,
engineering, economics, biology, and physics. The paper emphasizes the practical and theoretical
implications of chaotic dynamics, highlighting the challenges in prediction and control of such systems.
Ultimately, chaos theory provides not only a deeper understanding of natural and engineered processes
but also redefines the boundary between order and disorder in the scientific worldview..
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