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This doctoral thesis presents a comprehensive investigation into the 

theoretical analysis and practical applications of chaotic dynamical systems. The 

research bridges Fundamental mathematical modeling with real-world 

implementations, analyzing novel 4D, fractional-order hyperchaotic, and gyrostat 

systems. Methodologies including Lyapunov exponents and bifurcation diagrams 

elucidate complex dynamics like hyperchaos and multistability. 

 

 

The practical applications demonstrate chaos theory’s potential in secure 

communications through novel encryption schemes for voice and image data. 

Additionally, integration with meta-heuristic optimization yields enhanced 

algorithms with improved performance. This interdisciplinary work validates 

chaotic systems as powerful tools for engineering problems while advancing 

theoretical nonlinear dynamics, establishing a foundation for future research. 
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