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Abstract

This thesis is devoted to the mathematical study of generalized and competitive Lotka—Volterra equations
within the framework of mathematical biology and dynamical systems theory. First, several basic concepts
of mathematical biology are discussed, including food webs, functional response, and the community
matrix, all of which are important for the formalization of ecological interactions. The thesis then introduces
fundamental notions from dynamical systems theory, such as attractors, point attractors, stability of fixed
points, the Poincaré—Bendixson theorem, and Lyapunov exponents. Special attention is paid to the role of
the Lyapunov exponent as a quantitative indicator of chaotic behavior.

The main part of the thesis studies the generalized Lotka—Volterra equations, the biological interpretation
of their parameters, fixed points, stability, and possible dynamical regimes. It is shown that the model can
describe both competition and predator—prey type interactions, as well as more complex multispecies
systems. Applications of the model to single trophic communities are considered, including the prediction of
species yields from monoculture and biculture experiments and the idea of early warning signals for species
collapse.

The thesis also examines competitive Lotka—Volterra equations for both two-species and N-species cases. It
is shown that such systems may exhibit not only stable coexistence or extinction, but also more complex
asymptotic behavior, including chaos. Particular attention is given to a four-dimensional example displaying
chaotic dynamics and a positive maximal Lyapunov exponent, confirming that chaotic attractors may arise
even in multispecies competitive ecological systems.

The thesis demonstrates that Lotka—Volterra type models provide an effective mathematical framework for
studying ecological dynamics, stability, bifurcations, and chaos. The obtained results are important both for
theoretical ecology and for the modeling of complex biological systems.
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