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Democratic system

Fixed point

Logistic equation

Point orbit

Spider web diagram

Stable fixed point

Unstable fixed point

Periodic point

Periodic orbit

Stable orbit

Chaotic function

Density of the periodic point set

Topological transgression
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Sensitivity to initial conditions

Libanov’s function

Encryption

Arnold’s cat map

Lorenz chaotic equations
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Summary

Chaos theory is a branch of mathematics that studies the properties of dynamical systems whose
behavior depends on a set of initial conditions. It studies the dynamic behavior of complex and
disordered systems, although they may be subject to specific mathematical laws. These systems
exhibit seemingly random or irregular behavior, even if they operate according to specific and
clear equations. Chaos does not mean disorder in the traditional sense (i.e., randomness), but
rather the unpredictable patterns and complexity that arise from defined systems. One of the
most prominent characteristics of chaos theory is its sensitivity to initial conditions. This
phenomenon means that very small changes in the initial conditions of a system can lead to
large and different outcomes in the future. An example of this is the "butterfly effect," in which
the flapping of a butterfly's wings in one location can lead to significant changes in the weather
in another location. Another important characteristic of chaos theory is indeterminism, meaning
that even with full knowledge of the initial conditions, it becomes impossible to predict the
behavior of the dynamic system in the long term. The most prominent example of this is the
study of population models that exhibit random behavior. To study such systems, we will
present in our research a study of the logistic function and how it was developed to study This
population growth occurs in a logical and realistic manner. Therefore, the logistic function is a

mathematical method used to study population growth dynamics.

In summary, chaos theory demonstrates how systems defined by laws can produce disorderly

and random behavior, making it nearly impossible to predict the future.

This, in my view, embodies the fact that the future is governed by the power of God Almighty,
not by laws and mathematical equations. However, science, no matter how advanced, cannot

predict the future with certainty, as Newton and other scientists believed.
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In our research, we will present a brief study of the concept of chaos theory in a one-

dimensional dynamical system. We will explain an important example in the first chapter,
which presents a study of the growth of a population model based on the logistic function. We
will also provide an explanation of the concept of stability, supported by examples. In the
second chapter, we will explain the three most important concepts underlying chaos theory: the
density of periodic points of a function, the concept of transitivity of a function, and the
sensitivity of a function to initial conditions. In the third chapter, we will present the concept of
S. Lipanov with a main paragraph explaining the role of S. Lipanov in defining chaos. We will
conclude this work with the fourth and final chapter, in which we will talk about a practical
application of chaos theory in cryptography, including two main paragraphs. In the first, we will
present a simplified definition of the Arnold's cat application, and in the second, we will try to

explain the use of the Arnold's cat application in encrypting and decrypting images.

Keywords:
Dynamic system, fixed point, periodic point, periodic orbit, transgression, sensitivity, chaos,

Lipanov exponent, cryptography.
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