RESEARCH OF STRUCTURE OF CASUAL FRACTALS
Khimenko V., Mukhina O.
ISA SUAI students section

Post-graduate students, 
Saint-Petersburg State University of Aerospace Instrumentation, Russia

Abstract

After occurrence of the classical monography of B. Mandelbroth [1] «the fractal geometry of nature» received independent interdisciplinary character. In the most various areas of physics, techniques, biology, geology and ecology, economy and sociology the fractals, fractal structures, fractal models, fractals processes and systems are considered. For last 25 years a plenty of the survey journal articles, some special monographs on the theory of fractals were published and numerous works on fractal models applications in different areas of science were appeared. Substantially such position explains by interdisciplinary character of the theory, wide variety of applications and good coordination of formal constructions with opportunities of computer facilities. Fractal structures, as a rule, possess properties of self-similarity, the recurrent procedures are actively used for their construction. This is the reason, why modern information technologies rendered essential influence on development of fractal representations.

At the same time, despite of intensive development of fractal models, there is no unequivocal strict definition of a fractal till nowadays [1]–[5].The mathematical researches of fractal structures are at the initial stage. The area of practical applications has no precise outlines. All these features confirm, that fractal representations are interesting both from mathematical, and from applied points of view.

The basic purpose of this work is consideration of features of classical fractal models formation, features of transition from determined to casual structure of fractals and consideration of some typical stochastic fractal structures. 
I. THE GENERAL DEFINITION OF FRACTAL
Even with wide popularity of fractals to give strict definition of fractal as mathematical object is not possible. Several general, basically, qualitative definitions are known [1]–[5]. One of such definitions concerns to the most formal. It is connected to representations about topological dimension and formulated as: «fractal – is a set, which has dimension of Hausdorf-Bezikovich (or fractal dimension) larger than its topological dimension». Similar definition usually assumes additional researches of fractal dimension questions [1], [2] and, moreover, not all fractal structures satisfy to this definition. 

In practice, more simple and considerably less formal another definition of fractals is more widespread. It is formulated as follows: «the geometrical structure consisting of parts which in a certain sense are similar to the whole is called fractal». Such definition is not strict and possesses an excessive generality. At the same time, the basic feature of fractal structures – property of repeatability, self-similarity, scale invariancy is reflected in this definition. 
II. THE GENERAL CLASSIFICATION OF FRACTALS
Classification of fractal structures, as well as any classification, can essentially be carried out on the basis of various attributes. We will allocate two most important approaches: classification of models depending on fractal dimension and classification depending on algorithms of construction. 

The value of fractal dimension allows to divide all fractal structures into several various types. The basic types can be tabulated.
	The value of fractal dimension D
	The type of fractal structure

	D = 0–1
	Dotted fractals, fractals’ dust

	D = 1–2 
	Fractals’ curves

	D = 2–3
	Fractals’ surfaces

	D = 3–4
	Fractals’ volumes


Depending on construction algorithms, the fractal structures can be divided on determined and stochastic. The first and second models can concern to class of geometrical or algebraic structures (Fig. 1).

This classification allows to divide all existing fractal models into several independent classes. These classes are various on complexity, structure, type of separate realizations and, hence, on methods of description and analysis. 

 
[image: image1]
Fig. 1. Classification of fractals 
III. THE CLASSICAL DETERMINED FRACTALS
Construction and research of fractal models and structures, as well as the general theory of fractals, is based on two basic approaches. From one side, the fractal structures are described by formal abstract mathematical methods of topology. From the other, there are an inexhaustible area of heuristic and experimental methods, area of computer modeling and computer graphics in the theory of fractals. The overwhelming majority of classical fractal structures is realized in practice only due to development of modern computer technologies. 

In figures the most widespread classical fractal models are shown (Fig. 2). 
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The fractal model of type «Dust of Kantor»
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Kokh’s Snowflake Serpinsky’s carpet
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Gosper’s curve Gilbert’s curve
Fig. 2. Examples of classical fractals
IV. THE STRUCTURE OF CASUAL FRACTALS
The basic development of the theory of fractals is connected to research of determined sets and models. However, in real situations, on any investigated system set of random factors, casual external and internal handicapes influences. Studying of dynamic systems and processes also is accompanied by casual changes of environment, casual fluctuations of parameters and a number of preventing influences. That is why in practice more the common are stochastic models. By consideration of casual fractal models the general laws, characteristic for casual functions should be carried out. Therefore, during research of casual fractal models property of repeatability, self-similarity, scale invariancy are carried out only in stochastic interpretations, after averaging on set of realizations. 

One of the most widespread examples of casual fractal structure is well-known model off Broun movements, casual wandering or casual Vinner’s process. The model of such process can be used as generating process at construction of more complex stochastic fractals. 

One more approach to construction of casual fractals is based on probabilistic management of parameters or iterative procedure structure intended for realization of determined fractals. 

As examples in figures several characteristic of stochastic fractal structures are resulted (Fig. 3). 
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The Broun’s fractal models with different dimensions
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The determined fractal model of  snowflake and model 
of  snowflake with casual change of construction direction angle.
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The fractal model of  bush with randomization of  turn angle

Fig. 3. Casual фрактальные models
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