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Abstract. Fractal graphics revolutionized computer graphics due to the concept of fractal. The fractal allows
you to think figuratively, and to transfer any algebraic problem to the geometry region, where the correct answer is
always obvious. The study of fractals gave an explanation of the general, that is, in the flora, natural landscape, the
phenomenon of nature with the blood vessels of man. It is the only mean of structure: self-similarity. The fractal pattern
does not have identical elements, but has similarity on any scale. The object of the study was all crooked, broken,
rough, wrinkled — that is all around us. It found in this extremely complex forms its wonderful order, because it was
able to describe the shape of the cloud — as if not spheres, mountain surfaces — not cones, lightning — as if not straight
line. Fractal graphics can "grow" such plants that do not occur in the real world, but they are fine for their feature.
Fractal is a strange boundary between the fields of knowledge and human activity. Fractal science has penetrated all
scientific fields: from mathematics and physics to medicine and economics. A lot of research in the field of fractal
graphics has been carried out, but there are still issues, questions and problems that deserve considerable attention and
a more perfect solution. The purpose of this work is to reveal the reasons for the popularity and necessity of fractal
graphics in science and art, which has successfully gained mass culture and computer desktops. The article analyzes
the fractal graphics, the appearance of which was a completely new type of visualization and conceptualization of
reality. The questions concerning the concepts of a fractal, their classification of computation and geometric
construction are covered. It is shown that the success of fractal graphics is due to the fact that, with the help of very
simple formulas, virtually any user of the computer is able to understand and get amazing in terms of the complexity
and beauty of the image. The systematization of fractals in two directions is carried out; the principle of construction is
specified and the distinction between the main geometric figures and sets of fractal graphics is made. Software for
creating fractal objects is considered. The Ultra Fractal graphic program builds three types of Mandelbrot, Phoenix
(Julia set), Nova (Mandelbrot) fractals. Of these, fractal compositions are arranged, which are located on 3D objects
and on a plane. The use of fractal graphics in various spheres of society's activity is analyzed.
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Anomayin.@paxmanvrua epagika 3pobuna pesonroyiro 6 Komn 'tomephilu epaiyi 3a805KU NOHAMMIO HPO
¢paxman. paxman 00360158€ Muciumu 00paszHo, a 6yOb-saKy aneedbpaiuny 3a0ayy nepesecmu 8 00aACMb 2eomempii, Oe
npasuibHa GION0GIOb 3asxcou 04edUOHA. [locniodcenus: (pakmanié O0An0 NOACHEHHA MO20 30d2ANbHO20, WO € Y
POCIUHHO20 C8IMY, NPUPOOHO20 TaHOwagdmy, a6uwa npupoou 3 KPOGOHOCHUMU CYOUHAMU moounu. Lle eounui 3acio
cmpyKmypu. camonoodionocmi. @pakmanbHuil pUCyHOK He MA€ [0eHMUYHUX eleMEeHmI8, dle 60100i€ NOOIOHICmIO
6y0b-akomy macumabi. O6’ckmom 00cniodxncennss pakxmanvHoi epagiku cmano 6ce Hepighe, lamawe, uiepuiase,
3Mopujere — mobmo 8ce me, wjo HaAc omouye. Bona 3naniuina 8 yux Hao36U4aUHO CKIAOHUX OpMax ceiti OUBOBUNCHUL
nopsa0ok, 60 cmana CnpoMOICHOI0 onucamu Qopmy xmapu — aK He cepu, 2IPCbKUX NOBEPXOHb — AK He KOMYCI8,
OUCKABKY — AK He npamMoi aiHii. Ppakmanvha epaghika mooice «BUPOWYSamuy, Maki pocIunU, Wo He 3yCMpPiiaromscs 6
peanvHomy CGimi, ane GOHU NPEeKpacHi ceocto ocobnugicmio. Ppakman — OUSHA Medca Midc 00IacmAMY 3HAHL Ma
M00CbKOI0 OisnbHicmio. Dpakmanbha HAYKA NPOHUKIA 6 YCI HAYKO8I HANPAMKU: 610 Mamemamuku ma @Qizuku 00
MeouyuHu ma exoHomixu. IIpogeedeno Odocumv bacamo docniddxcenv 6 obracmi pakmanvhoi epagiku,ane e
BAMUMUTUCA NUMAKHS, 300a4i ma npobremu, Wo 3acaiy208yl0msb 3HAYHOIL yeazu ma Oinbul 0OCKOHANO20 GUPIUEHHS.
Memorw oanoi pobomu € poskpummsi RPUYUH RONYIAPHOCMI Ma HeoOXiOHocmi (paxmanvHoi epagixku y Hayyi ma
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MUcmeymsi, AKa 3 YCNRiXOM 30680108414 MACO8Y KYIbmypy ma poOoyi cmoau Kopucmyeavie Komn tomepis. B cmammi
nposedeno aumaniz @paxkmanvhoi epagiku, 3 nos60w AKOI 3’A6UBCs  aOCOMOMHO HOGUU Mun eizyanizayii i
KOHyenmyanizayii Oitichocmi. Buceimnioromvcsa NUmMauHa No8 A3aHHI 3 NOHAmMmAMU ¢pakmany, ix kiacugbikayii
obuucnenns ma ceomempuynoi nobyoosu. Ilokasauo, wo ycnix paxmanvHoi epagiku oOymosneHuti mum, wo 3a
00NOMO20I0 8elbMU NPOCMUX (POPpMYA, NPAKMUYHO, 0YOb-AKUN KOPUCMYB8AY KOMN tomepd, 30amuuti 3po3ymimu i
ompumamu OUBOBUNCHI 3a CKIAOHICmIO i Kpacoio 300padicennst. IIposedeno cucmemamusayiio ppaxmanie 3a osoma
HANPAMKAMU; YKA3AHO NPUHYUN NoGYO00S8U | NPOBEOEHO POZMENCYBAHHS OCHOBHUX 2€OMEMPUYHUX Pi2yp ma MHONICUH
@paxmanenoi epaghixu. Posensanymo npocpamue 3a6e3neueHHss 0si CMEOPEHHs hpakmanvHux o6 ’ekmis. B epagiuniu
npoepami UltraFractal no6yoosani mpu suou ¢ppaxmanie Mandelbrot, Phoenix (Julia set), Nova (Mandelbrot). 3 nux
CKOMNOHOBAHI pakmanvhi Komnosuyii, siki posmiweni Ha 3D-00’ckmax ma wna niowuni. Ilpoananizosano
BUKOPUCMAHHS PAKMATbHOL 2padiKu 8 pisHUX cghepax JHcummedisiibHOCME CYCRilbCmed.

Kniouosi  cnosa:gppaxmanvna ceomempis, @paxkmanvua 2epaghika, epagiune cepedosuuge, npocpamHe
3abe3neyenns

The world around us changes with incredible speed, and society needs new impressions,
feelings and interesting knowledge based on new discoveries. Despite the fact that over the past
fifty years, there have been many outstanding inventions in various fields of science (Higgs Boson,
accelerating the expansion of the universe, proof of the Big Fermat theorem, decoding the human
genome ...) fractals are distinguished by their brightness. They are unique in that they can be found
in all spheres of human knowledge because they describe the real world even better than traditional
physics or mathematics.Fractals found that every science itself is fractal, like society in general. The
solution to many modern problems of mankind is facilitated by fractal graphics based on the
concept of "fractal”.

The purpose of this work is to reveal the reasons for the popularity of fractal graphics, both in
science and art, and among a variety of people who use computer graphics capabilities to create
amazing projects.

Genial discoveries in science are able to drastically change human life. Some inventions, such
as a disease vaccine, can save lives for millions of people. At the same time, the emergence of a
new virus or the creation of lethal weapons, on the contrary, can take away these lives. Many
inventions radically changed the lives of mankind, and now we can not imagine their existence
without them. But there are such discoveries that few people pay attention to, while they have a
significant impact on our lives. One of these "obscure” discoveries is fractals, which are aimed at
the person's desire to know the world around him, trying to adhere to the logic of thinking.

Fractal is a geometric figure in which the same motif is repeated on the scale that gradually
decreases. The fractal part contains information about the entire fractal. The small elements of the
fractal object repeat the properties of the entire fractal [1].

Fractal is a form of extraordinary mathematical art, based on elementary formulas and
algorithms, thanks to which get pictures of fantastic beauty and complexity. In the images of the
built images, it is not uncommon to recognize the structure of familiar representatives of flora and
fauna.

Fractals of a constructive (geometric) type are built in stages. First, the basis is depicted. Then
some parts of the base are replaced by a fragment. At each subsequent stage, parts of the already
constructed figure, similar to the replaced parts of the base, are again replaced by a fragment taken
at the right scale. At the next stage, the scale decreases again. When changes become visually
imperceptible, it is believed that the constructed figure brings the fractal closer together and gives
an idea of its form. To get the fractal itself requires an infinite number of stages. Changing the basis
and fragment, you can get many different geometric fractals.

Fractals of a dynamic (algebraic) type arise in the study of nonlinear dynamical systems. The
behavior of such a system can be described by a complex nonlinear function (polynomial) f(z). Any
point z of the complex plane has its own behavior in the iterations of the function f(z), and the whole
plane is divided into parts. At the same time, the points lying on the boundaries of these parts have
the following property: at an arbitrarily small displacement, the nature of their behavior changes
dramatically — these are bifurcation points that have fractal properties that are the Julia set [2].
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Fractals can be divided into two groups: mathematical, artificially created by scientists, and
natural. In turn, the mathematical sections are divided into deterministic and not deterministic
(stochastic) [3]. Deterministic fractals are of geometric and algebraic origin. In Table 1, the
classification of fractals by the principle of construction and use of elementary basic object is
carried out.

Table 1 — Classification of fractals

Types of fractals
Key Features
Constructive (geometric) Dynamic (algebraic)

Principle of It is built in stages: from the base to Description of complex nonlinear
construction | fragments with a gradual decrease in scale function
Elementary An infinite curve that has no tangent, Algebraic formula integrated with

object which consists of parts similar to the whole the feedback loop

Koch Snowflake, Sierpinsky Triangle, Mandelbrot set, Julia set, Halta
Result Pythagorean Tree, T-Square, H-Fractal,
. fractal, Fractal Newton
Lévy C curve

Geometric fractals, on the one hand, are the subject of serious scientific study, and on the
other hand, they can be "seen", even a person far from mathematics will find something for them.
Such a combination is exceptional in modern mathematics, where all objects are asked by means of
obscure words and symbols.

Dynamic chaos and fractals have become part of the scientific picture of our life at the present
time. Scientific developments related to fractals and dynamic chaos influence the perception of
many traditional notions of reality. Fractals provide an opportunity to view our knowledge of the
geometric properties of natural and artificial objects, and the dynamic chaos, radically change our
understanding of the behavior of these objects over time.

The fractal allows you to think figuratively, and to transfer any algebraic problem to the
geometry region, where the correct answer is always obvious. For a fractal image, science needed a
separate direction. This direction has become fractal graphics. The basis of which lay fractal
geometry. This amazing area of mathematics conceals the key to understanding the nature. It is
closely linked to the theory of Chaos.

The basic concepts of fractal geometry are "Fractal Triangle”, "Fractal Shape"”, "Fractal
Object", "Fractal Composition™. They allow fractal graphics to create abstract compositions, where
many techniques are implemented: horizontal and vertical, diagonal directions, symmetry and
asymmetry [2].Fractal graphics, like the vector, are computable, but the difference is that no objects
in the computer's memory are stored. The fractal image is created by the equation, so there is a need
to store only formulas. When changing only the coefficients in the equation, you can radically
change the fractal picture. Fractal image can be scaled without pixelation. Fractal image
compression — arises when finding similar areas of the image. This algorithm is known to allow a
high compression ratio (up to 10,000 times) that is not available for other compression algorithms in
principle.

Fractal computer graphics as a kind of computer graphics has been widely used in all areas of
science and art. Table 2 analyzes the use of this graph in all spheres of modern life.

Graphical processing environment fractals can be used to create custom logos of companies,
organizations, institutions and students to explore fractals computer skills.
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The tendency of fractals to be similar to mountains, flowers and trees, widely used by
individual graphic editors, such as fractal clouds in the 3D studio MAX, fractal mountains in the
World Builder.
Fractals are used to simulate the phenomena of nature: snow, rain, clouds, waterfalls, and are
given by simple formulas that are easily programmed and do not decompose into separate triangles
and cubes at approximation. This is used when creating animations and movies.

In geology and geophysics fractal algorithms are used to study the coasts of islands and
continents, they describe rocks and fractions of petrochemicals.

Table 2 —Spheres of use of fractal graphics

Branches of science

Purpose of use

and art
1 Mathematics, fractal Sunny hours, creating lightweight constructions, studying the
geometry, fractal Egyptian pyramids
analysis
2 Physics Investigation of an atom, the behavior of electrons of a magnetic
field, the study of the universe, turbulent flow of fluid
3 Chemistry Investigation of the structure of the molecule, porous materials
4 Biology Research of flora and fauna, development of the tree of the theory
of evolution, structure of bacteria
5 Geology Investigation of reliefs, calculation of the length of the coastline
6 Economics Dynamics of economic processes and phenomena
7 Sociology Research on social progress
8 Telecommunications, Creating aerials, researching traffic, creating decentralized
computer networks networks
9 Medicine ECG, bone and DNA studies, blood tests, X-rays, MRI, CT brain,
ultrasound in gastroenterology
10 Natural and Construction of fractal adaptations, flames, clouds, lightning and
anthropogenic systems other natural phenomena
11 Architecture Creating buildings in fractal style
12 Landscaping Creating landscapes
13 Furniture design Creation fractal design furniture
14 Cinematography, Creation of landscapes, planets, landscapes, special effects
cartoons, computer
games
15 Music Writing music tracks, fractal animation in video networks
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Fractals in telecommunication are used to create fractal antennas. Fractal antenna with
compact design provides broadband performance in a small form factor. Flexible enough to be
installed in different locations, fractal antennas are used for marine, airborne vehicles, or personal
devices.

Fractals are used in the military industry to create uniforms of camouflage of military form
and equipment, which often contracts with the environment, and without the use of camouflage
techniques, they will be visible against the background of surrounding objects.

For masking, materials are used, the patterns of which are executed so that their color range
fits into the environment and meets the requirements of natural phenomena during the years of the
year. These patterns also help smooth out the shape of objects and change their size. They represent
fractal shapes, changing and combining the color of which one can simulate images of living and
inanimate nature, and also comprise fractal composition from the resulting figures [4].

For the creation of camouflage patterns, both classical geometric fractals are used, and the
Julia sets are a class of forms calculated according to complex numerical coordinates. Each point
corresponds to a certain color depending on its behavior when performing a number of simple but
mathematical operations that are repetitive.

The world leader in camouflage creation is Canadian Hyperstealth Corporation, which has
developed digital and quantum camouflage that can scare the opponent's brain using advanced
optical twists. This complex task includes not only the idea of fractals, but also knowledge of the
science of color, the anatomy of the human eye and the logistics of the consciousness of the pattern.
A fractal composition is created that can make a person invisible, and sew an inevitable cloak in
which it can not be detected. Such an effect was obtained by using a geometric fractal and
penetrating into the unknown region of quantum camouflage [5].

Biology and medicine use fractals to describe the research of internal organs (X-ray, ECG,
ultrasound, MRI) of a person. X-ray images processed with fractal algorithms give a better picture,
and accordingly more qualitative diagnostics. The theory of fractals can be used to analyze
electrocardiograms. Another area in medicine, where fractals can be actively used, is
gastroenterology.

A promising direction in medicine is the invention of maps of adhesion (grafting of surfaces
of heterogeneous solid and/or liquid bodies) of surfaces of healthy and cancerous cells having
fractal dimension. Probably this invention will help to open new effective methods of diagnostics
and treatment of oncological diseases in the future.

The whole person, in essence, is a fractal. In each of us there are at least four grandiose
fractals — the nervous, respiratory, cardiovascular and lymphatic systems, which closely co-exist in
different organs. Fractality is observed in all systems and organs of man. Blood vessels, the total
length of which is about 100 thousand km; lungs with a total area of the inner surface of 40-120 m?,
from the number of alveoli up to 700 million; liver, kidneys, immune nervous system, vestibular
apparatus — all these are also fractal structures. So the filtration surface of the kidney reaches 1,5 m?,
and the length of the capillary system is about 25km. the total length of human nerve endings is
about 75km. Note that the human brain, which consists of 80% of water and contains at the time of
birth about 14 billion cells, is recursive in nature.This gives an opportunity for a person to think in
time, to evaluate the present, to recall the past and to think about the future, which is a process of
thinking. Recursion is the interaction of stability and chaos that makes a person human. This
testifies to the fractal nature of the human body, which will be properly investigated using fractals.

Fractals are used in the analysis of economic and financial processes [6]. Graphs of quotations
exchanges is a typical example of Brownian trajectory. Moreover, the general structure of the graph
is maintained at the two-hour, daily and weekly scale.

The fractal generator is a computer program that generates fractal images. Fractal graphics are
used by the following computer programs: Ultra Fractal, XenoDream, Fractracer, Apophysis, XaoS,
Mandelbulb 3D, ChaosPro and others.
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Most of these programs allow you to choosean algorithm for generating a fractal, increase one
or another fragment of an image, change the color range, edit some topological parameters and save
the resulting image in one of the popular graphic formats, such as JPEG, TIFF or PNG, and also
save the parameters of generation of a particular fractal. that allows the reuse and modification of
fractal images.

Many programs allow to enter their own formulas and implement additional controls, such as
filtering of the image. Some packages allow you to generate fractal animation. Some graphical
editors of general purpose, for example. GIMP, include filters or plugins for generating fractals.

Ultra Fractal is used to create a unique two-dimensional fractal images of professional quality.
A fractal image is constructed on the basis of the selected workpiece, which is determined by the
system of parametric equations, in which the parameters are easy to change at will. The basic set of
ready-made fractal formulas is part of the program.

ChaosPro allows you to create three-dimensional fractals and full-fledged fractal animations
based on established recursive fractal formulas uploaded from files or written by yourself in the
editor.

XenoDream — uses IFS-fractal image techniques from which are exported to mesh objects for
further processing in 3D editors.

Fractracer — here is the basis of fractal geometry, which is the average between a fractal
generator and a 3D editor. There are two options for creating images: the use of set examples of
fractal objects, which are then easy to modify as desired, and the creation of projects from scratch —
based on the program code.

Apophysis is a simple program for generating two-dimensional fractals based on hundreds of
built-in fractal formulas. Widely used in animation.

Fractal Extreme is a program for generating two-dimensional fractal images. It is based on
about 20 fractal formulas, on which the images are constructed.

Chaoscope is program for generation of strange attractors. The principle of generation is the
following: first, a fractal set is created, which is then visualized in the attractor.

XaoS is a crossplatform fractal generator that allows you to generate fractal images for basic
types of fractal sets.

Mystica is the program used to create three-dimensional scenes (landscapes) in the
development of computer games. Image generation is performed on the basis of the set of fractal
formulas in the package with setting of many parameters.

Mandelbulb 3D is a free editor that allows you to create complex fractal 3D objects and
animations. The program is based on a three-dimensional fractal created using a hypercomplex
algebra based on spherical coordinates [7].

a) b) c)

Figure 1 — Ultra Fractal's images on the shere (a), on the egg (b), on the plane (c)
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The images are made in software Ultra Fractal. Changed fractals of Mandelbrot, Phoenix
(Julia), Nova (Mandelbrot) are downloaded from standard packages of software and are edited with
fuction 3D-mapping. In the fuction we can choice three properties: Sphere, Egg, Plane. In result we
see images like Fantastic Planet X, Ester Egg, Artificial Island in the ocean.

CONCLUSIONS

The article analyzes fractal graphics as a completely new type of visualization and
conceptualization of reality. The questions concerning the concepts of a fractal, their classification
of computation and geometric construction are highlighted. The secret of the success of fractal
graphics is revealed, due to the fact that with the help of very simple formulas, any user of the
computer is able to understand and get amazing in terms of the complexity and beauty of the image.
The systematization of fractals in two directions is carried out; The principle of construction and
delineation of the basic geometric figures and sets of fractal graphics is indicated. Software for
creating fractal objects is considered. In the graphic program Ultra Fractal, three types of
Mandelbrot, Phoenix (Julia set), Nova (Mandelbrot) fractals are constructed and modified, from
which fractal compositions are arranged, placed on 3D objects and on a plane. The use of fractal
graphics in various spheres of society's activity is analyzed.

Fractals isthe area of strange mathematical art, when with the help of simple formulas and
algorithms are created pictures of extraordinary beauty and complexity. It conceals a special
mathematical magic, probably, precisely because of this it is so attractive to all creative people. The
fractal reveals in one person various creative potentials: from an artist, a sculptor, a photographer,
an inventor and a scientist in one person. Starting ‘from scratch’, from a mathematical formula,
studying the mathematical results obtained, sometimes exceeding current studies of traditional
physics and mathematics, it creates a kind of images while choosing a color palette. All those who
at least once met fractal, are no longer able to refuse it in further work. It creates an understanding
of the harmony of all living things with non-living: in the arrangement of stars, the sound of music,
the structure of the human body, the proportions of the plant world. Therefore, a person
instinctively stretches to fractal images. They attract attention, surprise with their unordinary
character, fascinate and hypnotize. The great value of fractals is their use in all, without exception,
the branches of science and industry. Whatever complex fractal graphics is, there is nothing
superfluous, because the proportions and color, verified using mathematics, are in harmony between
the Earth and the universe.
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