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Fractal analysis estimates the metric dimension and complexity of the spatial
configuration of different anatomical structures. This allows the use of this mathematical
method for morphometry in morphology and clinical medicine. Two methods of fractal
analysis are most often used for fractal analysis of linear fractal objects: the Box
counting method (Grid method) and the Caliper method (Richardson's method, Perimeter
stepping method, Ruler method, Divider dimension, Compass dimension, Yard stick
method). The aim of the research is a comparative analysis of two methods of fractal
analysis - Box counting method and author's modification of Caliper method for fractal
analysis of linear contours of anatomical structures. A fractal analysis of three linear
fractals was performed: an artificial fractal - a Koch snowflake and two natural fractals
- the outer contours of the pial surface of the human cerebellar vermis cortex and the
cortex of the cerebral hemispheres. Fractal analysis was performed using the Box
counting method and the author's modification of the Caliper method. The values ofthe
fractal dimension of the artificial linear fractal (Koch snowflakes) obtained by the
Caliper method coincide with the true value of the fractal dimension of this fractal, but
the values of the fractal dimension obtained by the Box counting method do not match
the true value of the fractal dimension. Therefore, fractal analysis of linear fractals
using the Caliper method allows you to get more accurate results than the Box counting
method. The values of the fractal dimension of artificial and natural fractals, calculated
using the Box counting method, decrease with increasing image size and resolution;
when using the Caliper method, fractal dimension values do not depend on these image
parameters. The values of the fractal dimension of linear fractals, calculated using the
Box counting method, increase with increasing width of the linear contour; the values
calculated using the Caliper method do not depend on the contour line width. Thus, for
the fractal analysis of linear fractals, preference should be given to the Caliper method
and its modifications.

Keywords: fractal analysis, morphometry, linear contour, Caliper, Box counting.

Introduction

Fractal analysis has been increasingly used as a
morphometric method in morphology and clinical medicine
for the last few decades [3, 4]. This method of mathematical
analysis provides a quantitative assessment of the metric
dimension and complexity of the spatial configuration of
different anatomical structures [12, 13]. Fractal analysis is
based on fractal geometry, which characterizes the structure
and spatial organization of fractals [12, 13, 14]. Afractal is a
mathematical set or object characterized by self-repetition,
self-similarity and large-scale invariance (part of the object
partially or completely repeats the structure of the object as
a whole, the structure of the object at different scales is
similar) [1, 10, 12, 13, 14].

Fractals based on clear mathematical algorithms are
called mathematical or artificial. Some natural objects
(including the anatomical structures of the human body)
have the properties of fractals, but their structure, unlike
artificial fractals, is not mathematically regulated. Such
structures are called natural fractals or quasi-fractals [12,
13, 14]. Artificial and natural fractals can be different in
structure. Among the structures of the human body are often
linear fractals, most often linear contours of various objects
and structures, which in two-dimensional images are
represented by curved or broken lines of different
configurations (fibers, membrane cross-sections, outer
and inner linear contours of various structures and
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pathological cells, etc.). Fractal analysis of linear contours
of anatomical structures (outer contour characterizing the
surface of the anatomical structure or inner contour
characterizing the inner surface of a hollow organ or cavity
inside the anatomical structure) allows to quantify the
features of their spatial configuration: the more complex
the linear contour of the formation (for example, the contour
has a wavy, twisted, broken configuration, etc.), the more
complex is the spatial configuration of the anatomical
structure as a whole.

Fractal properties of different objects can be quantified
using fractal dimension (FD, fractal index). The fractal
dimension determined on two-dimensional images can
vary from 1to 2[5, 6, 12, 13, 14]. Box counting (Grid Method)
is most often used for fractal analysis of linear objects in
medicine and morphology due to its simplicity and versatility
[2, 7, 8, 18, 21]. In addition, the classic method used for
fractal analysis of linear contours is the Caliper method
(Richardson's method, Perimeter stepping method, Ruler
method, Divider dimension, Compass dimension, Yard
stick method) [5, 6, 11, 17, 19, 20, 23, 24]. However, in
medicine, due to routine and lack of accuracy, this method
is used much less often than the method of counting
squares [11, 23]. In some studies, both methods of fractal
analysis (Box counting and Caliper) were used in different
modifications [17, 19, 20, 24] and a comparative analysis
of Box counting and other methods of fractal analysis was
performed [5, 6].

We developed our own modification of the Caliper
method, adapted for use in morphology as a morphometric
method [15] and used it for fractal analysis of the linear
contour of the cerebellum [16]. In this paper, a comparison
of two methods of fractal analysis for the selection of optimal
techniques for morphometric study of linear contours of
anatomical structures.

The aim of the study is a comparative analysis of two
methods of fractal analysis - Box counting method and the

author's modification of the Caliper method for fractal
analysis of linear contours of anatomical structures.

Materials and methods

The study was conducted in compliance with the basic
bioethical provisions of the Council of Europe Convention
on Human Rights and Biomedicine (April 4, 1997), the
Helsinki Declaration of the World Medical Association on
Ethical Principles for Human Scientific Research (1964-
2008), as well as the order of the Ministry of Health of Ukraine
Ne690 of 23.09.2009. The conclusion of the Commission
on Ethics and Bioethics of Kharkiv National Medical
University confirms that the study was conducted in
compliance with human rights, in accordance with current
legislation in Ukraine, meets international ethical
requirements and does not violate ethical standards in
science and standards for conducting biomedical research
(minutes of the meeting of the Commission on Ethics and
Bioethics of KhNMU Ne10 dated November 7, 2018).

Three linear fractal objects were chosen as objects for
comparative analysis of two methods of fractal analysis
(Fig. 1): artificial (mathematical) fractal - Koch snowflake,
which is a classic example of a linear fractal [1, 10, 12, 13,
14] (the fourth iteration was chosen for the study), and two
natural fractal objects - the outer contours of the pial surface
of the human cerebellar cortex and the cortex of the cerebral
hemispheres. The pial surface of the cerebral cortex and
the surface of the brain are traditionally considered as a
self-similar complex fractal structure [9], and its study is of
great importance for clinical neuroscience [3, 4, 7, 8], so
different areas of the cerebral cortex (namely - its external
linear contours on two-dimensional MR images) were
selected for the study.

For fractal analysis of the external linear contours of the
cerebellar cortex and cerebral hemispheres, magnetic
resonance (MR) tomograms of the brains of persons who
did not have structural changes in the brain were used.

A B

C

Fig. 1. Linear fractal objects used for fractal analysis: A - Koch snowflake, B - outer linear contour of the human cerebellar cortex, C -
outer linear contour of the cortex of the human cerebral hemispheres.
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Magnetic resonance imaging was performed using a
magnetic resonance imaging with a magnetic induction value
of 1.5 T. MR images of the cerebellum in sagittal projection
were used for fractal analysis of the linear contour of the
cerebellar vermis, and MR images in coronal projection were
used to analyze the contour of the cerebral cortex.

Preliminary preparation of digital images for the two
methods of fractal analysis (Caliper and Box counting) was
performed in the same way. Adobe Photoshop CS5 created
images with a resolution of 128 pixels per inch with the
following dimensions: to study the contour of the cerebellum
and Koch's snowflake, the image size was 128x128 pixels,
the contour of large hemispheres - 512x400 pixels. A fragment
of a digital MR image of the brain containing the structure
under study, or a digital image of a Koch snowflake, was
placed in the resulting rectangle. Subsequently, to determine
the effect of scale and resolution on the fractal dimension, the
image resolution was doubled (from 128 to 256 pixels per
inch) and quadrupled (up to 512 pixels per inch), with linear
image sizes varying in proportion to the resolution.

After preliminary preparation, fractal image analysis was
performed. The methods of the two fractal analysis methods
analyzed in this paper were described earlier: the Box
counting method is a classic method used in the vast
majority of studies using fractal analysis [2, 5, 6, 7, 8, 18, 21],
the author's modification of the Caliper method described in
our previous work [15] and used to study the cerebellum
[16]. But we consider it expedient to give a general description
of the two methods of fractal analysis in this paper to better
understand the results.

Different methods of fractal analysis involve the use of
fractal measurement units (fractal measurement units),
which cover the object under study [5, 6, 12, 13, 14, 15, 18,
20, 21, 24]. Fractal measures can be linear segments,
squares, cubes and other geometric shapes. The type of
fractal measure is determined by the peculiarities of the
method and the object under study. Fractal analysis always
includes several stages, in which an iterative (repeated and
uniform) change in the size of the fractal measure (S) is
performed; most often it is a doubling or halving of the linear
size of a fractal measure (for example, doubling or halving
the length of a fractal linear segment or each side of a fractal
square). At each stage of fractal analysis, the value of N is
calculated - the minimum number of fractal measures that
allow you to completely cover (cover, fit) the object under
study. Then the natural logarithms of two numbers are
calculated: N and 1/S - numbers, the inverse of the fractal
measure (Ln (N) and Ln (1/S)). Then calculate the linear
regression equation of the dependence of Ln(N) on Ln (1/
S), the value of the fractal dimension is equal to the slope of
the direct regression relative to the abscissa [5, 6, 12, 13,
14, 15, 16]. The value of the fractal dimension can be
calculated by the formula:

FD = b

2(in) - )

where FD is the fractal dimension, S is the relative
size of the fractal measure, N is the number of fractal
measures covering the structure under study (cited
according to [16] with changes).

But, despite the similarities, the two methods of fractal
analysis have fundamental differences.

Method of counting squares (Box counting). For fractal
analysis with the help of the Box counting method an
additional stage of preliminary image preparation is
performed: with the help of a graphic editor a linear contour
is selected and a line is drawn, which is necessary for
further image analysis. Since the contour is studied, and
not the structure as a whole, it is advisable to use the
outline of the contour with a line of the minimum possible
width, which for digital raster images is 1 pixel (Fig. 2). In
addition, a 2-6 pixel-wide contour outline was used to
determine the effect of linear contour width on fractal
dimension values.

After delineation, the fractal analysis is performed
according to the classical method of Box counting [5, 6]. A
fractal grid is superimposed on the image, which divides
the image into rectangles. In the first stage, the fractal
grid lines divide each side of the image in half, and the
size of the fractal measure (S) at this stage is 1/2. The
size of the sides of the squares of the fractal grid decreases
several times, so the value of S in the second stage is
1/4, the third - 1/8, the fourth - 1/16, the fifth - 1/32 (see Fig.
2). The fractal measure size for the Box counting method
is also called box size (box edge size) [5, 6].

At each stage of fractal analysis, the number of fractal
measures covering the contour (N) is determined by
counting the number of squares containing fragments of
the studied structure (in the study of delineated images -
the contour of the studied structure) (see Fig. 2) [5, 6].

Fractal analysis using the method of Box counting in
this study was performed automatically using the program
Image J [22], the following values of S (box size) were
selected: 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128.

Caliper method. The classic version of the Caliper
method uses a one-dimensional fractal measure - a
linear segment. A linear object is covered with a broken
line consisting of linear segments of a certain length and
the number of these segments is counted (N). Then their
length is increased or decreased twice and the number
of fractal measures is counted again [5, 6, 12, 13, 14, 15,
20, 21, 24]. This method in the classic version is routine,
because the calculation is done manually.

In our proposed author's modification of the Caliper
method [15, 16], the analysis is performed automatically
using Adobe Photoshop CS5. This technique includes
the following steps. After preliminary preparation on the
investigated image the linear contour by means of the
tool "selection" is allocated. Unlike the method of counting
squares, this method does not require outlining a line.
After selection, the length of the contour in pixels (P) is
measured using the tool "analysis" (Fig. 3) [15, 16].
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Fig. 2. Fractal analysis of the linear contour of the cerebellum using the method of Box counting. A - delineation of the linear contour of
the object under study; B-F - stages of fractal analysis using a fractal grid: B - 1st stage of fractal analysis, S (box size) 1/2; C - 2nd stage
of fractal analysis, S (box size) 1/4; D - 3rd stage of fractal analysis, S (box size) 1/8; E - 4th stage of fractal analysis, S (box size)

1/16; F - 5th stage of fractal analysis, S (box size) 1/32.

The minimum possible length of linear segments that
can cover a linear contour on a digital bitmap image is 1
pixel. In the subsequent stages, as in the classic version
of this method, the length of the linear segment is doubled
several times. The modification developed by us allows
to automate and simplify calculation by smoothing of a
contour. Smoothing removes small bends from the
contour that cannot be fractally covered with a radius larger
than the radius of these bends. In the classical version of
the Caliper method, those curves of the contour that have
a radius less than the length of the fractal measure will
not be covered by such linear segments. For example, if a
contour has curves with a radius of 1 pixel, a fractal
measure 2 pixels long will not cover those curves.
Therefore, smoothing allows you to automatically modify
the contour and get a result comparable to the classic
version of the Caliper method. Gradual smoothing of the
contour is performed starting from the second stage of
fractal analysis using the tool "smoothing", followed by

measuring the length of the contour after each smoothing.
In the second stage, for images with a resolution of 128
pixels per inch, the anti-aliasing radius is 2 pixels, in the
third stage - 4 pixels, in the fourth - 8 pixels, in the fifth - 16
pixels; the absolute length of the fractal segment (Sa)
coincides with the smoothing radius and in the second
stage of fractal analysis is 2 pixels, in the third - 4, in the
fourth - 8 and in the fifth - 16 pixels (see Fig. 3) [15, 16].

When resizing an image, the smoothing radius and
the absolute size of the fractal measure should be scaled
in proportion to the change in resolution and image size.
Fractional values that characterize the relative size of the
fractal measure (S) do not depend on the image resolution
and are in the first stage - 1/16, the second stage - 1/8, the
third - 1/4, the fourth - 1/2, the fifth - 1. The number of
fractal measures covering the studied contour (N) is
defined as the ratio of P - contour length in pixels to S_ -
the absolute size of the fractal measure in pixels: N=P/S_
[15].
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Fig. 3. Fractal analysis of the linear contour of the cerebellum using the Caliper method in the author's modification (described in [15]). A
- selection of the linear contour of the object under study (contour delineation is used for clarity); B - 1st stage of fractal analysis, linear
contour smoothing was not used, S=1; C-F - stages of fractal analysis using contour smoothing: C - 2nd stage of fractal analysis, S=
1/2; D - 3rd stage of fractal analysis, S=1/4; E - 4th stage of fractal analysis, S=1/8; F - 5th stage of fractal analysis, S=1/16. This
modification was used by us for fractal analysis of the linear contour of the cerebellum [16].

Results

Initially, a fractal analysis of images with a resolution of
128 pixels per inch was performed. The values of the fractal
dimension of the studied linear fractals, obtained using
two methods of fractal analysis, did not match. Thus, the
value of FD contour of the cerebellum, obtained using the
method of Box counting, was 1.690, the method of Caliper
- 1.501; the value of FD contour of the cortex of the cerebral
hemispheres, obtained by the method of Box counting, was
1.125, the method of Caliper - 1.403. The values of the
fractal dimension of these natural fractals are not known in
advance, so in addition to these objects to validate the
accuracy of measurements will be studied artificial fractal
- Koch snowflake, the value of the fractal dimension of which
is constant and therefore - known in advance (FD=Ln(4)/
Ln 3)~1.26). The FD value of the Koch snowflake (fourth
iteration) obtained using the Box counting method was
1.188, the Caliper method was 1.266. Therefore, the Caliper

method in the study of images with a resolution of 128
pixels per inch allows to obtain a value of fractal dimension,
which coincides with the true value of FD of the artificial
linear fractal.

However, the resolution and size of the images used
for analysis can vary significantly. Therefore, the influence
of image size and resolution on fractal dimensional values
was also studied. To do this, the same images were
studied, but with three different resolution values: 128 pixels
per inch (scale 1), 256 pixels per inch (scale 2) and 512
pixels per inch (scale 3) (Fig. 4). The dimensions of the
images of the linear contour of the cerebellum and Koch's
snowflake were 128x128 pixels (scale 1, small image size),
256x256 pixels (scale 2, medium size) and 512x512 pixels
(scale 3, large size); the dimensions of the images with
the linear contour of the cortex of the cerebral hemispheres
were 512x400 pixels (scale 1, small image size), 1024x800
pixels (scale 2, medium size) and 2048x1600 pixels (scale
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Fig. 4. Linear contour of the cerebellum in images with different resolutions: A- 128 pixels per inch, B - 256 pixels per inch, C - 512 pixels
per inch. The outline of the line with the smallest possible value of width - 1 pixel is applied.
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Fig. 5. Fractal dimensional (FD) values determined on images with different resolutions and sizes using Caliper and Box counting

methods. Scale 1 - resolution of 128 pixels per inch, scale 2 - resolution of 256 pixels per inch, and scale 3 - resolution of 512 pixels per

inch.

3, large size). The smoothing radius values for the Caliper
method and the absolute dimensions of the fractal
measures for both fractal analysis methods changed in
proportion to the change in the image resolution; the relative
dimensions of fractal measures when scaling the image
remained unchanged.

As can be seen from Figure 5, the FD values of the
three studied fractals determined by the Box counting
method decrease with increasing resolution and image
size, and the FD values determined by the Caliper method

remain virtually unchanged when these image parameters
change. The FD values of the artificial fractal (Koch
snowflakes) determined by the Caliper method on images
of different sizes coincide with the true FD values of this
fractal, in contrast to the FD values determined by the Box
counting method. Therefore, the results obtained using
the Caliper method are virtually independent of image size
and resolution, which allows you to use this method to
analyze linear contours on images of different sizes and
with different resolutions.
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Fig. 6. Linear contour of the cerebellum, outline of the outer contour with a line of different width: A- 1 pixel; B - 2 pixels, C - 3 pixels, D
- 4 pixels, E - 5 pixels, F - 6 pixels. Image resolution - 256 pixels perinch (image size 256x256 pixels).

The difference in fractal dimension values determined
by the Box counting method on images of different sizes
and resolutions is due to the different relative widths of the
contour line. For all three values of the resolution it is
necessary to outline the contour with a line, using the
minimum possible value - 1 pixel. However, for a 128x128
pixel image, 1 pixel will be 1/128 of the square of the image,
for a 256x256 pixel image, 1 pixel will be 1/256 side, and
for a 512x512 pixel image, 1/512 (see Figure 4). Therefore,
under the same absolute width of the contour, the relative
width of the contour decreases with increasing image size,
which causes a difference in the values of the fractal
dimension.

The next step was to study the effect of the absolute
width of the line used to delineate the contour on the value
of the fractal dimension. Because the Caliper method does
not provide contour delineation, the effect of line width on
fractal dimension values has only been studied for the Box
counting method. During the preliminary preparation of the
images, contours were drawn with lines from 1 to 6 pixels

wide (Fig. 6). For the contour of the cerebellum and the
Koch snowflake, the average image size was selected
(256x256 pixels, resolution 256 pixels per inch, scale 2),
for the contour of cerebral hemispheres - small size
(512x400 pixels, resolution 128 pixels per inch, scale 1).
As can be seen from Figure 7, as the contour width
increases, the fractal dimension of the three objects studied
increases. That is, the value of the fractal dimension
determined by the method of Box counting is affected not
only by the complexity of the spatial configuration of the
linear fractal, but also the width of the linear contour.

Discussion

Taking into account the results of comparative analysis
of two methods of fractal analysis of linear contours of
artificial and natural linear fractals, we can conclude that
the FD values determined by Box counting are significantly
influenced by both relative and absolute line widths of the
studied linear fractal. Our conclusions are consistent with
the data of King R.D., etc.: when performing fractal analysis
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Fig. 7. Fractal dimensional (FD) values determined on images with different linear contour widths using the Box counting method. For
comparison, the FD values obtained using the Caliper method on images with identical size and resolution are given.

of the cerebral cortex using the method of Box counting, it
was found that the thickness of the cortex has an effect on
the value of FD, comparable to the effect of girification index,
which characterizes the severity, complexity and number of
convolutions of the cortex [8].

The method of Box counting in the two-dimensional
version involves the use of a two-dimensional fractal
measure - fractal squares. Therefore, the value of the fractal
dimension is influenced not only by the length of the line,
but also its width: the greater the width of the line, the more
squares of the fractal grid this line will fall, the greater the
value of the fractal dimension. Therefore, it is better to use
the Box counting method to study objects that are close in
configuration to the plane, or in cases where not only the
length and complexity of the fractal line configuration but
also its width must be taken into account. For example,
atrophic changes in the cerebral cortex lead not only to
smoothing the surface of the cortex, but also to reducing its
thickness [7, 8].

Unlike the Box counting method, the Caliper method
involves the use of a one-dimensional fractal measure that
takes into account only one linear fractal size, namely its
length. The width of the fractal line is not taken into account,
which eliminates the effect of both the absolute width of the
line and the relative width of the linear contour, which may
differ in images of different sizes. Contour delineation is a
necessary step in the preliminary preparation of images

for the study of contours using the method of Box counting.
But the images studied can have different quality, size and
resolution, so the line width is difficult to standardize. The
Caliper method does not require standardization of the
image pre-algorithm and selection of the optimal line width,
as contour delineation is not used. Therefore, the Caliper
method is optimal for fractal analysis of linear fractals,
especially in cases where you want to assess the complexity
of the spatial configuration of the fractal line, leveling its
width.

The two methods of fractal analysis analyzed in this
work were used in our previous work to study the external
linear contour of the cerebellum [16], fractal dimension
values determined by two methods on 30 MR images of
cerebellar vermis did not differ statistically significantly.

Both methods of fractal analysis in the classical version
(Ruler (Caliper) and Box counting) were used to analyze
the linear contours of benign and malignant breast tumors
to interpret the results of mammography [17, 19], fractal
dimension values obtained by two methods were close,
but differed significantly in the contours of benign and
malignant tumors, so both methods of fractal analysis
allowed to reliably differentiate benign and malignant
tumors.

In neuromorphological studies of the dendritic tree of
neurons, a modified Richardson method (Caliper) was
used in comparison with the Box counting method [20, 24].
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In these studies, the dendritic tree of neurons was divided
into linear segments and the analysis of each of the
segments was performed by manual calculation, the fractal
dimension of the dendritic tree as a whole was determined
by the sum of measurements. The authors demonstrated
that the Box counting method is sensitive to image
orientation and to the presence or absence of
skeletonization, and the Richardson method is independent
of these factors and does not require the use of a grid for
analysis [20]. The analysis of the dendritic tree of superficial
and deep pyramidal neurons of the cerebral cortex of rats
was performed; the fractal dimension of the dendritic tree
of these neurons was statistically significantly different, but
the level of statistical significance of the difference in FD
values obtained by the modified Richardson method
(Caliper) was significantly higher than the level of statistical
significance of the difference in FD values obtained by Box
counting [24].

Thus, taking into account the results of our research
and the research of other scientists, we can conclude that
the Caliper method is an effective method of mathematical
image analysis in medicine, which has significant
advantages in studying the linear contours of anatomical
structures compared to the current Box counting method
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®PAKTAIIbHUA AHANI3 NIIHINHUX KOHTYPIB AHATOMIYHUX CTPYKTYP: ABTOPCbKA MOOU®IKALIIA CNOCOBY CALIPER
NMOPIBHAHO 31 CNOCOBOM BOX COUNTING

Map‘eHko H.l., CmenaHeHko O.I0.

®pakmanbHUll aHania do380718€ OUIHUMU MempuYHy PO3MIpHICMb ma CcKiadHICMb pOCcmopo8oi KOHigypauii pisHUX aHamoMiYHUX
cmpykmyp, wo 00380519€ guKopucmosysamu ueli MamemamuyHuli Memo0 0rns Mopghomempii y Mopghonoeii ma KiHiYHIt MeOUYUHI.
[ns ¢ppakmanbHo20 aHani3dy niHilHUX ghpakmarnbHUX 06'ekmie Halildacmiwe gukopucmosyroms dea criocobu hpakmarbHO20 aHari3y:
crioci6 nidpaxyHKy keadpamie (Box counting, Grid method) ma crioci6 Caliper (crioci6 PidapdcoHa, Perimeter stepping method, Ruler
method, Divider dimension, Compass dimension, Yard stick method). Mema docnidxeHHs1 - nopieHsIbHUU aHarniz d8ox criocobie
pakmarnbHo20 aHanisy - criocoby Box counting ma asmopcbkoi Mmodugikauii criocoby Caliper 0nsi ¢hpakmarnbHo20 aHanidy niHilHUX
KOHmypie aHamomiyHux cmpykmyp. bye nposedeHull chpakmarnbHuli aHani3 mpboX MiHIUHUX hpakmanig: wmy4yHo20 ¢hpakmarsy -
cHiXuHKU Koxa ma 080x npupoOHix ¢hpakmarie - 308HIWHIX KOHMYpI8 niarnbHOI M08ePXHi KOpU MO304YKa /T0OUHU ma KOopu 8esIUKUX
nieKynb 20/108H020 MO3KY. @pakmarnbHull aHani3 rnposoduscs 3a 0onomozor criocoby Box counting ma asmopcbkoi modugpikauii
criocoby Caliper. 3Ha4yeHHs1 chpakmaribHOI PO3MipHOCMI WMYy4YHOR20 fiHIlIHO20 opakmary (CHixuHKU Koxa), ompumaHi 3a 00romMozoro
criocoby Caliper, 3bicatombcs i3 iCMUHHUM 3Ha4eHHSIM GbpakmarsibHOI po3MipHOCMI Ub0o20 thpakmarny, ane 3Ha4eHHs1 ¢hpakmaribHOI
po3mipHocmi, ompumMaHi 3a doromozoro criocoby Box counting, i3 icmMUHHUM 3Ha4eHHAM ¢hpakmarnbHOI po3mipHocmi He criigrnadaome.
Tomy ppakmarnbHul aHani3 niHilHUX gopakmarnie 3a dornomozoto criocoby Caliper do3gornsie ompumamu nipasdusiwi pe3ynbmamu, HiX
crioci6é Box counting. 3Ha4yeHHs1 ghpakmaribHOI po3mMipHOCMIi Wmy4YHo20 ma rnpupoOHUX ghpakmariie, obyuceHi 3a AornoMoeor crocoby
Box counting, 3meHwyombcs npu 36inbWeHHi po3mipy ma po30inbHoi 30amHocmi 306paxkeHHs; npu sukopucmaHHi criocoby Caliper
3Ha4YeHHs1 ghpakmarsbHOI po3MipHOCMI 8i0 yuUX napamempie 306paXxkeHHs1 He 3anexamb. 3Ha4eHHsT hpakmaribHOI PO3MIPHOCMI TTIHIUHUX
¢pakmariie, ob4ucneHi 3a doromMozor criocoby Box counting, 3pocmatomp rpu 36iNbWeHHI WUPUHU MiHIUHO20 KOHMYpPY; 3Ha4eHHS,
ob4ucneHi 3a doromoeoro criocoby Caliper, He 3anexamp 8i0 WUPUHU fiHIl. Takum YuHOM, Onsi hpakmarnbHO20 aHarnisy NiHIuHUX
¢pakmarie nepesaza mae HaBasamucsi criocoby Caliper ma (io2o modudgbikauisim.

KntoyoBi cnoBa: ¢pakmarnbHull aHanis, Mopghomempis, niHiliHut koHmyp, Caliper, Box counting.

26 ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



