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In recent years, fractal analysis has been increasingly used as a morphometric method,
which allows to assess the complexity of the organization of quasi-fractal biological
structures, including the cerebellum. The aim of the study was to determine the value
of fractal dimension of phylogenetically different parts of the cerebellum by studying
magnetic resonance imaging of the brain using the method of pixel dilation and to
identify gender and age characteristics of individual variability of fractal dimension of
the cerebellum and its external linear contour. The study was performed on the magnetic
resonance images of the brain of 120 relatively healthy patients in age 18-86 years (65
women, 55 men). T2 weighted tomographic images were investigated. Fractal analysis
was performed using the method of pixel dilation in the author's modification. Fractal
dimension (FD) values were determined for cerebellar tomographic images segmented
with brightness values of 100 (FD, ), 90 (FD,,) and in the range of 100-90 (FD,,, ., or
fractal dimension of the outer cerebellar contour) in its upper and lower lobes, which
include phylogenetically different zones. The obtained data were processed using
generally accepted statistical methods. The average value of FD, ,, of the upper lobe of
the cerebellum was 1.816+0.005, the lower lobe - 1.855+0.005. The average value of
FD,, of the upper lobe of the cerebellum was 1.734+009, the lower lobe - 1.768+0.009.
The average value of FD,,, . of the upper lobe of the cerebellum was 1.370+0.009, the
lower lobe - 1.431+0.008. All three values of the fractal dimension of the lower lobe,
which lobules have a lower phylogenetic age, are statistically significantly higher than
the corresponding values of the fractal dimension of the upper lobe, have a more
pronounced correlation with age than in the upper lobe. The developed research
algorithm can be used to assess the condition of the cerebellum as an additional
morphometric method during magnetic resonance imaging study of the brain.
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Introduction

Modern diagnostic methods of neuroimaging (CT, MRI
and others) are the methods of choice for lifelong
assessment of the morphofunctional state of various brain
structures and the diagnosis of various pathological
changes and diseases of the nervous system. Images of
different brain structures obtained using these diagnostic
methods allow to determine different qualitative
characteristics (shape, individual anatomical features, the
presence of foci of pathological changes, etc.) and
quantitative characteristics (linear dimensions, area of
different structures, brightness values, etc.). To determine
the quantitative characteristics of brain structures on
tomograms mainly use the methods of traditional
morphometry, which allow to determine simple geometric

characteristics - linear dimensions, area, volume [5, 7, 9,
10, 14].

Among the various structures of the CNS, the cerebellum
has the most geometrically complex shape and spatial
configuration, the cortex of which, forming its outer contour,
forms a complex three-dimensional convoluted structure,
which is difficult to quantify using morphometry methods
commonly used to assess tomograms.

In recent years, fractal analysis has been increasingly
used to assess complex branched biological structures.
This method as a morphometric allows to estimate the
degree of complexity of the organization and filling of space
with quasi-fractal structures that have the properties of
fractals - self-similarity, self-repetition and large-scale
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invariance. The value determined by fractal analysis is a
fractal index or fractal dimension (FD), which can take values
from 1 to 2 [3, 4].

Various modifications of fractal analysis are used to
study the cerebellum and other CNS structures [3, 4, 6, 8,
11, 12, 15-17, 19-21], the most commonly used of which is
the box counting method [1, 2, 12, 16, 17, 19, 20] and pixel
dilation method [11, 13].

In most works use fractal analysis to study different
CNS structures with visual identification of the boundaries
of the studied structures [12, 17] and skeletonization of
images [11], which allows to determine the fractal
dimension of skeleton images that correspond to the main
branches of white matter. The cerebellum is a rather
complex structure, so its fractal analysis must be
multicomponent and take into account the study of various
elements that can be identified using different image
segmentation algorithms. In particular, in addition to
skeletonization, you can use the determination of the fractal
dimension of the external linear contour of the cerebellum
and the fractal dimension of cerebellar tissue as a whole,
which will objectively assess the morphofunctional state
of the cerebellum by quantifying the complexity of the spatial
configuration of its cortex. In addition, different anatomical
areas of the cerebellum, which have different phylogenetic
age, have some differences in structure [18], which in turn
may affect the value of the fractal dimension and patterns
of their variability.

The aim of the study was to determine the value of
fractal dimension of phylogenetically different parts of the
cerebellum by studying magnetic resonance imaging of
the brain using pixel dilation and to identify sex and age
characteristics of individual variability of fractal dimension
of the cerebellum and its external linear contour.

Materials and methods

The study was performed on 120 magnetic resonance
imaging of the brain of patients aged 18-86 years (mean
age - 43.33+1.43 years, 65 women, 55 men), in which no
organic pathology of the brain was detected, so the structure
of the brain of these patients were considered as a
conditional norm.

The study was conducted in compliance with the basic
bioethical provisions of the Council of Europe Convention
on Human Rights and Biomedicine (04.04.1997), the
Helsinki Declaration of the World Medical Association on
the ethical principles of scientific medical research with
human participation (1964-2008), and the order of Ministry
of Health of Ukraine Ne690 dated 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 of biomedical
research (minutes of the meeting of the commission on

ethics and bioethics of KhNMU Ne10 from 07.11.2018).

Tomograms were obtained using a magnetic
resonance imaging Siemens Magnetom Symphony with a
magnetic induction value of 1.5 T. T2-weighted images were
used for the study. The method of pixel dilatation in the
author's modification described earlier was used for fractal
analysis [13].

For fractal analysis, a fragment of a digital image of a
tomogram containing a tomographic section of the
cerebellum was copied and processed in Adobe Photoshop
CS5. To study individual lobes from the image, 64x64 pixel
sections corresponding to different phylogenetic and
anatomical zones of the cerebellum were copied, namely:
the upper lobe of the cerebellum, which includes the upper
paleocerebellum (lobules I-V), the lower lobe of the
cerebellum, which includes neocerebelum (lobules VI-VII),
lower paleocerebellum with archicerebellum (lobules
VIII-X) (Fig. 1A).

In order to separate the studied structure (cerebellar
tissue) from the surrounding, background structures,
image segmentation was performed. The image was
transformed from halftone to binary format. The binary
image consists of pixels of only two colors: black (which
has a brightness value of 0 and corresponds to the studied
structure) or white (has a brightness value of 255 and
corresponds to the background pixels). Segmentation of
cerebellar tissue in the image was performed using the
tool "Threshold" of Adobe Photoshop CS5, which colors all
pixels darker than the specified threshold value into black
color, lighter - into white color (Fig. 1B).

For segmentation of tomographic sections of a
cerebellum as a whole empirically established threshold
value of brightness 100 (Fig. 1B). In order to investigate the
outer contour of the cerebellum on a tomographic section,
the brightness thresholds of 100 and 90 were empirically
selected. Segmentation of digital tomographic images in
this range (difference 100-90) allows to detect the outer
linear contour of the cerebellum (Fig. 1D).

After segmentation, fractal analysis was performed
using the pixel dilation method. To do this, the image
resolution was gradually reduced from 64 pixels per inch
to 32, 16, 8, 4, and 2 pixels perinch. In order to calculate the
individual values of fractal dimension (FD) for the
cerebellum as a whole and the contour separately, at each
stage the number of segmented pixels corresponding to
the studied structure was calculated for the threshold
values of brightness 100 (N,) and 90 (N,) and their
difference (N,=N, - N,). The FD values calculated with the
value of N1 correspond to the FD of the tomographic section
of the cerebellum as a whole, N, - FD contour of the
cerebellar tissue.

FD values were determined for tomographic images of
the cerebellum, segmented with brightness values 100
(FD,y,), 90 (FD,,) and in the range of 100-90 (FD,,,, or
fractal dimension of the outer contour of the cerebellum)
for its upper and lower lobes, including phylogenetically
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A B

Fig. 1. Segmentation of digital image of magnetic resonance imaging of the human cerebellum. The upper row of images - upper lobe of
the cerebellum, the lower row - lower lobe. A - the original image; B - segmentation with a threshold value of brightness 100, C -
segmentation with a threshold value of brightness 90, D - the difference between the thresholds 100 and 90, which corresponds to the
contour of the cerebellum, is shown in black color.

different zones.

Statistical data processing was performed using
Microsoft Excel 2010. The following values were calculated:
arithmetic mean (M) and its error (m,,). To determine the
distribution of values, the median (Me), the values of the
25th and 75th percentiles, the minimum (min) and
maximum (max) values were determined. Pearson's
correlation coefficient was calculated to determine the
relationship between the values. The significance of
statistical differences and the significance of the correlation
were assessed using Student's t test.

Results

The average value of FD, , of the upper lobe of the
cerebellum was 1.816+0.005, the lower lobe - 1.855+0.005.
The average value of FD,, of the upper lobe of the
cerebellum was 1.734+0.009, the lower lobe - 1.768+0.009.
The average value of FD, . of the upper lobe of the
cerebellum was 1.370+0.009, the lower lobe - 1.431+£0.008.
The distribution of fractal dimension values determined for
the upper and lower lobes of the cerebellum is shown in
Fig. 2.

The highest values are FD of tomographic sections of
the cerebellum, segmented with a brightness threshold of
100 (FD,,,), slightly lower - 90 (FD,,). The lowest value has
FD of the outer contour of the cerebellum (FD, ).

FD,,, has statistically significantly greater values than
FD,, and in the upper lobe of the cerebellum (p=9.61e™),
and in the lower lobe (p=3.61e7°), also has statistically

significantly greater values than FD,  ,, in both parts (upper
lobe - p=8.9¢""3; lower lobe - p=3.7e""). In turn, FD is
statistically significantly higher than the value of FD, . in
the upper (p=1.98e7%) and lower (p=6.98e-77) lobes of the
cerebellum.

All three values of FD of the lower lobe of the
cerebellum, which corresponds to the phylogenetically
younger areas of the cerebellum (neocerebellum and lower
paleocerebellum), are statistically significantly higher than
the corresponding values of FD of the lower lobe of the
cerebellum, which corresponds to phylogenetically older
areas (upper paleocerebelum) (FD, - p=1.23e”; FD,,
p=0.009; FD,, ,, - pP=1.27e*). This feature generally reflects
the peculiarities of the organization of cerebellar lobules at
the micro-macroscopic level: lobules of neocerebellum and
lower paleocerebellum, which have a smaller phylogenetic
age, generally have a more complex spatial configuration
due to more complex and diverse variants of structure and
branching of white matter in these lobules, which patterns
of individual anatomical variability have been described in
our previous studies [18].

The calculated FD values (FD,,,, FDy, FD,,,) are
correlated by different strengths and orientations. Thus,
FD,,, is associated with FD, by a strong positive correlation
(upper lobe - r=0.92, p=2.84e%; lower lobe - r=0.96,
p=2.43e*). But FD, , is associated with FD,, . by negative
correlation of weak force in the upper lobe (r=-0.27, p=0.004)
and negative correlation of medium force in the lower lobe
(r=-0.45, p=2.12¢€”). FD, is also associated with FD,, . by
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value of FD of the upper lobe

2,000 100-90 )
1500 of the cerebellum in men was
—— 1.366+0.012, in women -
1'700 1.372+0.013, the lower lobe in
’ men - 1.422+0.012, in women -
e 1.438£0.011. The distribution of
S il fractal dimension values (FD,,,
1,400 - i
FDg,» ED1OO_90) in_men and
1,300 - women is shown in Fig. 3.
1,200 - Thus, the values of FD in
1,100 - men and women have almost
1.000 no difference, statistically
100 100 2 % 100-90 100-90 N . .
. . i . . . significant difference don't have
Superior lobe | Inferior lobe | Superior lobe | Inferior lobe | Superior lobe | Inferior lobe Il th fractal indi - FD
percentile 75| 1,850 1.898 1.795 1.840 1.436 1,495 all three Tractal Iindices: FD,,,
Max 1,912 1,945 1.886 1.910 1,603 1,651 (upper lobe - p=0.91; lower lobe
= Me 1.829 1.863 1.762 1.784 1.357 1,438 - p=0.12), FD,, (upper lobe -
Min 1,530 1.607 1,322 1,353 1,024 1.238 p=0.99; lower lobe - p=0.34) and
percentile 25 1,784 1,831 1,689 1,726 1,304 1,373 FD,,0. (Upper lobe - p=0,74;
Fig. 2. Distribution of fractal dimension values (FD, ,, FD,,, FD,,, ,,) Of the upper and lower parts lower lobe - p=0.32), which
of the human cerebellum. indicates the absence of
statistically significant sex
2,000 - 1.852 1,804 i i i
1,829 1,829 . 832 % 1783 1787 differences in the studied
1900 - : 1,755 indicators.
1.800 - In addition to sex, the age
1700 - 1.437 features of variability of fractal
— 1358 1357 1,441 dimension in different parts of
’ the cerebellum were also
LS studied (Fig. 4). It was found that
1,400 + % FD,,, has a positive correlation
1.300 - with age (upper lobe - r=0.29,
1200 4 p=0.002; lower lobe - r=0,41,
555 p=7,61e-5) as well as FD, (upper
’ lobe - r=0.38, p=0.0001; lower lobe
Loag | [ | | | | -r=0.50, p=3.75e-6). In contrast to
men |Women| men |women, men |wWomen| men WOIIEN| men |Women| men |women . .
these indicators, FD, ,, has a
100 90 100-90 100 9 100-90 . ! ! .
negative correlation with age in
Superior lobe Inferior lobe

both lobes (upper lobe - r=-0.44,

FD,,, FD

Fig. 3. Distribution of fractal dimension values (FD,,, FD,,,

of the human cerebellum in men and women.

100-90

negative correlation of medium strength in both parts of the
cerebellum (upper lobe - r=-0.57, p=2.41e7; lower lobe -
r=-0.65, p=5.34e?).

Paired values of the FD of the same name of the upper
and lower lobes are related by a positive correlation (FD
r=0.76, p=3.26e "%, FD,, - r=0.85, p=9.24¢""; FD
p=1.87¢7).

Sex characteristics were also determined: three FD
values for the upper and lower lobes of the cerebellum in
men and women were determined. The average value of
FD'° of the upper lobe of the cerebellum in men was
1.815+0.006, in women - 1.816+0.006, the lower lobe in
men - 1.847+0.009, in women - 1.863+0.006. The average
value of FD* of the upper lobe of the cerebellum in men was
1.734+0.014, in women - 1.735+0.011, the lower lobe in
men - 1.759+0.015, in women - 1.776+0.011. The average

100

-r=0.83,

100-90

) of the upper and lower lobes

p=2.94e-5; lower lobe - r=-0.58,
p=1.57e-7). At the same time
more expressed changes are
observed in the lower lobe of a cerebellum (Fig. 3) which has
smaller phylogenetic age.

FD, .4 Characterizes the complexity of the organization of
the outer contour of the cerebellum, which in turn
characterizes the features of the spatial configuration of the
cerebellar cortex. This figure decreases with age in both
lobes of the cerebellum, which reflects the process of age-
related atrophy of the cerebellum, which is accompanied by
a decrease in the degree of convoluting of the cortex, which
leads to a decrease in the fractal index of the outer contour of
the cerebellum. More pronounced age-related changes are
observed in phylogenetically younger areas, which have
higher values of fractal dimension in general (which reflects
the more complex and diverse structure of these lobules).
Thus, areas of the cerebellum that have a more complex
spatial configuration of the cortex are characterized by a
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2 - dimensional FD value of white
—— Supericr lobe matter was 2.26+0.05 [2] and

L,9:- FD(100) 2.277+0.045 [19], gray matter -
{ B - T 2.4910.04 [2] and
T R2=00839 - = FD(100) 2.5267+0.0228 [19]. In these
17 A === works, the FD values were
R2=0.1408’ — — Superior lobe determined using the method

FD 1.6 - FD(90) of counting squares. In another
L5 - . work [111, the values of FD of
RZ=0.1972, FD(90) skeletonized branches of the

1 teusa,, cerebellar white matter were
.............. . «=sees Superior lobe determined using one of the

L3 e, FD(100-90) modifications of the pixel
12 ; ‘ . _ —_— dilatation mgthod. _The value of
0 20 40 60 80 100 FD(100-90) the three-dimensional fractal
Age, years dimension obtained as a result

of this study was 2.57+0.01. The

FD,,, FD

Fig. 4. Values of fractal dimension (FD, ;, FD,,,

cerebellum depending on age.

100-90

more pronounced decrease in the fractal index with age
than areas that have a less complex structure and greater
phylogenetic age.

It should be noted that the decrease in this indicator is
more pronounced in men (upper lobe - r=-0.54, p=8.24e%;
lower lobe - r=-0.67, p=1.76€e*®) than in women (upper lobe
- r=-0.37, lower lobe - p=0.002; r=-0.51, p=2.60e7?), which
reflects the more pronounced age-related atrophy of the
cerebellum, characteristic for men.

Discussion

The values of the fractal dimension obtained in this
study exceed the values of the fractal dimension obtained
by us earlier in the study of sectional material (1.372+0.006)
[16]. This difference is due to the fact that in this study we
determined the fractal dimension of tomographic sections
of the cerebellum as a whole and its outer linear contour,
while on the section material we determined the fractal
dimension of the main branches of the white matter of the
cerebellum.

Another values of the fractal dimension of the cerebellum
have been obtained in the works of other scientists. The
values of the fractal dimension of two-dimensional images
of the cerebellum, calculated on MR tomograms of 16
relatively healthy patients using the method of counting
squares, were 1.49+0.06 and 1.56+0.05 for white and gray
matter, respectively [1]. In other works, three-dimensional
values of fractal dimension were determined: three-

) of the upper and lower lobes of the
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®OPAKTAIIbHA PO3MIPHICTb ®UTOFEHETUYHO PISHUX OINMAHOK MO30YKA JIIOANHU (3A OAHUMU OOCNIAXEHHA

MAIrHITHO-PE3OHAHCHUX TOMOI'PAM)
Map'eHko H.l., CmenaHeHko O.I0.

®pakmarnbHUl aHari3 8 0CMaHHI POKU 8ce Yacmilue 8UKOpUCMo8ytoms y skocmi MopghomempudHo20 Memody, wo 00380/15i€ ouiH8amu
cmyniHb ckrraGHocmi op2aHi3auii keazughpakmarnbHuUx bionoegidHUX cmpyKmyp, y momy yucni i mo3o4ka. Mema OocnidxeHHs - usHaqumu
3Ha4YeHHs1 hpakmarsnbHOI po3MipHOCMI hiTo2eHemuYHO pi3HUX OiNsIHOK MO304YKa WIisiXoM OOCiOKEeHHSI Ma2HIMHO-Pe30HaHCHUX
momozpam 20/108H020 MO3Ky 3a AorromMoeoto Memody duiamauii nikcenie ma sussumu eeHOepHi ma 8ikosi ocobriueocmi iHOugiOyanbHOI
MiHAu8ocmi ¢ghpakmarnbHOI PO3MIPHOCMI MO304YKa ma 020 308HIWHBO20 fiHilIHO20 KoHMYpY. [ocnidxeHHs nposedeHe Ha 120 magHimHo-
pe30HaHCHUX momozpamax 20/108H020 MO3KYy YMOBHO 300posux nauieHmie eikom 18-86 pokie (65 xiHok, 55 yonosikis). JocnidxeHi T2
38axxeHi momoepachiuHi 306paxeHHs. [IposedeHull hpakmanbHull aHaniz 3a dornomMozow memody Ounamauil nikcenie y asmopchbKil
modugpikauyii. BusHadanuce 3Ha4eHHs1 ¢hpakmanbHoi poamipHocmi (FD) dns momoepachidHux 306paxeHb MO304Ka, CeeaMeHmMo8aHuXx 3i
3HadeHHaMU sickpasocmi 100 (FD, ), 90 (FD,,) ma y dianasoni 100-90 (FD,,, ., abo gopakmarnbHa po3MIpHICMb 306HIWHBE020 KOHMYpY
Mo304Kka) 055 (i020 8epXHbOI ma HUXHBOI YacmoK, WO eK/rYyaroms ¢hiloeeHemuyHo pi3Hi 30HU. OmpumaHi daHi 0bpobnsanu 3a
00110M020K0 3a2anbHONPUUHAMUX cmamucmuyHux memodis. CepedHe 3Haq4eHHs1 FD,, 8epXxHbOi Yacmku MO304Kka cmaHo8usio
1,816+0,005, HuxHbOI Yacmku - 1,855+0,005. CepedHe 3HayeHHs1 FD90 eepxHbOi Yacmku Mo3oyka cmaHosusio 1,734+0,009, HUXHBLOI
wyacmku - 1,768+0,009. CepedHe 3HadyeHHs1 FD,,, . 8epxHbOi yacmku mo3oyka cmarosgusio 1,370+0,009, HUXHboOI Yacmku - 1,431+0,008.
Yci mpu 3Ha4eHHs1 chpakmaribHOI PO3MIPHOCMI HUXHBOI YacmKu, YaCmoYKU SIKOI Maromb MeHWuUl hino2eHemuyHUU 8iK, cmamucmuyHO
3Hadyuwe nepesuwlytoms 6i0noeioHi iMm 3HayeHHs1 chpakmarnbHOI PO3MIPHOCMI 8ePXHbLOI YacmKu, Maome Binbw 8UpaxeHUl KopensuidHul
38'A30K i3 8IKOM MOPIBHSHO 3 8EPXHBOI YacmKor. Po3pobneHul aneopumm O0OCioxKeHHs Moxe 6ymu aukopucmaHuu 0ns1 diagHoCmuKu
cmaHy MOo304YKa 8 sikocmi 000amKog8o20 MOpPOMempuUYHO20 OO0CIOKEHHS rpu npoe8edeHHi MagHIMHO-pe3oHaHCHOI momozpadii
20/108HO20 MO3KY.
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®PAKTAITIbHAA PASMEPHOCTb ®UNOMEHETUYECKU PA3ITUYHbLIX YHACTKOB MO3XEYKA YEINNOBEKA (MO OAHHbLIM
UCCNEQOBAHUA MATHUTHO-PE3OHAHCHbLIX TOMOIPAMM)

Mapbenko H.U., CmenaHeHko A.FO.

®pakmarnbHbIlU aHanu3 8 rnocredHue 200bl 8Ce Yalje UCronb3yrm 8 Kadecmee Mopghomempuyeckoeo memoda, Nno3eosnsouezo
ouyeHuUsamb cmereHb C/I0XHOCMU OpeaHu3ayuu KeasugpakmarbHbIX 6UoI02uU4ecKUX CmpyKkmyp, 8 mom yucrie u Moxedyka. Lenb
uccnedosaHus - onpedenumb 3Ha4YeHuUe thpakmarnbHOU pasMepHOCMU huUI02eHemMUYECKU pasnuyHbIX y4acmKo8 MO3XedyKka nymem
uccredosaHuUsi MagHUMHO-PE30HAHCHbIX MOMO2PaMM 20/108H020 MO32a C MOMOWbio Memoda Ounamayuu rnukcesnel U ebigumb
2eHOepHble U 803pacmHblie 0cobeHHocmu UHOUBUGYanbHOU USMEHYUBOCMU (hpakmarbHOU pasMepHOCMU MO3XedKa U e20 8HeWHeao
nuHeliHo2o KoHmypa. UccriedosaHue rposedeHo Ha 120 Ma2HUMHO-Pe30HaHCHbIX MOMOgpaMMax 20/108HO20 MO32a yC/I08HO 300P08bIX
nayueHmos 8 gospacme 18-86 nem (65 xeHwuH, 55 myx4uH). MiccnedosaHbl T2 838eweHHble momozpaguyeckue Uu3obpaxeHusl.
lMposedeH pakmarbHbIl aHanu3 ¢ noMowbio Mmemoda dunamayuu nukcesnel 8 asmopckoli modugpukayuu. OnpedeneHbl 3Ha4eHUsI
pakmarnbHol pasmepHocmu (FD) 0nsi momozpaghudeckux usobpaxeHull MO3Ke4YKa, Ce2MeHMmMUPOB8aHHbIX CO 3Ha4YeHUsIMU SpKocmu
100 (FD,,,), 90 (FD,,) u e duanasoHe 100-90 (FD,,, ., unu ghpakmarnbHas pasMepHOCMb 6HEWHe20 KOHMmypa Mo3axedka) Ons e2o
gepxHel u HuxHel Oonel, eknoYaoWUX hurnoeeHemuyecku pasnuyHbie 30Hbl. [lonyyeHHble daHHble obpabambiganu ¢ MOMOWbIO
obwenpuHambIx cmamucmudyeckux memodos. CpedHee 3HayeHue FD,,, eepxHel donu mozxedka cocmaeusio 1,816+0,005, HuxHel
donu - 1,855+0,005. CpedHee sHadeHue FD,, sepxHel donu mosxeqka cocmasuno 1,734+0,009, HuxHel donu - 1,768+0,009. CpedHee
3HaueHue FD, ., eepxHel donu moxedka cocmagusio 1,370+0,009, HwkHel donu - 1,431+0,008. Bce mpu 3HadeHUs1 ghpakmarnbHoU
pasmepHocmu HUXHel donu, 00bKU KOmopoU UuMerom MeHblUl ¢hurioeeHemu4eckul 803pacm, cmamucmuyYecKu 3Ha4UuMOo rpesbiiaom
coomeemcmeyujue UM 3Ha4eHuUs hpakmasnbHOU pa3MepHocmu eepxHel Oosiu, ¢ go3pacmom umerom boriee 8bIpaKeHHYH
KOpPerisiyUOHHYI0 C8513b 10 CpasHeHUK ¢ eepxHel donel. PaspabomaHHbil anzopumm uccriedogaHusi Moxem b6bimb UCMONMb308aH
0151 Qua2HOCMUKU COCMOSIHUSI MO3XeyKka 8 Kadyecmee OOrMosiHUMesbHo20 MopghoMempuyecko2o uccriedosaHusi npu nposedeHuu
MagHUMHO-pe30HaHCHOU momoepaghuu 20/108HO20 MO32a.

KntoueBble cnoBa: ¢hpakmarnbHbIl aHanu3, MO3Xe4YOK, Ma2HUMHO-pe30oHaHCHasi momozpaghusi.
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