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Abstract. The neural network analysis of physical education
and sports in the regions of Russia is carried out with the help of
multidimensional statistical data of the Ministry of Sports of the
Russian Federation. The research tool for data clustering was
neural networks implemented in the analytical package Deductor
- Kohonen self-organizing maps (SOM). The distribution of
Russian regions by five clusters is obtained. It is shown that there
is an uneven development of sports infrastructure. The regions
with the highest development rates are identified. The results
obtained are of practical importance for the strategic planning of
the development of physical education and sports essential for
improving the quality of human capital and ensuring the
economic security of the country.
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I. INTRODUCTION

One of the priority tasks of economic reforms in the
Russian Federation is to ensure the economic security of the
country [1], including the development of the sports industry.
In the modern world, sport plays a significant role in the
economy, politics and public life of different countries, its
share in the GDP of developed countries reaches 3% [2].
According to international organizations, sport is an effective
resource for economic development [3], contributing to an
increase in human capital being one of the key indicators of
national  security and sustainable  socio-economic
development [4]. The innovative development of the Russian
economy implies a quantum leap towards increasing the
weight of human capital in the socio-economic activity of the
regions. One of the characteristics of human capital is a
healthy lifestyle, which ensures the longevity of the country's
population. At the same time, it is essential to create
conditions for the development of physical education and
sports in order to attract population to regular mass physical
education and sports.

At present, the industry of physical education and sports
has greatly developed as an extensive industry of
entrepreneurial activity [5-7]. In the Russian Federation and
abroad, many commercial physical education and sports
organizations continue to be created: physical education and
health clubs and associations, fitness centers, shaping clubs,
massage centers, gyms and other facilities. Improving
competitiveness in the sports field as a special area of
innovation and entrepreneurship, as well as training highly
skilled athletes, are among the priority areas for the
development of physical education and sports in the regions
of Russia [8, 9]. Business in sports is socially significant. It
stimulates and satisfies the essential needs of the country's
population, contributing to an increase in the quality of
human capital, and, consequently, to the economic security
of the Russian Federation.

Physical education and sports offer a whole industry of
sports and entertainment events. From a business
perspective, this refers to promising investment incentives
[10]. Physical education and sports not only support and
improve people's health, but also improve technical and
innovative approaches to the organization of sports events
and the construction of sports facilities.

To make managerial decisions, it is relevant to analyze
the dynamics of the development of the sports sector in the
regions of Russia, including their differentiation according to
the level of innovative activity in the sports infrastructure.

Il. MATERIALS AND METHODS

The dynamics of the activity of the regions of the Russian
Federation in physical education and sports was studied
based on statistical data for the period 2013-2017. The
research is based on indicators for the regions of Russia
presented on the official website of the Ministry of Sports of
the Russian Federation [11]: X1 - sports facilities (units); X2
— human resource (people); X3 - the number of people
involved (%); X4 - percentage of the standard sports facility
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acceptance rate (FAR) (%); X5 - sports titles (units); X6 - Voronezh B B B B B
mass categories (units). Region

To analyze the six-dimensional space of input data, Ivanovo Region D D E D E
promising information technologies were used based on Kaluga Region I B B B D
neural network modeling methods. These methods relate to Kost
the technology of data mining [12], are characterized by the ostroma E C D C D
absence of model limitations and are used for large volumes Region :
of heterogeneous statistical data. In this study, neural Kursk Region E Cc D C C
networks based on Kohonen self-organizing maps (SOM) Lioetsk Redi E B D
[13-20] and implemented in the Deductor analytical Ipets eglc')n c c
software package were selected as a research tool. The Moscow Region | A A A A A
Kohonen SOM feature is that during data clustering [21, 22] Oryol Region D E E E E
only the values of the input variables are needed in the -
training data to create them. The training of such neural Ryazan Region E C D C C
networks is based on algorithms that provide projection of a Smolensk
multidime_nsional space of input data while preserving the Region E ¢ ¢ E D
topology in the elements of the output layer. The output layer Tambov Region C B B B D
of neurons, most often, has a dimension of 2 and is called a _
topological map layer. In this case, the input data vectors are Tver Region B C C E Cc
pla}ced on the_ neurons of the topological map so that the Tula Region D D D E D
points of multidimensional space that are close to each other -
are closely distributed neurons on the topological map. Yaroslavl Region | E C D D C

1.  RESULTS AND DISCUSSION Moscow AJALTALTALA

As a result of neural network modeling, all regions of the Karelia Republic | E E D E D
Russian Federation were distributed across five clusters. Komi Republic E E D E D
Table 1 shows the dynamics of the number of regions of the Nenets
Russian Federation in clusters. _ Autonomous E E D E E

Table I. Dynamics of distribution of regions by clusters District
for 2013-2017 Arkhangelsk

Region D D

Cluster Year | 2013 | 2014 | 2015 | 2016 | 2017 Vologda Region D D E D D

A ) 12 10 9 5 gali_ningrad D E D

B 16 | 15 | 14 | 17 | 14 €gion

c 8 | 24 | 19 | 14 | 26 Leningrad p|D|c|D]|cC

D 23 | 15 | 26 | 19 | 24 Meg'on -

E 28 | 19 | 16 | 26 | 16 Re”rir;‘r"]‘”s D | D|D|D|C
Source: the author’s product - the result of neural network N g g
modeling based on data from the Ministry of Sports of the Rov_goro E E D E D
Russian Federation [11] egion -

Analysis of the data in Table 1 shows that the number of Pskov Region D E E E D
regions in clusters for the period 2013-2017 varies Saint Petersburg A A A A A
significantly. 44 regions were in cluster A, 76 regions were .
in cluster B, 91 regions were in cluster C, 107 regions were Adygea Republic | E E D E D
in cluster D and 105 regions were in cluster E. This suggests Kalmykia E D D D E
that for five years the total the number of regions of the Republic
Russian Federation included in cluster§ A, B, and C is Crimea Republic i D E D E
comparable to the total number of regions that made up
clusters D and E. Krasnodar Krai A A A A A
A detailed distribution of Russian regions by cluster is éstr_akhan E C D C C
presented in Table 2. Vegi]lon g

RO gogra B| A | C | D]| B

Table 1l. Dynamics of distribution of regions of by €gion _

clusters for the period of 2013-2017 Rostov Region A A A A B
Subject of the 2013 | 2014 | 2015 | 2016 | 20 Sevastopol - E E D E
Russian 1 14 15 1 17

. Dagestan
Federation _ Republic D D C C C
Belgorod Region C B B B D Ingushetia b b E b
Bryansk Region D E E E E Republic
Kabardino- D C

Vladimir Region C B B B C
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Balkar Republic Eemerovo B A B B B
Karachay- cgion _
Cherkess D |l E| D|C| C E‘OYOS'b'VSK Bl clclbplec
Republic egion
ja— Omsk Region B B B B B
North Ossetia : E c D D E g :
Arl1amf? Republic Tomsk Region D D E E E
Chechen :
. E C D C C Sakha Republic
Republic ' (Yakutia) E C D C C
Stavropol Krai b b C D B Kamchatka Krai D E E E D
gz;zi?iﬁosm AlAl|l Al AlsB PrimorskyKrai | E | C | D | D | C
Mari EI Republic C B B B C Khabarovsk Krai B B B B D
Mordovia Amur Region D E E E D
- C B B B D
Republic Magadan Region | D E E E D
Tatarstan - -
Republic A A A A B Sakhalin Region E C D C C
UdmurtRepublic | B | C | ¢ | E | C Jewish
Chuvash Autonomous D E E E E
Republic C B B B D Region
PublC_ Chukotka
Perm Kral D D c E B Autonomous E E D E E
Kirov Region E C C E C Region
Nizhny Source: the author’s product - the result of neural network
Novgorod B A C C B modeling based on data from the Ministry of Sports of the
Region Russian Federation [11]
- Table 2 shows that during 2013-2017 some regions of
Orenburg Region B B ¢ B D the Russian Federation remained in the same clusters,
Penza Region B B B B D forming the so-called “cluster nuclei”. In this case, the
Samara Region B c I D C formation of nuclei with an unchanged composition of
- certain regions is observed only in clusters A and B. Such a
Saratov Region E c c E D nuclues of cluster A consists of 5 regions: Moscow, St.
Ulyanovsk E c c c c Petersburg, Krasnodar Krai, Moscow and Sverdlovsk
Region Regions. The nucleus of cluster B consists of two regions:
Kurgan Region C B B B D Voronezh and Omsk regions. In this case, the Republic of
Sverdiovsk Bashkortostan, the Republic of Tatarstan and the Rostov
Region A A A A A Region gravitate towards the nucleus of cluster A, and the
Khanty-Mansi Penza, Kemerovo, Tyumen regions and Khabarovsk Krai
Autonomous E c C C B gravitate towards the nucleus of cluster B.
District - Yugra Table 3 shows the dynamics of the average values of the
Yamalo-Nenets development of the sports sector in the regions for 2013-
Autonomous E C D C C 2017. .
District Table Ill. Average values of development of physical
- education and sports in regions and total average values for
Tyumen.Reglon B B B B C 2013-2017
Che!yablnsk B A A A B vear | Cluster Indicator
Region X1 X2 X3 X4 X5 X6
Altai Republic D D E E E A 3011 2537 | 31.75 | 4891 | 60 | 41039
; B 4733 | 5383 | 29.84 | 3258 | 171 | 21803
ggg{ﬁ'ﬁ: E C C E C g ¢} 9403 | 14042 | 30.00 | 27.32 | 421 | 38693
- ~ D 1923 | 2476 | 19.38 | 2894 | 57 | 8001
Tuva ReP”b“C E E D B D E 1667 | 2192 | 28.94 | 29.04 | 55 | 9600
Khakas_5|a E E D E c RF Average 3204 | 4061 | 26.84 | 31.44 | 114 | 17344
Republic A 8602 | 12237 | 31.15 | 27.81 | 192 | 27866
Altai Krai B B C D B - B 3727 | 3447 | 3329 | 4341 | 44 | 33990
Zabavkalsk 2 C 2442 | 3409 | 29.75 | 27.09 | 52 | 13151
Krai YREsy D E D E E o D 2216 | 3030 | 21.16 | 22.66 | 36 | 8611
Krasnovarsk E 1225 | 1267 | 2520 | 3567 | 15 | 5745
Krai 4 B C A c B RF Average 3255 | 4116 | 28.04 | 3121 | 59 | 16449
- A 9409 | 14162 | 3354 | 29.42 | 472 | 31527
Irkutsk Region b E E &4 B 3868 | 3534 | 36.41 | 4515 | 77 | 30730

140




ATLANTIS

PRESS
c 3696 4630 31.28 | 28.01 | 118 | 21069
D 1486 2058 32.40 | 29.06 49 7225
E 1546 1823 21.64 | 31.00 41 5533
RF Average 3316 4256 3092 | 31.88 | 117 | 16732
A 10473 | 15192 | 36.49 | 46.64 | 318 | 44541
B 3734 3377 38.45 | 69.09 56 28855
§ C 2472 3842 37.13 | 40.73 51 12008
o D 2656 3486 27.66 | 34.45 75 11229
E 1851 2096 29.91 | 55.75 34 9206
RF Average 3423 4337 33.00 | 50.89 80 17791
A 11603 | 20839 | 39.90 | 40.44 | 351 | 52622
B 6946 7246 37.96 | 56.96 | 114 | 24713
E Cc 2478 3213 37.50 | 44.88 59 14841
o D 2583 2379 36.23 | 69.97 34 14816
E 1476 1819 26.12 | 43.42 28 4768
RF Average 3592 4416 35.22 | 53.42 72 16786

Source: the author’s product - the result of neural network
modeling based on data from the Ministry of Sports of the
Russian Federation [11]

The graphs give a clear picture of the dynamics of the
average values of some indicators for clusters and the
corresponding average values of indicators for all regions of
the Russian Federation (Fig. 1, 2).
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Fig. 1. Dynamics of sports faclities in 2013-2017 (units)

Figure 1 shows that the number of units of sports
facilities exceeds their total national average only in the
regions of clusters A and B. Moreover, there is an increasing

dynamics of infrastructure facilities in the country.
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Fig. 1. Dynamics of population engaged in physical
education and sports in 2013-2017 (%)

Figure Il shows the growth of the population involved in
physical education and sports in the regions of clusters A -
D and throughout Russia, with the exception of the regions
included in cluster E.
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IV. CONCLUSION

The significant differences in cluster sizes and their
changing trends were revealed, which reflect the uneven
activity of the Russian regions in the field of sports. The
regions that are promising in the development of sports
infrastructure are identified. These are the regions of the
Russian Federation that are included in clusters A and B.
Other regions are placed in clusters with indicator values at
or below the total average indicators for the Russian
Federation. In such regions, the growth and improvement of
sports infrastructure will help to increase their socio-
economic development.

In modern conditions, to improve the quality of human
capital and ensure competitiveness in the sports field, the
priority areas for the development of physical education and
sports in the regions of the Russian Federation include: a)
attracting the country's population to regular physical
education and mass sports; b) the preparation of a sports
reserve [23]; c¢) further development of elite sports; d)
improving the personnel policy in the field of physical
education and sports; e) further development of sports
infrastructure using public-private partnerships.

The results of this study can be used for strategic
planning of the development of regions. Mass sports and
elite sports are actively developing in the Russian Federation,
and their economic importance is increasing. This will entail
improving the quality of human capital, stimulating the
innovative activity of the regions in the field of sports and
strengthening the economic security of the country.
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