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Abstract. The purpose of the study is to determine
of sectoral specialization of industrial regions
situation, to understand whether there is a relati
technological specialization of the region
In the study, the criterion for classifying 1
manufacturing industries in the sectoral
more than 30% during 2017-2020. The
methods: statistical analysis, correlation

owing research
rison, contrast,

the level of technological
} in the context of economic
activities for 2018 e degree of industry specialization;
d) the share of cap a ed air pollutants in the total amount of
waste pollutap rces in industrialized regions was

of the main industry and the share of
5 d air pollutants in the total amount of waste pollutants
authors made conclusions that the regions, whose
more high-tech, have a better environmental
the development of high-tech industries can stimulate
production and switch to more environmentally friendly

. This can lead to a reduction in negative environmental
ct and an improvement in the quality of life. In the case of industrialized
a predominant share of metallurgy, it 1s important to undertake

1 Introduction

present, the issue of sustainable regional development attracts much attention of
researchers around the world. Many authors draw attention to the importance of studying this
issue [1; 2]. Of particular interest are industrial regions, which have become the object of
attention due to their industrial specialization. The analysis of the relationship between
industrial specialization, technological level and ecology allows us to identify potential
threats to the environment, as well as to identify areas for improving the environmental
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sustainability of the region [3].
In 1970-1980, scientists paid attention to the impact of environmental factors on the quality
of life of people, when the violation of ecological balance became obvious and the problem
of analyzing the relationship between the quality of life and the state of the environment arose
[4]. Until then, it was believed that economic growth had no limits and was not related to
population size and the use of natural resources. Only at the end of the last century the
connection between ecology, economy and quality of life became clearly visible. The gz
of production was confronted with the limitations of natural resources, which were px
considered inexhaustible. The negative consequences of economic grow
environmental pollution and deterioration of public health, also became clearly visit
the study of the impact of industrial specialization of industrial regions
technological sophistication on the environmental situation is of gre
development of sustainable development strategies and the creation o
sustainable production models [5; 6].

2 Literature Review

to understand the
rategies for their
ecialization, which is the
sfy with their products not

The study of industrial regions of the Russian F
economic processes taking place in the regions a
development. As part of the industrial system, e
concentration on its territory of specific types of i

increase in the concentration of production in certain regions, while
ir importance. The study shows that high concentration of

onomy and the development of new technologies [8].

The study analyzed methodologies for assessing environmental and economic factors of
tainable development. This allowed the authors to develop an algorithm that takes into
ount the peculiarities of the regional context and the specifics of the tasks they face. This
approach allows to obtain more accurate and relevant data, as well as to solve the problems
of sustainable development in a particular region more effectively [9].

E. V. Ryumina in her study analyzes the relationship between environmental indicators
and the quality of life of the population in different regions of Russia. The work applied a
methodology for assessing the environmental characterization of the quality of life of the
population, which includes the assessment of such indicators as environmental safety,
consumption of natural resources, ecological state of the environment, etc. Various
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indicators, factors and variables were used in the work, including the level of environmental
pollution, the level of morbidity of the population, environmental protection costs, etc. The
merit of this study is its relevance and significance in understanding the relationship between
environmental indicators and the quality of life of the population. In addition, the use of
various methods of statistical analysis allowed us to obtain more accurate and objective
results. The drawbacks of the study include the limited sample size of statistical 1ndlcators

In addition, the methodology of environmental characterization of the population's qua
life can be subject to subjective perception and assessment [10].

V. S. Tikunov and S. K. Belousov emphasize their attention on the study of ang
factor impact on the natural environment in different regions of Russia.
methods of integral assessment and mapping, including analysis of geogr;
system data, mathematical modeling and statistical data analysis.
anthropogenic impact assessment on the natural environment wa

Opogenic

emissions into the atmosphere from stationary sources a
untreated and insufficiently treated wastewater, productio
not been recycled or neutralized, etc. The merit of this
for understanding the impact of anthropogenic fac
regions of Russia. In addition, the use of various ods of integral assessment and mapping
allowed to obtain more accurate and objective re

M. Tengiz in his study analyzes the energy
context of sustainable development Th ds of system analysis and
odology of energy security
igators such as energy consumption,
energy - consumption structure, as well as
missions of harmful substances and level of

assessment. The study indicators were
production and import of energ

environmental pollution. & i s used were data on the country's economic
development, level of g gy sector, availability and development of
renewable energy s cicncy measures. The advantage of this study is the
use of a systemal economic and mathematical modeling, which allows taking

into account allables when assessing the energy security of the territory.
The author' be adapted to other countries and territorial structures. The
include the limited number of used indicators and factors, which
11 aspects of energy security of the territory [12].

nsiders the algorithm for assessing the level of sustainable development of
used the methods of economic analysis, mathematical statistics and
ology in the study is to determine the index of sustainable development
d on the analysis of economic, social and environmental indicators. The
is study is its comprehensive approach to assessing the sustainable
xt of the region, as well as the use of various methods to achieve this goal. The
dlsadvantages include the lack of a sample of regions for approbation of the study [13].

J. Benedek, K. Temerdek-Ivan, I. Torok, A. Temerdek, and 1. Holobaca focus their
earch on assessing local and regional progress in achieving the Sustainable Development
Goals (SDGs) in Romania. Holobaca focuses on assessing local and regional progress in
achieving the Sustainable Development Goals (SDGs) in Romania. The paper used an
indicator approach, which allows measuring and analyzing progress towards the SDGs based
on specific indicators. Various indicators such as poverty, health, education, economic
growth, energy efficiency and others were used to assess the progress towards the SDGs. In
addition, data on the socio-economic development of Romania's regions, as well as on the
measures taken to achieve the SDGs were used in the paper. The advantage of this study is
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the use of an indicator approach, which allows measuring and analyzing the progress in
achieving the SDGs based on specific indicators. Also, the use of data on the socio-economic
development of the Romanian regions allows taking into account local characteristics and
needs when assessing progress towards the SDGs. The shortcomings of the work include the
limited number of indicators and factors used, which may not allow to fully cover all aspects
of progress towards the SDGs [14].

D. V. Bobin's research is devoted to the assessment of energy efficiency of g

the environmental situation in the regions. The work used the indicators
economic, social and environmental subsystems. Thus, the set of initi

attributes grouped by three factors. The advantage of this study is t
optimization method, which allows taking into account several indi

the presence of omissions in observations for one dimensi
establish the values of some indicators for a number o

The conducted literature research allowed us
definition of environmental and economic factor
the same time, this study has emphasized th
specialization and determination of the level of th
understand how these factors affect thg
becomes relevant to study the issue
assessing the level of their technologica
this level on the environmental si

per analysis of regional
sophistication in order to

specialization of regions and
g, as well as to identify the impact of
s¢ regions. Further research in this area may
elopment strategies that take into account the
and environmental aspects of regional

“Wstatistical analysis, correlation analysis, comparison, contrast, coefficient
calculation. In the study, the criterion for classifying regions as industrialized is the share of
nufacturing industries in the sectoral structure of gross value added of more than 30%
ing 2017-2020. The research algorithm included the following stages:
1)Types of economic activities (FEA) were presented in accordance with the structure of
the volume of shipped products (works, services) by the type of economic activity
«Manufacturing industries». Grouping of FEAs by the level of technological development
was carried out

2)The share of the volume of shipped products (works, services) by type of economic
activity «Manufacturing industries» in the context of FEA for 2018, 2022 was analyzed. The
results of this stage made it possible to determine the dynamics of changes in industry in
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various sectors of the economy.

3)The degree of industry specialization was analyzed, which are calculated as coefficients
of industry specialization.

4)The share of captured and neutralized air pollutants in the total amount of waste
pollutants from stationary sources (conventional designation for this indicator is CO;) in
industrialized regions was analyzed.

5)Based on the calculated coefficients of specialization by FEA, as well as taking
account the environmental component, a correlation table was presented, which ref
relationship between the level of specialization of the main industry and the share
and neutralized air pollutants in the total amount of waste pollutants from stati

4 Results

Based on the presented research algorithm, the types of ec
presented in accordance with the structure of the volume
services) by type of economic activity «Manufacturing j
designations are introduced:

— production of coke and petroleum products j
«manufacturing industries» (X1);

— production of other non-metallic mineral pr
«manufacturing industries» (X2);

(X3);
—repair and installation of machi ipment in % of economic activity
«manufacturing industries» (X4).
— production of chemical
used for medical purposesd

ducts, production of medicines and materials
tivity «manufacturing industries» (X5);

¢ dynamics of the share of the volume of shipped products (works,
economic activity «manufacturing industries» by FEA for 2018, 2022.

nomic activity «manufacturing industries» by FEA for 2018, 2022, in percent

Sum of
X1-X7 of
Regions Years X1 X2 X3 X4 XS5 X6 X7 the total
number
of FEAs
2018 258 36 | 192 | 24 86 | 134 | 53 783
) 2022 23,7 39 | 217 | 21 106 | 96 5,1 76,7
Russgn Change
Federation 2022 to 2,1 03 2,5 0,3 2 38 | -02 1,6
2018
Tula rei 2018 2 41 | 407 | 08 | 221 2 41 75,8
i region 2022 1.6 42 | 372 0,6 | 202 8,3 37 75,8
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Change
2022 to 04 0,1 35 0,2 1,9 6,3 0,4 0
2018
2018 1,2 1,7 60,6 0,9 19,4 1,7 0,3 85,8
Vologda 2022 2,1 2,1 53,1 0.9 27,7 1,4 0,8 88,1
region Change
2022 to 0,9 0,4 -71,5 0 8,3 0,3 0,5 23
2018
2018 8
2022 9.4
Ir(Caling: Change
& 2022 to 1,4
2018
2018 2,8
Krasnoyarsk 2022 3.1
region Change
2022 to 0,3
2018
2018 1,8
. 2022 1,3
Lipetsk >
repgi on Change
2022 to -0,5
2018
2018 0,8
2022 1,1
Ncr)g g%(::d Change
2022 to 0,3
2018
2018 76,3
Omsk 2022 28,6
region Change
2022 to -47,7
2018
2018
Viadimir 2022
region Change
2022 to
Chelyabinsk 22 3 10,4 2,6 89,7
reeen 0 -0,3 1,2 -0,4 0,2
43 62,7 2,1 4,1 12,4 4 91,6
4,9 61,6 2,6 4.8 10,4 4,3 90,7
0,6 L1 0,5 0,7 2 0,3 -0,9

2018, the share of the volume of shipped products of FEA X1-X7 in the
ussian Federation decreased by 1.6%, to a greater extent this is due to the

1 — production of coke and petroleum products. The largest growth is demonstrated by FEA
3 — metallurgical production (2.5%). At the same time, FEA X1 has the largest share in the
sucture of the RF industry — 23.7% in 2022. The largest share in the industrial structure of
the Tula region is occupied by FEA X3 — metallurgical production (37.2% in 2022). The
largest increase was recorded in FEA X6 — production of machinery and equipment and
amounted to 6.3% in 2022. In general, the share of the volume of shipped products of FEA
X1-X7 in the economy of the Tula region in 2022 retained its 2018 values. In the Vologda
region, the largest share in the structure of industry is recorded in FEA X3 — metallurgical
production and amounts to 53.1% in 2022. In general, since 2018, the share of the volume of
shipped products of FEA X1-X7 in the economy of the Vologda region increased by 2.3%
The Kaluga region is characterized by a high share in the structure of FEA X6 industry —
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mechanical engineering (15.9%). In general, the share of the volume of shipped products of
FEA X1-X7 in the regional economy in 2022 shows a decrease by 14.7%. In Krasnoyarsk
region, the largest share in the industrial structure is recorded in FEA X3 — metallurgical
production and amounts to 74.2% in 2022. Overall, since 2018, the share of the volume of
shipped products of FEAs X1-X7 in the Krasnoyarsk region economy has decreased by 1.1%.

The largest share in the industrial structure of the Lipetsk region is occupied by FEA X3 -
metallurgical productlon (62 2% 1n 2022) In general the share of the volume of sh

11.6%. In the Omsk region the largest share in the structure of indus
X1 — production of coke and petroleum products and amounts to 28.

production of computers, electronic and optical products (
is the only reglon that has a change in dornlnant indust

a decrease of 2.7%. The largest share in the indu
occupied by FEA X3 — metallurgical production
volume of shipped products of FEA X1-X7 in t he Chelyabinsk region in
2022 shows an increase of 0.2%. In the rgest share in the structure
of industry is recorded in FEA X3 — mel gica and amounts to 61.6% in 2022.
In general, since 2018, the share of the e-0l Bhinped products of FEA X1-X7 in the
regional economy decreased b

the Chelyabinsk region is
n general, the share of the

share of the volume of shi
— 6 regions (Krasnoyar

tion of coke and petroleum products, stand out. Thus, to a greater extent the
ialization of industrial regions is represented by metallurgical industry. It is these
industries that belong to the medium-technology low-level manufacturing industry.
To determine how much the region is specialized in a particular industry compared to the
rage value in the Russian Federation, the degree of industry specialization is analyzed,
which is calculated as a coefficient of industry specialization [16].

The coefficient of specialization of the region in a particular industry is calculated by the
formula:

<
<

KSir = gz 0,

GDP
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KSir (Specialization coefficient) - specialization coefficient of the i-th industry in the region r;

Vr (Volume of production in the region) - volume of production of a particular industry in the region;
Ve (Volume of production in the country) - volume of production of a particular industry in the country,
GRP - volume of gross output in the region r;

GDP - volume of gross output in the country.

Thus, the specialization coefficient assesses the degree of specialization of the reg
the industry sector relative to the average for the Russian Federation.

To determine the level of specialization of the manufacturing sector in the
industrial production of industrial regions, the corresponding specialization ¢
calculated (Table 2).

ture of

Table 2. Specialization coefficient of manufacturing industries in the industig
regions for 2018-2022.

Ne Regions 2018 2019
1 Tula region 2,133 2,194
2 Vologda region 2,276 2,232 2,496
3 Kaluga region 3,310 2,660
4 Krasnoyarsk region 1,028 1,103
5 Lipetsk region 2,533 2,957
6 Novgorod region 1,570 2,007
7 Omsk region 1,127
8 Vladimir region 1,941
9 Chelyabinsk region 1,743 2,024 1,989
10 Sverdlovsk regi 1,612 1,614 1,610 1,699
Source: calculated by the author: egions of Russia. Main characteristics of the subjects of
the Russian Federati tate Statistics Service, 2023. URL:

https://rosstat.gov.ru/storage/

value in ion (1.103). All industrial regions demonstrate a high specialization
coeffici

6t imum, average and minimum values) is presented in Figure 1.
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Fig. 1. Dynamics of the specialization ratio for industriald

recorded in the Kaluga region, in 2022 the hlghe
Lipetsk region. The minimum value forh
region. The average value is calculated

The analysis of the dynamics of the s

n of this group of regions.
ficient of manufacturing industries

shows the following: in 2022 com ared td 5, a dectease in the specialization coefficient
was recorded in two reg1 va and Omsk regions (by 0.649 and 1.515
respectively). The remaj s are characterized by an increase in the

specialization coefficiés { mpaied to 2018. The largest increase in the
specialization coef] ; in the Novgorod region and amounts to 0.438. The
no the analysis: in the period from 2018 to 2022, the highest
ded in the Kaluga region in 2018 and amounted to 3.310,
value of 2.957, in the Omsk region in 2018 with a value
in 2022. with the value of 2.534, in the Vologda region in 2022

gions have high specialization coefficients in the manufacturing industry.
presents a graphical interpretation of the share of captured and neutralized air
pollutants in the total amount of waste pollutants from stationary sources in industrialized
gions (in terms of maximum, average and minimum values)
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Source: compiled by the authors
Fig. 2. Dynamics of the share of captured and neutral
pollutants from stationary sources for industrialized regi

The maximum value of CO; for the 8 018 to 2022 was recorded in the Omsk

The average value is calculatg i 1ic mean of this group of regions.
The analysis of CO, dy s the following: in 2022 compared to 2018, a

0.6 percentage points#ép.p: HiC Kaluga®iCgion by 24 p.p., in the Lipetsk region by 7 p.p.,
, in the Novgorod region by 25.2 p.p., in the Krasnoyarsk
gion by 2.5 p.p. The remaining industrialized regions are
alue of CO;, in 2022 compared to 2018. The largest
recorded in the Chelyabinsk region and amounts to 2.3 p.p.

alized air pollutants in the total amount of waste pollutants from
able 3).

. Interrelation of sectoral specialization of industrial regions and ecology*

Regions and 2018 2019 2020 2021 2022 Correlation
their sectoral coefficient
specialization | gsir | €O, | KSir | CO, | KSir | €O, | KSir | €O, | KSir | €O,
Tula a "1 36 | 785 | 38 | 872 | 48 | 838 | 44 | 776 | 43 | 90 | 0019
Vologda 58 85.4 5.5 62,8 57 68,7 6,7 67,6 6,1 71,4 -0,0247
region / X3
Kaluga 92 | 879 | 93 | 621 | 84 | 625 | 79 | 605 | 44 | 639 0,3132
region / X6
Krasnoyarsk | =35 | 734 | 39 | 683 | 43 | €93 | 37 | 659 | 38 | 707 -0,4975
region / X3
Llpetsk 72 82,1 6,4 79,0 6,4 83,5 8,2 86,1 8,5 75,1 -0,1844
region / X3

10
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Noveorod |57 L oed | ss | 742 | 58 | 749 | 93 | 734 | 98 | 709 | -05057
region / X5
Oms/k;;glon 9.1 932 8,3 91,5 74 90,8 6,5 89,9 1,4 90,7 0,5252
Vl_adlmlr 38 16,1 32 15,7 2,9 16,5 3.2 15,8 43 15,5 -0,6013
region / X7
Chelyabinsk | | g50 | 49 | 812 | 45 | 804 | 59 | 846 | 56 | 843 | 09840
region / X3
Sverdlovsk 43 88.9 41 88,7 42 89,8 4,6 89,6 4.8 90,3
region / X3

* KSir — denotes the calculated coefficient of specialization by FEA of the region with the largest vo
shipped products. CO2 — symbol of statistical indicator of the share of captured and neutralized air p€
total amount of waste pollutants from stationary sources (in percent).
Source: compiled by the authors

The interpretation of the results of the obtained value of the corr:
carried out in accordance with the value of Pearson's R, which

trial regions have a strong
direct correlation with the share of captured an pollutants. The greatest
positive impact on the environment is r orded in:
products production shows a high and e corre ith the share of captured and
neutralized air pollutants; Chelyabin: dlovsk regions, where metallurgical

production has a very high positive correls

cutralized air pollutants (it should be noted that
due to the fact that the region specializes not only in

s whose production specialization is more high-tech have better environmental
cond1t1ons High-tech industries tend to be more environmentally friendly for several reasons.

irst, they often use resources more efficiently due to advanced technologies and production
cesses. For example, the use of advanced energy and materials management techniques
can significantly reduce waste and energy consumption. Second, high-tech industries are
often focused on innovation in environmental sustainability. This may include the
development and implementation of new materials, processes, and technologies that are less
stressful on the environment. Thus, the development of high-tech industries can encourage
regions to diversify production and move towards more environmentally friendly production
methods. This can lead to a reduction in negative environmental impact and an improvement
in the quality of life. In the case of industrialized regions with a predominant share of

11
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metallurgy, it is important to undertake measures to update production processes and
introduce environmental innovations. This may include modernization of equipment,
introduction of waste recycling methods, use of cleaner and more efficient production
technologies, and training of personnel in new working methods. Such efforts can not only
reduce the negative environmental impact, but also help improve the competitiveness of
regional enterprises by increasing production efficiency and reducing resource costs.
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