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TECHNOLOGY SCIENCES 
 

Perliouk V.V., Mastalieva V.A. 

 

MEANS OF INTELLECTUALIZATION 
IN THE FIELD OF CLOSED 

ECOSYSTEM PARAMETERS 
CONTROL 

 
 

Perliouk V. V., PhD, Associate Professor of the St. 
Petersburg State University of Space Instrumentation. 

Mastalieva V. A., Master student of the St. Petersburg State 
University of Space Instrumentation. 

 
 
Abstract 
The possibility of using the means of intellectualization on the 

example of neural networks in the framework of the functioning of the 
closed ecosystem parameters control system to ensure its sustainable 
functioning in extreme conditions is considered. The paper proposes to 
use the apparatus of artificial neural networks in order to achieve the 
maximum function, also provides a General view of the algorithm of 
genetic tuning, presented in the form of five stages. 

Keywords: closed ecosystem, means of intellectualization, 
genetic algorithm, genetic processes, apparatus of artificial neural 
networks. 

 
The study of the functioning of self-regulating biological systems 

is the basis for assessing their adaptive capabilities in normal and extreme 
situations. The relevance of this work concerns not only terrestrial and 
marine ecosystems, but also systems in space at the ecological and 
organizational levels. A special role here belongs to phytoplankton 
Biosystems (algae), which in space can become a source of renewable 
oxygen and food. In the future, they can become a part of bio-production 
complexes for the production of medicines, dyes, composite materials, 
etc. The main advantages of algae over higher plants are that they are 
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better adapted to weightlessness. This is due to the fact that they consume 
less light when they are in water. They can also be frozen for a short time 
during transportation and delivered, for example, to orbit in a more 
compact form. 

The most appropriate way to explore outer space is to create 
long-term life-support structures, i.e. artificial closed ecosystems that 
include humans and other biological components. Based on this, it is 
necessary to carry out the regeneration of consumable substances (for 
example, water), recycling of waste from the crew and processes of some 
systems of the spacecraft, in order to then use these substances to reduce 
the consumption of initial reserves. Ideally, it should be a complete cycle 
of substances. However, this solution will be appropriate and feasible 
only for large expeditions lasting 2-3 years. The main role in creating a 
cycle of substances in such expeditions is assigned to biosynthesis. The 
functions of providing the crew with water, oxygen and food, as well as 
processing metabolic products and maintaining the parameters of the 
environment are assigned to the life support systems. 

The greatest difficulty here is solving the problem of maintaining 
the stable functioning of a closed ecosystem. This is due, on the one hand, 
to the significant influence of external factors, which are often difficult to 
measure. On the other hand, a closed ecosystem, like any biological 
object, usually has a large number of difficult-to-formalize objects and 
processes in its composition. 

 
1.Statement of the problem 
The way out of this situation can be the introduction of an 

artificial neural network into the control loop of a closed ecosystem (see 
figure 1). In this case, an artificial neural network assumes the function of 
an adaptive intelligent control device for a system with insufficiently 
represented structure and parameters (a weakly structured system).  A 
large number of modern studies have been devoted to the practical 
application of such self-adjusting systems [1]. 

 

 
 
Figure 1. The scheme of inclusion of an artificial neural network 

in a control channel of a closed ecosystem. 
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The most frequent use of data processing methods based on 
artificial neural systems is reflected in the optimization of functions with a 
large number of parameters [2]. In our case, to control the state of a 
closed biosystem, the following parameters are measured: 

- Temperature of air and water parts  
-Percentage of oxygen in the air part of a closed ecosystem  
-Percentage of dissolved oxygen  
-Percentage of carbon dioxide in the air part of a closed 

ecosystem  
-Percentage of dissolved carbon dioxide 
-PH level - in the water part of a closed ecosystem 
-The level of light falling on a closed ecosystem 
-Turbidity of the water part of a closed ecosystem 
 
The following parameters can be considered as control 

parameters:  
- Temperature of air and water parts 
- Level of external light flux 
 
Most of the applied tasks on the use of artificial neural systems 

can be formulated as the search for an optimal solution, which in turn 
depends on several input parameters and is a complex function. But 
sometimes there are situations when the exact optimal solution is not 
required – it can be considered a value that is better than some specified 
parameter. This is the task of managing a closed ecosystem, in which it is 
necessary to ensure the maintenance of sustainable functioning, which 
excludes the system from entering a critical state, in which irreversible 
changes will occur (the death of biological objects). In this case, artificial 
neural systems are the most commonly used method for finding the 
optimal values of control actions for a difficult-to-formalize system, 
which certainly includes a biological system . The advantage of using an 
artificial neural system is that it is possible to manipulate several 
parameters at the same time [3]. This advantage can be used for 
intellectualization in the field of controlling parameters of a closed 
ecosystem. 

The optimization goal of the study in this case is to find the most 
likely and at the same time the most "good" solution to the problem 
according to one or more criteria. To implement this algorithm, you must 
first determine the appropriate structure for representing these solutions. 
This algorithm cannot guarantee finding optimal solutions and does not 
evaluate the proximity of the solution to the optimum, but has a good time 
indicators, enabling you to find a good enough solution faster than other 
algorithms. 
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In the research conducted by the authors, the Pathfinder software 
system was used as the main tool for intellectualizing the closed 
ecosystem management system. The Pathfinder neural network system is 
designed to facilitate the transition to using neural networks.  Neural 
networks are a very powerful tool for data modeling. Pathfinder uses an 
interface with Microsoft Excel to simplify data processing. Let's take a 
closer look at the main theoretical ideas that are implemented in it. 

 
1. The Main idea of neural network training in the management 

system. Network structure 
Neural networks use a set of processing elements (or nodes) 

similar to neurons in the brain.  (Hence the name, neural networks.) These 
processing elements are interconnected in a network that can then identify 
patterns in the data as they are received.  In a sense, the network learns 
from experience in the same way that people do.  This distinguishes 
neural networks from traditional computing programs that simply follow 
instructions in a fixed sequential order. 

The structure of the neural network looks like this (see figure 2): 
The bottom layer is the input layer, in this case with 5 inputs 

marked from X1 to X5.  In the middle is what is called a hidden layer, 
with a variable number of nodes.  This is the hidden layer that does most 
of the network's work.  The output layer in this case has two nodes, Z1 
and Z2, representing the output values that we are trying to determine 
from the input data.  For example, determine the temperature and light 
level (output) necessary for the stable functioning of the biosystem based 
on the readings of temperature, light, and hydrogen index (pH) sensors 
(input). 

 
 
 
 
 
 
 
 
 
 
 
 
       
            
 
 

Figure 2. Structure of the neural network. 
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Each node in the hidden layer is fully connected to the inputs.  

This means that what is learned in the hidden node is based on all the 
input data analyzed together. At this hidden level, the network studies the 
interdependencies in the model.  Simply put, the weighted sum of the 
output signal is executed: X1 times W1 plus X2 times W2 through X5 
and W5.  This weighted sum is performed for each hidden node and each 
output node, and is a way to represent interactions in the network. 

The values of weights in the neural network are output using a 
learning algorithm.  There are several approaches used in neural 
networks, one of them is the reverse propagation algorithm. Using reverse 
propagation, the neural network learns through an iterative procedure - 
through an example.  The network repeatedly shows examples of the data 
being studied and makes adjustments to the weights to better match the 
model (reduce the model error).  This process is repeated thousands of 
times.  The user controls training by adjusting the number of data points 
displayed at any given time (the number of observations), the size of 
weight adjustments (the speed of training), and the number of parameters 
in the network (the number of hidden nodes). 

 
1. Example of using the Pathfinder Neural Network System™ to 

manage parameters of a closed ecosystem 

The task includes analysis of the stable functioning of a closed 
ecosystem, in which it is necessary to build a model to predict its daily 
peak value (peak) of the required level of illumination, taking into 
account biological cycles over time. the program will be used as a 
software tool for modeling the artificial neural network PathFinder Neural 
Network System™ [4]. 

One week is taken as the study duration of the system 
development. As input data, we will use temperature, illumination, and 
the pH of the water environment.  The variable names and descriptions 
used in the program are listed below:  

Peak-hourly peak light demand per day (in suites)  
MINT-hourly minimum temperature for the day under study 

(degrees F)  
MAXT-hourly maximum temperature for the day under study 

(degrees F) 
DOW_N1-Sunday (0 = No, 1 = Yes), DOW_N2 -, DOW_N3-

Tuesday, DOW_N4-Wednesday, DOW_N5-Thursday, DOW_N6-Friday, 
DOW_N7-Saturday. When entering data obtained from a field experiment 
into the Pathfinder program, the window shown in figure 3A is used. 
Individual cells in this table contain the names of variables used and their 
values obtained as a result of a field experiment. The data is divided into a 
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group that is used for training the neural network (Training Data) and for 
testing it (Test Data). 

 
                             

 
Figure 3а. The interface window of the data entry. 

 
After all the data is loaded, the program informs you that the data 

used is divided into three ranges #Training Observations (data for 
configuring the neural system), #Test Observations (data for testing) and 
#Validate Observations (data for validation) The program loads the data 
and provides the number of observations in each of the three data sets in 
the fields on the screen.  The status bar at the bottom of the window 
displays the message "data read successfully".  The window will now 
look like this (figure 3b) : 
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Figure 3b. Interface window after entering and successfully 

reading the data. 
 
After that, the program is ready to train the neural network model. 

In the interface window, go to the variables tab.  The variables that we 
have defined and read in our Excel spreadsheet are listed in the 
corresponding field. Our output variables must be displayed last, which 
means that we must configure our data in the spreadsheet so that the 
output data is located in the rightmost columns of the sheet. 

Go to the Design tab.  Here we define our neural network 
architecture and settings related to the learning process.  At the moment, 
we use default values. We need to make sure we have the right number of 
exits.  We have one output (peak), so the number of outputs defined by 
the program is correct. 

Next, skip the "training Parameters" tab and go directly to the 
"training"tab.  The " Run " button initiates training.  The process ends 
when the output graph stops updating and the status bar at the bottom of 
the screen displays the message "training completed". 

Now the interface window will look like this (see figure 4): 
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Figure 4. The interface window after completion of training neural 
network. 

 
To save the trained network for use with new data, we can click 

the "Save network" button and select a name and location for the working 
file.  In order to assess the relative significance of input data in terms of 
their contribution as a forecast of the functioning of a closed ecosystem, 
we can consider a matrix of weighting factors. The greater the weight 
value for a given input signal, the more significant it is for control.  This 
test indicates the input variables MAXT-maximum temperature( air and 
liquid temperature), which is very important when predicting the desired 
peak illumination. 

 
Once the network has been trained in PathFinder, we can apply the 

validate dataset to the network to see how it works.  When testing with 
data validation, we use data that was not used in the network training 
process. Go directly to the “Apply " tab and click the button” Execute".  
The program finds data in the source data set for verification and runs it 
as input through the network that we trained in this session to get the 
predicted output (peak).  The predicted values are also compared with the 
actual peak values found in the data, and the corresponding statistical 
estimates and graphical constructions are performed. An example of 
calculations is shown in figure 5. 
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Figure 5. Window for comparing predicted values with actual 

peak values. 
 

In this case, the parameter named "MAPE" is the average absolute 
error as a percentage, or the average amount of deviations that we get in 
our forecasts based on verification data.  So, using this set of input data 
(variables MAXT and day of the week), we see that the error is on 
average 7.5%.  In the lower part of the window, the "Pred vs Act" 
function allows you to create a graph of actual and predicted output data.  
We can study this graph to see if the points lie on the diagonal, which is a 
sign of matching with the required data. As you can see, before training 
an artificial neural network, these points do not lie on the diagonal (Fig. 
5), which indicates a low quality of the forecast. 

To train a neural network, go to the “variables” tab in the interface 
window. Note that the list of variables in the field now includes the 
minimum temperature (MINT), as well as the maximum temperature 
(MAXT).  Next, we can move on to training the neural network. After 
completing the training, go to the “apply " tab and click the button 
“Execute”.  Recall that the Pathfinder program takes the verified data that 
we entered when we defined the ranges, runs the data through the neural 
network that we just trained, and determines the value of the illumination 
peak required for a closed ecosystem (output).  The program then writes 
the predicted values to a specific range of results.   
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Now pay attention to the MAPE field (see figure 6).  The figure 
this time is 4.71%, compared to 7.5% when we used the maximum 
temperature and minimum temperature. That is, the error in predicting the 
value of control after using an artificial neural network in our control 
system has decreased by more than a third. Click on the "Pred vs Act" 
button at the bottom of the screen to create a graph of predicted and actual 
peak values. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. A window for displaying a graph of predicted and 
actual peak values via a trained neural network. 

 
You can see that this indicates a much better" adjustment " of the 

control system than the previous model, which does not use an artificial 
neural network, gave.  

Based on this algorithm, various modifications can be developed 
to solve the problems of intellectualization in the field of controlling the 
parameters of a closed ecosystem. First of all, you can use various 
activation functions that correspond to ways to control the parameters of a 
closed ecosystem.  

The conducted research using the implementation of the 
intellectualization program in the form of a neural network based on the 
Pathfinder system for the operation of a closed ecosystem has shown that 
using the same set of input data with a neural network, it is possible to 
obtain more accurate measurements for the formation of control effects 
(light level) compared to the model without the use of artificial 
intelligence.  

The average sum of deviations of the MAPE output parameter 
using a neural network that adjusts the control loop to the measured value 
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of air and water temperature for a closed ecosystem is 4.71%, compared 
to 7.5% when we used the maximum and minimum temperatures without 
using a neural network. That is, the error in predicting the value of control 
after using an artificial neural network in our control system has 
decreased by more than a third. 

Using the Pathfinder program, you can create a graph of actual 
and projected output data.  Studying obtained using program graphs, you 
can see whether the points of the graph of the output along the diagonal 
lines, which is a sign of conformity with the required data and to predict 
future actions of the control parameters of the closed ecosystem that is a 
secondary control and provides a greater probability of providing and 
maintaining steady state of the whole closed ecosystem is a priority of the 
study. 
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MATHS 

Kozhemyakin L.V. 
 

MODELING OF CLUSTER-
NETWORK CONNECTIONS OF THE 

OIL INDUSTRY IN REGIONS 
 
Kozhemyakin L.V., Russia, Perm, postgraduate student of 

the Department of applied mathematics, Perm national research 
Polytechnic University 

 
 
Abstract 
The paper considers the mechanism of formation and 

development of cluster-network communication processes on the example 
of the Volga Federal district. The analysis of the regions, focused on the 
mining industry and built a mathematical model based on economic 
development of the region from the level control cluster-network 
relationships, which in turn caused by the variation of the index of the 
cluster load. 

Keywords: Cluster-network relationships, the gross regional 
product the index of the cluster load, mathematical modeling. 

 
Introduction 
The key vector of successful development of the national 

economy in the conditions of digitalization is to increase competitiveness 
by creating effective cluster-network links in the socio-economic system. 
Foreign and domestic experience shows that the leaders of economic 
development are regional socio-economic systems with developed cluster-
network interactions. 

Despite the fact that the cluster approach is quite common in 
scientific works, the issues of formation, development and evaluation of 
the effectiveness of cluster-network interactions remain unresolved. 
Research of the scientific community is based mainly on qualitative 
methods of cluster analysis (expert analysis, retrospective analysis, 
method of comparison of analogues, etc.), but the need for transformation 
of regional development and the transition to neoeconomics require the 
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use of economic and mathematical methods of analysis, and their Arsenal 
is relatively small, which necessarily causes the search for new solutions. 

Issues of cluster and network development currently require 
significant attention and, despite research in this area by both domestic 
and foreign experts, there is still no unified approach to solving problems 
of regional development, which is especially relevant in the context of the 
rejection of the Institute of sectoral management of economic 
development. Justification of management decisions on the socio-
economic development of systems requires a rethinking of scientific 
views on cluster-network processes. In this paper, we consider the 
management of cluster-network connections on the example of the 
regions of the Volga Federal district [3]. 

The Volga Federal district (PFD) occupies the second position in 
oil production, thus making a significant contribution to one of the 
prevailing sectors of the Russian economy: oil and gas companies provide 
more than a quarter of the volume of industrial production in Russia, 
thereby generating significant tax revenues and other revenues to the 
country's budget. The oil and gas complex refers to industrial production 
and is a generic name for a group of industries that includes industries for 
oil production, transportation and processing [6]. 

In addition to oil production, the Volga region is characterized by 
a type of activity designated by Rosstat as "Manufacturing", which 
includes many sub-sectors. However, based on the primary analysis of 
statistical data for the regions of Russia, the Volga region has a mixed 
type of activity, i.e. in addition to the economic activity "Manufacturing", 
the characteristic type of activity is "Mining". Therefore, to build cluster-
network links and analyze the dependence of regional development on the 
cluster load index, we consider industrial clustering in relation to the 
leading industry, rather than to the entire regional economy. 

The cluster load index allows you to make a primary 
representation of the predisposition of the studied region to the effective 
formation of clusters [7]. 

Let's determine the cluster load index 𝑘!" of the PFD regions 
using the formula: 

𝑘!" =

𝑤!!
𝑊!

−
𝑤!"
𝑊!

!
!
!!!

𝑛 − 1
+ Ε 

         Where numerator shows the specific indicators of the corresponding 
OKVED sub-sectors in dynamics by region, and the denominator shows 
the specific indicators for the country as a whole. The accumulated error 
"Ε" due to differences in the structure of the OKVED for the selected 
study is also taken into account 
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The analyzed period from 2005 to 2018 is characterized by 
ambiguity of the initial statistical data: several editions of the OKVED 
were observed. When constructing dynamic series of indicators, a slight 
assumption was made about the comparability of data obtained from 
respondents who operate in accordance with the OKVED (ed.1.1). The 
calculation of the index includes sub sectors depending on the period of 
the studied indicators presented in table 1.[8,9] 

 
Table 1-OKVED 

 
The calculated cluster load indexes are presented in table 2 in 

dynamics by year in 4-year increments.. 
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Table 2-cluster load Index 𝑘!" of PFD regions 

Region 2009 2013 2017 

Republic of bashkortostan 0,717 1,703 0,793 
Republic of Mari El 0,780 2,313 0,653 
Republic of mordovia 1,025 3,927 0,905 
Republic of tatarstan 0,965 1,434 0,996 
Udmurt Republic 1,910 2,603 1,111 
Chuvash Republic 0,910 3,473 0,945 
Perm region 0,831 1,331 0,816 
Kirov region 2,239 4,908 1,667 
Nizhny Novgorod region 0,512 0,809 0,858 
Orenburg region 1,039 1,665 0,593 
Penza region 1,155 2,359 1,099 
Samara region 1,028 1,935 1,977 
Saratov region 0,740 1,930 0,894 
Ulyanovsk region 1,197 2,437 1,407 

 
Considering the indicators in table 2, it can be concluded that the 

change in the cluster load index in most regions does not change 
significantly, and the manufacturing industry is not fully the only type of 
activity in the region. 

To assess the impact of cluster-network processes on the 
efficiency of the regional economy, we will use the classic indicator of 
development efficiency-gross domestic product, but for a particular 
industry, we will use the labor productivity indicator, expressed as a 
quotient of the indices of physical volume of GRP and changes in total 
labor costs. 

 
Table 3. The index of labor productivity in the regions of the 

Volga Federal district (in % to previous year) 
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On Figure 1 we can see the relationship between the labor 
productivity index and the cluster load index for the period 2009, 2013, 
2017. 

 

 
Figure 1-Relationship between the labor productivity index and the cluster 
load index for the period 2009, 2013, 2017. 

 
Analyzing figure 1, we can see that the distribution of tables 2 

and 3 has a nonlinear model. An exception may be the distribution of 
indicators for 2013, due to the presence of a linear trend. 

Quite often, the assessment of socio-economic processes is 
performed incorrectly using absolute indicators, since it is difficult to 
adequately track the development trends of the process under study and 
make a forecast of its further evolution. Therefore, we will move from 
absolute indicators to relative ones, which allow us to perform a 
comparative analysis of processes that are not comparable in absolute 
units, which, in turn, opens up opportunities for comparing the levels of 
development or prevalence of various social phenomena. 

 

 
Figure 2-growth Rate of GRP per capita for group 1 for the 

period 2005-2018 
 
Let's consider the regions of the Volga Federal district that are 

more focused on mining and build a predictive econometric model of the 
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level of gross regional product depending on the variability of the cluster 
load index. Table 4 shows the indicators of the cluster load index of group 
1 of the PFD regions for 2005-2018. 

 
Table 4 cluster load Indices 2005-2018(Fig. 05-18) 

 
 
Figure 3 graphically shows the relationship between the cluster 

load index and the gross regional product per capita in the regions of 
group 1 of the PFD. 

 

 
Figure 3-Relationship between GRP and cluster load index 
 
All the presented figure shows the nonlinearity of the parameters, 

construct the principal models from the original data. 
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Table 5-Multivariance of the main models 

 
 
All the presented figure shows the nonlinearity of the parameters, 

construct the principal models from the original data. 
Such models are not able to adequately describe the studied 

dependencies due to the non-linearity of the input parameters. Let's take a 
model with a high coefficient of determination as a reference. This 
corresponds to the Orenburg region to a greater extent, so we use its 
example to forecast the gross regional product from changes in the cluster 
load index using a 3-order polynomial. For comparison, we also construct 
a forecast with a 5th-order polynomial of the following type: 

𝑦 = −4887,4𝑥! + 28185𝑥! − 62412𝑥! + 66883𝑥! − 35288𝑥
+ 7740,7,  

𝑅! = 0,811 
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Table 6. Forecast of the Orenburg region's GRP based on a 3rd-
order polynomial.  

 

 
In most cases, when constructing econometric models, a 

polynomial of no higher than the third order is used. The use of higher-
degree polynomials leads to random deviations of approximating 
functions. In our case 

Thus, we see that by continuing to increase the index of cluster 
load in the Perm region, it is possible to achieve an increase in the gross 
regional product faster than without the development of cluster-network 
links. 
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Abstract 
The study revealed a non-linear causation between construction 

industry volume and the growth in GFCF over a long time period. The 
correlation was stationary and cointegrated. Fixed investment positively 
affected gross fixed capital formation only in periods of economic 
expansion, whereas the effectiveness of fixed-asset investments had 
greater volatility in times of crisis. The construction industry was not 
practically affected by crisis shocks, demonstrating a permanent 
stationarity in the causal relationship with GFCF, whereas causal relations 
between GFCF and the supply of interindustry balance were absent. The 
results are important for further research in the field of economic growth, 
the development of a national budget and investment policy, as well as 
investment project selection. 

Keywords: construction; gross fixed capital formation; fixed-
asset investments. 

 
1. Introduction 
The economic growth literature demonstrates a non-linear 

correlation between the amount of state financing and economic growth. 
This correlation is a U-shaped curve, which assists with determining the 
optimal proportion of public spending (Mohammad 2018). During the 
economic turbulences, recessions or deep crises, actors prefer to hold 
liquidity (Sahin 2018). The roles of public and private investments, 
economic growth, and the growth of the construction sector were 
observed by Bahal (2018). Fluctuations in the GFCF predict future 
business activity, business confidence, and the tendency of economic 
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growth (Cohen 2012). Each dollar spent on infrastructure construction is 
distributed among workers, equipment suppliers, intermediaries, and 
among other related fields; thus, the entire economy is indirectly affected 
(Cohen 2012). Toward the middle of the 2000s, the Russian economy was 
opened to the free movement of short-term investments, overtaking 
China, India, and Brazil in the degree of openness of financial markets for 
cross-border speculative operations. In developed countries, a minimum 
amount of investment in the construction industry has been established, 
which depends on the level of gross national product (GNP), which is 
measured considering the minimum level of additional value required for 
the growth of GNP (Lopes et al. 2002). There are arguments that explain 
the dependence between the condition of the investment climate in the 
private sector (including the construction industry) and the inflow–
outflow movements of assets (Konopczak 2017). For Turkey, Sahin 
(Sahin et all. 2019) explored the effects of Central Bank (C.B.F.) of the 
Republic of Turkey on banking sector credits by using the Nonlinear 
Autoregressive Distributed Lag model (N.A.R.D.L.), which also allows 
for the asymmetric response of loans to changes in C.B.F. The model also 
assesses this effect for short- and long-term asymmetry. 

The Russian economy is dependent on the revenue from the oil 
and gas industry. Analytical studies on oil rent, which is colloquially 
known as “resource cures”, have demonstrated the dependence of gross 
domestic product (GDP) growth on oil rent (Neumayer 2004a). GDP 
calculation includes the natural and other amortization of capital in the 
form of income; however, from the viewpoint of real income, the growth 
in a resource-intensive economy is less significant than the growth in the 
GDP. To some extent, resource cures are associated with unsustainable 
over-consumption. The oil rent in Russia, which is 40–50% of its 
budgeted revenues, is primarily spent on the consumption (Simola and 
Solanco 2017). Even the reserve fund and the national welfare fund 
savings are considered as reserves by the government for supporting the 
current consumption level in cases of adverse changes in market 
conditions and the outcomes of sanctions, instead of investing in the 
national economy (Simola and Solanko 2017). Problems that slow the 
Russian economy are chronic, and cannot be solved with simple solutions. 
In Russia one of the major reasons for the market environment weakness 
and slow economic growth is the dominant participation of the state and 
quasi-public companies (Kudrin and Gurvch 2014). Therefore, from the 
viewpoint of GFCF variation, the influence of profound state participation 
in infrastructure construction projects is a matter of interest. There have 
been large-scale studies on the role of the construction sector in GDP 
(Turin 1973; Wells 1987; World Bank 1984). Studies since the 2000s, 
based on macroeconomic analysis, have attempted to simulate the 
relationship between the construction industry and economic growth 
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(Lopes 1998; Ozkana et al. 2012; Tardieua et al. 2015). In developing 
countries, the quality and accessibility of such data are issues. Paradigms 
(based on Keynesian theory) have emerged that represent the construction 
industry as an agent that supports the growth in the economy at different 
phases of development (Liu et al. 2016; Lopes et al. 2002; Tardieua et al. 
2015).  

The construction industry is associated with both the direct and 
indirect effects of the expenses and revenues of the government budget. 
For example, this relationship may be indirect in the case of 
environmental impact (Tardieua et al. 2015). The construction of roads, 
and especially highways, leads to rapid development of a region, 
structural change in investments, and alterations in the distribution of 
funding sources (Xua et al. 2015). Transport infrastructure building 
projects are frequently connected with significant alterations in land use 
assets, long-term investments, and financial resources. The construction 
industry affects sustainability and performance factors in various sectors 
of the economy, and contributes to the implementation of strategies for 
the sustainable development of countries and regions (Amiril et al. 2014). 
In periods of economic crisis, transport infrastructure development 
becomes a vital factor in overcoming stagnation. The relativity between 
the increase in infrastructure construction volume, real estate 
construction, and GDP has been widely substantiated (World Bank 1984; 
Ozkana et. al. 2012; Liu et al. 2016; Okoye P.U. et al. 2017), which 
causes changes in the sustainability of economic growth indicators. 

Fluctuations in the economy revolve around certain tendencies in 
which development is determined by the interaction between revenue and 
investment size. Construction is a part of the aggregate demand in the 
form of the requirement for infrastructure establishment; it identifies 
movement in the short-term and increases the national reserve of 
productive assets. In addition, the construction sector plays a central role 
in determining long-term economic growth (Barro 1991; Agbloyor et al. 
2014). A variety of multiplicative effects occur between the construction 
sector and other sectors of the economy (Lopes 1998; Park S-H 1989).  

This brief review highlights that construction is viewed as having 
a causal relationship with changes in GDP, GNP, and changes in the 
development of adjacent sectors of the economy. Construction is 
considered and evaluated only as a share of GFCF. We concluded that a 
high degree of long-run co-movements is present between construction 
with GFCF and the influence of construction on GFCF. 

2. Methodology  
The motive behind our article preparation was the absence of 

analytical research between construction and GFCF in Russia, and little 
research has been conducted in other countries. Even the studies that are 
available (Bazilian et al. 2011) have estimated GFCF as a time series to 
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obtain insight into the investment trends in coal, oil, and gas supply, more 
so than in construction. The evaluations of the share of construction in 
GFCF is considered as a unit of construction purchasing power parities 
(PPPs) for marketing research (Gruneberg S. & Folwell K. [2012] 2013). 
Since the cause-and-effect relationships between construction and GFCF 
in the literature are extremely insufficient and only estimated a share 
(part) of construction in GFCF, we propose investigating construction and 
GFCF as a discussion of the properties of time series data by comparing 
the common data and the testing methods for time series data analysis 
using the following parameters: the gross fixed capital formation index 
(GFCF), the cost index (SUP), the construction work index (RC), and the 
investment index in fixed capital (IC).  

In this case, it is better to use the autoregressive distributed lags 
(ARDL) model, which indicates that the present value of any variable is 
determined by its past value and some adjustment factors. An 
autoregressive distributed lag (ARDL) model is an ordinary least square 
(OLS)-based model that is applicable for non-stationary time series 
(Pesaran et al. 2001). Time series data often possess unique features such 
as clear trends, a high degree of persistence on shocks, and higher 
volatility over time. The ARDL model is written as:): 
 

yt = a0 + ai yt−i
i=1

p

∑ + bjxt− j
j=0

q

∑ +εt  

 
 
 

(1) 
where Yt is a dependent variable Y at period t, X is the 

independent variable, a and b are the parameters with lag indication, and 
εt is the unexplained part (gap) of the actual data and fitted line by the 
regression equation, termed as the error. For a one-off unit change in x, 
there is an impact on y; this impact is captured by b0; b1 is the impact on y 
after one period, b2 is the impact after 2 periods, and so on. The final 
impact on y is bk. If all t coefficients are collected {b0, b1, b2, ..., bk}, they 
are called the impulse response function of the mapping of xt to yt. The 
above model is the lagged model accounting for the changes in { b0, b1, 
b2, ..., bk } on x for lagged period t. On the y-axis, the y-dependent may 
also respond to exogeneous factor; thus, the ARDL may accommodate for 
both x and y.  

3. Results  
We implemented the non-linear ARDL approach by estimating 

Equation (1), which allowed us to determine if there was a long-term 
relationship between GFCF, SUP, RC, and IC. The techniques applied in 
the time series analysis were primarily concerned with the stationarity of 
the data. The index of supply (SUP) testing on stationarity indicated that 
Xvar and ADF weren’t stationary, which was why the SUP index was 
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excluded from the research in the second stage. The statistical procedure 
of the stationarity of a series included the results of the Granger test 
(Granger 1969), the Dickey–Fuller test (Dickey and Fuller 1981), vector 
autoregressive (VAR) models (Pesaran et al. 2001) to determine the 
stationarity, cointegration, and strong connection of the GFCF, RC 
(construction) and IC (fixed capital investment) variables. If cointegration 
exists, a regression analysis can reveal the pattern of relationships among 
the variables of interest, such as GFCF and RC. We concluded that the 
GFCF and RC variables were linked to form a long-term equilibrium 
relationship. Finally, we estimated the construction contribution (RC) in 
the GFCF. 

3.1. Data Issues 
The aim of our empirical research was to identify the causality 

between gross fixed capital formation and the construction sector. 
Quarterly and annual data were represented by the Federal State Statistics 
of Russia in the form of indexes and in the form of monetary quantitative 
data. The analysis included several indexes: the GFCF, SUP, RC, and IC. 
These indexes have been deflated with inflation.  

One of the major hypotheses in this study was the identification 
of a causal relationship of the construction industry in Russia as a variable 
that could (or could not) influence the dynamic of the GFCF. By 
considering the qualitative nature of the causal model and the complexity 
of the system, the systematic approach requires both the visualization of 
its elements and the statistical assessment of the relationship between 
them. The technique for generating the necessary information about the 
relationships between the key variables requires both qualitative and 
quantitative assessment. Therefore, an evaluation of the construction 
industry market was required. This market is affected by many factors 
such as the level of administrative barriers to innovation, particularly 
government regulation and government funding. 

3.2. Empirical Results  
For this model, variables that have mostly absorbed the current 

events were chosen: the index of gross fixed capital formation (GFCF), 
the index of supply of interindustry balance (SUP), the index of volume 
of construction (RC), and the index of fixed capital investment (IC). The 
period of the study (from 2000 to 2016) was characterized by two crisis 
periods: the first from 2007 to 2009, and the second from 2013 to 2016. 
The last crisis was so significant that it produced the current stagnation in 
2019. The construction industry, as a sector that generates products with a 
long life cycle, is especially sensitive to such economic shocks. 

The model of the dynamics of several time series (VAR) 
(Pesaran et al. 2001) demonstrated dependence on the previous values of 
the same time series. The augmented Dickey–Fuller test (ADF) (Dickey 
and Fuller 1981) for the case of deviation of the null hypothesis of the 
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presence of a unit root (where t statistics are lower than the marginal 
value) indicated that the marginal value for ADF has its own distribution, 
which was –2.89. The RC index was 1.862 at the 1% level and 2.668 and 
the 5%, thus, we concluded that the null hypothesis was rejected, and the 
RC and GFCF data are cointegrated (Table 1). 

Table 1. Assessment of a time series (ADF test). 
Variable Xvar Level/ -distribution 

  1% 5% 1% 5% 
inGFCF 0.960 0.960 3.906 2.700 
inSUP 0.850 0.940 3.620 4.490 
inRC 0.972 0.920 1.862 2.668 
inIC 0.902 0.902 3.760 3.239 

 
The index of supply (SUP) testing on stationarity indicated that 

Xvar (0.850–0.940) and ADF (4.490 at 5%) were not cointegrated, which 
why the SUP index was excluded from our research.  

We assumed that all exogenous variables were included in the 
ARDL model (p, r; s), where p is the number of lags of the dependent 
variable, r is the number of lags of independent variables, and s is the 
number of independent variables. In the prediction of values with ARDL, 
limitations on these models were included in our consideration (Pesaran et 
al. 2001). The application of the ARDL model is only possible when the 
time series is stationary, which is calculated using the Dickey–Fuller test 
(Dickey and Fuller 1981). Sequential correlation test results indicated that 
the error terms were normally distributed, serially independent, and 
homoscedastic at the 1%, 5%, and 10% levels of significance. Finally, the 
results of the CUSUM square tests for the dependence of the variables 
displayed the greater importance of the dependency coefficients (0.7–0.9) 
for almost all parameters. Therefore, the coefficients of the models were 
dynamically stable: in the series of dynamics, there is a tendency to 1. 
Thus, we concluded that the selected ARDL models were correct and 
reliable. The results are summarized in Table 2. 
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Table 2. The ARDL estimation results. GFCF, RC, and IC 
responses (2000–2016), annual data. 

Lag  Dependent variable Coefficient  t-
Statistic 

p-
Value 

1 FGFCF(GFCF/RC,CI)t-1 0.974*** 23.38 0.954 
 FRC(RC/GFCF,CI)t-1 0.9858*** 32.01 0.986 
 FIC(IC/GFCF,RC)t-1 0.9236*** 12.94 0.924 

2 FGFCF(GFCF/RC,CI)t-2 0.947*** 15.43 0.947 
 FRC(RC/GFCF,CI)t-2 0.9861*** 21.4 0.971 
 FIC(IC/GFCF,RC)t-2 0.8769*** 12.94 0.924 

3 FGFCF(GFCF/RC,CI)t-3 0.974*** 23.38 0.937 
 FRC(RC/GFCF,CI)t-3 0.9627*** 17.97 0.963 
 FIC(IC/GFCF,RC)t-3 0.8383*** 7.52 0.868 

4 FGFCF(GFCF/RC,CI)t-4 0.947*** 13.39 0.941 
 FRC(RC/GFCF,CI)t-4 0.9548*** 15.56 0.955 
 FIC(IC/GFCF,RC)t-4 0.7885*** 5.94 0.924 

Notes: FGFCF (GFCF/RC,CI)t-1 – F(X) is the dependent parameter 
functions with lag indication (Pesaran et al. 2001); *, **, *** is the cointegration 
test statistics, correlating to the 1%, 5%, 10% levels of significance; the t-Statistic 
is the ADF test (Dickey and Fuller 1981). 

 
The assessment of the non-linear correlation of variables 

demonstrated that in 2000–2016, there were at least two crisis (shocking) 
periods: 2006–2010 and 2013–2016. Therefore, shocking periods have to 
be observed in quarterly detail. Table 4 shows that a high level of 
dependence was observed in the FRC(RC/GFCF,CI). If the 
FRC(RC/GFCF,CI) dynamics of the tendency are strong (F(RC)t-1 =  
0.6345 → 1), (F(RC)t-4 = 0.7943 → 1), then independent of 
FGFCF(GFCF/RC,CI) and FIC(IC/GFCF,RC), the dynamics of dependence 
are not observed (F → 0). The results are provided in Table 3. 
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Table 3. The ARDL estimation results. GFCF, RC, IC responses 
to external shocks (2006–2010), quarterly data. 

Dependent variable Coefficient   t-Statistic p-Value 

FGFCF(GFCF/RC,CI)t-1 0.3988 ** 0.62 0.222 

FGFCF(GFCF/RC,CI)t-2 0.3129 **   

FGFCF(GFCF/RC,CI)t-3 –0.3972 **   

FGFCF(GFCF/RC,CI)t-4 –0.2222 **   

FRC(RC/GFCF,CI)t-1 0.6345 *** 4.29 0.794 

FRC(RC/GFCF,CI)t-2 0.3193 **   

FRC(RC/GFCF,CI)t-3 0.5055 ***   

FRC(RC/GFCF,CI)t-4 0.7943 ***   

FIC(IC/GFCF,RC)t-1 0.3065 ** 1.03 0.341 

FIC(IC/GFCF,RC)t-2 –0.1906 **   

FIC(IC/GFCF,RC)t-3 0.06296 *   

FIC(IC/GFCF,RC)t-4 0.3408** **   

Notes: FGFCF(GFCF/RC,CI)t-1 – F(X) is the dependent parameter 
functions with lag indication (Pesaran et al. 2001); *, **, *** is the cointegration 
test statistics at 1%, 5%, 10% levels of significance, respectively; the t-statistic is 
the ADF test (Dickey and Fuller 1981) 

 
Table 4 shows that in the period of 2013–2016, the strong 

dependence of FRC (RC/GFCF, CI) remained. Periodic oscillations in 
FGFCF(GFCF/RC,CI) have a period of four. 
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Table 4. The ARDL estimation results. GFCF, RC, and IC 
responses to external shocks (2013–2016), quarterly data. 

Dependent variable Coefficient   t-Statistic p-Value 

FGFCF(GFCF/RC,CI)t-1 0.4817 ** 1.56 0.466 

FGFCF(GFCF/RC,CI)t-2 –0.01816 *   
FGFCF(GFCF/RC,CI)t-3 –0.354 *   
FGFCF(GFCF/RC,CI)t-4 –0.4656 *   
FRC(RC/GFCF,CI)t-1 0.7546 *** 3.3 0.717 
FRC(RC/GFCF,CI)t-2 0.6643 ***   
FRC(RC/GFCF,CI)t-3 0.6594 **   
FRC(RC/GFCF,CI)t-4 0.7169 ***   

FIC(IC/GFCF,RC)t-1 0.3065 ** 1.03 0.341 

FIC(IC/GFCF,RC)t-2 –0.1906 *   

FIC(IC/GFCF,RC)t-3 0.06296 *   

FIC(IC/GFCF,RC)t-4 0.3408 **   

Notes: FGFCF(GFCF/RC,CI)t-1 – F(X) is the parameter-
dependent functions with lag indication (Pesaran et al. 2001); *, **, *** is the 
cointegration test statistics with 1%, 5%, 10% levels of significance, respectively; 
the t-statistic is the ADF test (Dickey and Fuller 1981). 

 
4. Discussion 
During the period 2009 - 2019 revenue in the Russian budget has 

decreased due to lower oil and gas revenue. The outcomes of the slow 
economic growth of Russia have to be explained. The Russian 
government explains it as the reaction to sanctions and the obligatory 
need to eliminate the outcomes of market failures, provide public goods, 
and accomplish social objectives. Two crises (2006–2009; 2013–2016) 
also have to be explained. With significant financial resources, the 
government funds infrastructure construction and real estate development. 
The aim of this study was to detect the connections, trends, and the high 
degree of persistence of the shocks to the construction sector and GFCF 
through the ARDL model and regression analysis. As discussed above, no 
studies have focused on the assessment of the role of the construction 
sector in additional gross fixed capital formation through the ARDL 
model method in Russia. Therefore, in the first stage of research, 
statistical data for the period between 2000 and 2016, which were 
provided by the Federal State Statistics of Russia, were used to establish 
the cause and effect relationship. Expenses in the development of 
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infrastructure varied from 30 to 32% of the government budget in 
different years in the period. At the end of the first stage of the study, the 
most important variables for the model were identified: SUP, RC, IC, and 
GFCF. In the second stage of the study (the ARDL model method, ADF 
test, and the Granger test were applied), the SUP index was eliminated 
due to the lack of cointegration of the time series and due to its 
exogeneity. All the ARDL models, which are defined in Equations (1)–
(4), succeeded through all of the diagnostic tests. The results 
demonstrated that there is a long-term relationship between RC and GFCF 
at the 1%, 5%, and 10% levels of significance. These variables and the 
internal capital investment in construction have a cointegrated 
relationship, and oscillation exists in their relationship caused by shocking 
events (crises). Further investigation demonstrated the presence of 
negative shocks and the influence asymmetries of IC to GFCF in two 
periods: 2007–2009 and 2013–2016. The analysis of quarterly data 
through the ARDL modeling method in these periods showed that only 
the RC index demonstrated significantly pronounced stationarity in 
connection with GFCF. Finally, the hypothesis of the significant role of 
the construction sector in the GFCF of Russia was confirmed with the 
usage of ARDL modeling and linier regressive model tests, concluding 
that the volume of work produced by the construction sector (RC) has a 
noticeable influence on the GFCF. We established that one ruble of 
expenses in the sector leads to a growth in GFCF by 0.944 rubles on 
average. The construction sector is a stable parameter of additional value 
of the GFCF; even in crisis periods, it represents 61.92% of the entire 
variability of the GFCF. 
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Introduction 

The industrial policy of Russia is aimed at increasing the volume 
of national production, creating conditions for the development of 
scientific thought, introducing the achievements of scientific and 
technological progress, improving the sectoral structure of the national 
economy, etc. [7]. 

The basic goals of state policy in the field of industry are 
sustainable socio-economic development, independence and national 
security, growth in the well-being of citizens by increasing the 
competitiveness and efficiency of industrial production [2]. 

The most effective potential in the near future is possessed by 
such economic sectors as: 

• development of all types of infrastructure (production, 
transport, social). These areas in the economy accelerate the rate of 
economic growth by about 1 pp. of GDP growth; 

• housing construction. Increase in annual housing 
commissioning in the period 2019-2024 up to 120 million sq. m will 
ensure the acceleration of the average annual rate of economic growth by 
0.8 pp.; 
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• modernization of machine-building production, which is able to 
reduce the import of machine-building products by 30%, is able to 
provide another 0.8 pp. of GDP growth; 

• increasing export efficiency, which implies an increase in 
revenues from the export of energy resources and stimulation of non-
resource exports, may add another 0.7 pp. to the economic growth rate. 
[6]. 

Thus, the formation of an economic policy focused on these 
growth factors has the potential to accelerate economic dynamics by 3.3 
pp. GDP growth. 

The implementation of the priorities of strategic management of 
the industrial economy presupposes a change in the principles of decision-
making, mechanisms for their implementation and control over the 
achievement of target indicators. This means that it is necessary to 
reformat the institutional environment in decision-making and build a 
clear hierarchy of authorities in the development strategy and its 
implementation. Therefore, the main function of the state in the modern 
industrial economy is to provide conditions for economic activity for 
economic entities [3]. 

Possible regulatory instruments include: 
- resource extraction quotas for raw material companies; 
- containment of price increases in resource sectors; 
- curbing the growth of tariffs and prices for energy and fuel; 
- differentiation of interest rates by industry sectors - the use of 

an "interest portfolio" (differentiation of interest rates by sectors of the 
economy, which stimulates banks to reduce the investment deficit in 
processing) [5], ensuring the extraction of investments from the raw 
materials sectors in the manufacturing sectors, an increase in duties on the 
supply of clean raw materials abroad, reducing the tax burden of investors 
who invest in the development of new products and technologies [4]. 

Research objective 
The main task of the study is to determine the role and place of 

technologies in the management of industry, its development and 
digitalization. 

Improving technologies leads to the fact that technological 
processes in industrial production and final products are becoming more 
complex and diversified. The demand for maximum consideration of 
individual customer requirements is increasing. There is a need for mass 
customization and even personalization of products when the product is 
made for a specific customer. At the same time, competition requires 
bringing products to market faster, and this, in turn, requires accelerating 
production processes. 

The digital development model presupposes not only a total 
digital transformation of the economy into a “digital economy” and high-
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tech industry into a “digital industry”, but also taking into account the 
triad of requirements of modern global markets related to the reduction of 
decision-making time (Time-to-Decision, T2D), significant a reduction in 
the time of execution / implementation of projects (Time-to-Execution, 
T2E) and a significant reduction in the time to bring products to the 
market (Time-to-Market, T2M), where the market is understood as the 
global market. 

Digital technologies make it possible to respond to many 
challenges, so they penetrate deeper into all areas related to production, 
especially high-tech. The "center of gravity" in global competition is 
shifting to the design stage, the importance of which is growing 
significantly. For the most complete consideration of all factors affecting 
the product during its creation and during its subsequent operation, digital 
twins of high-tech products and production processes are created. 

According to a survey conducted by experts of the analytical 
agency Aberdeen Group [8] and which included more than 550 
respondents - world leaders from various industries, over the past few 
years, manufactured products have become much more complex: the 
number of mechanical and electronic components, the number of lines of 
program code, As a result, there were some negative trends associated 
with an increase in the duration and cost of development and research, a 
loss in product quality and, as a result, a decrease in the profits of 
development companies, and in some cases - and reputational damage. 

It is hardly possible to solve the problem of complexity with 
traditional technologies. What is needed is a new approach to the 
production of materials, automation, intellectualization and digitalization 
of production, as well as a transition to "systems engineering", that is, 
planning not individual operations, but immediately the entire product life 
cycle, from design to disposal. 

Results 
The factories of the Future are the answer to the challenges of the 

IV industrial transformation. These technological areas have recently 
received more and more attention from high-tech industry enterprises, the 
state, the scientific-technological and entrepreneurial community [1]. In 
2016, Russian companies, represented in the annual national rating of 
fast-growing high-tech companies "TechUspeh", participated in a survey, 
during which, in particular, they answered the question of what current 
technological trends they consider as opportunities for creating new 
products or endowing new properties of already issued items. 

According to the results of the survey, technologies that are 
generally associated with Industry 4.0 by analysts came to the first five 
lines: 

• digital design and modeling (this complex of technologies was 
noted by 50% of companies); 
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• additive technologies (3D-printing) (35%); 
• robotics (27%); 
• materials with specified properties (27%); 
• Internet of Things (IoT) (27%). 
Digital organization and management systems such as product 

lifecycle management (PLM) technologies, automated process control 
systems (ICS), shop floor management systems (MES) are also highly 
demanded by high-tech companies and consistently lead the survey on 
key technologies. necessary to achieve and maintain competitiveness. The 
demand gives rise to the need for specialists of this profile - engineers and 
developers. 

Discussion 
The digital data is becoming a key production factor. Their 

analysis can significantly increase the efficiency of various types of 
production, technologies, equipment, etc. 

The digital industry is a modern high-tech industry with 
fundamentally new approaches to the development of new products based 
on a multi-level matrix of targets and resource constraints, digital 
automation platforms and intelligent assistant systems designed to 
develop digital twins, develop virtual benches and test sites, and perform 
virtual tests. All this provides a significant reduction in the volume of 
field tests and a reduction in the time and cost of launching new products 
on the market. A total restructuring of the development, production and 
service of products is taking place. 

A key element of digitalization is a digital twin - a “smart” 
model of an object / product that provides a difference between the results 
of virtual tests and field tests within 5% and / or a “smart” model that 
takes into account the specifics of a specific production and 
manufacturing technology. 

The digital twin must be constantly updated with data on the 
operation of a real object and display its functional state in real time. Such 
a model is created as a result of numerical modeling and optimization, it 
records all data about materials, design features, operations performed, 
tests. 

The digital twin allows you to timely identify problems and carry 
out repairs, predict the state of the facility and make decisions about 
operating modes in the future. All this makes it possible to reduce the 
number of downtime and operating costs, to increase the efficiency of the 
equipment and systems used. In addition, production cycles are shortened, 
which speeds up the process of bringing the product to market. 

The creation of a digital twin involves the development of a 
multi-level matrix of targets and resource constraints. Such a matrix can 
contain up to 60 thousand target indicators and requirements for the 
product and its components, as well as resource constraints (time, 
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financial, technological, production and others). This makes it possible to 
form a digital twin, which behaves in the same way as a real object at all 
stages of the life cycle, including the operation stage, with a high degree 
of adequacy to the real physical object. 

And if the traditional high-tech industry is characterized by an 
administrative-command management system, low decision-making 
speed and lack of feedback, then the digital industry is fundamentally 
different here. Thus, the core of industrial digitalization is the platform 
enterprise with its ecosystem and data-driven management, including 
through digital twins. 
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century, the consolidation of the multipolar global system as a significant 
factor in the foreign policy of the great powers. The article examines 
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Today, we live in global times. Nowadays, everything is 

evolving at an extremely fast pace. It is changing. We are witnessing 
decisions that radically change the status quo. The international political 
system is becoming increasingly fragile, thanks to the consolidation of 
many countries. The international actors that have economic, military and 
cultural supremacy, as well as the ability to influence other countries in 
certain regions of the world, are the ones that turn the global system into a 
multipolar global world. 

Thanks to the free movement of goods and services, capital and 
technology, as well as all kinds of information resources [1], the world 
has changed in an unprecedented way. The processes that took place in 
the beginning of the new century are not unambiguous. If in the first 
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decade of the XXI century the ideas of global democratization [2] 
together with the building of the identity that the "citizens of the world" 
bring with them [3], and the consolidation of a supranational system [4] 
came to the fore in international political processes, then in recent years, 
we have seen a policy by the great powers that is shifting the center of 
power. States are beginning to take an increasingly independent course in 
their foreign policy, pursuing their own interests. This is due to the 
negative changes and the damage that the global system brings. There are 
people, organizations, trade unions, activists, environmentalists and others 
who defend the national interests and identity of states. [5] Examples of 
countries with anti-globalization [6] movements and policies are seen 
today in the face of some of the world's largest and strongest economies, 
such as the United States and the United Kingdom. At the same time, we 
must not forget that in the world we live in, there is no space left. When 
one retires, another comes in his place. In this line of thought, the current 
political situation is a wonderful opportunity for expression of countries 
such as Russia and China. 

To go on with the consolidation of the multipolar global system, 
we must first take a look at the United States, the superpower that has 
sustained the world economy for many years and demonstrated military 
hegemony around the globe. Following the inauguration of the new US 
President on January 20, 2017, he announced a new financial and political 
course for his country. [7] In the program for the first 100 days of his rule, 
the new American head included: US withdrawal from the Pacific 
Partnership, by which Washington refuses to lower tariff barriers, as well 
as to regulate areas such as labor law, ecology, intellectual property and 
other common areas of the Pacific countries; removing restrictions on 
energy extraction, developing a cybersecurity program; revising 
immigration policy to provide more jobs for Americans and reduce the 
flow of foreign workers; introduction of measures and bans for politicians 
who have left their posts in favor of private companies or other countries; 
repeal of the Obamacare program, which aims to reform the health care. 
[8] 

Donald Trump is also implementing military reconstruction 
reforms. He increased spending on defense by more than $ 54 billion, 
with additional funding coming from other, less priority programs. At the 
heart of these changes is a 10% reduction in increased military aid 
spending to other countries. [9] An example of this is the reduction of US 
troops in Europe [10] and the withdrawal of troops from Afghanistan 
[11]. 

In 2017, the presidential administration and the Washington 
government officially announced the country's exit from the Paris 
Agreement on Climate Change, thus officially abandoning the fight 
against climate change and global warming. [12] 
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In 2018, Trump took another step, this time on the path of 
deteriorating relations with Moscow. The president made an official 
statement in which he decided to withdraw from one of the most 
important and significant treaties of the Cold War - the Treaty on the 
Elimination of Medium-Range and Short-Range Missiles. [13] [14] The 
treaty officially expired in August 2019. [15] 

Also, in 2019, the American head refused to ratify the 
International Arms Trade Treaty because the agreement was not in the 
interests of the United States. [16] According to the President, ratification 
of this document is a threat to the country's national security. At the same 
time, as of September 2015 - the treaty was signed by 130 UN countries, 
and ratified by 74. [17] [18] 

The anti-globalization policy of the American government has 
continued asserting its character in 2020. In May, it was reported that 
Washington intended to withdraw from the Open Skies Treaty [19], and 
on July 8, Trump made an official statement on the withdrawal of the 
United States from the World Health Organization, thus reducing the 
organization's budget by up to 15% per year (about $ 400 million). [20] 
And this is considered a big blow to the UN. 

Also, it is a fact, that the policy pursued by the world's only 
hegemon until recently has influenced the world's political, economic, 
diplomatic and social processes. On a national scale, the decisions of the 
Republican government bring with them benefits for the American 
people, but viewed within the global system - they remain deconstructive. 

At the same time, on the other side of the Atlantic, a referendum 
created the preconditions for the political and economic distance of 
another empire from the long-established European system. 

On 23 June 2016, the United Kingdom decided to terminate its 
membership in the EU, with 51.9% of the country's vote. [21] These votes 
have become a symbol of the shaky liberal democratic system. The 
embodiment of distrust in the European institutions and the exhaustion of 
their functionality. 

There will be negative consequences for both parties. Britain is a 
country that has a huge influence in all parts of the globe. This means that 
the disadvantages of the BREXIT deal are largely global. The losses in 
the growth of the GDP of Great Britain from 2018 to 2030 will represent 
0.17%. And the country's total GDP by 2030 is expected to decline by 
2.2%. [22] [23] The free movement of people and goods will also suffer 
enormous damage. About 70% of the tourists in the UK are EU citizens. 
[24] 

The Brexit deal has the potential to cause long-term damage to 
other sectors, including the financial one. [25] According to Ernst & 
Young experts, financial institutions can export assets worth about $ 1 
trillion from the country. [26] The business also suffered, with many 
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international companies deciding to move from the island to mainland 
Europe. Examples are "easyJet Europe", "Panasonic" and others. [27] [28] 
The exit of the United Kingdom will also lead to disagreements on 
extremely important international issues related to the borders between 
Ireland and Northern Ireland. [29] 

All these changes, which rewrite the political and economic path 
of Great Britain, confirm the direction towards the independent future 
development of the island state. The image of the West, as a single and 
common whole, pursuing and upholding liberal and democratic values, 
will no longer look the same. 

There are also negatives for the EU. One of the most significant 
cons is the destroyed ideology for the constant development of integration 
processes. For many years, the unification has been a symbol of the 
strength of the union which unites dozens of peoples and nations. Today, 
unfortunately, this international organization is forced to prove why it 
isbeneficial and necessary. The problems in the structure and ideology 
between the member states are deepening. Among the main obstacles 
hindering the constructive functioning of the current system are: the lack 
of common goals between the states; insufficient management efficiency; 
the excessive growth of the organization and the widening gap between 
the political, social and economic levels of development between the 
Member States; the problem of building a common identity, as well as the 
evolution of the European system towards strengthening 
intergovernmental ties, with the dominance of larger countries. [30] 

On the other side of Europe, however, there is a country that is 
ready to lend a hand to those in need by becoming a partner of paramount 
importance. Russia is a huge country with huge opportunities. It is and 
has always been an important factor in European politics. In this line of 
thinking, when partners and allies turn their backs on the EU, they are 
giving enormous opportunities to other countries, by giving up their place. 

In recent years, the Russian Federation has increasingly asserted 
its enormous role in world political processes. At the same time, Moscow 
has managed to defend its national priorities, including the protection of 
the Russian-speaking population in Crimea and the annexation of the 
peninsula [31] to the country's sovereign borders in 2014, through a 
referendum, respecting the international law of self-determination UN 
Charter. This event has left a lasting imprint on the country's economy, as 
the sanctions imposed by the Western countriesare still in effect and are 
periodically renewed. [32] 

Despite the economic losses, Russia has managed to maintain the 
functioning of its economy, as well as to actively participate in and defend 
its interests in international conflicts, such as the war in Syria, where it 
has successfully led operations against the Islamic State terrorist group, 
request of legitimately elected Syrian President Bashar Assad. [33] At the 
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same time, Moscow does not join under the auspices of international 
coalitions, under the leadership of the United States, as they act without 
the consent of the legitimate government of Syria and without a mandate 
from the UN Security Council. 

Russia's military action lasted about two years and ended 
successfully in 2017, moving into political regulation and the 
establishment of diplomatic contacts. A memorandum was signed 
between Russia, the United States, and Jordan on November 8 of that 
year. [34] On January 29-30, 2018, Russia hosted the Congress of the 
Syrian National Dialogue, which was attended by over 1,400 Syrian 
political representatives, trade union members, religious figures, activists, 
human rights defenders, international observers from Russia, Turkey and 
Iran. [35] 

And all this - while the eastern border of Russia is at war, in 
Donbass [36], sanctions have been imposed by the world's largest 
economies, and the United States has declared the Russian side in its 
legislation as an "adversary" for the first time since Cold War, equating its 
status with that of North Korea and Iran. [37] Despite this overall 
unpleasant situation, the Russian Federation has managed to maintain and 
defend its international positions. Something more! In 2020, Russia is the 
country that, despite all sanctions, has helped Serbia, Italy, Moldova and 
other European countries, both in the EU and beyond, as well as the 
United States, in the fight against the new biological threat of coronavirus 
infection (COVID-19). [38] [39] [40] All these events in recent years 
prove the rise and expansion of the Russian Federation, which has 
established itself as one of the main political factors in the international 
relations, despite the obstacles standing in its way. 

Another giant from Asia, a country with a thousand-year history 
[41], is developing at an incredible economic pace. When Xi Jinping, the 
new Chinese and party leader, came to power, he began to sweep away 
the vast country and establish it as one of the most important elements in 
building the world to come. In a short period of time, the People's 
Republic of China has succeeded in consolidating its role in the system of 
international relations. Only from 2013 to the beginning of 2018, the 
statesman managed to visit 56 countries, on 5 continents, as well as - the 
headquarters of the largest international and regional organizations. [42] 

China is developing and focusing on its foreign policy. Thanks to 
the new chairman of the Communist Party in China, three new ideas are 
emerging in the country's foreign policy. These are the "New Type of 
Relations between the Great Powers" [43], the diplomacy of the great 
powers with Chinese characteristics [44], the building of a global society 
with a single destiny [45]. And this is definitely becoming an ambitious 
application for world leadership. 
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China has also initiated the creation of the Asian Infrastructure 
Investment Bank, along with Russia and India. [46] At the request of 
Russia's Deputy Prime Minister Igor Shovalov, this spectacular project is 
competitive with the World Monetary Fund as well as the World Bank. 
[47] Other achievements of the Chinese leader in building large-scale 
projects are the Silk Road Fund [48] and, together with the BRICS 
countries, the New Development Bank. [49] 

Undoubtedly, one of the biggest projects started by China is the 
large-scale One Belt One Road initiative. This mega-project will bring 
together about 63% of the world's population and will have an estimated 
economic scale of $ 21 trillion. [50] The main idea of the project will be 
the search for and creation of new models for international cooperation, 
which will strengthen the existing regional, bilateral and multilateral 
structures, as well as their interaction, with the participation of China. 
Some of the main goals of the project are: to increase regional economic 
cooperation between countries; to make a greater connection between the 
different civilizations, to maintain peace as well as sustainable 
development in the individual regions. [51] No Chinese leader has played 
such an important role "under the skies" in recent decades, [52] making 
Xi Jinping undoubtedly one of the most influential people on the planet 
capable of changing the world! 

In conclusion, we can say that politics lives on. It is constantly 
changing and restructuring. Every day is a new written page of history. 
The world, in the second decade of the 21st century, is undergoing a 
radical metamorphosis, which confirms a new system in international 
relations. Multipolarity has become an inevitable part of our present and 
future. However, it does not change the already created global world, but 
complements and perfects it. The development and prosperity of nations 
and people have justified the lessons learned from previous historical 
events. New regional and world leaders are being formed, while old ones 
are giving up or sharing their positions. For a system to function, it needs 
its elements. If one element, for some reason, is divided from the system, 
then another one comes in its place. The soft power competitiveness that 
is being built in the present is a call to future generations and their 
mission - to preserve the peace of the planet in the already established 
multipolar globalism. 
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Abstract  
Tiny elements of world politics can sometimes change 

everything overnight. The illicit manufacture of weapons, namely small 
items, the mass production of which is not immediately visible, is a 
central event in the issue of violation of basic international treaties and 
declarations. The bullets that hit and tear the internal organs do not pass 
through, they are really needed for police officers, investigators and 
similar professions. But the presence of such a dangerous and small 
enemy who can fall into the wrong hands creates a dangerous situation, 
uncontrolled and explosive. The issue related to the illegal manufacture of 
expansive bullets is not resolved at the moment. 

Keywords: expansiveness, explosive bullets, illegal use.  
 
At least for now to define the concept of "weapon" out of context 

as of this date. Weapons can be informational, destructive, material and 
tangible, at the same time as invisible and intangible. The fundamental 
notion of weapons is still the concept of a physical tool that inflicts heavy 
losses on the enemy. 

According to the Federal Law on Weapons of the Russian 
Federation, weapons are devices and objects that are constructively 
designed to hit a live or other target, to give signals, and a firearm is a 
weapon designed to mechanically hit a target at a distance by thrown 
equipment that receives directional movement due to energy powder or 
other charge [11].  A state's possession of weapons is also conditioned by 
the existence of real and unrealistic threats to the ability to respond to 
hostilities.  

 The role of weapons possessed by states in the last century can 
hardly be overestimated [6]. Depending on the time, the presence of 
nuclear, chemical, bacteriological and other types of weapons had an 
adverse effect on international situation, but the presence of a highly 
specialized type of ammunition from states was not given wide publicity, 
as it was not a factor of dignity, strength and superiority over other actors 
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in international relations. The title of the most dangerous weapon in the 
world can be named based on the results of actions, which can be 
appraised during test attempts only. 

The place of expansive bullets (or "flowers of death", the most 
common name for the described bullets) is determined by the goal that the 
committed stakeholder sets itself in trying to examine this type of 
weapon. This type did not receive wide publicity, despite the fact that the 
international space has repeatedly faced the problem of their uncontrolled 
illicit use. Expansive bullets or expanding bullets, also known as dum-
dum bullets, are bullets that are designed to enlarge their diameter when 
hitting soft tissue to increase their lethality as well as reduce allenthesis. 
Expansiveness is the ability of a bullet to expand, increase in size [8]. 

The presence of such a quality in a bullet is not fundamentally 
new - for a long time, shellless lead bullets of a relatively large caliber 
were used in hand-held firearms, which also had a huge force of 
destruction and crushing of bone.  

Such bullets, when hitting soft tissues, also increased their 
diameter, due to which they transferred their energy to the target. Because 
of this ability, lead bullets can be considered expansive, however, in the 
development of such bullets there was no purpose of increasing their 
expansiveness additionally. Then such bullets were replaced by all-lead, 
without a shell, Minier-type bullets (Minier bullet is a bullet for the first 
muzzle-loading rifles, which has a conical notch in the rear part [4]. A 
feature of this bullet is that when fired, its tail section expands and 
provides reliable engagement bullets with a rifle barrel), which also had 
the ability to "flatten", they, accordingly, can also be attributed to the 
class of expansive bullets. The situation in the use of bullets began to 
change from the end of the 19th century, after the transition in military 
weapons to small-caliber rifled barrels (in those years calibers were 
considered small, in our time referred to as normal - 6.5-8 mm). Soft, 
shellless bullets could not withstand the pressure that was created in the 
barrel by smokeless powder, and often fell off the rifling.  

This circumstance caused a significant decrease in the lethal 
effect, which was very sensitive for the armies that fought in the colonial 
wars, so during the Chitral campaign of 1895, the British came to the 
conclusion that their weapons were ineffective, that the wounded could 
continue to fight despite the shots. The bullets of the British that were not 
able to deform in the wound channel could not transfer their energy to the 
target, "came out" right through, leaving the inlet and outlet openings, 
respectively, fatal damage could only be in case of hitting vital organs. 
The result of such conclusions was the development of expansive bullets 
for the 303 British cartridge, which was used in the Lee-Metford and, 
later, Lee-Enfield rifles in the early 1890s at the British royal arms 
factory, geolocated to the working suburb of Calcutta, Dum-Dum [7].  
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The commander of the Middlesex Regiment, Colonel Hill, during field 
trials of such expansive bullets during the Boer War of 1899-1902, said 
that it is better to be wounded by two Martin-Henry bullets than one. 
Another statement confirming the high power of hitting the target of a 
bullet was the words that a bullet hit led to incredible damage to bone and 
flesh, however, there was another point of view, which said that the 
increased expansiveness of new bullets was compensated by their small 
caliber, as a result which bullet was inferior to the shelless bullets of old 
rifles like Martin-Henry, Snyder or Anfield [4]. 

Despite the ambiguity of opinion about the damaging effect of 
Dum-dum bullets, their use caused protests from the international 
community as "inhumane" and "violating the laws and customs of war" 
conduct of hostilities, after which the use of such bullets was banned at 
the First Hague Peace Conference in 1899 year (3 conventions and 3 
declarations were adopted, including the Declaration - of July 29, 1899 on 
the disuse of easily deployed or flattened bullets). The Second Hague 
Conference of 1907 confirms the ban (1 declaration and 13 conventions 
were adopted, including the "Convention on the Laws and Customs of 
War on War", the text of which contains information on the prohibition of 
"using weapons, projectiles or substances capable of causing unnecessary 
suffering" - Section II On military operations Chapter I. [1,6,7]. On means 
of inflicting harm on the enemy, on sieges and bombings Article 22. 
Officially adopted samples of ammunition do not contain such bullets, 
which indicates that countries have complied with this prohibition, but in 
fact the prohibition was violated. During both world wars, the sides 
actively used expansive bullets in battle (Example: In Russia, due to a 
shortage of Mosin rifles, they used outdated Berdan rifles during World 
War I. Such rifles shoot expansive bullets.) Later, the same Berdan rifles 
were used by the Finns during Winter War with the USSR (Soviet-
Finnish War 1939-1940). 

Despite the controversy about the effectiveness of bullets, it 
should be noted that shell bullets still have advantages over expansive 
ones. The supply of conventional bullets from the rifle magazine is more 
reliable due to the solid bullet nose, which is not damaged when storing 
the cartridge. Also, in the course of hostilities, the rational outcome will 
be to injure the enemy, rather than kill him. 

This ban did not become the subject of discussion in the 
international arena. The progress of the arms business is dangerous with 
new developments, the control of which is a complex process. The effect 
of creating and designing new weapons can be unpredictable [10]. In view 
of this, the ban on the use of such bullets caused speculation: “at one time 
there was an active discussion on whether the expansive high-speed 
small-caliber bullets of the American cartridge 5,56x45 mm for the M16 
rifle should be equated to the expansive ones. severe damage, partly 
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similar to those of a dum-dum bullet. Thus, the result of such discussions 
in 1979 at the UN International Conference was the "Convention on 
Prohibitions or Restrictions on the Use of Certain Conventional Weapons 
Which May Be Deemed to Be Excessively Injurious or to Have 
Indiscriminate Effects", adopted in 1980, which includes the Resolution 
on Small-Caliber Systems weapons (adopted at the 7th plenary meeting of 
the conference on September 23, 1979, often in conjunction with the 
CCW) [6,7].  This resolution asks "the governments of all countries to 
exercise caution in the development of small-caliber weapons systems and 
to appeal to specialists in wound ballistics with an urgent 
recommendation on the need to develop a standardized international 
methodology for assessing and monitoring ballistic parameters and the 
damaging effect of high-velocity and small-caliber bullets." 

So, the ban on the use of such a controversial type of bullets 
applies only to regular armies, expansive bullets are still used in hunting. 

The existence of weapons capable of inflicting enormous damage 
causes and will always cause controversial opinions and judgments. Thus, 
the presence of any weapon of a special type of defeat will never become 
an object that increases the influence of a state in the international arena. 
[1]. Long-term efforts by states to coordinate the development of weapons 
development have not yet led to full arms control. Of course, the 1980 
Convention should be considered an achievement of international 
cooperation in the control of specific types of weapons, the issue of its 
observance remains a problem. Perhaps, in the case of painless 
implementation of the provisions of the said convention into the national 
legislation of states, the process of their compliance would be increased. 
Nevertheless, the question of exactly how to control the production of 
certain types of weapons that are dangerous to human life remains open.  

The danger of this type of weapon really exists. The presence of 
such weapons, however, is necessary, for example, for police officers, 
because in addition to expansive bullets and bullets "dum-dum", there are 
bullets that do not open in the form of a flower, but are divided into 
separate parts, and each fragment also injures the body of the enemy, 
which allows the bullet not to pass through and not hurt the bystander. 
The official ban on the manufacture of expansive bullets undoubtedly 
controls their mass production, but, unfortunately, does not exclude a 
situation in which stakeholders can modify the bullet by cutting off its tip 
or simply try to shift the center of gravity. The terrible wounds that such 
bullets inflict leave no chance for life [11].  

Nothing can compare with this speed and method of defeat. The 
new world and global space make it impossible to take into account the 
minor factors of international relations. The information field is 
expanding at the speed of sound, which creates a platform for the creation 
of illegal weapons, the dimensions of which are so small that they can 
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simply be overlooked. Making illegal bullets leads to a situation in which 
a small thing does huge damage. The killing of one leader can lead to the 
defeat of an entire army or a group of people inspired by that leader. 
Provides examples or evidence of making such bullets cannot be an overt 
basis here.  

That is why the amount of illegal manufacture and use of such 
bullets can only be guessed at. It should be borne in mind that a healthy 
society devoid of a thirst for revenge and not shaken by constant 
showdowns, revolutions and mass protests is not prone to violence and 
the use of this type of weapon. Many mentalities of the world are 
characterized by the peculiarity of sorting out relationships through the 
demonstration of strength and masculinity, which manifests itself in 
aggression [3].  Such peoples deserve respect because they do not go to 
the absurd method of solving problems through force and murder.  

Shaken by the unrest of the society, today, unfortunately, they 
are inclined to illegal methods of solving the issue of international and 
domestic politics. Such societies are "floating" and can be born in the 
most peaceful regions, so it is extremely important to understand that the 
issue of resolving the issue of manufacturing illegal weapons in the world 
has not been actually resolved. 
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