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Abstract

The work is devoted to the study of the technology of urban wastewater treatment, specially designed to remove the biogenic element phosphorus.
An analytical review of the achievements and publications on the study of the process of wastewater dephosphotation by the reagent method is given.
Based on the analysis carried out, the results of our own experimental studies are proposed and substantiated. The dependence of the effect of
dephosphotation of wastewater on the dose of the reagent when using mineral coagulants, taking into account changes in environmental conditions,
has been established. To optimize the cleaning process, mathematical modeling methods based on influencing and determining factors were used.
Graphs and regression equation obtained, which determine the dependence of the residual concentration of wastewater phosphates on the dosing
conditions of the aluminum polyoxychloride reagent.

Keywords: wastewater treatment, dephosphotation, optimal planning, multifactorial experiment, aluminum polyoxychloride.

TEXHONOrMYECKOE MOAENNPOBAHUE NPOLIECCA PEATEHTHOIO YOANEHNA ®OC®OPA U3 CTOYHBIX BOA

C. B. AHpgpetok, T. U. Akynuy, E. C. Foruna, [1. B. Kanepeiko

Pechepar

Pabota nocesileHa MCCnenoBaHMio TEXHOMOMM OYUCTKN TOPOACKMX CTOUHbIX BOA, CrieunanbHo NpepHasHaueHHoN Anst yhaneHust BuoreHHoro
anemeHTa gocgopa. MpuBoanTCS aHanMTUYECKMii 0630p JOCTVXKEHUIA U NyOnMKaLmMin Mo M3yyeHuto npolecca AedoctoTaLmmn CTOYHBIX BO peareHT-
HbIM MeTogoM. C y4eToM NPOBEAEHHOTO aHanuaa npeanaralTcs 1 000CHOBLIBAKOTCS pe3yNbTaTbl COBCTBEHHBIX 3KCIEPUMEHTANBHBIX UCCNEA0BaHNA.
YcTaHoBneHa 3aBncumMocTb addekta fedocdoTaumm CTOUHbIX BOA OT [03bl peareHTa npyu 1Cnonb30BaHUM MUHEPAIbHbIX KOarynsHTOB C Y4ETOM W3-
MEHEHUS YCIoBUI cpepbl. [1ns oNTUMM3aLMM NpoLecca O4MCTKM UCMONb30BaHbl METOAb!I MaTEMATUYECKOTO MOENMPOBAHUS HA OCHOBE BRMSIKOLLMX W
onpegenstowux axkropos. MonyyeHsl rpadmki U ypaBHEHUe PErpeccum, KOTOpbIE ONPEAENSIOT 3aBUCMMOCTb OCTaTOYHOM KOHLEHTpaLmm (ochaToB

CTOYHbIX BOA OT yCJ'IOBVIVl [031pOBaHNA peareHTa nonnokcuxnopuaa antoMmHnA.

KntouyeBble cnoBa: ouncTka CTOMHbIX BOA, AedocdoTaums, onTuMarnbHOe niaHMpoBaHWe, MHOTOMAKTOPHbIN 3KCMEPUMEHT, MOSMOKCUXIOPUA

antOMUHNS.

Introduction

The study of the mechanisms of complex processes and the proper-
ties of multicomponent systems, as well as their optimization in modern
mathematical theory, makes it possible to model wastewater treatment
processes based on influencing and determining factors. The object of
the study was the reagent dephosphotation of wastewater using the
method of optimal planning of the experiment [1].

A multifactorial experiment is widely used in modern scientific activity
and is an effective means of processing and planning experimental studies.
The effect of wastewater treatment, the residual content of impurities will be
a response function with optimal design of the experiment. Mathematical
models obtained using the methods of planning experiments are usually
called experimental-statistical [2]. At the same time, the value of a mathe-
matical description lies in the fact that it gives information: about the pat-
terns of influence of individual factors on the response function; allows you
to quantify the value of the response function for given values of factors;
can serve as a basis for optimizing the process, its imitation [3].

Removal of biogenic elements (compounds of nitrogen and phospho-
rus), leading to eutrophication of water bodies, is currently one of the
main directions in the field of wastewater treatment. The removal of nitro-
gen and phosphorus by the biological method are interrelated. Due to
rather stringent requirements for the content of phosphorus in purified
water, priorities are shifting towards the removal of phosphorus. When
using a biological cleaning method, the efficiency in reducing the concen-
tration of phosphorus is 78-80%. At the same time, the biological treat-
ment process is considered to be very sensitive and unstable. The use of
the method of chemical removal of phosphorus makes it possible

to reduce its concentration at the outlet of the treatment plant by 95%
(up to 0,5 mg/dm®).

In papers [4,5], the issues of mathematical modeling of the process-
es of flotation wastewater treatment are considered. Descriptions
of thermodynamic and kinetic models of the flotation process are given.
It is shown that the use of mathematical models of wastewater treatment
devices allows optimizing their technological and economic performance
without significant costs for additional experimental studies. Known is the
development of a software package that mathematically describes the
dynamics of anaerobic wastewater treatment using the example of tradi-
tional type reactors and reactors in which the stages of acid and methane
fermentation are spatially separated [6], the process of membrane
wastewater treatment has been studied [7]. Mathematical processing of
the results of experimental studies with the help of interpolation polyno-
mials has been carried out, a functional dependence of the change in the
physicochemical parameters of the processes of membrane wastewater
treatment has been established.

The essence of the method of chemical removal of phosphorus from
wastewater is the addition of reagents, the formation and precipitation
of undissolved phosphorus compounds and their removal with sediment.
As reagents can be used:

— calcium compounds (calcium oxide CaO and calcium hydroxide

Ca(OH)2);

— aluminum compounds (aluminum sulfate Al2(SQO4)3-18H20, aluminum
oxychloride Al2(OH)sCl, etc.);
— iron compounds (iron (lll) chloride FeCls-6H20, iron (Il) sulfate

FeS047H20, etc.);

2
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— natural materials (clays, limestone, zeolite, dolomite, etc.);
— production waste (blast-furnace slag, sludge from water treatment
facilities).

In works [8-11] the main attention is paid to the study of wastewater
dephosphotation methods and the efficiency of their use. Each of the
described methods has its own effect on the removal of phosphates from
wastewater through the use of special reagents and their physical proper-
ties. There are known studies on mathematical modeling of wastewater
dephosphotation processes by the method of a full factorial experiment
[12-14]. In particular, the work [14] considers the features of constructing
a mathematical model for the process of reagent dephosphotation of
highly concentrated wastewater from a pig farm using iron sulfate as a
reagent. A characteristic equation has been obtained for calculating the
efficiency of removing phosphorus compounds depending on the dose of
the reagent, temperature, and Eh. The work [15] analyzes the effect of
phosphate ions on the cooling pond of the Rostov NPP and considers the
use of a dephosphotation unit in the scheme of reconstructed treatment
facilities in the «free» mode zone to reduce it using «Aqua-Aurat 30» as a
coagulant. A comprehensive assessment of the efficiency of removing
phosphorus compounds from wastewater with its accumulation in activat-
ed sludge is known using the innovative reagent preparation VTA Biokat
P500 [16]. The results of joint biological and physicochemical purification
are presented [17]. Because of modeling, the advantages of using com-
bined chemical-biological dephosphotation of wastewater in aerotanks
are shown. The need to improve biotechnologies for the removal of nitro-
gen and phosphorus from urban wastewater is being actualized [18].

Taking into account the analysis of publications and achievements in the
field of optimizing the process of wastewater treatment from biogenic ele-
ments, the task of our own research was to obtain experimental-statistical
regression equations that reflect the effectiveness of reagent treatment.

The purpose of the performed scientific research was to establish the
dependence of the effect of dephosphotation of urban wastewater on the
dose of the reagent when using various types of reagents by trial coagula-
tion, taking into account changes in environmental conditions. To achieve
this goal, the following research tasks were set to be solved:

1) an analytical review of the application of the method of reagent re-
moval of phosphorus;

2) study of the kinetics of the process of chemical dephosphotation of
wastewater;

3) selection of the optimal dose of coagulant depending on the ratio of
the concentration of the reagent for metal to the initial concentration
of phosphorus (Me:P ratio) at different pH and temperature values.

Materials and methods

Studies of the chemical dephosphotation of wastewater were carried
out with the possibility of practical application of the reagent method for
removing phosphorus at existing sewage treatment plants in the city of
Brest [19, 20]. In the work, methods were used for determining wastewater
phosphates, trial coagulation to select the optimal dose of the reagent, and
technological and mathematical research methods were used, taking into
account the current legal acts. Trial coagulation in the treatment of
wastewater was carried out with a 1% solution of the coagulant polyox-
ychloride aluminum «Aqua-Aurat 30» (with a mass fraction of AlO3 30%) at
an initial concentration of phosphates of 10 mg/dm?. Positive dynamics of
purification was also obtained as a result of trial coagulation with iron sulfate
(1) Fe2(SO4)3:7H20 reagent (the dose of a 1% solution varied from 18 to
63 mg/dm3). Taking into account the analytical review of the application of
the method of reagent removal of phosphorus and the study of the kinetics
of the process of chemical dephosphotation of wastewater, the optimal
design of the experiment was carried out using aluminum polyoxychloride.

Results and discussion

In the framework of experimental studies, in order to determine the
optimal values of the parameters of the technological process of coagula-
tion of phosphorus compounds in wastewater when modeling the treat-
ment process, we considered the dependence of the residual concentra-

tion of phosphates, Cres, mg/dm3, on three factors (table 1):

1) B-factor, taking into account the excess of the reagent, required for
the deposition of 1 mol of phosphorus, mol/mol, over the calculated
stoichiometric amount;

2) pH values of the medium;

3) ambient temperature, t, °C.

Table 1 - Conditions for conducting a complete factor experiment

Characteristics °

of the experiment plan pH B t°C
Basic Level 75 1,5 15
Variation interval 1 0,5 5

When conducting research on the treatment of a model solution with
a phosphate concentration of 10 mg/dm3 with «Aqua Aurat 30» reagent, it
was established:
1) with an increase in the dose of coagulant (increase in the value of the
B-factor), the cleaning effect is achieved from 68 to 91,5%;
2) the maximum effect of removing phosphates is at pH in the range of
6,5-7.5;
3) dephosphating efficiency increases with increasing temperature.
Based on the results of experimental data processing, the regression
equation Cres = f (pH, B, t), mg/dm3, was compiled in the form of a poly-
nomial of the second degree from three variables:

Cres = 1,24 32 -5,38 8 +0,43 (pH)? — 6,45(pH) +0,01 £2 — 0,19 t +32,35. (1)

The developed experimental-statistical model (1) makes it possible to
represent the response surface on the factorial plane by lines of depend-
ence of the residual concentration of phosphates Cres on the B-factor (the
ratio of the concentration of the reagent for the metal to the initial concentra-
tion of phosphorus) and external environmental factors (Fig. 1, 2).
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Figure 1 - Influence of the pH parameter on the process of phosphate
removal at different water temperatures t,"C, and p-factor=2,17
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Figure 2 - Influence of B-factor on the process of phosphate
removal at different pH and water temperature t=9,5°C

With the help of the obtained equation, it is possible to predict the effi-
ciency of dephosphotation in a certain mode of conducting the wastewater
treatment process. The reproducibility of the experiments was checked
using the Cochran test (Gcalc=0,298; Gtabl=0,616). The significance of the
regression coefficients was determined taking into account the value of
Student's criterion (t=2,57 for the confidence probability P=0,95 and 5 de-
grees of freedom). The adequacy of the dependencies was confirmed by
Fisher's test at a 5% significance level (Fcalc=3,54, Ftabl=5,05).

Table 2 shows the results of the effect of the dose of the injected re-
agent on the residual concentration of phosphates at different pH values
at a wastewater temperature of 10°C.

Civil and environmental engineering
doi.org/10.36773/1818-1112-2022-129-3-2-4
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Table 2 — Effect of pH and dose of the injected reagent on the effect of
phosphate removal at a temperature of 10 °C
Residual phosphate concentration ( Cres )

The and removal effect (3res) at p-factor
hydrogen 1 1,5 2,0
index pH ™ Creg o | Cres o | Cres .
mg/dm? Jres , % mg/dm? Jres , % mg/dm? Jres , %

6,5 3,20 68 2,1 78,9 1,22 87,8
7,5 3,12 68,8 1,98 80,2 1,46 85,4
8,5 3,00 70 2,00 80 1,55 84,5

An analysis of the equation for determining Cres depending on pH, B, t
made it possible to establish that the minimum residual concentration of
phosphates in the process of chemical wastewater treatment is achieved at
certain values of the studied factors: pH=7,5; $=2,17; t=9,5 °C; the B-factor
and pH of the medium have the greatest influence on the cleaning effect.

Conclusion

1. Removal of nutrients is an urgent task in the field of water resources
protection; Analytical and experimental studies of the process of
chemical dephosphotation of wastewater using reagents of aluminum
polyoxychloride and ferrous sulfate were carried out.

2. Based on the results of a three-factor experiment using the «Aqua-
Aurat 30» coagulant, a second-order regression equation was ob-
tained, which is an experimental-statistical model of the process of
reagent wastewater treatment from phosphates; all regression coeffi-
cients of the equation are significant.

3. At an initial concentration of phosphates of 10 mg/dm?, the optimal
values of the reagent dephosphotation parameters were established,
at which the lowest residual concentration of phosphates in the treat-
ed water is achieved: pH=7,5; =2,17; t=9,5 °C.

4. The resulting mathematical model of the process of reagent
dephosphotation of wastewater makes it possible to select the opti-
mal dose of coagulant depending on the ratio of the concentration of
the reagent for metal to the initial concentration of phosphorus at var-
ious pH values and ambient temperatures.
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Abstract

The article describes the issues of increasing the efficiency of neural networks in terms of their design and coding of input and output signals. The
application of multiple signal coding using extrapolation of the input parameters is described on the example of a system of recognition character se-
quences on images of arbitrary size with a complex background.

An effective combination of multiple positional and configuration-competitive coding for various types of signals makes it possible to achieve per-
formance rates of the building number recognition algorithm of up to 74 images per second in the adaptive learning mode and 218 images per second in
the recognition only mode.

The paper also outlines general recommendations for signal coding in artificial intelligence systems based on neural networks.

Keywords: neural networks, convolution neural network, neuroevolutionary learning, image recognition, character recognition, neural network learning, deep
learning, reinforcement learning, extrapolation learning, positional coding, configuration coding, single coding, multiple coding, input coding, output coding.

MOBbILWEHWUE 3OOEKTUBHOCTU HEUPOHHbIX CETEW B 3ANAYAX PACNO3HABAHUSA

7. A. Bypbin
AHHOTauus
B cTaTbe paccMOTpeHbl BOMPOCHI MOBbILLIEHNS 3DEKTUBHOCTU HEMPOHHBIX CETEN C TOUKM 3PEHNS X NPOEKTUPOBAHWS W KOAMUPOBAHNS BXOAHbIX 1
BbIXOAHBIX CUrHanoB. ONMCaHO MPUMEHEHNE MHOXECTBEHHOMO KOAMPOBAHIMS CUTHANOB 3a CYET SKCTPaNnonALMWN BXOGHOTO CUTHana Ha npumepe cucTe-
Mbl pacno3HaBaHus Lienoyek CUMBOIIOB Ha N306paxeHIsX NPOM3BONBHOMO pa3Mepa Co CrOXHbIM (hoHOM. JDEKTUBHOE COYETAHNE MHOXECTBEHHOTO
MOSMLIMOHHOTO W KOHUTyPaLIMOHHO-KOHKYPEHTHOTO KOAMPOBAHMS ANst PasNvYHbIX TUMOB CUTHAMNOB MO3BONSET A0OWUTLCS MOKasaTeneil CkopocTi paboTbl
anropuTMa pacrnosHaBaHus HOMEPOB 3aaHuit B0 74 n306paxeHnit B CekyHAY B pexume afanTusHOro obyyeHnst n 218 nsobpaxeHui B CekyHay B pe-

XXUMe TOJNbKO pacno3HaBaHnA.

Takxke B paboTe M3NoxeHbl 06LLMe PEKOMEHIALMN MO KOAMPOBAHMIO CUrHaNOB B CUCTEMAX UCKYCCTBEHHOTO WHTENNEKTA, OCHOBAHHBIX HA HEMPOHHBIX

ceTax.

KnioyeBble cnoBa: HeipoHHbIe CeTU, HePOHHAs CeTb CBEPTKM, HEMPOIBOMIOLMOHHOE 0BYYeHMe, pacnoaHaBaHue 130bpaxeHuit, pacnosHaBaHme
CMMBOJIOB, 00y4YeHWe HEMPOHHbIX ceTel, rmybokoe 0by4yeHne, 0byyeHe ¢ NOLKPENIEHEM, SKCTpanonuMpyioLlee obyyeHue, NO3ULMOHHOE KOAMPOBA-
HUe, KOH(UrypaLMOHHOE KOAMPOBaHWE, OAMHOYHOE KOAMPOBaHME, MHOXECTBEHHOE KOAMPOBAHWE, KOAMPOBAHME BXOAHbIX CUrHamNoB, KOAMPOBaHWE

BbIXOAHbIX CUrHamnoB..

Introduction

The choice of a specific architecture of a neural network and the
structure of its interface is an important part of the development of a
computer vision system, since the accuracy and speed of the system
depends on this choice.

Multilayer neural networks trained with gradient descent are capable
to build complex multidimensional regions based on a large number of
training parameters. Therefore, they can be used as classifiers in pattern
recognition [1].

The highest invariance to distortions of the input signal has been
achieved in neural networks of the convolutional type, such as the cogni-
tron [2], neocognitron [3], and the convolution neural network. Convolu-
tional neural networks evolved from a simpler type of neural networks
called perceptrons. These are direct signal propagation networks with
one hidden layer and a threshold transfer function [4] [5].

Convolutional neural networks have special convolutional layers. The
neurons in these layers calculate the weighted sum (convolution) of the sig-
nals of their local receptive fields. The receptive field of a neuron is a region of
the output signal of the previous layer with given sizes and with a center that,
as a rule, geometrically corresponds to this neuron in the previous layer.

The convolution neural network also has additional pooling layers that
perform local averaging of the signal, which greatly simplifies its architecture.

The architecture of convolutional neural networks mimics the work of the
visual cortex as closely as possible. In view of this, they are widely studied
from the point of view of building computer vision systems. They are success-
fully used in agriculture for segmenting aerial photographs of agricultural fields
[6], for segmenting satellite images [7], in medicine for segmenting images of
examined tissues [8], for recognizing emotions from images, for removing
noise from images, and for solving many other problems.

However, the scope of application of convolutional neural networks is
not limited to image processing tasks. This architecture is also widely

used in other areas, such as speech recognition [9] and computer attack
detection [10].

Neural networks are characterized by a large consumption of computing
resources, especially in cases where high accuracy is required. This problem
also exists for other algorithms from the field of artificial intelligence.

Therefore, it is necessary to take into account the limitations on the
cost of computing resources, despite the widespread use and progress
made in the field of neural networks. This is due to the fact that the max-
imum decision-making accuracy achieved and the amount of computing
resources required for this are related to each other. This problem is
especially relevant in embedded and real-time systems.

The purpose of the present research is to reduce the computing re-
sources consumption of recognition systems and improve their perfor-
mance while maintaining the given accuracy of decision making.

Maximizing of accuracy

Various improvements and sophistications of the system can be ap-
plied to improve recognition accuracy. These can be adding new layers and
signal paths, applying teams of decision rules, as well as involving addition-
al calculations for errors of the first and second kind with a corresponding
slowdown in comparison with the primary version of the algorithm.

The idea of methods based on teams of decision rules is to combine
the advantages of various algorithms in a single recognition system using
multilevel analysis. First, it is necessary to apply separate algorithms to the
recognizable image to obtain intermediate results, which are then used to
do the final conclusion about the image belonging to a particular class.

In addition, different algorithms may behave differently depending on
the external conditions in which the neural network operates. Different algo-
rithms can be applied depending on these initial conditions, or areas of
expertise. So, the entire original feature space is divided into areas of com-
petence depending on the values of certain features defined in the image.
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The maximum accuracy of recognition on a given neural network ar-
chitecture is achieved with positional coding of variables contained in the
output signal [11]. Fig. 1 shows an example of the positional and a con-
figuration coding scheme for the number 3, respectively, for the output
and input signals of a neural network.

It has also been observed that increasing the complexity of a neural
network can have a significant effect on the overall recognition accuracy
achievable.

Receiver

Neural
Network

Source

Figure 1 - An example of positional (top) and configuration (bottom)
coding of input and output signals of a neural network

Table 1 - Description of the parameters of the convolution neural network 1

Number . Total Total
nt?%’gér Layer type ;:atlsjir;e of feature %Zﬁjeginz\ge number of | number of
P maps neurons | connections
0 Input 28x28 1 0 784 0
1 CO”T":A”IJD”' 24x24| 6 |5x5x1| 3456 | 86400
2 Pooling 12x12 6 2x2 864 3456
3 CO”T":rL‘ﬁm 8x8 | 16 |5x5x6| 1024 | 153600
4 Pooling 4x4 16 2x2 256 1024
Fully
5 connected, 1x1 10 |4x4x16 10 2560
output
Total: 6394 247 040
Table 2 — Description of the parameters of the convolution neural network 2
Number . Total Total
nt?'r}]lg; . Layer type ;gatgirzee of feature ﬁgﬁfgrz\f number of | number of
P maps neurons | connections
0 Input 28x28 1 0 784 0
1 CO”F;’:'L‘G'O”’ 24x24| 20 |5x5x1| 11520 | 288000
2 Pooling 12x12| 20 2x2 2880 11520
3 CO”F;’:'L‘G'O”’ 8x8 | 50 [5x5x20| 3200 | 1600000
4 Pooling 4x4 50 2x2 800 3200
Fully
5 connected, 1x1 500 |4x4x50 500 400 000
ReLU
Fully
6 connected, 1x1 10 500 10 5000
output
Total: 19694 | 2307720

Optimization experiments were carried out on a character recognition
system based on a convolution neural network. The handwritten character
base MNIST [12] and the building number base SVHN [13] were chosen as

training sets. When the convolution neural network 1 [11] (Table 1) was
changed to the convolution neural network 2 (Table 2), the maximum
achievable accuracy of the recognition system based on it was increased
from 0.9821 on the training and 0.9713 on the test set to 0.9996 on the
training and 0.9933 on the test set for the MNIST handwritten character
base. The maximum achievable accuracy of the recognition system for
the digits of the SVHN building number base was similarly increased from
0.9131 on the training and 0.8902 on the test set to 0.9549 on the training
and 0.9184 on the test set.

So, the number of convolution neural network connections increased
from 247 040 to 2 307 720, i.e., by a factor of 9.34, while the number of
incorrectly recognized characters in the MNIST base fell from 2.87%
to 0.67%, i.e., by a factor of 4.28. Similarly, the number of incorrectly
recognized characters in the SVHN base dropped from 10.98% to
08.69%, i.e. by 1.26 times.

Minimization of computing resources

Some types of tasks may require low consumption of computing
power. For example, this may be important in embedded and real-time
systems. These systems must respond in a timely manner to events
occurring in the external environment. The main design goal in this case
will be to increase the efficiency of the developed algorithms. However,
this efficiency depends inversely on the complexity of the system and,
accordingly, on the number of its connections.

A slight drop in the accuracy of the subsystems for determining the
location, size and other numerical parameters of recognizable images
has little effect on the final recognition accuracy. This is due to some
invariance of convolutional neural networks to input signal deformations.
In addition, the using of positional coding to represent numerical parame-
ters will greatly influence the increase in the complexity of the neural
network. This allows to recommend configuration coding of input and
output signals in such cases.

There is configuration-competitive coding shows a higher accuracy
by 3.41%, compared with configuration-threshold coding, on the same
architecture of the convolution neural network [11].

Configuration coding makes it possible to reduce the complexity of
the developed systems by reducing the number of their binary inputs and
outputs. However, when configuration coding was applied directly to
codes of recognizable classes, the decrease in the accuracy of the
recognition system in [11] was 4.11%. Therefore, if high recognition accu-
racy is required, it is recommended to use positional coding to encode
object types whenever possible. Configuration coding can be allowed
here only in a limited range of tasks. It can, for example, significantly
increase the efficiency of algorithms when the number of recognized
types is very large.

Additional intermediate transcoding of signals from one representa-
tion to another may be appropriate in some cases.

Single and multiple coding of input and output signals of a neural
network can be determined depending on the number of sources and
receivers of its signals. A common practice is to build separate subsys-
tems for different sources and receivers. Each subsystem can determine
one certain characteristic of the image in case of recognition of multiple
objects on it. These can be the number of characters in the image, their
coordinates, sizes, and other parameters.

Schematic examples of such separate subsystems for recognition of
various features are shown in Fig. 2 (a, b and c). They show a single
output coding for all subsystems. Information from the outputs of each
subsystem is intended for a separate receiver. The difference between
them is as follows: Fig. 2a also shows single coding everywhere for the
inputs of all subsystems, i.e., all subsystems receive data from different
sources; neural networks 2 and 3 in Fig. 2b receive data simultaneously
from two sources, i.e. multiple coding is used for their inputs; and Fig. 1c
shows the limiting case of multiple coding of inputs of subsystems, when
all of them receive signals from all sources at once. The maximum accu-
racy of decision-making can be achieved, presumably, precisely with
such coding, since all neural network subsystems have maximum aware-
ness, i.e., they receive data from all sources of the system. However, all
subsystems also spend computing resources on receiving, storing and
processing the same information, which is redundant and increases re-
source consumption.

There is it may be appropriate to generalize and move to the
architecture shown in Fig. 2d. It presents the application of multiple cod-
ing of all inputs and outputs of a single neural network in the system.
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All information transmitted to the system from the sources, in this case,
will be located in only one place. Resource costs will not be duplicated.
The signals for all receivers will contain the result of signal processing
from all sources at the same time.

ceivers, and subsystems for processing and storing knowledge specific to
each signal receivers.

In [14], to create this architecture, extrapolating training of neural
networks was used in [15]. The diagram of the resulting system is shown

The described neural network, which has a minimal internal struc-  in Fig. 3.
ture, will contain a subsystem containing knowledge common to all re-
a b i
) Receiver 1 Receiver 2 Receiver 3 ) Receiver 1 Rec;wer Receiver 3
[T 11 [ 1] [ 11 LITT] [ 1] [ 1]
Single
output [T T1 [ 11 [ 11 [T 11 [ 11 [ 1]
Neural Neural Neural Neural Neural Neural
Network 1 Network 2 Network 3 Network 1 Network 2 Network 3
[TT1 [T 1] [ 1] s‘1llll [T 111 [TT11
Single ingle ]
Tnput Input Multiple
Input
[ [ T1 [ T1 [ 11 [T 11
Source 1 Source 2 Source 3 Source 1 Source 2 Source 3
I
_d_
!
c) d)
Receiver 1 Receiver 2 Receiver 3 Receiver 1 Receiver 2 Receiver 3
[T 1] [ 1] [ 1]
Single .
output g[uglptle
utpus
[T 11 [ 1] [ 1] [TTTTTTT]
Neural Neural Neural
Network 1 Network 2 Network 3 Neural Network
[T 1] [TTT1] [TTTTTTT]
Multiple
Multiple Input
Input [ 11 [ T[] [ T[]
Source 1 Source 2 Source 3 Source 1 Source 2 Source 3

Figure 2 - Single and multiple coding of inputs and outputs of neural network subsystems

Receiver 1

Receiver 2

Receiver 3

Extrapolator 1

Extrapolator 2

Extrapolator 3

L

Interpolator

HEE
A

| th

Source 1

Source 2

Source 3

Figure 3 - The internal structure of a neural network with multiple coding of input and output signals
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Different learning approaches can be applied to different types of
subsystems. So, the interpolator is trained by the method of error back
propagation, but extrapolators is trained with using evolutionary methods
in [14]. The solution to the problem of determining image characteristics
and recognizable characters using multiple coding of inputs and outputs
is integrated here into a single recognition system trained using neuro-
evolutionary reinforcement learning.

The following speed parameters were obtained with comparable ac-
curacy indicators: the average training iteration duration is 1.7 sec., the
population size is 2000 chromosomes, the average processing speed of
chromosomes is 1176 per sec., the average processing speed of images
with text sequences is 74 per sec. during the evolutionary process and
218 per sec. for an accelerated version of the algorithm. These results
were obtained on a workstation CPU Intel Core i7 2.4 GHz, RAM 12 GB,
GPU NVIDIA GeForce GT 650M.

Combining several recognition subsystems into one neural network
may be associated with some loss of accuracy, as it is described in [15].
However, this effect can be reduced by adding additional neurons to the
network. The accuracy achieved when training the basic recognition sys-
tem was even exceeded by using an additional layer of neurons in the
mentioned experiment.

Conclusion

Various optimizations of the neural network underlying the recogni-
tion system were tested to increase its accuracy and performance in the
present research. Different architectures show different results on the
same number of neurons, but despite this, in general, an increase in
complexity has a positive effect on the achievable recognition accuracy.
Also, the better informative and accuracy of the representation of the
parameters encoded in the input signal of the neural network increase the
quality of its work. But if its complexity, the number of sources, or the
accuracy of data representation are decreased, then the final recognition
accuracy also is decreased. Some optimization options show greater
efficiency in terms of the ratio of computational cost gained to the loss of
recognition accuracy, similar to the considered scheme for applying input
signal extrapolation. But some options do not give a gain in efficiency at
all. Anyway it is required to find a balance between the performance and
work accuracy of the developed systems when implementing algorithms
in the general case.
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Abstract

The principles of the urban formation have always been built on socialization, the construction of public spaces and the systematization of the huge
human masses’ interaction. Of course, in the formation of urban space there are objects that allowing you to feel solitude, but still the city has always
been a place of interaction. But the COVID-19 pandemic has changed modern views of the urban environment.

The article discusses the relevance of urban development in a pandemic situation. Examples of city development after pandemics in human history
are given. It is considered how the COVID-19 coronavirus has changed the understanding of the organization of urban space and human housing.
Possible options for changing the conditions of the urban area are analyzed. This research tries to review developed factors of the urban area under the
influence of epidemics and their consequences, among which there may be changes in the organization of public spaces on a scale from specific urban
are to global solution.

Keywords: pandemics, urban design, COVID-19, micro markets, vertical forest, distance park.

FPALOCTPOUTENBCTBO NOCNE NAHAEMUK:
BUOEHUWE WU HANPABJIEHUE

M. M. Kawwupunyp

Pedhepar

[MpYHLMMBI rPaAoCTPOMTENBLCTBA BCETAA CTPOUMNCHL Ha CoLMan1aaLym, nocTpoeHM obLYECTBEHHBIX MPOCTPAHCTB U CUCTeMaTU3aLmMn B3anMoaei-
CTBMS OTPOMHbIX YeroBeyveckinx macc. KoHeyHo, B pOpMMPOBaHIMN TOPOACKOTO MPOCTPaHCTBA €CTb 0OBEKTLI, MO3BOMALLME OLYTUTL YeAUHEHNe,
HO BCe e ropog Bceraa 6bin mectom B3aumogerictaus. Ho nanaemus COVID-19 namennna coBpeMeHHble B3rnsabl Ha ropoACKyto cpeay.

B cTaTbe paccmaTpuBaeTCs akTyanbHOCTb PasBUTMS FOPOAOB B YCMOBMSAX NaHaemuu. MpuBeaeHsl NpUMEPbl pa3BnTUS ropogoB nocre naHaemMni
B MCTOpUM YenoBeyecTea. PaccmoTpeHo, kak kopoHasupyc COVID-19 nsmennn npeactaeneHus ob opraHnsaLym ropoAckoro NpoCTPaHCTBa W KUMbS
yeroseka. AHanNM3NPYIOTCS BO3MOXHbIE BapuaHTbl M3MEHEHWS YCMOBMIA TOPOLCKON TeppuTopuu. B AaHHOM uccrniegoBaHM NpennpuHaTa nomnbitka
paccMOTPeTb COXUBLLMECS (aKTOPbI FOPOACKOM Cpeabl NOA BIUSHUEM 3NUAEMUI U UX NOCNEACTBUIA, CPEAM KOTOPbIX MOTYT BbITb U3MEHEeHWs B opra-

HU3aumn OGLL[BCTBBHHI:IX NPOCTPaHCTB B MacLitabe ot KOHKPEeTHbIX ropoACKMX A0 rnobanbHbIx peLLeHun.

KnioueBble cnoBa: naHgemuu, rpagoctpontensctso, COVID-19, MUKpOpbIHKM, BEPTUKambHbINA NEC, AUCTAHLUMOHHDIA napk.

Introduction

The detection and spread of the coronavirus pandemic in all coun-
tries of the world since the beginning of 2020 has not only destroyed
many lives, but also changed the perception of many images in various
fields and sciences, and for one thing led to numerous shortcomings,
including a crisis of governance and an economic crisis in cities. The big
problem is that all these shortcomings manifested themselves sharply in
settlements and cities, where architects and urban planners faced great
challenges.

The coronavirus pandemic, which has affected almost all spheres of
life of modern mankind, has become an occasion to rethink the strategy
and tactics of social development. Urban problems are one of the topical
directions of subsequent changes. These include challenges addressed
to experts, administrative and management structures, and the citizens
themselves.

Main part

Historical background: There are enough examples in the history of
mankind of how epidemics and pandemics can change our habits and the
environment that surrounds us. Street widening, zoning, the creation of
parks and gardens, sewer systems, water supplies and public spaces are
the most common answers to questions posed to urbanists and urban
planners.

The plague epidemic in 1771 in Moscow showed the importance and
necessity of competent development of urban space. The high population
density and outdated sewerage system caused an outbreak of cholera in

1854 in London, which claimed the lives of more than 10 thousand inhab-
itants. In France in 1834, the poorest segments of the population suffered
the most from cholera due to unsanitary conditions and a dense popula-
tion. At the same time, parks were laid out in the cities of Europe and
America - not only as an important element of a comfortable urban envi-
ronment, but also as a way to make the air cleaner.

Over the past 20 years, there have been six major epidemics in the
world: outbreaks of pneumonia, ebola, bird and swine flu. The COVID-19
coronavirus has spread rapidly around the world. Humanity has entered
the era of pandemics, therefore, the living environment and the world
around us must change to meet new needs. The coronavirus that
causes a new type of pneumonia is spread around the world, covered
114 countries until March 2020 and was characterized by WHO as a
COVID-19 pandemic. As of October 2022, over 627 million cases of the
disease have been registered worldwide; over 6.5 million people have
died and over 607 million have recovered. The COVID-19 pandemic
has become a truly global problem, changing people's lives, causing
social and economic upheaval. Numerous sports, religious, political
and cultural events have been postponed or cancelled. Educational
institutions were closed in 172 countries, affecting approximately 98.5%
of the world's school and student population. The borders of many
states were closed and emergency security measures were introduced.
It is probable that all subsequent decades of our century will be a peri-
od of adaptation of cities to these conditions. Statistics on the spread of
coronavirus showed that the largest number of diseases occurs in
megacities.
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Urbanization and pandemic situation: Active urbanization and the
growth of cities lead to mass congestion of people in enclosed spaces.
Vertical construction has become one of the main trends in the develop-
ment of world architecture. Some specific technologies are being developed
for vertical construction like as: vertical gardening, technologies for super-
high-speed elevators, and design features of skyscrapers. And now the
pandemic will become an occasion for arguing the negative aspects in
the adoption of such concepts. How vulnerable are the inhabitants of
mega- and gigapolises, where crowding leads to an increase in the num-
ber of infections now, we know firsthand (not by hearsay). Today, isola-
tion is one of the main ways to fight the spread of infection. People living
in small towns and in private country houses are in a winning situation.
Does this mean that in the future we will see a significant outflow of popu-
lation and increasing demand for private construction?

It is impossible to accurately predict whether the decentralization of
cities will actively occur. However, urbanists undoubtedly face the task of
finding fundamentally new architectural solutions for residential buildings
and complexes in which people can easily communicate and lead their
usual way of life. Even high-density structures can be created comforta-
ble, with a well-balanced balance of private and public life and with all the
services necessary for life [1].

Urban and architectural solutions: Currently, architects and designers
are actively discussing and working on projects that update the main anti-
epidemiological principles in urban planning and not only, but the main
aspect will be the need for social distance, which leads to the creation of
urban space. The modern epidemic is already beginning to affect the
infrastructure of cities and other elements of the life of citizens. Sidewalk
and commercial interior markings are already ubiquitous and changing
the emotional environment of cities. In many countries, a disinfection
system is being introduced at the entrances and exits of public buildings;
elevators are being installed in which the buttons are replaced by pedals;
and systems for issuing goods without contact with visitors have been
developed. All these seemingly minor changes can change both the ap-
pearance of the city and the vector of development of the urban environ-
ment in the coming decades. Changes in urban spaces are already un-
derway around the world: the expansion of sidewalks, an increase in the
number of bike lanes, the exclusion of auto traffic from the central areas
of cities, i.e. literally turning the city into a pedestrian or bike zone.
We could number three main factor of urban structure which effected, trans-
formed and redesigned during pandemics: streets, open and green spaces.

Based on the experience of 2020, it can be said that the pandemic is
hitting hardest in large, densely populated cities and metropolitan areas,
where maintaining social distance is becoming a serious task for citizens
and representatives of management structures. It seems we need to
change the functional, organization and spatial structure of cities. This
puts urbanists in a new framework for urban planning and the organiza-
tion of public spaces. Therefore, engineers, architects and urban planners
must look for new solutions using modern practices.

Living conditions that involve walking and shopping close to home
prove the need to develop pedestrian spaces and change the structure of
service, focusing on 15-minute availability. It is believed that residential
buildings with public service elements will again be in demand, when it
will be possible to live comfortably for a long time without leaving from
your home [2].

Of course, one of the most heated discussions is that the house is
acquiring a new function - a workplace, or an office. During the pandemic,
people were forced to switch to a remote work system. An interesting fact
is that many employers saw a significant benefit in this solution and made
certain conclusions. Already, many of them are expressing the opinion
that after the lifting of quarantine, they will not return to the previous sys-
tem of work. Thus, more attention will be paid to the layout, planning and
equipment of the workplace in the house. This will require a change in
spatial organization.

Office blocks and business centers will be transformed from places
where people work, to become places - where they hold meetings
and conferences. After the COVID-19 epidemic, residents will largely
perceive the city and its spaces as a place for work combined with leisure.

The boundary will be erased not only between the office and work in
a remote format, but also between the home desktop and a park bench.
It is significant that in many countries of the world, the issue of switching
to a 4-day work week is being discussed.

It is assumed that public places will be actively developed on the out-
skirts of cities in order to relieve the center. The spaces of the former
factory buildings, industrial clusters are being transformed into creative
workshops, centers of contemporary art, educational centers, which cor-
responds to the concept of a post-pandemic city [3].

Significant changes may also affect public spaces. During the
pandemic, online services of completely different categories of ser-
vices received a huge boost for development. The question immedi-
ately arises - whether there will be a need for shopping centers and
whether their reduction will occur. It is rather difficult to unambigu-
ously predict the fate of shopping centers and some other public
spaces. But here we can definitely note that the architect faces a new
task - providing minimal contact of the user with the architecture for
moving in space. This can be achieved through maximum automa-
tion. Some technologies will come to the aid of architects: automatic
opening and closing doors, voice control in the elevator, fully auto-
mated check-in, etc.

Thanks to information technology, it became possible to create virtual
spaces of social interaction. According to experts, the coronavirus pan-
demic has accelerated the development of wireless data transmission
technologies, and also ensured their transition to a more advanced level -
5G and Wi-Fi 6. Statistics show that investment in improving these stand-
ards is growing rapidly compared to the previous year.

The revision of urban policy in the context of pandemics also means
the dispersal of the service system, the modernization of important ser-
vices and a network of small enterprises for the delivery of food products
within walking distance.

Realization and design samples in urban area: Among the main
trends in changing the urban area we could nominate the request for
greening of living space and the use of roofs, balconies and walls.
This technology is a concrete example of a new approach to the for-
mation of a “green structure” of the city. Probably, our traditional ideas
about the park in the post-pandemic time will change. A fundamental
factor in the development of park space will be the achievement of a
balance between buildings development and green space. The creation
of the design of the park and its functions as a public space must be
carried out in compliance with the rules of social distancing.

Shift architecture urbanism argues for micro markets that operate on
a hyper local scale during pandemic shutdowns. They keep the food
market traders and the whole supply chain behind them in business in
order to provide fresh food in a safe way to the self-quarantined inhabit-
ants of the city. Their hyper local character limits the amount of travelling
through the city and their products on offer release the pressure on the
supermarkets that have a hard time reducing the contamination risk
(Pic. 1, a).

During the pandemic, the “Distance Park” which presented in Vienna
Austria, allowed citizens to take walks along the landscape object while
observing the distance. The layout of the space is reminiscent of a laby-
rinth, the pattern of which is similar to a fingerprint. Such scheme of the
park allows you to organize routes about 600 m long, reaching the center,
making a loop there and returning back. The walk averages about half an
hour. At the beginning and at the end of the tracks, special modern de-
vices are installed that allow you to control the number of visitors. Pedes-
trian areas are separated by a green fence of different heights. Thus,
when visiting the park, people stay at a safe distance from each other
(Pic. 1, b).

A Milan project called “Vertical Forest” is designed to purify oxygen in
the city. This building is a unique architectural object and enlivens the
face of the city. A distinctive feature of the project is a huge number of
plants located on the roof, balconies and even indoors. The architectural
bureau Stefano Boeri set a new trend in vertical gardening, thanks to
which residential buildings with plants on different tiers and level began to
appear around the world (Pic. 1, c).
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a. Project Micro market — Rotterdam, Netherland

c. Project vertical forest — Milan, Italy

Picture 1 — Some design samples
after pandemic COVID-19

Conclusions

The unexpectedness with which the pandemic entered our cities did
not allow specialists to make any forecasts. The only thing that most of
them agreed with is that the virus will go away, and cities, despite the fear
of them, will remain, because in the history of civilization they have shown
their importance as spaces of social interaction, centers of economic and
political life.

Among architects, urban planners, engineers and designers, there
have long been discussions about green and sustainable city, architec-
ture and building. But the last pandemic experience shows us such
a concept has still remained in its infancy and is used pointwise. Review
different literature about cities suggests that the first step is to rethink the
densification of cities. Either their decentralization will take place, or new
innovative solutions will be taken to ensure security even in multifunction-
al complexes, and their automation. Architecture should shape the quality
of our environment and promote health and well-being.

Regarding a good experience during COVID-19, some criteria of urban
design should be revised more than before. These criteria consist of: new
design concept for urban planning; urban environment quality; comfort
and safety for residence (populations); infrastructure, transport and media
development; policy and management.
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Abstract

This article explores the practical use of methods for determining the stress intensity factor at normal separation: eccentric compression of notched
cubes and four-point bending of a notched beam. During non-equilibrium tests, the stress intensity factor value was calculated from the value of the breaking
load. During equilibrium tests, the stress intensity factor value was determined from the complete equilibrium deformation diagram, taking into account the
energy indicators of destruction. The test used nanofiber-reinforced concrete, in which carbon nanotubes are used as crack propagation inhibitors at the
level of the cementing agent, and various macro-sized fibers are used at the level of fine-grained concrete. As a result of the tests, it was found that the
methods for determining the recovery factor from cubes with a notch and from deformation diagrams showed a good degree of convergence. Fiber rein-
forcement affects the fracture toughness of a nanocement composite, and high-modulus fiber has a greater effect on fracture toughness than low-modulus
fiber. The stress intensity factor is a good indicator for comparing different types of fiber reinforcement in terms of their effect on fracture toughness.

Keywords: nanofibre-reinforced concrete, crack resistance, fracture toughness, stress intensity factor, nanotubes, dispersed reinforcement, defor-
mation diagram, energy consumption.

CPABHUTENbHbIA AHANW3 PACYETA KOS®®ULMEHTA UHTEHCUBHOCTU
HANPAXEHWW NO PE3YNIbTATAM PABHOBECHbIX W HEPABHOBECHbBIX UCMbITAHUA

E. A. Capgosckas, C. H. lleoHoBuy

Pechepar

B maHHoI cTaTbe UCCnesoBaHoO MpakTUYECKOe MCMONb3oBaHWE METOLOB OnpeneneHnst KoauUUMEHTa UHTEHCUBHOCTM Hanpsikerui (KUH) npu
HOpMarbHOM OTPbIBE: BHELEHTPEHHOE CXaTue kyOoB C Hape3amn 1 YETLIPEXTOUYEYHbI M3rnb 6anku ¢ Hagpe3oMm. Mpy HepaBHOBECHBIX UCTILITAHUSIX
3HauyeHue KMH paccumtbiBanoch no BenuuuHe paspyluatollein Harpysku. Mpu paBHOBECHBIX UcnbiTaHusX BenuumHa KWH onpegensnack 13 nonHom
PaBHOBECHOMN AnarpamMmbl 1eOPMMPOBaHUS C Y4ETOM 3HEPreTUYECKWX MnokasaTeneil paspyLueHns. B ucnbitaHum ucnonb3oBancs HaHohnbpobeToH,
B KOTOPOM Ha YPOBHE LIEMEHTMPYIOLLErO BELLECTBA B Ka4eCTBE MHMMOMTOPOB pacnpoCTpaHeHUst TPELMH UCMONb3YHTCS YIMEPOAHbIE HaHOTPYOKK,
a Ha ypoBHe Menko3epHucToro 6eToHa — pasnuuHble (MbpPOBbIE BONOKHA Makpopasmepa. B pesynbTaTte ucnbITaHui yCTaHOBNEHO, YTO METO/bLI Onpeze-
nexust KUH no kybam ¢ Hagpesom v no auarpammam LechopMupoBaHis nokasani XOpoLUyo CTemneHb cxoaumocTu. nbpoBoe apMMpoBaHue OKkasbiBaeT
BMVSIHWE Ha BA3KOCTb PaspyLUeHMst HaHOLEMEHTHOMO KOMMO3uTa, NpruyeM BbiCoKoMoayrbHas ubpa okasbiBaeT Gonbluee BNMSIHAE NO NoKasaTenNb BAKOCTY
paspyLUeHusi, YeM HuskomopgynbHas. KoadhhnuMeHT HTEHCUBHOCTY HANPSHKEHUI SABMSIETCS XOPOLUMM NOKa3aTeneM Ans CPAaBHEHUS pasHbIX TUMOB
(h1BPOBOrO apMMPOBAHNS N0 VX BIMSHUIO Ha BA3KOCTb Pa3pyLUEHMS.

KnioueBble croBa: HaHODNUGPOBETOH, TPELMHOCTONKOCTb, BASKOCTb Pa3pyLUeHusl, KOS(MULMEHT MHTEHCUBHOCTM HaNpsKEHMIA, HaHOTPYGKM,
AMCNepCHOe apMuUpoBaHKe, avarpaMma ed)opM1poBaHHs, 3HeprosaTparthl.

Introduction

Nanofibre-reinforced concrete, from the point of view of a multilevel
system [1], is a concrete composite with crack propagation inhibitors at
the level of cementing agent and fine-grained concrete. As inhibitors,
carbon nanotubes [2-4] and various macrosized fiber fibers (Fig. 1) [5, 6]
are considered.

One of the distinguishing features of dispersed reinforced concrete
is an increased crack resistance index [7]. Crack resistance (fracture
toughness) is characterized by the magnitude of the stress intensity factor
(SIF). The existence of many calculation and practical methods for

determining the recovery SIF [8-11], as well as the regular appearance of
new ones, indicates difficulties in implementation and the presence of
inaccuracies in their use.

The aim of the study is to develop a reliable method for calculating
the stress intensity factor at normal separation of structural nanofibre-
reinforced concrete based on the results of equilibrium and non-
equilibrium tests.

15,0kV x100k SE(U)

1 — from sheet steel of a wave profile (FLV -0.9-50); 2 — made of steel wire with anchors (FPA -1.0);
3 — polymeric wavy (FPV-0.6-40); 4 — carbon nanotubes [6]

Figure 1 — Fiber
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Materials and research methods

For the study, the following types of materials were used: Portland
cement 500020 JSC "Krasnoselskstroymaterialy"; construction sand
(I class); rubble granite (Il gr.); sulfoaluminate additive (RSAM), com-
pacted condensed silica fume (MKU-85); chemical additive Relamix PC;
nanomodified chemical additive ART-Konkrit R (aqueous suspension of
nanostructured carbon (0.01-20 microns) and plasticizer).

The samples were made from the compositions of nanoconcrete mix-
tures A, b, B, T (table 1) with the addition of various types and amounts of
dispersed fibers: ®1 - wave steel fiber from a sheet (80 kg); ®2 - steel
wire anchor fiber (80 kg); ®3 - wavy polymer fiber (4 kg).

Table 1 — Formulations of the studied compositions

Nanomodi-
By RSAM / Rubble Rubble fied chemical
Compositions | Cement MKU-85 granite granite | Sand additive
5-20mm | 5-10 mm (% by weight
of binder)
A 400 - 1020 - 820 3.2(0.8)
b 445 - 1035 - 820 | 2.22(0.5)
B 460 - - 880 950 3.22(0.7)
r 485 | 40/45 - 825 800 | 4.65(0.7)

Normal separation on cubes with a notch. For tests, cube samples
100x100x100 mm were used with notches in the form of symmetrical
notches with a depth of h / 4 (where h is the height of the cube) made
using diamond-coated cutting tools. Tests are carried out with eccentric
compression (Fig. 2). Loading is carried out until the moment of separa-
tion of the sample into two parts or the formation of a crack, and the value
of the destruction Fic is recorded.

The value of the critical stress intensity factor for normal separation is
calculated by the formula:

a 1/2 a 3/2 a 5/2
18,3[—] —430(-) +3445[—] -
P h h h )

- a 712 a 9/2
-11076 (—j +12967 [—]
h h

c b.h1/2

where Fic is the load at which failure occurs, in MN;
b is the sample width, m;
his the sample height, m;
ais the notch depth, m, a = h/4.

1 — appearance of the test, 2 — halves of the sample after testing, 3 — tested concrete sample, 4 — tested nanofibre-reinforced concrete sample

Figure 2 — Normal pull test on notched cubes
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Normal separation when bending beams. Prism specimens
100x100x400 with a notch in the middle third were tested for tensile
bending according to a four-point loading scheme with fixation of the
complete equilibrium fracture diagram [12] (Fig. 3).

Static critical stress intensity factor [GOST 29167]

Ki = GiEb (2)

where G;j - the specific energy consumption for static fracture up to the
moment when the main crack begins to move J/m?;

En — the initial modulus of elasticity of nanofibre-reinforced con-
crete (GPa), determined by the formula (SP 52-104-2006):

Efp = Ey(1 — ppy) + UsEr (4)

where E» — the modulus of elasticity of concrete, the normative one is
adopted here;

Er— the modulus of elasticity of the fiber;

Ut - fiber reinforcement coefficient by volume.

Figure 3 — Tensile testing of beam specimens in bending

In the nanofibre-reinforced concrete material, a pronounced plastic
nature of tensile work is observed after the onset of cracking. In this case,
the manifestation of the so-called deformation quasi-hardening can be
achieved, which is characterized by the fact that after the onset of crack-
ing, the stage of plastic tensile work of the material follows. In this case,
the perceived stresses may exceed the stresses that cause cracking.

If there is a zone of quasi-hardening in the diagram after the appearance
of the first crack, the deformations do not concentrate in this one crack [12].
The material retains the ability to distribute cracks along the length of the
stretched zone of the sample, while the cracks remain very small opening.
This is ensured by the fact that the fiber distributed throughout the entire vol-
ume, with a sufficient modulus of elasticity of its material, strength and em-
bedding in the matrix, completely perceives the tension from the concrete
matrix in the cavity of the nucleated crack, not allowing it to increase sharply.
The absence of manifestations of brittleness in tensile work makes it possible
to take sufficiently large values of the material's resistance to tension in
strength calculations. During design, this makes the balance of design checks
of strength and crack resistance similar to that characteristic of reinforced
concrete, i.e. with conventional bar reinforcement.

Based on the data obtained, a graph of Deflection-Time and Load-
Deflection is constructed. Since the energy for starting the main crack
(the sum of the elastic energy and the energy of microcrack formation),
being the area under the curve, can increase tenfold depending on the
fracture point. The start of the main crack when testing unreinforced con-
crete, as a rule, coincides with the moment of sample failure. To determine
the start time of the main crack when testing nanofibre-reinforced concrete
beams, an expert assessment of the researcher is required (Fig. 4).

Deflection, mm
fmax

Figure 4 — Graphs of deformation

0 0.02 fl 0.04 0.08 0.1

Analyzing the obtained deformation diagrams, one can obtain some
important parameters characterizing the quality of the material under
study: tensile strength in bending, deflection at maximum load (zmax),
specific energy consumption for static fracture until the main crack begins
to move (Gj) (Table 2).

The obtained values of the stress intensity factor during testing by
the method of normal separation on cubes with a notch (K ), when test-
ing for four-point bending of beams with a notch (Kj) and the average
indicator (K) are shown in Figure 5.

Table 2 — Parameters of nanofibre-reinforced concrete from equilibrium strain diagrams

Max. load, Reduced strength, MPa |  Deflection at max. Specific energy Critical stress intensity Relative
Compositions kN . Fl load, mm consumption, J/m2 factor, MPavm deviation from

F fr= b(h —a)? finax Gi= WiA: Ki Ko the mean
A-01 14.404 6.82 0.501 144.34 2.7 3.37 11%
b-®1 14.97 6.91 0.200 26.56 1.0 1.01 0%
B-01 16.011 7.58 0.671 91.75 1.8 2.05 %
-1 18.211 8.01 0.051 39.86 14 1.61 6%
A-02 23.627 11.19 0.731 53.76 14 2.60 29%
B-02 16.207 7.67 0.671 82.28 1.8 2.24 11%
B-92 16.313 7.72 0.200 55.12 14 1.32 2%
-2 25.293 11.98 0.325 68.85 1.6 1.97 10%
A-03 15.613 7.39 0.671 17.19 0.8 0.97 10%
Bb-$3 15.111 7.15 0.055 37.59 117 0.99 8%
B-93 11.121 5.27 0.051 21.04 0.8 0.69 9%
-3 15.951 7.55 0.055 33.44 1.3 1.37 1%
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Figure 5 — Stress intensity factor for nanofibre-reinforced concrete

Analysis of results

Good convergence of test results by the test methods used is ob-
served. The trend of change in the fracture toughness index obtained by
different test methods has the same character.

In compositions A and B, the high-modulus steel fiber (®1 and ®2)
has a greater effect on the fracture toughness index than the low-
modulus one (®3).

In compositions b and T, steel wire fiber (®2) had the greatest effect
on the fracture toughness index.

In all compositions, the effect of polymer fiber on the SIF value is the
least and in some cases the value is close to unreinforced compositions.
Fiber reinforcement with steel sheet fiber (®1) gives less stable fracture
toughness than with steel wire reinforcement ($2).

Conclusions

1. Methods for determining the oil recovery factor from cubes with a
notch and from deformation diagrams showed a good degree of con-
vergence.

2. The stress intensity factor is a good indicator for comparing different
types of fiber reinforcement in terms of their effect on fracture tough-
ness.

3. High modulus fiber has a greater impact on fracture toughness than
low modulus.

4. Fiber reinforcement affects the fracture toughness of the nanocement
composite.
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Abstract

Fuzzy logic is the useful tool when assessing the existing reinforced concrete structures. The introduction of the method for quantitative assess-
ment of the technical condition of the existing structures built on the fuzzy logic represents a transition to a new and higher-quality level for survey of
constructions sites. As a result, it is seen that the assessment of the existing building with usage of the proposed expert system is in compliance with

the estimation of the qualified experts.

Keywords: quantification assessment, fuzzy logic, existing structures, technical condition.

KONUYECTBEHHAA OLIEHKA CYLLECTBYIOLUUX KENE3OBETOHHbIX
KOHCTPYKLIMM HA OCHOBE HEYETKOW IO MKW

B. B. Typ, 10. C. fopatok

Pechepar

HeueTkas noruka sBNsieTCs NONe3HbIM MHCTPYMEHTOM MK OLIEHKe CYLLECTBYHOLLMX Kene306eTOHHbIX KOHCTPYKLMA. BHeLpeHe MeToauKkm Konnye-
CTBEHHOW OLIEHKM TEXHUYECKOrO COCTOSHWSI CYLLECTBYHOLUMX KOHCTPYKLMIA, MOCTPOEHHOM HA MHCTPYMEHTaX HEYETKOW MOrvKu, npeactaensiet cobou
nepexoz Ha HoBbIA 1 Bonee kKayeCTBEHHbI YPOBEHb 0BCNEN0BaHNS 3LaHUA U COOPYXeHUA. B pesynbTaTe BMAHO, YTO OLEHKA CYLLECTBYHOLLETO 3haHs!
CO COOPHBIMM X€ene300ETOHHBIMI 3NIEMEHTAMU C UCTIONb30BAHWEM MPEANOXEHHOM HEYETKO CUCTEMbI UMEET AOCTAaTOYHO XOpOLUee COBMafeHue C

pesynbtatamu npogeccuoHarbHbIX 9KCNepToB.

KnioyeBble crnoBa: Konn4ecTBeHHas OLleHKa, HeYeTkad noruka, CyLecTByoLME KOHCTPYKLMK, TEXHUYECKOE COCTOAHNE.

1 Introduction

Assessment of existing reinforced concrete structures is becoming
a most important but complicated engineering task. General principles
of sustainable development regularly lead to the need for an extension
of a life of a structure, in most practical cases with severe economic
constraints.

As it was shown in [1] visual inspection becomes the dominant prac-
tice in the management of maintenance, even when the importance of the
structural elements are significant. Subjectivity heavily affects the process
of assessment of degradation degree based on the results of visual
inspection. Most of assessment approaches and methods are similar
in principle, but vary in the details.

In order to use the visual inspection as a robust and reliable instru-
ment to evaluate the safety level of an existing structural element, we
decided to take advantage of the ability of Fuzzy Logic to treat uncertainty
as expressed by linguistic judgements [2, 3].

In order to develop the multilevel expert system for existing struc-
tures assessment a Fuzzy Logic-based algorithm is proposed, which
used the Fuzzy Logic Toolbox package of MatLab Software [1].

As it pointed in [1], «a Fuzzy Logic is a versatile tool, particularly
suitable for the management of decisional trees involving the processing
of data endowed with «vague» nature (both numerical and qualitative
one), and is naturally able to provide a linguistic, qualitative assessment
of the health conditions of the building.

In this context, the Fuzzy Logic appears the most qualified tool
for the processing of numerical data and uncertain information in order
to obtain a linguistic description of structural damage.

2 Rule-based Fuzzy model/Expert system development

The stages of development of the Fuzzy Logic System are presented
in details in [4, 5]. For the development of the fuzzy production model for
assessing of the existing structures performance it is necessary to formu-
late set, consisting the basic variables (see Table 1) which are character-
ized performance of element and set, characterizing (present) damage
level (see Table 2).

Table 1 - Input linguistic basic variables

Designation Description of the

linguistic variables linguistic variables Term-set
Phase A: Visual Inspection (A-1)
% Crack propagation T4 = {no «0»; single «S»;
(bending/shear) numerous «N»; massive «M»}

T4 = {no «0»; in the mid-
span «1»; near support «2»;
mid-span+ near support «3»}

Positions of the cracks

*2 (bending/shear)

The longitudinal corrosion
cracks propagation

T4 = {no «0»; local «Ly;

*x partial «P»; solid «S»}

Corrosion damage

x (deteriorations)

T2 ={no «0»; yes «1»}

Surface degradation

X5 of concrete (deteriorations)

T2 = {no «0»; yes «1»}

Propagation of the longitudinal
X6 corrosion cracks in compression|T2 = {no «0»; yes «1»}
zone of the section

Phase A: Basic Testing (A-2)

Concrete cover
T3 = {small «S»; mean «My;

X
! large «L»}

c
to diameter ratio, —
%]

T4 = {small «S»; permissible
«P»; exceeded «Ex»; exces-
sive «E»}

Load-induced cracks width,

X5 w (bending/shear)

Longitudinal corrosion
cracks width, w

T3 = {small «S»; medium

X .
° «Mby; excessive «E»}

Level of the reinforcement T3 = {small «S»; mean «M;

X10

corrosion large «L»}
s T4 = {small «S»; permissible
X1 Deflection ratio, 7 «P»; exceeded «Ex»; exces-

sive «E»}

Phase A: Damage Class

T3 = {critical «1»; significant

X12 Visual Inspection (A-1) «@»: minor <3}

. . T3 = {critical «1»; significant
X13 Basic Testing (A-2) @ r{ninor G} 9
X14 Documentation T2 = {no «0»; yes «1»}
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Table 2 - Output linguistic basic variables

Designation Description of the
linguistic variables | linguistic variables Term-set

T3 = {critical «1»;

Y Damage level significant «2»; minor «3»}
Damage level T3 = {critical «1»;

y2 9 significant «2»; minor «3»}

T3 = {small «1»; moderate
y3 Damage class «2»; severe «3»}

As it was shown above, in the damage assessment of an existing
buildings (structures), several input data are required (crack width and
propagation, residual strength of materials, amount and condition of the
steel reinforcement, deflection, corrosion level et al.) that will all be treat-
ed, according to previous remarks, as fuzzy sets. The common structure

Table 3 — Membership functions mathematical descriptions

deficiencies associated with the deterioration of the structural element
are corrosion of steel reinforcement and the cracking, scaling and spalling
concrete, deflections. The ranges for basic variables and correlation
function were adopted based on the own numerical and experimental
studies [4-6].

3 Realization of the Fuzzy production model for assessment of
existing structures in MatLab Software

Step 1: Fuzzification - Input Fuzzy. At this stage, we adopted the
membership function for term-sets of input and output linguistic variables,
as shown in Table 3. The most commonly used membership functions
are the trapezoidal and triangular ones. These membership functions will
be indeed the functions adopted in the proposed algorithm.

Designation

of the linguistic Membership

function type

Mathematical description (upper index designate the corresponding term)

variables
X1 Trapezoidal 20 (x; -1;-1; 0; 0), Was (x; 0.5; 0.5; 5; 15), paN (x; 5; 15; 35; 45), uaM (x; 35; 45; 90; 100)
X2 Triangular uAO(x -0.5; 0; 0.5), pa' (x; 0.5; 1; 1.5), pa? (x; 1.5; 2; 2.5), pa® (x; 2.5; 3; 3.5)
X3 Trapezoidal pAO (x;-1;-1; 0; 0), pat (x; 0.5; 0.5; 5; 15), paP (x; 5; 15; 35; 45), paP (x; 35; 45; 90; 100)
X4 Triangular 20 (x; -0.5; 0; 0.5), |JA (x;0.5;1;1.5)
X5 Triangular uAO( x; -0.5; 0; 0.5), pa' (x; 0.5; 1; 1.5)
X6 Triangular pAO( -0.5; 0; 05), Ma (x 0.5; 1; 1.5)
X7 Trapezoidal oM (x; -1; 0; 0.5; 1.5), ua® (x; 0.5; 1.5; 2.5; 3.5), uab (x; 2.5; 3.5; 8; 10)
X8 Trapezoidal pAM (x;-0.1; 0; 0; 0.1), paS (x; 0; 0.1; 0.35; 0.45), paP (x; 0.35; 0.45; 0.95; 1.05), uaP (x; 0.95; 1.05; 1.2; 2)
X9 Trapezoidal pas (x; -0.1; 0; 0; 0.1), paM (x; 0; 0.1; 0.95; 1.05), WaF (x; 0.95; 1.05; 2; 3)
X10 Trapezoidal paS (x; -1.5; 0; 0.5; 1.5), uaM (x; 0.5; 1.5; 2.5; 3.5), - (x; 2.5; 3.5; 5; 8)
” Trapezoidal a8 (x; -0.001; 0; 0,0005; 0.0015), paP (x; 0.0005; 0.0015; 0.0035; 0.0045),
MaE* (x; 0.0035; 0.0045; 0.0195; 0.0205), WaE (x; 0.0195; 0.0205; 0.025; 0.03)
X12 Triangular pa' (x; 0.5; 1; 1.5), Pa? (x; 1.5; 2; 2.5), pad (x; 2.5; 3; 3.5)
X13 Triangular pM (x;0.5; 1; 1.5), Ya? (x; 1.5; 2; 2.5), pa3 (x; 2.5; 3; 3.5).
X14 Triangular 1% (x; -0.5; 0; 0.5), pa' (x; 0.5; 1; 1.5)
¥ Triangular ' (x; 0.5; 1; 1.5), Ya? (x; 1.5; 2; 2.5), pad (x; 2.5; 3; 3.5)
2 Triangular pM (x;0.5;1;1.5), pA2 (x; 1.5; 2; 2.5), a3 (x; 2.5; 3; 3.5)
¥3 Triangular 2" (x; 0.5; 1; 1.5), A (x; 1.5; 2; 2.5), pa’ (x; 2.5; 3; 3.5)

Step 2: Setting Fuzzy Rules in accordance with Table 4. The base of the Rules of the Fuzzy production model is defined as a structure with an

appropriate member of inputs xi and one output yi.

Table 4 - Example of the fuzzy rules of the production model

Rule number Antecedent | Consequent

Base of the rules R1
(x,=0Ax, =0Ax,=0Ax, =0AXx; =1AX, =0)Vv
(x, =0Ax,=0Ax, =0Ax, =1lAx;, =1Ax, =0)v
(x, =SAx, =1Ax;=0Ax, =0Ax;, =0Ax, =0)v

R11 (5, =SAx,=2Ax,=0Ax,=0Ax; =0AXx, =0)V b =3
(5 =SAx=1Ax,=0Ax,=0Ax;=1AXx, =0)v '
(x] =SAX, =2Ax,=0AXx,=0AXx; =1A X, =0)v
(xl =SAX,=3Ax=0AXx,=0AXx;=0AXx, =0)\/
(x, =S/\x2=3/\x3=O/\x4=0/\x5=l/\x6=0)

<>
(x, =2Ax,=1Ax,=0)v

R33 (Xu =1lAXx;=2ArXx, =0)\/ o
(x12=1/\x13=1/\x14=1)v ’
(xlzzl/\xB:l/\xM:O)

Step 3: Aggregation is the process by which the fuzzy set that represent the outputs of each rule are combined into a single fuzzy set.
A rule premise in general is a compound fuzzy proposition. Aggregation only occurs once for each output variable, which is before the final defuzzifica-
tion step. According to the original proposal of Zadeh for aggregation of the confidence level of assumption min-conjuction is used:

o, =min {HA,»] (), 1, ()1 (3)s 1y (x4)}> i=L2,..,n (1)
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Step 4: Activation. A fuzzy «IF-THEN» rule is a connection of two
(compound) fuzzy propositions. Hence, this connective has to be inter-
preted within the framework of set theoretic or logical operators.
The simplest interpretation is that of the conjuction of premise and con-
clusion, such that the appropriate operation is the minimum:

g (¥)=min {ai,ugl (y)},izl, 2,.,n )

Step 5: Accumulation. Usually, a rule base is interpreted as a dis-
junction of rules, i.e. rules are seen as independent «experts». Accumula-
tion has the task to combine the individual «expert statements», which
actually are fuzzy sets of recommended output values. Consequently, an
appropriate accumulation operation is the maximum:

By (v) = max i (1), kg (0o, ()] ©)

Step 6: Defuzzification — from a fuzzy decision to real decision.
As inference results in a fuzzy set, the task of defuzzification is to find the
numerical value which «best» comprehends the information contained in
this fuzzy set. A frequently used method is the so-called Center-of-Gravity
defuzzification (CoG, also called Center-of-Area defuzzification CoA):

Yimax

[ yus ()

7 _ Ymin
Y =7

max

Jraw )y

min

Table 5 — The diagnostic protocol example

which chooses the y' — coordinate of the center of gravity of the area
below the graph p(y). This defuzzification can be interpreted as a
weighted mean, i.e. each value y weighted with p(y) and integral in the
denominator serves for normalization.

4 Implementation of the Assessment Algorithm of the Proposed
Expert System

According to [1] the whole phase is managed by a nested fuzzy
algorithm: starting from the assessment of the single structural elements,
and progressively proceeding through the structural hierarchy
(element/storey/building), input data are processed and collated in order to
obtain the new Phase - assessment of the whole building. It is worth
remarking that part of the results provided by the preliminary investigation
could be used also at this stage.

The starting point, as it has pointed out in numerious publications
[7-10], is the availability of an inventory of data and information derived
from the investigation on the analyzed building, the collecting and organi-
zation of which is performed by using the survey diagnostic forms, as it
shown in [5].

As an example of the implementation of the proposed expert system
results of the assessment of the existing building with precast concrete
elements is presented.

Structure description. Precast ribbed slabs with size in plane
1.5x6 m, with height of the rib 300 mm. Longitudinal tensile reinforcement
is @16 B400, concrete cover 32 mm (ratio ¢/@=2).

Results of the Visual Inspection and Basic Testing are presented
in Diagnostic Protocol Example (Table 5).

Phase A: Visual Inspection (A-1)
Structural Member Precast ribbed slabs
General Description Size in plane 1.5x6 m, with height of the rib 300 mm
Propagation of the flexural Parameter: propagation length of_the damaged linear size, [%)] span length .
(bending)/shear cracks, xr no single numerous massive
0 0.5-10 10-40 >40
Inspection results 45%
Position of the flexural Parameter: position in.span -
(bending)ishear cracks, x: no mid-span not sure near support mid-span+near support
0 1 1.5 2 3
Inspection results X
Propagation of the longitudinal Parameter: propagation length, [%] span length . _
corrosion cracks, X3 no local partial solid
' 0 0.5-10 10-40 >40
Inspection results 45%
Parameter: damage appearance
Corrosion damage (deterioration), x4 no not sure yes
0 0.5 1
Inspection results X
Surface degradation of concrete Parameter: damage appearance
(deterioration), xs no not sure yes
' 0 0.5 1
Inspection results X
Propagation of the longitudinal Parameter: damage
corrosion cracks in compression no not sure yes
zone of the section, xs 0 0.5 1
Inspection results X
Damage Level 1 (critical)
Phase A: Basic Testing (A-2)
Characteristic of the Structure Parameters
Length, /[mm] 6000
Height, h [mm] 300
Concrete cover, ¢ [mm] 32
Diameter of steel bar, @ [mm] 16
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Concrete
Parameter: —
Ratio é (concrete cover/diameter), arameter: %)
@ small mean large
<1 1-3 >3
Inspection results 2
Parameter: crack width, wk
Flexural (bending) cracks, xs small permissible exceeded excessive
no more 0.05 mm from 0.05 to 0.4 mm from 0.4 to 1 mm more 1 mm
Inspection results 0.8
Parameter: corrosion crack width, w
Longitudinal corrosion crack, X small medium large
no more 0.05 mm from 0.05t0 1 mm more 1 mm
Inspection results 1.2
Reinforcement (steel)
Parameter: loss of the mass
Level of the corrosion damage, x10 small mean large
no more 1 % from1t03 % more 3%
Inspection results 2.5%
Deflections, deformations
Parameter: relative deflection
Deflections, x11 small permissible exceeded excessive
no more 1/900 from 1/900 to 1/250 from 1/250 to 1/50 more 1/50
Inspection results 1/85
Damage Level 1 (critical)
Phase A: Damage Class
no partially yes
Documentation 0 from 0 to 1 1
X
Damage Class 3 (severe damage)

General view of the structural element are presented in Figure 1. Re-
sults of the assessment with usage of the proposed algorithm are listed in
Table 6 and are in compliance with the estimation of the qualified experts.

Table 6 — Results of the assessment

Results of the I
of the proposed algorithm
Precast
ribbed slabs Severe damage Severe damage

) 08

Figure 1 — General view of the evaluated ribed slabs

5 Conclusions

1. An effective structural assessment expert system for evaluation of
the existing reinforced concrete structural systems using Fuzzy Logic
MatLab Toolbox was developed and verified on the real objects in
this study.

10.

Although the presented expert system based on close visual inspec-
tions and simple measurements, it may provide substantial assis-
tance to more complicated work (for example, evaluation of existing
structures based on detailed investigations).
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Abstract

Loop connections for precast concrete structures have various advantages in terms of ease of setting, high flexibility and strength. Despite the ad-
vantages, the widespread use of the loop connection in the construction industry is limited due to the lack of a design methodology in performance
standards. Several available design techniques outlined in various studies are empirical upper bound solutions based on experimental observations and
results that do not take into account all the factors that affect loop connection behavior and strength. However, the influence of the main parameters of
the loop connection cannot be ignored for detailed evaluation and decision making when designing these elements. In this regard, this article presents
the results of experimental studies of prefabricated monolithic beams with loop connections on self-stressing concrete and concrete on Portland ce-
ment. The distinctive features that affect the load carrying ability and the fracture behavior of such elements when using expansive concrete and con-
crete on Portland cement as a monolithic connection are revealed.

Keywords: loop connections, bending resistance, expansive concrete, beam elements, failure mode.

OKCMEPUMEHTANBHBIE UCCNELOBAHUA COMPOTUBNEHWA U3rUBY
CBOPHO-MOHONUTHbIX BANOK C NETNEBbLIMX CTbIKOBbIMW COEAWHEHNAMU

A. 1. Bopoben, B. B. Typ

Pedhepar

MetneBoe coeamnHeHne Ans COOPHBIX Kene30DeTOHHbIX KOHCTPYKLMN MMEKT pasnuyHble NpeuMyLLecTBa, CBS3aHHbIe C MPOCTOTOM YCTaHOBKY,
BbICOKOM MMOKOCTBIO M MPOYHOCTBI0. HECMOTPS Ha JOCTOMHCTBA, LUMPOKOE MPUMEHEHWE NETNIEBOr0 COEAMHEHIUS! B CTPOUTENBHON OTPacii OrpaHiieHo 13-3a
OTCYTCTBUS| METOAOMOIMN NPOEKTUPOBAHIS! B HOPMaTUBHbIX JOKYMEHTaX. HeCKOMbKO [OCTYMHbIX METOAMK K MPOEKTUPOBAHWID, U3MOXEHHBIX B Pa3nn4HbIX UC-
CrefoBaHusX, NPELCTaBNStoT coboi AMMMPUYECKUE PELLIEHNS C BEPXHEN IPaHuLieil, OCHOBaHHbIE Ha SKCNEPUMEHTANbHbIX HABMOAEHNAX U pesynbTaTax, KoTo-
pble He Y4UTLIBAIOT BCe (hakTopbl, BIMSIOLLME Ha NOBEAEHE M MPOYHOCTb COEAMHEHNS. TeM He MeHee, BNNSHINE OCHOBHBIX NapameTpOB NETNIEBOr0 CoeavHe-
HUS! HENb35 UITHOPMPOBATb ANs [ETaNbHON OLEHK M MPUHSTAS PELLEHIS NPY NPOEKTPOBAHWM AaHHBIX ANIEMEHTOB. B CBA3M € 3TWM, B JaHHOI CTaTbe npeq-
CTaBEHbI Pe3ynbTaTbl SKCTIEPUMEHTASTbHBIX UCCTEN0BaHNIA COOPHO-MOHOMMUTHbIX Garnok ¢ NETNEBLIMU CTHIKOBLIMM COEAMHEHUSIMM Ha HanpsiratoLLEeM GeToHe 1
BeToHe Ha nopTnaHauemMeHTe. BbisBneHbl OTnnuMTENbHbIE 0CODEHHOCTM, OKa3blBAlOLLME BIUSHINE HA HECYLLYHO CMIOCOBHOCTL W XapaKTep Pa3pyLUeHns Takux

ANEMEHTOB NP UCNONb30BaHNW HanpAraroLLero 6eToHa 1 6eToHa Ha nopTnaHAUEeMeHTe B Ka4eCTBe 3aMOHONNYMBAHUA CTbIKOB.

KntoueBble cnoBa: neTnesble COeanHEHus, conpoTueneHue I/13FM6y, Hal'lpﬂraIOLLlMI;I GeToH, 6anoyHbIe ANEeMEHTI, XapakTep paspyLleHns.

Introduction

Loop connections of precast concrete structural elements have been
the subject of research for several decades. Precast concrete buildings
experience significant damage during earthquakes, which is mainly con-
centrated around the joint areas due to inadequate connection systems
that tend to loosen during ground movement [1]. Inadequate anchoring
between precast concrete elements has been found to be a major source
of damage during several earthquakes around the world. The structural
behavior of precast concrete elements is determined by the mechanism
and resistance of the connections, which requires adequate load transfer
and ductility. Often the connections between precast concrete elements
are embedded with concrete without any mechanical connection, which
leads to a gap between the precast parts of the structure, which in turn
affects the performance of the structure due to partial load transfer [2—4].
Thus, mechanical connection is inevitable to achieve the monolithic behav-
ior of the precast concrete system. The reinforcement of precast concrete
elements sometimes itself acts as a mechanical connection, with the rein-
forcement of two precast concrete elements being connected in place [5].

Loop connections (U-shaped bars) are common in the construction
industry and are widely used to connect precast concrete elements where
the rebars are 180" bent, forming U-shaped bars, which are spaced apart
to ensure transmission of forces.

There are many studies on the behavior of a loop connection under
tensile and bending loads, but there is no systematic approach to its
design, as well as studies related to the use of self-stressing concrete as
a monolithic loop connection. In the light of the foregoing, this paper pre-
sents results of the experimental studies based on static tests of composite
beams with a loop connection on self-stressing concrete and OPC concrete
under the action of a bending, as well as their comparative analysis.

Experimental investigation

Test specimens. Despite of significant amount of experimental and
theoretical studies of loop joints both in tension and in bending [6-11],
there are still no studies that would study the effect of self-stressing con-
crete on the stress-strain state of such elements under the action of a
static load. The creation of an initial stress-strain state at the expansion
stage of the self-stressing concrete of the loop connection can contribute
to an increase in the crack resistance (stiffness) of the connection. Most
of the known analytical models for calculating the resistance of loop con-
nections are based on the results of experimental studies, so they are not
able to take into account the initial stress-strain state obtained at the
expansion stage of self-stressing concrete.

Based on the foregoing, experimental studies of the bending re-
sistance of loop connections on self-stressing concrete and OPC con-
crete were carried out.

As experimental specimens, composite beam elements of rectangular
section with dimensions b x h = 150 x 200 mm and a length of 2370 mm
with stirrups in the prefabricated parts of the beams were made and test-
ed. These beams were formed in two stages:

1) Precast parts of composite beams with length of the 1010 mm with loop
connections from reinforcement @10 S500 were made (see Figure 1a).

2) After 28 days of concreting the precast parts of the beams, the two
halves were assembled and the loop connections 350 mm width
were cast in place using self-stressing concrete and concrete on
Portland cement (see Figure 1b).

The construction of the experimental beams is shown in Figure 1.

A total of 10 test beams were casted (5 beams with loop connection
filled with OPC concrete and 5 beams with loop connection filled with self-
stressing concrete).
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Experimental beams with the loop connection on OPC-concrete were
made without transverse reinforcement in the connections themselves
(position 3 in Figure 1b).

The demolding of the experimental beams and control samples was
carried out after the concrete had gained demolding strength (average
compressive strength fem=11 MPa). The curing the of experimental
beams and control samples took place for 28 days in moist conditions
(control samples made of expansive concrete and loop connections of
beams were moistened every day).

The measurement of the longitudinal deformations the looped joint in
the experimental beams at the stage of hardening and the expansion of
the self-stressing concrete in moist curing conditions was made with
usage of the electronic an indicators with a division value of 0.001 mm on
the base of 600 mm (when measuring deformations along the lateral

a)

2

. 1010 E ;

T

boundaries of the experiment of the beam). On each beam, 4 bench-
marks were installed on the top and bottom reinforcement (in the middle
section of the span (cast-in-place part of the beam). Figure 2 shown the
arrangement of the deformometers on the experimental beam.

The testing of the experimental beams was carried out with usage
one hydraulic jack (load capacity 250 kN) after the concrete of the loop
connection had gained at least 28-day strength. The load to the experi-
mental beam was applied through the traverse at two points according to
the scheme - a simply supported beam loaded with two forces. Such an
arrangement of the hydraulic jack was adopted in order to obtain a zone
of pure bending in the looped joint of the precast part of the beam. Test
schemes for experimental beams are shown in Figure 3.
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Figure 1 - Construction of experimental precast and cast-in-situ beams
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Figure 2 — Scheme of benchmarks arrangement on an experimental beam for measuring deformations
at the self-stressing stage of concrete of a loop connection (BI EC - BV EC)
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Figure 3 — Scheme of loading and arrangement of measuring instruments during static testing of experimental beams

Reinforcement

The reinforcement of the experimental beams was made with steel
bars (@10 S500). As a stirrup of the precast parts of the beams, steel
bars @6 S500 were used to create a spatial frame. Steel bars @8 S500
(beams Bl EC — BV EC) were used as transverse reinforcement of the
loop connections. Properties of reinforcement are presented in table 1.

Table 1 - Properties of reinforcement

Modulus of
Strength  |Diameter|  Yield stress elasticity Position
grade @, mm level, MPa Esx103, in figure 1
MPa
6 587,1 200 2
S500 8 616,7 200 3
10 649,4 200 1
Concrete

The selection of the nominal concrete composition was adopted tak-
ing into account the achievement of self-stress (except for the composi-
tion of beams B-1 PC - B-5 PC).

To achieve self-stressing of concrete, expanding additives CSA 20
were used (loop joint of beams Bl EC — BV EC). The concrete mixture
was prepared in a revolving-drum concrete mixer, followed by casing in
the formwork and compaction with a deep vibrator.

Tables 2 and 3 resent the values mechanical properties of concrete,
which was utilizing to casting of experimental beams. These results were
obtained by the testing standard specimens at the time immediately be-
fore the loading.

Table 2 - The main properties of the concrete of the precast parts of the

beams
Element Beam signification fﬁ)lcllé’b;’ f;\,/In’PC:l Eem, GPa
BI EC, BII EC,
Concrete of the B1PC_B-5pc | 289 213 31,5
precast parts of the
experimental beams | pj EC-BVEC [34,8| 306 | 350

Notes. fseure, — mean cube compressive strength; fom, ¢y, — mean
concrete compressive strength based on cylinders (@150, h=300mm).

Table 3 - The main characteristics of concrete loop connections at the
time of static testing

fcm fcm I.:ree Self-
Element Beam  |fooube,| ,' Ecm, Llneqr siresses
name |MPa [FT%| @ |GPa|Expansion, ;
MPa [MPa 7 % fcex, MPa
Concrete BB-15PFE:C_ 37,1130,7(25,0{32,1 — —
loop con-
nections %'VEEC‘ 29.959,1|16,6(34,1| 0,95 28

Notes. fem, pizma — mean concrete compressive strength based on
prisms hardened under conditions of elastic restraint (100x100x400mm);
fem, cy.. — mean concrete compressive strength based on cylinders hard-
ened without axial elastic limitation (@150, h=300mm); fcex — mean self-
stresses grade based on prisms (100x100x400mm); ecef — strain free
expansion based on cylinders (2150, h=300mm).
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Results obtained from experimental studies

Based on the value of the fixed longitudinal deformations by the
time of the static test, the self-stress values of the concrete of the loop
connection (beams Bl EC — BV EC) were determined, which are present-
edin Table 4.

The cracking loads and failure loads recorded during static tests are
presented in tables 5 and 6.

Table 4 - The values of self-stress at the moment of stabilization of the
expansion

Beam designation The values of self-stress ace, MPa

BIEC 1,69
BIIEC 144
BIIlEC 1,85
BIVEC 2,05
BVEC 2,05
Table 5 - Resullts of static tests of composite beams with a self-stressed
loop joint
Beam Fcr/z, Mcr, Fu/2, Mu, .
designation | kN [kN-m| kN [kN-m Failure mode
BIEC |4,90 | 3,33 [24,85/16,90
BIIEC |4,90] 3,33 |24,80|16,86
Compressed concrete failure in
BINEC |7,40]5,03|2510(17,07 the precast part of the beam
BIVEC | 7,40 |5,03 |24,05/16,35
BVEC |7,40 5,03 (23,90/|16,25

Notes. Fcf2 — cracking load; Mc — cracking bending moment;
Fu/2 - failure load; My - failure bending moment.

Table 6 - Resullts of static tests of composite beams with looped joint on
OPC- concrete

Fed2,| Mer, | Ful2,| My, :
Beam name N Tnm ! kN TkNem Failure mode
B-1PC |240]1,63 |22,40|15,23
B-2PC |240 (1,63 |22,40({15,23
Crushing of the concrete
B-3PC |[240]1,63(21,40({14,55 core inside the loop
(loop connection area)
B-4PC |240]1,63|22,05/14,99
B-5PC |240]1,6323,30|15,84

Composite beams with looped joints filled by the self-stressing
concrete (beams Bl EC - BV EC). The first flexural cracks appeared in
all beams under load equal 0.2..0.31 Ftotu. It should be noted that the first
cracks developed simultaneously in the precast parts and cast-in-suit
concrete of the beam. Flexural cracks were distributed in near the same
distance along the length of the beam span. Depth of the cracks ob-
served about 50% of the height of the cross-section. It should be noted
that in the cast-in-suit part (in the zone of the looped joint of the beam),
cracks at the time of formation developed to a bottom part of the beam
section (up to 15-20% of the height of the beam cross-section).

Cracks at the contact of precast parts and cast-in-situ concrete in all
beams were formed at a load equal to =0.4 Fitu. (except for beam BIl EC
(=0.3 Ftotu.)), which may indicate the presence of compressive stresses
at the contact between precast and monolithic parts which are formed at
the stage of concrete self-stressing in the loop joint. It should be noted

that these cracks, as the load increased, developed along the com-
pressed reinforcement.

Cracks width at the contact of the precast and monolithic parts o
f the beam under the applied loads had the largest value during static
tests and under load close to the ultimate, the crack opening exceeded
wy=1,7 mm.

As the load increases, cracks developed and achieved near 88% of
the cross-section height in all experimental beams.

The failure of all experimental beams occurred by the crushing of the
compressed concrete in the precast part (under the applied concentrated
force).

Self-stressing concrete contributes to the creation of the initial stress-
strain state, which, in turn, affects the behavior of the beam during static
tests.

Composite beams with looped joint filled with OPC-concrete
(beams B-1 PC - B-5 PC). The first flexural cracks developed in all
beams under load equal 0.10..0.11Ftu. It should be noted that the first
cracks developed at the contact of the precast and monolithic parts of the
beam, which at the time of formation reached 60..86% of the cross-
section height. Cracks were distributed along the length of the span with
approximately equal steps (see Figure 5). At the moment of formation
cracks reached 15..50% of the height of the cross-section. It should be
noted that in the monolithic part (in the zone of the looped joint of the
beam), cracks at the time of formation developed to a lower height of the
beam cross-section (up to 20-50% of the height of the beam cross-
section).

As the load increased, cracks at the contact of precast parts and
monolithic part in all beams (except for B-3 PC) developed along the
compressed reinforcement.

As the load increased, cracks reached approximately 90% of the
cross-section height in all experimental beams.

It should be noted that the critical crack was formed as a flexural
crack outside the section of the direct insertion of the looped joint. As the
load increased, the critical crack went around the looped joint on both
sides of the joint. A compressed core is formed inside the loop connec-
tion, and the connections transfer tensile forces to the precast parts of the
beam.

At the same time, this crack width is related with yielding of the rein-
forcing bars. However, this was not considered in the experiments. It
should be concluded that the width of the crack opening increases due to
the compliance of the concrete core enclosed within the loop. The failure
of all experimental beams occurred when the concrete core was crushed
inside the loop (looped joint).

Differences in the behavior of precast and cast-in-suit beams
with a loop connection on expansive concrete and concrete on
Portland cement under the action of bending loads

The results of experimental tests are stable and repeatable. This
conclusion is based on the fact that practically unchanged positions of the
sections were observed in which flexural cracks were formed and the
trajectories of their development (see Figures 4 and 5).

Based on the results of experimental studies of precast and compo-
site beams with a looped joint on self-stressing concrete and OPC-
concrete, a comparative analysis of the bending resistance and stiffness
characteristics of these beams, recorded under the action of bending
loads, was carried out. The results of comparison of deflections and rela-
tive deformations of tensile reinforcement and compressed concrete
recorded in the course of static tests of all experimental beams are shown
in Figures 6 and 7, respectively.

Based on the results of the comparative analysis presented in Fig-
ures 6 and 7, all experimental beams demonstrated the same behaviour
at the initial stages of loading. However, composite beams with a looped
joint filled with self-stressing concrete have a greater resistance (see
Tables 5 and 6) and a lower bending stiffness under the ultimate load,
compared with beams with a looped joint filled with OPC-concrete. Also,
the usage of expansive concrete for filling of the looped joint increases
crack resistance.

It is worth noting that precast and cast-in-suit beams with a loop con-
nection on self-stressing concrete failed against the compressed concrete
in the precast part (see Figure 4), while the failure of identical beams with
a loop connection on Portland cement concrete occurred as a result of
crushing of the concrete core inside the loop (see Figure 5).
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Figure 4 - Cracks patterns for composite beams with a self-stressed loop joint
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Based on the results of the comparative analysis presented in Fig- It is worth noting that precast and cast-in-suit beams with a loop con-

ures 6 and 7, all experimental beams demonstrated the same behaviour ~ nection on self-stressing concrete failed against the compressed concrete
at the initial stages of loading. However, composite beams with a looped in the precast part (see Figure 4), while the failure of identical beams with
joint filled with self-stressing concrete have a greater resistance (see  a loop connection on Portland cement concrete occurred as a result of
Tables 5 and 6) and a lower bending stiffness under the ultimate load,  crushing of the concrete core inside the loop (see Figure 5).

compared with beams with a looped joint filled with OPC-concrete. Also,

the usage of expansive concrete for filling of the looped joint increases

crack resistance.
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Figure 6 — Relation “moment - deflection” for tested beams (beams Bl EC - BV EC, B-1 PC - B-5 PC)
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Figure 7 - Relation “moment — strains” for tested beams (beams BI EC - BV EC, B-1 PC - B-5 PC)

Conclusion

This paper presents the results of experimental studies of the bend-
ing resistance of the composite beams with a looped joints filled by self-
stressing concrete and OPC-concrete. After analyzing the results of tests
of beams under the action of a bending moment, as well as investigating
the effect of self-stressing concrete of a looped joint on cracking and
bearing capacity, we can draw the following preliminary conclusions:

1. The use of looped joints makes it possible to ensure the joint opera-
tion of individual precast parts of elements in a fairly wide range of
loading.

2. The difference between the use of self-stressing concrete and con-
crete on Portland cement as a monolithic loop connection of compo-
site beams is the failure mode. Self-stressing concrete contributes to
the creation of a single structure consisting of precast parts with
looped joint. This conclusion is confirmed by the fact that the failure
occurs by the crushing of the compressed concrete of precast parts
of elements, while the failure of composite beams with a looped joint
filled with concrete on Portland cement occurs by crushing the con-
crete of the compressed core enclosed between the loop connec-
tions. It should be noted that the deformability and strength under the
action of a bending moment in loop connections on expansive con-
crete is higher than on concrete on Portland cement.
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Abstract

Studying the fatigue characteristics of structural materials is a time-consuming process. The possibility of using high loading frequencies on the
example of 5CrNiMn steel is presented in this paper.

The results of studies of structurally sensitive characteristics are microhardness, electrical resistance and dislocation density. It is established that
the nature of their change does not change with increasing loading frequency.

Based on the obtained results the common nature of the accumulation of fatigue damage is assumed.

Keywords: steel, microhardness, electrical resistance, testing, fatigue.

BJIMAHME NAPAMETPOB LIMKNNYECKOI O HArPY)XXEHUA
HA YCTANOCTHbIE XAPAKTEPUCTUKU LUTAMMNOBOW CTAIN

C. E. Benbckuii, A. B. Bnioxun, Agenb A6aens baccer Pawup
Pecpepar
ViccnepnoBaHne xapakTepueTyK YCTanoCcTH KOHCTPYKLMOHHBIX MaTepuanos — ANUTENbHbIA 1 TPYAOEMKWIA npovuecc. B aanHoi paboTe Ha npumepe
crann 5 CrNiMn nokasaHa BO3MOXHOCTb MCMOMNb30BaHNS BbICOKUX YaCTOT HarpyX)eHns Ans Takux MCCnenoBaHuil.
[MpvBeAEHb! pe3ynbTaTbl MCCIIENOBaHNUI CTPYKTYPHO-YYBCTBUTENBHBIX XapaKTEPUCTUK: MUKPOTBEAOCTb, 3MEKTPOCONPOTUBIIEHIE U MIIOTHOCTb AVCIOKALMIA.

YCTaHOBIEHO, YTO Xapaktep UX N3MEeHEeHUA He MeHAETCA C POCTOM YacCTOTbl HarpyXeHus.
Ha ocHoBe Nony4YeHHbIX pe3ynbTaToB BbIABUHYTO NPeAnonioxeHne o €1HoN npupoae HakonneHua yCTaJ'IOCTHOI7I noBpexanaemMocT.

KnroueBble crioBa; cTarb, MUKPOTBEPLOCTb, AMEKTPOCONPOTUBIIEHNE, UCTITAHMS, YCTANOCTb.

Introduction

For the manufacture of products operating under conditions of cyclic
loads as well as thermal changes die steels of the 5CrNiMn type are usually
used. The durability of such equipment is largely determined by a complex
of mechanical properties especially the fatigue characteristics of the materi-
al. The determination of such characteristics is also necessary for the selec-
tion of rational parameters for thermal and chemical-thermal treatment of
such products. However, the methods of low-frequency testing currently
used are very time-consuming and energy-intensive especially when a large
number of loading cycles (105-107 cycles) have been run. Therefore, in this
paper, we consider the possibility of using high loading frequencies
(18.0 kHz) for the implementation of fatigue tests of die steel [1-4].

Materials and research methods

Difficulties with fatigue testing are caused by a limited list of equip-
ment that allows loading model samples according to various schemes in
a wide frequency range. The most accessible for the implementation of
loading in the frequency range of 3-44 kHz are test facilities with excita-
tion of vibrations by magnetostrictive packages. They can be used to
implement various loading schemes: tension-compression; symmetrical
(asymmetric) cycles of alternating bending and torsion. A further increase
in the loading frequency is limited by a significant heating of the test spec-
imens which can lead to a significant effect on the research results [1-4].

To determine the effect of frequency loading on the fatigue characteristics
of materials, as well as the nature of changes in their physical and mechanical
properties we used test equipment that allows loading test specimens with the
following frequencies: 0.15; 3.0; 9.0; 18.0 kHz [5,6] (Figures 1, 2).

To load test specimens at high (more than 0.3 kHz) frequencies,
magnetostrictive stands operating in self-oscillatory mode were used. The
schematic diagram of the stands is shown in Figure 1. Magnetostrictive
transducers served as active elements of these installations. They con-
vert electrical vibrations into mechanical ones.

The parameters describing the micro structure of the elements of the
oscillating systems of the test installations were selected in such way as

to obtain a single oscillatory circuit with the same natural frequency,
which made it possible to obtain the maximum values of the amplitude of
the cyclic stresses in the sample for oscillation with minimal energy con-
sumption when working at the selected resonance frequency. The test
complexes operated in auto-oscillating mode.
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1 — magnetostrictive transducer; 2 — sample; 3 — fastening device;
4 — vibrometer MRTI; 5 - bias module; 6 — concentrator-waveguide;
7 — amplitude stabilization device (PSA); 8 - frequency meter;

9 - oscilloscope; 10 — output to a computer;

11 — amplifier and signal generator

Figure 1 - Schematic diagram of the complex carrying out loading
in a wide range of frequencies and temperatures

To increase the amplitude of sample oscillations, conical, stepped cy-
lindrical and ampoule-stage concentrators were used. The mounting
geometry of the samples was chosen to achieve a reduction in resonantly
oscillating masses. To improve the reliability of sample fixing, a fixing
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device was used (patent RB No. 12601). The proposed design made it
possible to increase the accuracy of sample positioning and ensure the
stability of the friction coefficient.

The test complexes operated in a self-oscillating mode, and the re-
quired amplitude of the sample oscillations was maintained using a spe-
cial device for stabilizing the amplitude of the PSA [5,6].

To carry out fatigue tests at a low frequency of bending vibrations a
test setup based on an electrodynamic vibration stand of type B3 was

9 7

used (Figure 2).
4
J 2
— ———

: =

vl ’

1 - vibrator VE; 2 — sample; 3 — fastening device; 4 — vibrometer MRT];
5 — bias module; 6 — amplifier; 7 — amplitude stabilization device (PSA);
8 — frequency meter; 9 — oscilloscope; 10 — output to the computer

Figure 2 - Schematic diagram of a low-frequency test stand
for kinematic excitation of bending vibrations

Fatigue testing of cyclic samples for cyclic tension-compression of low
frequency (150 Hz) was carried out by force excitation on the same electro-
dynamic shaker with some of its modernization. To control the level of cyclic
stresses, the shaker was additionally equipped with a multi-channel strain
gauge of the Spider type. The values of cyclic stresses acting both in the
dangerous section of the sample and in other sections with a lower level of
stresses were determined using strain gauges glued in different parts. The
use of 3 to 5 strain gauges made it possible to determine the stress state of
the sample with a higher accuracy at various amplitudes of its oscillations.

Studies on the effect of amplitude-frequency and temporal loading
parameters on the course of fatigue damage processes in the materials
under study were carried out by tracking the kinetics of the following
properties: microhardness, fine structure, electrical resistivity, magnetic
characteristics and microstructure.

To study the effect of frequency on the kinetics of hardening-softening
processes of the studied materials, we observed the change in microhard-
ness during cyclic loading at various bending stresses. For this reason the
value of the initial microhardness (Hu) was preliminarily determined before
testing, and then measurements of Hu were carried out in the zone of action
of cyclic stresses of the selected value after the aging time.

The microhardness of the materials was measured using a PMT-3M
and Duramin 5 device, which made it possible to conduct studies for the
entire range of materials with the same relative measurement errors due
to approximately the same dimensions of the imprint diagonals.

To study the processes of fatigue damage to materials at the mi-
crolevel during cyclic deformation in a wide frequency range we used a
Bruker X-ray diffractometer in order to study the kinetics of structure-
sensitive characteristics were studied using.

Structural changes caused by static and cyclic stresses affect both
the mechanical and electrophysical properties of materials. Studies of
changes in electrical resistance (electrical conductivity) make it possible
to trace not only the kinetics of damage accumulation in weak and most
favorably oriented in relation to the applied stress microvolumes of the
material, but also allow us to identify the periods of the fatigue process,
their duration in relation to the total durability. So, on the basis of the
E7-20 immittance meter, a setup was created [7] which makes it possible
to determine the change in the electrical resistance of the materials under
study. The schematic diagram of the installation is shown in Figure 3.

The objects of research were samples made of 5CrNiMn steel.

Research results

Analyzing the whole complex of the results obtained in the context of
the influence of the amplitude-frequency and time parameters of loading
of test specimens on the kinetics of the physical and mechanical proper-
ties of the studied material, proved that that the most intensive changes in
the structural-sensitive characteristics for the selected levels of alternat-
ing stresses occur under cyclic loading up to 107 cycles. Therefore, for

example, an increase in the microhardness of die steel 5CrNiMn was
noted already after 10 loading cycles (Figure 4).

Immittance
meter
E7-20

Connecting device

Contact
device

Figure 3 - Block diagram of the installation
for measuring electrical resistance

The fine structure of the studied materials is also characterized by
the most significant change in the relative density of dislocations during
the first loading cycles. Later on, with the cycles running saturation occurs
which is replaced at the stage of microcrack development by a gradual
transition through the extremum (Figure 5).

It should be noted that due to the high sensitivity of the dislocation den-
sity to the action of cyclic stresses, the hardening process proceeds with a
pronounced intensity on the basis of up to 108 cycles, and subsequently,
after 2x108 cycles predominantly softening processes are observed.
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Figure 4 - Influence of the frequency of alternating bending
on the kinetics of microhardness of steel 5CrNiMn
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Figure 5 — Influence of the magnitude of cyclic stresses of alternating
bending on the kinetics of microhardness of steel 5CrNiMn

Certain regularities can be seen in the transformation of the physical
and mechanical characteristics of materials. During cyclic deformation,
hardening of materials occurs at the initial stages of loading which is
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reflected in an increase in microhardness, an increase in the density of
dislocations and microstresses. Then, it's the stage of saturation, re-
placed on large test bases by the stage of softening, characterized by a
drop in the values of the above characteristics.

The observed effects of the kinetics of a number of structurally sensi-
tive properties depend on the amplitude-frequency and are determined
mainly by the nature of the distribution and interaction of defects in the
crystal lattice. The dislocation density at the first stage of testing increas-
es at all studied frequencies, which indicates the beginning of the process
of material hardening. In the initial stage of loading, only oscillatory
movement of segments of pinned dislocations around the equilibrium
position takes place. The subsequent imposition of alternating stresses
with a high frequency of the half-cycle of oscillations leads to the activa-
tion of dislocations present in the material, it helps them overcome poten-
tial barriers and move through obstacles, thereby causing plastic defor-
mation. The continuation of cyclic loading causes the appearance of new
defects due to the action of dislocation sources activated in the first load-
ing cycles, as well as sources arising due to the interaction of dislocations
located in adjacent parallel slip planes. As a result, the density of disloca-
tions and point defects (interstitial atoms and vacancies) increases signif-
icantly. At a certain concentration of defects, both dislocations and va-
cancies, their mass breakdown from obstacles occurs that causes a viola-
tion of interatomic bonds. The determining factor in this case is an in-
crease in the dislocation density with an increase in the number of load-
ing cycles, which is confirmed by X-ray diffraction studies (Figure 6).

An increase in the density of dislocations is explained not only by the
translational motion of decoupled dislocations, but also by their multiplica-
tion mainly through the operation of Frank-Read sources.

The cessation of the increase in the density of dislocations occurs
due to the deceleration of the action of the source of their multiplication
by stresses from previously emitted dislocations. The process of annihila-
tion of dislocations of the opposite sign emitted during cyclic loading by
sources located in parallel atomic planes is also possible. Along with an
increase in the density of dislocations at the initial stage of loading, an
increase in the concentration of point defects is also observed, which is
also confirmed by a decrease in electrical conductivity. An increase in the
number of vacancies can be associated with an increased mobility of
dislocations under alternating loading, since excess vacancies appear as
a result of the nonconservative movement of thresholds on dislocations.
When a certain number of loading cycles is reached, the material is satu-
rated with vacancies, which, effectively interacting with moving disloca-
tions, cause their pinning and disappearance. With a further increase in
the number of loading cycles, a group of vacancies with a high activation
energy is formed. In addition, an increase in microhardness occurs due to
intense plastic deformation of microvolumes of the material. In this case,
the nucleation and development of submicrocracks takes place in the
walls of dislocation cells. A softening process develops when the plastic
deformation of the material increases. This process is characterized by a
decrease in the density of dislocations, a decrease in the level of mi-
crostresses and microhardness. The absence of significant qualitative
differences in the nature of the development of the dislocation structure at
high and low loading frequencies leads to an analogy in the kinetics of
changes in the considered quantities in the studied frequency range.
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Figure 6 - Influence of the frequency of alternating bending
on the kinetics of the dislocation density of steel 5CrNiMn

An increase in the density of dislocations is explained not only by the
translational motion of decoupled dislocations, but also by their multiplica-
tion mainly through the operation of Frank-Read sources.

The cessation of the increase in the density of dislocations occurs
due to the deceleration of the action of the source of their multiplication
by stresses from previously emitted dislocations. The process of annihila-
tion of dislocations of the opposite sign emitted during cyclic loading by
sources located in parallel atomic planes is also possible. Along with an
increase in the density of dislocations at the initial stage of loading, an
increase in the concentration of point defects is also observed, which is
also confirmed by a decrease in electrical conductivity. An increase in the
number of vacancies can be associated with an increased mobility of
dislocations under alternating loading, since excess vacancies appear as
a result of the nonconservative movement of thresholds on dislocations.
When a certain number of loading cycles is reached, the material is satu-
rated with vacancies, which, effectively interacting with moving disloca-
tions, cause their pinning and disappearance. With a further increase in
the number of loading cycles, a group of vacancies with a high activation
energy is formed. In addition, an increase in microhardness occurs due to
intense plastic deformation of microvolumes of the material. In this case,
the nucleation and development of submicrocracks takes place in the
walls of dislocation cells. A softening process develops when the plastic
deformation of the material increases. This process is characterized by a
decrease in the density of dislocations, a decrease in the level of mi-
crostresses and microhardness. The absence of significant qualitative
differences in the nature of the development of the dislocation structure at
high and low loading frequencies leads to an analogy in the kinetics of
changes in the considered quantities in the studied frequency range.

Obviously, with an increase in frequency an increase in the rate of
deformation of metals occurs at the same number of loading cycles.
Thus, relaxation processes which play a significant role under static load-
ing slow down with increasing loading frequency. In proportion to the
loading frequency, the number of cycles before the start of the softening
process also increases. An increase in frequency leading to an increase
in the rate of elastic deformation, also contributes to an increase in the
rate of dislocation motion; this increases the efficiency of their reproduc-
tion. In addition, with increasing frequency, the number of vacancies also
increases, and their extremely high concentration arises, as a result of
which they condense into disks parallel to the most densely packed
planes. When a certain critical disk size is reached, its sides are flattened
and connected together. It forms a dislocation loop. All this leads to hard-
ening, resulting in an increase in the density of dislocations and micro-
hardness.

It should be noted that similar processes are also typical for elevated
test temperatures of 5CrNiMn die steel (Figure 7). An increase in temper-
ature contributes to an earlier occurrence of hardening-softening pro-
cesses due to the activation of the interaction of dislocations and point
defects, as well as the movement of dislocations.

The test results also showed that the shape of the fatigue curves
does not change with increasing frequency (Figure 8). The fatigue curves
for different frequencies are almost equidistant. One can note a monoton-
ic increase in fatigue life with increasing loading frequency. Similar results
were obtained at different temperatures (Figure 9).
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Figure 7 - Change in the microhardness of steel 5CrNiMn
at different test temperatures (loading frequency 18.0 kHz)
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Figure 8 - Fatigue curves for steel 5CrNiMn when tested
at different loading frequencies
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Figure 9 — Fatigue curves for steel 5CrNiMn at different test
temperatures (loading frequency 18.0 kHz)

Conclusions

The above studies have shown that despite certain quantitative dif-
ferences in the kinetics of the physical and mechanical characteristics of
the materials the process of fatigue failure develops according to the
same patterns that are characterized by a combination of hardening-
softening processes. This confirms the unified physical nature of the
development of fatigue damage in the considered range of frequencies
and temperatures and, therefore, the fundamental possibility of imple-
menting accelerated fatigue tests using high loading frequencies.
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Abstract

In connection with the improvement of vehicles, power plants, an increase in their power, operational life, requirements for reliability and safety of
use necessitate the development of new modifications of the main components and assemblies, incl. drive shafts. In this paper, an analysis of the main
types of wear of cardan gears operating in various conditions is carried out. It is shown that the main types of wear of universal joints are: fatigue and
abrasive wear, false brinelling, pitting, fretting. To reduce the effect of these types of wear, a comprehensive approach has been proposed, which con-
sists in the development of highly effective methods for hardening the working surfaces of parts, the creation of thin-film composite coatings for friction
parts, the development of new compositions of new generation lubricants based on mineral and synthetic oils.

Keywords: design, cardan shaft, wear, friction, materials.

O MEXAHU3ME U3HALLUBAHWUA LLAPHUPOB KAPJAHHbIX MEPEOAY

A. B. Monpykaiino, I'. A. KocTiokoBuy, A. U. Bepemeituuk,
E. B. OBuMHHuKOB, B. M. XBUCceBMY, C. P. OHbICbKO

Pedhepar

B cBSI3M C COBEPLUEHCTBOBAHNEM TPAHCMOPTHbIX CPEACTB, 3HEPTETUYECKIX YCTAHOBOK, YBENUYEHUEM WX MOLLHOCTH, 3KCMyaTaLMoHHOro pecypca,
TpeboBaHWin N0 HaAEXHOCTN 1 BE30MacHOCTM UCMOMNb30BaHWS BO3HMKAET HE0bX0AMMOCTL pa3paboTki HOBbIX MOANMMKALIMI OCHOBHBIX Y3MOB W arpe-
ratos, B T.4. NPWUBOAHbIX Banos. B fgaHHoi paboTe nMpoBeAeH aHanu3 OCHOBHBIX TUMOB M3HALIMBAHWS KapAaHHbIX Nepedad, aKCnnyaTupyroLWwmxcs
B pa3nnyHbIX ycroBusix. MokasaHo, 4TO OCHOBHLIMW BUAAMM U3HALLMBAHWS YHUBEPCASbHbIX LIAPHUPOB SBRSOTCS: YCTANOCTHbIA U abpasuBHbIN U3HOC,
NOXHOE GPUHENNUPOBAHNE, MUTTUHT, OPETTUHT. [iNsi CHUKEHWS BAUSIHWS [aHHbIX BULOB U3HALLMBAHWS NPELOKEH KOMMIEKCHBIA MOX0A, 3aKNoYatoLLmiics
B paspaboTke BbICOKOI(EKTUBHBLIX METOLOB YNPOYHEHUS pabodnx NOBEPXHOCTeN feTanei, Co3naHns TOHKOMIEHOYHbIX KOMMO3WLMOHHBIX MOKPbITUNA
Ans aeTanen TpeHus, paspaboTke HOBbIX COCTABOB CMa304HbIX MaTepUanoB HOBOTO MOKONEHWS! HA OCHOBE MUHEPANbHBIX U CUHTETUHECKUX Macen.

KnioyeBble crnoBa: KOHCTPYKLUMA, KapAaHHaa nepedaya, U3HOC, TpeHue, Matepuarnbl.

Introduction

Cardan gears are currently an integral part of the transmission of modemn
vehicles such as cars, tractors, heavy motorcycles, diesel locomotives, etc., as
well as some stationary installations, such as rolling mills and others, in which
it is necessary to transfer torque between units that have relative movements

during operation.
C :

1 - cross; 2 — bearing housing; 3 — needle rollers; 4 — seal
Figure1 - Cardan joint

The reliability of the driveline is determined mainly by the reliability and
service life of the hinge (Figure 1), i.e. the service life of the pair of needle
bearing - cross spike. In this regard, the issue of increasing the resource of
cardan joints should be given great attention [1--3].

The purpose of this work is to determine the mechanism of wear of
the needle bearing of the driveline.

Research methodology

Structurally, the cardan needle bearing is made in the form of a cup,
which is the outer ring, and a set of needle rollers (Figure 2). The spike of
the cross serves as the inner ring (Figure 3). Bearing rings are made of
steel 15G1 TU 14-1-3938-85, ShH15N15, ShH15SG GOST 801-78; needle
rollers made of steel ShH15 GOST 801-78. The cross is made of steel
20HGTR TU 14-1-704-72, 60PP TU 14-1-1926-76. The hardness of the
surfaces of rings, needle rollers, cross spikes should be 62..66 HRC.
The roughness of the raceway should be no more than Ra0.63 um, needle
rollers not more than Ra 0.16 um, cross spikes not more than Ra 0.32 um.
The difference in size of the needle rollers in the bearing should be no
more than 2 microns.

Research results

A feature of the kinematics of a needle bearing is that the nature of
the movement of the rollers along the treadmills during rocking motion is
determined by the fact that the rollers both slide and roll, and the rolling
takes place mainly in the loaded zone. The nature of the movement of the
needle is strongly influenced by the viscosity of the lubricant. A viscous
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lubricant "extinguishes" the inertia of the rotation of the needle; with lubri-
cants with a low viscosity, the needles show a tendency to rotate in the
unloaded zone.

The needle bearing has a large number of small elements (needles)
that form narrow slots, which contributes to the capillarity of the entire
system and the retention of lubricant near the contact points of the bear-
ing elements. The oil cushion between the needles and the treadmills is
continuously crushed under load, as a result of which semi-dry friction
prevails in the bearing and there is no hydrodynamic floating of the layer
of needles. This is facilitated by the operating conditions of the oscillating
motion with small oscillating angles, as well as the relationship between
the sizes of the elements, which makes it unlikely that the formation of oil
cushions between the needles and the raceway [3-5].

The loading of cardan needle bearings is determined by the magni-
tude and nature of the torque of the cardan shaft, bending vibrations
caused by the imbalance of the cardan shaft, torsional vibrations of the
transmission, as well as the forces arising in the spline connection of the
cardan shaft during movements.

Fw — hole diameter of the needle roller;
Dmp — outer diameter; C — bearing width

1 —washer; 2 - outer ring; 3 — needle roller; 4 — seal
Figure 2 - Pivot bearing cardan transmission

D - is the diameter of the spike of the cross;
L —is the length of the spike of the cross;
H —is the distance between the ends of the spikes of the cross

Figure 3 - Joint cross drive line

During the operation of cardan needle bearings, rolling, rolling with
slipping and axial micro-movements of bearing parts relative to each
other under load in the presence of lubricant take place, and the penetra-
tion of moisture, abrasive particles, as well as access of atmospheric air
to the contact zone is not excluded.

With the relative movement of bodies under the action of a compres-
sive load, there is resistance to their mutual movement, i.e. we have
external friction. When cardan needle bearings operate under normal
operating conditions, two types of external friction occur in the contact
zone:

1. Dry friction, when the surfaces are covered with hard films that are
less durable than the base material;
2. Boundary friction when surfaces are covered with liquid films.

Friction has a dual molecular-mechanical nature. It is due to the
overcoming of the adhesive bond between two surfaces, usually between
the films with which solid bodies are coated, and the volumetric defor-
mation of the material (mutual penetration) occurring in a thin surface
layer at a depth comparable to the penetration depth.

Depending on the magnitude of the adhesion forces and the depth of
penetration, five types of violation of frictional bonds that occur in the
process of friction can be distinguished:
chip-cut material;
plastic pushing;
elastic deformation;
destruction of films (adhesive destruction);
destruction of the base material (cohesive destruction).

Repeated violation of frictional bonds causes the process of destruc-
tion of the material. The predominant type of fracture during friction de-
pends both on the properties of rubbing bodies and on external conditions
(loads, speeds and amplitudes of displacements, media, etc.). In this
regard, it is possible to classify the types of wear. The main types of nee-
dle bearing wear are:

grasping of the 1st kind;

oxidative wear;

thermal wear;

abrasive wear,;

smallpox (fatigue) wear.

Let us consider in more detail the types of wear encountered during
the operation of needle bearings.

Seizure wear of the 1st kind is a process of destruction of rubbing
surfaces, expressed in plastic deformation of surface layers and the oc-
currence of local metal bonds, welding bridges with their subsequent
destruction, accompanied by transfer, spreading of metal on a harder
surface and separation in the form of wear particles of this transferred
layer metal.

Oxidative wear under boundary lubrication conditions with dry friction
is a process of gradual destruction of the surfaces of a needle bearing
during friction, which is expressed in a complex combination of oxygen
adsorption phenomena on friction surfaces, oxygen diffusion in surface
layers, simultaneous plastic deformation of the metal with the formation of
chemically adsorbed films, solid films solutions and chemical compounds
of metal with oxygen and their separation from friction surfaces.

The oxidation process on the surfaces of a needle bearing occurs
when plastic deformations of the order of 0.1 ... 0.01 um of the thinnest
surface layers of the metal and the phenomena of chemical adsorption
and diffusion of oxygen into the plastically deformed surface layers occur
together. The resulting new structure upon repeated repeated defor-
mation is brittle destroyed, after which new layers of the underlying metal
enter the process.

When working with small angles of inclination of cardan gears in
conditions of vibration, cyclic loads, the presence of micro-displacements
and slippage of rolling elements, as well as the difficulty in removing wear
products from the contact zone due to the design features of the hinge
lubrication system, a characteristic type of wear of cardan needle bear-
ings is fretting - corrosion.

Fretting can be defined as a type of wear that occurs when two sur-
faces in contact, nominally stationary with respect to each other, periodi-
cally move slightly relative to each other. A feature of fretting is that the
products are not removed from the contact zone. A necessary condition
for the occurrence of fretting is the presence of a relative displacement or
sliding of surfaces with a certain amplitude. The magnitude of damage for

aRrwh=

o=
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steels is directly proportional to the magnitude of the slip amplitude within
0.010 ... 0.229 mm. The value of wear particles for steels lies in the range
of 0.1 ... 1.0 mem. Particles formed in the presence of air are red-brown
in color. Chemical analysis showed that the product of contact corrosion
(fretting) is iron oxide Fe20s, the presence of ferrous oxide FeO and
magnetite FesOswas also found. The initial wear products also contain
metallic iron. A significant increase (12 times) in air nitrogen absorption
by friction surfaces during fretting was also established: In the absence of
oxygen and moisture, fretting has much in common with friction wear,
such as first-class seizing.

Thermal wear or wear by seizure of the 2nd kind is a process of in-
tensive destruction of the surfaces of a needle bearing during sliding
friction, due to local heating and softening of the metal, desorption and
combustion of the lubricant, resulting in seizure followed by tearing of the
metal, its smearing and separation of microparticles from the surface
friction. Thermal wear takes place in cardan needle bearings only during
operation of bearings that already have wear and do not have a built-
in polymer washer between the end of the cross and the bottom of the
bearing.

Abrasive wear is a process of destruction of the friction surfaces of a
needle bearing, due to the presence of an abrasive medium in the friction
zone and is expressed in local plastic deformation, the presence of micro-
scratches, micro-cuts by abrasive particles of the friction surfaces. Abra-
sive wear takes place during the operation of cardan needle bearings in
dusty conditions in violation of the tightness of the seals.

Smallpox (fatigue) wear is a process of destruction of the friction sur-
faces of a needle bearing, due to plastic deformations, internal stresses,
metal fatigue phenomena and is expressed in the formation of mi-
crocracks, cracks, depressions, etc. on the friction surface.

In most cases, fatigue failure of needle bearings cannot be explained
by any single mechanism and is the result of several independent pro-
cesses, including corrosion, abrasive wear, etc. Fatigue failure under
contact stress conditions is a consequence of the combined action of
several types of damage that occur and propagate at different speeds
and independently of each other. Consider some of the types of destruc-
tion of needle bearings [4,5].

Destruction from oxide non-metallic inclusions causing stress con-
centration. Damage is characterized by:

— subsurface propagation from the source;

— spalling (pitting) after fatigue fracture reaches the surface from a
small depth;

— Fatigue crack propagation under load.

Destruction from the geometric stress concentration, which occurs
due to:

— low viscosity lubricant;
— tangential forces of prevailing sliding.

Peeling (pitting) is characterized by a limited penetration depth of fa-
tigue cracks under the surface and their predominant propagation over
the surface to a depth of no more than 0.013 mm.

Pitting occurs due to:

— low viscosity lubricant;
— alarge number of protrusions, the height of which exceeds the thick-
ness of the lubricating layer.

Subcrustal fatigue of case-hardened needle bearing parts is due to:
— insufficient hardness of the core;

— insufficient thickness of the cemented layer compared to the curva-
ture of the contacting elements.

Difficulties associated with detecting the initial stage of the develop-
ment of the destruction of the joints of the cross - a needle bearing, espe-
cially during operation, as well as the variety of operational, technological
and load factors that affect the performance of cardan joints, make the
task of studying the types of wear and their causes quite difficult. In this
regard, at present, in the literature there are various, often contradictory,
ideas about the mechanism of formation and development of destruction
of parts of cardan joints, especially when considering the initial stages of
destruction.

Consider the most common types of destruction of cardan needle
bearings, cross spikes and seals, as well as their causes.

The type of wear, the nature of damage, its intensity depend on the
type of car, the angle of installation of the driveline, operating conditions.
The most common types of damage to parts of cardan joints include the
appearance of traces of false brinelling on the cylindrical working surfac-
es of the spikes of the crosses and bearing cups and fatigue failure of the
working surfaces.

As a rule, under normal operating conditions, the destruction of
the elements of the hinge does not begin with wear of the seals and
the penetration of abrasive particles and moisture into the interface of the
needle bearing with the spike of the cross, but with the destruction of the
working surfaces of the crosses, rolling elements and bearing cups in the
normal state of the lubrication system. Before the appearance of visible
signs of destruction, wear of the hinge elements occurs, leading to an
increase in the gap and distortion of the shape of the working surfaces.
Then there are traces of indentation of the ends of the needles on the
bottoms of the glasses, which is explained by the presence of axial com-
ponents of the forces that occur when the needle is skewed, due to the
presence of an inter-needle gap and deformation of the assembly under
load. Axial forces lead to periodic displacement (slip) of the needles along
the axes. Then there is the formation of initial dents on the surfaces of the
spikes and glasses, after which there is an intensive development of false
brinelling grooves, fatigue chipping, intensive wear of the needles,
in which the needles can acquire a square section or break.

The initial wear on the seals and the stud surfaces under the seals
significantly reduces the initial interference. After the development of
significant destruction of the elements of the hinge, the seal loses its
ability to hold internal pressure and prevent the penetration of abrasive
particles and moisture into the interface, the temperature regime is dis-
turbed. As a result of the changes that have occurred, as well as the
accumulation of wear products, oxidation and thickening of the lubricant
occur.

The final stage of destruction is characterized by extensive chips and
scuffs on the working surfaces.

Conlusion

Therefore, it is advisable to look for ways to increase the resource at
the first stage of damage formation, i.e. to prevent the occurrence of
plastic deformations in the surface layers of the metal, to ensure the
tightness of the connection. Therefore, to increase the resource, it is
necessary to reduce the loading of the working surfaces of cardan needle
bearings, increase the resistance of the surface layer to plastic defor-
mations and contact fatigue damage, reduce the axial components of the
displacement forces in the splined joint, and create new designs of seal-
ing elements.
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Abstract

The aim of this study was to assess the natural grassland regions for livestock production in the highlands of Eastern Turkey by utilizing Remote
Sensing (RS) techniques and Geographic Information Systems (GIS) applications.

It was concluded that the natural grasslands make up 2/3 of the whole study area in Kars province. However, in terms of plant cover density this
only accounts for 1/3rd of the entire area. In other words, just 181 275.7 hectares out of a total of 638 393.5 hectares of grassland are in a better state
for cattle grazing. Finally, digital maps of the greatest quality grasslands were produced.

Keywords: natural grasslands, remote sensing, geographic information systems, satellite images, digital maps.

OLIEHKA ECTECTBEHHbIX NYFONACTEMLLHbIX YFOOUH, ONPERENAEMbIX C MOMOLbIO
AWCTAHUWOHHOIO 30HAWPOBAHUA U MPUMEHEHUA FMC B BbICOKOIOPHbIX PANOHAX BOCTOYHOU TYPLIMK

. Bo3kypr, A. BaranoBa

Pechepar

Llenb aToro nccnenoBaHust B TOM, 4TOBbI OLIEHWUTb €CTECTBEHHbIE NacTOMLLHbIE paliOHbI 45 KUBOTHOBOLCTBA B BbICOKOTOPHbIX palioHax BocTouHoi
Typuun ¢ MCNONb30BaHNEM METOAOB ANCTAHLMOHHOO 30HANPOoBaHMs ([3) n npunoxeHuit reonHdopmaLmoHHbix cuctem (TUC).

CpenaH BbIBOA 0 TOM, YTO €CTECTBEHHbIE NacTOMLLa cocTaBnsioT 2/3 Bceit nccneayemoi Tepputopun Kapeckoir obnactu. OpHako, € TOYKM 3peHmns
MNOTHOCTU PaCTUTENBLHOTO NOKPOBA, 3TO COCTABNAET TONbko 1/3 BCel nnowaau. [pyrmn cnoamu, Tonbko 181 275,7 ra u3 638 393,5 ra nyronact-
OWLLHBIX YrOANA HAXOAATCA B NyYLLEM COCTOSHUW NS Bbinaca ckoTa. B sakmnioueHnm bbinn cocTaBneHbl LMdpoBbIe kKapTbl MyronactouLLHbIX yroauil ¢

BbICOKMM pa3peLLeHnem.

KnioueBble cnosa: npupoaHble I'IaCT6VILLLa, JMCTaHLMOHHOE 30HAMPOBaHME, reONHOPMALMOHHbIE CUCTEMBI, CNYTHUKOBbIE CHUMKM, LncppoBbIE KapTbl.

Introduction

Remote sensing (RS) is known as a science of acquiring and
interpreting information from a distance using sensors that are not in
direct contact with the item being viewed. In this definition, aerial,
satellite, and spacecraft observations of the surfaces and atmospheres of
the planets in the solar system are included (Jensen, 1996).

A geographic information system (GIS) is a system for recording,
storing, analyzing, and managing geographically referenced data and
associated properties. In other word, it is a computer system that inte-
grates, stores, edits, analyzes, shares, and displays geographically relat-
ed data (Chandrakar and Thomas, 2010).

RS and GIS technologies have been of great use to planners in
planning for efficient use of natural resources at national, state and dis-
trict levels. Application of these technologies in the management of natu-
ral resources are increasing rapidly due to great strides made in space-
borne RS satellites in terms of spatial, temporal, spectral and radiometric
resolutions (Venkataratnam, 2001). RS and GIS are being used increas-
ingly as tools to assist in grassland resource inventory and integration of
data and as a mechanism for analysis, modelling, and forecasting to
support decision-making.

For the assessment of grasslands and the estimation of fodder avail-
ability, as well as the monitoring of natural range resources, remote sens-
ing satellite images and Geographic Information Systems (GIS) are
commonly implemented (Singh et al., 2011). Because in many developing
countries, grazing resources are limited and natural grasslands are be-
coming more scarce, there is a higher need to effectively manage grass-
lands for maximum livestock feed production and environmental im-
provement (Roy and Singh, 2013).

Grasslands have been studied and monitored using satellite data
in several different ecosystems and over seasonal and interannual peri-
ods to verify variability, production gains, and resilience. Because of its

functions in maintaining atmospheric composition and improving local
climate and soil moisture, grassland is an important aspect of terrestrial
ecosystems. Grasslands provide the foundation for the existence and
development of animal husbandry, in addition to their function in envi-
ronmental conservation (Sala and Paruelo, 1997).

The composition of grasslands varies across the different topograph-
ic conditions due to variation in the species prevailing, rainfall patterns,
animal grazing pressure, and successional status of plant species. Grass-
lands are often explored through field-based examinations in only a few
places of the world (Pandey at al., 2021). Because grasslands cover a
large spatial extent in isolated places and are physically difficult to reach,
traditional evaluation methods are inefficient and expensive (Asrar et al.,
1986). Remote sensing techniques that are more advanced are far more
useful in scanning pastures, meadows and grasslands with fewer errors
and corruption (Liu et al., 2001; Akiyama and Kawamura, 2007; Nayak et
al., 2010).

Remote sensing technologies with proper representation of the
number of pixels on a satellite picture that can be mapped with
corresponding grass cover area can be used to determine percent grass
cover (Friedl et al., 1994)

Overgrazing, inappropriate land use, drought, and other natural and
human factors have combined to cause serious problems with grassland
resources in recent years, including a decrease in vegetation biomass
and coverage, a decline in productivity, a decline in forage quality, and a
general decrease in grassland livestock capacity (Zhang et al., 2013).

Therefore, it was aimed to classify grassland types and to determine
the potential grassland areas to be utilised for beef cattle producition in
the highlands of Eastern part of Turkey with special reference to Kars
Province located in the North-East, using RS techniques and GIS
applications.
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Material and methods

Beef cattle production is carried out in general in vast conditions and
on grasslands in the Eastern portion of Turkey, where the study area
(Kars Province) is located, accounting for 41.4 percent of the country's
total grassland area (Avcioglu, 2000). In terms of both the number of
cattle and sheep (big and small animals) and the larger area of grassland
accessible, Kars province is unique in the region (Anonymous, 1984).

Study area covered provincial boundaries of study area with an
altitude of above 2000 m. The area of Kars province is 918.117 ha. It lies
between 260 000-390 000 km East, 4 420 000 - 4 530 000 km North
according to UTM Geographic Coordinate System. Ardahan province is in
the North; Agri is in the South; Erzurum is in the West and Armenia is in
the East. Figure 1 shows geographical location of the study area.

ArcGIS, Arc-Info and ERDAS Imagine softwares were used for the
correction of the data obtained, interpretation, analysis and mapping of
grasslands. GPS (Magellan 315) connected intensive ground truthing
(GT) and in order to obtain the geospatial data on pasturelands, field
samplings were conducted. Moreover, for supervised image classification
of satellite images, these grasslands were analyzed, sampled, and GPS
positions (43 points: latitude, longitude, and altitude) were recorded.

LANDSAT 5 TM satellite images taken were used and land use and
land cover classification maps were produced using GIS. In order to
determine the current status of grasslands, red (0.45-0.52 um), near
infra-red (0.52-0.60 pm) and infra-red (0.63-0.69 um) bands of Landsat
images were used to find the grasslands and unsupervised classification
was applied and the distribution map of grasslands showing the present
status was produced (Figure 2).

Results and discussion

According to the findings, the grassland area in the province was
638968.3 ha, or 66.7 percent of the total area. The grassland types |, Il,
and Ill, which accounted for 22.6, 34.1, and 10% of the total grassland
area in the research region, occupied 216917.7, 326334.7, and 95716
hectares, respectively.

As it is indicated in Figure 2B, land use types classified as lakes, hor-
ticultural areas, pasture and shrubs, irrigated and non-irrigated areas,
viniculture, abandoned and industrial areas including settelment areas
are shown. However, forestry areas are indicated with dark green in the
West part of the study area. Garssland areas are scattered all over the
study area and shown light green while yellow coloured areas are non
irrigated agricultural lands.

It was discovered that grassland areas cover 2/3 of the total area of
Kars province. However, this only accounts for a third of the entire area in
terms of plant cover density. In other words, just 181 275.7 ha of the total
grassland area of 638 393.5 ha is in a better state in terms of plant cover
for cattle to graze on. It was also discovered that the greatest quality
grasslands for beef cattle production are found in the province's north-
west corner, from the west of the Sarikamis forests to the north-western
range of the Allahuekber mountains and the foothills of the Erdagi moun-
tains (Figure 3).
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SDU ZIRAAT FAKULTESI TOPRAK BOLUMU TOPRAK ETUD HARITALAMA VE ARAZI DEGERLENDIRME LABORATUVARINDA URETILMISTIR
TUBITAK-KARIYER TOVAG 104 V 124 NO'LU PROJE

Figure 3 — Land use map of Kars and grassland classification distribution

As it is indicated in Figure 3, lakes are blue coloured, irrigated and
non-irrigated agricutural areas are shown in pink colours. However,
forestry areas are indicated with dark green in the West and some part of
the South of the study area. Garssland areas are classified according to
biomass intensity all over the study area and those shown in green areas
lie upwards in the North West with very intensive level of more than 80%
and light green areas with intensive level between 60-80% while yellow
coloured areas are mid-level intensity between 40-60%, grey coloured
areas are weak intensity level between 20-40% and white coloured areas
are very weak intensity of less than 20%.

The grasslands in the study area have also been classified as Type |, Il
and Il together with 3 sub-classes within each type according to biomass
quality and vegetation cover and compared according to NDVI (Normalised
Difference Vegetation Index). This work will be published in the future.

Conclusions

It was concluded that in this region, where the economy is based on
animal production, determination of grassland areas, stocking rates,
estimation of biomass available for grazing, the length of vegetation
period, and monitoring the change in grassland must all be included in
Regional Development Plans, and the findings of this study can help
improve beef cattle production in the region.

The results will undoubtedly influence grazing management deci-
sions such as determining the start date of the grazing season, stocking
rate, and the most appropriate grazing systems for the region. Therefore,
monitoring the biomass and productivity of vegetation in a timely and
accurate manner is an important subject for grassland resource man-
agement and of great significance for the scientific utilization and devel-
opment of grassland resources.

To reduce the degradation of grassland and to keep grazing eco-
friendly and sustainable, it is essential to study its current status with
a degree of its severity both spatially and temporally so that appropriate
pasture management strategies can be made.
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Abstract

The changes in the annual runoff of plain rivers are estimated on the method that based on the restoration of the natural runoff of the last decades,
during which significant anthropogenic changes took place. For these purposes, we used data on the runoff of rivers (tributaries of the considered rivers
and their upper parts), the water regime of which is relatively slightly changed by anthropogenic impact. Data on restored river flow were compared with
anthropogenic-altered flow for this period and for the base period preceding it, when anthropogenic impact can be neglected. It is shown that climatic
and anthropogenic factors act on the runoff both unidirectionally, increasing or decreasing it, and in opposite directions. At the same time, the influence
of anthropogenic factors, mainly reservoirs and water consumption, they are commensurate with the influence of climatic factors, and in many cases
exceeds it.

Keywords: river flow changes, base period, period of significant anthropogenic impact, flow restoration method, anthropogenic factors, climatic
factors.

BKNAQ KMMMATUYECKUX U AHTPOMOMEHHBIX ®AKTOPOB B U3SMEHEHWA CTOKA PABHUHHbIX PEK

0. Mewmuk, J1. MaxmygoBa, A. XapbinkacbiH, A. Kanatynbi, M. XynkaiiHapoBa

AHHOTaUus

OueHeHbl U3MeHeHUst FoA0BOro CTOKA PaBHMHHBLIX PeK Ha OCHOBE MEeTO[a, OCHOBAHHOTO Ha BOCCTAHOBMEHWUW €CTECTBEHHOTO CTOKA MOCMEAHWX
[ECATUNETUI, B TEYEHNE KOTOPbIX MPOMCXOAMIM €r0 CYLLECTBEHHbIE aHTPOMOTEHHbIE U3MEHEHNS. [ins STUX Lienei NCnomnb3oBaHbl AaHHbIE O CTOKE pek
(MPUTOKOB paccMaTpUBAEMbIX PEK M UX BEPXHMX YacTem), BOAHbIA PEXUM KOTOPbIX OTHOCUTENBHO Crabo W3MEHEH aHTPOMOrEHHbIM BO3AEACTBUEM.
[laHHble 0 BOCCTAHOBMEHHOM PEYHOM CTOKE CPABHMBANNCH C @HTPOMOrEHHO-M3MEHEHHBIM CTOKOM 33 3TOT NEPMOA W 3a NMPEeALIEeCTBYOLMA emMy 6a3oBbIil
nepumoa, Koraa aHTPOMOreHHbIM BO3AENCTBUEM MOXHO NpeHebpeyb. MokasaHo, YTO KNMMaTUYECKUE U aHTPOMOreHHbIe (haKTopbl AENCTBYIOT Ha CTOK Kak
OfHOHANPaBNEHHO, YBENMUMBAsS UM YMEHbLUAS ero, Tak U B MPOTUBOMOOXKHBIX HANpaBneHusX. MNpn 3TOM BNMsHE aHTPONOreHHbIX (YakTOPOB, FMaBHLIM

06pa3oM BOAOXPaHUNNLL U BOAONOTPeBnEHNS, COU3MEPUMO C BRINSHUEM KIMMATUYECKUX (aKTOPOB, & BO MHOTUX CIy4asix MPeBOCXOAMT €r0.

KntoueBble cnoBa: n3meHeHust peyHoro CToka, nepno 3Ha4MTeNIbHOr0 aHTPONOreHHoro BO34enCTBmS, €nocob BOCCTAHOBMEHNS CTOKA, aHTpono-

reHHble (hakTopbl, KuMaTuyeckue (akTopbi.

Introduction

The change in river flow in recent decades is due to the influence of
both climatic factors and anthropogenic impacts. Revealing their role is
extremely important for understanding the genesis of hydrological chang-
es that have already occurred and possible in the future, as well as for
taking measures to reduce or even completely eliminate their undesirable
consequences. A combination of natural, mainly climatic, and anthropo-
genic factors also results in long-term changes in runoff. At the same
time, the ratio of the composition of natural and anthropogenic factors to
the ongoing changes remains insufficiently studied, despite the fact that
the relevant studies were and are being conducted at the Institute of
Geography and Water Security, Republican State Enterprise "Kazhy-
dromet", the Government Hydrological Institute of Roshydromet (State
Hydrological Institute) [1-4].

Insufficient knowledge is largely due to the close interweaving of nat-
ural and anthropogenic factors influencing the runoff, the difficulty of their
separation. The complexity of solving this problem lies in the fact that
climatic and anthropogenic changes in river runoff are closely interrelated
and often affect the runoff not directly, but indirectly through relief, soil.
Therefore, it is impossible to absolutely accurately separate the contribu-
tion of climatic and anthropogenic factors to the formation and change of
river runoff, and one has to be content with relative estimates. Usually,
they represent the value of deviations of the runoff from some basic val-
ues (for example, from its norm, the average long-term runoff or the run-
off of some other period), calculated by different methods. Quite a large

number of works [4-11] are devoted to the assessment of the ratio of
climatic and anthropogenic factors in hydrological changes. However, this
issue requires further study. In this work, an attempt was made to assess
the impact of both, a complex of natural-climatic and anthropogenic
factors, and the contribution of climatic and anthropogenic factors,
respectively, to the change in the annual runoff of plain rivers.

Research methods

The concept of the study is based on an independent approach, in
which the integral assessment of the influence of the considered runoff
factors is based on the restoration of the conditionally natural annual
runoff. With the regression relationships help of the annual runoff of large
rivers and their tributaries (rivers-indicators), located in the formation area
of the runoff in the main river under conditions of relatively small anthro-
pogenic impact, and comparison of the restored runoff with the actual
runoff. The developed approach makes it possible to identify long-term
integral changes in river runoff — an assessment of the change in river
runoff due to natural and climatic factors (by relationships between the
flow of the main river and the flow of indicator-rivers).

For each river of the studied water management basin, the bounda-
ries of the base periods (when anthropogenic impact can be neglected)
and periods of significant anthropogenic impact were determined. For
these periods, the average runoff values were calculated, as well as their
difference. The difference shows the total changes in runoff that occurred
under the influence of both anthropogenic impacts and climatic factors

Geoecology
doi.org/10.36773/1818-1112-2022-129-3-37-39

37



Vestnik of Brest State Technical University. 2022. Ne 3(129)

(Table 1). At the same time, as it can be seen, the boundaries of the
periods differ on the rivers under consideration, which is explained by the
time of the onset of a significant anthropogenic impact [9].

To determine the contribution of anthropogenic and climatic factors to
the total runoff change that occurred, presented in Table 1, a method
based on the restoration of the natural (more precisely, conditionally
natural) runoff of the studied rivers was applied. The method proceeds
from regression relationships between the runoff of large rivers and their
tributaries (indicator-rivers). The watersheds of indicator-rivers belong to
the main area of runoff formation under conditions of relatively weak
anthropogenic impact.

For this method, the assessment of the contribution of anthropogenic
impacts and climate change to the total changes in runoff is based on a
comparison of the runoff for the base period, relatively weakly affected by
economic activity, with the actual and restored (conditionally natural)
runoff for the period of significant anthropogenic impact.

Table 1 — Change in the volume of annual runoff under the total impact
influence of climatic and anthropogenic factors, relative to the

The calibration of the parameters was carried out on the basis of da-
ta from parallel observations over the years with no noticeable influence
of anthropogenic factors on the upper and lower sections of the calculat-
ed sections. Part of the long-term series of annual and seasonal runoff,
restored by one of the above methods, was combined with its other part,
the runoff of which was not noticeably disturbed by anthropogenic impact.
Thus, the general series of conditionally natural runoff were compiled, the
average values of which were compared with the base and actual runoff
for the period of significant anthropogenic impact.

Results and discussion

Changes in the annual runoff on the rivers that is under considera-
tion (Table 1) had a multidirectional character — the total runoff on the
Tobyl River during the period of significant anthropogenic impact de-
creased, and on the Nura River it increased due to the transfer of runoff
from the Ertis — Karaganda canal. At the same time, the runoff of Tobyl
near the city of Kostanay changed most noticeably in 1964-2019 de-
creased in comparison with the base period by more than
12800 million m® (over 200 million m3/year), on the river Yesil in the

base period alignment of Astana for the period from 1971-2019 the decrease in
Period of annual runoff amounted to more than 2600 million m3 (about
Base period significant Flow change 50 million m3/year), on the river Sarysu decline in annual runoff over
P anthropogenic 9 the period from 1966-2019 amounted to more than
R int impact 200 million m3(5 million m3/year), which had a very negative impact on
Ver - poin runoff runoff | average for otal the water management and hydro ecological situation in the basins.
volume, volume, | the year 9”?’ Table 2, Figure 1 shows the results of assessing the contribution of
Years | mition | Y68 | milion [million % mi |3on climatic and anthropogenic factors to these changes, calculated using
m3 m3 m3 o p M the restoring conditionally natural flow method.
Tobyl - 1931- 1964-
Kostanay | 1963 523 2019 293 -230 |-44.0|-12880 Table 2 — Changes in annual runoff over the period of significant
. 1933- 1971- anthropogenic impact, calculated by the restoring its
Yesil - Astana 1970 183 2019 129 -54.0 |-29.5| -2646 conditionally natural values method, million m?
Yesil - 1933- 1971- Anthropogenic changes Climate change
Kamennyi Karier| 1970 1302 2019 1211 | -91.0 |-6.99) -4459 River - point total for | average for | total for | average for
Yesil - 1932- 1971- the period | theyear | the period | the year
Petropaviovsk | 1970 | 1772 | o019 | 1930 | 158 |8.92) 7742 | Iqop i Kostanay | 10416 | -186 2464 44
1935- 1974- Yesil -
Nura - Balykty 1973 189 2019 325 136 [72.0| 6256 Petropavlovsk -13328 272 21070 430
Nura - 1933- 529 1974- 636 107 12021 4922 Nura - Balykty 3404 74.0 2852 62.0
Romanovka | 1973 2019 Nura - 5566 121 10488 298
1932- 1966- Romanovka i i
Sarysu-Ne189] fogg | 847 | poqg | 807 | 400 [-472] -216 | ["oarqy-Ne189 | 1528 283 1312 243
At the same time, the difference between the restored (conditionally S
natural) runoff for the period of intense anthropogenic impact and the 25000
runoff of the base period characterizes the impact of climate change 20000
(assuming that they are not the result of human activity), and the differ- -
ence between the restored (conditionally natural) and actual (observed) 3%
runoff period of intense anthropogenic impact — the contribution of an- 10000
thropogenic impact on the total changes in runoff. 5000
When restoring the conditionally natural runoff, it is taken into ac- o [ |
count that the long-term hydrological series of the rivers under considera- i = % z I g = 2
tion are heterogeneous in terms of the impact of anthropogenic factors on =000 2 = g E 2
it and consist of two parts. The first part of the series includes long-term -10000 » ;: b £ g
data relating to the period before the onset of a noticeable impact of an- -15000 z & Z 2z 3
thropogenic factors. The second part consists of a long-term series, the 5,500 = % Z

annual runoff in which is changed to varying degrees as a result of the
anthropogenic factors impact. As rivers-indicators of climatic conditions
for the restoration of annual flow, data on tributaries were used, where
economic activity is relatively insignificant. The annual runoff of this peri-
od was restored by two methods. One of them proceeds from regression
relationships between the runoff of the main river and the runoff of rivers
that are indicators of climatic conditions (tributaries and upper parts
of the main river), characterized by relatively weak anthropogenic dis-
turbances of the water regime. One of the first to use it was
I.A. Shiklomanov [13-14].

This method has been further developed, and the resulting regres-
sion relationships are characterized by a fairly high reliability. The multiple
linear correlation coefficients are in the range of 0.8-0.9, and the errors of
the regression coefficients are two times less than their absolute values.

m Anthropogenic changes Climate change Cumulative changes

Figure 1 — Climatic and anthropogenic changes in runoff (H, million m3)

As follows from Table 2, anthropogenic and climatic changes in the
annual runoff on the river Tobyl were unidirectional — downward, and the
share of anthropogenic changes is more than 80 %, respectively, the
share of climate change is 20 %. On the rivers Yesil, Nura, Sarysu, the
effect of anthropogenic and climatic factors was multidirectional with the
predominant influence of anthropogenic factors. On the river Nura, the
share of anthropogenic changes in the upper reaches is more than 54 %,
respectively, the share of climate changes is 46 %, in the lower reaches
87 and 13 %, respectively.
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Conclusions

The obtained estimates of changes in the volume of annual runoff
under the influence of the climatic and anthropogenic factors total impact
of relative to the base period showed the following:

- Tobyl - the decrease in runoff is more than 40 %;

- Yesil in the alignment of Astana, the decrease leaves 30 %, further
downstream in the alignment with Kamennyi Karier — 7 %;

— Sarysu - the decrease in runoff is 5 %;

— Nura —increase in runoff due to the transfer of runoff from the Ertis —

Karaganda canal.

An assessment of the anthropogenic and climatic factors contribution
to changes in annual runoff observed during the period of significant
anthropogenic impacts of river basins so different in terms of water con-
tent and natural and economic conditions, such as Tobyl , Yesil, Nura,
Sarysu, obtained by applying the method of restoring conditionally natural
flow, showed the following picture — the share of anthropogenic and cli-
matic factors in the decrease in annual runoff when using the method of
restoring conditionally natural runoff is estimated on the river. Tobyl in
80 % and 20 %,; on the river Yesil 70 % and 30 %; on the river Nura 87 %
and 13 % respectively.

The methodological foundations development of the proposed ap-
proach to the study of modern changes is seen in the following directions.
To restore long-term runoff series and to assess, on this basis, the rela-
tionship between climatic and anthropogenic factors in the past long-term
changes in the runoff of large rivers, it is promising to use the relation-
ships between runoff and its climatic factors using models that describe
the processes of runoff formation with varying degrees. However, it
should be borne in mind that such approaches have limitations and there-
fore it is necessary to use several methods and approaches for mutual
control of the results.
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Abstract

This paper considers an idea of saving energy resources by using meteorological data. Applying a prognostic meteorological approach to regulate
parameters of a heat medium in solar thermal collectors allows decision-makers to regulate the temperatures designed, which might improve the

efficiency in heating buildings.

Keywords: solar thermal collector, prognostic meteorological approach, solar radiation, heat supply, heat carrier.

METEOMPOrHOCTUYECKOE PEr'YNIMPOBAHWE B rENNO3HEPTETUKE

0. . Mewwuk, K. O. Mewuxk, M. B. Bopyuwko, B. A. Mopo3soBa

AHHOTaUus

B paboTe paccMaTpuBaloTCs BOMPOChI 3HEPTOpeCypCcOCOPEXEHIst Ha OCHOBE MCTONb30BaHNUSI METEOPONOrMYEcKoit MHdopMaumu. MeTeonporHo-
CTUYECKOe PErynnpoBaHIe NapaMeTpoB TENNOHOCUTENS NO3BONAET aaanTUpoBaTh NOATOTaBNMBaeEMbIe TeMMEpaTypbl, TEM CaMbiM NOBbILAs addek-

TUBHOCTb OTOMNEHNS 30aHNNA.

KnioyeBble crnoBa: renMoKONEKTOP, METEONPOrHOCTUYECKNIA NOAXOL, COMHEYHOE W3TyYeHue, TennoobecneyeHne, TENMOHOCUTENb.

Introduction

In this research solar thermal collectors are taken as an alternative
partial substitute for conventional heat sources. According to Solar Heat
Worldwide 2021 [1], the solar thermal market is growing steadily.
The global solar thermal energy yield increased from 51 TWh in 2000 to
407 TWh in 2020, i.e., it grows by 10 % annually.

In Belarus the share of renewable energy resources in the total energy
yield is increasing gradually. According to REN21 and the United Nations
Economic Commission for Europe [2], the estimated 7 % share of renew-
able energy in the total final energy consumption in 2025 was already
reached in 2018. The target share of 9 % in 2035 is likely to be reached
much earlier due to the complete commissioning of Belarusian nuclear
power plant. What is more, some research [3] estimates solar power
potential in the area as quite sufficient to be used in both solar heating
collectors and PV systems.

Highly efficient operation and optimization are of high priority for any
heating system. These criteria depend not only on the heat carrier's
properties and its economic feasibility but also the effectiveness in regu-
lating parameters of the heating system.

This research is based on a prognostic meteorological approach
used to regulate the parameters of the heat carrier in a predictive way [4].
A number of basic criteria necessary to provide algorithms for predictive
control have some internal and external factors.

Internal factors directly affect the microclimate of the room. The main
internal factor is temperature regime as it constantly changes due to its
interaction with outside disturbance agents. Local building codes [5] regu-
late a standard inside temperature range within 18-24 °C. Often dwellers
expect more optimal temperature parameters which are taken into ac-
count in prognostic meteorological approach which can contribute to
much more comfort during the heating season. There are other unregu-
lated internal factors that influence the microclimate in the room. These
are household appliances, people in the room, etc. It is difficult to calcu-
late the heat produced by them as it depends on how long they work
generating heat. However, it is possible to calculate the heat lost through

Methods and Materials

In this research we developed a method for a combined use of solar
thermal collectors as a primary heat source and a prognostic meteorolog-
ical approach in order to determine the most accurate parameters for the
heat carrier with the optimal operational efficiency of the heating system.

The paper is based on meteorological observation data registered in
2021-2022 by Belhydromet (Belarus state institution "Republican centre
for hydrometeorology, control of radioactive contamination and environ-
mental monitoring") [6]. These data allow us to analyse temperature fluc-
tuations in the area under study. APl Angekc.Morogel [7] is used as a
source of prognostic meteorological data.

The authors of the research applied such methods of processing sta-
tistical and experimental data as regression analysis, time series analy-
sis, analytical generalization of meteorological data with further calcula-
tion, etc. The calculation is automated with the use of SunCalc JavaScript
library and MS Excel software.

Results and Discussion
We estimate the performance of flat-plate collectors by identifying
hourly peaks in thermal energy generation and total daily sums.
The efficiency factor of solar collectors is interpreted with the following
formula [8]
Qgk
n=_:- (1)
gk Q
where Qg is thermal energy generated by the solar collector per unit of
time, W; F, is solar collector area, m?; Q is total solar radiation reaching
the solar collector’s surface, W/m2.

Qgx Parameter characterizes effective work of the solar collector
since in general terms it represents the difference between the solar
radiation absorbed by the plate and the one reflected back to the envi-
ronment. The calculation is performed with the following equation [9]

the walling and hysteresis of water heating systems.

External factors mean meteorological characteristics making impact Qg = qo " Fgi* (Q(m H-w- (Tvch - Tvych)) . (2)
on the walling. The most important one is dynamic changes of ambient air.
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where q, is heat transfer coefficient of the solar collector; m is capacity
of the outer layer of the solar collector to transmit solar radiation; [ is
absorption of solar radiation by the inner layer of the solar collector; W' is
heat loss of the solar collector, W/(m?-°C); Ty,cn Tyycn, are
inlet/outlet temperatures of the heat carrier in the solar collector’s pipe-
lines, °C.

It is necessary to consider heat losses of the solar collector as total
sums. That is why it is necessary to single out separately heat lost
through the upper and lower surfaces, as well as through the side walls of
the body frame [9]

wW=w,+W,+W,, (3)

where W, W,,, W,, are heat losses through the upper, lower and side
surfaces of the collector, W /(m? - °C).

Heat loss through the side walls is extremely low provided that the
thermal insulation is sufficient. We accept that W, ~ 0 W/(m? - °C) in
the solar collector chosen for our study. Thus, the calculation of heat loss
through the upper and lower surfaces is as follows [9, 10]:

-1

W, = N + ! +
v ﬂ . (TP - TV)O'31 Riony
T, \NFf

U'(TP +Tv)'(Tp2 +TV2)

(4)

(ep+0.0425N(1—sp))+(%—N) ’

1
Wo =z a, (5)

by by

where N is the number of glass surfaces, pcs; o is Stefan-Boltzmann
constant, W/(m? - K*); &p is emissivity factor of the plate; 5 is emis-
sivity factor of the glass; Tp is temperature of the plate, °C; Ty, is air tem-
perature within the collector, °C; hyony, is plate convection coefficient,
W/(m? - °C); f is convection function [11]; a4, a, are thickness of the
insulating layer and the wall, m; by, b, are heat transfer coeficient of the
insulating layer and the wall, m.

If you want to determine a heat transfer coefficient q,,, you must have
data about the efficiency of the whole collector Eg; and the efficiency of
its individual fin E,.. These parameters are calculated by the formula [10]:

e
qﬁ%(l-e ) ()
E i == ; L , (7)
N S B O e )

/W 1-D
E, = M (8)
\ W/k-v'%

where G is heat carrier flow rate through the solar collector, m3h; ¢, is
specific heat capacity of the heat carrier in the solar collector, J/(kg - °C);
Egy is solar collector efficiency; d is distance between the pipelines of
the solar collector, m; D is outer diameter of the collector pipeline, m;
h is intensity of heat transfer from the pipeline wall to the heat carrier;
P is conductivity of the connection of the surface with the pipeline,
m- °C/W; E,. is efficiency index of the solar collector fin; k is coefficient of
thermal conductivity of the plate, W/(m -°C); u is plate thickness, m.

We calculated solar radiation on sloped surfaces depending on geo-
graphical position in our previous studies [11]. In order to enhance per-
formance, we can adjust the collector’s orientation in two different ways.
We can adjust the inclination angle of the collector’s receiving surface 8
annually or monthly. Thus, the orientation conditions are described by the
following equations:

B =9, ©)

Bes = @ + ures (10)

where ¢ is latitude of the geographical point, rad; ujt¢s is additional
angle in a certain time period, rad (Table 1) [12].

Table 1 - Additional angle 8,7 in certain time periods, rad

Time period Gradation mes umes
December 8 — January 22 1 pimes |yines = 4+23.5
January 23 — February 7 2 mes uyes = +20
January 8 — January 21 3 mes uyes = +15
January 22 — March 6 4 Hisd upes = +10
March 7 — March 21 5 mes uges = 45
March 22 — April 2 6 oS e =0
April 3 - April 16 7 mes umes = —5
April 17 - April 30 8 mes uges = -10
May 1-May 21 9 aes ues = —15
May 22 —June § 10 mes unes = =20
June 6-July 7 11 mes  |ufies = -235
July 8 — August 11 12 mes uhnes = =20
August 12 — August 25 13 eS| piys =-15
August 26 — September 8 14 Hh wles = —10
September 9 — September 21 15 o uiE® = =5
September 22 — October 5 16 Tnes uiEs =0
October 6 — October 18 17 Tes Wies = 45
Qctober 19 — November 2 18 Res ues = +10
November 3 — November 22 19 1565 | ui¥s = +15
November 23 — December 7 20 T6eS | wEs = +20

The prognostic meteorological approach to regulating operation cy-
cles of a heat supply system is implemented in our previous research
[13]. The study is based on the principle of combining a primary heat
source with adjusting the temperatures in the supply and return pipelines
taking into account the meteorological factor to reduce the overall fuel
and energy costs.

We take a flat-plate solar collector FKF240 as an example to perform
our calculation [14] (Fig. 1). Its technical specification is presented in
Table 2.

Figure 1 - FKF240 (1 - sealing; 2 — protective glass;
3 - heat pipe; 4 — absorber; 5, 6 — thermal insulation (side and bottom);
7 —frame; 8 — base

Table 2 — FKF240 technical characteristics

Size:  |Heat carrier| Pipeline Absorber Plate heat| Plate
LxWxH, | flowrate, | diameter, material transfer, | thickness,
mm m3h mm W/(m-°C)| mm

2100 x
1200 x 115 15-40 22 Al 197 5

The collector is installed at 51,889803° N. lat., 23,812028° E. long.
(Belarus, Brest region, Stradech). The measurements were taken from
10:00 to 17:00 on December 22, 2021.

The solar radiation reaching the collector in the daytime is presented
in Figure 2.
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Figure 2 — The course of total solar radiation (22.12.2021)

12:00

After adjusting the heat medium parameters in the heating system
with prognostic meteorological approach the temperature values reduced
(Table 3).

Table 3 - Temperature fluctuations in inlet and outlet pipelines adjusted
for meteorological data (22.12.2021)

Time 00:00{03:00]06:00{09:00{12:0015:00|18:00{21:00
Ambient 4149|7684 |-87|-79|-74 (108
temperature, °C ) ’ ) : ’ ’ : :
Inlet pipeline
temperature, °C 65.9(66.3|70.7|725(728|71.1|70.4|76.3
Outlet pipeline
temperature, °C 56.1(57.9|60.3|70.4|70.6|60.8|60.2|62.8

The cost of energy resources is reduced by 16 % by using meteoro-
logical indicators in the collector's work. However, the more data about
outside weather conditions are available, the more accurate calculation
might be done. In our further studies we suppose to take into considera-
tion wind and precipitation dynamic parameters under different condi-
tions.

The results of our calculation for the solar collector as a primary heat
source are given in Table 4.

Table 4 - Solar radiation. Collector’s efficiency at different time
Time | 10:00 | 11:00 | 12:00 | 13:00 | 14:00 | 15:00 | 16:00

104.13|320.27 | 458.14 | 529.08 | 537.71 | 480.48 | 338.80

17.00
63.33

19.34
8.64

87.18
12.66

149.8
15.21

193.09
16.97

204.79
17.71

163.85
15.86

99.98
13.73

8.18
6.01

Thus, the collector’s efficiency at the zenith on the winter solstice is
around 18 %. We observe that the heat medium temperature decreases
while the overall fuel and energy saving of the secondary heat source
increases. However, the results obtained are reliable in the conditions
with no external disturbance such as dust deposition, snow covering a
solar collector, and cloudiness.

Conclusion

Implementing solar systems into the energy supply structure in Bela-
rus climate depends directly on improving their operational efficiency.
Although we have quite sufficient climate resources to develop solar
energy industry, economically justified energy generation can be achieved
through the combined use of several energy-efficient approaches.

Using solar thermal collectors as an alternative energy source oper-
ating according to certain meteorological factors allows us to increase
their efficiency, maintain them in an environmentally friendly manner and
find the most effective combinations of their application.
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Abstract

The issues of forecasting damage caused by flooding of anthropogenically transformed territories in a river floodplain of a plain type are considered
based on the case of the floodplain of the Pripyat River. A method of spatial analysis of the level of the territory usage and the depth/duration of flooding
is proposed, the results of which are applicable in preparation of maps of the socio-economic risks associated with flooding, and in planning anti-flood

measures.

Keywords: river flood, anthropogenic transformed territories, socio-economic damage.

noaxonbl K OLEHKE COLMANBbHO-3KOHOMUYECKUX PUCKOB, BbI3BAHHbIX PEYHBIM MABOAKOM

A. A. Bonuek, [. A. KocTiok, [1. O. Metpos, H. H. LLlewko

Pechepar

PaccmaTpuBatoTcsi BOMpOCh MPOTHO3MPOBaHWUs yiiepba B pedynbTaTe 3aTONMEHUs aHTPOMOreHHO-NPeoBpasoBaHHbIX TEPPUTOPUI B NoiimMe
peK paBHUHHOTO TWMa Ha MpuMepe MoiiMbl peku MpunsTs. MpeanaraeTcs METod NPOCTPAHCTBEHHOMO aHanM3a YPOBHSI UCTIONb30BaHUS TEPPUTOPUM
W Ty6UHBI/GUTENBHOCTY 3aTOMNEHWS) TEPPUTOPUM, Pe3ymbTaThl MPUMEHEHUS KOTOPOrO MPUMEHUMbI MPY KapTUPOBAHWM CBSA3AHHBIX C HABOGHEHMEM
COLMamNbHO-3KOHOMUYECKUX PUCKOB 1 MNaHUpOBaHM NPOTUBONABOAKOBLIX MEPOMPUSITHIA.

KnioueBble cnoBa: peyHoii NaBofoK, aHTPONoreHHo-NpeobpasoBaHHble TepPUTOPUM, COLMATNbHO-3KOHOMUYECKHIA YiLep6.

Introduction

Methods of geographical analysis and forecasting have found wide
application in almost all areas of the economic activity, and in particular in
predicting the occurrence and development of dangerous hydrological
phenomena (flooding of the territory) [3, 6]. Many scientists are develop-
ing methods and algorithms for calculating the boundaries and zones of
flooding [8], and flood damage forecasting issues are particularly relevant
for highly anthropogenic transformed territories [4, 7]. This also applies to
flooding in the floodplains of the rivers.

Methods of geographical analysis and forecasting have found wide
application in almost all areas of the economic activity, and in particular in
predicting the occurrence and development of dangerous hydrological
phenomena (flooding of the territory). Many scientists are developing
methods and algorithms for calculating the boundaries and zones of
flooding, and flood damage forecasting issues are particularly relevant for
highly anthropogenic transformed territories [9]. This also applies to flood-
ing in the floodplains of the rivers.

In particular, flooding is already a frequent guest in a number of river
systems of the Baltic basin. In Belarus, the flood situation within the Pri-
pyat River during the spring flood should be specifically mentioned: al-
most every year this territory and settlements in its floodplain are subject-
ed to flooding typical for lowland rivers with predominantly snow feeding,
resulting in significant economic damage [1, 2].

Flood prevention can be an effective defense mechanism by recog-
nizing the need for information about the causes and consequences of
floods and taking flood protection measures. An important element of this
is the forecasting of the development of natural and climatic phenomena,
their economic and social effect.

The degree of risk associated with such phenomena can generally
be expressed as a combination of the probability of occurrence of dam-
age and its consequences. Risk is most often expressed by multiplying
the probability of occurrence of a negative event by the severity of its
consequences. In one form or another, a similar equation is used to

express flood risk in many sources [3, 4], but the specific variables vary
significantly depending on the region and source data being assessed.

Estimating the socio-economic damage

Economic damage caused by hazardous hydrological phenomena
can be estimated using the ArcGIS Spatial Analyst calculation algorithm
package, designed to work with raster maps of various types of geo-
graphical phenomena [5]. First, it is necessary to prepare thematic layers
of GIS (digital layers) of territories with different levels of economic effi-
ciency, book value and social significance. Thus, it is possible to general-
ize the study area from a socio-economic point of view. In turn, the men-
tioned above approach requires a complete and detailed GIS with tech-
nical and technological parameters of technogenic objects, which is cur-
rently not possible for large areas due to the lack of such an integrated
system, and the accuracy of the estimates will not increase significantly.
This is due to the fact that enlargement and generalization when perform-
ing such estimates makes it possible to smooth out the forecast errors of
the flood zone. To represent such an effect, one can conduct a mental
experiment: the forecast of the flood zone was made with an accuracy of
100-500 m, while within the limits of the forecast accuracy there is an
object with great economic efficiency, in which case the economic dam-
age will be significantly overstated. The overestimation of economic dam-
age will be proportional to the ratio of economic efficiency (or cost, or
social significance) of the considered individual object to its average val-
ue over the territory of flooding.

The next issue that needs attention is the depth of the water within
the flood zone. Depending on the depth of water, the magnitude of socio-
economic damage per unit area is estimated. To take into account these
features, weights can be used, obtained from preliminary physical, tech-
nical and economic analysis of the effect of the water depth of the territo-
ry in question on the amount of damage. At the same time, the applica-
tion of expert estimates method for determining the weight coefficients is
quite effective.
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The first zone is taken for the depth/duration of flooding, when the

amount of damage becomes calculable.

The second zone means that the damage increases linearly with the
increase of the factor (depth or time of flooding);

The third zone corresponds to the depth/duration of flooding, the
increase of which does not lead to an increase in damage, but is
characterized by the areas taken out of circulation and the actual
damage calculated for the second zone.

Using the example of determining the flooding time weight coeffi-
cient, we define the parameters of the function as follows

Vestnik of Brest State Technical University. 2022. Ne 3(129)

The duration of flooding of the territory can be taken into account in 1.
the same way as in the case of the depth of water in the territory in ques-
tion [6], based on weighting factors. Thus, a quantitative risk assessment 2.
R can be represented as a product of combinations of the probabilities of
flooding events and its duration by an assessment of the socio-economic

significance of the j-th area of the territory:

R =E;- (pl - pf;) = Zia(ply - kly) - (pf) - kfj) - Fi- e (1)

where E; is the amount of damage to the i type of land, in monetary

nits; h
Lt ath=hg, % 51
dh

(4)

pij, phj — probabilistic estimates of the depth and duration of 5 [ah]
flooding of the jth fragment of the territory of the ith area; by I
khi j , Kt j — respectively, weight coefficients taking into account the

depth of the water standing and its duration for the i fragment of the jt"

type of land, dimensionless;
Fiis the area of the i section formed by the intersection of the ge-

ometric polygon of the jt type of land and the flooding polygon classified
by depth and duration of the water standing, in the units of area;
e; — specific efficiency (or cost, or social significance) of the jt type

of land, in monetary units per unit of area.

dkh
at h = th'E -1

It should also be noted that there are differences in the equations for
determining the weight coefficient of the depth of flooding and its dura-
tion. In the case of a relationship between the depth of flooding, when a
certain level is exceeded, the damage stops growing almost completely.
However, considering the time of flooding, from a certain moment only
fixed costs can be considered as damage, the amount of which is directly
proportional to the time of flooded territories exclusion from economic

Weights can be determined through the signal functions as follows: operation.

+1] ,
n.

where an, bn, a, bt are the parameters of the function determined based

on the inflection points of the hyperbolic tangent (Fig. 1). In this case, the
inflection points correspond to the first and second critical zones.

Risk visualization
It can be assumed that when representing a function in the form of a

three-dimensional model, the line of intersection of the resulting surfaces
corresponds to the most critical zone and maximum risks in terms of
representing socio-economic consequences, thus forming the curve of
the greatest damage in three-dimensional coordinates (Fig. 2).

Taking into account the equation of these functions intersection for
local conditions of the flood formation, it is possible to obtain the personal

weight coefficients of the damage risks.

2(h-a,+b,)

-1
eZ(h-a,,+bh) +1

K= 0,5-( @)

racth)

Srath (3)

K =O,5~t~£
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h gt
Kk f

Figure 2 - A three-dimensional to find
the line of intersection of the signal functions

7N

; 5 ;‘n
hkl or tkl —t—

h, or t,

The mouth of the Shchara River near a rural settlement was taken as
a model site (Fig. 3). A spatial model of the distribution of the probabilities
of occurrence of material damage was built using the predicted flooding

Figure 1 - The scheme for determining
the parameters of the signal function

In the figure, one can see the signal function and two critical zones of
the conditions for the formation of damages (and, accordingly, the risks of
their occurrence) from flooding. The abscissa shows the parameters of
the depth and duration of flooding, given by weight coefficients, the val-
ues of which depend on the critical zones k1 and ke, which, in turn, are
determined by the physical and social conditions of damage formation.
Thus, 3 zones of damage formation can be distinguished:

of the territory and previously obtained weight coefficients (Fig. 3). Zones
with a high level of amenities and a low degree of resistance to prolonged
flooding are noticeably distinguished in this figure. The predicted value of
damage as a result of flooding of the territory can be calculated based on
this approach and using the cadastral database of land value and real
estate. This, in turn, will make it possible to take into account such proba-
ble expenses in the preparation of both local budgets of the territories and

the budget of the country as a whole.
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Figure 3 - Visual representation of the socio-economic risk

The approach based on the results of flood prediction, land segmen-
tation based on its anthropogenic transformation, and GIS-based visuali-
zation provides the basis for further risk assessment and in planning the
needed anti-flood measures and changes to the socio-economic activity
on the territory.

Conclusion

Prevention or at least minimization of damage from natural disasters
in modern conditions of high anthropogenic transformation is becoming
increasingly important. In recent decades, there has been a steady trend
towards an increase in the number of dangerous meteorological phe-
nomena, which leads to an increase in socio-economic damage. The use
of complex engineering measures, as a rule, reduces the damage caused
by minor deviations of hydrological indicators from the average value [10].
A decrease in the calculated hydrological probabilities (less than 1%)
leads to a significant increase in the cost of protective engineering and
technical measures. Considering the problem from the point of view of the
socio-economic damage probability makes the forecast of the allowable
amount of damage with a given probability an urgent task. The approach
presented in the paper, based on the identification of two critical levels of
the impact of flooding, made it possible to establish the most unfavorable
case of flood development. For these conditions, the boundary values of
the depth and duration of flooding are determined. Using the established
boundary conditions, a forecast of the socio-economic risks of flooding
was developed for the model river section and the residential area adja-
centtoit.

The presented methodology for predicting socio-economic risks as a
result of flooding of territories makes it possible to obtain quantitative
estimates of probable material damage, which makes it possible to carry
out budget planning on its basis, which ensures compensatory measures.
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Abstract

An assessment of changes in the surface river runoff of Belarus in modern conditions is given. Significant negative trends were found for the series
of the percentage of surface runoff in the total volume of annual runoff for the period 1948—2017. The greatest decrease in surface runoff is observed
in the south of Belarus. The degree of synchronicity of fluctuations of the long-term surface runoff of large rivers of Belarus is estimated. A modern map
of the average annual modules of the surface river runoff distribution in Belarus has been obtained.

Keywords: surface runoff, underground runoff, hydrograph dissection, long-term variability, surface runoff modulus.

NPOCTPAHCTBEHHO-BPEMEHHASA U3MEHUYMBOCTL NOBEPXHOCTHOIO CTOKA PEK BEJIAPYCU

A. A. Bonuek, C. U. Mapdomyk, C. B. Cupak

Pedhepar

B paboTe faHa OLeHKa M3MEHEHUIA NMOBEPXHOCTHOTO CTOKa pek Benapycu B COBPEMEHHbLIX YCMOBMSIX. [N psifoB AONM NOBEPXHOCTHOTO CTOKA
B 0obLleM obbeme rofoBoro CToka obHapyXeHbl 3HauMMble OTpULATenbHble TpeHabl 3a nepuod 1948—2017 rr. Hanbornbluee ymeHbLIEHNE NOBEPX-
HOCTHOrO cToka HabntopaeTcs Ha tore benapycu. BbinonHeHa oLeHKka CTeneHn CUHXPOHHOCTM konebaHnit MHOroneTHero NoBEPXHOCTHOTO CTOKa Kpyn-
Hbix pek Benapycu. MonyyeHa coBpeMeHHas kapTa pacnpefenieHus CpeaHEMHOTONETHUX Moay el NOBEPXHOCTHONO CToKa pek benapycy.

KntoueBble cnoBa: I'IOBerHOCTHbIIh CTOK, NOA3EMHBIN CTOK, pacyneHeHue rmgporpaq)a, MHOTOEeTHAA N3MEHYMBOCTb, MOAY b NOBEPXHOCTHOIO CTOKA.

Introduction

Assessment of modern resources of the surface river runoff in con-
nection with the ongoing global climatic changes is one of the urgent and
complex tasks of hydrology. Today, scientific research on the dynamics of
surface runoff in Belarus has not been carried out enough. However, the
solution of this problem is important both from the scientific and practical
point of view. Surface waters being one of the components of water re-
sources are of great economic importance.

River runoff is combined of the surface and underground runoff. Sur-
face runoff in the warm season is rarely observed in most of the territory
of Belarus, which is a consequence of changes in the infiltration proper-
ties of the soil. During this period th surface runoff can be noted only after
heavy rains. The problem in assessing surface runoff is as follows:

— this resource varies both in territory and in time;

— surface runoff, unlike underground, is characterized by extreme une-
venness throughout the year.

The purpose of this work is to study the modern features of the spa-
tial and temporal variability of the surface runoff resources of the rivers in
Belarus through the analysis of long-term series of hydrological observa-
tions.

The realization of this goal consists in the consistent fulfillment of the
following tasks:

— selection of a representative calculation period of hydrological obser-
vations to identify spatial-temporal patterns of surface runoff
formation;

— reduction of river runoff data to a single multi-year period;

— substantiation of the methodology for assessing the surface runoff of
the rivers in Belarus;

— quantitative assessment of the surface river runoff in Belarus;

— selection of the method of spatial interpolation of the studied charac-
teristics of the river runoff;

— construction the map of the modules of the surface runoff of the
rivers in Belarus;

— assessment of changes in the spatial-temporal transformation of the
surface runoff of the rivers in Belarus.

Materials and methods

The observational data from the State Institution "Republican Center
for Hydrometeorology, Control of Radioactive Contamination and Envi-
ronmental Monitoring" of the Ministry of Natural Resources and Environ-
mental Protection of the Republic of Belarus for the current hydrological
stations for the period of instrumental observations published in the mate-
rials of state cadasters was used.

An important factor in the assessment of surface runoff is the choice
of a representative period from the general data. The use of series of
observations of the average annual, maximum and minimum river runoff
rates for hydrological studies requires the selection of a calculation period
for which the following conditions must be met:

— the average values of the series of observations correspond to the
norm;

— the completed period of fluctuations in water content is traced;

— the length of the series is sufficient to assess the required empirical
availability of water.

According to [1], the amount of observations of river runoff is consid-
ered representative for determining the average long—term value if the
average square error of the calculated value of the hydrological charac-
teristic does not exceed 10% for annual runoff and 20% for maximum and
minimum runoff.

In this study, a method based on the use of "dynamic" estimates of
hydrological parameters was used to assess the representative period
[2]. Based on the results of the application of this method, as well as the
study of the cyclicity of the long-term series of the runoff of the rivers of
Belarus, the 70-year period of 1948-2017 was chosen as the calculation
period for assessing the long-term variability of the surface runoff, and the
period of 1953-2017 was chosen for constructing the map of the modules
of the surface runoff [3].
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When working with spatial data, first of all it is necessary to under-
stand how effective the monitoring network is [4]. In [5] the optimal num-
ber of hydrological observation stations for the values of the runoff of the
rivers of Belarus was investigated. The study shows that the number of
runoff monitoring stations is sufficient to solve various water management
and hydrological problems. At the same time, the number of hydrological
observation stations for annual runoff is minimal. Based on this, the con-
struction of the map in this work was carried out using data on 120 hydro-
logical stations evenly located on the territory of Belarus. The reduction of
series with a short duration of observation periods to a multi-year period
for calculating the values of surface runoff and constructing a map was
carried out using the computer software complex "Hydrologist-2" [6].

Since measurements of surface runoff are not carried out by an in-
strumental method, the hydrograph dismemberment method is used to
determine it. The use of this method makes it possible to isolate the un-
derground component from the runoff hydrograph. The most difficult task
is the dismemberment of runoff for periods of high water and large floods.
In the literature, there are various approaches to the assessment of un-
derground runoff in these phases of the water regime. The methods of
dissection of the hydrograph are reflected in the works of B. V. Polyakov,
B. I. Kudelin, K. V. Voskresensky, M. 1. Lvovich, O. V. Popov [7-10].

In practice, when there is a lack of information about the relationship
of river and groundwater, it is often assumed for lowland rivers that the
amount of underground supply at the time of peak flood is equal to zero.
Since the rivers of Belarus are characterized by a mixed type of nutrition,
in this work, as the basis for the model for determining surface runoff, the
method of dissection of hydrograph B.P. Polyakov is used, according to
which, as the spring flood rises, underground nutrition sharply decreases
and stops altogether when the flood peak passes. Then, when the flood
subsides, the underground runoff gradually increases, which is due to the
return of water by the floodplain of the river [11]. Annual values of surface
runoff are calculated as the difference between annual and underground
runoff:

where i = 1, n - the number of the day in the year;

n - the number of days in the year;

t,, — the number of the day in the year corresponding to the begin-
ning of the flood;

tmax — the number of the day in the year corresponding to the
peak of the flood;

t. — the number of the day in the year corresponding to the end of
the flood;

Q;,, m¥s — river runoff water consumption on the i-th day of the
year,

Qt,,...» M¥/s — water consumption on the day corresponding to the
peak of the flood,

Qumin » M¥s — arithmetic mean values of the average monthly min-
imum winter and summer-autumn water consumption.

The values of t,,4x, t, and t, can be obtained by the method de-
scribed in detail in [12]. Figure 1 shows a graph of the dismemberment of
the average long-term hydrograph of the Pripyat River at the Mozyr city
constructed for the representative period according to the average daily
river runoff.

Due to the high labor intensity and unavailability of observation data
on the average daily runoff in some cases, without loss of accuracy of the
results (based on the constructed long-term hydrographs on the average
monthly runoff), it is permissible to use the average monthly runoff values
to dissect the hydrograph of the river runoff in Belarus and the allocation
of underground runoff:

[ngrlw.kr k<2

1

Engr Lw., k=3

Qur, 0, k=4 (2)

ngr Lw.p k=6

( Qi — Qmin » 1<ty where k — number of the settlement ca_lendar month,
Q; — <Qt +M) , th <0< tmax 0 =) Qr, Qi < Q1,2_,7—12
_ n tmax—te ugr lw.g, Q Q > Q '
qufi = (i=tmae) (e~ e ) (1 B 1,2,7-12» Uk =2 {12,7-12
Q; — (thax + W) , tmax SE<t, Q1,2,7-12 — average monthly runoff for the months corresponding
o to the lower indices.
Qi — Qmin » 1>,
1200 - Q, m3¥/s
surface runoff
1000 -
[ underground runoff
800 -
600 -
400 -
200 |
0
1 31 61 91 121 151 181 211 241 271 301 331 361
Figure 1 - The average long-term hydrograph
of the Pripyat River at the Mozyr city built for the period
1948-2017 according to the average daily river runoff
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Results and discussion
Long-term variability of surface runoff.

On the basis of model (2) the average long-term hydrographs are

constructed for the average monthly runoff rates of river runoff, divided
into underground and surface components. Figure 2 shows the obtained
hydrographs for 6 hydrological stations of the largest rivers in Belarus.
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1000 -
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400 -
300 400
200 ——
200 |
100 -
0 0 == . ]
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200
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o
500 300
450
400 230
350 200
300
250 150
200
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100 50
50 :
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i 2 3 4 5 6 7 8 9 10 11 1
e
a — the Western Dvina River at the Vitebsk city;
b — the Pripyat River at the Mozyr city;
¢ - the Vilia River at the Mikhalishki town;
d - the Neman River at the Grodno city;
e — the Dnieper River at the Orsha city,
f — the Berezina River at the Bobruisk city
Figure 2 — Average long-term hydrographs of river runoff
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Figure 2 shows that for all the considered sections the largest river  the redistribution of runoff within the year, which occurs with a relative
runoff values are observed in April. The decline of the spring flood is  constancy of average annual water consumption, it is advisable to con-
especially prolonged for the Pripyat and Dnieper basins, gradually turning  sider the percentage of surface runoff (ds,, ¢, %) in the total annual runoff
into summer floods. On the rest of the rivers under consideration, the rise  and the long-term variability of this indicator (Figure 3).
and fall of the spring flood are proceeding at a faster pace. Since the main
feature of modern changes in the water regime of the rivers of Belarus is

90 ~ dsuf, % 80 dsuf, %
70 - y=-0.21x+463.84
60 L.
50 -
>0 1 y=-0.08x+221.18 a0 |
4(] -
30 - 30 1
20 - 20
10 - 10 -
0 : : : 0 . . .
1948 1968 1988 2008 1948 1968 1988 2008
a b
70 dsufl% 70 dsuflI %
y=-0.31x+655.21 60 y=-0.20x+432.92
50 /.|
a0 -
30 -
20 -
10 - 10 -
G T T T U T T T
1948 1968 1988 2008 1948 1968 1988 2008
c d
90 1 dsyr % y = -0.20x+ 460.45 80 | dun %
70
60 1 y=-0.22x+ 483.66
50 |5
40 -
30 - 30 1
20 - 20
10 A 10 -
0 T T T 0 T T T
1948 1968 1988 2008 1948 1968 1988 2008
e f
a — the Western Dvina River at the Vitebsk city;
b — the Pripyat River at the Mozyr city;
¢ — the Vilia River at the Mikhalishki town;
d - the Neman River at the Grodno city;
e — the Dnieper River at the Orsha city,
f—the Berezina River at the Bobruisk city
Figure 3 — Change in surface runoff in the total river runoff for the period 1948-2017
Geoecology 49

doi.org/10.36773/1818-1112-2022-129-3-46-51



Vestnik of Brest State Technical University. 2022. Ne 3(129)

The analysis of linear trends in the series of the surface runoff per-
centage shows that in general there is a decrease in the values of the
considered characteristics of the runoff. Linear negative trends are statis-
tically significant at the 5% level.

For all the studied rivers, a synchronous course in long-term changes
in the percentage of surface runoff in the total annual runoff is clearly
traced, which is confirmed by positive significant correlation coefficients
between these values (Table 1).

Table 1 - Correlation matrix of the surface runoff in the total annual runoff
of the pairwise compared rivers of Belarus

AQgys = f(AQmaxs AQminw.)- The analytical expression of this rela-
tionship for the territory of Belarus is given below:

AQsyf = 0.12AQumax + 0.06AQ min . -5.05. 3)

This relationship has a high correlation coefficient r=0.94. Using the
model (3) it is possible to obtain predictive estimates of changes in sur-
face runoff depending on various options for changing the maximum and
minimum runoff (Table 3).

Table 3 - Forecast estimates of changes (in %) in the percentage
of surface runoff depending on changes in the maximum water

the Berezina |the Dnieper | the Pripyat | the Neman | the Vilia i . - . .
River River River River River consumption of the spring flood and minimum winter river runoff
the Western
Dvina River 0.61 0.72 0.48 0.54 0.54 AQuinw. % o ) o 2 “ “ 0
the Berezina River 0.73 0.74 0.78 0.81 ’
the Dnieper River 0.65 0.70 0.72 AQmax, %
the Pripyat River 078 | 067 10 44 | 385 83 | 275 ) 22 | 165 ) 11
the Neman River 0.84 0 56 | 505 | 45 | -395 | -34 | -285 | -23
" . , -10 68 | 625 | -57 | 515 | 46 | -405 | -35
To assess the long-term variability of surface runoff, the periods dif-
fering in climatic conditions, but long enough to identify various trends, 20 8 | 745 | 69 | 635 | 58 | -525 | -47
were analyzed: 1948, 1987, 1988, 2017 (taking into account the fact that
1988 corresponds to the beginning of an intensive increase in average -30 92 | 865 | -81 | -785 | -7 | -645| -59
annual air temperatures in Belarus).
P ) 40 104 | 985 | 93 | -875 | 82 | 765 | 7.1
Table 2 - The change (in %) of the average long-term values
of indicators for the period 1988—2017 in relation 50 16 | -1105) 105 | 995 | 94 | 885 | 83

to the period 1948—1987

minimum | _. .
) minimum
maximum | summer- . percentage of
winter
runoff | autumn surface runoff
runoff
runoff
the Western Dvina River -21 4 46 -4
the Pripyat River -33 12 23 -9
the Vilia River -56 0 12 -11
the Neman River -39 -5 21 -8
the Dnieper River -30 28 47 -7
the Berezina River -51 8 23 -10

It can be seen from Table 2 that the percentage of surface runoff for
the period 1988-2017 for all the considered rivers has been decreased by
4-11%. The main reason for the decrease in the surface runoff of the
rivers in Belarus in the last 30-year period is climate change. This is
explained by the fact that due to the increase in winter temperatures,
accompanied by winter thaws, increased infiltration of melt water into the
soil in winter and spring, the underground component of runoff has signif-
icantly increased. A significant decrease in flood runoff in all catchments
of Belarus is compensated by increased runoff (in most cases under-
ground) in winter.

The assessment of the effect of changes in the maximum and mini-
mum runoff on the dynamics of surface river runoff was carried out in two
stages. At the first stage, paired regression relationships were revealed
between changes in the two periods under consideration of surface runoff
(AQsy, %) and maximum runoff (AQy,qx, %), surface runoff and min-
imum summer-autumn runoff (AQmin s.a, %), surface runoff and mini-
mum winter runoff (AQ min w., %). The results obtained at the first stage
allow us to conclude that the effect of changes in the maximum and min-
imum winter runoff rates of river runoff on surface runoff is most signifi-
cant (=0.92 and r=0.86, respectively). It is worth noting that the decrease
in the surface runoff of the rivers of Belarus was decisively influenced
by a decrease in the maximum runoff. Based on this, at the second stage,
in order to identify the cumulative relationship between the dynamics
of surface runoff, the maximum water runoff of spring flood and the mini-
mum winter runoff of river runoff, the following relationship was considered:

Despite the presence of a general trend towards a decrease in sur-
face runoff for the period 1988—2017 in relation to the period 1948—1987,
when considering the variability of surface runoff over ten-year periods,
an increase in surface runoff is observed for most of the studied strata
over the last two decades of the study period (1998—2007, 2008—2017).
This circumstance indicates the need for further study of the dynamics of
surface runoff, the proportion of spring flooding, the maximum costs of
spring flooding, the magnitude of rain floods in order to ensure the safety
of the population and sustainable economic development.

Spatial structure of surface runoff.

Due to the fact that the surface runoff, which represents the water re-
sources of the land, is an integral value, and measurements are carried
out discretely, to represent its spatial structure, a runoff module is used,
which is numerically equal to the runoff rate per unit area, which makes it
possible to obtain comparable water characteristics for different river
catchments. This makes it possible to represent surface runoff in the form
of maps based on the principle of climatic runoff and obtain hydrological
characteristics at those points where there are no observations.

The surface runoff map used today for the territory of Belarus (built in
2000 [13]) has lost its relevance to one degree or another for a number of
reasons. Firstly, they do not meet the requirements of regulatory docu-
ments, in particular the TCP, according to which the determination of
calculated hydrological characteristics should be based on data from
long-term hydro meteorological observations with a single calculation
period, while regular observations of recent years are mandatory [1]. This
will allow taking into account the processes of global climate warming and
anthropogenic impacts that have intensified in recent decades, which
undoubtedly left its mark on the formation of the runoff of rivers in Bela-
rus. Secondly, the development of spatial interpolation methods and
computer technologies make it possible to objectively construct maps of
the surface modules of the runoff of rivers in Belarus. In this regard, the
issue of constructing a modern map of the surface runoff module of the
rivers of Belarus becomes very relevant.

The construction of a map of the surface runoff of the rivers of Bela-
rus was carried out using the ArcGIS software. The ArcGIS software
package allows you to visualize large amounts of statistical information
that has a geographical reference, create and edit maps of different
scales [14]. The family of geoinformation software products of ArcGIS
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offers a wide range of tools for spatial modeling, which is carried out
using a special geostatistical analysis module (Geostatistical Analyst).

The choice of a suitable interpolation method when constructing the
map at the first stage was carried out experimentally. For this purpose,
in this study, various deterministic and geostatistical methods were used
to obtain the spatial distribution of modules of surface river runoff: the
Inverse Distance Weighing method (IDW), Global Polynomial Interpolation
(GPI), the Radial Basis Function method (RBF) and Ordinary Kriging (OK).

The results of interpolation by the IDW method showed that the iso-
lines have a broken character in places, there are a large number of local
closed areas on the surface and the law of geographical zonality is incor-
rectly expressed. Interpolation by the GPI method was carried out using
polynomials of 2-6 degrees. With this method of interpolation, smoothed
isolines were obtained that meet the requirements for compliance with the
principle of geographical zonality when constructing runoff maps, howev-
er, the values of the runoff modulus went beyond the extreme reference
points, in some cases even went into negative values, which is unac-
ceptable when constructing runoff modulus distribution maps.

Three of the five basic functions used in RBF interpolation are: fully
regularized spline (CRS), multi-square function (MQ), thin-film spline
(TPS). When interpolated by BRF (TPS), the values of the runoff modulus
went beyond the extreme reference points, and the use of the BRF(CRS)
method led to the presence of a large number of closed local areas in the
north-west of Belarus. The isolines obtained by BRF (MQ) and OK have a
smooth shape, without a set of local regions, so further research was
carried out using these two interpolation methods.

To evaluate and compare the characteristics of the two selected in-
terpolation methods, the paper uses cross-validation by calculating sev-
eral statistical measurements (root-mean-square error, average absolute
error as a percentage, systematic error and coefficient of determination
[15]. As a result of the analysis of cross-validation and the results of cal-
culations of indicators for assessing the accuracy of the RBF (MQ) and
OK interpolation methods, RBF(MQ) was chosen as an interpolation
method for constructing a map of the modules of the surface runoff of the
rivers of Belarus. The map constructed using the chosen interpolation
method is shown in Figure 4.
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Figure 4 - Map of the surface runoff modules of rivers
in Belarus for the period 1953-2017

The analysis of the constructed map allows us to conclude that the
regularities of the formation of the surface runoff of the rivers of Belarus
are subject to latitudinal zonality, which is determined by climatic factors.
Some deviations of runoff isolines from latitudinal directions are caused
by the hydrological structure of river basins. The minimum values of run-
off in the south of Belarus are caused by reduced precipitation in this area
compared to the northern part of the country and increased temperature
in this region.

Conclusion

A characteristic trend of the long-term variability of the surface river
runoff in Belarus has been a significant (by tens of percent) decrease in
the amount of surface runoff. The greatest decrease in runoff is observed

in the basins of the Pripyat and Berezina rivers. As a result of the per-
formed studies a modern map of the average annual modules distribution
of the surface river runoff in Belarus has been obtained. The updated
data on the runoff distribution can be transformed into modern global
hydrological maps. The use of mapping results can determine the plan-
ning of economic activities, the development of engineering applications
that ensure the conservation and rational use of water resources, as well
as their sustainable management.
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Abstract

A comprehensive assessment of the impact of the Krasnaya Sloboda fish farm on the hydrological regime of the Moroch River in the calculated
areas was carried out. The following methods were used in the work: field research, desk data processing, geographical analysis, statistical analysis,
regression analysis, water balance calculations. The analysis of the hydrological regime of the calculated sections of the river used for the needs of the
fish farm made it possible to determine the minimum average monthly water consumption of 95% probability of excess and ecological runoff, taking into
account the intra-annual distribution of runoff. For the central section of the Krasnaya Sloboda fish farm, the permissible volume of withdrawal of water
resources from the Moroch River has been determined.

Keywords: fish farm, reconnaissance survey, ecological runoff, water consumption, mathematical model, water content of the year.

OLIEHKA BNUAHUA PbIBXO3A «KPACHASA CITOBOA» HA CTOK PEKM MOPOYb

A. A. Bonuek, C. U. Mapdomyk, H. H. Wewko, H. H. lnenguk,
0. H. DawkeBuy, C. B. Cupak, M. ®. KyxapeBuy

Pechepar

BbinonHeHa komnnekcHas oueHka Bo3aencTus pbibxosa «KpacHas Cnoboga» Ha rugponornyeckuin pexxum p. Mopoub B pacyeTHbIX yyacTkax.
B pabote ncnonb3oBanuch cregytolle METOAbI: MONeBble UCCHenoBaHNs, kamepanbHas 0bpaboTka AaHHbIX, reorpadnyeckuii aHanms, cTaTucTye-
CKUA aHanmua, perpeccvoHHbI aHanua, BogobanaHcoBble pacyeTbl. [POBEAEHHDbIN aHanu3 rMapoNornyeckoro pexuma pacdeTHbIX YYacTKOB peky,
“cnonb3yemblx Ans Hyxq pbibx03a, N03BONUN ONPENENnUTL MUHMMANbHBIA CpeaHEMECSUHbIA pacxof Boabl 95 % BEPOSITHOCTU NPEBbILLIEHNS U 3KONO-
TUYECKMIA CTOK C Y4ETOM BHYTPUrOZOBOIO pacnpeaeneHns croka. [ns ueHTpanbHoro yyactka peioxo3a «KpacHas Cnoboaa» onpegeneH fonyCcTUMbIiA

06beM U3bATUS BOAHBIX PECYPCOB 13 p. Mopoub.

KntoueBble cnosa: pr6OBO,D,HOG X035IACTBO, pekorHocunpoBo4HoOE obcnenoBaHie, 3KOMOrMYeCKmii CTOK, pacxof BoAbl, MaTeMaTnyeckad Mmogenb,

BOAHOCTb roga.

Introduction

Fishing is a unique type of production and plays an important role in
the food complex of the Republic of Belarus, which provides the popula-
tion with high-quality food. It is directly related to the use of water re-
sources and places very high demands on their regime, quantitative and
qualitative state. For the successful reproduction and normal develop-
ment of fish, clean water with a sufficient amount of dissolved oxygen and
the absence of harmful impurities, appropriate temperature and provision
of feed are necessary. Water quality standards for fishery facilities are
stricter than for drinking water sources.

For fish, the most important conditions are temperature, transparen-
cy, gas regime, content of nutrients. The connection of hydrobionts with
the elements of the external environment is interdependent, and a
change in one system of connections inevitably causes a change in the
other. Therefore, considering the influence of individual components of
the hydrochemical regime on the vital activity of hydrobionts, it is neces-
sary to bear in mind the conditionality of such separation, because in
nature all the relations of the organism and the environment are intercon-
nected. The most favorable value for most fish is the hydrogen index
(pH), which is close to neutral. With significant shifts to the acidic or alka-
line side, the oxygen threshold increases, the intensity of fish respiration
weakens, and the water itself can become toxic to fish [1, 2].

The purpose of this work is to assess the impact of the Krasnaya
Sloboda fish farm on the Moroch River runoff.

Materials and methods

The Moroch is a 150 km long river in the Minsk region, a right tribu-
tary of the Sluch River. The catchment area is 2030 km2. The average
annual water consumption at the mouth is 8.7 m%s. The average slope of
the water surface is 0.5%. The forest cover of the catchment area is 29%.
The spring flood period accounts for 63% of the annual runoff. The maxi-
mum flood level is at the end of March, the average height above the
mean level is 2.4 m. It freezes in mid-December, opens in mid-March.
The spring ice drift lasts 5 days.

In this work, the data of hydrometric observations on the Moroch
River for the period from 1954 to 2018, i.e. 65 years, which is sufficient
to obtain objective statistical hydrological characteristics, are used.
The missing data in the series of observations were restored with the use
of data from observations of analogous points, taking into account the
presence of synchronicity in the fluctuations of the river flow of the calcu-
lated gate and the lines of analogs, as well as taking into account the
methods of bringing the series of hydrological characteristics to a multi-
year period in the presence of hydrological observations for 6 years
or more.
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To determine the water flow rates of different availability in a sepa-
rate alignment, it is necessary to solve two separate tasks:

— arrange a temporary water measuring post and measure the main
characteristics of the flow;

— determine the water content of the year of the studied watercourse at
the current time.

According to the results of standard hydrometric work, the marks of
the characteristic points of the channel are determined, on the basis of
which the transverse profile of the channel is constructed, and the cross-
sectional areas (w), wetted perimeter (x) and hydraulic radius (R) for
different filling depths are calculated according to the following formulas:

1 n
(D:EZ;,(X/ (yf'+1_yl>1))* (1)

= Z\/(X:’ = X )2 +(y; _Yi+1)2 )

n-1
i=1

where X;and J; - the coordinates of the i—th point of the polygon in
question (Fig. 1), m;
n —the number of points of the polygon.

w hep éh V
X Xn,Yn
— X,V
©=fhep)

Figure 1 - Algorithm for calculating the proportions of forest
cover, waterlogging and waterlogging of catchments

Thus, given the increment of depth Ah , the dependence of the
cross-sectional area ® and the average depth hcp is constructed.

The increment of depth is taken depending on the severity of the relief of
the bottom of the watercourse, but it is recommended to take the number

of iterations T > 25, then Ah = Yinax =Y,

min . Similarly the depend-
T
ence of the wetted perimeter X and the hydraulic radius R is deter-
mined.

Using the obtained arrays [(n, hcp] and [R, hcp] , the parame-
ters of the regression model of the form [3] are evaluated

z:q,hcp2+[3.hcp+(p, ©)

where z - the predicted geometric parameter of the channel;
o, B, ¢ —the constants of the regression equation.

To determine the water content of the current year, an analog river is
selected, which has a long series of observations of the hydrological
regime. As the preliminary analysis showed, the water content of the year
with a high accuracy of approximation (r> 0.75) is determined by the
months preceding the calculated one. When determining the parameters
of the distribution function (three-parameter gamma distribution), the
maximum likelihood method is used, for which there is a system of equa-
tions.

The method of determination developed by us is described in detail
in [4, 5]. Ecological runoff is the amount of water that must remain in the
river to ensure the conditions for the existence of hydrobionts while main-
taining its necessary quality. In this case, floodplain ecosystems are pre-
served, and the river remains an element of the landscape. Thus, the
ecological runoff ensures the quantitative and qualitative condition of the
water body in the most low-water period of the year.

In general, environmental (minimum permissible) the drain should
take into account the following factors [6]:

- the volume necessary for the normal development of hydrobionts.
In this case, it is required to maintain water flow rates in the range of
0.25-0.6 m/s(0.25 m /s is the lower limit of the speed regime at
which the rapid development of phytoplankton begins), with a flow
depth of at least 0.1 — 3 m. An important period from the point of view
of environmental functions is the inter-temperate periods of summer
and winter. However, with an average thickness of ice formation from
17 to 45 cm, the death of ichthyofauna can be observed;

- the river performs its natural functions. The river network transports
substances and energy, thus redistributing them in time and space;

- intra-annual variability of runoff. The presence of the variability of the
river flow during the year supports the natural cyclicity in the devel-
opment of various biological species;

- variability of runoff by year. As well as intra-annual variability, fluctua-
tions in the volume of runoff over the years make it possible to enrich
the floodplain part of the watercourse with nutrients. At the same
time, flooding destroys hydrophobic plants inhabiting the floodplain
during a low-water period.

In Belarus, the amount of ecological runoff is taken as 75% of the min-
imum monthly runoff of 95% security. But this approach does not fully meet
the above requirements, namely: it does not provide intra-annual variability
of runoff, does not take into account long-term cycles of water content and
in most cases the minimum water flow velocity is not achieved.

The method of increasing security implies the allocation of the lower
and upper limits of the flow change, which is practically found on a real
river [7]. The essence of the method is to establish a lower limit of the
environmentally acceptable runoff at the level of monthly expenses for a
year of 99% security, since these conditions are marginal from the point
of view of environmental management.

The consumption of 50% of security is accepted as the upper limit.
Under these conditions, a normal mode of exchange of matter and ener-
gy is formed within the river-floodplain geosystem. The greatest produc-
tivity of river and floodplain ecosystems is observed with a security in the
range of 40...60%.

The determination of the parameters of the ecological runoff distribu-
tion function is based on the transfer of the security of the average annual
runoff to the predetermined security of the ecological runoff. Namely, it is
assumed that the ecological runoff of 95% security corresponds to the
average annual runoff of 99% security, and the ecological runoff of 25%
security is assumed to be equal to the runoff of 50% security. Having two
points of the curve of the distribution function of a random variable, you
can select its parameters. However, the application of this approach limits
the range of applied theoretical distribution curves (only two parametric
distribution functions are applicable). In addition, the application of the
transition is seen as quite subjective and cannot always be used as a
project or directive. The application of this approach is most effective for
large rivers. In the conditions of Belarus, where the compilation of the
water balance is mainly aimed at small or medium-sized rivers, the use of
this method is not always effective and reasonable [6].

The existing approaches to determining the ecological flow regulate
only the minimum value of the river flow. At the same time, there is no
definition of ecological runoff for various security conditions. The most
effective way to determine the ecological runoff, taking into account the
intra-annual distribution, is a way to increase security. Therefore, it is
used in this work.

Results and discussion

To quantify the impact of the Krasnaya Sloboda fish farm on the flow
of the Moroch River in June 2021, we performed hydrometric measure-
ments of water flow in the channels located above and below the fish
farm. The upper section is located on the northern outskirts of the agricul-
tural town of Semezhevo, which is located in the south of the Kopylsky
district of the Minsk region (Fig. 2).

Throughout the considered section of the river, the riverbed has a
relatively rectilinear shape. Its width on the section of the target was
18 meters. The left and right banks with a height of about 1 m have a
significant slope. The coastline is represented by sandstone, overlain
by dense grassy vegetation with places of bushes. The bottom within
the target is sandy-gravelly. The trunk is completely covered with
aquatic vegetation (Fig. 3).
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Based on the results of depth measurements in the upper alignment,
a transverse profile of the Moroch river was constructed (Fig. 4) and the
main characteristics were determined at the time of the survey: water flow Velesty m °
Q = 1.08 m3s; cross-sectional area F = 13.83 m?; river width along the Ewi:},“mi';“fzm?; -
water edge B = 17.4 m; average flow depth hep = 0.79 m; average water
flow velocity Vep = 0.78 m/s; maximum velocity Vmax= 0.142 m/s.

The lower section is located near the intersection of the Moroch River
and the H-9601 road on the stretch of road between the villages of Bol-
shoy and Maly Rozhan, which are located in the north-western part of the
Soligorsky district of the Minsk region (Fig. 5).

The riverbed has a rectilinear character. Despite the width of 16 me-
ters, the river in this place is quite shallow. The coast is low (does not ex-
ceed 1 m) in places steep sandy. The coastline and floodplain are covered
with grassy vegetation. The bottom of the river is sandy. Near the shores, at
some distance from the target, aquatic vegetation was present on the right
bank, creating stagnant areas near the shores (Fig.6).
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Figure 4 - Transverse profile of the
Moroch River in the upper section

Figure 5 — Map-layout of the lower section

Figure 3 - Research area in the upper section

Figure 6 — Research area in the lower section
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Based on the results of depth measurements in the upper alignment,
a transverse profile of the Moroch river was constructed (Fig. 7) and the
main characteristics were determined at the time of the survey: water flow
Q = 1.42 m3/s; cross-sectional area F = 8.685 m?; river width along the
water edge B=16.4 m; average flow depth hep= 0.53 m; average water
flow velocity Vep=0.16 m/s; maximum velocity Vimax= 0.234 m/s.

A comparative analysis of the studied sections showed their significant
difference. So the section of the river in the lower alignment requires clean-
ing of the riverbed. Of the quantitative characteristics, attention is drawn to
the increase in water runoff in the lower alignment AQ = 0.34 m3s. This is
caused by additional discharge of water from the surface of fish ponds.

Based on the results of processing hydrometric measurement data
according to the method described above, mathematical models (flow
rates/levels/velocities) and curves of the relationship between the veloci-
ty/flow rate and the water level in the formation of the Moroch River were
obtained according to the method [8, 9]. As a feature, it should be noted
that the use of communication curves is permissible only within the estab-
lished range. The use of extrapolation is acceptable, but it can lead to
significant deviations and errors.

For the upper section:

V = —0,0618h,° + 0,1111h,,* + 0,0484h,,
Q = 2,1764h,,> — 0,4465h,” + 0,1859h,

For the lower section:

V =0,0561h,,° — 0,1163h.,” + 0,3547h,,
Q = 0,6323h,> + 4,6266h,” — 0,0510h,,

The data obtained during the calculation of the ecological flow of riv-
ers allowed us to determine the values of the permissible withdrawal of
surface water from the river, taking into account evaporation losses from
the water mirror and filtration from reservoirs. The results of calculations,
provided that the ecological runoff is preserved in the rivers under con-
sideration, taking into account the intra-annual distribution for various
probabilities of excess (security), are given below.

The analysis of the hydrological characteristics of the Moroch River
was carried out on the estimated section of the river below the Krasnaya

Q mis| -
F, m?
B, m

hep,m
Vep,mis

Vmax, TS

0.3
02
01

Sloboda fish farm. Data on the quantitative characteristics of the flow of
the Moracha River by month and by year are presented in Table 1.

The characteristics of the minimum flow are calculated for the hydro-
logical justification of various water management and water protection
projects, namely: the design of hydroelectric power plants for energy
generation, water supply of cities, rural settlements, water transport, fish-
eries. In the practice of water management design, the main application
is found in the values of the minimum runoff of security in the range of
75-99%, characterizing years with low-water intervals of relatively rare
repeatability. When assessing the worst conditions for the formation of
water quality, a minimum flow of 95% security is usually used (average
repeatability 1 time in 20 years), which is a rather arbitrary condition re-
quiring differentiation depending on the severity of negative environmen-
tal and sanitary consequences. Table 2 shows the results of calculating
the minimum average monthly water consumption of 95% of the probabil-
ity of excess (security), taking into account the intra-annual distribution of
runoff.

Taking into account the results of field studies and using the security
transfer method, we carried out hydrological calculations to determine the
ecological flow of the Moroch River, taking into account the intra—annual
distribution of runoff for various probabilities of excess (security), the
results of which are shown in Tables 3-4.

The results of calculations for the Moroch River showed the possibility
of permissible withdrawal of surface water per year from 20.26 million m? for
ecological runoff 95% probability of excess to 83.12 million m? for ecolog-
ical runoff 5% probability of excess. The maximum allowable withdrawal
of surface water from the river, taking into account the preservation of the
lowest critical value of ecological runoff, cannot exceed
93.60 million m3. The largest withdrawal from the Moroch River is permis-
sible in the spring months — in total from 14.86 million m3 (95% security)
to 50.64 million m?® (5% of security), and the smallest — in summer (from
June to August) - from 0.38 to 7.17 million m?3, respectively. At the same
time, in low-water years (in July there is a 95% probability of excess for
runoff and in August there is a 75% probability of excess for runoff), with-
drawal is not allowed, since the runoff in the river during these months
corresponds to ecological runoff.
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Figure 7 - Transverse profile of the Moroch River in the lower section
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Table 1 - Intra-annual distribution of the flow of the Moroch River in the average water content year

Interval
Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun | Jul | Aug | Sep ‘ Oct ‘ Nov ‘ Dec | Year
Runoff, m¥c
33 | 470 | 172 | 27 | 4715 | 307 | 250 | 253 | 268 | 333 | 510 | 481 | 642
Coefficient of variation, Cv
o7t | 102 | o075 | 095 | 063 | o0 | oses | 107 | o082 | 053 | 061 | 060 | 030
Coefficient of asymmetry, Cs
144 | 142 [os2 | 157 | 178 | 231 | 217 [ 493 | 219 | 147 | 152 | 147 | o087
Autocorrelation coefficient, r(1)
001 | o014 | 009 | 020 [ 005 | 00t | 016 | 020 [ o006 | 015 | 000 [ 003 | 025
Table2 - Miq:mum glverage monthly water consumption of 95% security, taking into account the intra-annual distribution of the flow of the Moroch River,
million m
Interval
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
478 3.46 28.9 41.53 10.01 4.89 272 3.59 3.02 412 6.88 7.52 1214
Table 3 - Ecological runoff taking into account intra-annual distribution, million m?
Interval
Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun | Jul | Aug | Sep ‘ Oct ‘ Nov ‘ Dec | Year
95 % probability of excess (security)
386 | 279 | 233 | 3350 | 807 | 395 | 219 | 200 | 244 | 332 | 55 | 606 | 9r.97
75 % probability of excess (security)
641 | 382 | 350 | 3834 | 851 | 731 | 421 | 301 | 370 | 607 | 928 | 1227 | 1379
50% probability of excess (security)
745 | 444 | 407 | 4454 | 989 | 849 | 480 | 349 | 420 | 705 [ 1078 | 1426 | 1603

5% probability of excess (security))

1131 | 674 | 618 | 6762 | 1501 | 1280 | 742 | 530 | es2 | 1070 | 1637 | 2165 | 2433

Table 4 - The values of permissible withdrawal of surface water from the Moroch River, taking into account the conservation of ecological runoff, million m?

Interval

Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun | Jul | Aug | Sep ‘ Oct ‘ Nov ‘ Dec | Year
95 % probability of excess (security)

091 | o065 |55 | 785 | 145 | 030 [ 000 | o008 | o019 | o059 | 125 | 143 | 2026
75% probability of excess (security)

127 | o075 | 7o | 752 | 122 | o082 | 017 [oo0 | 03 | 101 | 178 | 245 | 2435
50% probability of excess (security)

155 | o0s | 8s4 | 919 | 159 | 114 | 03 | o012 | o5t [ 128 | 219 | 208 | 3035
5% probability of excess (security)

400 | 238 | 219 | 2385 | 485 | 394 | 196 | 127 | 192 | 360 | 574 | 768 | 8312

Conclusion 2018, the main hydrological characteristics were determined, includ-

A comprehensive assessment of the impact of the Krasnaya Sloboda

fish farm, located in the Moroch River basin, on the hydrological regime of
the river was carried out to improve the efficiency of water resources
management, taking into account the ecological functioning of water
bodies, during which the following tasks were solved:

an analysis of the hydrological regime of the calculated sections of
rivers used for the needs of fish farms located in the Moroch River
basin, consisting of an analysis of available hydrological information,
a representative period for calculating hydrological characteristics
was established, which is 65 years and was adopted from 1954 to

ing the average annual values of runoff, coefficients of variation,
asymmetries, autocorrelations;

full-scale studies of river sections were carried out, during which the
gates were laid above and below the water intake area for the needs of
the fish farm. Transverse profiles are constructed. Hydrological charac-
teristics have been calculated for the gates, which include the distribu-
tion of local longitudinal averaged water flow velocities and water flow
rates in the cross sections of watercourses. The conducted field studies
made it possible to determine the water consumption in the studied ar-
eas above and below the fish farms during the research period;
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- hydrological calculations were performed to determine the minimum
average monthly water consumption of 95% probability of excess
(security) and ecological runoff, taking into account the intra-annual
distribution of runoff of various security;

- mathematical models have been developed for the areas located
below and above the fish farm in the form of mathematical models
that allow, depending on the average depth of water in the alignment,
to determine the flow rates and water flow rates;

— operational hydraulic calculations in order to assess the impact of
water intakes by the fish farm on changes in the hydrological regime
of water bodies (water depths, flow rates and water flow rates) are
carried out on the basis of developed mathematical models as the
difference in design parameters for the laid lines below and above
the fish farms;

- the mathematical dependences for the depth, flow velocity and water
flow rates in the studied areas below the fish farms corresponding to
the ecological runoff were determined using the results of hydrologi-
cal calculations and mathematical models of water bodies;

- the values of permissible withdrawal of surface water from the river
used for the needs of fish farms have been determined, taking into
account evaporation losses from the water mirror and filtration from
reservoirs and ponds, while ensuring the conditions for preserving
ecological runoff in rivers, which will allow determining the most ef-
fective filling regime for fish ponds.

The results obtained are relevant for the near future (10 years), how-
ever, they may require some adjustments in the future due to projected
climate changes. Forecast estimates of changes in the flow of the Moroch
River for the period up to 2035 are characterized by a slight change in the
flow on average per year, but there is a high probability of its unevenness
and multidirection in seasons and months. The runoff can change espe-
cially significantly in the summer months. The increase in the unevenness
of the intra-annual distribution of runoff and the increase in flood risks
caused by sharp thaws in winter, the earlier onset of spring floods and an
increase in the intensity of rain floods can lead to an increase in the risks
of extreme events, including the occurrence of low-water periods, the
likelihood of long low-water periods increases. During low-water periods,
there may be a significant decrease in the flow of small rivers, deteriora-
tion of the ecological state and recreational potential of rivers and adja-
cent territories, changes in the hydrogeological regime of groundwater,
depletion of soil cover in the floodplain, etc.
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Abstract

The article presents analysis of modern hydrological characteristics of the of Bialowieza Forest rivers’ during the period of instrumental observa-
tions and provides a water regime’s forecast assessment of the research territory. The database of Bialowieza Forest rivers’ hydrological characteristics

was updated with the help of GIS.

Keywords: river, flow, hydrology, database, Bialowieza Forest.

r’MAPONOIrNMYECKUE XAPAKTEPUCTUKN PEK HALMOHANBHOIO NMAPKA «BENOBEXCKASA MYLLA»

A. A. Bonuek, O. I'. CaBuy-LLemer, H. H. WWewko, C. U. Mapdomyk,
H. H. Wnenguk, . H. Qawkesuy, C. B. Cupak, M. ®. KyxapeBuu

Pecpepar

B ctatbe npefcTaBneH aHanu3 COBPEMEHHBIX MAPOSIOMMYECKUX XapaKTEPUCTUK pek BenoBexckon nywm 3a nepuos MHCTPYMEHTaNbHbIX Habnto-
JEHU 1 [aHa NpOorHO3Has OLeHKa BOAHOTO pexuma VICCJ'Ieﬂ,)/EMOVI TeppuTopun. basa AaHHbIX TMAPONOTMYECKNX XapaKTEPUCTUK pek benosexkckoi

nyLm 6bina o6HoBneHa ¢ nomosio MNC.

KntoueBble cnosa: peka, CTOK, ruaponorus, 6asa AaHHbIX, Benosexckas nyLya.

Introduction

The National park «Bialowieza Forest» is located in the eastern part
of the Visla’s river basin, on the catchment area of the rivers Narev and
Lesnaya (Left and Right). The divide between the Baltic and Black Seas
runs near park’s northern and northeastern borders. The tributaries of the
river Neman — rivers Svisloch and Ross - originate not far from the north-
ern vicinity of the forest; the source of Yaselda, a tributary of the river
Pripyat that flows into the river Dnieper, is located at the north-eastern
forest’s vicinity. There is a watershed between the basins of two tributar-
ies of the river Bug - the Left Lesnaya and the Mukhavets - in the south-
eastern limits of the forest [1, 2].

The river Narev that originates in the swamps of the tract «Dikoe» plays
an extremely important role in regulating of the hydrological regime in the
northern part of the forest. In the southern part of the National park, the
main waterways are the rivers Right Lesnaya and Left Lesnaya. The river
Right Lesnaya originates in Poland, flows in a south-easterly direction
through the southern part of the National park and merges with the river Left
Lesnaya on its’ border, forming the Lesnaya River, which flows into the river
Zapadny Bug north of city Brest. The source of the river Left Lesnaya is
located on the territory of the National park («Shereshevskoe forestry).
The river Left Lesnaya flows in a south-easterly direction, then turns to the
southwest and represents the south-eastern border of the National park by
itself. The remaining rivers originate mainly in the territory of the National
park and flow into the rivers Narev, Left Lesnaya and Right Lesnaya.

There are no natural lakes on the territory of the National park. As a
result of hydro-reclamation works carried out in the second half of the

twentieth century, several fairly large artificial reservoirs were created:
Lyadskoe, Khmelevskoe, Sipurka, Pererovnitsa and Colonna.

Water landscapes significantly affect the functioning of the geosys-
tem of Bialowieza Forest, as well as the maintenance of the natural water
and energy balance depends on them. Water landscapes include
swampy massifs, swampy forests and meadows, which affect the for-
mation of runoff of water objects located on the forest's territory.

Rational management of water resources can be implemented only
in case of existence of complete, unified, reliable and timely information
about conditionsl and trends of changes in water ecosystems or their
individual components. Geographic information systems (GIS) are the
systems that provide all levels of water resources management for de-
termining the strategy of environmental management and making opera-
tional decisions [3, 4].

The purpose of current research is to determine the main hydrological
characteristics of the rivers on the territory of National park «Bialowieza
Forest» within the borders of the Republic of Belarus.

Materials and methods

The methodological basis of the research was the scientific provi-
sions on the stochastic nature of river flow, which made it possible to
apply statistical methods of time series analysis. The methods of water
and heat energy balance, mathematical modeling were used. A system
analysis of the accumulated information and a comparative geographical
method made it possible to synthesize and objectively evaluate the pat-
terns of spatial and temporal fluctuations of the water resources on the
territory of the National park «Bialowieza Forest».
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A large number of small rivers and streams flow through the territory
of Bialowieza Forest, but regular hydrological observations are not
enough for an objective assessment of water resources. Therefore, we
used the data of hydrological observations not only on rivers, located on
the territory of the National park, but also in the immediate vicinity, on
which hydrometric observations are conducted or were conducted, such
as: the river Zelvyanka in the observation point of the village Peski, the
river Yaselda in the observation point of the village Horev, the river
Rudavka in the observation point of the village Rudnya, the river Ross in
the observation point of the village Studenets, the river Narev in the ob-
servation point of the village Nemerzha, the river Lesnaya in the observa-
tion point of the village Zamosty. The following hydrological data on water
consumption were used for research: average annual, average monthly,
maximum spring floods, maximum rain floods, summer-autumn and win-
ter low water by observation points for the period from 1946 to 2018
inclusive.

The missing data in the series of observations were restored using
the observation data of analog observation points, taking into account the
presence of synchronicity in the fluctuations of the observation point and
of the point-analog using the software package «Hydrologist — 2» [5, 6].

For these rivers, according to TCP 45-3.04-168-2009, calculated hy-
drological characteristics were determined using analytical distribution
functions of annual exceedance probabilities, in particular the three-
parameter gamma distribution. At the initial stage, the homogeneity of the
series of hydrological observations was assessed on the basis of genetic
and statistical analyses of the initial observation data [7, 8].

According to the series of hydrological observations, the following es-
timates of the parameters of the analytical distribution curves were de-
termined by the highest likelihood method: the average long-term value

Q, the variation factor C. and the ratio of the asymmetry factor to the

variation factor Cs/Cv. Mathematical models in the form of linear trends
were used to assess trends in flow fluctuations. The quantitative
indicators of these changes were estimated by a gradient that is numeri-
cally equal to the regression coefficient (a) multiplied by 10 years,
i.e. a=ax10 years [9].

For rivers were no hydrological observations, regional methods for
calculating hydrological characteristics were used, based on the results of
generalization of hydrometeorological observations in the research area,
taking into account the influence of local factors [7, 8].

The use of regional methods for determining the main hydrological
characteristics provides for the determination of a number of hydrograph-
ic characteristics of catchments: catchment area, km?; length of the river,
km; average height of the catchment, m; average slope of the riverbed,
%; lake cover, forest cover and swampiness of the catchment, %, which
were determined using GIS technologies.

One of the regulatory documents when creating a GIS hydrographic
network is the Directive of the European Parliament and of the Council
establishing a framework for Community action in the field of water policy,
which was adopted in 2000. This document regulates approaches in the
policy of protection, use and management of water resources and is in-
tended to harmonize and unify the approaches of the EU and other Euro-
pean countries to water resources management and protection. The main
objects of any GIS are maps, geographical data and tables.

The framework requires European countries to provide a significant
amount of information in the form of maps (more than 13 layers and 49
data tables). The best form of providing most of the required information
is the form of thematic GIS layers. This is due to the fact that most of the
data should be presented in a spatial context. The implementation of the
framework requires the comparison of geographical data (coordinates of
locations) both for the purpose of preparing water management plans in
the basins, and for the purpose of preparing reports of Basin administra-
tions. In the first case, GIS technology is necessary for the development
of various information layers (for example, the characteristics of basins,
the chemical and ecological state of surface and groundwater).

The GIS of the hydrographic network of the territory of the National
park «Bialowieza Forest» is based on existing cartographic materials. All
digital data was recorded in the GIS database in geographical coordi-
nates. The geodetic mapping system was used by Pulkovo 1942. This
method of recording made it possible to easily transform data into a new

system of plane coordinates, which was necessary for spatial analysis.
The flat coordinates of Pulkovo 1942 GK Zona 5N were used with the
purpose to form a general map of the entire natural-territorial complex
Bialowieza Forest.

GIS of the hydrographic network of the natural-territorial complex Bi-
alowieza Forest was created as a result of processing graphic materials,
and GIS contains the following main layers:

+ linear layer of rivers;

+ linear channel layer;

+  polygonal layer of reservoirs;

+ polygonal layer of catchments.

As additional layers, GIS contains:

polygonal and raster layers of swamps;

polygonal layer and raster layers of forest cover;

raster layer of reservoirs;

linear layer of the border of the National park «Bialowieza Forest;

chiseled layers of the location of the points of the sources and estu-

aries;

+ rasters of digital terrain models, topographic plans and satellite im-
ages;

+ tables.

The linear layer of rivers includes 117 objects with a total length of
more than 942 km, of which 53 objects are represented by rivers, and the
rest are tributaries, meanders and other objects. As attribute information,
this layer contains information about the name of the water body, its en-
coding, and geometric parameters. Additional connected attribute infor-
mation contains information about the average slope along the length of
the object.

The linear channel layer contains 2,270 objects with a total length of
2,168 km. The channel layer contains information about the encoding of
objects, as well as information about geometric parameters.

The polygonal layer of reservoirs is represented by 49 objects with a
total area of 11.6 km2. The layer contains information about the type of
water body, its encoding and geometric parameters. Of the 49 objects, 46
objects are encoded. As an addition, the polygon layer is duplicated as a
bitmap image.

The polygonal layer of catchments includes 49 objects. As attribute
information, there are names of catchments, their geometric dimensions,
information about the degree of lake cover, forest cover and swampiness
of the catchment. As a connected additional information, the layer con-
tains information about the areas of forests, reservoirs and swamps for
each catchment.

Polygonal and raster layers of swamps and forest vegetation provide
visual information about the degree of forest cover and swampiness of
the National park «Bialowieza Forest» and adjacent territories.

The linear layer of the border of the National park «Bialowieza For-
est» is demonstrative and contains only information about its length,
which is 568 km.

The point layers of the sources and estuaries of rivers display, re-
spectively, the location of the sources and estuaries of 53 and 49 rivers.
The layers contain information about belonging to the river and coordi-
nates in the form of latitude and longitude. The river source layer contains
information about the height of the river source point as additional con-
nected information.

The raster of the digital relief model presents visual and digital infor-
mation about the heights of the territory of the National park «Bialowieza
Forest» and adjacent territories for 2006 — 2008 in the form of a set of
pixels with a dimension of 12.5x12.5 m.

Topographic plans and satellite images carry only visual information
about the territory of the National park «Bialowieza Forest» and adjacent
territories.

The tables are presented with attribute information about the height
of the sources of rivers, the average slope of rivers, the areas occupied
by forest vegetation, swamps and reservoirs. These tables act as addi-
tional connected information for some layers.

The ArcGIS tools are used to calculate the proportions of forested,
watered, and swampy catchments. The calculation algorithm is common
for all 3 parameters and is shown in Figure 1.
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Figure 1 - Algorithm for calculating the proportions of forest
cover, waterlogging and waterlogging of catchments

As initial rasters, previously created rasters of forest vegetation, res-
ervoirs and swamps within the catchments of rivers of the National park
«Bialowieza Forest» are used (Figure 2).

The Zonal Statistics as a Table tool was used to calculate the num-
ber of pixels of forests, swamps and reservoirs within catchments. River
catchments act as a working area.

After creating tables with the calculated number of pixels of swamps,
reservoirs and forests, the areas within the catchments were calculated.
Knowing the pixel size — 5x5 m using the Field Calculator tool, the areas
occupied by these parameters were calculated.

Knowing the size of the catchment areas, using the Field Calculator
tool, the degrees of forest cover, waterlogging and swampiness of the
catchment areas of water objects were calculated.

Figure 2 - Rasters of swamps, forest vegetation
and reservoirs of the National park «Bialowieza Forest»

Results and discussion

The chronological course of maximum spring flood runoff, maximum
rain flood runoff, minimum summer-autumn runoff, minimum winter runoff
for the rivers Yaselda, Rudovka, Ross, Narev, Lesnaya, Zelvyanka,
where regular hydrological observations are conducted, as well as their
trends are presented in Figure 3.

The chronological course of annual runoff is represented in Figure 4.
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Figure 3 — Chronological course of various types of runoff of the Lesnaya river in the observation point of the village Zamosty
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Figure 4 — Chronological course of annual runoff of the Lesnaya river in the observation point of the village Zamosty

The analysis of the obtained results showed that for all rivers, there
isa decrease in the flow of maximum spring flood runoff (power trend —
19,5%) and maximum runoff of rain floods (power trend — 20,8%) and an
increase in the flow of minimum winter runoff (power trend - 12,2%).
Minimum summer-autumn runoff has the behavior of a time series the
same as annual runoff.

The consumption in winter has increased, due to milder winters, the
presence of frequent thaws and sufficient humidification of the territory.
Firstly, it increased due to a decrease in the accumulation of groundwater
in the ice in the aeration zone during the migration of unfrozen moisture
to the freezing front. Secondly, the losses of underground river supply to

the formation of ice formations have decreased: river ice, ice, seasonal
underground ice. Thirdly, with a decrease in the thickness of the ice in the
rivers, the carrying capacity of the channels increases. Fourth, with a
decrease in soil freezing, their air permeability increases. With a freer
penetration of air into the aeration zone over groundwater in winter, a
lower pressure is not created than in the atmosphere, and groundwater is
freely discharged into rivers.

Table 1 shows the average long-term values of annual runoff water
consumption, maximum spring flood runoff, maximum rain flood runoff,
minimum summer-autumn runoff, minimum winter runoff for the rivers
Yaselda, Rudavka, Ross, Narev, Lesnaya, Zelvyanka for the estimated
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period from 1946 to 2018, as well as factors of variation and parameters
of linear trends of flow changes.

Using the three-parameter gamma distribution method, the annual
water consumption characteristic of a very high-water year (5% security)
and a very low-water year (95% security), as well as for the maximum
water consumption of the spring flood, the maximum water consumption
of rain floods, the minimum expenses of summer-autumn and winter
autumn were determined (Table 2).

The calculation of the average monthly water consumption of the Bi-
alowieza Forest's rivers on which regular hydrometric observations of a
very high-water year (P=5%), an average water content year (P=50%)
and a very low-water year (P=95%) are conducted is presented in Table 3.

For rivers where regular hydrological observations are not conduct-
ed, distribution parameters and calculated values were determined using
a set of methods, namely: water balance; hydrological analogy; averaging
in a homogeneous area; construction of contour maps, etc. [7, 8].

The calculation of the average annual water consumption of the rivers of
the National park «Bialowieza Forest», as well as the annual expenses of very
high-water and very low-water years are presented in Table 4.

The calculation of the average monthly water consumption of the riv-
ers of Belovezhskaya Pushcha on which there are no regular hydrometric
observations for the security of 5, 50, 95% is presented in Table 5.

Table 1 - Main hydrological characteristics of the rivers of the National park «Bialowieza Forest»

River Observation point Runoff type Norm, m¥/sec Variation Facior correlation nggqlgr;/téars
Annual 9.18 0.23 0.01 -0.09
Spring flood 62.5 0.90 0.02 -12.83
Zelvyanka Peski Rain flood 14.3 0.52 0.16 -0.31
Summer-autumn 3.28 0.44 0.33 0.01
Winter 4.26 0.33 0.22 0.21
Annual 8.16 0.29 0.20 -0.17
Spring flood 48.4 0.82 0.20 -8.85
Lesnaya Zamosty Rain flood 15.7 0.72 0.24 242
Summer-autumn 2.18 0.50 0.49 0.13
Winter 3.66 047 -0.02 0.28
Annual 1.33 0.51 0.14 -0.04
Spring flood 12.4 1.02 -0.04 -2.60
Narev Nemerzha Rain flood 2.64 0.64 0.23 -0.08
Summer-autumn 0.17 0.83 0.11 -0.02
Winter 0.33 0.72 0.07 0.02
Annual 4.91 0.18 0.09 -0.06
Spring flood 36.9 1.20 -0.13 -9.79
Ross Studenets Rain flood 6.00 0.40 0.13 0.10
Summer-autumn 2.82 0.23 0.38 -0.05
Winter 3.22 0.27 0.25 0.13
Annual 0.645 0.35 0.18 -0.01
Spring flood 4.53 0.49 0.18 -0.55
Rudavka Rudnya Rain flood 2,07 0.73 0.12 -0.25
Summer-autumn 0.100 0.87 0.10 0.01
Winter 0.174 0.70 -0.01 0.02
Annual 3.15 0.34 0.12 -0.10
Spring flood 11.8 0.53 0.13 -1.47
Yaselda Horev Rain flood 5.23 0.28 0.19 -0.06
Summer-autumn 0.755 0.52 0.48 -0.01
Winter 1.75 0.50 0.53 0.27
Table 2 - Water consumption of rivers of the National park «Bialowieza Forest» in very high and very low-water years, m3/sec
Year dryness Runoff type
" Annual | Spring flood | Summer-autumn | Winter | Rain flood
river Zelvyanka — Peski
P=5% 13.3 187 6.06 7.27 33.6
P=95 % 7.06 213 1.31 1.98 7.87
river Lesnaya — Zamosty
P=5% 12.8 127 39 7.18 37.3
P=95 % 5.21 10.5 0.663 1.53 4.63
river Narev — Nemerzha
P=5% 2.52 239 0.522 0.98 7.74
P=95 % 0.716 1.98 0.011 0.088 0.613
river Ross — Studenets
P=5% 5.95 744 3.79 4.97 8.7
P=95 % 410 2.92 1.83 2.65 4.65
river Rudavka — Rudnya
P=5% 1.35 9.69 0.37 0.599 6.54
P=95 % 0.37 2.57 0.00 0.024 0.623
river Yaselda — Horev
P=5% 4.74 20.8 2.02 3.64 10.5
P=95 % 2.35 6.27 0.481 1.00 3.31
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Table 3 — Annual distribution of the runoff of the Bialowieza Forest's rivers for years of different security (in % of the annual runoff)

o Spring Summer-autumn Winter
Year dryness, % M TV [ V] 3 [ W[ [vm] X ]| X I X 3 [ X[ T ] T3
river Zelvyanka — Peski
5 578 | 249 | 9.25 40 559 | 746 | 445 | 548 | 658 | 816 | 37.7 | 656 | 536 | 104 | 223
50 202 | 121 | 743 | 398 | 7.13 5.7 4.7 575 | 646 | 7.88 | 376 | 7.39 | 921 | 599 | 226
95 181 | 132 | 101 | 414 | 694 | 576 | 492 | 526 | 658 | 7.81 | 373 | 912 | 6.54 5.7 214
river Lesnaya — Zamosty
5 187 | 895 | 539 | 331 | 843 | 565 | 3.89 | 477 | 843 | 111 | 423 | 531 | 7.32 12 24.7
50 20 144 | 829 | 427 | 767 | 507 | 332 | 387 | 501 | 625 | 312 | 848 | 116 | 6.04 | 26.1
95 233 | 16.3 | 109 | 505 | 4.80 | 3.32 | 246 2.8 411 | 6.03 | 236 | 104 | 711 | 835 | 259
river Narev — Nemerzha
5 10.6 20 4.02 | 346 | 277 6.9 453 | 448 | 111 15 447 | 355 | 106 | 6.52 | 20.7
50 268 | 19.7 9 555 | 4.33 29 151 | 156 | 273 | 473 | 178 | 826 | 136 | 4.82 | 26.7
95 362 | 246 | 116 | 724 1.6 075 | 042 | 046 | 081 | 135 54 4.9 101 | 719 | 222
river Ross — Studenets
5 14.2 9.3 6.76 | 30.2 | 6.69 7.9 583 | 809 | 7.04 | 753 | 431 | 882 | 7.85 10 26.7
50 124 | 102 | 823 | 308 | 768 | 696 | 591 | 6.71 | 758 | 834 | 432 | 8.68 | 7.62 9.7 26
95 11.8 | 9.83 8.3 299 | 736 | 551 | 625 | 6.04 | 7.98 | 959 | 427 | 105 | 881 | 8.04 | 273
river Rudavka — Rudnya
5 127 | 6.97 | 381 | 234 | 3.08 | 6.32 | 10.7 | 493 | 924 | 159 | 502 | 7.58 [ 14.1 4.7 26.4
50 833 | 327 | 184 | 594 | 6.81 | 239 | 1.41 22 359 | 572 | 221 | 547 | 976 | 319 | 184
95 244 | 493 | 113 85 1.36 | 059 | 028 | 026 | 059 | 122 | 429 | 583 2.7 218 | 10.7
river Yaselda — Horev
5 499 | 7.06 | 353 | 156 | 105 | 842 | 617 | 7.33 | 101 12 545 | 965 | 127 | 748 | 29.9
50 8.78 | 171 121 | 38.1 6.9 524 | 437 | 499 | 622 | 732 35 861 | 115 6.8 26.9
95 215 | 149 | 118 | 482 | 546 | 352 | 282 | 326 | 475 | 6.02 | 259 | 852 | 10.7 | 6.72 | 259
Table 4 — Characteristics of the Bialowieza Forest's rivers
Catchment Runoff norm Water runoff dryness, %
River degree of forest . ' i
square, km? gcover, o swampiness, % m3/c P P35,
Belaya 273.3 23.1 2.1 1.10 1.91 0.507
Berezovka 24.7 21.2 - 0.077 0.126 0.039
Vishnya 434 7.7 3.0 0.126 0.231 0.051
Gvozna 94.0 93.1 24.1 0.384 0.647 0.185
Gitka 13.3 99.5 1.8 0.038 0.065 0.018
Guricinka 9.6 56.3 2.7 0.039 0.061 0.021
Drunyuvka 404 69.1 14.8 0.143 0.241 0.069
Yelenka 12.3 95.3 14.6 0.042 0.071 0.021
Zlota 6.4 40.3 4.0 0.018 0.031 0.009
Zubrica 14.6 915 10.3 0.044 0.076 0.021
Kalinovets 7.2 99.3 53 0.021 0.037 0.009
Kolonna 93.8 52.0 15.4 0.478 0.771 0.247
Krapivnica 39.1 434 2.8 0.137 0.227 0.068
Kulevka 9.9 96.6 18.8 0.034 0.058 0.017
Left Lesnaya 435.0 54.3 6.0 1.48 2.61 0.646
Right Lesnaya 409.6 63.2 8.0 1.57 2.74 0.705
Lomovka 173 57.8 1.6 0.061 0.099 0.031
Loshanka 35.9 194 0.0 0.126 0,207 0,064
Luzhaika 474 19,4 17,1 0,113 0,206 0,046
Lutovka 82,5 92,0 73 0,316 0,542 0,147
Medyanka 57,8 60,1 17,6 0,276 0,469 0,130
Muravka 58 31,9 43 0,018 0,031 0,008
Narevka 468,5 60,1 8,7 1,98 3,33 0,959
Nemerzhanka 3438 98,2 253 0,116 0,198 0,055
Ol'hovka 16,6 30,1 773 0,068 0,114 0,033
Orluvka 18,7 98,8 242 0,066 0,110 0,033
Perevoloka 33,2 96,6 17,0 0,098 0,167 0,047
Peredelka 178 178 0,056 0,093 0,028
Pesec 9,0 95,7 44 0,035 0,059 0,017
Plyuskovka 96,8 97,2 22,1 0,332 0,595 0,137
Poboika 13,5 914 11,4 0,047 0,079 0,023
Polichna 126,7 66,9 40 0,528 0,898 0,249
Poperechnaya 571 8,8 04 0,186 0,332 0,078
Pchelka 37,9 64,9 15,8 0,152 0,247 0,076
Sipurka 67,3 279 2,0 0,193 0,327 0,091
Solomenka 84,8 91,9 23,2 0,193 0,327 0,091
Stanock 19,2 94,3 54 0,056 0,098 0,025
Tochnica 38,3 20,5 0,2 0,133 0,240 0,056
Tushemlyanka 26,8 64,9 27,9 0,095 0,159 0,046
Horovka 21,0 50,9 1,0 0,074 0,116 0,039
Schiba 124,7 44,3 29 0,652 1,03 0,353
Yamenka 40,3 98,4 16,0 0,119 0,203 0,056
Yatvez 55,0 29,1 0,186 0,305 0,098
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Table 5 - Annual distribution of the runoff of the Bialowieza Forest's rivers for years of different dryness (in % of the annual runoff)

o Spring Summer-autumn Winter
Yeardyness.% TV [ V [ T [ W [ VI [VII] X | X [ X [ 5 [ X[ T [T ]z
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
river Guricinka
5 234 | 74 4.2 35 8.7 4.9 6.1 37 84 12.8 | 446 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 |1 125 | 741 59.1 4.3 2.4 3 1.8 4.2 6.3 22 102 | 541 3.6 18.9
river Pesec
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 311 | 127 | 53 | 49.1 7 4.1 24 1.1 4.3 82 | 271 | 144 6 34 | 238
95 355 | 144 | 6.1 56 54 3.2 1.9 0.8 3.3 6.4 21 14 5.7 3.3 23
river Schiba
5 23 7.9 42 | 351 | 872 | 488 | 6.07 | 3.7 | 838 | 128 | 445 11 55 | 391 | 204
50 30 102 | 55 | 457 | 663 | 382 | 472 | 283 | 6.46 | 976 | 342 | 10.8 | 542 | 3.92 | 201
95 388 | 129 | 72 | 589 | 433 | 244 | 303 | 184 | 42 | 629 | 221 | 10.2 | 514 | 3.65 19
river Medyanka
5 42 107 | 3.7 | 564 | 259 | 186 | 545 | 6.71 | 479 | 6.8 | 282 | 496 | 234 | 811 | 154
50 40.3 | 201 | 884 | 69.3 | 392 | 232 | 17 199 | 32 | 529 | 184 | 542 | 3141 | 377 | 123
95 498 | 276 | 8.59 86 161 [ 091 [ 070 | 079 | 111 | 181 | 694 | 39 | 191 13 | 7.1
river Perevoloka
5 226 | 9.2 39 | 357 | 107 | 63 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Solomenka
5 226 | 92 39 | 357 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 311 | 127 | 53 | 491 7 4.1 24 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Tochnica
5 222 | 937 | 44 34 105 | 6.2 | 383 18 | 653 | 125 | 414 | 136 | 5.83 | 355 | 229
50 30.5 | 129 | 5.56 49 6.9 | 407 | 252 | 123 | 43 | 825 | 273 14 6.07 | 3.63 | 23.7
95 411 | 173 | 743 | 659 | 317 | 193 | 12 | 058 | 1.97 | 385 | 127 | 127 | 545 | 328 | 215
river Polichna
5 225 1 924 | 394 | 353 | 10.7 | 6.28 | 3.73 | 164 | 6.59 | 126 | 415 | 138 | 573 | 3.35 | 228
50 31 12.7 | 536 | 491 | 698 | 409 | 242 | 113 | 43 | 821 | 271 | 143 | 6.01 | 345 | 238
95 418 | 171 | 717 | 661 | 311 | 191 | 112 ] 052 | 1.91 | 3.73 | 123 13 541 | 314 | 21,6
river Sipurka
5 226 | 9.2 39 | 357 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Right Lesnaya
5 218 | 955 | 432 | 322 | 102 | 6.09 | 398 | 202 | 646 | 124 | 412 | 133 | 598 | 3.82 | 231
50 209 | 131 | 585 | 489 | 6.79 | 4.03 | 264 | 1.38 | 4.3 83 | 274 | 136 | 614 | 3.89 | 237
95 402 | 175 | 7.79 | 655 | 324 | 197 | 131 | 067 | 204 | 401 | 132 | 123 | 55 | 348 | 21.3
river Belaya
5 222 | 94 | 414 | 337 | 104 | 618 | 3.86 | 1.84 | 652 | 125 | 413 | 135 | 586 | 36 23
50 304 | 129 | 5.63 49 6.88 | 4.06 | 254 | 126 | 43 | 826 | 27.3 14 6.08 | 3.68 | 23.7
95 40.9 | 17.3 | 751 | 658 | 318 | 194 | 122 | 0.60 | 1.98 | 3.88 | 12.8 | 126 | 546 | 3.32 | 214
river Left Lesnaya
5 219 | 953 | 429 | 324 | 102 | 6.1 396 | 1.99 | 647 | 124 | 412 | 133 | 596 | 3.79 | 231
50 30 131 | 582 | 489 | 6.8 | 403 | 263 | 1.36 | 4.3 83 | 274 | 137 | 613 | 3.86 | 237
95 403 | 175 | 775 | 655 | 323 | 197 | 13 | 066 | 203 | 399 | 132 | 124 | 55 | 346 | 21.3
river Krapivnica
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 12.8 | 44.6 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 |1 125 | 741 59.1 4.3 2.4 3 1.8 4.2 6.3 22 102 | 541 3.6 18.9
river Kolonna
5 225 | 924 | 395 | 353 | 106 | 6.27 | 3.74 | 165 | 658 | 126 | 415 | 13.7 | 574 | 3.37 | 228
50 309 | 128 | 537 | 491 | 6.97 | 4.09 | 243 | 114 | 43 | 821 | 271 | 143 | 6.02 | 346 | 238
95 418 | 172 | 719 | 661 | 312 | 191 | 113 | 052 | 192 | 3.74 | 123 13 541 | 315 | 216
river Poboika
5 226 | 92 39 | 357 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 311 | 127 | 53 | 491 7 4.1 24 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 171 71 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 13.1 54 31 21.6
river Pchelka
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 49.1 7 4.1 24 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 171 71 662 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 13.1 54 3.1 21.6
river Lomovka
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 12.8 | 44.6 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 1125 | 741 59.1 4.3 2.4 3 1.8 4.2 6.3 22 102 | 541 3.6 18.9
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1 2 3 4 5 1 6 [ 7 1 8 1] 9 [10 [ 1M J[12 7137147115716
river Kulevka
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Drunyuvka
5 226 | 92 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 31 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 171 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 5.4 3.1 21.6
river Horovka
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 12.8 | 44.6 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 125 | 71 59.1 4.3 2.4 3 1.8 4.2 6.3 22 10.2 | 541 3.6 18.9
river Tushemlyanka
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Nemerzhanka
5 226 | 92 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 3N 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 171 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 54 3.1 21.6
river Orluvka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 |1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 54 3.1 21.6
river Gvozna
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Zlota
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 5.7 33 | 228
50 31127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 171 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Lutovka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 54 3.1 21.6
river Yelenka
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Poperechna
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 5.7 33 | 228
50 3N 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 171 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 5.4 3.1 21.6
river Narevka
5 222 |1 938 | 412 | 339 | 104 | 619 | 385 | 1.82 | 653 | 125 | 413 | 135 | 585 | 3.57 23
50 305 | 129 | 559 49 6.89 | 4.06 | 253 | 125 | 43 | 825 | 273 14 6.07 | 3.66 | 23.7
95 41 173 | 746 | 658 | 317 | 194 | 121 | 059 | 197 | 386 | 127 | 127 | 545 | 33 | 214
river Yamenka
5 226 | 92 39 | 37 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 |1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Poperechna
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 31 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Muravka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Zubrica
5 226 | 92 39 | 37 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 |1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Gitka
5 226 | 9.2 39 | 3.7 | 107 | 63 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 31 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Luzhaika
5 226 | 9.2 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 13.1 54 3.1 21.6
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1 | 2 1 3 ] 41571 6 ] 71 81 9 0 [ 11 ] 12 ] 13 ] 14 ] 15 | 16
river Kalinovets
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 5.4 3.1 21.6
river Plyuskovka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Stanock
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Vishnya
5 226 | 92 39 | 357 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 31 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Yatvez
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 128 | 446 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 | 125 | 71 59.1 4.3 2.4 3 1.8 4.2 6.3 22 10.2 | 541 3.6 18.9
river Loshanka
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 12.8 | 44.6 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 1125 | 741 59.1 4.3 2.4 3 1.8 4.2 6.3 22 102 | 541 3.6 18.9
river Berezovka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Peredelka
5 226 | 92 39 | 357 | 107 | 6.3 3.7 6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 31127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
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Abstract

The article discusses the issues of increasing the validity of the application of measures of state support for investment projects by management
bodies. The importance of making decisions on the provision of benefits in the implementation of investment projects, taking into account the criterion of
social responsibility of the initiator of the project, is substantiated. The characteristics of the organizational and economic mechanism of regulation of
investment activity are given, the organizational and economic components are disclosed and directions for improving the mechanism are proposed,
taking into account the priority of social and environmental factors within the framework of sustainable regional development. It is proposed to supple-
ment the structure of the sections of the business plan with indicators of social responsibility for the project. Practical recommendations on the applica-
tion of state support measures to stimulate the implementation of socially responsible investment projects are given.

Keywords: investment project, investment activity, business plan, social responsibility of business, state support, organizational and economic
mechanism of regulation of investment activity.

OPIAHU3ALIMOHHO-3KOHOMWYECKOE OBECNEYEHWE NPUMEHEHWA MEP
rOCYOAPCTBEHHOM NOAAEPXKN MHBECTULIMOHHbIX NPOEKTOB B PETMOHE

E. O. DpyXuHuHa

Pedhepar

B cTaTbe paccmMoTpeHbl BOMPOCH! MOBbILIEHNS! 060CHOBAHHOCTW MPUMEHEHUS! Mep FoCyAapCTBEHHO NOAAEPXKKM MHBECTULIMOHHBIX MPOEKTOB Opra-
Hamu ynpaenenusi. OBocHOBaHa BaXHOCTb MPUHATUS PELLEHMIA MO NPeJOCTaBMEHMIO NbroT NPy Peanuaaumn UHBECTULMOHHBIX MPOEKTOB C Y4eTOM
KpUTEpWs CoLManbHOM OTBETCTBEHHOCTM MHULMATOPa NpoekTa. [laHa xapakTepucTuka OpraHu3aLMoHHO-9KOHOMUYECKOTO MexaH13mMa perynmpoBaHms
WHBECTULIMOHHOI [1EATENBHOCTY, PAacKpbIThl OPraHN3aLMoHHas N 3KOHOMMYECKasi COCTaBNSIOLLME W NPEAOXeHbl HanpaBneHNs COBEPLLEHCTBOBAHMS
MexaHn3ma C y4eToM NprUopuTETa COLMAnbHOrO 1 3KOMOrMYeckoro hakTopoB B paMkax YCTONYMBOrO pervoHanbHoro passutus. MpeanoxeHo gonon-
HUTb CTPYKTYpy pasfenoB Gu3Hec-nnaHa nokasaTensiMu coupanbHOA OTBETCTBEHHOCTW MO MpoekTy. MpuBeLeHbl MPaKTUYEeCKMe PEKOMEHAALMM Mo
NPUMEHEHNIO MEP roCyLaPCTBEHHOV NOAAEPXKKN, NO3BOMSIHOLLME CTUMYNMPOBATL PEanu3aLMio CoLNanbHO-0TBETCTBEHHBIX MHBECTULIMOHHBIX MPOEKTOB.

KntouyeBble cnoBa: WHBECTULMOHHBIN NPOEKT, MHBECTULIMOHHAA AEATENbHOCTb, BuaHec-nnaH, counanbHasa OTBETCTBEHHOCTb 6u3Heca, rocynap-
CTBEHHas NoagepKa, OpraH13aLoHHO-9KOHOMUYECKNI MEXaHU3M perynMposaHua WHBECTULIMOHHON AEATENBHOCTY.

Introduction

Improving the competitiveness of the regional economy is the main
complex task. Ultimately, the result of the work of the entire economic
system of the country depends on it. Investment activity is an important
component of the development of any economic system, an indicator of
the state of the country's economy. Fluctuations in investment invest-
ments are considered as an indicator of changes in aggregate demand
and, in the future, the volume of national and regional production, as well
as the level of employment of the population.

Currently, the National Strategy of Sustainable Socio & Economic
Development of the Republic of Belarus until 2030 is being implemented
in the Republic of Belarus. The Belarusian model of sustainable devel-
opment takes into account the sustainable development goals developed
by the UN, national interests and peculiarities of the Belarusian economy.
The main characteristics of the model include: strong effective state pow-
er, participation of civil society in solving problems of sustainable devel-
opment, effective state and public support for socially vulnerable groups
of the population, environmentally sound state policy and others [1].

Regional concepts of sustainable development have been adopted at
the regional level, aimed at achieving a reasonable balance in solving
social, economic and environmental problems of the region, meeting
people's needs for material and spiritual well-being, a favorable state of
nature, based on mechanisms for implementing these requirements and
monitoring their implementation.

The implementation of investment activities in the region is the most
important condition for the implementation of strategic and tactical tasks

of social and economic development, the implementation of innovative,
agro-industrial, environmental policy.

Investment activity is a set of practical actions of legal entities, indi-
viduals, and the state to attract and invest funds and other valuables in
investment objects in order to achieve a significant result (making a profit,
income, solving a social problem, etc.). The choice of an object for
investment is made by the investor based on the effectiveness of the
project. However, the development of science, culture, the creation of
other socially significant objects, environmental protection can not always
bring income, and are more often unprofitable. Therefore, the intrusion of
the state into the investment sphere is a normal world practice aimed at
harmonizing the investment process and solving priority tasks related to
the development of society.

In addition, investments in the development of production, the intro-
duction of new technologies are accompanied by risks of impact not only
on the economic, but also social, and environmental spheres in the im-
plementation of investment activities. The duration of the environmental
crisis and its impact on the quality of life of society are inextricably linked
with the economic activities of the subjects and cause increased attention
to preventive measures that provide for the integration of social, environ-
mental and economic factors when making investment decisions.

Thus, the State is obliged, on the one hand, to support investments
by providing various support measures, and on the other, to direct in-
vestment activities to the implementation of measures included in the
state's economic, scientific, technical, social and environmental policy.
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Based on the highlighted problem, it is possible to formulate the
objectives of this study, which are to provide an integrated approach to
the application by management bodies of measures to support invest-
ment projects of economic entities in the region with the help of an organ-
izational and economic mechanism for regulating investment activities in
the region based on the principles of corporate social responsibility.

Corporate social responsibility CSR (or business social responsibility)
is a voluntary contribution of business to the development of society
in the social, economic and environmental spheres, directly related to the
main activity of the company and going beyond the minimum defined
by law.

Based on this, the social responsibility of the initiator of an invest-
ment project (SRIP) is a planned voluntary contribution, laid down in the
indicators of the investment project, to the development of society in the
social, economic and environmental spheres, directly related to the main
activity of the company and going beyond the minimum defined by law.

Theoretical and practical aspects of state support in the
implementation of investment projects

State support is provided to economic entities for the implementation
of investment projects — financial and other assistance in accordance with
the legislation, in the form of budget subsidies and other financial assis-
tance, budget loans and loans, tax and tariff benefits, external govern-
ment loans, guarantees of the Government of the Republic of Belarus on
loans and loans and other preferences. Financing of investment projects
is carried out at the expense of budgets of all levels, extra-budgetary
funds, as well as other sources. Reasonable and responsible allocation of
budgetary funds and extra-budgetary funds is the task of the State. When
allocating funds, various approaches and regulatory and instructional
materials are used, including separately for different levels of decision-
making. Financial and other support for investment projects is provided
through the application of various measures and instruments for regulat-
ing investment activities. In order to increase the validity of the application
of state support measures for investment projects, information on their
social orientation is needed, which will allow more efficient allocation of
funds allocated for their financing.

The results of the socio-economic assessment of investment projects
are used to increase the validity of the use of instruments for regulating
investment activities, as well as state support measures aimed at activat-
ing the activities of socially responsible business entities, reducing or
preventing the destructive impact of investment projects on the socio-
ecosystem of the project area and adjacent regions.

This task is solved with the help of an organizational and economic
mechanism for regulating investment activity in the region, which is a
set of forms, methods, tools and levers of influence on investment activi-
ty, interconnected into a single mechanism that allows determining the
volume, structure, directions and implementation of investments that
ensure the implementation of regional goals and objectives of socio-
economic development of the region.

Let's consider specific measures, methods and tools of the mecha-
nism of regulation of investment activity. To ensure the socio-economic
and environmental security of the region, it is important to use organiza-
tional measures to facilitate the implementation of projects that meet the
goals of socio-economic development of the regions. These are socially
significant projects, innovative and infrastructure projects, environmental-
ly efficient, which, in fact, are implemented according to the principles of
social responsibility. For such assistance, the interaction of regional gov-
ernment bodies and investors is necessary. Subjects are regional man-
agement bodies that perform the functions of a regulator, initiators of
investment projects (commercial and non—profit organizations, individual
investors). The object is commercial investment projects proposed for
implementation in the region.

Different levels of management systems combine administrative and
economic methods of regulation. Administrative (direct) methods involve
a direct impact on the subjects of investment activity: prohibitions,
restrictions, permits, regulations established by legislative and regulatory acts.

The direct participation of the state in investment activities includes
the adoption of state investment programs and their financing at the ex-
pense of the republican budget, the provision of centralized investment

resources from the republican budget to finance investment projects, the

state comprehensive examination of investment projects and others.

Economic (indirect) methods involve influencing the subjects of in-
vestment activity by stimulating investment decisions both in the interests
of the subjects themselves and in the interests of society as a whole.
The creation of favorable conditions for the development of investment
activities includes the provision of state support to investors, the definition
of conditions for the ownership, use and disposal of land, subsoil, water
and forests, the privatization of state-owned facilities, and others.

The instruments to be improved for the purposes of regional regula-
tion according to the principles of social responsibility are: competitive
selection of investment projects, state support, state participation, state
financing based on a socially responsible approach. Accordingly, it is
necessary to form information support for the assessment of the social
responsibility of the initiators of the project; improving the procedure for
selecting investment projects to provide state support, taking into account
an additional criterion that takes into account the contribution to the de-
velopment of the region's economy; establishing the relationship between
regulatory instruments and indicators of social responsibility of the pro-
ject; justification of project financing at the expense of budgetary and
extra-budgetary funds in the context of the implementation of the concept
of sustainable socio-economic development of regions.

In order to activate the activities of socially responsible business enti-
ties, to prevent the destructive impact of investment projects on the socio-
economic system of the region, it is necessary to improve the organiza-
tional and economic mechanism for regulating investment activities in
terms of supplementing the project selection procedure with measures to
assess the social responsibility of the initiator of the investment project
(SRIP). The economic component of the organizational and economic
mechanism for regulating investment activity includes the proposed
methodological approach to assessing the social responsibility of the
initiator of the investment project, which determined the content of the
developed methods for assessing the level of SRIP and assessing the
economic effect of SRIP (information support) [2]. The organizational
component of the mechanism is represented by the development of prac-
tical recommendations on the reasonable allocation by management
bodies of financial support for socially responsible investors based on the
SRIP criterion. In contrast to existing approaches, not only socio-
economic indicators of the project's effectiveness are evaluated, but also
the voluntary contribution of the investor to the social and environmental
spheres of the region's development.

To analyze the compliance of the project data of investment pro-
posals with the principles of CSR and to ensure the implementation of
socially responsible investment, it is necessary to supplement the infor-
mation and analytical support for the development and evaluation of
business plans for investment projects with an independent section "Indi-
cators of social responsibility for the project”, including the main calcula-
tion indicators reflecting the contribution of the initiator of the project to
the development of the region.

The implementation of an investment project (related to the creation
of a new production facility by placing it on the premises of a decommis-
sioned facility, on existing vacant areas, during new construction, tech-
nical re-equipment, reconstruction) requires the preparation of permits,
justifying and evaluating documentation, the formation of which begins at
the pre-investment stage. The set of documents contains fundamental
information, confirmed by studies, justifications, calculations, allowing you
to make a decision on the feasibility of implementing an investment pro-
ject, taking into account internal and external effects and consequences.

Project support of the investment process in construction, taking into
account the current legislation in the Republic of Belarus and foreign
practice, as a rule, consists of the main stages:

A) Pre-investment stage: stage 1 — submission of a petition (declara-
tion) of intent to the local executive authority by the customer (inves-
tor) in accordance with the established procedure. Obtaining a deci-
sion of the local executive authority; stage 2 — development of a justi-
fication for investments in construction. Receipt from the relevant ex-
ecutive authority of a decision on preliminary approval of the location
of the object (act of site selection) (Table 1).
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Table 1 — The main content of the pre-investment stage of the implementation of investment projects

Stages Content

Intelligence

Submission by the customer
to the local executive authority
of a petition of intent

indicators

Contains preliminary information: formation of an
investment plan, determination of investment objectives,
purpose, capacity and location of the construction
object; possible impact of the planned activity on the
environment; assessment of investment opportunities
and achievement of the planned technical and economic

Declaration of intent

Investor, location, technical and technological data of
the construction object, number of employees, need
for raw materials, water, land, energy resources, etc.

Development, coordination,
examination and approval of
the justification of investments
in the construction of the
facility

on the justification of investments

Implementation of alternative studies, calculations of
investment efficiency, determination of social, environ-
mental and other consequences of the construction and
operation of the facility, assessment of investment
opportunities and achievement of the planned technical
and economic indicators; preliminary approval of the
location of the land plot; obtaining an expert opinion

Justification of investments in the construction of the facility
Investment objectives; general characteristics, purpose,
capacity, location of the facility; basic technological
solutions; provision of resources (material, labor, etc.);
architectural and planning concept; environmental impact
assessment; social development; project budget;
investment efficiency

Section of the feasibility study

assessment

Assessment of the technical feasibility and economic
feasibility of the project; environmental impact

During the construction of industrial facilities, it is part
of the justification of investments in construction

Development, approval,
examination and approval
of the business plan of the
investment project

Development in cases of justification: the possibility

of attracting investments in fixed assets, external loans,
loans; the expediency of providing state support
measures; for the purposes of: detailed verification

of feasibility and economic efficiency; short- and
medium-term planning; search for an investor

Business plan

Summary, description of the industry, products,
production, marketing, organizational, financial plan;
risk analysis, sensitivity and sustainability of the project;
calculation tables; other aspects

Defining a project
management scheme
(actions) to achieve them

Reflection of the most key events of the project,
their planned parameters and management decisions

Project management plan

Register of project stakeholders; organizational structure of
project management; project implementation schedule;
project cost plan (budget); resource plan; project quality
management plan; project risk management plan; project
supply management plan; project implementation control
plan; project communications management plan; project
change management plan; other aspects

Development of a design
assignment

information about construction; technology
requirements

The basis for the design; permits for design and
construction, transferred to the project organization-
contractor for the development of project documentation;

Design assignment

Basic data and design requirements (depending on the
complexity, type and purpose of the projected object),
information about the land plot and planning restrictions;
basic technical and economic indicators based on
economic calculations performed in the business plan

Source: compiled by the author.

The basic information provided in the declaration of intent, justifica-
tion of investments in the construction of facilities, on social aspects in-
clude the approximate number of workers and employees, sources of
satisfaction of labor needs, provision of workers and their families with
housing and communal and social facilities, etc., on environmental as-
pects — the approximate demand of the construction object for water
resources (volume, quantity, source of water supply), energy resources
(electricity, heat, steam, fuel), land resources (with appropriate justifica-
tion of the approximate size of the land plot and the terms of its use), etc.
B) Investment stage: stage 1 — justification of investment in construc-

tion; stage 2 — architectural project; stage 3 — construction project.
This stage includes the development, coordination, examination and
approval of project documentation, the implementation on its basis of
the allotment of land for construction, the development of architectur-
al and construction projects, the examination of project documenta-
tion; construction and installation works, commissioning, commis-
sioning of the facility.

Thus, the information provided in the pre-project documentation con-
tains a fairly high level of generalization of data, mainly includes permits
and supporting documentation for the implementation of the project,
which does not allow for a comprehensive economic assessment of the
socio-environmental parameters of the investment project. More detailed
information is reflected in the business plan developed to assess the
necessity, commercial efficiency, financial feasibility and contribution to
the economy of the region of investments in the construction, reconstruc-
tion of the construction object.

To date, the pre-project documentation and business plan contain a
significant amount of data, including, among other things, information
about the social and environmental effects and consequences of the
project. But this is not enough to assess the social responsibility of the
initiator of the project (SRIP). Rather, the information is presented only
from the qualitative side, mainly without a monetary assessment of social
and environmental consequences, without comparing project indicators
with the average values in the region, comparing with international stand-
ards and determining a voluntary contribution to the development of the
region in excess of legislative norms. To determine the initiator's active or
passive position in solving social and environmental problems, it is nec-
essary to provide a more detailed explanation of income and expenses in
addition to the one that is currently reflected in the business plan: ex-
penses for environmental protection measures, environmental training of
personnel, expenses for the formation of a social package for employees
and others. At the same time, the absence, on the one hand, of estab-
lished requirements, and on the other hand, of the initiators' interest in
disclosing additional information about the social and environmental im-
pact of the project, including both regulated and initiative components,
does not allow for a comprehensive economic assessment of the social
and environmental parameters of the investment project and to determine
the social responsibility of the initiator of the project.

In this regard, it is proposed by processing the information provided
in the pre-project documentation, business plan and other sources to
form new data sets that, in our opinion, allow us to evaluate the SRIP.
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1) inclusion of comparative indicators: for social and economic indica-
tors in comparison with the average values for the main types of
economic activity in the region, and for environmental indicators also
by comparing the values actually achieved with environmental impact
standards (maximum permissible emission of harmful substances,
maximum permissible discharge of harmful substances);

2) in contrast to the environmental impact assessment based on deter-
mining the impact in natural terms, it is proposed to assess the social
and environmental component using a cost-based approach, which
allows you to assess the contribution to the development of the re-
gion (or harm) in monetary terms.

The assessment of social responsibility is a characteristic in which
the initiator (investor) of an investment project is interested, which counts
on state support, as well as regional authorities that distribute financial
resources to stimulate investment in the region. Therefore, we consider it
most reasonable to allocate the indicators proposed by the author to a
separate, initiative, section of the business plan, the information of which
is not currently reflected in other sections according to the rules for de-
veloping business plans for investment projects [3].

To assess the social responsibility of the initiator of an investment
project when developing a business plan, it is proposed to accumulate in
a separate section of the business plan "Indicators of social responsibility
for the project" the main calculated indicators determined on the basis of
the application of the methods proposed by the author for diagnosing the
potential impact on the socio-ecosystem of the region and calculating the
effect of socially responsible investment [4]. Interrelated indicators are
used, revealing social, environmental and economic benefits and losses
from the position of influence on the socio-ecosystem of the region, nec-
essary to assess compliance with the requirements of social responsibility
standards. The initiator of the project calculates indicators in the context
of economic, social and environmental components.

The main purpose of this section is to provide investors and other in-
terested parties with the necessary information about the potential impact
of an investment project on the socio—ecosystem of the territory of its
implementation and the planned effect of socially responsible investment.
The preparation of the section is carried out by the initiator of the invest-
ment project.

The significance of the section is: to identify both positive and nega-
tive consequences for the region induced by the implementation of an
investment project that comprehensively characterizes its economic,
social and environmental aspects; to determine the financial value of
potential losses from the implementation of a business project for the
socio-ecosystem of the region or, conversely, a contribution to improving
the welfare of society and the development of the region, including the
number in excess of the legally established requirements. This section
includes aspects that allow:

— to improve the structure of the investment project during its prepara-
tion by the initiator and developer, to identify and solve problems in a
timely manner, to avoid the appearance of adverse socio-
environmental impacts, to respond to future events;

— toincrease the interest of investors and initiators of the project in the
implementation of the principles of social responsibility;

— increase the investment attractiveness of the project;

— to provide in the business plan the necessary income and expenses
for compensation of socio-environmental losses, that is, to make an
adjustment to the calculation of the overall effectiveness of the in-
vestment project;

— to form the non-financial aspect of the CSR of the proposed project in
the context of key stakeholders;

— to conduct an examination of the social responsibility of investment
projects to justify the decision on the application of regulatory
measures aimed at preventing, reducing and compensating for socio-
environmental losses and improving the quality of the environment
and living standards, stimulating and supporting investment projects
of a socially responsible orientation.

Conclusions

Investments are one of the factors of economic progress at the macro-,
meso- and micro- levels. The state is interested in investing in a prosper-
ous and stable society, environmental protection, the institutional imple-
mentation of which can serve as a strategy of socially responsible in-
vestment in the development and implementation of business projects by
economic entities of the region. A successful policy for the development
of investment activity largely depends on the continuous improvement of
its regulatory instruments, which takes into account the main trends of
modern economic growth. When implementing versatile design solutions,
the improvement of the system of stimulating socially responsible invest-
ments and preventing possible adverse consequences of the implemen-
tation of investment decisions for the environment and society becomes
relevant. This leads to the need to improve the instruments for regulating
investment activities available to management bodies, the most important
of which are the financing of investment projects, the selection of which is
based on criteria consistent with the priorities of socio-economic devel-
opment. In the context of the implementation of the strategy of regional
sustainable development, the application of the provisions of socially
responsible investment will allow taking into account the social and envi-
ronmental factors in the evaluation and selection of investment projects.
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Theoretical approaches to revealing the content of the region's competitiveness are outlined, summarized and analyzed. Interpretations of the con-
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TEOPETUYECKME NOAXO[bI K U3YYEHUIO
PETMOHANBHOW KOHKYPEHTOCNOCOBHOCTU

H. H. ®naunHckan

Pedhepar

WanoxeHbl, 0606LLeHb! 1 MPOaHaNN3NPOBaHbI TEOPETUYECKME MOAXOAb K PACKDLITUIO COAEPKaHMS KOHKYPEHTOCTIOCOBHOCTM pervioHa. Ynopsao-
YeHbl TPAKTOBKM MOHATUS KOHKYPEHTOCMOCOBHOCTL pernoHa no rpynnam. MpuseeHb! NpKaHaku KOHKYPEHTOCTOCOGHOCTY per oHa kak cucTeMbl. Mpea-
NOXeHa aBTOpCKast TPaKTOBKA MOHSATUS PerMoHanbHON KOHKYPEHTOCTIOCOBHOCTY.

KntoueBble cnosa: KOHKyp(BHTOCI'I0006HOCTb, PErMoH, KOHKYpPEHTHble NpenMyLLecTBa, KOHKYpeHUMUA, KOHKypEHTOCI'I0006HOCTb npeanpuaTtua,

KOHKypeHTOCI’IOCO6HOCTb HaceneHua.

Introduction

Against the background of increasing interdependence and intercon-
nectedness among economic processes, an important step in the hierar-
chy is the competitiveness of the region. The regions, being independent
market entities, directly implement the goals and objectives aimed at
meeting the socio-economic needs of the population.

The growing competition of regions for investments, which is ob-
served at the present stage of economic development, creates ever high-
er requirements for meeting the growing needs of the population, identify-
ing the essence and competitiveness of the region [1]. Note that the com-
petitiveness of the region in the form of an economic process is under-
stood as a set of complex, unrelated processes that are influenced by
various conditions:
factors of production;
conditions for the implementation of activities;
factors of demand for goods of the main industries of the region;
political;
socio-cultural;
organizational and legal, etc.

Due to new economic trends, the competition of regions becomes a
theoretical and practical problem, regardless of regional development.

Theoretical approaches to the competitiveness of the region

Even a cursory analysis showed that territorial competitiveness
remains one of the most debatable categories in economics. The world
has not even developed a single definition or at least an understanding
of the essence of this phenomenon, there are no general criteria for eval-
uating it.

The results of comparing various definitions of the concept of «com-
petitiveness of the region» made it possible to notice that the authors in
the formulations most often identify the criteria that are the basis of this
category, for example:

- realization of the economic potential of the region;

- organization of favorable conditions for creating business entities and
maintaining competitive positions in the market;

- growth of gross regional product per capita;

- production of goods and services resistant to internal and external
competition;

- creation of investment attractiveness of the region;

- high standard of living in the region;
- use of innovations in the business life of the region.

According to these criteria, the opinions of scientists and economists
are considered, which can be divided into four groups. For example,
adherents of the first approach associate the competitiveness of the
region with the opposition to competition in the commodity markets.
However, here you can see the subject of competition — the enterprise.
However, the high level of competitiveness of the entire region is not
always confirmed by the achievement of the competitiveness of enter-
prises in the market.

The second approach links competitiveness with the ability of the
economy to improve the welfare of the region's population. Here the
subject of competition is the population. It can also be considered
that the supposed opinion that the region is able to achieve competi-
tiveness only by improving the standard of living of the population
is limited.

Representatives of the third approach under the regional competi-
tiveness understand the possibility of identifying, creating, using competi-
tive advantages to improve competitive positions between competing
regions. In our opinion, this approach is closest to reality. Under the com-
petitiveness of the region, we mean the ability to withstand competition
from other regions in the struggle for resources that are required for the
development of the territory and the solution of socio-economic problems
on this basis. A more detailed example of the definition of the concept of
"competitiveness of the region" is presented in Table 1.

According to the fourth approach, competition between regions in-
cludes not only an economic component, but also a political, environmen-
tal, social, cultural and legislative one. At the same time, the different
interests of the regions, together with their potentials and capabilities,
lead to certain achievements in certain areas.

Regional competitiveness is the only type of competition in which the
imitation of experience and the use of the results of other regions is con-
venient and desirable. Since the competitiveness of the region is not built
on the deterioration of the rating positions of the competing regions, but
involves the improvement of a wide range of indicators of the region and
their retention. To some extent, it can be argued that this competition is
common for all participants, with the aim of achieving individual success,
which is fundamentally different from other subject competitiveness
(goods, enterprises, countries).
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Table 1 - The essence of the concept of «competitiveness of the region»

The essence of the economic category |

Author

Competitiveness as the ability to withstand competition in product markets (competitiveness of enterprises)

Competitiveness of the region — the ability of the region to sell its own products that meet

international standards based on the results of a diagnostic assessment R Mason 2]
The competitiveness of the region lies in the ability of the region to produce goods and provide services that meet .

. ; . L > : . D. N. Kolkin [3]
the requirements in foreign markets, as well as maintain a high level of income of the population
The competitiveness of the region lies in the efficiency of the use of regional products, firstly, labor and capital, M. Porter [4]

in comparison with other regions, in their dynamics, in the amount of gross regional product per capita

Competitiveness — the ability of a region to compete with similar regions in a particular (domestic or foreign) market

R. A. Fatkhutdinov [5]

Competitiveness as the ability to improve the quality of life of the population (competitiveness of the population)

infrastructure and small business

The competitiveness of the region lies in the ability of regional bodies to improve the standard of living of the
population by attracting investment in the business environment, developing more promising sectors of the economy,

M. V. Vinokurov [6]

The competitiveness of the region is the role and place of the region, depending on the ability of other regions
of Russia to maintain a high standard of living for the population and develop the existing economic potential
(in production, finance, labor, investment, innovation, raw materials and other components)

A. Vorotnikov [7]

for the operation of enterprises and the life of the population

Regional competitiveness is the ability to offer attractive conditions and a sustainable environment

EU Directorate-General
for Regional Policy [8]

Regional competitiveness can be measured on the basis of a number of indicators of socio-economic development

the intellectual level of development of the population

that reflect the development of the region in dynamics; thus, it is possible to assess the change in regional B. Catalin [9]
competitiveness
Competitiveness as the ability to find, create, use competitive advantages
The competitiveness of a region primarily means the presence and implementation of the competitive potential
of this region. However, competitive opportunities are multifaceted and are formed as different signs of the region's
ability to participate in competitive relations through interaction with other countries. Competitiveness in the above V. 1. Vidyapin,

words is due to the following features: the competitive advantages of the region in various industries and sectors
of the economy, the social sphere, climatic conditions, geographical location, the availability of natural resources,

M. V. Stepanov [1]

to maintain or improve the position among the regions

Competitiveness of the region — the ability to find, create, use competitive advantages

N. Ya. Kalyuzhnov [10]

in the market activity of the region (enterprises, organizations)

The competitiveness of the region can be realized only by managing the competitive advantages of participants

M. N. Nagorskaya [11]

(competition) for resources (human, financial, natural, etc.)

The competitiveness of the region is aimed at ensuring a higher level of economic and social life in the region.
It represents the successful implementation of a complex of competitive advantages in the process of tough struggle

E. N. Tikhomirov [12]

Comprehensive interpretation of the region's competitiveness

The competitiveness of the region includes three main areas:

market);
— _investment attractiveness (competitiveness in the capital market)

— the need of the population to achieve a high standard of living (competitiveness in the labor market);
— the efficiency of the functioning of the economic mechanism of the region (competitiveness in the commodity

V. N. Parakhina [13]

Competitiveness of the region — the ability of the region to attract investments, labor resources, create goods
and services that can compete in domestic and foreign markets, by using existing opportunities, ensuring
a high quality of life for the population and creating potential for future generations

I N. Rusak [14]

The competitiveness of the region is a set of economic relations associated with the sustainable
development of the region, reflecting the efficiency of using the current and prospective
competitive advantages of the region to ensure a high standard of living for the population

A. A. Shashko [15]

of activity and creating potential for new generations

Competitiveness of the region — the ability of the region, taking into account the existing innovative and investment
potential of the region, to ensure a high level and quality of life for the population, the production of competitive
products (works, services), attracting investments, creating sustainable and long-term advantages in all areas

0. P. Sovetnikova [16]

The results of the analysis of literary sources allow us to draw some
conclusions, namely:

1. Among scientists dealing with the problems of the competitiveness of
the region, there is no unity in the interpretation and content of this
category.

2. Interpreting the concept of regional competitiveness, almost all authors
focus on the presence of competitive advantages, however, there are
disagreements about the understanding of their list and priority.

3. Some authors closely link the concepts of «regional competitive-
ness» and «industry competitiveness», which is incorrect, since the
competitiveness of the industry at the regional level is only an inte-
gral element of the region's competitiveness.

4. When interpreting the category «competitiveness of the regiony,
some authors give a meaningful description, others — a functional
one.

We define the competitiveness of a region as a systemic concept that
reflects the competitive advantages of a particular region over others in
terms of a set of parameters (economic, financial, production, market,
investment, innovation, etc.), which are combined in a certain way and
form a priority uniqueness and consolidate positions in a certain area.
and in a period of time and under a certain influence of the operating
environment.

The study of the essence of the region's competitiveness is neces-
sary for a meaningful understanding of the mechanisms of formation of
competitiveness processes. In addition, the disclosure of the objective
content and essence of theoretical concepts makes it possible to scientif-
ically substantiate and effectively solve the problems of competitiveness.

The study can be built through system analysis, since competitive-
ness can be represented as a system with relevant elements: structure,
hierarchy, communication, multi-level, etc. Such an analysis is characterized
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by considering the relevant elements in a certain order, which are dictat-

ed by a causal relationship and lead to a systemic result. At the same

time, a logical chain is observed: the goal — the means to achieve the
goals — the necessary resources.

The results of the study, the study of theory and practice on the prob-
lem make it possible to identify the main properties of the category «com-
petitiveness of the region», namely:

- comparability: the competitiveness of the territory in relation to real
competitors is determined and studied;

— spatiality: the competitiveness of a region is determined within a
certain market, a specific field of activity, since under equal condi-
tions a region can be identified as competitive in one market and
non-competitive in another;

- dynamism: the concept of competitiveness is limited in time, since a
region can be competitive in one period and lose these positions in
another period, so the competitiveness of a region cannot be a con-
stant value;

- subjectivity: involves the selection of a list and a set of parameters
that form the competitiveness of the region;

- attributiveness: determination of a unique feature that primarily forms
the competitive advantage of the region;

- integrality: the assessment of the competitiveness of the region can-
not be carried out according to one criterion, but is necessarily based
on the use of an integral indicator that accumulates the most repre-
sentative indicators;

- taking into account internal and external conditions of functioning:
when assessing or forecasting the competitiveness of a region, it is
necessary to take into account all the factors that have or may have
an impact on its formation;

- relevance: means that the competitive position of the region can only
be determined within the framework of the relevant operating envi-
ronment;

- consistency: implies taking into account the entire set of parameters
and conditions that make up the competitiveness of the region, the
relationship between them and their mutual influence.

The selection and systematization of criteria can be carried out on
the basis of the methodology of system analysis, which determine the
essence of the category «competitiveness of the region. It is character-
ized by the orderliness and logic of the study of the difficulties that arise
in the system, when considering an object. The competitiveness of the
region not only carries the properties of the economic system, but is also
an independent and integral system with the appropriate properties and
purpose. This category allows the region to compete effectively to
achieve economic, social, environmental and other goals.

The competitiveness of a region as a system has all the features of
a system, which include:

- purposefulness — the competitiveness of the region has its own
goals, objectives, their predecessors and a vision of obtaining
results. The behavior of the system is subject to control;

- complexity — a set of elements, components that are intertwined with
influencing factors and create patterns of external and internal rela-
tionships. Moreover, this sign directly depends on constant external
factors, such as the economic development of the country, the territo-
rial location of the region, the presence of historically developed
industries, and more;

- divisibility of the system presupposes the existence of subsystems of
territorial competitiveness, identified according to individual charac-
teristics. For example, on a territorial basis, a system of districts,
social groupings is distinguished; by the nature of the goals — eco-
nomic, social, environmental, institutional and others;

- integrity means the presence of integral, emergent qualities that are
in the system as a whole and are absent in its individual elements or

Conclusion

Based on the study and analysis of literary sources and taking into
account the above characteristics, the interpretation of the category
«competitiveness of the region» has been clarified as: a systemic concept
that reflects the competitive advantages of a particular region over others
in terms of a set of parameters (economic, financial, production, market,
investment, innovation, etc.), which are combined in a certain way and
form a priority uniqueness and consolidate positions in a certain area and
in a period of time and under a certain influence of the functioning envi-
ronment.

The proposed definition differs from the existing ones, is character-
ized by complexity and takes into account spatial, temporal, subject,
attributive, relative and other properties.
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Abstract

The paper presents the results of calculating the life cycle costs for eleven public buildings of social and cultural purposes: kindergartens, schools,
clinics. A brief analysis of the obtained data is carried out, the structure of life cycle costs is considered, conclusions are drawn that reveal the specifics
of estimating the costs of public buildings for social and cultural purposes. The importance and significance of assessing the costs of the life cycle
of public buildings at the pre-project stage, the stage of design, construction and operation is revealed.
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OLIEHKA 3ATPAT XXM3HEHHOMO LIUKNA OBLECTBEHHbIX 3AAHUIA COLMANBHO-KYNIbTYPHOIO HA3HAYEHMS

0. C.Tony6oBa
Pecpepar
B pabote npuBeaeHb! pesynbTaThl pacyeTa 3aTpaT XUSHEHHOO LKA Mo OAVHHAALATY 0BLIECTBEHHBIM 3AaHNSM COLManbHO-KYNbTYPHOTO HasHave-
HWA. OETCKAM Cafam, LUKonam, NONUKITUHUKaM. BbinonHeH KpaTKVII7I aHanu3 nonyyYeHHbIX AaHHbIX, PACCMOTPEHa CTPYKTypa 3atpaT XW3HEHHOro LMKna,
cAenaHbl BbIBOAbI, pacKpblBaroLne cneumpMKy OLEHKKM 3aTtpaT 06LL|eCTBeHHbIX SﬂaHMVI CcouuanbHO-KyNbTYPHOrO HasHa4YeHud. PaCKprTa BaXXHOCTb W 3Ha-
UMMOCTb OLIEHKM 3aTPAT KWU3HEHHOTO LKIa O6LLECTBEHHbIX 3AaHUA HA NPEANPOEKTHON CTaauN, CTaAUW NPOEKTUPOBAHNS, CTPOUTENLCTBA W 3KCMyaTaLmi.

KnioyeBble croBa: 3aTpaTbl XM3HEHHOTO LWKIa, 06LLleCTBeHHbIe 30aHUA XUNULLHO-rpaXaaHCKOro HasHa4eHu4, 0cobeHHOCTY OLIeHKM 3aTpat XU3HEHHOro

LKA 0OLLECTBEHHBIX 3aHMiA.

Introduction

One of the key priorities of the state policy is the creation of comfortable
conditions for life, work and human development. Social and cultural facili-
ties are a natural and indispensable component of a comfortable living envi-
ronment. The social sphere includes preschool and educational institutions,
clinics and other infrastructure facilities that ensure social stability, health,
education and comprehensive development of the individual.

According to the Program for the Socio-Economic Development of the
Republic of Belarus for 2021-2025, approved by Decree of the President of
the Republic of Belarus dated July 29, 2021 No. 292, by the end of 2025,
it is planned to build at least 90 institutions of preschool education, including
in the cities of Minsk, Soligorsk, Brest, Baranovichi, Zhabinka, Orsha,
Rechitsa, Shklov, in Minsk, Dzerzhinsky and Pukhovichi regions. And in
2026-2030, it is planned to create an electronic database on preschool
education institutions. The plans provide for the construction (reconstruc-
tion) of at least 45 educational institutions, including in the cities of Minsk,
Gomel, Bobruisk, Stolbtsy, Fanipol, Molodechno, Baranovichi, Kobrin,
Stolin. In addition, the construction of primary health care facilities should
ensure that medical services are within walking distance.

However, construction (reconstruction) must be carried out eco-
nomically rationally, reasonably. At the same time, the rationality of
spending funds should be ensured not only and not so much in terms of
construction costs, as in terms of operating costs. To develop an eco-
nomic justification tool for rational spending on construction, taking into
account the entire set of costs associated with the construction, opera-
tion, repairs, modernization and demolition of this building, a methodol-
ogy was developed and the life cycle costs of public buildings for social
and cultural purposes were calculated.

Main part

For each property, there are one-time costs for its construction, costs
for operation and maintenance, major repairs and, ultimately, demolition.
The essence of the assessment of the life cycle of a building is that in
order to make a decision on the choice of materials, products, structures,
installed equipment and justify the technical and economic indicators of
the designed object, it is necessary to compare one-time and periodic
costs for the construction, operation and demolition of the building [1].

The life cycle of an object, as a period of time of its existence, is de-
fined in a narrow and expanded sense. In a narrow sense, the life cycle of
a real estate object includes three main phases: formation, operation and
demolition [2]. In a broader sense, the life cycle of a real estate object
consists of the stage of formation of an idea for the development of the

territory (pre-project stage), design of a real estate object, construction,
operation and liquidation of the object [3].

The first attempt to connect the life cycle of products with factorized
demand is S. Hirsch [4]. Then, in 1966, R. Vernon put forward the theory
of the International Product Life Cycle Theory in marketing. The ad-
vantage of this approach is that it describes not the production of a single
item, but the period of product circulation on the market [5].

At present, many works of foreign authors are devoted to the meth-
odology for estimating the costs of the life cycle of products in various
industries and areas of application, including, back in the late 1980s,
a review work by D. Gairdner, which contained 130 references and quali-
fied LCA not as a theory, but as concept [6].

In the Republic of Belarus, a lot of work was also carried out to as-
sess the costs of the life cycle of residential buildings, which made it
possible to form a methodology for estimating the costs of the life cycle of
residential buildings [7]. Based on this methodology, an assessment was
made of the life cycle costs of public buildings for social and cultural pur-
poses: 5 kindergartens (for 200 and 230 places), 3 schools (for 501, 765,
1020 school places) and 3 polyclinics (for 650 and 850 visits). per shift).

All calculations were carried out based on the construction conditions
of the facility for 1 year, and the service life of 50 years. Calculations were
made in Belarusian rubles in prices as of 01/01/2022.

The basis for the calculations was the design data for the facilities,
information from the conclusions of the State Construction Expertise, the
estimated cost of construction, design technical and economic indicators
of operating costs, prices and tariffs set by energy supply organizations.
The results of calculating the life cycle costs for 11 public buildings of
social and cultural purpose are shown in Figure 1.

Kindergartens have the lowest life cycle costs. Also, these objects
were distinguished by a high degree of typing, so the calculations showed
a greater convergence of values. The life cycle costs for the three schools
have a much wider range of values both in terms of area and cost. How-
ever, the specific indicators of life cycle costs per 1 m2 of the total area of
the building, which reflects the diameter of the spheres in Figure 1, are
the lowest of all three groups of objects. The widest range of scatter of life
cycle cost values is found in polyclinic buildings. At the same time, it is
clearly seen that for objects with a smaller total area, the unit costs per
1 m2 of the total area are higher.

In general, it can be noted that there is a direct relationship between
the total area of buildings and life cycle costs.

The structure of life cycle costs for kindergartens, schools and clinics
is shown in Figure 2.
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Figure 1 - Life cycle costs depending on the total area of buildings, total Belarusian rubles as of 01.01.2022
Source: Author's own calculations based on data from construction projects
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Figure 2 — The cost structure of the life cycle of public buildings for social and cultural purposes

Source: Author's own calculations based on data from construction projects

An analysis of the life cycle costs of public buildings for social and
cultural purposes led to the conclusion that from the total value of the life
cycle costs:

one-time costs for the construction of social and cultural facilities
range from 20.68 % to 48.88 %;

operating costs from 24.75 % to 52.31 %;

current repair costs from 12.06 % to 25.65 %;

overhaul and modernization costs from 7.94 % to 14.86 %;

demolition costs from 3.10 % to 7.33 %.

In general, the costs related to construction activities (construction,
maintenance and overhaul, modernization, demolition) range from
75.25 % to 47.69 % of the life cycle costs of public buildings.

The assessment of the life cycle costs of public buildings for social
and cultural purposes, carried out for such faciliies as kindergartens,
schools, clinics, allows us to conclude that methodically the cost assess-
ment for social and cultural facilities is identical to the assessment of

residential buildings. The stages of the life cycle, the list of costs, the

calculation algorithm reflects the specifics of the creation and operation of

real estate objects.
The identified features of estimating the costs of public buildings for
social and cultural purposes include the following provisions:

- objects of public buildings (kindergartens, schools, clinics) are over-
whelmingly created at the expense of the budget, with state regula-
tion of prices for construction, maintenance, operation, repair and
modernization;

- objects of public buildings (kindergartens, schools, clinics) are over-
whelmingly created according to standard and reusable designs,
which facilitates the calculation of life cycle costs;

- in the structure of one-time costs for the construction of social facili-
ties, the share of costs for technological equipment is quite large,
compared with residential buildings. When assessing the life cycle
costs of public buildings for social and cultural purposes, the cost of
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technological equipment was not taken into account in the calcula-
tions, since these costs relate to the production and economic activi-
ties of the organization, and not the maintenance and service of
buildings and structures;

to assess the rationality of costs, the Standards for the marginal cost
of construction of social and cultural facilities as of January 1, 2021,
established by the Decree of the Ministry of Architecture and Con-
struction of the Republic of Belarus No. 69 dated July 21, 2021, are
used;

tariffs for payment for heat and electric energy for social and cultural
facilities are set by structural divisions of the Ministry of Energy of the
Republic of Belarus in the context of regions. For budgetary organi-
zations, tariffs are set at a level lower than for commercial organiza-
tions, but higher than for paying utility bills by the population;

current repair of premises in schools is carried out annually, before
the start of the school year. At the same time, the implementation of
repair work is partially financed from the funds of the boards of trus-
tees, sponsorship;

overhaul and modernization of facilities, as a rule, is carried out for
individual elements of the building (arrangement of a barrier-free en-
vironment, access control systems, modernization of eating places
and food preparation, etc.). Comprehensive modernization of build-
ings is actually carried out after a 45-50-year service life, that is,
when the building is close to the end of the standard service life;
assessment of the life cycle costs of public buildings for social and
cultural purposes can be performed both per unit of the total area of
the facility and per unit of capacity. The specific indicator, which pro-
vides a comparison of indicators of the cost of construction, operating
costs and the cost of capital (current) repairs, modernization, recon-
struction and demolition of facilities, are indicators of the number of
places (for schools, kindergartens) or the number of visits (for clinics,
sports and recreation centers). centers). Specific indicators of costs
per consumer unit of facility capacity to the greatest extent reflect the
functional relationship between consumer goods, which are provided
by the operation of these facilities, and payment for their construction
and operation.

Conclusion
In general, the use of the methodology for assessing the life cycle

costs in relation to the objects of public buildings for social and cultural
purposes at the pre-project stage, design and construction stages allows:

based on a comparative analysis of projects, choose the option
whose life cycle costs are lower, and, accordingly, in the aggregate
will provide savings in the budget, or another customer financing the
construction and operation of the facility;

stimulate the construction of energy-saving and, in general, resource-
saving buildings and structures that reduce operating costs;

to form a database of standard construction projects that provide
minimum life cycle costs for the required space-planning indicators;
evaluate the effect of scale of construction, justifying the increase in
life cycle costs with an increase in space-planning indicators, capaci-
ty, throughput of the construction object;

given that public buildings for social and cultural purposes are mas-
sively built according to standard designs, life cycle cost assessment
allows you to get a multiplier effect from optimizing the technical and
economic parameters of the building.

All this together shows the importance and significance of life cycle

cost assessment at the design stage, the need to monitor and control the
actual costs of building operation throughout its entire life cycle.
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The article describes the system of estimated standards that exists in the EAEU countries. The author proposes new approaches to the grouping of
items of direct and indirect costs included in the estimated cost of construction. The elements of costs, cost items, articles of estimated cost, which to-
gether form the estimated cost of construction at the present time, are singled out. A new system for grouping cost elements of the estimated cost of
construction has been proposed and the economic essence of these changes has been disclosed. The new structure of cost items of the estimated cost
and the corresponding methodological recommendations for the calculation of direct and indirect cost items of the estimated cost for the construction of
buildings and structures are proposed for implementation in the Republic of Kazakhstan.
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COBEPLUEHCTBOBAHWE CUCTEMbI PYNMUPOBKMN NPAMbIX U KOCBEHHbIX 3ATPAT
CMETHOW CTOMMOCTU CTPOUTENBCTBA B PECMYBITUKE KASAXCTAH

A. A. XacaH

Pechepar

B cTaTbe onucaHa cuctema CMETHbIX HOPMATUBOB, CyLLecTByloLLas B cTpaHax EASC. ABTOpPOM npeanoxeHsl HOBble MOAXOAbI K rPYNNMPOBKE CTaTei
MPAMbIX 1 KOCBEHHbIX 3aTpaT, BKIIOYaEMbIX B CMETHYI0 CTOMMOCTb CTPOUTENbCTBA. BbiAeneHbl dneMeHTbl 3aTpar, cTati 3aTpat, CTaTbi CMEeTHOM
CTOMMOCTU, KOTOPbIE B COBOKYMHOCTM (hOPMUPYIOT CMETHYI0 CTOUMOCTb CTPOUTENLCTBA B HacTosiLLee BpeMsi. [TpennoxeHa HoBas cuctema rpynnupoBKiA
9MEMEHTOB 3aTpaT CMETHOI CTOMMOCTM CTPOWTENbCTBA W PackpbiTa IKOHOMWYECKAs CYLUHOCTb 3TWX W3MeHeHW HoBas CTpykTypa cTaTelt 3atpar
CMETHO CTOMMOCTU M COOTBETCTBYIOLLME €/l METOANYECKNE PEKOMEHAALMM MO pacyeTy cTaTel MPAMBbIX U KOCBEHHbIX 3aTpaT CMETHON CTOMMOCTY
Ha CTPOUTENLCTBO 3[aHNI 1 COOPYXEHMIA NpeanoxeHbl K BHeapeHuto B Pecnybnnke KasaxcTaH.

KntoueBble cnoBa: cMeTHbIE HOpMaTKBbl, CMETHaA CTOMMOCTb CTPOUTENBCTBA, ANIEMEHTbLI U CTaTbyM 3aTpat, NpAMble U KOCBEHHbIE 3aTpaThbl.

Introduction

The procedure for the formation of the estimated cost of construction,
which has developed in the EAEU countries, was formed back in Soviet
times. The estimated cost of construction is the amount of money re-
quired for the construction of an object, the amount of which is deter-
mined on the basis of design materials using estimated standards, which
are a single estimated and regulatory framework.

As in all other types of economic activity, the procedure for forming the
cost of construction provides for the allocation of direct and indirect costs. A
significant difference in pricing in construction is that the estimated cost of
construction is calculated by the design organization on the basis of a sys-
tem of estimated standards and is used by the customer and contractor to
assess the volume of investments, during procurement procedures, and to
pay for the work performed. Taking into account the fact that the estimated
cost of construction is the main tool for managing all the cost characteristics
of construction, it can be said that the procedure for the formation of cost
items and items of the estimated cost of construction is of paramount im-
portance for improving the system of estimated rationing.

Main part

In all EAEU countries, estimated standards are a set of regulatory
documents on pricing in construction, which are the basis for determining
the estimated cost, which includes:

- regulatory documents, guidelines, instructions and recommendations
for determining the cost of construction of facilities, determining the
cost of other works and costs associated with construction (the cost
of design work, engineering surveys, engineering services);

— estimated norms for work in construction, established on the accept-
ed meter of volumes of construction work (direct costs);

- estimated norms for certain expenses and costs in construction,
expressed as a percentage of the accepted accrual base (indirect
costs);

— aggregated estimated norms and corresponding aggregated cost
indicators for assessing the cost of construction in the early stages of
project consideration;

- estimated prices for construction resources included in direct costs;

- estimated prices for the transportation of goods for construction;

- prices for design and survey work for construction;

- prices for the construction of buildings and structures, formed on the
basis of aggregated estimated standards and / or cost indicators of
analogous objects.

Estimated norms play a decisive role in the system of estimated
standards. They form the cost of direct and indirect costs, form the basis
of the estimated cost of construction.

At present, in the field of pricing in construction, upon detailed con-
sideration in the EAEU countries, a number of problems have emerged,
the key of which is the outdated base of estimated norms and the dis-
crepancy between the estimated cost of construction and the market
value emerging in construction. As a result, the contractor performs some
work with excess profits, while others at a loss. At the same time, as
noted by K.A. Guriev, V.S. Gladkikh «The effectiveness of the process of
estimating the estimated cost of construction and installation works direct-
ly depends on the elements that form this cost» [1].

0.A. Gorelova, referring to the State Program of the Russian Federa-
tion «Development of Industry and Increasing its Competitiveness” (ap-
proved by Decree of the Government of the Russian Federation of April
15, 2014) No. 328 notes that “... the formation of a single economic and
technological space within the Eurasian Union predetermines new condi-
tions for the development of construction organizations, especially in the
face of fierce competition for consumers and resources» [2].

That is, improving the system of grouping direct and indirect costs of
the estimated cost of construction should be an effective tool to ensure
transparency of competition and management of construction costs.

The problems of obsolescence of estimated norms, their inconsisten-
cy with actual costs, are considered by such authors as E.A. Gukov [3],
G.A. Vlasova, N.V. Knyazeva, T.A. Shindin [4], M.Yu. Somov [5],
D.V. Chipurnov [6] O.S. Golubova [7]. All authors, speaking about the
improvement of approaches to the formation of the estimated cost of
construction, emphasize the need to use the resource pricing method,
update prices, and prices for resources, practically do not mention that
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the pricing system in construction should be transparent, focused on
increasing the competitiveness of construction organizations, create con-
ditions for a comparative analysis of the advantages of technologies and
methods of production, take into account the key areas of price competi-
tion: the efficiency of the use of labor resources, machines and mecha-
nisms, materials, production management and the rate of commercial
profit. A complex multi-item system of estimated rationing and pricing in
construction blurs these areas of competition, forming an approach to a
banal price reduction without substantiating why this price is reduced,
what factors of production ensure its reduction.

The system of estimated rationing developed by the author for the Re-
public of Kazakhstan is based on a new approach to the formation of esti-
mated norms, which makes it possible to assess the impact of each type of
resource used in construction on the final cost of construction work, in-
crease the efficiency of planning in construction, and ensure the reliability of
construction cost estimates in design and estimate documentation.

In the Republic of Kazakhstan, as in many post-Soviet countries, the
Soviet system of regulatory documents was adopted as the basis for
estimates in construction, based on which in 2001 an estimate and regu-
latory framework was created using the base-index method. However, as
time has shown, the application of this method does not meet the re-
quirements of either state authorities, or organizations - customers in
construction activities, or contractors.

A distinctive feature of building economic relations in the Republic
of Kazakhstan is that estimated norms are not mandatory for all business

entities operating in construction. They are obligatory only for construc-
tion organizations that carry out the construction of facilities financed in
full or in part with the involvement of budget funds and sources equivalent
to it. In addition, all construction organizations operating in construction in
the Republic of Kazakhstan are private commercial organizations aimed
at making a profit from construction activities. Therefore, it is especially
important for them not only to calculate the price for state control of the
reasonableness of spending funds, but to ensure effective cost manage-
ment that will allow them to plan their activities, to assess the impact of
each type of resource on business results.

An innovation of the methodological approach to the estimated ra-
tioning in the Republic of Kazakhstan is the transformation of direct and
indirect cost items taken into account in the composition of the estimated
norms, clearly shown in Figure 1.

In contrast to the currently existing approaches that have developed
in the EAEU countries, the grouping of costs proposed by the author is
based on the principle of combining elemental and aggregated costs,
corresponds to the criterion of uniformity of cost elements in each article
and corresponds to the traditional approach, which consists in the fact
that the cost of construction includes the costs of labor resources, opera-
tion of machines and mechanisms and materials.

To identify differences, compare the existing and the systems pro-
posed by the author, Figure 2 shows a grouping of costs that corresponds
to the approach that has developed in the EAEU countries.

Labor costs
(construction
workers)

Workers' wages

Maintenance of construction workers

Deductions for social needs
Allowances for the mobile and traveling nature of
work, secondment of workers
Stimulation of labor

Investment costs for personnel development

Direct costs
Costs for the

operation of
machines and

Exploitation

Depreciation

Relocation of equipment
Labor costs (driver)

sl Investment costs for updating machines and
mechanisms
Estimated Acquisition
construction Material costs Transportation
cost Storage
For the organization of the construction site
Overheads Administrative and economic
Other
Indirect T
costs emporary
buildings
Winter
appreciation
Estimated
profit
Taxes

\ / ;’_/ |

Articles of
value

Expenditures

Cost elements

Figure 1 — New system for grouping cost elements of the estimated cost of construction
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Figure 2 — The existing system in the EAEU countries for grouping cost elements of the estimated cost of construction

It should be noted that Figures 1 and 2 detail the elements of direct

costs. Elements of indirect costs and estimated profit are represented by
those components that are proposed to be regrouped. Articles, the com-
position of which does not change, are presented without details.

The new grouping of costs improved by the author takes into

account:

1.

Transformation of the article "Wages of workers" into the article
"Costs of labor resources (construction workers)". It is proposed in
this cost item to take into account not only the basic wages of work-
ers, as it is taken into account in the Russian Federation, and the
price of a man-hour wage, as in the Republic of Belarus, but the total
amount of labor costs, including:

- the costs associated with the training and retraining of personnel.
contributions for social needs (including contributions to the social
protection fund);

allowances for the mobile and traveling nature of work, secondment

of workers (if it is necessary to perform work outside the permanent

place of residence of the worker);

stimulation of labor (bonus from profit);

f) investment costs for personnel development (training, personnel
certification, trainings, seminars, social support from profits and addi-
tional payments provided for by the collective agreement).

The article “Costs for labor resources (construction workers)” pro-
vides for the full range of costs incurred by the organization in connection
with the use of workers' labor. The value of this cost item reflects in value
terms the cost of 1 man-hour of work of a construction worker. In addition,
unlike the approaches existing in the EAEU countries, in the Republic of
Kazakhstan this value is differentiated not only depending on the skill
level (worker category), but also on the specialty (masons, assemblers,
electricians, plumbers, etc.). This makes it possible to take into account
the difference in wages existing in practice for workers of different profes-
sions and to ensure that the estimated and actual cost of workers' labor is
consistent.

2. Transformation of the article “Expenses for the operation of machines
and mechanisms”. Without changing the title of this article, it is pro-
posed to include:

a) the average price of a man-hour of labor of workers;

b) the cost of servicing construction workers:

- severance pay (compensation) paid in the event of termination of the
employment contract (contract);

- additional payment up to the average monthly eamnings in case of
temporary transfer to an easier, lower-paid job due to damage to
health as a result of an accident at work or an occupational disease;

- other payments and additional payments stipulated by the legislation;

- the cost of providing sanitary and hygienic and cultural and living
conditions at the construction site;

- health and safety costs;
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a) the cost of operating machines and mechanisms, taking into account
the cost of fuels and other operating costs;

b) depreciation charges;

c) the cost of relocating machines and mechanisms from the base of
mechanization to the construction site and back;

d) investment costs for updating machines and mechanisms.

The principal difference of the new approach is the inclusion in the
price of a machine-hour of operation of construction machines and in-
vestment cost mechanisms that ensure the renewal of construction
equipment, which makes it possible to take into account the profit from
the operation of equipment in the price, assess the profitability of replac-
ing one type of equipment with another, and also compare technologies
that involve the use of various types of construction equipment.

3. Saving the item "Costs of materials”, including:

a) the estimated cost of acquiring materials, products and structures at
manufacturing enterprises, or from the first importers who imported
materials, products or structures into the customs territory of the
state, taking into account customs fees and duties;

b) the cost of transporting materials, products, structures from the place
of production to the on-site warehouse;

c) the cost of storing materials, products and structures in the on-site
warehouse.

This cost item in the system proposed by the author does not under-
go any changes, compared with the current practice of grouping costs in
budget documents.

4. Transformation of the item "Overhead costs", excluding the cost of
servicing construction workers. In this form, overhead costs take into
account only the costs of organizing work at the construction site, the
administrative and economic costs of the construction organization
and other overhead costs and reflect the costs of the organization
associated with construction management, which allows comparing
contractors by the amount of costs for performing these functions.
It is this cost item that reflects the amount of money for which a con-
struction organization is ready to organize construction production
and manage construction.

5. Preservation of the economic essence and cost elements of such
cost items as "costs for temporary buildings and structures" and "ad-
ditional costs for work in winter" (winter appreciation). These cost
items reflect the specifics of the construction site arrangement and
the atmospheric and climatic conditions associated with construction,
which are practically independent of the contractor.

6. Transformation of the item “Estimated profit”, which in the new
approach reflects the commercial benefit of the organization from
the construction of the facility, excluding the cost of updating
construction equipment and labor costs financed from profit. This
approach allows us to compare the effectiveness of construction
activities with alternative options for investing capital, to assess
the profitability of construction production for the owners of con-
struction organizations.

7. Accounting in the estimated cost of construction of taxes, fees and
deductions attributable to costs and paid from the proceeds. Taking
into account that there are various taxes, fees and deductions in the
EAEU countries, accounting for taxes in the estimated cost allows
the customer to provide for the funds that will need to be paid to the
contractor, and when choosing a work contractor on a competitive
basis, take into account the impact of this cost item on the amounts,
payable to the contractor for work performed.

Conclusion

Thus, the cost grouping system proposed by the author creates con-
ditions for revising the structure of the estimated cost of construction,
taking into account complex cost items in it, including the entire set of
contractor's costs associated with the use of various types of resources:
labor of workers, operation of machines and mechanisms, building mate-
rials, overhead costs for construction management, costs for temporary
buildings and winter appreciation, the estimated profit of the contractor
and his taxes. This approach is focused on improving the economic effi-
ciency of construction by creating conditions for comparing and choosing
construction technologies and work methods that reduce investment
costs.

The methodological support proposed by the author for the develop-
ment of estimated standards for direct and indirect costs for the perfor-
mance of construction work is reflected in the guiding document in the
construction of the Republic of Kazakhstan - 8.01-14-2022 "Calculation of
estimated prices for construction resources".
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Abstract

An urgent problem in transport and logistics systems for the delivery of goods is long delays in cargo at terminals. In modern conditions of digital
transformation of business processes, the strategic task of the transport industry is the implementation of «<seamless» technologies. The goal of «<seam-
less» technologies is to achieve high performance of transport and logistics delivery schemes through optimization technological interaction. The im-
plementation of «seamless» technologies in transport logistics is possible through process management based on the integration of information sys-
tems of participants in transport and technological delivery schemes in a single digital space. The ways of implementing the principles of «seamless»
technologies based on the creation of digital platforms are considered.
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MPUHLMMbI «BECLLOBHbIX» TEXHONOMUA B TPAHCMOPTHON NOMUCTUKE

T. B. Munbryn

Pecpepar

AxTyanbHoit npobnemoii B TPaHCMOPTHO-MOMCTUYECKUX CUCTEMAX [OCTABKM rPY30B SBMSIOTCS NPOLOMKMTENbHbIE 3a4EePXKN rPY30B Ha TepMUHanax.
B coBpemeHHbIX ycrioBusx LudpoBoit TpaHchopMaLm BrsHec-npoLieccoB cTpaTernyeckas 3agava TPaHCMOPTHON OTpacnv — peanuaauns «6ecluos-
HbIX» TexHororuii. Lienb «BecLloBHbIX» TEXHOMOMMIA — AOCTUXEHWE BbICOKMX MOKA3aTenel TPaHCMOPTHO-NOrMCTUYECKIX CXEeM [JOCTaBKV rPY30B 3a CHeT
ONTUMM3ALMM TEXHONOTMYECKOTO B3aUMOAeiCTBns. Peanusauns «BeCLLOBHBIXY TEXHOMOMMIA B TPAHCMOPTHOM NOTUCTMKE BO3MOXHA MOCPEACTBOM
yrpasneHus NpoLeccaMmn Ha OCHOBE WHTErpaLuu WHEOPMALIMOHHBIX CUCTEM YHACTHUKOB TPAHCMOPTHO-TEXHOMOTUYECKUX CXEM [OCTaBKA B €AUHOM
LndpoBOM NpocTpaHCTBe. PaccmatpuBatoTcs nyTu peanmsaLiv npuHUMNOoB «6eCLLOBHbIX» TEXHONOMIA Ha OCHOBE CO3aHmMs LdpoBbIX NNaTgopm.

KnioueBble cnosa: TPaHCNopTHadA NorucTuka, «BeCLLIOBHbIE» TEXHOMOTMM, 3H6KTpOHHbII7I nepeBosqubuh OOKYMEHT, MynbTUMOoanbHble NepeBO3KU,

umcbposas nnatgopma, aKkcneauTop.

Introduction

Technological support of transportation processes has always been a
condition for the effective organization of transportation in transport.
Technological processes were given a lot of attention. And the more
operations were included in the technological process, the more stringent
requirements were imposed on the standards for their implementation.
This is justified by the fact that the technological processes themselves
must be coordinated with each other in terms of the time factor and pre-
vent unproductive inter-technological downtime. Multi-operational techno-
logical processes are typical of such types of transport as railway and
aviation. Less complex technological algorithms can be used in road
transport.

In transport, the problem of reducing long delays of goods at cargo
terminals is still relevant, including its handling from one mode of
transport to another, documents reissuing and control procedures by
government agencies, etc. It is known that downtime at terminals and
transport hubs in some cases reach 50-60% of the total time of move-
ment of cargo from shippers to consignees.

Informatization of technological processes and the creation of intelli-
gent systems for information support of transportation processes was at
once one of the most effective measures in transport services related to
the movement of goods. Information technologies contributed to the im-
provement of technological processes, the development of manageability
in transport and logistics systems. Currently, informatization is acquiring a
new conceptual format - digitalization. One of the goals of the digitaliza-
tion strategy of the transport industry is the implementation of «seam-
less» technologies, both in national and international traffic [1].

Main part. Principles of «<seamless» technologies

The terms «seamless logistics», «seamless technologies» refer to
logistics systems which are to conditionally designate the tasks of reduc-
ing, and ultimately, eliminating inter-operational and inter-technological
downtime in the process of the movement of logistics flows. Theoretically,
the terms are applicable to any industry, but more often they can be
found in relation to the transport processes associated with transporta-
tion, without which no economic system can function. In modern economic

systems, modern logistics solutions based on digital technologies come
to the aid of the transport business. According to the author, «seamless
logistics» may well be attributed to the list of logistics concepts such as
JUST-IN-TIME, QUICK RESPONSE, KANBAN and others.

The essence of the concept of «seamless logistics» is the desire to
optimize the technological interaction between all participants in the
transport and technological scheme for the delivery of goods from the
cargo owner to the consumer. The goal of such technological interaction
should be the minimum and reasonable delivery time, reduction of
transport costs, transparency of all business processes with the uncondi-
tional safety of the cargo and the safety of its transportation. Considering
ways to achieve «seamlessness» in transport and logistics systems,
attention is focused on technologies that were previously called end-to-
end technologies, but today are «seamless», possibly implying a close
logistical connection between them.

The organization of «seamlessness» is especially relevant and com-
plex in multimodal transport and logistics systems, which involve the
involvement of carriers of different modes of transport. In these cases,
responsible planning of transport and logistics processes is of great im-
portance. With the advent of informatization, for each type of transport,
under the influence of objective and subjective factors, «their own» char-
acteristic information technologies have been formed.

The modern period of economic development of the world is charac-
terized by the development of the concept of the digital economy, which
involves the digital transformation of business processes. It is expected
that digital transformation will eventually change thinking patterns, man-
agement methods and work organization using digital technologies [2].
Digital transformation is a process that is associated with the digitization
of the description of material resources, the creation of copies of them,
the formation of network interaction platforms to obtain the desired result
in the process of exposure or the use of automation tools. Digitized data
is used to manage business processes, to develop mechanisms for work-
ing with digital technologies [3].

Thus, using the existing conceptual attitudes and expectations of sci-
entists and practitioners from the digital economy, we can conclude that
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the implementation of «seamless» technologies in transport logistics is
possible through process management based on the integration of infor-
mation systems of participants in transport and technological delivery
schemes in a single digital space. The level of integration will determine
the level of «seamlessness». An important indicator of digital interaction
that can improve management efficiency in transport and logistics deliv-
ery systems, especially mixed ones, is the speed of interaction.

Interaction occurs between many entities providing services in the
process of cargo flow: cargo owners, forwarders, brokers, stevedoring
associations, carriers, operators of rolling stock and storage facilities,
public authorities (customs, border, phytosanitary, veterinary and others).
Currently, interaction (request for conditions, quotations, transfer of doc-
uments, negotiation of contracts, etc.) on various issues takes place by
telephone, fax, and the Internet. Issues can take anywhere from an hour
to several days to resolve. An increase in the speed of interaction can be
facilitated by the creation of a single technological and digital space, or, in
other words, a digital ecosystem of transport logistics. The digital ecosys-
tem of transport logistics is a set of information systems and digital plat-
forms that provide close information interaction and systemic exchange of
electronic data between its main subjects within the boundaries of a sin-
gle technological and information space, to solve the problems of effec-
tively promoting material flow in logistics supply chains [4].

The principles of «seamless» technologies were laid down by the UN
Convention on International Multimodal Transport of Goods (further — UN
Convention), which is the main legislative document in the field of multi-
modal transport, signed in 1980. These principles include [5]:

close relationship of all participants in the process, especially when
handling cargo by various modes of transport;

prompt transmission of information;

the minimum number of documents;

strict coordination of terminal technologies of different modes of
transport.

The UN Convention has also proposed logistics solutions aimed at
reducing downtime and speeding up the movement of goods in complex
multimodal transport and logistics systems. The main achievements of
the UN Convention are the introduction of the concept of «multimodal
transportation operator» and the need to execute transportation under a
single transport document (end-to-end document).

The functions of the operator of multimodal transportation, and they
become transport or forwarding companies, are reduced to a centralized
organization of the delivery of goods to the recipient. Also, the operator is
fully responsible for the cargo after he accepts the cargo. A single
transport document defines a multimodal bill of lading developed by the
International Federation of Forwarding Associations (FIATA).

However, the multimodal bill of lading has not entered the practice as
a single end-to end transportation document; each mode of transport
involved in multimodal transportation has its own established bill of
lading.

In the context of digital transformation, new ways are opened to im-
prove the efficiency of intermodal logistics, and the decisions of the UN
Convention may be more useful in a new digital format.

One of the ways to implement the principles of «seamless» technol-
ogies is to create a digital platform or an electronic platform, based on
which a system of end-to-end exchange of electronic transportation doc-
uments will be formed, interactions between interested participants in
various logistics services related to cargo and other related flows will be
carried out. The creation and support of a digital platform should be car-
ried out by system integrators capable of solving the tasks set by the
delivery participants, whose information systems are integrated on the
platform.

The best solution for organizing a high degree of «seamlessness» is
the organization of delivery through the platform, and centralized man-
agement, especially in multimodal systems, should be carried out by
operators or forwarders, who are considered aggregators in digital condi-
tions.

In the field of using an electronic document in transport logistics,
there are some developments. In rail transportation, the task of creating a
single digital space, the transition to «paperless” technologies, the es-
sence of which is the conversion of existing documents into digital events,
a complete transition from information systems to information manage-
ment ones, has long been set. Thus, the automated system «Electronic

Transportation» has been introduced in Belarus — a centralized automated
system for electronic registration and support of cargo transportation
using an electronic digital signature.

All intra-republican rail transportation is carried out using a legally
significant electronic transportation document signed with an electronic
digital signature. In international traffic, the issues of «paperless» interac-
tion in freight transportation are being successfully worked out with many
neighboring railway administrations and customs representative.

In road transport, transportation using an electronic waybill is not
widely practiced, only in some experimental cases, although the legal
framework and the procedure for interaction have been developed and
approved at the legislative level [6]. The problems of road carriers are
seen in their conservatism. Basically, these are private companies that do
not have corporate unity, as in railway transport. Motor transport organi-
zations operate on market conditions, developing primarily customer
services to increase their attractiveness, and the introduction of infor-
mation technology is more often associated with the primary tasks of
improving the efficiency of their own business processes.

Conclusion

Digital transformation are to implement the basic principles of «<seam-
less logistics» in transport and logistics systems by transferring the de-
tails of a transportation document into digital events and accumulating
them on a digital platform. The condition for «seamless» logistics is the
creation of a digital platform, which should become the basis for the inte-
gration of information technologies of delivery participants, especially
carriers.

At the same time, it is difficult to unite carriers of various modes of
transport participating in transport and logistics delivery systems, due to
the different level of development of informatization and readiness for
integration, the unwillingness of participants to share their data on trans-
portation, including tariffs. The way out to ensure a high level of «seam-
less» logistics is seen in the future creation of an expeditionary center
based on a digital platform and digital technologies. At the same time,
transport and logistics delivery schemes will be characterized by the
presence of an aggregator for their rational organization and manage-
ment of business processes, «seamless» or end-to-end technologies,
as well as through tariffs.
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Abstract

The issue of disclosure continues to be a challenge for users of financial and non-financial reporting and the accounting standards community.
Financial disclosure standards aim to improve the qualitative characteristics, comparability, verifiability, timeliness and understandability of financial
statements. Enterprises that implement the principles of the ESG agenda face the problem of disclosing information about the results of socially respon-
sible activities in non-financial reporting. Such reporting is optional and standardized. This is due to the voluntary nature of socially responsible activity.
The quality of information disclosure is determined by professional ethical principles and internal audit.

Keywords: information disclosure, financial and non-financial reporting, professional ethics, internal audit, reporting veiling.

POJIb MPO®ECCUOHANBHON 3TUKU U BHYTPEHHEO AYAUTA
B PACKPbITUX NHOOPMALIMK O NPEANPUATUN

H. B. MoTanosga, U. B. Mpuitmauyk
Pedhepar
Bonpoc packpbiTiisi MHhopMaLmMK NpoaokaeT ocTaBaTbCsl Npobnemoit 4ns nonb3oBaTenei (MHaHCOBON N HeMHAHCOBON OTYETHOCTM M CO06-
LecTBa CTaHgapToB Byxrantepckoro yyeta. CTaHaapTbl packpbiTs (DUHAHCOBON MH(hOPMALMK HAMpaBMEHbI Ha YMyuLLIEHNE KAaYeCTBEHHbIX XapaKTe-
PUCTWK, COMOCTaBAMOCTM, MPOBEPSAEMOCTM, CBOEBPEMEHHOCTU W MOHATHOCTU (DMHAHCOBOM OTYETHOCTW. [peanpusTus, peanusytolme NpUHLMMG
ESG-noBecTku, cTankueatoTcs ¢ npobnemoit packpbITis MHcopMaLmm 0 pesynbTaTax CoLManbHO OTBETCTBEHHOM JEATENbHOCTY B HE(DMHAHCOBON OTYeT-
HocTW. Takasi OTYETHOCTb He SBNsieTC 00513aTeNbHOM U CTaHAAPTU3MPOBAHHOM. JTO CBA3AHO C JOOPOBONBHLIM XapaKTEPOM COLManbHO-0TBETCTBEHHON

AesATenbHOCTN. Kavectso pacKpbITHA MHd)OpMaHMM onpenenaeTca I'IpO(‘beCCMOHaI'IbeIMM ATUYECKNMM NPUHLMNAMWU U BHYTPEHHUM ayaUTOM.

KnroueBble cnoBa: packpbiTe MHpOpMaLK, PUHAHCOBAS 1 HE(DMHAHCOBAsH OTYETHOCTH, MPOECCHOHANbHAS STUKA, BHYTPEHHUIA ayauT, Byanu-

poBaHMe OTYETHOCTW.

Introduction

Disclosure based regulation sounds like an easy solution to a lot of
problems. For disclosure to work as a governance tool, quite a number of
elements (or incentives) need to be working together. The main tools are
the development of documents and legislative norms and standards.

Some disclosures can be effectively provided directly in the financial
statements, such as a provision for uncollectible receivables. Other
disclosures may be provided either directly in the financial statements or
in the notes. The possibility of using professional accounting judgments,
the ambiguous interpretation of the application of information disclosure
standards lead to the possibility of using financial reporting concealment
tools.

The main part

The most pressing problems in the disclosure of information about
the enterprise are the veiling of financial statements, incomparability and
"green" distortion of non-financial reporting indicators. The most signifi-
cant role in solving the problems of information disclosure belongs to the
ethical principles in the field of accounting and the internal audit system in
order to monitor their compliance.

The disclosure problem continues to pose a challenge to the ac-
counting standard setting community.

The veiling of financial statements is a deliberate action or inaction
with the aim of distorting financial statements or its individual indicators,
which causes certain harm to users of statements [1].

The concept of sustainable development has become widespread in
the practice of enterprises. ESG performance indicators are presented in
various non-financial reports.

Non-financial reporting is reporting that simultaneously covers the
economic, environmental and social aspects of the company's activities,
disclosing information about its non-financial initiatives and contribution to
the sustainable development of the surrounding world [2].

Due to the lack of mandatory standards for non-financial reporting,
the data provided by companies to reporting users can vary significantly
in content, which complicates the comparability and usefulness of these
data. One of the urgent problems is to reduce the risks of the so-called
"green" veiling ("green laundering") of non-financial reporting. At the
same time, increasing the reliability of non-financial reporting indicators
through standardization is also associated with certain business risks of
disclosing information about the activities of an enterprise.

Issues of form and style, determining required disclosures, common
challenges in preparing various disclosures, disclosures of financial and
non-financial performance, and disclosure risks are pressing issues for
the business community and professional accountants and auditors.

Financial data is reliable only because auditors check it first. They
are the first line of defence for shareholders and serve one of the most
valuable functions in a market economy. They provide assurances re-
garding the information on which almost all our economic decisions are
based. If the information is wrong, then the economic decisions we make
will also be wrong. In contrast to other professions the auditing profession
bears a special burden of being objective and independent.

Raising the quality of the audit and improving the independence of
the auditor will remain important challenges in the years to come.

One of the conditions for ensuring a quality audit is the observance of
ethical principles. The backbone of an effective disclosure audit is an
internal audit system.

The purpose of this study was to study the role and influence of the
requirements of the professional ethics of the auditor and the internal
audit system on the quality of disclosure of information about the activities
of the enterprise.

Understanding the importance of information technology and quality
information has already come. And today, the understanding that those
who own the world, who have the latest, high-quality information - the
needs of progress, no longer raises questions and doubts in anyone.
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No public, social life and its scientific manifestations are possible without
information, which acts as the locomotive of social, political, and technical
progress. The demand for knowledge, the ability to analyze and compare
all types of reporting are necessary for a modern leader at any level to
make informed and competent decisions.

Any information is important to correlate with the target content in re-
lation to the user. Users make management decisions based on statisti-
cal, social, non-financial, environmental, accounting and other reporting.
Public awareness for making competent decisions in the world communi-
ty is also a task of accountability, including for ensuring sustainable de-
velopment. Accounting and reporting practices are influenced by the
economic conditions of the functioning of organizations, the legal system,
and political factors. Accordingly, all of the above also affects the trans-
parency of reports.

The manipulation of financial information is not new and will never go
away. The reason is that accounting requires judgment [3].

This leads to the possibility of veiling financial statements and mis-
leading its users. Veiling can be achieved legally through accounting
policies and illegally through decreasing revenues and increasing ex-
penses.

With regard to non-financial reporting, the lack of uniform standards
and disclosure requirements leads to many risks. Concerted actions of
states, business and society are gradually solving these problems. The
issue of taking measures to introduce global standards for the disclosure
of non-financial information is being discussed.

Studies show significant non-compliance or understatement of
important information about socially responsible activities by enter-
prises. On average, firms listed with the US Securities and Exchange
Commission provided only about 18% of the information that the
Sustainable Development Accounting Standards Board (SASB) con-
siders material. These vary by industry and include environmental
performance, health and safety metrics (Grewal et al, 2020). Mean-
while, the volume and quality of disclosures have increased in coun-
tries with CSR reporting responsibilities, such as China, Denmark,
Malaysia and South Africa [4].

The main problems of disclosure of non-financial information are:
incomparability of data, difficulties in controlling the reliability of information,
which leads to the possibility of hiding "green crimes".

Green Crime is illegal activity that involves the environment, biodi-
versity, or natural resources. There are generally five types of major envi-
ronmental crime: illegal logging, fishing, and mining, and crimes that harm
wildlife and generate pollution [5].

Financial institutions and regulators are trying to focus on these
crimes and find solutions. However, it is very difficult to identify them
based on data from non-financial reports.

Thus, when disclosing information about the activities of an enter-
prise in financial and non-financial reporting, a system of professional
ethical principles in the field of accounting and auditing plays a significant
role.

For auditors of financial statements, ethical principles have been es-
tablished by the Code of Professional Conduct, commonly referred to as
the Code of Ethics. This code of ethics is divided into two sections: prin-
ciples and rules. The principles provide the basis for the decent behavior
expected in the performance of professional duties, while the rules pro-
vide more detailed guidance [6].

The fundamental principles include: honesty, objectivity, professional
competence and due care; confidentiality and professional conduct.

These principles are the basis for the professional ethics of an ac-
countant. The professional competence of an accountant includes the
formation of judgments on the disclosure of information in financial and
non-financial reporting. And it is especially important that this accountant
performs his functions not only professionally, but also in good
faith [7].

Independence and ethical principles are important not only for ac-
countants and auditors, but also for standards developers. Standards
developers should also be independent. Discussion is at the heart of
standards development, but standards developers are sometimes lobbied
to reduce disclosure.

The system of control over compliance with these ethical principles is
the internal audit system.

Internal auditing is an independent, objective assurance and
consulting activity designed to add value and improve an organiza-
tion’s operations. It helps an organization accomplish its objectives
by bringing a systematic, disciplined approach to evaluate and im-
prove the effectiveness of risk management, control and governance
processes [8].

To detect veiling at the operational level and at the level of formation
of accounting information, the most effective is to build an effective con-
trol system and constant monitoring of the company's operating environ-
ment, that is, prevention. And at the level of detection, as the statistics of
detection of cases of veiling show, the most effective method of uncover-
ing fraud with financial statements is to check the so-called analytical
symptoms of events that go beyond normal practice. In this case, it is
necessary to separate two objects of analysis:

- direct financial reporting

- non-financial information allowing to conclude about the violation.

In the first case, as a result of the analysis of financial information,
such analytical symptoms can be identified as:

+ significant unreasonable deviation of financial indicators in compari-
son with the previous period or other comparable data;

+ incomparable increase in income with a decrease in inventories;

+ increase in income with a decrease in the amount of cash receipts;

* an increase in inventories with a decrease in accounts payable;
increase in the number of sales with an increase in the price per unit
of production;

+ redundant purchases.

If the goal of performance analysis is to identify symptoms, strange
relationships, and unusual correlations of reporting performance, then it is
important to establish criteria before starting such an analysis, deviations
from which will be considered abnormal, given the specifics of the com-
pany.

Depending on the goals and established criteria, the following types
of analytical procedures can be distinguished:

1. Vertical (correlation) analysis, which allows you to analyze changes
in the share of a separate reporting item in a general indicator
(for example, in assets) and compare structural changes in the bal-
ance sheet, income statement, cash flow and capital changes com-
pared to previous periods or other relevant comparable data.

2. Horizontal analysis is a trend analysis, an analysis of the deviations
in the value of an individual item compared to the previous period.

3. Financial analysis of indicators or ratios (turnover, liquidity indicators,
financial leverage). It is also possible to combine all methods of com-
parative analysis in order to obtain confirmation of the unusualness
of facts or events.

The analysis of non-financial information can play a big role in reveal-
ing veiling.

Analytical symptoms that can help the user of financial statements to
identify the obscurity of financial statements include:

1.) internal:

+ relationship with the legal department: conducting large-scale litiga-
tion, frequent change of lawyers;

+ Relationships with managers: be high turnover among managers;
frequent change of leadership.

2.) external:

+ relations with auditors: frequent change of the external auditor; re-
fusal to provide or delay in the information required by the auditors;
lack of internal audit; the auditor's refusal to make a judgment about
the financial position of the company or disagreement with the data
of the presented financial documents;

+  relations with regulatory authorities and the tax service: revocation of
licenses; regular inspections by higher regulatory authorities; fre-
quent violations of tax laws, problems with regulatory authorities;

+ relations with banks and other financial institutions: significant liabili-
ties or violation of the limits of admissible debt; the inability of the
company to secure financing in the form of loans or credits;

+ relations with competitors: tough competitive environment, potential
takeovers; reorganization of the structure of relations between part-
ners;

+ relationships with customers and suppliers: a large number of new
customers or suppliers; lack of a counterparty verification system.
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The primary responsibility for detection of financial statement fraud
resides with company management. Prevention of fraud is most effective
with a strong team consisting of an audit committee comprising internal
and external auditors and a board of directors who set a tone for ethics at
the organization. Auditing standards establish that auditors have a re-
sponsibility to reach a reasonable assurance that financial statements are
clear of misstatement due to either error or fraud. The auditors’ responsi-
bilities are to appropriately identify, assess and respond to fraud risks,
using the many tools and techniques at their disposal.

The first and most important step is to institute strong internal ac-
counting controls. Key to this is segregation of duties, which involves
dividing responsibility for bookkeeping, deposits, reporting and auditing
between different people to reduce the temptation and opportunities to
commit fraud.

Companies should regularly test their financial statements for accu-
racy to make sure their internal controls are effectively preventing fraud.

Conclusions

Ethics require accounting professionals to comply with the laws and
regulations that govern their jurisdictions and their bodies of work. Avoid-
ing actions that could negatively affect the reputation of the profession is
a reasonable commitment that business partners and others should ex-
pect. Accounting ethics is an important topic because accountants are the
key personnel who access the financial information of individuals and
entities. Such power also involves the potential and possibilities for abuse
of information or manipulation of numbers to enhance company percep-
tions or enforce earnings management. Ethics is also absolutely required
in the course of an audit.
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Abstract

Consumer behavior has changed significantly at the present time. The paper examines the development of the digital economy in the context of a
pandemic and a sanctions war. The digital economy is capable of both accelerating the recovery of the global economy in the post-pandemic period,
and neutralizing the consequences of the sanctions war. At the same time, there is a risk of fragmentation of the global digital economy, which will re-
duce the "economies of scale" and reduce the efficiency of the global economy.

Fragmentation of the global economy is particularly dangerous for small countries: the closure of foreign markets in the face of a small number of
domestic consumers leads to a significant increase in products with high conditional fixed costs, including digital products.

Keywords: digital economy.

PA3BUTWE LiU®POBOW 3KOHOMUKM B YCNOBUAX CAHKLIMOHHOW BOWHbI

A.T. MpopoBckuin

Pechepar

lMoBeneHne noTpebuTenen cepbe3HO M3MEHSNOCh B HacTosiee Bpems. B pabote uccnegosaHo passuTve LMPOBOI SKOHOMMKW B YCMOBUSIX
naHaeMUn 1 CaHKLMOHHOM BOMHBI. LindpoBast akoHOMMKa CnocobHa Kak YCKOPEHHO BOCCTaHABMMNBATL MUPOBYH) 3KOHOMMKY B NOCTNAHAEMUMHBIN nepy-
0f, TaKk 1 HUBENNPOBATL MOCMELCTBUS CAHKLMOHHON BOVHbI. BMECTE C Tem, eCTb PUCK K (hparMeHTUPOBaHMI0 rmobanbHOi LMPOBON SKOHOMUKY, YTO
NPUBEAET K yMeHbLUEeHMo «achdhekTa MacliTabay 1 CHU3MT 3GhhEKTUBHOCTb MUPOBOIA SKOHOMMKM.

®parmeHTNpOBaHe MUPOBOI SKOHOMUKM 0COBEHHO ONACcHO ANs HeBOMbLUNX CTPaH: 3aKPbITUE BHELIHMX PbIHKOB B YCIOBUSX HEBOMbLLOrO Y1cna
notpebuTenein BHYTPM CTPaHbl NPUBOANT K CYLLECTBEHHOMY POCTY NPOAYKLWM C BbICOKUMM YCOBHO-NOCTOSIHHBIMM pacxogamu, B TOM Yucne Lindpo-

BbIM NPOAYKTaM.

KntoueBble cnosa: LudpoBas 3KOHOMMKA.

Introduction

The coronavirus pandemic, which began at the end of 2019, and the
sanctions war have a significant impact on the behavior of people and
businesses. An important factor is the uncertainty of the end of both the
pandemic and the sanctions war: forecasts are constantly changing,
people and businesses are adapting to new conditions and changing their
behavior, including in consumption, forever. In a short period of time,
people who are used to living in a highly competitive offer and gradually
go through digitalization, getting used to online trading, were restricted in
their movement, choice, and many went through quarantine or self-
isolation. The sanctions war leads to fragmentation of the digital econo-
my, which negatively affects the supply side.

Development of the digital economy

Over the past three decades, the development of the digital economy
has been characterized by a high level of internationalization, international
cooperation, and strong global value chains with expanded outsourcing.
In addition to the natural processes of scientific, technological and industrial
specialization, the exploitation of competitive advantages (for developed
countries-strong competencies, for developing countries of Pacific Asia —
cheap labor, etc.) and the sharing of risks and costs, internationalization
was fueled by two trends. On the one hand, providing global access to
qualified personnel, innovative entrepreneurs, developers, smart capital,
established innovation institutions, ecosystems and clusters that determine
the competitiveness and development of ICT in the future.

On the other hand, for new digital technologies (Internet solutions, ar-
tificial intelligence, big data) — access to primary data as a new strategic
resource of the digital economy. In the face of growing competition be-
tween the US and China, the value and importance of these resources is
increasing, and access to them is really becoming one of the key factors
for realizing digital leadership.

Thus, the sanctions war is not an ordinary trade war, "typical" sanc-
tions or other traditional phenomena. This is an element of the systemic

struggle of superpowers in a relatively new global space of critical com-
mercial technologies and technological rents, which are of great im-
portance for strengthening development potentials, structuring interna-
tional relations, and solving other leadership tasks. Another question is
that in this capacity it clearly preserves continuity in relation to the geopo-
litical and economic conflicts of the past, being rather an evolution of
existing approaches and solutions, taking into account the new role and
significance of digital technologies in the modern world.

Innovative technologies that significantly change the usual ac-
tions in various areas, from industrial production to the organization
of everyday life, capture their consumers with increasing speed. Un-
der the pressure of the speed of innovation development, companies
are forced to change existing business models, develop new ap-
proaches to the products and services they implement, processes
and support for business operations.

The speed of bringing new products to the market is constantly in-
creasing. Existing business models and processes become irrelevant,
and businesses have to operate in conditions of uncertainty and constant
changes. New business models are being developed based on the prin-
ciples of the "shared consumption economy" and electronic platforms.

There are a number of barriers to business transformation: lack of
competencies, inflexible management structures, uncertainty, and so on.

Many companies do not have time to adapt to changes and leave the
market. Pressure from consumer demand and the rapid development and
spread of technology have increased the importance and complexity of
the innovation process in companies, making it more expensive and risky.
Companies are developing new models of innovation activity.

Digitalization of communications.

Info communication technologies are changing the models of com-
munication between people, as well as between people and organizations
(government agencies, small and large businesses, retail, and social
organizations). Establishing and maintaining contacts is becoming easier,
and instant interaction with each other is possible at any distance.
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The spread of digital technologies allows for a more even distribution of
income. Individuals get the tools to interact directly, bypassing intermedi-
aries. Online migration takes place in areas that were previously only
available offline, such as public services and education.

People around the world are becoming addicted to smart devices
such as mobile phones and tablet computers. You can use them to per-
form a variety of tasks anywhere and anytime-from socializing, shopping
in the store, entertainment, and checking email, to bank payments, edu-
cation, and GPS navigation.

There is an evolution of user behavior: 10 years ago, Facebook re-
vealed the profile of people, changing their lives. Then Instagram and
Twitter called for sharing information about themselves every second.
Today, the era of tracking has arrived: what time did we wake up, how
long did we walk, how did we walk the dog, etc. Consumers spend almost
all their free time with gadgets that speed up their already fast life and
make information exchange instant.

Omni-channel is actively developing: the ability to make purchases in
different modes: at the point of sale, via a mobile phone, or via a comput-
er with the possibility of seamless transition.

Opinion leaders in social networks become one of the most important
channels of promotion. 60% of consumers say they listen to recommen-
dations.

Social transformation. Society is in constant motion. The main vec-
tors of global demographic shifts are: a steady decline in the birth rate
and death rate of the population with economic development and urbani-
zation, an increase in the world's population, an increase in life expectan-
cy, and accelerated migration of the population from less developed to
more developed countries.

Attitudes towards aging are changing, and gender roles and the con-
cept of family are shifting. The proportion of older people is increasing.
The consumption habits of older people differ from those of younger peo-
ple. The increasing availability of training and the increasing participation
of women in business have a profound impact on changes in the social
infrastructure. The role of women in society is changing, gender equality
is developing, which has shaken the position of men as the first bread-
winner in the family. One of the main facts defining the society of the
future is the change of generations. Generation X will be replaced by
Generations Y and Z, which have a different set of values.

Technologies and innovations. One of the most important factors influ-
encing modern consumer behavior is the rapid development of technology.

TOTAL
POPULATION

UNIQUE MOBILE
PHONE USERS

On the one hand, technology expands the possibilities of consumption,
opening up access to a wide range of goods and services.

On the other hand, the development of technology complicates
our lives and changes it. Sometimes we stop coping with the pace of
development and complexity of technologies and even become de-
pendent on them. Therefore, the so-called usability — convenience
and intuitive ease of use of technologies-becomes the most important
consumer requirement.

Current technologies contain great potential for business develop-
ment. In the future, technologies will become more accessible, including
to consumers. Technologies are perceived as an object of increasing
efficiency, but they also allow you to create consumer experiences and
new sources of income.

Internet of Things: technology is no longer just objects. Today, the re-
frigerator, kettle, and vacuum cleaner can be sources of information.

Today, no high-tech business sees itself without cloud technologies. You
can pay for your purchases by phone. Apple Pay, Android Pay and LG Pay
technologies have made life easier for consumers and made transactions
based on magnetic switching technology accessible to everyone.

According to the GlobalWebindex report: Since the beginning of
2020, people have spent significantly more time on devices that have
Internet access (Figure 1). Today, the Internet is used by 4.95 billion
people worldwide, which is more than 60 % of the world's total population
and has grown by 4% over the year (Figure 2). The number of unique
mobile users continues to grow. The number of mobile device users was
5.31 billion. Internet-connected devices are growing in popularity due to
quarantine restrictions, and they will continue to show growth even if
restrictions are eased.

At the same time, the sanctions war restricts the opportunities of both
consumers and advertisers in the Russian Federation and the Republic of
Belarus.

GlobalWeblndex's latest research on the impact of the coronavirus
on Internet users shows that all segments are growing, but social net-
works are growing at a faster pace.

ESSENTIAL DIGITAL HEADLINES

OVERVIEW OF THE ADOPTION AND USE OF COMMNECTED DEVICES AND SERVICES

SR OVTIVIEW

INTERMNET
USERS

ACTIVE SOCIAL
MEDIA USERS

791
BILLION

URBANISATION

57.0%

5.31
BILLION

vs. POPULATION

67.1%

° SOURGES:

ADVISORY:

4.95
BILLION

vs. POPULATION

62.5%

4.62
BILLION

vs. POPULATION

58.4%

we

are. @ Hootsuite*

COMPARABILITY:

Figure 1 — Statistics on the growth dynamics of device usage during the pandemic [1]
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In total, despite the many potential harms that can be caused by ex-
cessive use of devices connected to the Internet, you need to realize that
these same technologies can improve the quality of life of people.

Let's look at how consumer behavior has changed during the pan-
demic in search engines and display advertising. In search engines, peo-
ple are beginning to actively use voice search and image search.

The development of voice technologies is an important reason for
changing search habits, and the growing popularity of voice commands is
no longer news. The reason for the sharp increase was also the populari-
ty of this type of search in fast-growing markets, which have a significant

DIGITAL GROWTH

CHANGE IN THE USE OF CONNECTED DEVICES AND SERVICES OVER TIME

TOTAL
POPULATION

UNIQUE MOBILE
PHONE USERS

impact on overall performance. Thus, in India, China and Indonesia, this
is more than half of Internet users.

The growth rate of Internet users is decreasing from 10% in 2011-
2016 to 6% in 2017-2021 (Figure 3).

The number of users of social networks is growing at a faster pace
(Figure 4). This trend is especially noticeable in the youth segment of the
Internet, where the number of users of social networks has tripled in 10
years.
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Figure 2 — Growth of Internet users during the pandemic [1]

INTERNET USERS OVER TIME g

NUMBER OF INTERMET USERS (IN MILLIONS) AND YEAR-OM-YEAR CHANGE r B

4758 4,950

421 4418
3,950
3,640
3281
2916
2,692
20]2 20]3 2014 2 ‘5 20'& 0 7 ﬂ 8 20‘9 2020 202] 2022
° PESEANCH A griorots COMPARABILITY: @ Hmtsulte-

Figure 3 — Number of Internet users in the world [1]
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Figure 4 — Users of social networks [1]

The gap between search engines and social networks has been nar-
rowing recently, which indicates ongoing changes in the way people
search for information about products they want to buy. Moreover, among
Internet users aged 16 to 24, social networks are now the main source of
brand information. Even search engines take a back seat, because young
women are much more likely to turn to social networks for information.

According to the META advertising tools, brands will be able to reach
more than 1 billion people with targeted advertising on Instagram. Insta-
gram's advertising reach during the pandemic increased by 111 million
new users in the quarter alone, indicating quarterly growth of more than

#  MOBILE APP COMPANY
01  TIKTOK BYTEDAMNCE
02 INSTAGRAM META
03 FACEBOOK META
04 WHATSARP META
05 TELEGRAM TELEGRAM
06 SMAPCHAT ShiAP
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08 200M CLOUD MEETINGS Z00M
09 CAPCUT BYTEDANCE
10 SPOTIFY SPOTIFY

o soum . s

APP ANNIE APP RANKING: DOWNLOADS
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10 %. This means that Instagram's advertising audience is now growing
at a rate of more than 1 million new users per day. As a result, the num-
ber of users in Russia (due to the blocking of the social network) de-
creased by 50%.

The number of registered LinkedIn users has also passed a mile-
stone of sorts — 700 million users worldwide.

TikTok had a very successful year in 2020, with the platform showing
impressive growth in the number of users worldwide. However, banning
the app in India could negatively impact the platform's future growth tra-
jectory.

v
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Figure 5 — Rating of downloaded apps and games [1]
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It is important to note that users were influenced by the "infodemia“,
which is a very large amount of news, information, memes, etc., which
leads to fatigue from the topic. Here are 5 main points that consumers
expect from the brand right now:

e customer care (less information about the pandemic. It is considered
appropriate to tell us about prevention measures in offline outlets,
additional services, such as contactless delivery, etc.);

e challenges from bloggers (well-known bloggers launch a challenge
with simple movements and rules, which gains viral coverage and in-
stantly spreads across the network, attracting more and more atten-
tion to the original message and the brand itself).

e live broadcasts (live broadcasts as a broadcast channel, where even
TV formats are adapted to the mobile version).

e advertising with opinion leaders (the more time people spend online,
the more trust they have in their chosen bloggers and influencers).

e home content (organizing photo content at home instead of in the
studio; Zara's experience shows that such methods are usually well
received by the audience).

There is no universal recipe for communication in a pandemic. Changes
occur dynamically and can affect the consumer in a variety of ways, so one of
the most important points is to constantly monitor frends, the situation in the
world and the country, as well as learn from the experience of other brands.

Finally, | would like to note that the boom in e-commerce that oc-
curred during periods of quarantine and self-isolation is not a short-term
surge, but a long-term trend with a lower growth rate (Figure 6). This is
due to the fact that earlier people experienced fear and apprehension in
shopping online, and in connection with the pandemic, many people had
a need to use online stores. This experience will help some of the previ-
ously "warm” audience to remove doubts, which will ensure an increase
in the number of online purchases in monetary terms.

The sanctions war hinders the development of trade, but e-business
tools in some cases allow you to circumvent a sanctions regime, which
eliminates the decline in competitive supply to consumers.

The coronavirus pandemic has made its own changes in the project-
ed trends of Internet marketing. The pandemic has led to active internali-
zation and the transition of both consumers and manufacturers to online.
Many business representatives were forced to radically change their
communication strategy and refocus on Internet marketing.

Currently, urgent measures are needed to establish rules for the
functioning of the digital economy on a global scale:

1. International technical coordination is necessary to avoid further
fragmentation of the Internet and digital space infrastructure. Global

data management is playing an increasingly important role due to the
introduction of the fifth generation of mobile communications (5G)
and the Internet of Things, as well as the acceleration of digitalization
spurred by the COVID-19 pandemic. These trends are expanding the
ability to collect and monetize data on a global scale. Without a coher-
ent system of international governance necessary to build confidence,
this can lead to a setback in data exchange. It also has the potential to
reinforce existing concerns about the lack of transparency in the data
value chain and the uneven distribution of data benefits.

2. The adoption by States of an increasing number of laws on international
data flows creates uncertainty and increases the cost of compliance,
which can be particularly disastrous for micro and small enterprises, es-
pecially in developing countries. The interconnected nature and high de-
gree of global interdependence in the digital data economy means that in
this area, the legislation of some States has an impact on other countries.

3. In the absence of international governance of digital platforms, self-
regulation has led to the formation of market structures that are deter-
mined by platforms mainly in their own interests, which has a variety of
implications for development and policy. The increasingly global reach
of large platforms and the impact that they have make it even more dif-
ficult to address relevant policy issues for any given country.

4. A global approach to data management is needed to prevent the
long-standing inequality experienced by developing countries from
growing in the digital data space. It is important to ensure that their
local knowledge, interests and views are properly represented in the
international global policy dialogue
The same trends in the development of the digital economy are ob-

served in the Republic of Belarus as in the whole world: a sharp increase
in Internet trade and the growth of remote forms of work. In 2021, the
volume of online sales in Belarusian online stores increased by 40%, and
the share in the retail turnover of the country amounted to 4.5%.
The number of clothing orders for the year increased by 39%. The de-
mand for goods for construction (+38%), repairs (+33%), the category
"gifts, hobbies and books" (+32%) also increased. Electronic steam gen-
erators became the most popular product: they were bought 6.5 times
more often than in 2020, and the demand for anti-stress toys increased
20.7 times. At the same time, the TOP 5 popular categories remained
unchanged: household and garden goods, appliances and electronics,
beauty and health products, children's goods and auto and motorcycle
goods. According to Belstat data (Figure 7), indicators of the development
of the digital economy in the Republic of Belarus tend to increase. Which
has a positive effect on the entire economy of the Republic of Belarus.
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Figure 6 — Changes in e-commerce [1]
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Figure 7 — The volume of production of products (works, services) of ICT sector
Republic of Belarus organizations in actual prices (million rubles) [3]

To date, the Republic of Belarus has made significant progress in the
digital sphere. A developed and world-standard data transmission net-
work, reliable data storage and processing centers, identification mecha-
nisms, online payment systems, modern electronic services and infor-
mation security tools have been created.

The digital economy is developing in accordance with the following
trends:

— expansion of the functionality of the Internet of Things (in areas such
as analytics, peripheral computing and 5 G technologies);

— wide development and dissemination of blockchain technologies;

— the development of artificial intelligence is not as a new, but as a
defining trend.

Modern supply chains are changing rapidly under the influence of
digital innovations. Robots, 3D printing, Big Data, cloud computing, the
Internet of Things, and the growth of "platform companies” (for example,
Alibaba, Alphabet, Amazon.com, Apple, Facebook) transform the sources
of value added in all industries. This poses certain threats to developing
countries, as there is a fear that industrialization based on labor-intensive
exports can no longer be a viable model for emerging market countries.

The digital economy, being a driver of high-quality economic devel-
opment, is able to solve two problems at once
1. Accelerate the global economic recovery in the post-pandemic period,
2. Neutralize the consequences of the sanctions war.

At the same time, there is a risk of fragmentation of the global digital
economy, which will reduce the "economies of scale" and reduce the
efficiency of the global economy.

The fragmentation of the global economy is particularly dangerous
for developing countries: the closure of foreign markets in the face of a
small number of domestic consumers leads to a significant increase in
goods with high conditionally fixed costs, including digital products.

Conclusion

Currently, measures are needed to establish rules for the functioning
of the digital economy on a global scale: international technical coordina-
tion, harmonization of laws on international data flows, international regu-
lation of digital platforms, and a proper division of labor in global value
chains in the digital economy.

The digital economy is capable of both accelerating the recovery of
the global economy in the post-pandemic period, and neutralizing the
consequences of the sanctions war. At the same time, there is a risk of
fragmentation of the global digital economy, which will reduce the "econ-
omies of scale" and reduce the efficiency of the global economy.

Fragmentation of the global economy is particularly dangerous for
small countries: the closure of foreign markets in the face of a small num-
ber of domestic consumers leads to a significant increase in products with
high conditional fixed costs, including digital products.
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Annotation

Based on the analysis of native and foreign literary sources the author reveals different approaches to the definition of "sports service" and its dis-
tinguishing features from similar concepts "physical education and sports service", "sports and fitness service", "fitness and recreational service".
The author also structured and characterized the types of services related to sports services: conducting classes in physical culture and sports;
holding sports and entertainment events; organization and conduct of educational and training process; providing physical fitness and sports facili-
ties to the population; information and advisory and educational services; other sports services. This allowed to reveal not only the specificity of the
sphere of physical culture and sports services, but also to specify the essence of the concept "sports service", presenting the author's definition

of this term.

Keywords: the sector of physical culture and sports, sports services, physical culture services.

HAYYHO-TEOPETUYECKWE NOAXOAb! K ONPEAENEHUIO MOHATUA
«CMOPTUBHASA YCNYTrA» B COBPEMEHHbIX COLIMANBbHO-3KOHOMUYECKUX YCIIOBUAX

E. B. CkBopoaa

Pecpepar

B cTaTbe Ha OCHOBE aHanM3a OTEYECTBEHHBIX U 3apyBeXxHbIX NUTepaTypHbIX UCTOYHUKOB aBTOPOM PaCKpbIThl pasnuyHble NMOAXoab! K onpeaere-
HWKO MOHATUSI «CMOPTMBHAs ycnyra» W €€ OTNMYMTENbHbIE YepTbl OT CXOXMX MOHATUIA «U3KYNbTYPHO-CMIOPTUBHAS YCIyra», «CroOpTUBHO-
03[0pOBUTENBHAS YCIyra», «r3KyNbTYpPHO-0340POBUTENBHAS YCryray. Takke aBTOPOM CTPYKTYpUPOBaHbI 1 OXapakTepnU3oBaHbl BUAbI YCIyr, OTHO-
CSLUMXCS K CMIOPTUBHBIM yCryram: NpoBeAeHNe 3aHATUIA N0 (PU3NYECKOI KyMbTYpe U CNOPTY; NPOBEAEHWNE CNOPTUBHO-3PENULLHBIX MEPOMPUSITUIA; Opra-
HM3aLMst U NpoBeaeHne y4eGHO-TPEHUPOBOYHOMO NpoLecca; NpeaocTaBneHne uaKybTYPHO-03[40POBUTESNbHBIX U CMIOPTHUBHBLIX COOPYXEHMIA Hacene-
HUIO; MHC(DOPMALMOHHO-KOHCYNbTATUBHbIE M 0Opa3oBaTenbHbIE YCIyrW; NpOYMe CrOpTUBHbIE YCIyrn. OTO B COBOKYMHOCTM MO3BOSIAMO PacKpbiTh He
TONbKO cneumudnky cepbl yenyr Uandeckoil KynbTypbl U CNopTa, HO U KOHKPETU3WNPOBATh CYLUHOCTb MOHSATUS «CMOPTUBHAS YCnyra», NpeacTaBuB

aBTOpPCKOe onpeaeneHne AaHHOro TepMuHa.

KnroueBble cnoBa: oTpacib (U3M4eckoit kynbTypbl 1 CNOPTa, CMOPTUBHbIE YCITYTH, YCIYTW (OM3NYECKOI KyNbTYpbI.

Introduction

Physical culture and sports is one of the spheres of social activity
and is an independent branch of the national economy. The industry
has proven itself in the health and education of the nation, professional
activities, leisure activities, as well as a tool for socialization of the
individual, improving the image and reputation of the country, improving
the quality of life and ensuring social stability in society. In addition to
the social component, services in the sphere of physical culture and
sports also have an economic nature: they participate in the creation of
the country's gross domestic product, subject to the action of market
laws. The main product of this industry is physical education and sports
services, which can be defined as a set of different socio-pedagogical
forms of activity carried out to meet the needs of different socio-
demographic groups in physical improvement or sports spectacle. This
type of services includes both organized forms of physical exercise and
sports with different purposes and activities to provide them. The activi-
ties through which these services are realized mean the maintenance
of a network of physical education and sports facilities and the organi-
zation of services for their visitors during classes, the organization of
sports competitions and entertainment events, professional training,
scientific research, trade, rental and repair of sports equipment and
supplies, sports insurance services.

Research material. Scientific and theoretical approaches to the
definition of the concept of "sports service"

Considering the term "sports service" it should be noted that it has an
integral function and therefore we must be clear about the specifics of
sports services, their providers and consumers. The specificity of sports
services is that they must:

o meet the specific needs of people;
e contribute to the attainment of sportsmanship by persons engaged in
sports activities at the most different levels;

o be related to the health and physical development of the individual;
o relate to physical education and sport services.

According to E. A. Mozhelev, a sports service is aimed at satisfying
three types of consumer needs:

1. the need for physical education and development of their abilities;
2. the need for sports performance;
3. the need for a sports spectacle [1, p. 117].

Sports service providers are physical education and sport organiza-
tions, coaches, teachers, teachers and instructors, physical education
and sport managers. The products of their activities are organized forms
of physical exercise and sports; sports spectacles; program and meth-
odological products. Consumers of sports services are people involved in
sports and recreational physical education, spectators, sports fans and
sponsors, as well as coaches, teachers, teachers and instructors of phys-
ical education and sports and self-employed.

Various scientific and theoretical approaches to the definition of
"sports service" are presented in the literature, the main of which are
reflected in figure 1.1

As can be seen from Figure 1.1, the existing definitions of the con-
cept of "sports service" characterize it as an activity, as a result of activity
or both as an activity and as its result.

At the same time, there are a number of definitions that directly or in-
directly interpret the concept of "sports service" in a slightly different way.
For a deeper understanding of the essence of sports services, let us
review the classification of services related to physical culture and sports.

Thus, Kosogortsev V. I. in his research systematized services of
physical culture and sports organizations on six grounds:

1) depending on the nature of sports activity: sports and physical edu-
cation and recreation;

2) according to the nature of passive participation: watching competi-
tions, organizational participation in sports events, purchase of sports
equipment;
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3) by the quality of life: consultative, recreational and sports and recrea-
tional, etc;
4) in relation to sports equipment: service, repair, etc;
) by the nature of related services: ensuring the comfort of watching
sports events, catering services, children's rooms, efc;
6) by the nature of legal support: business development assistance,
rent, advertising, etc. [7, p. 573].

Figure 1.1 — The main scientific and theoretical approaches to the
definition of the concept of "sports service

No Definition of the term The author, source
1 Sports service is the activity of thg pen‘qrmer to GOST P 52024-
meet the needs of the consumer in achieving 2003 2]

sports results.

Sports service is the organized forms
2 |of physical exercise and sports, training
programs, sports and entertainment events, etc.
A sports service is a system of economically
justified creation, provision and consumption
3 |of services that meet the special needs of
consumers in the health, physical development
and achievement of sports results.
Sports service is an activity aimed at meeting
4 |the physical and spiritual needs of the population
to improve their abilities or sports spectacle.
Sports service is a service associated with the
provision of physical education and sports
aimed at the health and physical development
of consumers, and provided:

Obozhina D. A. [3]

Kolegova K. S,
Levshina V. B.,
Fadeeva N. V. [4]

Drobotov S. E. [5]

5 |e ona paid or free basis; Filonenko N. B. [6]
e individually or in groups;
o state or commercial organizations;
o with the use of specific methods;
o with the involvement of specialists.

Source: author's elaboration.

Therefore, most authors consider the concept of "sports service" in a
broad sense. By sports services they mean health-improving, training,
competitive activities, their material support, expressed as a complex of
sports facilities, infrastructure and information support, preparation and
organization of mass sports events, training and improvement of person-
nel, conducting scientific research, providing for temporary use or sale of
sports equipment and implements, service maintenance and insurance
services.

It should be noted that the types of physical culture and sports ser-
vices are most fully reflected in the State Standard of the Russian Feder-
ation "Services for Physical Culture, Recreation and Sports", which states
that sports services include:

1) conducting physical culture and sports classes;

— sports and entertainment evenings and concerts;

— meetings with outstanding athletes;

— demonstration performances by leading athletes and representatives
of sports institutions.

The organization and conducting of the educational and training pro-
cess provides:

— training of service users in the rational technique of motor actions,
the formation of abilities, skills and related knowledge in the chosen
sports discipline;

— pedagogical influence aimed at developing and improving the motor
abilities that meet the requirements of the sport activity in which the
training is conducted

— pedagogical impact aimed at compensating the consumer of services
lacking components of tactical, technical, physical and other types of
readiness to use the service;

— organization of a complex control over the level of versatile prepar-
edness and health condition of the beneficiary;

— consulting assistance in various directions of the construction and
content of the educational and training process.

Provision of physical fitness and sports facilities (facilities) to the
population includes:

— the use of health and fitness and sports facilities equipped to conduct
appropriate activities (health and fitness exercises, sports training)
for the chosen type of services and competitions;

— use of facilities for recreational activities;

— use of sports equipment (fitness equipment, tools, implements);

— provision of qualified attendants and creation of conditions for recrea-
tion and health, as well as for active recreation and leisure;

— creation of a higher level of comfort in conjunction with the organiza-
tion of leisure activities.

Information and advisory and educational services provide:

— general information (via the Internet, mass media, advertising, etc.)
about the structure and content of sports services, the legal and
regulatory framework for certification in the industry;

— consultations of consumers of services by specialists on the issues
related to the future provision of services, which exclude further loss
or damage of health and injury;

— consultations with specialists in the field of nutrition (doctor, dietitian)
on the rational diet and taking nutritional supplements, vitamins for
consumers of services;

— consultation of specialists in the field of medical and recreational
activities, as well as testing of athletes;

— preparation of recommendations for users of exercise programs, as
well as general rules for their effective use;

— vocational training (retraining) and professional development in the
field of physical culture and sport.

Other sports services include:

— the organization of repair and preparation (fitting) of sports equip-

ment, gear and equipment;

2) holding sports and entertainment events; — the organization of repair of clothing and footwear;
3) organization and conduct of the educational and training process — rental of sports equipment;
4) provision of physical training and sporting facilities to the population; — providing the parking of the vehicles of the consumers of services;
5) information and consulting and educational services; —  receiving the belongings of the consumers for storage;
6) other sports services [2]. - calling a cab by order of consumers;
Physical education and sports classes include: —  other types of services [2].
— classes in general physical training and recreational physical educa- However, in the literature, quite often the term "sports service" is re-
tion groups; placed by the concepts of "sports-sports service” and "sports-health ser-
— development of individual (group) recommendations for the regimen  vice", "sports-health service".
of classes; Some authors consider physical culture and sports services as a type
— organization of competitions in study groups, teams, schools and  of service activity. They define physical culture and sports services as "a
clubs by type of sport set of different socio-pedagogical forms of activity carried out to meet the
— recreational activities and methodological consultations; needs of different socio-demographic groups in physical improvement or
—  implementation of various types of leisure, taking into account the ~ Sports spectacle” [8]. At that, Filippova V.A. singles out the following
characteristics of the services provided, including cultural and recrea-  types of physical education and sports services:
tional activities, as well as various types of active recreation, taking ~ ®  organized forms of classes in the form of lessons, sports and health
into account safety requirements, including medical support. sections, sports teams and clubs;
Sports and entertainment events include: e development of methods, methodological complexes of physical
— sports and recreational activities for participants in tournaments, education and health activities, physical education programs and
crosses, marathons, sports game tournaments; systems of training of athletes;
—  sports holidays; e sports spectacles [8].
Economics 93

doi.org/10.36773/1818-1112-2022-129-3-92-94



Vestnik of Brest State Technical University. 2022. Ne 3(129)

Other specialists characterize physical culture and sports services as
organized forms of physical exercise and sports, pursuing various goals,
as well as activities that provide them. These activities are associated
with the maintenance of a network of physical culture and sports facilities
and the organization of services to their visitors during classes, organiza-
tion and provision of sports competitions and spectacular events, trade,
rental and repair of sports equipment and supplies [9, p. 67].

Ukrainian scientists came to a similar understanding of the term.
According to their definition, physical culture and sports services are the
organization and conduct of physical culture and health activities by sub-
jects of physical culture and sports and / or physical culture and sports
rehabilitation of disabled people or preparation of athletes for competi-
tions in sports recognized in Ukraine [10].

In the literature, the term "sports and health services" is often used to
refer to physical education and sports services proper, i.e. those associ-
ated with the provision of physical exercise and sports for the purpose of
health, physical development and health maintenance in a variety of
organizational forms. They are usually paid services, commercial, group
or individual. These are active exercises and sports on a certain program
on the basis of scientifically grounded methods, regulated time of exer-
cise, under the guidance of specialists. Sports and health services can
include counseling, as well as additional and related services [11, p. 181].

Quite often in the literature there is also the term "physical education
and health services", which is understood as a segment of physical edu-
cation and sports services, considered in symbiosis with health proce-
dures, in which the mass consumer is provided with a service for amateur
sports and activities to maintain health. Without the segment of health-
improving procedures, which are not directly sports exercises, the market
of physical culture and health-improving services is incomplete, because
the purpose of those who consume the services is often not the achieve-
ment of sports results, but the maintenance of health. The separation of
physical education and recreational services from physical education and
sports activity raises many questions, which are insufficiently elaborated
by modern scientific community [12, p. 122].

In the state standard of the Russian Federation "Services for physical
culture, health and sports" under the physical culture and health-
improving service is understood "the activity of the executor to meet the
needs of the consumer in maintaining and strengthening health, physical
rehabilitation, as well as conducting physical culture, health and sports
leisure activities" [2].

Conclusion

The analysis of modern scientific-theoretical approaches to the defi-
nition of "sports service" showed that there is no unified approach in the
formulation of the term. Various scientists formulate this definition both in
a broad and in a narrow sense of understanding. In addition, there are
different names for it. This can be explained by the fact that the economic
development of society increasingly affects the division of labor in the
non-productive sphere, which leads to a significant diversity of types of
services in general, and physical culture and sports services, in particular.
Therefore, sports services began to include other activities related to
them, which are additional in nature.

Based on the above theoretical approaches and various interpreta-
tions of the wording of services in the industry of physical culture and
sports we defined the concept of "sports service" as follows:

Sports service is the activity of the performer, carried out in the form
of organized training sessions and sports and entertainment events,
aimed at meeting the needs of the consumer in the development and
improvement of their physical abilities in order to achieve sports results,
as well as in the sporting spectacle.

The presented information gives us an opportunity to reveal not only
the specifics of the sphere of physical culture and sports services, but
also to specify the essence of the concept "sports service". Its distinctive
feature is that in comparison with the material and production sphere,
here the consumer of services is directly involved in the process of their
production. At that, one cannot but agree with the opinion of V. N. Su-
pikov, who believes that with all the diversity of functions in the sphere of
sports services: economic, health and recreation, reproduction of human
capital, entertainment, patriotic, defense, etc., these functions are united
by leisure, recreational function. And this integral function is realized in
two main directions: physical culture services and sports services [13].

Therefore, in the sphere of physical culture and sports it is advisable
to distinguish two types of services:

e physical culture services, which are understood as a set of various
forms of social activities carried out for the purpose of physical edu-
cation of the population (in educational and preschool institutions, in
voluntary physical education and sports organizations, at the place of
work and at the place of residence, in recreational organizations,
sanatoriums, resorts, tourist bases);

e sports services as a form of special training of an athlete for competi-
tions, organization of competitive activities and sports and entertain-
ment services. Let us especially note the sport of the highest
achievements, revealing the potential of the person; professional
sport, providing economic efficiency and sports and entertainment
services, having a high information and entertainment value.
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Abstract

Active reflection on the wide possibilities of information as institutions of political communication is due to the fact that in the conditions of global
informatization of modern society, the place and role of the media in the system of socio-political relations. The author examines the decision-making
process through non-formalized methods such as intuition, personal and professional experience, decision maker for the appointee, institute meetings.
For the content of the political science term "political marketing", the historical stages of its formation, as well as the conceptual approaches that
accompany this process, are considered. Subject area of application The research methodology is based on a systematic approach as a universal
organization of scientific research, and involves identifying the content and main theories and technologies focused on search, as well as in a broad
political process. The scientific novelty of the articles, according to the author, lies in the assessment of the prospects for using the observed market
in the analysis of modern regional technologies.

Keywords: political marketing, political management, political PR, political communication, political technologies.

MAPKETWUHIOBbIE TEXHONOIrMK B NONUTUYECKOM MEHEIXMEHTE

E. C. BuktopoBuy

Pecpepar

AxTBHas pednekcus Hag CPencTBami MaccoBO MHAOPMALWKM Kak MHCTUTYTaMi NOMUTUHYECKO KOMMYHUKaLWMW 0BYCroBReHa Tem, YTO B YCIOBUSX
rnobanbHoM UHGOpPMaTU3aLMN COBPEMEHHOTO 0BLLECTBa N3MeHsIeTCs MecTo 1 ponib CMU B cucteme 06LLECTBEHHO-NONUTUYECKIUX OTHOLLEHWIA. ABTOp
paccMaTpvBaeT NPOLECC NPUHATUS MONMUTUYECKVX PELLEHM Yepe3 HehOPManu3oBaHHbIe METOAbI, Takvue Kak MHTYWLMS, MUYHBIA 1 NPOdECcCHOHambHbIN
OMbIT MPUHUMAIOLLETO PELUEeHe JOMKHOCTHOrO LA, MONMTUYECKOrO MHCTUTYTA. [iNs NOHUMaHNs COAEpPXaHUs MOMUTONOTMYECKOro TEPMUHA «NONNTH-
YeCKMn MapKETUH» PacCMOTPEHbI UCTOPUYECKME 3Tarbl ero CTAHOBMEHMS, @ Takke KOHLENTyarbHble NOAX0Abl, KOTOPbIE COMPOBOXAANT 3TOT MPo-
Lecc. MpeameTHas obnacTb cTaThit CBA3aHa C ONpeaeneHneM CoaepxaHns KOHLIENLMN NONUTUYECKoro MapkeTuHra yepes PR-TexHonorum. MeTogorno-
1S CTaTbi OCHOBLIBAETCS Ha CUCTEMHOM MOAXOZE Kak YHUBEPCarnbHOM MPUHLMME OpraHn3aLiv HayyHoro 1ceneaoBsaqns, U npeanonaraeT BbisBeHne
COfePXKaHUs N OCHOBHbIX TEOPUI W TEXHOMOTMIA NOMUTUYECKOTO MAPKETUHIA, KaK B UCTOPUYECKOM, Tak W B COBPEMEHHOM MONUTMYECKOM MpoLiecce.
HayyHas HOBM3Ha CTaTbi, MO MHEHWIO aBTOPA, 3aKMKYAETCs B OL|EHKE NepcneKkTMB MCMONL30BaHNS KOHLENLMM MONUTUYECKOr0 MapKETUHIa Mpy aHanuae

COBPEMEHHBIX U301paTenbHbIX TEXHOMOTUN.

KnioueBble cnoBa: NOMUTUYECKUA MAPKETUHT, MONUTUYECKUA MEHEMKMEHT, nonutuyeckuit PR, nonutuyeckne KOMMyHWUKaLMW, NOMMUTUYECKUE

TEXHOMNOrnn.

Introduction

At present, there is a real demand for a broad market in a large polit-
ical market. There is also an inconsistency in the formation and develop-
ment of broad marketing, which is explained by the lack of highly qualified
marketers and political technologists who use "dirty" electoral technolo-
gies during electoral frequencies, efc. In recent years, attention to ad-
vanced technologies has also increased significantly on the part of state
bodies. First of all, this is due to the difficult economic situation in our
country, which occurred due to the emergence, as well as the active
information development of Western media. Penetrating into the field of
politics, the market paradigm has become the possible emergence and
spread in the public mind of such concepts as "political market", "political
management", "political marketing". This, in turn, has opened up opportu-
nities for the wide application of market categories and disseminated
technologies to a variety of areas and realities of political life, for exam-
ple, to electoral processes, public and extended government.

In the light of the implementation, private ideas, programs, reforms, deci-
sions, news and other products of political activity of the ability to be "sold" in
the political market began to be accepted. By analogy with the market rela-
tions of sellers and buyers began to spread between emissions, excess state
power and citizens, parties and the public, candidates and voters.

The purpose of this work is to study the content and coverage of the
population by the spread of technologies in political management. The
object is political marketing as a tool for influencing political processes.
The subject is the spread of dissemination technologies to public com-
munications in modern politics.

Stages of development of global marketing

The assessment of the possibilities of applying the theory of results
and high structure has been updated in Western economic science since
the end of the 60s of the XX century. So, F. Kotler claimed that he was
pursuing the goal of solving problems arising in connection with socio-

political organizations, government agencies, as well as discussing meet-
ings [1, R. 127]. He explores research theories and applied technologies
as objects of scientific analysis, primarily in the field of studying the activi-
ties of public authorities and electoral dependencies [1, R. 130]

During the 60s - 70s. In the 20th century, the concept of the market-
ing offer received its relative appraisal in the work of the sociologist Pierre
Bourdieu , who put into practice the recommended discourse of raising
"political space". In the process of interaction between agents, another
effect occurs. Thus, compared with an economic product, the political
result is the result of mutually agreed actions of offenders , the content of
which determines the quality of the implementation of fraud (implementa-
tion of crimes).

Throughout the 70s. In the twentieth century, a scientific article sub-
stantiates the thesis that theoretical justifications and applied marketing
technologies can be used in the public administration system. As a result,
marketing as an applied technology for achieving profit with a competent
expenditure of resources becomes part of management as a science of
management. The meaning of the content of the alleged marketing is
seen in a strong impact on the behavior of mass crimes in the conditions
of initiation of crimes .

Thus, the researcher G. Mauser defined political marketing as one of
the management techniques, although it has a significantly more pro-
nounced property of “influencing the behavior of the masses” [3].

A significant contribution to the development of the theory and meth-
odology of marketing was made by J. Lees-Marshment "Political Market-
ing and the Political Party of Great Britain" ( The political Marketing as
well as British political Parties , 2001), "A Close Union of Politics and
Marketing" ( The Wedding from Politics as well as Marketing - Political
Research , 2001, vol . 1, p. 49), "Political Revolutionary Revolution" (The
political Marketing Revolution , 2004) and others. In 2002, on the initiative
of Lees- Marshment , a public scientific association of marketing special-
ists was established in the UK [4]. In his work, M. Scammell offers an
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analysis of the main popular marketing campaigns in Western political
science. Particular attention is paid to British theoretical and practical
experience in the field of broad marketing. Her major works include The
Phenomenon of Targeted Marketing: The Thatcher Contribution ( The
Phenomenon from political marketing : _ Thatcher contribution » - Sov-
remennik Record , 1994, 8), "Political Marketing: Lessons for Political
Science" . marketing : lessons per political science is political Research ,
1999, No. 47) [4].

Political marketing in the Republic of Belarus appeared in the first
half of the 90s. XX century., What happened with the beginning of the
implementation of market reforms, the reception of political and power
transformations and the formation of the institution of democratic elec-
tions. The emergence of a public outcry in the market, the identification
was the appearance of a large number of persons in the market in the
face of the identified parties, political detentions, electoral associations
and their leaders.

The high frequency of occurrence and competitiveness of the elec-
toral process - the identification in the 90s. 20th century very high interest
in reaching constituencies and constituencies. In political management,
the marketing approach manifested itself quite widely already in the mid-
1990s. through oil and gas industries.

Political marketing as an element of the market

The specifics of the development of public marketing in the country
was that it immediately took shape and began to spread in the developing
electoral marketing due to the predominance in political constituencies
among representatives of various population groups. Political marketing
is often perceived as an integral element of the priority of electoral re-
strictions, although in the realm of reality it is much wider - in fact, in any
political project, one can now see the use of dissemination technologies.

Researchers most often adhere to its affiliation. The first approach is
philosophical. From the point of view of the sentiments that share it, mar-
keting is understood as "a philosophical concept, a worldview orientation,
a frame of mind that encourages the application to political action of
methods and actions that have been so successful in relation to commer-
cial action" [5]. The second approach is pragmatic, under marketing
"management technology that affects mass behavior in a situation of
competitive ability " [5,6]. The third approach - modernist , reveals mar-
keting through the acquisition of modernization properties due to the
focus on constant modernization of relations, the state and society act as
equal spouses to create constitutional, trusting relationships. Within this
scope, political marketing is not assessed as a selective technology, but
as part of applied political science, that is, the science of decision pro-
cessing. At the same time, political marketing has the properties of the
value of applied political science, since it is methodologically comprehen-
sive, that is, its tools are in the adjacent field of subsequent disciplines -
marketing, management, fundamental political science, etc. The fourth
approach is mobilization, aimed at quickly and effectively mobilizing support
of the society to achieve the set goals using means of communication [7].

Market interpretation of policy and long-term management of activi-
ties aimed at convergence and mutual understanding of the interests of
various social groups and people in order to achieve the desired result.
The implementation of this goal and a large political market is a recogni-
tion of relatively generally significant goals in a political project, as well as
the most significant in a particular period for most of the tasks and prob-
lems of the population.

We value political marketing as the science and art of managing the
market of power resources. Under power resources we understand: so-
cial and energy, economic and cultural information. Administrative, legal,
public, organizational and personal (leadership, charisma, passionarity )
resources of power are classified as frequent social and energy resources
of ruling. Economic-raw material, demographic, material-technical, military-
technical and financial resources of the authorities. To cultural and informa-
tional - myths, ideology, mass culture and mass media .

Political marketing manifests itself in the conditions of an observable
market, which creates opportunities for a constant correlation of a wide
range of goods, goods (ideas, programs, parties, competitive leaders)
with the conjuncture of this market, i.e., with the interests of citizens.

The political market has its own characteristics, which determine the
originality of marketing, unlike its other types. The sale of goods on the
political market occurs on the basis of the implementation of political
competition between its stores. Platforms and party accusations, promis-
es, personal qualities of leaders and actions in government bodies serve
as the goods market offered to the political market.

The sellers are the goods of political elites, elections, movements,
leaders who are guided and promoted to the political market; in turn, they
acquire lobbying and promised political services and results of political
activity for their votes.

The peculiarity of the consideration of regularities in political man-
agement is that in the German effective assessment of the choice of the
decision for the most part and that this choice entails significant socio-
economic and private consequences.

The political market is the use of their free ads, with the help of which
private entities - market participants realize their goals. In this market, the
need or political claims and the possibilities for their implementation are
correlated. This causes additional resources that increase their capabili-
ties. Supporting voters are the preferred resource in the political market-
place. in order to get this support from certain social groups, the subjects
of the mass market turn to broad effective political mobilization, including
political marketing.

Mass marketing is understood as the activity to control the study and
forecasting of demand for a political product, the creation of new types of
it in accordance with the requirements and expectations of the expected
market, the desire and development of demand for the political market.

The purpose of the intended marketing is to increase the political and
social attractiveness of its quality by forming and enhancing the image in
accordance with the significant preferences of certain social groups.

market research target groups are analytical, focused on organizing
a comprehensive market research using marketing research; the function
of developing strategic errors; image function associated with the devel-
opment of the charisma of the product; the function of advertising or pro-
moting the offered product; organizational function aimed at attracting an
international leader, at uniting around an international leader, political
ideas or programs; the segmentation function of the observed market,
which involves a selection of address groups; a technological function,
which implies the adaptation already used and the use of new technolo-
gies to promote promising products within the framework of the proposed
project; and, finally, the control function of marketing, i.e., assessing the
effectiveness of a political campaign as a whole and its rarity.

Thus, political marketing is associated with the study of the mass
market, the nature and existence of the development of mass demand
and supply, as well as the production of mass market goods. At the same
time, he actively influences the political market, the formation and devel-
opment of the required violations, orientations and preferences. This work
is carried out with the study of market segmentation.

The essence of this procedure is that, penetration into the market, i.e.,
the totality of consumers of the goods, "you need to focus not on the first
buyer who got there, but only on the one who may be interested in the
product and buy it in the future." In political marketing, this may be a reflec-
tion of the revolt of the election campaign. The main elements that need to
be involved in the development of the strategy and tactics of a political
campaign include image, political choice, personal qualities, values [8].

This diagram clearly shows the main elements that need to be involved
in the development of the strategy and tactics of a political campaign.

Recently, a new approach has been actively used in marketing re-
search, including electoral research — strategic product positioning. He
can observe or the group correlates the electorate's ideas about the de-
sired position with their own; comparative analysis of one's position with
that of the opponent; consider the advantages and possibilities of alterna-
tive positions; rely on those that most actively emphasize the advantages
of the chosen strategy and tactics.

Thus, the purpose of the search is to determine the positions occu-
pied by a candidate or party, as well as their participants (ie, electoral
rivals) and voters.

Public Relations as a Public Marketing Tool

PR helps to establish a connection between the meeting with the visitors
of the process. At the same time, unlike commercial advertising and market-
ing, PR in political management addresses a person primarily not as a con-
sumer of goods or services, but in his socio-political aspect of being. At the
heart of PR activities are dialog boxes that form the capture of subjects.

As part of the preliminary analysis of the PR process, the following

task was set [9]:

1. Ensuring social action. Any social action is observed to include: the actor,
the need to activate the behavior, the whole action, the method of action,
the other actor, the directed action, the result of the action. This algorithm
is implemented both at the interpersonal level and at the level of imple-
mentation of various types of programs. In fact, PR-activity is information-
al, but not spontaneous, organizing chemical information flows.
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2. Support for political and competitive struggle. Political management
is carried out in a dynamic and controversial political body. Due to
the impact and conflicting interests of various groups and classes,
the power elite and society, various groups within power structures,
PR activities are an important strategy and tactic in any political
campaign. Through discussion, analysis of public consciousness and
mood, methods of influencing the political community, electoral pow-
er, public communication to resolve freedom, indictment and prose-
cution of prosecution in competitive political activities.

3. Ensuring the development of the individual. Public relations take on a
special role in the perseverance of the individual in that part of it that
meets with resistance to culture. Through PR activities in society, those
general cultural and private values that make up the main part of a per-
son with an active life position are actively discussed and instilled.

4. Social control of the masses. Public relations as a process of ex-
changing information and the values behind it, as a productive force
of communication, become a similar motivator of social progress.
PR-processes necessary for the life of society and public control of
the masses. In this process, people are given the opportunity to ar-
ticulate a position and attitude towards perceived threats and pro-
grams, thereby influencing the entire course of change.

The technologies are based on methods of propaganda, manipula-
tion of consciousness, developments in the field of psychology of percep-
tion, psycholinguistics, suggestive linguistics, neurolinguistic program-
ming. All these instrumental knowledge, techniques and methods are
widely used in the processes of managing people in a narrow society.
Public Relations (PR) is the process of establishing an image and build-
ing beneficial relationships between and among the communities, out-
reaches and people belonging to the ministers. Unlike advertising, which
creates an impression through paid messages, public relations does not
pay for attention and publicity. Instead, PR attracts a favorable image by
drawing attention to the noteworthy activities of a political party and their
consequences.

Public relations includes various common tactics that have a com-
mon focus: managing public opinion. The most common PR tools are
listed in the table.

The political possibilities of communication are realized only when
they take place, be the goal, the target audience and communication
channels. the scope of the foregoing, perhaps to formulate the main con-
ference of public marketing - the unification of interests, public interests
and public power through the creation of their common associations.
This means the transition of the market from a mobilization form to a
modernization one . Thus, it becomes obvious that political marketing,
within the framework of its functions, implements possible target settings:
it develops intensive communication depending on the ideas put forward,
accepts the adequacy of its ideas on the market, identifies, evaluates
what assessment is needed depending on the personal qualities of the
leader, market expectations, presence of other applicants.

Conclusion

The main criteria and results of evaluating the effectiveness of the
approach in political management At the same time, its targeted effec-
tiveness was manifested. The main characteristics of assessing the relia-
bility of the alleged attractiveness of the proposed observed product, the
measure of segmentation of the observed market and the reliability of
determining the composition of the target groups; identification of identi-
fied violations, identification and expectation of such and other social
groups; exceptional appearance, its productivity and a measure of out-
standing importance from the image of the intended product offered by
competitors; the degree of accounting and completeness of the use of
both favorable and unfavorable environmental conditions.

The basis of marketing is commercial communications implemented
through various, widespread destination networks. Public political com-
munications are of fundamental importance in public administration. Polit-
ical PR is a special meeting with the public, a system of two-way commu-
nication between organizations and the public in order to reach all actors .
Political marketing is focused on the principles of democratic governance,
including the use of PR technologies, but in order to promote goods (ser-
vices, ideas, individuality). He oversees the study of public opinion in the
field of forming a distribution strategy, and not building communications
based on mutual understanding of all the crimes of the actors .
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Abstract

The development of economic cooperation and integration between the Russian Federation and the Republic of Belarus can greatly contribute to
the implementation of the 2030 Agenda for Sustainable Development. A critical analysis of globalization and localization processes, taking into account
external challenges, made it possible to assess the regulatory measures used by states to protect their own economic interests and identified the most
common ones - subsidizing local producers and methods of tariff regulation. The tendencies causing uncertainty of the international relations at the
present stage are shown. The article analyzes economic integration, reveals its economic, social and environmental essence within the framework of
the concept of sustainable development, traces economic relations in various types of regional economic integration. Criteria are proposed for con-
structing a typology of regional integration unions based on the institutional and economic approach, taking into account evolutionary and territorial
characteristics.
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PEFMOHANBHAS 3KOHOMWUYECKAS UHTErPALIMSA KAK CPEACTBO PEANTU3ALIMM LIENEW YCTOMYUBOIO PA3BUTUA

B. B. 3asepckas, C. A. ByHbko

Pechepar

Pa3BuTie 3KOHOMMYECKOrO COTPYAHWYECTBA U MHTErpaumun Mexay Poccuiickoit ®epnepaumeir u Pecnybnukoit benapych MOXeT B 3HaYNTENBHOM
CTENeHN CopeiCTBOBaTL peanuaaumm MoBecTku HA B 06nacTi yCToMYMBOro pa3sutust Ha nepuog Ao 2030 ropa. Kputnueckuit aHanns rmobanusaum-
OHHBIX 11 JTOKANU3aLMOHHBIX MPOLECCOB C Y4ETOM BHELUHMX BbI30BOB MO3BOMMM AATb OLEHKY MEpP PerynupoBaHus, MpUMEHsIEMbIX rocyaapcTeamn Ans
3aLLMTLI COBCTBEHHbBIX SKOHOMUYECKUX UHTEPECOB, U BbISBUN Hanbonee pacnpocTpaHeHHble — CyOcuanpoBaHNe MECTHBIX MPOM3BOAMUTENEN 1 METOADI
TapugHOro perynuposaHus. MokasaHbl TeHAEeHLMN, 00YCOBNMBAIOLME HEOMPELENEHHOCTb MEXOYHAPOAHbIX OTHOLLEHMIA HA COBPEMEHHOM 3aTane.
B cTatbe aHannampyeTcs SKOHOMUYECKAs MHTErpaLysi, packpbIBaeTCs €€ IKOHOMUYECKas!, CoLManbHas 1 3KoNorMyeckas CyLLHOCTM B paMKax KOHLEnN-
LM YCTONYMBOTO Pa3BUTHS, MPOCIEXMBAIOTCA SKOHOMUYECKME OTHOLLEHWS NPU Pa3NNYHbIX TUNAX PErMOHaNbHON SKOHOMUYECKOI MHTerpaumm. Mpea-
NOXeHb! KpUTEPUM [ NOCTPOEHUS TUMONOMAM PErNOHANbHBIX WHTErPALMOHHBIX COO30B Ha OCHOBE WHCTUTYLMOHAMBHO-3KOHOMMYECKOrO NOAXoAa

C Y4ETOM 3BOSHOLMOHHBIX 1 TEPPUTOPHANBHBIX XaPaKTEPUCTMK.

KnioyeBble cnoBa: yCTOM4NBOE pasBuTHe, rnoGanwaauwﬂ, ,EI,EI'J'I06aJ'IVI33LWIFI, 9KOHOMMYECKaa NHTerpaunsa, permoH, Tin, TpaHcrpaHn4yHoe coTpya-

HWYECTBO, rnobarnbHble Lienn nocTaBokK, NPOTEKLUMOHNU3M.

Introduction

The concept of sustainable development, the commitment to which
the absolute majority of countries demonstrate, in 2015, in the context of
the growth of globalization processes, was further developed, which was
reflected in the adopted Agenda for the period up to 2030. With the sign-
ing of this document, the member countries of the UN have committed
themselves to ensuring sustainable and progressive economic growth,
social inclusion and environmental protection for the benefit of all, in part-
nership and in peace. To specify the goals set in the 2030 Agenda, a
document was developed [1], which includes 17 Sustainable Develop-
ment Goals (SDGs). At the level of the governments of the countries that
joined the 2030 Agenda, the planning of priority development goals in the
framework of achieving the goals set for the world community was carried
out on the basis of national interests and their own level of development.

The Russian Federation and the Republic of Belarus, despite some
differences in terminology, also adhere to the principles of sustainable
development. In the Russian Federation, the principles of sustainable
development are reflected in the form of national development goals of
the Russian Federation until 2030, determined by the Decree of the Pres-
ident of Russia dated July 21, 2020. No. 474 [2]. In the Republic of Bela-
rus, the goals of the 2030 Agenda are reflected in the Strategy for Sus-
tainable Socio-Economic Development of the Republic of Belarus until
2030[3].

However, since 2020, the world community has faced a number of
challenges that threaten international cooperation in the field of sustaina-
ble development. The COVID -19 pandemic , which began at the end of
2019, caused a series of upheavals in the global economy, as a result of

which, both in the scientific community and in the media, the mention of
the term “deglobalization” has increased several times. Undoubtedly,
interest in this concept increased significantly back in 2017, with the com-
ing to power in the United States of D. Trump, as well as the escalation of
the European crisis, which led to the UK's exit from the European Union.
The processes currently taking place affect the established world order,
therefore, a predictive assessment of their duration, the possibility of
stabilizing the situation and returning to the pre-crisis mutual influence of
countries, or understanding the irreversibility of rapidly occurring changes
and the need to change approaches to managing the sustainable devel-
opment of countries is necessary.

The purpose of the study is to determine the impact of economic
integration on the sustainable development of regional economies.
The object of research is the sphere of economic integration of the world
community. The subject of the study is a set of international economic
relations and instruments in the form of economic integration that deter-
mine a long-term strategy for sustainable development. The authors put
forward a hypothesis that integration associations contribute to the devel-
opment of regions, taking into account the goals of the concept of sus-
tainable development.

Globalization and localization processes in the modern world

Since the beginning of 2020, with the spread of the coronavirus infec-
tion, which primarily affected labor migration, tourism, government protec-
tion of domestic markets, it seemed that the popularity of the topic of de-
globalization had reached peak values. However, the intensification of the
geopolitical crisis, the economic and political confrontation of countries
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in 2022 and the political confrontation between countries, lead to a further
destruction of the established flows of goods and factors of production.
Before characterizing the ongoing processes as "deglobalization", let's
consider what is actually understood by globalization in the modern scien-
tific world.

Note that there are numerous definitions of globalization, in which
this category is associated with international cooperation, intensification
of international trade, unification of manufacturing standards [4, p. one;
2, p. 524, 5-7]. They are more inclined to agree with the idea of globaliza-
tion as a process of reproductive transformation of national economies
and their economic structures, capital, securities, goods, services, labor,
in which the world economy is considered not just as the sum (set) of
national economies, financial, monetary, legal, information systems, but
as an integral single geo-economic (geo-financial) population (space),
functioning according to its own laws” [6, p. 126]. In our opinion, it would
be appropriate to compare the world economy with the “barge economy”,
on which any plant can be located, moving in time and space in order to
take advantage of the advantages of various countries of the world in
cheaper labor, tax and other benefits, and favorable exchange rate differ-
ences. between currencies, etc. [7, p. 51-52] , that is, it is not only about
integration or free mutually beneficial exchange of goods, free movement
of capital, human and other resources, but the inclusion of producers
from different countries in global value chains.

At the same time, in addition to the advantages of free movement of
factors of production, the accelerated development of the scientific and
technological process, the growth of countries' GDP, the processes of
globalization " limit the ability of national governments to regulate the
economy of their countries, which means a partial loss of economic sov-
ereignty" [8].

Moreover, it would be wrong to confine globalization to the economic
sphere. So, some researchers, in addition to economic globalization,
which is understood as the market interchange of goods, capital, services
and information, also distinguish political and social globalization [9].

Based on the foregoing, deglobalization can be interpreted as a set of
processes accompanied by a break in global value chains, the desire of
states to restore independence in the political, economic and other spheres
by reducing the influence of international relations and organizations.

The deglobalization of the world economy is also manifested in the
strengthening of protectionism. The total number of protectionist measures in
various areas introduced between 2009 and 2022 is shown in table 1.

Table 1 — Number of protectionist measures taken in the period 2009-2022
Measures introduced Quantity
Subsidies (other than export subsidies) 18815
Export related measures (including export subsidies) 7060
Tariff regulation 3029
trade protection measures 2201
Trade-Related Investment Measures 1076
Public Procurement Restrictions 935
Licensing, setting quotas, etc.. 779
Regulation of foreign direct investment 468
Capital controls 237
Migration control measures 231
Price controls, including additional taxes and fees 116
financial measures 24
Intellectual property measures 5
Technical barriers to trade 2
Sanitary and phytosanitary measures one
Other 271

Source: own development based on [9]

The quantitative assessment of regulatory measures presented in the
table, applied by states to protect their own economic interests, shows
that the most common measures are subsidizing local producers and
methods of tariff regulation.

The main initiator of protectionism is the United States. Contrary to
popular belief that this policy is the result of D. Trump's actions, during
the tenure of President B. Obama, the number of restrictive measures in
trade and financial relations against the G20 countries increased from 50
to 150 from 2013 to 2016. In As a response, the G20 countries pursued
policies that, in turn, contradicted the interests of American companies.
Most restrictive measures are aimed at establishing artificial barriers to
foreign trade, with China being the main object of restrictions to create
obstacles to its expansion into national markets (Figure 1).

#
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Figure 1 — Distribution of countries by number of protectionist measures [9]

The top five countries in respect of which the largest number of re-
strictive measures have been taken are China - 1923, Germany - 1251,
USA - 1149, Republic of Korea - 1128, Italy - 1110. According to Global
Dynamics, the Russian Federation ranks 17th (840), the Republic of
Belarus - 58th place (380).

Unlike previous problems that periodically arose in the global supply
chain, this crisis affected all its links, all logistics participants, and almost
simultaneously. The functioning of the global supply chain was also nega-
tively affected by processes such as border closures, labor shortages,
difficulties in delivering goods, especially to distant markets, etc.
The crisis, which is called the destruction of the global supply chain, has
a serious destructive effect on the existing global interaction system.
(global supply chain disruption).

Describing the changes in the balance of power, spheres of influ-
ence, channels of commodity circulation in the world economy,
V. L. Gursky singled out the trends that cause the uncertainty of internation-
al relations in the modern world. stage: firstly, this is exacerbation fight be-
tween states per technological dominance caused by the transition to a new
technological order; secondly, exacerbation fight between TNK and state
structures per control above resources, caused by the growing might TNK
and them aspiration get rid of from control co sides states [5].

As the main factor in the aggravation of relations, V.L. Gursky singled
out the desire to dominate and dictate their terms in the markets , since
this becomes the most important competitive advantage, allowing not
only to strengthen their positions and reduce the cost of their products,
but also to weaken competitors, blocking them access to important re-
sources.

In the current geopolitical environment and increasing deglobaliza-
tion, more and more attention is being shifted to regional integration.
For Belarus, the closest integration is characteristic of the Russian Fed-
eration. The Russian Federation and the Republic of Belarus on April 2,
1997 signed an agreement on the creation of the Union State of Russia
and Belarus, which is a supranational organization, with the stated goal of
deepening relations between the two states through integration in eco-
nomic and defense policy. The current goal of the Union State is mainly
aimed at economic integration, taxation, and the integration of the de-
fense and intelligence apparatus. Based on the analysis of the strategic
goals of sustainable development of these countries, a comparative de-
scription of the national development goals of the Russian Federation and
the Republic of Belarus in the main areas is presented in Table 2.
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Table 2 — Comparative characteristics of the national development goals

of the Russian Federation and the Republic of Belarus in the main areas

Russian Federation

Republic of Belarus

Ending poverty everywhere in all its forms

reduction of the poverty level by 2 times compared to the indicator
of 2017;

Reducing the share of the population with incomes below the subsistence
level to 3-4% (2015 - 5.1%)

Ensuring a

healthy lifestyle

ensuring sustainable growth of the population of the Russian Fed-
eration;

increase in life expectancy up to 78 years;

an increase in the proportion of citizens systematically engaged in
physical culture and sports, up to 70%;

creation of conditions for stabilization at the level of 9.4-9.5 million people.
(2015 - 9.49 million people)

increase in life expectancy up to 77 years;

reduction in the incidence rate by 10% and the severity of primary disability of
the population up to 60%

Promoting sustained, inclusive and sustainable economic

growth, full and productive employment and decent work for all

ensuring the country's GDP growth rate above the world average
while maintaining macroeconomic stability;
Ensuring the rate of sustainable growth of incomes of the population

Ensuring GDP growth for 2016-2030 by 1.5-2.0 times (annual GDP per capita
by 2030 is 30-39 thousand US dollars; 2015 - 18.2 thousand US dollars);
Registered unemployment rate, as a percentage of the economically active

population
The ratio of the average pension by age and the budget of the subsistence
minimum of a pensioner is at least 2.5 times
sive and sustainable industrialization and innovation
Domestic spending on research and development up to 3 % of GDP
(2015 - 0.5);
The share of innovative products in the total volume of shipped products of
industrial organizations up to 25% (2015-13.1%), an increase in the share of
high-tech activities in industrial production from 3.2 in 2015 to 8-10 percent in
2030;
growth in the share of exports in the volume of industrial production from 57.9
in 2015 to 70 percent in 2030

Ensuring openness, security, resilience and environmental sustainability of cities and towns
improving the quality of the urban environment by one and a half|full provision of social standards of living standards in all regions of the
times; republic.
ensuring the share of the road network in the largest urban agglom-|Emissions of pollutants into the atmospheric air from stationary and mobile
erations that meets regulatory requirements at a level of at least|sources, up to 91% as a percentage by 2010 (2015 - 95.4)
85%; Increase the share of solid municipal waste recycling up to 40%
creation of a sustainable municipal solid waste management system |(2015-15.6%)
that ensures waste sorting in the amount of 100 percent and reduc-|Bring the index of discharge of insufficiently treated wastewater into water
es the amount of waste sent to landfills by half; bodies to zero, o
halving emissions of hazardous pollutants that have the greatest|Reduce greenhouse gas emissions, as a percentage by 1990 to 28%

negative impact on the environment and human health. (2915'35) . . )
Bring total spending on environmental protection, as a percentage of GDP, to

2-3% (2015 - 1.1%)
International ranking of Belarus on the environmental performance index,
number 25 (2015 - 32)

and the level of pension provision not lower than inflation;

Building resilient infrastructure, promoting inclu
real growth of investments in fixed assets by at least 70% compared
to 2020;
real growth in exports of non-commodity non-energy goods of at
least 70% compared to 2020;
an increase in investments in domestic solutions in the field of
information technology by 4 times compared to 2019.

Source: own development based on [1, 3]

Throughout the entire period of the existence of the union state of
Russia and Belarus, real integration of the two states along the stated
directions did not happen. In our opinion, at present the most promising is
the integration between individual regions of Belarus and Russia. This, in
turn, requires a more scientific approach to building integration institutions
and choosing areas of cooperation, studying the theory and practical
experience in implementing regional integration.

the economy of the region, which makes it possible to level these trends
in the future. In this case, for the formation of the territorial basis of inter-
action, the coordination of market relations, the mechanisms of state
regulation are primary.

Let's highlight the types of regional economic integration:

interstate economic integration (free trade zones, customs unions,
common market, economic union) [11], which eliminates barriers to
trade with the implementation of various levels of measures to pro-
tect the domestic market;

integration at the micro level, which is based on private foreign direct
investment. One of the forms of interstate economic integration is
cross-border cooperation.

Types of cross-border cooperation between regions aimed at devel-
oping relations between territorial-administrative units or authorities of
bordering states through the conclusion of agreements in the socio-
economic, scientific-cultural, natural-climatic sphere in order to realize the
common interests of local governments can be two-, three- or multilateral
cooperation:

cross-border cooperation - between local authorities and self-
government (public and private business entities can also be includ-
ed in this context) in geographically adjacent territories. This also
applies to territories separated by the sea;

inter-territorial cooperation - between local authorities and self-
government (public and private actors can also be included in this
context) between non-contiguous territories;

Integration processes: regional aspect

The creation of integration unions helps to reduce differences in so-
cio-economic development between the countries participating in the
integration, and also provides access to the least developed countries
(regions) to global supply chains and value added, which in turn favorably
affects the maximum use of alternative advantages and reducing produc-
tion costs, which makes the goals of the concept of sustainable develop-
ment more achievable.

In modern regionalism, two main approaches can be distinguished to
explain the process of integration of territories: as a set of interactions
(flows) through border areas, but limited by the effects of border barriers,
and as a process of convergence of territorial characteristics to increase
homogeneity (similar to development models) by reducing their dispropor-
tions (territorial gaps). This makes it possible to assert that the theory
cross-border relations are based mainly on the territorial approach.

As a rule, the interaction of border regions reveals disproportions in
the development of territories, factors of production inefficiently used in
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- transnational cooperation - cooperation between national, local au-
thorities and self-government on transnational programs and pro-
jects. This form of cooperation covers large contiguous territories and
includes entities from at least two EU member states and/or non-EU
countries.

Thus, cooperation within the framework of adjacent territories of
neighboring states can be called transboundary cooperation, that is, the
presence of a border between cooperating territories is decisive.
The basis of cooperation is the process of creating links and contractual
relations in the border areas in order to find solutions to identical prob-
lems. It implements economic, political, environmental, cultural and edu-
cational types of international activities, which are carried out at the re-
gional level and are distinguished by the general use of natural resources
and the solution of security problems, wider mutual communication be-
tween the population of neighboring states and personal connections of
people, a significantly higher burden on infrastructure (roads, communica-
tions, services, roadside infrastructure).

The basis of the institutional and economic relations of the regions
are institutions , which are understood as "the rules of the game in socie-
ty, or, to put it more formally, the restrictive framework created by man
that organizes the relationship between people" [1 2, p.17]

The institutionalized form of regional cooperation is especially rele-
vant in connection with the leveling of differences through the application
of generally accepted and legalized norms in the legal field, which affects
the built algorithms of mutual activity, the overall development strategy,
and the autonomy of decision-making. The level of institutionalization
becomes the criterion for selecting the type of region.

The legal environment creates legal mechanisms for regulating the
cooperation of regions, turning the daily practice of cross-border interac-
tions into formalized institutions of cooperation.

At the initial stage, the most common forms of cooperation are
agreements on trade and economic cooperation, concluded at the initia-
tive of the regions. The basis for concluding agreements may be the
stabilization of industrial relations, the expansion of cooperation in the
scientific, technical and cultural spheres. The problematic point is the
framework nature of such documents, because they often indicate areas
and areas of cooperation, but there is no practical implementation. The
second form is councils, working groups and commissions for cross-
border cooperation, which are usually part of intergovernmental commis-
sions , which makes it possible to unite "regional and national authorities
of border states to solve important problems - delimitation and demarca-
tion of the border, development of checkpoints and access roads to them,
organization of transport communication, etc.” [18, p.35]. The third form is
cross-border cooperation programs. The validity period is 5-7 years. The
purpose of developing programs is to strengthen the peripheral nature of
the economy, eliminate the gap in production ties between economic
entities and solve the demographic problems of the regions.

An analysis of the essential characteristics of regional integration un-
ions shows the objective need to build their typology in order to develop a
common development strategy for countries and regions for gradual inte-
gration into the world economy. The main types of regional economic
integration include:

Free trading zone. This is the main form of economic cooperation.
Member countries remove all barriers to trade among themselves, but are
free to determine trade policy with non-member countries.

Customs Union. Priority in this case is given to economic coopera-
tion, the removal of barriers to trade between member countries. The
main difference from a free trade area is that members agree to treat
trade with non-member countries in a similar way.

Common Market. This type allows the creation of economically inte-
grated markets between member countries. Trade barriers are being
removed, as are any restrictions on the movement of labor and capital
between member countries, there is a common trade policy for trade with
non-member countries. The main advantage is the openness of the labor
market to the labor force of the member countries of the common market.

Economic Union. It is created with the intention of countries not only
to remove barriers to trade, but also to follow a common economic policy.

To build a typology of regional integration unions based on the insti-
tutional and economic approach, taking into account evolutionary and

territorial characteristics, we consider the following criteria [13, p.19]:

1. Development stages:

a) exchange of information, contacts at the level of regional and local
authorities, conclusion of framework agreements;

6) foreign trade, formation of foreign trade infrastructure;

B) creation of joint ventures, institutions of coordination in various areas
of cooperation;

r) micro-integration based on the formation of integrated local markets
for goods, services, labor, technologies, etc.

2. The dominant level in the management of interregional and border
relations. As a rule, there are national, regional and interstate levels
of government. The national or regional level of government domi-
nates.

3. Models of border and interregional relations:

a) traditional model: based on differences between countries and their
regions (differences in prices for goods, exchange rates, efc.);

6) preferential model: based on a set of preferences within a certain
territory, for example, a border area (tariffs, tax and financial and
credit benefits), or in order to stimulate links in certain areas;

B) partnership model: based on the principles of administrative and
political decentralization, which is embodied in the special powers of
local authorities, as well as joint mechanisms for solving common
problems of the territory.

4. Degree of institutionalization of cross-border cooperation:

a) Euroregion. The most common form of cooperation between cross-
border regions, covering the adjacent border areas of states that are
distinguished by a certain economic, socio-cultural, ethnic unity;

6) free economic zones;

B) technopark.

Regional cooperation is associated not only with geographical char-
acteristics, but also with functional, sectoral and institutional planes,
which also influence the regional and contribute to the free movement of
goods, services, capital and people. We propose the following approach
to identify institutional and economic types of regional integration cooper-
ation based on the above criteria: framework integration, surface integra-
tion; rational integration.

Framework integration is based on weak expression of cooperation
institutions. The leading type of interaction is regional trade agreements
to eliminate tariff barriers and the development of border trade. The main
areas of cooperation are related to agreements regulating the regime and
arrangement of the border, and the prevention of border incidents.
Agreements, with the exception of those related to trade liberalization, are
devoid of specific commitments and are limited to declarations of intent.

Superficial integration is typical for regions (states) that are hetero-
geneous in terms of economy, social and state structure. Integration is
based on market mechanisms with a high level of sovereignty between
the members of the association. Regional trade agreements are conclud-
ed, including long-term directions on trade in services, investment, com-
petition and public procurement. Integration takes on some features of
the common market by focusing on regulatory issues and dispute resolu-
tion mechanisms. A trading bloc can be created on the basis of free
membership with subsequent institutional reorganization into a free trade
zone.

Rational integration of regions is institutionalized cooperation be-
tween member regions. It implies the presence of certain features
(although, perhaps, not fully formed) - a common market or a monetary
union. A market approach with a rigid institutional framework and a su-
pranational formation is characteristic.

Conclusion

The current stage of development of the world economy is character-
ized by signs of increasing deglobalization, which will inevitably lead to a
change in the architecture of sustainable development management as a
doctrine adopted by most countries of the world community. More and
more researchers suggest that in the near future cooperation between
countries will gravitate towards regional cooperation. In this situation, it
becomes relevant for Belarus to identify strategic partners and design the
architecture of cross-border cooperation, which leads to the need for
more scientific approaches to its development. Understanding the charac-
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teristics and challenges of modern regionalism is becoming increasingly
fundamental, given that the influence of recent economic and political
factors has demonstrated the need for more effective regional responses.
The study showed the specific phenomenological nature of economic
development as a basic concept for determining the conditions for the
development of cross-border regions and, on this basis, a typology of
regions, the essence of which is considered within the framework of evo-
lutionary and revolutionary approaches and is based on the concepts of
globalization and regionalization. An institutional-economic approach is
proposed that takes into account the interaction of socio-economic and
organizational-economic relations and their connection with the produc-
tive forces of the region. To build a typology of regional integration unions
based on the institutional and economic approach, taking into account
evolutionary and territorial characteristics, the following criteria are con-
sidered: the stage of development, the level in the management of inter-
regional and border relations, the mechanism for the formation of border
and interregional relations, the degree of institutionalization of cross-
border cooperation. Based on the above criteria identified institutional and
economic types of regional integration cooperation: framework integra-
tion, surface integration; rational integration.

In the current geopolitical environment and increasing deglobaliza-
tion, more and more attention is being shifted to regional integration. For
Belarus, the closest integration is characteristic of the Russian Federa-
tion. The authors draw the following conclusions: the development of
integration at the regional level provides a triad of sustainable develop-
ment: economy - social sphere - ecology ; in terms of the impact of eco-
nomic integration, there is a need to reduce restrictive protectionist
measures in the field of economic integration, mechanisms to improve the
efficiency of regional economies and reach a new level of development in
the framework of achieving sustainable development goals by creating
efficient supply chains and strengthening industrial cooperation between
the countries included in the integration ; a deeper economic integration
of the Russian Federation and the Republic of Belarus is expedient for
the sustainable development of national societies.
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Abstract

The paper has verified the hypotheses and theories about the location selection of pollution-intensive industries from various perspectives and ex-
plored possible factors influencing the geographical distribution of pollution-intensive industries. Based on the pollution intensity index of each industry,
we firstly identified the pollution-intensive industries in China. And the geographical distribution of intensive industries is analysed in terms of the propor-
tion of industry, the industry output value and the number of enterprises. With the regression analysis, the factor endowment, environmental regulation
and globalization are proven factors influencing the geographical distribution of pollution-intensive industries.

Keywords: pollution-intensive industries, geographical distribution, pollution intensity index, environmental regulation, globalization.

®AKTOPbI, BNUAIOLME HA TEOrPA®UYECKOE PACNPELENEHMUE 3ATPA3HAIOLIMX NPOMBILLNEHHOCTEN

T.T. 3opuHa, Jlio Croasio
Pechepar
B ctaTbe NpoBepeHbl rMnoTe3bl 1 TEOpKM O BbIGOPE MECTOMONOXEHMS 3arpA3HSIIOLLMX OTPAcren C pasnuyHbIX TOYEK 3pEHUS U UCCea0BaHbl BO3-
MOXHbI€ (DaKTOpbl, BIMSIOLLME Ha reorpadpuueckoe pacnpegeneHue sarpasHatowmx otpacnei. OCHOBbIBasICh Ha MHAEKCE UHTEHCUBHOCTY 3arpsi3HeHus
Ka)goi OTpaciu, Mbl CHayana OnMpeaenunu OTpacnu, MHTEHCUBHO 3arpssHsiioLne okpyxatolyto cpedy B Kutae. eorpaduueckoe pacnpegeneHue
WHTEHCUBHO 3arpsisHSKOLLMX OTpacner npoaHanmM3vMpoBaHo C TOYKM 3pEHMS LOMW NPOMBILNIEHHOCTH, CTOMMOCTY BbiMyCka MPOAYKLMM OTPAciu 1 Konu-
4ecTBa NpeanpuATUiA. PerpeccuoHHbI aHanua nokasan, Yto 06ecneveHHoOCTb (hakTopami NPON3BOACTBA, SKOMOrMYECKOE perynmpoBanme 1 rnobanu-

3aLms SBNANTCS (hakTopamm, BIMAIOLLMMM Ha reorpadmyeckoe pacnpeneneHne 3arpssHsIoLLMX Npou3BOACTE.

KnioueBble cnoBa: 3arpsasHsioLLMe OTPACTH, reorpaduyeckoe pacnpedeneHne, MHAEKC MHTEHCUBHOCTY 3arpsi3HeHms, SKOMOMMYECKOe peryninpo-

BaHue, rmobanuaaums.

Introduction

The other side of rapid economic development is usually resource ex-
haustion caused by excessive consumption and environmental disruption due
to pollution. The tradeoff between economic development and ecological
security is a hard one that cannot be avoided in all countries. There has been
an evolution from resource-consuming to productivity-driven in the industriali-
sation in countries around the world. This process manifests itself geospatially
in the evolution of a gradient transfer of industrial structure. Therefore, the
factors influencing the gradient transfer of industrial structure of pollution-
intensive industries in the industrialization have become an important topic in
various countries, and many theories and hypotheses already are produced.

The factor endowment hypothesis suggests that comparative advantage
arises mainly from relative factor endowment. And pollution-intensive indus-
tries are often also capital-intensive or resource-intensive. Therefore, they tend
to be located in areas rich in capital and resource. The pollution haven hy-
pothesis believes that environmental regulation exerts an important effect on
the geographical distribution of pollution-intensive industries. Regions with
lower environmental standards have a comparative advantage. As gross
regional product is highly correlated with the intensity of environmental regula-
tion, the pollution-intensive industries, in the process of industrialisation, tend
to aggregate in less developed areas with weaker environmental regulation. In
addition, there are theories that both transport costs and economies of scale
are likely to be factors influencing the geographical distribution of pollution-
intensive industries in the context of globalisation.

With the numerous theories and hypotheses, it is clear that a variety of
factors could influence the geographical distribution of pollution-intensive in-
dustries. The study on factors influencing the geographical distribution of pollu-
tion-intensive industries will help to realise the transformation from resource-
consuming to productivity-driven in the process of industrialisation, and ulti-
mately to eliminate the contradiction between environmental pollution and
resources and economic development. [1-3]

Identification of pollution-intensive industries

In this paper, the pollution intensity index of each industry is calculat-
ed by combining two indicators, the discharge intensity of pollution and
the discharge scale of pollution. The pollution intensity index is used to
classify industries and to define the pollution-intensive industries in China
at this stage.

= 5 (&P
i~ P,
lij - the discharge intensity of pollution | in the industry i; Eij - the
emission of pollution | in the industry i; Pi  total profit of industry i

Sij — the discharge scale of poliution | in the industry i; Eij - the
emission of pollution j in the industry i; E - the total emission of pollutionj

Pi=|ij*SiJ- 3

Pi- the pollution intensity index of industry i

The pollution intensity indices of waste water, waste gas and solid
waste for each industry are calculated according to the normalised formu-
lae (1)(2)(3). And weighted sum method was used to obtain the compre-
hensive pollution intensity index for each industry. [4]
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In this paper, 41 industrial sectors in China are studied. The compre-
hensive pollution intensity index for each sector is calculated based on
data on sulphur dioxide emission, nitrogen oxides emission, particulate
matter emission concerned with air pollution, COD discharged and am-
monia nitrogen discharged concerned with water pollution, and industrial

Table 1 — Pollution-intensive industries and their pollution intensity index

solid wastes generated for each sector in 2019. Based on the mean and
the tri-sectional quantiles of the comprehensive pollution intensity index,
the categories are classified as high pollution, medium pollution and low
pollution. And there are 11 pollution-intensive industries with characteris-
tics of high pollution in China at this stage, as shown in the table 1.

Category Industry Pollution Intensity Index
Manufacture of Non-metallic Mineral Products 0.4100
Processing of Food from Agricultural Products 0.2385
Production and Supply of Electric Power and Heat Power 0.2254
Smelting and Pressing of Ferrous Metals 0.2221
Manufacture of Raw Chemical Materials and Chemical Products 0.1472

High Pollution Mining and Processing of Non-Ferrous Metal Ores 0.1410
Manufacture of Paper and Paper Products 0.1266
Mining and Processing of Ferrous Metal Ores 0.1221
Smelting and Pressing of Non-ferrous Metals 0.1093
Manufacture of Textile 0.1055
Mining and Washing of Coal 0.0537

Geographical distribution of pollution-intensive industries

During the process of industrialisation, the distributional pattern of
China's manufacturing industry has evolved from scattered and diversi-
fied to concentrated and specialised. Moreover, the geographical distribu-
tion of pollution-intensive industries is influenced by a variety of factors
such as factor endowment, globalisation and environmental regulations.

From the perspective of the proportion of industry, the geographical
distribution of pollution-intensive industries shows unbalanced character-
istics. The proportion of pollution-intensive industry is clearly higher in
less economically developed and remote regions such as Qinghai, Yun-
nan, Ningxia or resource-based regions such as Shaanxi, Shanxi, Xin-
jiang, Inner Mongolia. In contrast, the proportion of pollution intensive

industries is significantly lower in economically developed regions or
regions without resource endowment, such as Shanghai, Hainan, Beijing,
and Tianjin. In addition, some coastal areas also have a high proportion
of pollution-intensive industries, such as Shandong, Zhejiang, Jiangsu.

The proportion of pollution-intensive industries in China by province
in 2019 are shown in Figure 1. From the figure, it can be tentatively seen
that the geographical distribution of pollution-intensive industries is largely
consistent with the factor endowment hypothesis, pollution haven hypoth-
esis and the conjecture, that transport cost and international trade in the
context of globalisation could influence the geographical distribution of
pollution-intensive industries.
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Figure 1 - Proportion of pollution-intensive industries
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From the perspective of industry output value, there exist clear ten-
dency and characteristics in the geographical distribution of pollution-
intensive industries. Figure 2 shows a map based on the output value of
pollution-intensive industries by province in China in 2019. As we can
see, a high output value of pollution-intensive industries come up in most
regions in China. Some of the less developed and remote regions such
as Qinghai, Yunnan and Ningxia, and resource-based regions such as
Shanxi and Xinjiang, which have a high proportion of pollution-intensive
industries, in fact do not have a high output value of pollution-intensive
industries. Possible reasons for this are their underdeveloped economy
and the fact that the secondary industry dominate the industrial structure.

0-50 million yuan
M 50100 million yuan
B 100-200 million yuan
B 200+ million yuan

Some of the provinces with resource endowment still rely on their
huge resource advantages. The tertiary industry, which causes less pollu-
tion and has great potential for output, has not been fully developed in
these regions. These have resulted in a large proportion of pollution-
intensive industries in these regions but with low gross output. Moreover,
pollution-intensive industries intend to be located in central China or
coastal areas. As what we learn from the analysis from the perspective of
the proportion of industry, the data on industry output value also show
that the pollution-intensive industries tend to aggregate in the coastal
areas with convenient transportation and developed economy.

—
Hainan

Figure 2 - Output value of pollution-intensive industries

From the perspective of number of the enterprise, the geographical dis-
tribution of pollution-intensive industries is highly consistent with the analy-
sis from the perspective of industry output value. Figure 3 shows a map
based on the number of enterprises in pollution-intensive industries by prov-
ince in China in 2019. It shows that the number of enterprises in pollution-
intensive industry varies considerably from region to region. A large number
of pollution-intensive enterprises are clustered in central China or coastal
areas. The marginal provinces and autonomous regions have fewer enter-
prises in pollution-intensive industries. This is consistent with the results

Xinjiang,

0-3000
M 3000-6000
W 6000-10000
M 10000+

obtained from the above analysis from the perspective of industry output
value. Based on the number of enterprises in pollution-intensive industries,
a clustering arises in Shandong, Zhejiang, Jiangsu, and Guangdong. As
these provinces are economically developed and with strategic location, it is
also reasonable to assume that factors such as the capital agglomeration,
the convenient transportation and the proximity to external markets in the
context of globalisation could be responsible for the concentration of pollu-
tion-intensive industries in these areas. [5,6]

Hainan

Figure 3 — The number of the pollution-intensive enterprise
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Factors influencing the geographical distribution of pollution-
intensive industries
To further explore the possible factors influencing the geographical
distribution of pollution-intensive industries in China at this stage, the

Table 2 — Regression analysis on factor endowment

regression analysis is conducted to verify the correlation between factor
endowment, environmental regulation, globalization and the number of
enterprises in pollution-intensive industries with the data in 2019. The
results are shown in Tables 2, 3 and 4.

Model: Adjusted R | Std. Error of Durbin- .
Factor R R Square Square the Estimate Watson F Sig.
endowment .840a 0.706 0.671 2263.91662 1.695 20.01 .000b
. - Standardized . Collinearity
Unstandardized Coefficients Coefficients Sig. Statistics
B Std. Error Beta Tolerance VIF
Coefficients (Constant) -2955.983 3741.507 0.437
Total Factor Productivity -14.52 1460.019 -0.001 0.992 0.909 1.1
Total Investment 0.19 0.026 0.81 0 0.931 1.075
Average Wage 0.05 0.043 0.13 0.257 0.94 1.063

a Dependent Variable: Number of pollution-intensive industries

According to the table 2, we prove that the linear regression model
between factor endowment and the number of enterprises in pollution-
intensive industries holds true. The factor endowment could legitimately

Table 3 — Regression analysis on environmental regulation

explain the location selection of pollution-intensive industries. The loca-
tion selection of pollution-intensive industries is positive correlation with
the total investment.

Model: Adjusted R Std. Error of Durbin- .
Environmental R R Square Square the Estimate Watson F Sig.
regulation .750a 0.563 0.490 2818.06939 1.912 7.719 .000b
Unstandardized Standardized S Collinearit
Coefficients Coefficients g- y Statistics
B Std. Error Beta Tolerance | VIF
(Constant) -4095.127 3598.069 0.266
N Capacity Of Industrial Waste Water 3651 0.978 0.567 0.001 0.790 1266
Coefficients Treatment ' _
Sjt”eera' Solid Waste Utiization 8458 968 3119303 | 0.358 0012 | 0.904 1107
::tz:rd‘)us Solid Waste Utlization | 45 ;a5 417010 | 0.002 0991 | 0.855 1470
_Cl_)apacny Of Industrial Waste Gas 000 0.001 0.046 0.756 0.839 1192
reatment

a Dependent Variable: Number of pollution-intensive industries

According to the table 3, we prove that the linear regression model
between environmental regulation and the number of enterprises in pollu-
tion-intensive industries holds true. The environmental regulation could
explain to a great extent the location selection of pollution-intensive in-
dustries. There is a notable correlation between industrial waste water

Table 4 —Regression analysis on globalization

treatment, general solid waste utilization rate and the number of enter-
prises in pollution-intensive industries. And the correlations between them
are all positive. The industrial waste water treatment has a weaker corre-
lation with the dependent variable than the general solid waste utilization
rate. [7]

Adjusted R | Std. Error of the | Durbin- .
Model: R R Square Square Estimate Watson | Sig.
Globalization ~75g, 0.574 0.541 2672.04294 1941 1752 000b
Unstanfjardized Stanqardized Sig. Collilnefarity
Coefficients Coefficients Statistics
B Std. Error Beta Tolerance VIF
Coefficients | (Constant) 2694525 876.872 0.005
Export Delivery Value 0.166 0.032 0.727 0 0.853 1173
Minimum Distance To The Port -0.521 0.993 -0.073 0.604 0.853 1.173
a Dependent Variable: Number of pollution-intensive industries

According to the table 4, we prove that the linear regression model
between globalization and the number of enterprises in pollution-intensive
industries holds true. Globalization can significantly influence the location

selection of pollution-intensive industries. And the location selection of
pollution-intensive industries is positively correlated with the international
market potential included in globalization.
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The above analysis shows that factor endowment, environmental
regulations and globalisation are all correlated with the number of enter-
prises in pollution-intensive industries in a region. In other words, factor
endowment, environmental regulations and globalisation could influence
the location selection of pollution-intensive industries in China at this
stage. Moreover, as industrialisation continues, the preference according
to these factors will become the dominant choice for the establishment of
new pollution-intensive enterprises. This would, to some extent, result in
a geographical concentration of pollution-intensive industries. They will be
concentrated in areas with intensive capital factors, weak environmental
regulations and huge potential to international markets. Coastal areas
with developed economies and frequent external contacts will be popular
choices.

Conclusion

This paper verifies the hypotheses and theories about the location
selection of pollution-intensive industries from various perspectives and
explored possible factors influencing the geographical distribution of pol-
lution-intensive industries.

To ensure the reliability of the study, 11 pollution-intensive industries
are identified based on their comprehensive pollution intensity index cal-
culated. On this basis, subsequent analysis was carried out. According to
the data from various Chinese provinces, the geographical distribution of
pollution-intensive industries follows the same trend from the perspective
of the proportion of industry, the industry output value and the number of
the enterprise. They tend to be located in the heartlands or coastal areas,
in particular in the provinces Shandong, Zhejiang, Jiangsu and Guang-
dong. These four provinces are the most popular locations for pollution-
intensive enterprises from any perspective. In addition, the regression
model is applied to further substantiate the possible factors influencing
the geographical distribution of pollution-intensive industries. The results
prove that factor endowment, environmental regulation and globalization
were all identified as important factors influencing the geographical distri-
bution of pollution-intensive industries. Further, the geographical distribu-
tion of pollution-intensive industries is significantly correlated with the
capital element belonging to the factor endowment, with the industrial
waste water treatment and the general solid waste utilization rate in envi-
ronmental regulation, and with the international market potential con-
tained in globalization. These factors combine to influence the geograph-
ical distribution of pollution-intensive industries in China at this stage. It
also proves the reliability of the factor endowment hypothesis, the pollu-
tion haven hypothesis and the trend of industrial location selection under
the effect of internationalisation.
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