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Article’s History: Abstract. The relevance of the study is conditioned upon the need to develop
Received: 28.07.2021 and implement structural and technological solutions to improve the efficiency
Revised: 25.08.2021 of the chemical and thermal conversion of biomass into combustible gas.
Accepted: 30.09.2021 Within the framework of the above, the authors of this paper have designed

a downdraft gasifier running on plant biomass. The presented research links
Suggested Citation: the heat quantity received from the utilisation of syngas produced during

Tregub, M., Holubenko, A., & Tsyvenkova,N.  the gasifier operation cycle with the parameters of the gas blow regime and
(2021). Experimental studies of struc-  the physico-chemical properties of biomass. For an in-depth study of the
tural and technological parameters of  influence of the gas blow regime on the yield and calorific value of syngas
a downdraft gasifier based on plant bio-  produced from biomass, the authors introduce the concept of the blow
mass. Scientific Horizons, 24(6), 9-23. coverage quality coefficient. This coefficient describes the quality of the
cross-section coverage of the gasification chamber neck with gas currents
of the tuyere zone. The purpose of this study is to establish the influence of
the blow coverage quality coefficient, the volume of blow gases and the void
ratio of the bulk biomass layer on the heat quantity received from syngas
produced during the gasifier operation cycle. A multi-factor experiment was
planned and performed, which relates the dependent factor to variables,
and the corresponding response surfaces were constructed. The research
findings are that the maximum value of the heat quantity received from
the utilisation of syngas produced during the one-hour gasifier operation
cycle was 519 MI. This value is achieved with 0.8 blow coverage quality
coefficient and a blow gas volume of 47.4 m%/h and 46.75% void ratio of
the bulk biomass layer. The measurement results are highly consistent
with the calculated data. The coefficient of determination was R?=0.983.
The practical value of this study is to substantiate the rational design and
technological parameters of the downdraft biomass gasifier operation, which
will increase the efficiency of biomass energy production. The findings presented
in this study can be used both to design new gasifiers and to improve the
efficiency of the available ones
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void ratio, blow coverage quality coefficient
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INTRODUCTION

Successful technical solutions in the context of creating
new samples of gasifier equipment and a thorough an-
alytical study of the production processes of combustible
syngas from carbon-containing raw materials indicate
the modernity and relevance of the subject under study.
Studies [1; 2] analyse global trends in the successful
introduction of technologies and present means of pro-
ducing combustible syngas from biomass, both for sci-
entific and commercial purposes. Depending on the energy
needs and availability of raw materials, gasifier designs
with fixed bed, fluidised bed and entrained flow layers
of different capacities are intensively developing. For
example, in the USA, Austria, Germany, and Denmark,
fluidised bed and entrained flow gasifiers are common-
place, producing over 80% of syngas, the calorific value
of which reaches 18...20 MJ/nm? [3]. In the Philippines,
Latvia, Lithuania, Estonia and Ukraine, fixed bed gasifiers
are most commonly operated [4]. Such types of gasifiers
have a capacity of 10 kW-1 MW and are more suitable
for small-scale applications [4; 5]. The calorific value of
syngas produced in fixed bed gasifier is low and amounts
to only 5...7.5 MJ/nm3. However, the substantial advan-
tages of gasifiers of this type are the simplicity of design
and operation, the possibility of efficient operation on
plant biomass, and the low content of resins in the pro-
duced gas (20-30 mg/m?) [5]. Therefore, for countries
where agriculture develops at the level of farming, it is
more typical to develop fixed bed gasifiers, namely down-
draft gasifiers.

However, despite the advantages, the use of fixed
bed gasifiers does not always allow getting the expected
results. The reason is a number of technical difficulties
relating to the lack of practical data [3-5]. Such issues
are methods for improving the efficiency of production
of combustible gases from non-condensing raw materials
(grain straw, sunflower husk, corn stalks) and methods
for ensuring the quality of the gas produced (chemical
composition, calorific value, absence of particulate matter
and resins) [6]. There are technological and constructive
ways to solve these difficulties. In particular, structural
ways include modernisation of the gasifier design (hop-
per, gasification chamber, grate, ash pan, etc.) [5; 7].
Technological ways provide for the development of a gas
blow regime [8]; maintenance of high temperatures in
the gasification zone [9]; ensuring stable pressure [10];
increasing the reactive surface of fuel [11].

However, despite a considerable number of pub-
lished scientific papers, the issue of improving the ef-
ficiency of fixed bed gasifiers was considered mainly in
terms of increasing the calorific value of the generated
syngas by increasing the content of the main combus-
tible components in the gas composition (CO and H,).
The amount of gas produced per cycle (or unit of time)
is almost not covered. The total heat quantity received
from the utilisation of syngas produced during the gas-
ifier operation cycle depends not only on its qualitative

Scientific Horizons, 2021, Vol. 24, No. 6

chemical composition, but also on the quantity. An in-
crease in both each component separately and two si-
multaneously will lead to an increase in the total heat
quantity received from the utilisation of syngas produced
during the gasifier operation cycle in the corresponding
heat engineering equipment. Therefore, a slight deteri-
oration in the quality of syngas is acceptable if this is
compensated by an increase in its volume produced per
unit time. Since the quality and quantity of syngas pro-
duced are largely related to the gas blow regime of gas-
ifier operation, this allows adjusting the supply of blow
gases necessary for the gasification within a wider range.

Therefore, the issue of improving the efficiency
of a gasifier,which is determined by a complex indicator of
the heat quantity received from the utilisation of syngas
produced during the one-hour gasifier operation cycle,
is relevant and needs to be studied.

Given the above, the purpose of this study is to
establish the influence of the blow coverage quality co-
efficient, the volume of blow gases and the void ratio of
the bulk layer of biomass on the heat quantity received
from the utilisation of syngas produced during the gasifier
operation cycle.

The concept of the blow coverage quality coef-
ficient k is introduced, which describes the degree of
coverage of the chamber neck by tuyere zones created
by air currents.

To achieve this purpose, the following tasks re-
quired solving:

- to design a downdraft gasifier running on plant
biomass and a blow gas preparation and supply unit;

- to determine the dependence of heat quantity re-
ceived from syngas, that was produced during one-hour
cycle of gasifier operation, from the blow coverage quality
coefficient, blow gases volume and the void ratio of bulk
biomass layer.

LITERATURE REVIEW

In the process of chemical and thermal conversion of
solid fuel to gaseous fuel, numerous intermediates are
formed in fixed bed gasifiers, which have a substantial
impact on the quality and quantity of the final gasification
product - syngas [12]. These intermediates are water
vapor of chemical and hygroscopic moisture of the fuel
and gases, various distillates developed during the dry
distillation of fuel [13].

The chemical composition and caloric content of
syngas, which describe the degree of perfection of the
gasification process in general, depend on the condi-
tions that are maintained in the gasification chamber,
namely: the temperature of the reaction layer of fuel,
i.e.,the zone of the chamber where the reactions of the
formation of water and air gases occur and where dis-
tillates coming from the hopper burn and are subject to
cracking; the physical and chemical properties of fuel
(density, grain, void ratio, reactivity); the uniformity of fuel




intake into the chamber; the load mode of the gasifier,
which determines for a certain geometric shape of the
gasification chamber the speed of movement of gas
masses in the and the time of their contact with the fuel
surface [14].

Changes in the above-mentioned intermediates and
physico-chemical conditions of the operation depend on
the gasifier design features: the geometric shape of the
chamber; the profile, dimensions, quantity and method
of installing tuyeres that supply blow gases to the gasifi-
cation zone; the angle of inclination of the hopper cone
and the degree of its heating; as well as on external
influences (movement of the grate, fuel stoking, gasifier
vibrations) [7; 15]. The above list of factors that affect the
gasification flow indicates the difficulty of considering
the impact of each of them separately. In addition, nu-
merous studies [1; 3-5; 14; 15] have proved that most
of these factors are variables, which determines the
variability of the gasification and, consequently, the low
quality of gas.

According to [15; 16], one of the main factors that
controls the thermodynamics of the gasification is the
temperature in the gasification chamber, the value of which
also determines the cracking of resins and other dry distil-
lation products. The numerical value of the temperature
depends on many factors, the main of which are as follows:
the speed of blow gases coming out of the tuyeres and
their temperature; the number and location of tuyeres;
the configuration of the chamber; combustion intensity;
humidity and void ratio of the fuel; thermal insulation
quality of the hopper. The study [17] notes that the main
reason for fluctuations in the temperature of the reaction
layer during gasification is the uneven deposition of fuel
near tuyeres. The reason for this phenomenon is the
ability of fuel to hang and form arches. As a result, the
combustion intensity decreases, which is expressed by the
value of the hourly consumption of conditionally burned
fuel per 1 m? cross-sectional areas along the tuyere belt.
This worsens the flexibility of the gasification and the
quality of syngas.

The influence of combustion intensity on the flex-
ibility of the gasification is also noted in the study [18].
The authors note that as the diameter of the tuyere belt
increases, the area of the combustion mirror and the mass
of fuel that creates the reaction layer increase. A sharp
increase in gas consumption by consumer equipment leads
to the fact that the increase in the temperature of the
reaction layer lags behind the growth of gas masses.The
greater the mass of charred fuel that reacts, the longer
it takes to increase its temperature with the same heat
released. The issue of ensuring a stable combustion in-
tensity in downdraft gasifiers that run on plant biomass
requires an in-depth experimental study with the sub-
sequent development of mathematical models that will
link the design parameters of the gasification chamber
with the physical and chemical properties of the fuel and
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the needs for syngas of the heat engineering equipment
that runs on it.

The authors of [19] note that it is the high speed of
blow gases at the exit of tuyeres that is the main factor
that improves the flexibility of the gasification and the
quality of the produced syngas. However, the study [19]
also indicates that an increase in this velocity contrib-
utes to an increase in the resistance in the gasifier and
attenuation of the gasification. When an internal com-
bustion engine runs on such a gas, there is a deterioration
inits filling and a drop in power, which is also confirmed
by research carried out in [15]. Therefore, for each type of
fuel, there is a certain limit to the appropriate increase
in the speed of blow gases, which must be determined
accordingly.

A promising method for increasing the calorific
value of syngas to 9-13 MJ/nm? is the use of air-steam blow
upon gasification [20]. However, research on the use of
steam in the syngas production is performed mainly in
gasifiers with updraft gasification and in pseudofluidised
bed gasifiers running on coal. The disadvantage of this
technology is the need for preliminary pair formation,
which in turn is accompanied by additional capital ex-
penditures for the purchase of appropriate equipment.

The study [21] notes that it is more expedient
to intensify the gasification in a downdraft gasifier by
supplying air to the gasification zone in two stages. The
authors investigated the chemical composition and calo-
rific value of syngas produced from biomass by changing
the air flow rate during the gasification from 18 nm3/h
up to 22 nm3/h and the air flow ratio in the two stages
between 0% and 80%. According to the results of the study,
syngas with a low resin content of 54.25+¥0.66 mg/nm>
and particulate matter 102.4+1.09 mg/nm? were obtained,
for a total air flow rate of 20£0.45 mg/nm? and an air ratio,
between the two stages, of 80%. Thanks to the use of
two-stage air supply to the gasification zone, the resin
content in the produced syngas decreased by almost 87%.
The results obtained in [21] should be considered upon
designing the unit for preliminary preparation and supply
of blow gases to the gasifier. The authors of [22] propose
to use oxygen blow, which allows increasing the calo-
rific value of syngas produced in downdraft gasifier to
11...15 MJ/nm?3. However, this technique has not been
widely used commercially due to the high cost of equip-
ment for preliminary preparation and storage of oxygen.

The influence of the air injection rate on the syn-
gas production process is studied in the paper [23]. The
gasification conditions of solid waste and wheat straw
in a laboratory-scale continuous fluidised bed reactor
in a high-oxygen environment are presented. The equiv-
alence coefficient was 0.2...0.5, and the operating tem-
perature in the gasification zone was 600...90°C. To
control the distribution of temperature fields in the gas
reactor and the composition of the gaseous product
yielded, the fuel supply and the amount of air required
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for gasification were modified. The study proves that
the temperature distribution in the reaction zones is
controlled by the air supply, and the composition of the
gas yielded is controlled by the equivalence coefficient
of reagents (biomass and air). The results of this study
are generalised and can be used to develop the gas-air
regime of the gasification and the tuyere belt design.

There are several studies described in [5; 7; 15;
22], which note the influence of the chamber design on
the gasification conditions, as well as features of the
tuyere belt design to ensure proper gas blow regime.
In particular, the optimal ratio of the diameter of the
gasification chamber to the neck; rational geometry of
tuyeres (profile, diameter, length) and their number are
presented. The axial and radial characteristics of the
tuyeres, the hydraulic resistance created by the tuyeres,
the aerodynamics of the air current coming out of the
tuyere, etc. are studied as well. Even though the presented
studies provide an in-depth analysis of the influence of
the gas blow regime on the nature of the gasification, the
question of the dependence of the produced syngas quality
on the coverage of the chamber neck with tuyere zones
created by blow gas currents and the dependence of the
geometry of tuyere zones on the design of the chamber
has not been considered.

One of the essential features of a fuel (along with
humidity, reactivity, chemical composition), which de-
termines the chemical composition, calorific value and
final application of syngas, is the size of its particles.
The authors of the study [24] experimentally confirmed
that the size of fuel particles substantially affects the
duration of gasification, and, consequently, the size and
geometry of the main components of the gasifier — hopper,
chamber, etc. However, the published studies did not
consider the effect of void ratio of the bulk biomass layer
on the gasification. A clear understanding of the degree
of influence of this parameter will allow determining as
accurately as possible, depending on the volume of frac-
tional voids of fuel, the amount of blow gases required
for the gasification and the rational correlation between
the amount of air and fuel.

The efficiency of syngas production from biomass
in the presented studies has been investigated separately
for each of the indicators - according to the calorific
value of syngas, and, less frequently, according to its
quantity. Studies that determine the efficiency of syngas
production from biomass according to the heat quantity
received from the utilisation of this gas produced during
the gasifier operation cycle have not been conducted.
The dependence of this indicator on the design and tech-
nological parameters of the gasifier and the properties
of biomass also received no prior coverage.Therefore, to
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increase the efficiency of the chemical and thermal con-
version of plant biomass into combustible gas, a complex
of studies should be carried out using the achievements
of modern scientific thought and methodology.

MATERIALS AND METHODS

The working hypothesis of this study notes that with
a certain increase in the amount of blow gases entering
the gasifier, the calorific value of syngas may slightly
decrease, but the total amount of gas produced during
the gasifier operation cycle increases. This leads to an in-
crease in the total heat quantity received from the util-
isation of such syngas, namely by its direct combustion.

Crushed wheat straw was used as the test ma-
terial. The chemical composition of wheat straw per its
dry weight is as follows: N=0.54%, C=43.43%, H=5.86%,
0=44.26%, 5=0.11%, ash content 5.8%. A polyfrac-
tion mixture is made from straw-sections as follows:
small split stems with a length [=9-27 mm, wall thick-
ness 0=0.16-0.26 mm; flattened stems - [=18-38 mm,
0=0.32-0.48 mm; cylindrical smooth stems - [=22-40 mm,
0=0.22-0.34 mm, outer diameter ©¥2-4 mm; cylindrical
stems - I~38 mm with thickenings, 6=0.45-1.2 mm; small
split stems - =9 mm, 6=0.15 mm; the content of other
fractions in the mixture does not exceed 4%. The humidity
of the straw based on which the polyfraction composition
was created was 12%.

The composition of the mixture is expressed by
the percentage of fractions: coarse (I>32 mm), medium
(27<l<32 mm), and fine (I<27 mm). Mixture | contains
60% coarse, 25% medium, and 15% fine fractions and
has a void ratio e=50%. Mixture Il contains 40% coarse,
45% medium, and 15% fine fractions and has a void ratio
&e=43.5%. Mixture Il contains 25% coarse, 60% medium,
and 15% fine fractions and has a void ratio &=30%. The
content of fractions in the mixture was selected accord-
ing to the reduction theory and filtration theory [15] to
ensure the flow of all reactions of the gasification in the
appropriate time intervals and at the specified speed.
Void ratio ¢ of the bulk biomass layer was determined
according to the method [25].

To run experiments, a pilot plant with a downdraft
gasifier was designed, the flow chart of which is presented
in Figure 1. The productivity of downdraft gasifier is 60-
68 m3-h. The prototype for this unit was the design of
the gasifier presented in [7]. According to Figure 1, the
plant contained a gasifier; a unit for preparing and sup-
plying blow gases to the gasification chamber; a unit for
preparing syngas for utilisation; a unit for collecting, ana-
lysing, and accumulating data on the parameters of the
syngas produced; syngas utilisation unit.
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Figure 1. A pilot plant with a downdraft gasifier: a - the flow chart; b - downdraft gasifier; ¢ = blowing tuyeres

Gasification unit included a downdraft gasifier
1 equipped with a hopper with a continuous fuel supply
system 21.The gasifier is installed on scales 3 (TVE 500-10
“Tekhnovahy”under DSTU EN 45501), which were used to
control fuel consumption. The ash residue was weighed
using laboratory scales 24 (TVE 150-5 under DSTU
EN 45501). Continuous measurement of the weight of
the gasifier allowed monitoring the degree of fuel burn-
out and coordinating the operation of the gasifier with
fuel metering equipment. The temperature in the gas-
ification zone was controlled by thermocouples 4 and
6 (tungsten-ranium thermocouples, TVR-251).

Unit for preparation and supply of blow gases to the
gasification chamber. The volume of air supplied to the
chamber was regulated by changing the fan rotor 2 rota-
tion speed. The air, before being fed to the tuyere belt
of the gasification chamber mounted on the gasifier 1, had
been preheated to a temperature of 270...320°C. Heating
was carried out in the heat exchanger 7 due to the heat
of the produced syngas, which, in turn, was cooled to a
temperature of 40°C. The temperature of the heated air
was monitored by a thermocouple 6 and recorded in real
time by a block for collecting, analysing, and accumulating
data. To prevent the return of air from the tuyere zone

to the heat exchanger, a non-return valve 9 is installed.
The volume of air that was supplied to the gasification
chamber was calculated using the meter 18.

The preparation unit for syngas utilisation was used
for cleaning, cooling, and normalising the parameters
of the syngas produced before utilisation in the appro-
priate heat engineering equipment. The unit contained
a heat exchanger 7 with a coil 8, through which syngas
was passed. To remove condensate developed during
cooling of the syngas upon passage through the coil 8,
the heat exchanger 7 was equipped with a branch pipe 19
for discharge and a tank 20 for collecting condensate.
The temperature of the syngas at the inlet and outlet of
the heat exchanger 7 was controlled by thermocouples
5 and 10 (chromel-aluminum, TXA-XA-2388 065-16).

The preparation unit for syngas utilisation included
filters for gas purification: coarse 11 and fine 12.The branch
pipe 23 in the design of the fine filter 12 served to remove
condensate. The purified syngas, passing through an
additional moisture separator 15, entered the receiver
22,where the gas composition was averaged within the
volume of the receiver. Through the branch pipe 16, the
gas was sampled to analyse the content of resins and
particulate matter. To overcome the aerodynamic drag
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exerted by the filter equipment, a suction-type vacuum
pump 14 is provided in the gasifier design. The duration
of experiments was recorded using an electronic clock
with a timer. The data collection, analysis, and accumu-
lation unit, apart from thermocouples 4, 5, 6, 10, and
meter 18, included a gas calorimeter 13 (model CM6G,
margin of error 1%) and a gas rotary meter 25 (RG-100
TU U 3.48-05782912-048-97, margin of error 1%).

Syngas utilisation unit contained a burner with a
throttle valve 17 to control the amount of syngas sup-
plied for utilisation. According to the task of the study,
the heat quantity Q, was measured, which can be re-
ceived by recycling syngas produced during the gasifier
operation cycle, and @, depends on the blow coverage
quality coefficient k, the void ratio of the bulk biomass
layer & and the amount of air V _necessary for the gas-
ification. To link the independent (k, ¢, V) and depen-
dent (Q,) factors, determine the nature of this link and
find a mathematical equation to describe it,a multi-factor
experiment was conducted using the methodology de-
scribed in [26].

The total air consumption for the gasification was
calculated according to [15], based on the nominal
gasifier capacity for gas of 60...68 m?/h and they were
34...46 m3/h. Since the plan of the multi-factor experi-
ment provided for three levels of variation and the in-
tervals between levels should be the same, the values
of total air flow were adopted as follows: V= 30, 40,
and 50 m3/h. The values of the void ratio ¢ of the bulk
biomass layers were 35%, 43.5%, and 50%.

Coefficient k of the blow coverage quality was
established analytically according to the methodology
developed by the authors. Calculations were performed
using the Statistica 11.0 software package (StatSoft, USA).
Coefficient k was established based on the condition that
the radius p(S) of the tuyere zone may vary. The main
control parameters are as follows: the speed of blow
gases (air) V_; tuyere specifications defined by the tuyere
diameter d, and coefficients a and a; geometric parameters
of the chamber - diameter of the tuyere installation D,,
neck diameter d , distance from tuyere belt to neck h .
Of particular importance is p, _— the radius of the tuyere
zone in the neck plane, m.

According to the theory of a turbulent source [15]
applied to a current symmetric relating to the axis, the
velocity of the main part of the current of blow gases
will be equal to:

s 096V 096:-Vy-d, )
2-(6;Ll-s,ch()_29 2-a-S,+029-d,
t

where V is the particle velocity of the blow gas current
at a given point at a distance X from the tuyere nose, m/s;
V, is the initial velocity of a current particle of blow gases
at the time of exit from the tuyere nose, m/s; S is the
distance travelled by a particle of the blow gas current
from the tuyere nose to a given point on the x axis, m;
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d, is the tuyere diameter, m; a is the experimental co-
efficient that depends on the flow structure in the ini-
tial section of the current (for a current with a circular
cross-section ¢=0.07-0.08) [15].

When the tuyere diameter d, decreases, the denom-
inator of expression (1) increases, and the velocity V,
accordingly, decreases, provided that V =const. Conse-
quently, as the tuyere diameter increases, the range of
the current increases. According to the aerodynamics
of blowing in the gasification chamber, it is preferable
to use a small number of tuyeres of a larger diameter.
Since there is a tendency to a sharp decrease in the
speed of the blow gas current V_along the x-axis, the
limit values of the parameter V, are set, upon reaching
which the movement of the gas flow towards the x axis
stops. Evidently, V. <<V ,and V,<<V..

The initial velocity of blow gases in the tuyere nose
is as follows:

(2)

4 Vyir 5.06 - N5 - Vyqs
Vo_n-a-n-d?_ T-a-n-df
where a is the current compression coefficient, which
determines the ratio of the area of the smallest cross-
section of the current to the area of the tuyere opening
in its smallest cross-section (a=0.7-1.3) [15]; n is the num-
ber of tuyeres; V___is the air consumption for the gasifica-
tion, m3/h; Vgasis the volume of syngas produced, m*/h;
N is the nitrogen content in syngas, which depends
on its content in straw and in blow gases supplied to
ensure the gasification (N #°=0.38...0.53 of mass fraction).

Therefore, considering (2), the velocity of the main
part of the blow gas current is as follows:

. 1.54 - N - V,,
*Tan-di-(2-a-S,+0.29-d,)

©)

Under different conditions, the tuyere zones
created by blow gas currents in the chamber neck may
undergo coverage to varying degrees. As an example,
three variants of schemes for tuyere zones coverage in
the neck of the gasification chamber with the number of
tuyeres n=8 are considered (Fig. 2).According to Figure 2,
three main zones of fuel coverage with a gas current are
formed in the cross-section of the neck: Zone 1 - a single
coverage; Zone 2 - the zone that is not covered by any
of the currents (phenomena of insufficient CO, content
in the gas mixture are observed, or low recovery inten-
sity); zone 3 - a zone where two or more gas currents
undergo coverage. Consequently, on the one hand, there
is @ more intense mixing of gas, and on the other hand,
there may be a lack of carbon in the fuel, which affects
the quality of syngas. The key factor for justifying ra-
tional blow parameters is to plan a coverage scheme
that will provide the highest calorific value of syngas at
a given gas chamber capacity. Therewith, the values of
the neck diameter and the radius of the tuyere zone are
not important, only their ratio affects the gasification
conditions.
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Figure 2. Schemes for tuyere zones coverage created by blow gas currents in the neck of the gasification chamber
depending on their radii p(S) with the number of tuyeres n=8:
a) coverage of cross-sections of tuyere zones in the chamber neck at (d_/2-p, )= 3.6;
b) coverage of cross-sections of tuyere zones in the chamber neck at (d_/2-p )= 2.75;
¢) coverage of cross-sections of tuyere zones in the chamber neck at (d_/2-p, ) =2

To compare the gasification conditions, the spe-

for Zone 1 is k=1, for Zone 2 - k=0.2, for Zone 3 - k=0.6.
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Based on the research results, graphical dependencies
were constructed (Fig. 3).

cific area of the coverage calculated for the number of
tuyeres n=8-12 was investigated. The specific area of the
coverage is determined considering the coefficient k, which
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Figure 3. Dependence of the coverage quality coefficient k from the number
of tuyeres n and the correlation (d /2-p )

The result of the study (Fig. 3) is the establishment
of the conditions that are most favourable for the gasifica-
tion, with certain correlations between the neck diame-
ter d and the opening radius of the tuyere zone in the
neck section p . Thus, with the number of tuyeres n=8,
the best conditions for the gasification are achieved
whend /2:p =275 (while k =78%).With the number

of tuyeres n = 12, these conditions are achieved when
d/2p, =339 (k=70.5%).

These findings suggest that it is more appropri-
ate to use a smaller number of tuyeres, while providing
the ability to control the path that the blow gas currents
pass in the chamber. The justified correlations (d /2-p
are summarised in Table 1.

max)
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Table 1. Influence of the number of tuyeres and the radius of the tuyere zone in the neck section
on the path of the blow gas current along the x axis

Radius of the tuyere zone in

Coefficient of the blow coverage quality

No. Number of tuyeres n, pcs. the neckplane p__m in the chambe; net':k by tuyere zones created
y air currents k
1 8 Ppa=d/5-5 0.68...0.78
2 10 P e=4/5:98 0.67...0.73
3 12 P p=9/6-78 0.65...0.71

To conduct the experiment,afive-level second-or-
der plan was implemented according to the methodology
described in [26]. The plan for conducting experiments
made provision for a variation of three independent
factors k, V__and ¢, which affect the heat quantity Q,,

which can be received from the utilisation of syngas.
Factors encoding: X =k, x,=V_,X = ¢.

Variation levels of abovementioned factors are
presented in Table 2.

Table 2. Variable factors and limits of their variation for definition of heat quantity that can be received from syngas
burning, which was produced during one-hour gasifier operation cycle

Factor variation level Coefficient of blow coverage Blow gases volume Void ratio of bulk biomass
quality k v, m*h? layer ¢, %
Lower level (-) 0.68 30 35
Middle level (0) 0.74 40 42.5
Upper level (+) 0.8 50 50

The first step of the study (Table 3) investigated
the polyfraction mixture Il, with void ratio of the bulk
biomass layer ¢ 43.5%. The tuyere belt contained 8 tuyeres
©¥10.6 mm each with a nozzle of the corresponding de-
sign (Type 1-B). According to the design of the tuyere belt
and the void ratio of the bulk biomass, the coefficient k
was 0.8. Through the tuyeres, air was supplied to the
gasification zone with a volume of V=50 m*/h and the
amount of syngas produced and its calorific value were
measured. The heat that can be obtained by burning the
produced syngas was calculated as follows. The experi-
mental interval, which was one hour, was divided into
elementary intervals of 4 minutes. Time intervals were
recorded by an electronic clock with a timer integrated
into the data collection, analysis and accumulation unit.
At the specified time intervals, the indicators of the gas
meter 18 and the indicators of the gas calorimeter 13 were

recorded. The heat was defined as the sum of the products
of the volumes of gas produced in an elementary time
interval and the calorific value of this gas.

The implementation of a multi-factor experiment
involved the following actions: encoding factors; rando-
misation; developing a sequence of experimental stages;
establishing the degree of reproducibility of the experi-
ment; determining and evaluating the significance of
regression coefficients; establishing the adequacy of the
model. A series of 15 original experiments was performed
according to the planning matrix and the coefficients of
the linear part of the polynomial were calculated using
the methodology described in [26]. For the reliability
of experimental data, it is assumed that the number of
parallel experiments conducted under the same conditions
is equal to three.

Table 3. Diameters and types of tuyeres that provide the volume of air for gasification and the blow coverage quality
coefficient for the corresponding values of void ratio of the bulk biomass layer

Experiment planning method

Values of experimental factors

Tuyere

diameter d, Tuyere.type [15]
X, X, X, X, X, X, mm (Fig. 1)
1 + + 0 0.8 50 435 10.6 I-B
2 + - 0 0.8 30 435 74 I1-8
3 - + 0 0.68 50 435 104 I1-B
4 - - 0 0.68 30 435 9 I-B
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Table 3, Continued

Experiment planning method

Values of experimental factors

Tuyere

diameter d, Tuyere.type [15]
X, X, X, X, X, X, mm (Fig. 1)
5 0 0 0 0.74 40 43.5 8.8 I11-B
6 + 0 + 0.8 40 50 9.2 I11-B
7 + 0 - 0.8 40 35 7.8 I11-B
8 - 0 + 0.68 40 50 10 I11-B
9 - 0 - 0.68 40 35 9.4 I-B
10 0 0 0 0.74 40 43.5 8.8 I11-B
11 0 + + 0.74 50 50 10.6 I1-B
12 0 + - 0.74 50 35 9 I11-B
13 0 - + 0.74 30 50 9.2 I-B
14 0 - - 0.74 30 35 7.8 I-B
15 0 0 0 0.74 40 435 8.8 I11-B

According to the plan of multifactor experiment,
the values of the model's relative error are lower than
1.64%. This is the case for all experiments. The values
of mean relative deviation are lower than 1.2%. Thus,
the relative error value is less than 5%. Such relative error
value is considered acceptable in modelling [26].

Therefore, it can be concluded that presented
model predicts the heat quantity (that can be received
from syngas burning, which was produced during one-hour
gasifier operation cycle) with high accuracy.

RESULTS AND DISCUSSION

The results of the experimental study were processed
using the Statistica package. As a result of experimen-
tal research and statistical processing, an array of data
values of the heat quantity Q, was obtained, which is
received from the utilisation of syngas produced during
the gasifier operation cycle, which are presented in
Table 4.

Table 4. Calculated matrix of the heat received from the utilisation of syngas produced
during the gasifier operation cycle

Experiment planning method Experiments results Model adequacy check
kXXX e 0 0 G O P Qe
@imedcond  Qmedeo
1 + + + 0 516.9 512.0 512.0 513.6 508.9 4.7 22.129
2 + + - 0 411.0 409.0 407.0 409.0 400.9 8.1 64.870
3 + - + 0 474.0 474.0 473.0 473.7 481.7 -8.1 64.870
4 + - - 0 300.0 298.0 299.0 299.0 303.7 -4.7 22.129
5 + 0 0 0 468.0 471.0 467.0 468.7 470.6 -1.9 3.568
6 + + 0 + 435.0 437.0 438.0 436.7 445.0 -8.4 69.931
7 + + 0 - 399.0 399.0 393.0 397.0 402.7 -5.7 32.443
8 + - 0 + 413.0 412.0 408.0 411.0 405.3 5.7 32.443%
9 + - 0 - 326.0 3270 326.0 326.3 318.0 8.4 69.931
10 + 0 0 0 469.0 472.0 472.0 471.0 470.6 0.4 0.198
11 + 0 + + 490.0 493.0 490.0 491.0 488.9 21 4.340
12 + 0 + - 356.0 354.0 355.0 355.0 355.6 -0.6 0.340
13 + 0 - + 279.0 277.0 278.0 278.0 2774 0.6 0.340
14 + 0 - - 281.0 277.0 279.0 279.0 281.1 -2.1 4.340
15 + 0 0 0 470.0 476.0 470.0 472.0 470.6 1.4 2.086
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Regression coefficients: b =470.556; b=31.113;
b=71.5; b,=32.417; b, =-17.508; b,,=-11.25; b,,=34.25;
b,=-2.365; b, =-44.365; b,,=-75.44.

The Cochran'’s test was applied to verify the uni-
formity of variances. The tabular value of the Cochran’s
test criterion was G***=0.4 at 5% significance levels for
the number of degrees of freedom equal to f,=2 and the
number of experiments f,=15. It was established that
Gm=0.21<G**"(0.05; 15; 2)=0.4 [26]. Thus, the process
is fully reproduced.

The significance of the coefficients of the regres-
sion equation is estimated according the Student's t-test.
Tabular value of the Student’s t-test at 5% significance
level, f,=2 and the number of experiments f=15 was
t=4.3 [26; 27]. The coefficients of the regression equation
were estimated by their significance and insignificant
ones were excluded. Finally, the polynomial equation
took the following form:

Q,=470.556+31.113-X,+71.5-X,+32.417-X,~17.508:X, X ,~11.25-X /X +34.25X ;X - 2.365-X ?~44.365°X ?~75.44-X?  (4)

where ), is the heat quantity received from the utilisation
of syngas produced during one hour gasifier operation
cycle,MJ/h; X, is the encoded value of the coefficient of
the blow coverage quality for the neck cross-section in
the gasification chamber by air currents of the tuyere
zone; X, is the encoded value of the air supply for gasifi-
cation, m*/h; X, is the encoded value of the void ratio of
the bulk biomass layer.

The hypothesis on the adequacy of the model
to the object under study was tested using the Fisher's
test.Variance Syz {Q,} of the initial optimisation parameter
was established based on the results of experiments in
the centre of the plan (Table 4) and amounted to Sy2=2.92.
As a result of calculations, the value of the adequacy

variance was obtained, which was equal to 52inadeq=2-77-
The calculated value of the Fisher's test for the spec-
ified values of variances was equal to F°"=9.47. Since
From=9.47<Fbk(0.05; 15; 2)=19.38, then the hypothesis on
the adequacy of the regression equation is confirmed [26;
27]. The value of the coefficient of determination was
R?=0.983. Thus, the mathematical model (4) of the pa-
rameter Q,dependence obtained from variable factors
adequately describes the results of the experiment at a 5%
significance level.

After substituting the values of the obtained coeffi-
cients into canonical Equation (4), the regression equation
of the process under study is written as follows:

Q,= ~4748.56+3720.53-k+44.83-V, ~118.55-€-29.18'k-V, ~25k-¢+0.457-V, -€-656.944-k’~0.444-V ?-1.341-¢>  (5)

where: @, is the heat received from the utilisation of
syngas in the volume produced by the gasifier during
the one-hour operation cycle, Ml/h; k is the coefficient
of the blow coverage quality; V_is the air supply for

S
IR
S

90505 %S
SRS

MEWAO

A
MEINCAO

gasification, m*/h; ¢ is the void ratio of the bulk biomass
layer, %.

Graphical representations of the abovementioned
equation are presented in Figure 4-b.
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Figure 4. Dependence of the heat quantity Q, on the void ratio of the bulk biomass layer £ and air supply
for gasification V. : a) - k=0.68, b) - k=0.74, ¢) - k=0.8
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According to Figure 4a, the dependence of the
heat quantity Q,from void ratio £ and the volume of air
blow V_ _is nonlinear and has a well-formed maximum
observed for all values of the coefficient k. Thus, with the
blow coverage quality coefficient k=0.68 and void ratio
of the polyfraction mixture £ =46.7%, to reach the max-
imum parameter value Q, =502 MJ/h, it was necessary
to bring 49.2 m*/h of air into the chamber for the gasifi-
cation. Considering the results obtained, for the coeffi-
cient k=0.68, the recommended air blow volume range
isequalto V =45.2..53.2 m¥h.

With increasing void ratio of the bulk biomass ¢
from 35% to 46.7%, the heat quantity @, also increases.
This phenomenon is explained by the fact that the resis-
tance of the fuel layer against the passage of air through
it decreases. The degree of branching of the paths through
which air currents pass through the bulk biomass layer
also increases, which, in turn, increases the radius of
opening of the currents in the cross-section of the neck
of the gasification chamber. However, with a further in-
crease in void ratio of the bulk biomass layer ¢ towards
values above 46.7%, the heat quantity Q, decreases. This
phenomenon is explained,on the one hand, by a decrease
in the contact area of the fuel surface with air, on the
other hand, by the development of air currents of stable
trajectories in a bulk biomass with a large void ratio. The
latter, in turn, also helps reduce the contact area of the
fuel surface with air. Additionally, the higher void ratio
of the bulk biomass helps reduce the temperature in the
core of the gasification chamber, which entails worse
conditions for the main chemical reactions of the gasifi-
cation and the predominance of CO, content over the CO
content in the syngas produced.

According to Figure 4b, at the value of the coef-
ficient k=0.74 the maximum heat quantity Q =514 MlJ/h
is achieved at a lower value of the air blow volume
(V ,=48.3 m’/h) compared to Figure 4a. The void ratio

a)

ML
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value remains almost unchanged and is £=46.5%.
As the coefficient k increases from 0.68 (Fig. 4a) to
0.74 (Fig. 4b), the value Q, grows, reaching Q =512 MJ/h
at V=50 m’/h and £=46.75%. In the above case, an in-
crease in the heat quantity Q, is explained by the im-
provement of the syngas quality. Chemical analysis of
syngas demonstrated that the CO content in the gas
increased from 16.25% to 19.01%. The measurements
were performed at the Gas Institute of the National
Academy of Sciences of Ukraine using a two-channel
chromatograph model Agilent 6890 N.

The graphical dependency presented in Figure 4b,
was built at the highest value of the blow coverage quality
coefficient k=0.8. Under these conditions, the volume of
air blow V_, at which the maximum value is obtained
Q,=519 MI/h, reduced to 47.4 m*/h with the specified
void ratio value of the bulk biomass layer e=46.75%. The
results obtained indicate that the higher values of the
coefficient k, that is, the highest quality of coverage of the
gasification chamber neck with air currents improves the
conditions of gasification. This also contributes to an in-
crease in the calorific value of syngas due to an increase
in the CO content in the chemical composition of the
produced gas.

Analysis of dependencies presented in Figure 4
indicates that the blow coverage quality coefficient k
has a greater impact on changing the parameter Q,com-
pared to the volume of air blow V_ Thus, even at the low-
est values of the air blow volume (V=30 m*/h), with
increasing coefficient k, the parameter @, is also rapidly
growing, especially in the range of values of void ratio
of the bulk biomass layer £=45...47%.

The surfaces presented in Figure 5 illustrate the
dependence of the parameter Q,on the void ratio of the
bulk biomass layer € and the coefficient k at the values
of the air blow volume V_, which are equal to 30,40, and
50 m3/h, respectively.

b)
550

Figure 5. Dependence of the heat quantity Q,,on the void ratio of the bulk biomass layer € and the blow coverage
quality coefficient k: a) - V.. =30 m’/h, b) - V. .=40 m’/h,c) - V. =50 m’/h
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Analysis of the surfaces presented in Figure 5 in-
dicates the existence of an optimal void ratio range for
the bulk biomass layer €, which is 45...47%. It is in this
range that the highest values of the parameter @, are
observed for all values k and V_ . In this case, between
the heat quantity @, and the k coefficient there is a cor-
relation close to linear. Increasing the value of the k co-
efficient leads to an increase in the @, parameter. In the
range of optimal void ratio values £€=45...47% at k=0.68,
the heat quantity @, is 303.7 MJ/h.When the coefficient k
increases to a value of 0.8, the heat quantity reaches
Q,=401 MJ/h, i.e.,increases by 65.7%. When the amount
of air blow V _increases in the process of gasification
with a simultaneous increase in the k coefficient, the
upward trend of the parameter @ is retained. However,
with an increase in the amount of air blowing V_, the
growth in the heat quantity Q, decreases.

According to Figure 5¢, at the value k=0.68 in the
range of the values of void ratio of the bulk biomass
£=45...47%, the maximum value of @, is 502 Mi/h. As
the k coefficient increases up to 0.8, the heat quantity
Q,=518 MJ/h, i.e., increases by only 3.5%. This indicates
a more substantial influence of the blow coverage quality
coefficient k on the parameter @, with smaller volumes
of air blow V__and a reduction in the impact of this co-

a)

450
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efficient k under conditions of intensification of air blow.
This can be explained by the fact that with an increase
in the blow volume, the bulk biomass layer is more in-
tensively mixed in the cross-section of the chamber neck,
which, in turn, increases the contact area of air with the
fuel surface.

Figure 6 demonstrates graphical dependencies that
illustrate the correlation between the heat quantity Q,,
air blow volume V_, and the blow coverage quality co-
efficient k at different values of void ratio of the bulk
biomass layer €. According to Figure 6, with an increase
in the volume of air blow V__up to 49 m*/h, the param-
eter @, is growing. However, with further increase of
V_>49 m*/h, the parameter Q, starts to subside. Lower
values of the heat quantity Q, at V_ <45 m*/h indicate
a lack of oxygen, which leads to incomplete carbon oxida-
tion of the fuel. At the volume of air blow V_>53 m?/h,
the parameter @, decreases, and the fuel is cooled in
the gasification zone by excess air. This process is ac-
companied by active carbon removal of fuel with the
produced syngas, which leads to an increase in the volume
of CO, content in syngas by reducing the CO content.
According to Figure 6, the optimal parameter @, for the
syngas production is a range of air blow volume within
V =V =452.53.2 m*/h,

Figure 6. Dependence of the heat quantity Q, from the blow coverage quality coefficient k and air supply
for gasification V. : a) - €=35%, b) - £=43.5%, ) - £=50%

Graphical dependencies presented in Figure 6 also
indicate that with an increase in the blow coverage quality
coefficient k, heat quantity @, of the generated syngas
is also growing. In this case, the maximum value of the
parameter Q,=521 MJ/h corresponds to the void ratio of the
bulk biomass layer e=45%, air blow volume V=473 m*/h
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and the blow coverage quality coefficient k=0.8. The re-
sulting value of 521 MJ/h is greater than the heat equal
to 505 MJ/m3, which was received from the utilisation
of the maximum amount of syngas produced (65 m?)
with the highest calorific value of 7.9 MJ/m3.

The presence of optimal ranges of void ratio of




the bulk biomass layer in the presented study ¢ and the
volume of air blow V __suggest that, under the condi-
tion of direct utilisation of the produced syngas, such
an indicator as the HHV of the syngas produced is not
decisive. A more defining indicator is the heat quantity @,
received from the utilisation of the produced syngas in
the appropriate heat engineering equipment. Optimal
ranges of void ratio of the bulk biomass € and the volume
of airblow V _at k=0.8, where the maximum heat quan-
tity @, (500...521 MJ/h) can be received from the utilisa-
tion of syngas produced from the straw section during
the one-hour gasifier operation cycle are £=45...47% and
V =45.2...53.2 m*/h, respectively.

There are several studies aimed at high-tech im-
provements of gasification, the design of gasifiers, etc.
These studies put forward extremely bold hypotheses,
the implementation of which in real projects has a high
cost and technical complexity. Scientific papers [21; 28]
present research results similar to the level of construc-
tive complexity of the above experiment. These works
indicate the degree of influence of air blow on the cal-
orific value of syngas produced in a fixed bed gasifier,
but the design of the main components of the gasifier,
namely the gasification chamber, and the type of raw
materials that are gasified differ. In the study [21], euca-
lyptus wood was used as a raw material. Thanks to the
two-stage air supply, syngas with a low calorific value
of about 5 MJ/m?* was obtained. Even though in the present
study that syngas of the highest calorific value of about
7.9 MJ/m?* was obtained, it is incorrect to compare the
results of these studies, since in the present case the
studies were performed with a section of wheat straw.
In addition, a hypothesis similar to that put forward in
the experiment presented herein has not yet been inves-
tigated. The comparison can be carried out exclusively
according to the gasifier performance indicators in terms
of gas yield and average calorific value.

CONCLUSIONS

1. The design of a downdraft gasifier running on plant
biomass was developed and numerous studies were
performed to establish the efficiency of the gasifier ac-
cording to the total heat quantity received from the util-
isation of syngas produced during the gasifier operation
cycle.

2.The influence of the blow coverage quality co-
efficient of the chamber neck with tuyere zones created
by air currents, the amount of air required for the gasifi-
cation, and the void ratio of the bulk biomass layer on
the total heat quantity received from the combustion
of syngas produced during the gasifier operation cycle
is experimentally studied. The findings of the present
study are as follows:

Tregub et al.

- There is an optimal range of void ratio of the bulk
biomass layer based on straw cross-section wherein high
values of the heat quantity 502...519 MJ/m? are obtained
and it amounts to 45...47%. If the void ratio values of
the bulk biomass layer are less than 45%, the resistance
that the fuel layer exerts against the passage of air through
it increases. At void ratio values over 47%, the contact
area of the fuel surface with air decreases, which also
leads to a decrease in the heat quantity.

- With an increase in the volume of air required for
the gasification from 30 to 45 m?/h, the heat quantity
received from the utilisation of syngas increases from
280 MJ/m3to 512 MJ/h in the range of void ratio of the
bulk biomass layer of 45...47% with the blow coverage
quality coefficient k=0.74. Therewith, the heat continues
to increase due to an increase in the volume of syngas
produced, even if the calorific value of the gas slightly
decreases. The optimal range of blow volume values re-
quired for the gasification process is 45.2...53.2 m3/h.
The maximum value of the heat is 521 MJ/h and was
obtained with a void ratio of the bulk biomass layer of
45%, an air blow volume of 47.3 m?/h and the value of
the blow coverage quality coefficient of the chamber
neck section by air currents k equal to 0.8.

- As the quality factor of the blow coverage increases,
the heat that can be obtained from burning the generated
syngas also increases. With an increase in the blow cover-
age quality coefficient, a larger increase in heat quantity
is inherent in smaller volumes of air blow. As the blow
coverage quality coefficient increases, the effect of the
blow volume on the heat quantity received from the utili-
sation of the produced syngas decreases. Dependencies
(Fig. 4-6) indicate the achievement of close maximum
values of the heat quantity, which vary in the range of
500...521 MJ/h. This indicates the need to adjust the blow
within the optimal range and reduces the impact of the
design of the tuyere belt of the chamber (diameter and
shape of the tuyere), but does not eliminate the need for
their correct selection.

3. Therefore, the results of the study confirm that
with an increase in the blow volume, the volume of syn-
gas increases faster than its calorific value decreases.
Therefore, the heat has a maximum shifted relative to
the maximum calorific value towards increasing the
blow volume. At optimal gasification modes (blow vol-
ume 47.3 m?/h,void ratio of the bulk biomass 45%, blow
coverage quality coefficient 0.8) 521 MJ/h heat was ob-
tained from syngas utilisation. This is more than the
heat quantity equal to 505 MJ/h, which was received
from the utilisation of the maximum amount of syngas
produced (65 m?), the highest calorific value of which
was 7.9 Ml/m?.
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EKCnepuMeHTanbHi Aocnig)KeHHS KOHCTPYKLUINHO-TEeXHONOrYHUX NapaMeTpiB
NPOTUMNOTOKOBOIO rasoreHepaTopa Ha POC/IMHHIN 6ioMaci

Mukona Tpery6*, AHHa lony6eHko?, Hatanisa LiuBeHkoBsa? 3

'binouepkiBCbKMIA HaLiOHANbHMIA arpapHUii yHiBepCuTeT
09117, nn. CobopHa, 8/1, M. bina Lepkea, Knuiscbka 061., YkpaiHa

ZMMonicbKWit HaLioHaNbHMI yHIBEpCUTET
10008, 6-p. Crapwui, 7, M. )Kutomup, YkpaiHa

*HauioHanbHWit yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHu
03041, Byn. lepois O6opoHu, 15, M. Kuis, YkpaiHa

AHoTauif. AKTyanbHiCTb foCNigKeHHS 0OyMOBNEHa HEOOXiAHICTIO PO3pO6KM Ta BMPOBALXKEHHS KOHCTPYKLiMHO-
TEXHOMOTYHUX pilleHb LOAO MiABULLEHHS edEeKTUBHOCTI NPOLLECY XiMiKO-TepMiYHOi KOHBepCii 6ioMacK B roprounii
ras.Y paMKax 3a3Ha4yeHoro po3pobaeHo KOHCTPYKLLit0 ra3oreHepaTopHOi YCTAHOBKM, IKa MiCTUTb MPOTUNOTOKOBUM
rasoreHepartop, WO NpaLE Ha POCAUHHIN Biomaci. MNpenctaBneHi AOCNIIKEHHS NMOBA3YIOTb KiNbKiCTb TENIOTH, SKY
MOXHa OTPUMaTU NpM YTUAI3aLii CMHTe3-rasy, BUPobieHoro 3a LMK poboTH YCTaHOBKM, 3 MapaMeTpaMu ra3oayTTb0BOro
pexuMmy Ta i3nko-xiMiyHMMK BnacTueoctTamu biomacu. [1ng nornnbaeHoro LOCAIAXKEHHS BNAMBY ra3o4yTTbOBOrO
peXMMy Ha KinbKiCTb | TEMOTBOPHY 3A4aTHICTb CMHTE3-ra3y, BUpobneHoro 3 6iomMacu, BBEAEHO NOHATTS KoeiLieHTy
SKOCTi AYTTbOBOro nepekputTs. JaHuin KoedilieHT XapaKTepusye AKiCTb NepekpuTTa nepepisy ropJoBUHU KaMepu
ra3oyTBOPEHHS rA30BUMU CTPYMEHAMU PypMOBOT 30HM. MeTa pob0oTK nonsirana y BCTAHOBNEHHI BNAMBY KoediLieHTY
SKOCTi AYTTbOBOI0 NepekpuTTS, 06€MyY rasis AyTTA Ta MOPO3HOCTI HACMMHOIO Wapy HioMacKu Ha KiNbKiCTb TENNOTH,
Ky MOXHa OTPMMATM MPU YTUAi3aLii CMHTEe3-rasy, BUpobaeHOro 3a LMk poboT yctaHoBKu. CnaaHoBaHO Ta NpoBeseHO
H6araToaKkTopHUIN eKCNEPUMEHT, IKUI NOBA3YE 3anexHMI GakTop i3 3MiHHMMM, Ta N0OYA0BAHO BiAMNOBIAHI NOBEPXHI
BIAryKy. 3a pesynbrataMu JOCiAKEHb BCTAHOBNEHO, WO MaKCMMaNbHE 3HAaYEHHS KibKOCTi TeMI0TH, OTPUMAHOI Npu
yTURi3aLii cMHTE3-rasy, BUpobAeHOro 3a rogMHHMI LMK poboTH YCTaHOBKM, cTaHoBUNO 519 M. [laHe 3HaueHHs
LOCAraeTbCs Npu KoediuieHTi sikocTi AyTTboBOro nepekputts 0,8, o6eMi razie oyrta 47,4 m3/rog Ta nMopo3HoCcTi
HacunHoro wapy 6iomacu 46,75 %. PesynbtaTn BUMiptOBaHb MakoTb BUCOKY BiAMOBIAHICTb PO3PaXyHKOBUM AAHUM.
KoediuieHT peTepMiHauii ctaHoBmB R?=0,983. MpaKTUYHA LiHHICTb AOC/IAXKEHHS NOASrAE B 0OIPYHTYBaHHI paLioHaNbHUX
KOHCTPYKLiMHO-TEXHONOTIYHMX NapaMeTpiB pobOTU MPOTUNOTOKOBOrO rasoreHepatopa Ha 6ioMmaci, Wwo L03BOAUTb
NiaBUWNTK edeKTUBHICTb BUPOBOHMLTBA eHeprii 3 6ioMacu. OTpuMaHi pe3ynsTaTv MoXyTb BYTW BUKOPUCTaHI SK ANS
CTBOPEHHS KOHCTPYKLLi HOBMX ra3oreHepaTopHMX YCTAaHOBOK, TaK i AN15 NiABULLEHHS edeKTUBHOCTI poboTH BXKe HasiBHMX

KniouoBi cnoBa: npoTMNOTOKOBMIA Fa3oreHepaTop, KaMepa ra3oyTBOPEHHS, CMHTe3-ras, bypMOBKIA NOAC, NOPO3HICTb,
KoeQiLiEHT AKOCTi AYyTTbOBOro NepeKkpuTTS
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INTRODUCTION

A considerable part of the territory of Ukraine is located
in the steppe zone with intensive grain production, so
the energy use of cereal straw is promising, the annual
resources of which,according to various estimates,amount
to more than 10 million toe. According to the authors
of this study, in 2020, in Ukraine, boilers with periodic
burning of whole bales consumed up to 20,000 tons of
straw. An alternative approach may be to produce pel-
lets from straw and use them as fuel. Pellets are more
convenient and safer for transportation and storage, al-
low achieving complete mechanisation and automation
of processes.

The combustion of wood pellets in a stationary
bed has been studied in detail, and the technologies of
their combustion in retort burners or on moving grates
have reached technical perfection [1-3]. Attempts to
burn straw pellets instead of wood pellets in retort
burners and burners with moving grates led to agglom-
eration of ash due to low temperature characteristics
of its melting, to disruption of work with a consider-
able decrease in heat output and energy efficiency,
increased CO emissions [4; 5]. These obstacles neces-
sitated more detailed studies on the differences in
the properties of wood and straw, differences in their
combustion processes. Many papers are devoted to the
study of the composition of the mineral part of wood
and straw, transformations of the mineral part during
the formation of ash, temperature characteristics of its
melting [6-8].

The size and shape of fuel particles also affect
the combustion process. When considering the combus-
tion of single particles, they usually took their spheri-
cal shape, which allow simplifying the mathematical
model to a one-dimensional one. In [9], it is shown that
when the particle size is more than a few tenths of
a millimetre, the spherical approximation unsatisfactorily
reflects the features of combustion. In [10], a mathe-
matical model of thermal conversion of biomass par-
ticles is described, which considers their shape and
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size. In [11], it was experimentally found that at the
same mass, cylindrical particles lose mass faster than
spherical ones, and it is believed that the duration of
their complete burnout decreases with increasing sur-
face area. The importance of the proper granulometric
composition of pellets is indicated in [12; 13] and it is
noted that the presence of small particles can affect
the processes of storage, supply, combustion efficiency,
and emission of pollutants. General requirements for
the granulometric composition of pellets are estab-
lished by the standard [14]. Pellets can be produced in
nominal diameters of 6, 8,10, 12, and 25 mm with par-
ticle lengths up to (40 ... 45) mm. Within the same class
of pellets, their actual diameter may differ by £1 mm
in diameter [14-16].

According to the content of small particles, pel-
lets are divided into 7 classes with a fine content from
1 to 6 and more than 6% by weight. The content of
small particles should be determined by sieving with
holes with 3.15 mm diameter round holes [17]. For
non-industrial (domestic and equivalent) wood pellets,
the content of fine particles is limited to 1% [15]. For
non-wood pellets (including straw pellets), the content
of small particles is limited to (2 ... 3)% by weight [16].

The length and diameter of pellets should be
measured with a calliper with a resolution of at least
0.1 mm, and the average length and average diameter
of pellets should be rounded to 0.1 mm. In addition, it
is necessary to determine the standard deviation of the
length, the mass fraction of pellets less than 10 mm
long in the test portion [18], selected and prepared in ac-
cordance with the standards [19; 20]. In the standard [18],
by default, it is accepted that pellets have the cylin-
drical shape with a convex protrusion at one end and
depression at the other, while the length of the pel-
let is usually measured manually with a calliper as the
distance along its axis from the top of the protrusion
to the end with a depression (Fig. 1). In this study, this
form of pellets is generally called correct.

Figure 1. Pellet of the correct shape and measurement of its length from the top of protrusion to the end with depression
by the standard method

The length measured by the standard method
includes the pellet body, the spaces in the depression
and around the protrusion that are not filled with fuel.
The edges of the pellets at the end with depression are
thin and uneven, they are easily destroyed by touch or
pressure. Therefore, the result of measuring the length
depends on subjective factors: the position of the pellet

during measurement and the pressing force of the calli-
per jaws. In this regard, it is impossible to correctly de-
termine the mass of fuel in the pellet from the length
of the pellet measured by the standard method. In the
standards [15; 16], it is accepted that pellets that remain
on a sieve with round holes with a diameter of 3.15 mm
have a length of more than 3.15 mm. This means that
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for fragments of pellets and very short pellets that remain
on the sieve and have a shape close to a thin disk,a length
of 3.15 mm should be taken.With a considerable content
of short pellets and debris, this can considerably affect
the determination of the average length.

According to R.C.Akdeniz and O. Esmer pellets may
break during production with the formation of bevelled
and torn edges. Due to deviations in the technological
process, pellets with cracks of different orientations can
form at the output of the matrix, and the geometric shape
may differ from the cylindrical one [21]. In [18], there
are no instructions for measuring the length of irregu-
lar fragments and pellets, and therefore there is a need
for a more objective but simple method for determining
the length, which would be suitable for all pellets and
their fragments.

L. Sikanen and T. Vilppo noted that pellets do not
break on perfectly flat surfaces at an angle of 90° to
the axis, so they measured the length between the mid-
points on the fault surfaces [22]. When measuring man-
ually, this approach causes subjective errors. To charac-
terise the granular feed T. Winowiski proposed to weigh
10 grams of pellets, count their number and then cal-
culate the average weight of one, but if the pellet does
not have a full diameter, it is not considered [23]. With
this approach, some pellets were subjectively excluded
from the measurements. H. Gilvari et al. developed an
image processing technique to determine the length of
individual pellets - as the distance between two lines
taken from the end points of the pellet shadow image
perpendicular to its axis [24]. A long pellet on a horizontal
screen gives a shadow, the size of which characterises
its length with a certain approximation,and a short one
lies like a flat disk and its shadow characterises its diameter
rather than length.

Given the dependence of the combustion intensity
on the shape and size of individual particles, the use of
the average length for mathematical description of the
combustion of a layer of polyfraction pellets is unaccept-
able.L.Sikanen et al.in the experimental study of combus-
tion characterised the granulometric composition by a
histogram of distribution over narrow ranges of pellet

lengths (L, mm): L<3; 3<L<5; 5</<10; 10<L<15; 15<L<20;
20<L<25; 25<L<30; 30<L [22].R.C.Akdeniz and O.Esmer
used unequal wide intervals: L<3.15; 3.15<L<20; 20<L<35;
35<L<38; 38<L<40; 40<L<45; 45<L [21],and H.Gilvari et al.
used even fewer wide intervals of 3.15<L<15; 15</<30;
30<L [24]. In these studies, when constructing histograms,
different widths of the pellet length intervals were taken
without appropriate statistical substantiation.

The purpose of this study is to substantiate the
method for determining the length of single pellets,which
would be suitable for all pellets and their fragments of
various shapes present in the studied portion, to de-
termine statistical characteristics of the distribution of
pellets by length.

MATERIALS AND METHODS

The study was conducted using experimental and ana-
lytical methods

Experimental part

Industrial-made wood and straw pellets with nominal
diameters of 6 mm and 8 mm were used to test the
proposed methods for achieving this purpose. For the
obtained pellets, the moisture content [25] and ash
content [26] were determined by standard methods.

Substantiation of the method for determining the
length of individual pellets. 4 sets of wood and straw pel-
lets with diameters of 6 mm and 8 mm were prepared.
Each set contained 12 undamaged pellets of regular
shape (with a protrusion at one end and a depression
at the other), ranging in length from minimum to max-
imum. The length of all pellets in each set was deter-
mined by three alternative methods.

The first measurement of the length of each pel-
let along its axis from the top of the protrusion to the
end with the depression L was performed by the stan-
dard method (Fig. 1) [18] using a digital calliper with a
division value of 0.01 mm. The second time, the length
of each pellet was measured as the distance along the
axis of the pellet from the top of the protrusion to the
bottom of the depression L, (Fig. 2), i.e., measured the
length of the pellet at which it is filled with fuel.

Figure 2. Measuring the length of the pellet from the top of the protrusion to the bottom of the depression

The third determination of the length is proposed
to be conducted by an indirect method. Each pellet was
weighed on a digital scale with a resolution of 0.01 g.
The equivalent length Le of each pellet was calculated,
that is, the length of a pellet in the form of a rectangular
cylinder having a mass equal to the mass of a real pellet:
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where: m - pellet weight, kg; d — average diameter of these

pellets, m; p — average density of these pellets, kg/m?.
The average diameter of pellets was determined by

a method close to the standard [18]. Therewith, 20 pellets




of the correct geometric shape were selected for mea-
surements, that is, without cracks and other defects, the
diameter was measured with a calliper with a division
value of 0.05 mm, and the resulting average diameter
value was rounded to 0.1 mm.

The density of pellets was determined by the ste-
reometric method [27], with the difference that only
long pellets of regular cylindrical shape without visible
cracks were selected for measurements. At least 10 rect-
angular cylinders with a length of at least 20 mm were
cut out of the selected pellets and their ends were ground.
The length and diameter of the obtained cylindrical pellet
sections were measured with a calliper with a division
value of 0.05 mm and weighed on an analytical scale
with an accuracy of 0.001 g. Based on these data, the
density of individual pellets and the average density of
pellets of the test sample were calculated. The maximum
error in determining the average pellet density is estimated
at £7 kg/m®. Next, the results of determining the length
obtained by different methods were compared, and as
shown below, the main method was accepted the cal-
culation and experimental determination of the equiv-
alent length of all pellets and their fragments present
in the studied portions of wood and straw pellets.

To analyse the length distribution of pellets, a sam-
ple weighing about 1 kg was taken, and then a shortened
test portion weighing at least 0.1 kg was separated
from it, focusing on the fact that it contained at least
200 pellets. The content of the fine fraction was deter-
mined by sieving with 3.15 mm diameter round holes
in accordance with the standard method [17]. ALl pel-
lets and their fragments remaining on the sieve were
weighed individually,and their equivalent lengths were
calculated using equation (1).

Analytical part

The experiments resulted in numerical series of the de-
termined mass of each pellet m,and the corresponding
calculated equivalent lengths Le for all n pellets and
fragments in the studied portions. The data of individual
definitions of equivalent pellet lengths of each portion
were converted into ordered rows: Le,<Le,<--<Le_  <Le .
For the studied pellet portions, the following were deter-
mined by their equivalent lengths: the largest and small-
est length, the arithmetic mean length, the standard de-
viation of lengths, the median and mode of lengths, the
probability and mass fraction of pellets with a length
of less than 3 mm, the probability and mass fraction of
pellets with a length of less than 10 mm.

To describe the distribution of pellets by length,
the possibility of applying various methods of cluster
analysis [28] was considered and the modal method [29]
was chosen. The modal method, which is based on the
analysis of the probability density distribution, was de-
veloped [30; 31] and is widely used in pattern recognition
and artificial intelligence systems.Regarding the cluster
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analysis of the distribution of pellets by length, it was
proposed to find distribution of the probability density
over intervals of equivalent length and, considering the
achievable error in its determination, the width of the
intervals was assumed 4=1 mm or more. The n pellets
were distributed at j equal intervals of equivalent lengths.
For the first interval: O<Le _,<A, for the second: A<Le,_,<2A
etc. to cover the longest pellets present in a sample.
For each of the j intervals the number of pellets
having an equivalent length within the interval n, the
arithmetic mean equivalent length of the pellets of the
interval Le,,, and the frequency as an estimate of the
probability P, of pellets in the interval were determined:

(2)

n.
B=
n

Next, the probability density of falling pellet lengths
was determined by j intervals:

F=-1 ®)

Based on the obtained data, a graph of points
F=f(Le ) was constructed and connected by a smoothed
line, which approximately depicts the probability density
distribution function of the random length of pellets in
the studied portion and in their general set.

To identify ranges with higher probability density,
an additional line of average probability density F, was
built for the entire portion of pellets:

1

G-4)

Considering the constructed graphs F].=f(Lem J»local
probability thickenings were noted, and the maximums
of probability density were identified. Values of equiva-
lent length of pellets corresponding to local maxima of
probability density were taken as the centres of attraction
of clusters, and each of the pellets was assigned to the
cluster with the nearest centre of attraction, the number of
pellets n, in each K of the detected clusters was determined.

For each of the K clusters, there were determined
the probability (frequency) of pellets entering the cluster:

Fyy = o)

Nk
P, =% (5)
kKT
and the arithmetic average of the pellet length of a given
cluster Le, , and the mass fraction of pellets in the
cluster:

_ Py - Lek,av
T yk=K
Zk=1 (Pk : Lek,av)
Based on the results of cluster analysis, cluster
histograms were constructed - histograms of the prob-

ability distribution P, and mass fraction of pellets M, by
clusters with the calculated average pellets length Le,

M;, (6)
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Determination of length of individual pellets and pellets’ lengths distribution

RESULTS AND DISCUSSION pine wood with cyphers WP6 and WP8, straw (made of

wheat straw) — with cyphers SP6 and SP8, which were
used to test approaches to determining the length of
pellets and statistical characteristics of their distribution
by length.

Characteristics of pellets

Table 1 shows the main characteristics of pellets with
diameters of 6 and 8 mm - “white” pellets made of pure

Table 1. Main characteristics of pellets

Pellets DN d, mm W, % A, % p, kg/m?3 FP,w-%
WP6 D06 6.0 4.5 0.5 1185 1.30
WP8 D08 8.2 6.9 0.6 1141 0.56
SP6 D06 6.0 9.2 10.1 1273 0.88
SP8 D08 8.0 10.4 7.2 1215 0.25

Notes: DN - pellets class by diameter; d - actual average pellet diameter; W, - a mass fraction of moisture; A, - ash

content on dry weight; p — average pellets density; FP - the content of fine particles less than 3.15 mm in size

Results of choosing a method for determining the length
of pellets

In Figure 3, for example, the results of determining
the lengths of WP6 wood pellets of regular shape (with
a protrusion and a depression) by three alternative meth-

ods are presented. For long pellets, the ratio Lil was

only 1.04, and for the shortest ones, it reached 1.6;
which indicates a considerable influence of the depres-
sion size on the result of measuring the length of short
pellets.

30 -
WP6 O
X
25 A OQ.
)
5 20 -
g OO
:’1 15 - O%xx
3 0® o,
< 10 4 O>.< -
% X- LI
Oi
5 - Ql @-Le
*
0 L] L] L] L] L] L] 1
0 2 4 6 8 10 12 14

Pellet number

Figure 3. Measured L, L, and calculated Le lengths of WP6 wood pellets

Length measurement results L and L, differed: at
a diameter of DO6 by an average of 1.8 mm for wood and
2.0 mm for straw pellets; and at a diameter of DO8 of 2.9 mm
for wood and 2.0 mm for straw pellets. Smaller values L,
can be considered as an offset of the measurement re-
sult by excluding the axial size of the depression. Length
measurement results L, and calculated equivalent lengths
Le differed much less: with a diameter of D06 for wood
pellets by an average of 0.7 mm and for straw pellets by
0.6 mm; with a diameter of DO8 for wood pellets by 0.3 mm

Scientific Horizons, 2021, Vol. 24, No. 6

and for straw pellets by 0.2 mm. The difference between
L, and Lewas less than the maximum possible error in
determining the equivalent length. For all pairs definition
L, and Le, the correlation coefficient was R*=(0.993...0.999).

It can be concluded that for pellets of the correct
shape (with a protrusion and a depression), the calculated
equivalent length Le and the length, measured along
the axis from the top of the protrusion to the bottom
of the depression L, coincided or were close. This gives
grounds to replace the direct measurements of the




length of the pellets L, (from the top of the protrusion
to the bottom of the depression) with weighing the pel-
lets, followed by the calculation of the equivalent length
Le depending on (1). For irregularly shaped pellets and
fragments, only the equivalent length can be deter-
mined Le. In this regard, the calculation of the equiva-
lent length via-weighing is proposed to be applied to
all pellets and their fragments.

Characteristics of the granulometric composition of pellets

Table 2 shows the general characteristics of the gran-
ulometric composition of the studied pellets, which
are obtained based on the results of calculation and
experimental determination of equivalent lengths Le
of all pellets and their fragments. Analysis of the de-
pendence (1), considering the measurement errors of
the values included in it, showed that for pellets with
diameters of 6 mm and 8 mm weighing about 0.1 g, the
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maximum error in determining the equivalent length
was up to 0.2 mm, and for pellets with a mass of 0.7 g up
to 0.7 mm. In statistics, it is accepted that to analyse
measurement results, their errors should not exceed 1/5
of the standard deviation of the results obtained. The
described method was tested for pellets characterised
by a standard deviation of equivalent length STD Le in the
range from 3.9 mm to 6.2 mm (Table 2). The error in de-
termining the equivalent pellet lengths in the described
study met the requirements of the following statistical
analysis of the distribution of pellets by length.

From Table 2 it can be seen that even after sieving
with holes of 3.15 mm, there were short particles with
an equivalent length of less than 1 mm in the superlattice
part of the pellets. According to the standards [15; 16],
their length would need to be taken as 3.15 mm, but
this would lead to a considerable overestimation of the
pellet lengths.

Table 2. General characteristics of the granulometric composition of the studied pellets

Pellets Le ,mm Le ,mm lff"'r‘; S;DnL,e, Mn, mm Md, mm PNL3, % Pvtl-/l;, PNL10, % Pﬂ; 0
WP6 0.9 30.7 10.1 6.2 8.4 5.4 9 2 56 31
WP8 0.8 24.0 6.6 4.8 5.6 0.8 28 7 80 56
SP6 0.3 24.2 6.4 3.9 45 44 15 4 83 65
SP8 0.3 241 4.2 4.0 3.1 0.3 49 14 91 70

Notes:Le . - length of the shortest pellet; Le - length of the longest pellet; Le - arithmetic average length of pellets;
STD - standard deviation; Mn - median pellets length; Md - pellets length mode; PNL3 - pellets fraction Le<3 mm;
PNL10 - pellets fraction Le<10 mm; PWL3 - mass fraction of pellets Le<3 mm; PWL10 - mass fraction of pellets Le<10 mm

In portions of pellets with a diameter of 6 mm,
the content of particles with an equivalent length of
less than 3 mm ranged from 9% to 15% in terms of their
number, and in pellets with a diameter of 8 mm, their
content was considerably higher - from 28% to 49%.
The increased content of particles with an equivalent
length of up to 3 mm was more typical for straw pel-
lets. By weight, pellets with an equivalent length of less
than 3 mm were (2 ...7) w-% in wood pellets, and their
content in straw pellets SP8 reached 14 w-%.

In the studied pellets with a diameter of 6 mm,
the content of particles with a length of less than 10 mm
ranged from 56% to 83%, in pellets with a diameter of
8 mm, there were more of them - from 69% to 91%.
The increased content of particles with an equivalent
length of less than 10 mm in both quantity and mass
fractions was more typical for straw pellets and reached
65 w-% for 6 mm pellets and 70 w-% for 8 mm pellets.
For all the pellets studied, the mean, median,and mode
of equivalent length differed in value, which indicates a
deviation in the distribution of their lengths from normal,
which is more noticeable for pellets with a diameter
of 8 mm. The average equivalent length Le_  of wood
pellets was larger than that of straw pellets.

Distribution of the probability density of pellets by lengths

Figure 4 shows the obtained graphs of the probability
density distribution of pellets by lengths szf(Le].’av) and
average equivalent pellet lengths Le , at length intervals
A=1 mm; the graphs show several local maxima. The
difference between the equivalent lengths of pellets cor-
responding to adjacent local probability maxima was
(2 ...4) mm. This may indicate that during the production
and transportation of pellets, breakage does not occur
inarbitrary places along the length,but in certain places,
possibly along the boundaries of the layers of compressed
biomass particles formed in one pass of the pressure rollers
on the press matrix.

A probability density greater than the average
was observed in the following ranges of equivalent lengths:
for WP6 wood pellets at Le=(1.5 ... 16) mm, WP8 at Le=
=(0.8 ... 10.5) mm, for SP6 straw pellets at Le=(0.3 ...
10.5) mm, SP8 at Le = =(0.3 ... 7.5) mm. To summarise, for
straw pellets, the probability density above the average
was shifted to the zone of shorter pellets compared to
wood pellets. Wood and straw pellets with a diameter
of 8 mm are characterised by an increased probability
shifting to the zone of shorter pellets compared to pellets
with a diameter of 6 mm.
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Figure 4. Probability density F, and the average equivalent length Le, of wood WP6, WP8 and straw SP6, SP8 pellets
at intervals A=1 mm

Figure 5, for example, shows graphs of the prob-
ability density distribution for WP6 wood pellets with
increasing interval widths A from 2 to 15 mm. From the
comparison of the data shown in Figure 4 and 5, it fol-
lows that as the interval width increased, the number
of local maxima of probability density decreased: if at
A=1 mm 8 local maxima were observed,then at A=2 mm
there were 4 local maxima,and only one global maximum

was shown on the graph for A=3 mm or more.As the width
of the intervals A increased, the information about the
content of pellets of short length and about the presence
of local maxima of probability density was lost. In this
regard, to apply the modal method of cluster analysis, it
is necessary to determine the distribution of the prob-
ability density of pellets over lengths with an interval
width of no more than 2 mm.
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Figure 5. Probability density distribution F}.of WP6 pellets at length intervals from A=2 mm to A=15 mm
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Distribution of pellets by clusters of their lengths

For each type of pellet according to the data in Figure 4,
the presence of K=8 local probability density maxima
were detected. For other pellets not described in this
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Figure 6. Probability distribution P, fractions by weight M, and average length Le
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paper, 6 to 10 local probability density maxima were
found. Figure 6 shows cluster histograms of the proba-
bility distribution P, and the mass fraction of pellets M,
for K clusters with an average pellets length Le, .
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and straw SP6, SP8 pellets by clusters of lengths

A common feature of wood and straw pellets with
a diameter of 6 mm was the presence of clusters of short
pellets with an average length of 2.8 mm and 1.4 mm
with a probability (0.10...0.15), and for pellets with a di-
ameter of 8 mm, the presence of clusters with an even
smaller average length of pellets of 1.8 mm and 0.9 mm
with a more considerable probability (0.28 ... 0.40). The
detection of clusters with such short pellets was made
possible by the experimentally — calculating determination
of equivalent lengths for all particles in pellets, which
was impossible when determining the pellet lengths using
the standard method.

WP6 wood pellets had the highest mass content
in clusters with an average length of 12.2 mm and 15.3 mm,
and WP8 - in clusters with considerably shorter pellets
of 6.7 mm and 9.5 mm. SP6 straw pellets had the highest
mass content in clusters with an average length of 4.6 mm

and 7.8 mm, and SP8 - in clusters with even shorter pellets
of 3.7 mm and 6.9 mm.

CONCLUSIONS

The possibility of determining the equivalent length of
pellets by an indirect experimental calculation method
based on their individual weighing, identification of the
average diameter and average density characteristic of
the studied portion of pellets is substantiated. The method
of indirect determination of the equivalent length of
pellets is suitable for determining the length of all pellets,
including irregular pellets and fragments. Replacing direct
length measurement with pellet weighing reduces the
impact of subjective factors.

The granulometric composition of pellets is pro-
posed to be characterised by cluster histograms that reflect
the distribution of probability, mass fraction, and average
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equivalent length across clusters. Cluster analysis is pro-
posed to be conducted using the modal method, group-
ing pellets around objectively existing centres with an
increased probability density,which can be identified on
graphs of the probability density distribution at intervals
of pellet lengths of no more than 2 mm. In the future,

of single pellets and cluster analysis of the distribution
of pellets by length, the research can proceed to the
formulation of a mathematical description of the burn-
out of polyfraction pellets. It is advisable to apply the
proposed approaches to improve the standard for de-
termining the length of pellets.

using the proposed approaches to determining the length

REFERENCES

[1] Obernberger,l., & Thek, G.(2010). The pellet handbook. The production and thermal utilization of pellets. London:
Earthscan Ltd.

[2] EN 303-5.Heating boilers-Part 5: Heating boilers for solid fuels, manually and automatically stoked, nominal
heat output of up to 500 kW-Terminology, requirements, testing and marking. (2012). Retrieved from
https://standards.iteh.ai/catalog/standards/cen/8443527a-fdbf-43da-983b-2bd35d6280ef/en-303-5-2012.

[3] EN 15270.Pellet burners for small heating boilers — Definitions, requirements, testing, marking. (2007). Retrieved
from https://standards.iteh.ai/catalog/tc/cen/659b6d55-a579-4095-b988-c36912040af4/cen-tc-57-wg-7.

[4] Jandagka,)., Holubéik, M., Paputik, S., & Nosek, R. (2012). Combustion of pellets from wheat straw. Acta Montanistica
Slovaka, 17(4), 283-289.

[5] Verma, VK., Bram, S., Delattin, F., Laha, P., Vandendael, I., Hubin, A., & De Ruyck, J. (2012). Agropellets for
domestic heating boilers: Standard laboratory and real life performance. Applied Energy, 90(1), 17-23.
doi: 10.1016/j.apenergy.2010.12.079.

[6] Miranda, T., Montero, I., Sepulveda, FJ., Arranz, I., Rojas, C.V., & Nogales, S. (2015). A review of pellets from
different sources. Materials, 8(4), 1413-1427. doi: 10.3390/ma8041413.

[7] Steenary,B.M., & Lindgyvist, O.(1998). High-temperature reactions of straw ash and the anti-sintering additives
kaolin and dolomite. Biomass and Bioenergy, 14(1), 67-76. doi: 10.1016/50961-9534(97)00035-4.

[8] Wopienka, E., Carvalho, L., Ohman, M., Schwabl, M., & Hastlinger, W. (2011). Evaluation of ash melting behavior
of solid biomass based on fuel analyses. In 19% European Biomass Conference and exhibition (pp. 1283-1286).
doi: 10.5071/19thEUBCE2011-VP2.1.24

[9] Lu,H.,Robert,W., Peirce, G.,Ripa, B., & Baxter, L. (2008). Comprehensive study of biomass particle combustion.
Energy & Fuels, 22 (4),2826-2839. doi: 10.1021/ef800006z

[10] Mehrabian, R.,Zahirovic,S., Scharler, R., Obernberger, |., Kleditzsch, S., Wirtz, S., Scherer, V., Lu, H., & Baxter, L.L.
(2012). A CFD model for thermal conversion of thermally thick biomass particles. Fuel Processing Technology,
95,96-108. doi: 10.1016/j.fuproc.2011.11.021.

[11] Momeni, M., Yin, C., Keer, S.K., Hansen, T.B., Jensen, PA., & Glarborg, P. (2013). Experimental study on effects
of particle shape and operating conditions on combustion characteristics of single biomass particles. Energy
Fuels, 27(1),507-514. doi: 10.1021/ef301343q.

[12] Obernberger, I., & Thek, G. (2004). Physical characterisation and chemical composition of densified biomass fuels
with regard to their combustion behaviour. Biomass and Bioenergy, 27(6),653-669.doi: 10.1016/j.biombioe.2003.07.006.

[13] Whittaker, C., & Shield, I. (2017). Factors affecting wood, energy grass and straw pellet durability: A review.
Renewable and Sustainable Energy Reviews, 71, 1-11. doi: 10.1016/j.rser.2016.12.119.

[14] IS0 17225-1.Solid biofuels - Fuel specifications and classes - Part 1: General requirements. (2014). Retrieved
from https://www.iso.org/standard/76087.htmL.

[15] ISO 17225-2. Solid biofuels - Fuel specifications and classes - Part 2: Graded wood pellets. (2014). Retrieved
from https://www.iso.org/obp/ui/#iso:std:is0:17225:-2:ed-2:v1:en.

[16] ISO 17225-6. Solid biofuels - Fuel specifications and classes - Part 6: Graded non-woody pellets. (2014).
Retrieved from https://www.iso.org/obp/ui/#iso:std:is0:17225:-6:ed-2:v1:en.

[17] I1SO 18846. Solid biofuels — Determination of fines content in quantities of pellets - Manual sieve method
using 3.15 mm sieve aperture. (2016). Retrieved from https://www.iso.org/standard/63559.html.

[18] ISO 17829. Solid biofuels. Determination of length and diameter of pellets. (2015). Retrieved from
https://www.iso.org/standard/60693.html.

[19] ISO 18135. Solid biofuels. Sampling. (2017). Retrieved from https://www.iso.org/standard/66481.htmL.

[20] ISO 14780. Solid biofuels. Sample preparation. (2017). Retrieved from https://www.iso.org/standard/66480.htmL.

[21] Akdeniz,R.C., & Esmer, 0.(2017). Effects of length on mechanical durability of various wood pellets. Hungarian
Agricultural Engineering, 32, 62-71. doi: 10.17676/HAE.2017.32.62.

[22] Sikanen, L., & Vilppo, T. (2012). Small scale pilot combustion experiments with wood pellets - The effect of
pellet length. The Open Renewable Energy Journal, 5, 1-6. doi: 10.2174/1876387101205010001.

Scientific Horizons, 2021, Vol. 24, No. 6




Zhovmir

[23] Winowiski, T. (2019). Measuring the physical quality of pellets. In Feed Pelleting Reference Guide. Manhattan:
Kansas State University. Retrieved from https://www.feedstrategy.com/wp-content/uploads/2019/09/5-20_
Measuring_the_physical_quality_of pellets.pdf.

[24] Gilvari, H., De Jong, W., & Schott, D.L. (2020). The effect of biomass pellet length. Test conditions and
torrefaction on mechanical durability characteristics according to 1SO Standard 17831-1. Energies, 3, 1-16.
doi: 10.3390/en13113000.

[25] ISO 18134-2.Solid biofuels - Determination of moisture content - Oven dry method - Part 2: Total moisture -
Simplified method. (2017). Retrieved from https://www.iso.org/standard/71536.htmL

[26] I1SO 18122. Solid biofuels — Determination of ash content. (2015). Retrieved from https://www.iso.org/
standard/61515.html.

[27] 1SO 18847. Solid biofuels - Determination of particle density. (2016). Retrieved from https://www.iso.org/
standard/63560.htmLl.

[28] Duran,B.S., & Odell, P.L. (1974). Cluster analysis. A survey. Berlin-Heidelberg—New York: Springer Verlag.

[29] Wishart, D. (1969). Mode analysis: A generation of nearest neighbour which reduces chaining effects.
In A.G. Cole (Ed.), Numerical Taxonomy (pp. 282-319). New York: Academic Press.

[30] Rodriguez,A., & Laio,A.(2014). Clustering by fast search and find of density peaks. Science, 344(6191), 1492-1496.
doi: 10.1126/science.1242072.

[31] Liu,R.,Wang, H., & Yu, X. (2018). Shared-nearest-neighbor-based clustering by fast search and find of density
peaks. Information Sciences, 450, 200-226. doi: 10.1016/j.ins.2018.03.031.

Bu3HavyeHHS AOBXWHW OOUHOYHUX NeneT
Ta posno.niny neneT 3a A4OBXUWHaM#U

Mukona Muxaitnosuy YXXoBmip

[HCTUTYT BigHOBNOBaHOI eHepreTukn HAH Ykpainu
02094, Byn. [HaTa XoTkeBunua, 20-a, M. KuiB, YkpaiHa

AHorTauia. DopMa Ta po3Mip YacToK NanuBa BMIMBAKOTb HA IHTEHCMBHICTb iX FOPIHHA Ta MaTeMaTUYHMIA OMUC MPOLECY.
BinoMi MeToaM He [03BONSHOTL KOPEKTHO BUMIPATU [LOBXMHM BCiX NeneT B Npobi Ta onucaT ix rpaHyNoMeTpUYHUIA
cknag. MeToto poboTr 6yN0 0BIPYHTYBAHHS METOAY BU3HAUYEHHS JOBXUHM OAUHOYHMX NENeT i BUSHAYEHHS CTaTUYHUX
XapaKTepuCTMK pO3Mnoainy nenet 3a AOBXMHAMU. [TocTaBneHa MeTa AOCArHyTa 3aCTOCYBAHHAM 3anponoOHOBAHOro
MeTOZy HENPAMOr0 BU3HAYEHHS JOBXMHUW KOXHOI NEeNeTH LASAXOM ii 3BaKyBaHHS 3 HACTYMHUM pO3paxyHKOM eKBIBaNEeHTHOI
[LOBXXMHU Ta MOAANIbHUM KNACTEPHUM aHasi3oM po3noAiny nenet 3a LOBXMHAMMU, Wo 6A3yeTbCA HA PO3MNOAINI FYCTUHM
MMOBIpHOCTI. Habinbl BaX MBI pe3ynbTaTi NONSraTb B TOMY, WO eKCNePUMEHTANIbHO-PO3PAaXYHKOBE BU3HAYEHHS
€KBIiBaNIEHTHOT JOBXMHM A€ Pe3yNbTaTH, O 36iratoTbCs 3 NPAMUMMU BUMIiPIOBAHHAMM CTOCOBHO MefieT NPaBUIIbHOT
dopmMu, ane Ha BiAMiHY Big NPSIMUX BUMIipOBaHb TAKOX MOXEe 3aCTOCOBYBATUCS O/ BU3HAYEHHS €KBiBANEHTHMX
[OBXMH neneT HenpasubHOI hopmu Ta ix ynamkis. Knactepusauis [o3Bonuaa rpynysaTvt NeneTu 4oBKoaa 06EKTUBHO
ICHYHUYMX NOKANbHUX MAaKCUMYMIB Ha PO3NOLiNi ryCTMHU MMOBIPHOCTI, IKi MOXHa ifeHTUdIKyBaTK MpKU iHTepBanax
[OBXWH nenet He 6inblie 2 MM. 3HaYUMICTb OTPUMAHMX PE3YNbTaTiB NOASTAE B TOMY, LLO HEMNPSIMUIA METOA BU3HAYEHHS
[LOBXWH NeneT f03BOSE 3aMiHUTU BUMIPHOBAHHS AOBXUH NENeT iX 3BaXKYBaHHSAM, LLLO BUKIHOYAE CYOEKTUBHI (akTopw
npy BUMIPIOBAHHAX LOBXWH NeneT HernpasuibHOI GopMu Ta iX ynamKiB. Knactepusauig A03BOAMNA OXapaKTepu3yBaTu
rpaHyNOMEeTPUYHWI CKNag neneT rictorpaMamMmu po3nofiny WMOBIPHOCTI, MAaCOBOI YaCTKM Ta CepefHbOoi AOBXMUHM
3a Kfiactepamu. I3 3aCTOCyBaHHSAM 3anpoOnNOHOBAHMX MiIAXOAIB BU3HAYEHO FPaHYyNOMETPUYHUI CKAah NPOMMCIOBO
BMPOOIEHNX AEePEBHMUX | CONOMAHMUX NENeT Ta BCTAHOBNEHO, WO ANS MeneT AiaMeTpoM 8 MM XapakTepHa nifBuLLEHA
MMOBIPHICTb Yy KNacTepax 3 MEHLMMMN AOBXMHAMM Y NOPIBHSAHHI 3 Nenetamu AiaMeTpoM 6 MM, AN CONOMAHUX nenet
XapaKTepHa BULLA MMOBIPHICTb B KNacTepax 3 MEHLMMM AOBXMHAMM Y NOPIBHAHHI 3 AEPEBHMMU NeneTamu

Kniouosi cnosa: nenetu, BUMipOBaHHS AOBXWUHU, BU3HAYEHHS LOBXMHU, PO3MOAIN FYCTUHU MMOBIPHOCTI, KNTAaCTEPHUN
aHanis, ricrorpama, rpaHyn1oMeTpUYHUIA CKNas
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INTRODUCTION

The yield potential combines the importance of the bio-
logical properties of plants in the formation of the pos-
sible maximum yield due to the variability of weather
conditions and their adjustment by organizational and
technological measures. The introduction into agricul-
tural production of ecologically plastic varieties with
different rhythms of development contributes to an in-
crease in the yield of grain crops and stabilization of the
production of grain and seeds [1-6].

According to some authors, V.P. Dmitrenko was
the first to work on the concept, meaning, and content
of the climatic potential of yield (potential, actual) as
a prognostic and calculated indicator when calculating
the yield of winter wheat. The growing season of soft
winter wheat covers almost the entire calendar year, which
makes it possible to determine the influence of weather
factors on the growth and development of plants, the
state of dormancy, and ultimately on the productivity
of plants [7; 8].

Agrometeorological resources, which are deter-
mined by such environmental factors as heat, moisture
and air, and nutrient minerals in production conditions
for the formation of sustainable yields of winter wheat
are used no more than 60%, therefore, considering the
climate change in Ukraine, it is necessary to introduce
varieties adapted to the ecological regions which are
significantly influenced by unfavorable biotic and abiotic
factors [9; 10].

One of the most important indicators of biological
control in the technology of growing any crop is the field
germination of seeds [11]. The period from sowing to
germination is critical, since the seedling doesn't have
nutritional organs. Therefore, it is very sensitive to all
kinds of factors, and metabolic processes are provided
by those resources that are accumulated by the seeds
due to the productivity of the mother plant. The lower
the field germination of seeds, the less evenly the place-
ment of the plant on the area is, as a result of which the
differentiation of individual development, overwintering
and the state of crops as a whole will increase [12].

Research results show that under production con-
ditions, due to sowing high-quality base seeds, careful
soil preparation and the presence of optimum environ-
mental factors,high field germination rates are provided,
but reaching the level of 95-98% is a difficult task [13; 14].

A sufficient level of productive soil moisture, which
protects young shoots from possible deficiency after
germination and is a long-term source of moisture at the
next stages of organogenesis, has a great influence on
obtaining friendly and timely shoots [15].

Often wintering conditions are the causes of freez-
ing, loss, and ultimately a decrease in yield and seed
quality [16; 17]. It is because plants suffer from low
temperatures, ground ice crust, resumption of vegetation
at the beginning and at the end of the winter period.

Zapisotska et al.

Scientists around the world are unanimous that
the variety plays a large positive role in increasing the
adaptive properties of crops, but the percentage of its
influence is different, therefore, the need for adaptation
of winter wheat varieties to stress factors associated
with global climate change is of strategic importance.
Breeding must respond to this challenge of nature by
creating frost and winter-hardy varieties with a high
potential for productivity and product quality [18; 19].

The purpose of this study was to identify the influ-
ence of weather factors on the field germination of soft
winter wheat seeds, the growth, and development of plants
in the autumn period and wintering in the zone of the
Western Forest-Steppe of Ukraine.

MATERIALS AND METHODS

The object of research was the varieties of soft winter
wheat from various originator institutions, included in
the Register of plants varieties suitable for distribution
in Ukraine - Trudivnytsa myronivska, MIP Vyshyvanka,
Gratsia belotserkivska, Kvitka poliv, Vodograi belotserkivs-
kiy, Spivanka poleska. Field experiments in the crop ro-
tation were carried out in the laboratory of the Institute
of Agriculture of the Carpathian Region of the National
Academy of Agrarian Sciences, during 2018-2021.The
total area of the experimental site was 60 m?, the account-
ing area was 50 m2. Placement of variants - systematic,
repetition - threefold.

The soil of the research plots was gray forest, su-
perficially gleyed, light loamy, which was characterized
by the following indicators: humus content (according
to the Tyurins) - 1.7%, the amount of absorbed bases -
13.7 mg-eq per 100 g of soil, puddle-hydrolyzed nitro-
gen (according to Cornfield) - 89.6 mg/kg, mobile phos-
phorus and exchangeable potassium (according to the
Kirsanovs) - 69.5 and 68.0 mg/kg, respectively. As for
gradation, such a soil has a very low nitrogen supply,
medium phosphorus supply, and low potassium supply.
The reaction of the soil solution (pH sol - 5.4) is weakly
acidic.

Agricultural technology for growing varieties of
winter wheat is common for the crop in this area. The
predecessor is winter rapeseed. Sowing time - 09.25-01.10.
Seeding rate - 5.5 million viable seeds/ha, application
of mineral fertilizers (basic) - N, P, K ,.S,,. Seed treat-
ment - dressing agent Vitavax 200FF, 34% (water sus-
pension concentrate, 3.0 l/t). Plant protection against
weeds and diseases - herbicides: roundup,48% (4.0 l/ha);
Granstar, 75% (water-soluble granules, 0.025 g/ha); fun-
gicide: Falcon (emulsion concentrate, 0.6 l/ha).

According to the Lviv hydrogeological reclama-
tion station, the sum of the temperature regime and the
amount of precipitation in the autumn and winter pe-
riods and the duration of the autumn vegetation and
dormancy of plants were determined. Using the method
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of counting sites, the dates were established, based on
calculations: the beginning of seedlings (at least 15%
of seedlings appeared), mass seedlings (at least 50%),
full seedlings - 75% or more, the end of the phase - the
appearance of the last seedlings and the field germina-
tion as the ratio of the number of seedlings to the total
number of sown germinating seeds [20; 21].

Using the method [22], phenological observa-
tions of the growth and development of plants in the
autumn were carried out. Linear measurements such as
the height of plants and the length of the root system,
and quantitative measurements such as the presence of
shoots and leaves on the plant were taken into account.
The total content of mono-and disugars was determined
with the method of photometry using picric acid [23].
With a weighed portion of the samples pounded in
a mortar and dried in a drying oven (105°C each), the
sugars were extracted with water in a water bath (10 min.
100°C). The concentration of total sugars after acid hy-
drolysis (3.3% HCl) was determined colorimetrically at
490 nm using a calibration curve constructed using a scale
of standard solutions of glucose or hydrolyzed sucrose.

The dry matter content in the plant material was calcu-
lated by the gravimetric method.

The wintering of plants of varieties was carried
out based on the data from autumn and spring records
of the state of crops in each repetition concerning to
plants that restored spring vegetation to field germina-
tion of seeds [24]. The range of variability (R) of cultivar
traits and weather conditions was determined by the
difference between the maximum and minimum values.
The statistical reliability of the experimental data, vari-
ance, and correlation between the sugar content in the
tillering nodes of soft winter wheat varieties and the
duration of the autumn growing season and overwin-
tering were established [25] using programs Microsoft
Excel and “Statistica 6.0"

RESULTS AND DISCUSSION

Over the years of our research, the weather conditions
were contrasting, which made it possible to give an ob-
jective assessment of their effect on the field germination
of seeds of soft winter wheat (Table 1).

Table 1. Field germination of soft winter wheat seeds depending on the productive
soil moisture (average for varieties, 2018-2020), %

Indicators of the sowing-germination period

Year Field germination of seeds
Air temperature Precipitation amount Productive soil moisture®

Average % * mm * mm * % *

long-term

indicator 11.2 - 19.0 - 34.6 - 94.5 -
2018 10.7 -0.5 21.6 2.6 31.6 -3.0 924 -2.1
2019 123 11 32.8 13.8 33.8 0.8 93.8 0.7
2020 144 2.2 721 531 38.4 3.8 97.2 2.7

Note: *Productive soil moisture up to 20 mm - sufficient, 20-40 mm - satisfactory

In 2018, during the sowing period, germination
was characterized by 0.5°C lower air temperature and
2.6 mm higher precipitation compared to the long-term
average. Under such conditions and according to the
predecessor of winter rapeseed, the productive soil mois-
ture was 31.6 mm. The highest temperature regimes by
1.1 and 2.2°C and a large amount of precipitation by
13.8 and 53.8 mm were recorded in 2019 and 2020.
That provided the productive soil moisture at the level
of 33.8 and 38.4 mm. With sufficient moisture supply,
the field germination rate was higher than the previous
year by 0.7-2.7%, that is, the weather conditions con-
tributed to the intensive germination of seeds and the
receipt of friendly seedlings.

In close connection with controlled and uncon-
trolled environmental factors, the structure of plants and
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the entire crop as a whole was formed in the autumn.
The termination of the autumn vegetation of plants
in 2018 occurred at the beginning of the third decade of
November, which corresponds to the average long-term
periods, therefore the sum of active temperatures was
567°C (Table 2). The growing season of winter wheat
plants between 2019 and 2020 was longer (before the
beginning of December) and warmer, which is due to
the sums - 664 and 614°C. Over the years of research,
in comparison with the long-term average sum of tem-
peratures of 320°C, the increase was 247-344°C, which
confirms a significantly warmer temperature regime and
a longer autumn period of growth and development of
plants of varieties — 56-65 days. During this period, the
plants accumulated the optimal sugar content in the
tillering nodes (28.5-30.7%).
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Table 2. Influence of the autumn temperature regime and the age of soft winter wheat plants on the carbohydrate
content in the tillering nodes (2018-2020), %

The sum of temperatures, °C for the autumn period Average Duration Sugar content
of autumn P
Year long-term veaqetation of in tillering
September October November Sum data, °C g nodes, %
plants, days
2018 107 335 125 567 56 28.5
2019 123 326 195 664 320 65 32.3
2020 144 344 126 614 64 30.7
The average 112 248 72 432 62 30.5

An increase in the content of water-soluble car-
bohydrates in cells is one of the adaptive responses of
plants to the effects of cold. The importance of sugars
as the main protective substances in the development
of frost resistance of winter wheat is undoubted, since
they play an important role in ensuring the structural
and functional stability of cells in conditions of loss of

water. Characterizing the accumulation of sugars in the
tillering nodes of plants, we did not establish significant
differences between the varieties, they were within the
error (55D,=0.9,0.7,0.6%) (Table 3). However, the range
of variation over the years revealed a significant 2.4%
(variety Trudivnytsa myronivska) - 4.3% (Gratsia belo-
tserkivska).

Table 3. Correlation (r) between the sugar content in the tillering nodes of soft winter wheat varieties
and the duration of the autumn growing season (2018-2020)

Sugar content in tillering nodes by year, % R
Variety (range of
2018 2019 2020 The average variability)
Trudivnytsa myronivska 28.6 32.3 31.0 30.6 2.4
MIP Vyshyvanka 29.0 324 30.5 30.6 3.4
Gratsia belotserkivska 28.3 32.6 30.7 30.5 4.3
Kvitka poliv 28.7 32.2 304 30.4 3.5
Vodograi belotserkivskiy 28.2 32.3 30.5 30.3 4.1
Spivanka poleska 28.1 32.0 31.1 30.4 3.9
The average 28.5 32.3 30.7 30.5 3.8
SSD,.. 0.9 0.7 0.6 - -
pro s o @ :
Correlation (r)* 0.32 0.27 0.37 0.15 -

Note: *From 0 to 0.33 - weak, 0.33 to 0.66 - medium, 0.66 to 1.00 - strong, 1.00 - complete, both for direct (+) and

inverse () correlation (r)

At the time of the termination of the autumn
growing season, the length of the root system of plants
varied from 9.2 cm (cultivar Trudivnytsa myronivska)
to 9.7 cm (cultivar Spivanka poleska), and the number

of nodal roots was in the range of 3.0-3.4 pcs./plant
(Table 4). The difference in plant height (0.1-0.6 cm),
the number of shoots and leaves on the plant was
unreliable.

Table 4. The development of soft winter wheat plants at the time of the termination of the autumn growing season,
depending on varietal characteristics (2018-2020)

Root system length Plant height Quantity per plant
Variety Nodal roots of leaf Shoots
om tto *to pe % to pe *to pc *to
control control control control control
Trudivnytsa myronivska 9.2 - 16.1 - 3.0 - 2.5 - 6.5 -
MIP Vyshyvanka 9.6 0.4 16.7 0.6 3.3 0.3 2.8 0.3 6.8 0.3
Gratsia belotserkivska 9.0 -0.2 16.0 -0.1 3.1 0.1 2.5 0.0 6.3 0.2
Kvitka poliv 9.3 0.1 16.4 0.3 3.2 0.2 2.6 0.1 6.4 -0.1
Vodograi belotserkivskiy 9.4 0.2 16.7 0.6 3.3 0.3 2.5 0.0 6.5 0.0
Spivanka poleska 9.7 0.5 16.5 0.4 3.4 0.4 2.8 0.3 6.7 0.2
The average 9.4 - 164 - 3.2 - 2.6 - 6.5 -
SSD, 0.8 1.0 0.5 0.4 0.3

Q5
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Winter periods have been distinguished by a signif-
icant diversity in the last few years (Table 5). According
to the average long-term sum of temperatures minus
308°C, in 2018-2019 this indicator was minus 84.4°C,
in 2019-2020 - minus 36.4°C, and 2019-2020 - plus
135.0°C. The amount of precipitation in the winter period

prevailed on an average long-term indicator by 17 mm
(2018-2019),11.7 mm (2019-2020) and 147.1 mm (2020-
2021). The length of a day with temperatures below 0°C
varied from 30 - in December to 61 - in January, the
average being 46 days.

Table 5. Hydrothermal factors of the winter dormancy period of soft winter wheat plants (2018-2021)

Hydrothermal factor

Sum of temperatures, °C

Duration of the

Number of precipitation, mm winter period with

Month
Mean Mean temperatures below
2018-  2019- 2020- " 2018-  2019- 2020- € 0°C, days
2019 2020 2021 2019 2020 2021
data data
December 540 120 810  -540 499 693 499 480 30
January 124 1024 217  -1430 284 610 284 400 61
February 1260 540 750  -111.0 697 124 697 430 47
The sum of temperatures g/ 4 304 1350  -3080 1480 1427 1471 1310 46

for the winter period

Table 6. Overwintering of winter wheat plants, soft depending on the biological characteristics
of the variety (2018-2021)

Overwintering plants by years, %

R, (range of

Variety variability by
2018-2019 2019-2020 2020-2021 Average varieties)
Trudivnytsa myronivska 973 94.2 96.4 96.0 31
MIP Vyshyvanka 97.9 94.5 96.5 96.3 3.1
Gratsia belotserkivska 97.1 94.0 95.9 95.7 3.1
Kvitka poliv 98.0 94.3 96.6 96.3 3.7
Vodograi belotserkivskiy 97.0 94.0 95.6 95.5 3.0
Spivanka poleska 97.7 94.8 96.8 96.4 2.9
The average 97.5 94.3 96.3 96.0 3.2
SSD,, 0.5 0.6 0.9
R, (range of variability 09 08 12 09 B
over the years)
The sum ‘xiﬁr:rp;fi?ges -84.4 -36.4 1350 -308.0 -
Correlation (r)* 0.14 -0.72 0.40 - -

Note: *From 0 to 0.33 - weak, 0.33 to 0.66 - medium, 0.66 to 1.00 - strong, 1.00 - complete, both for direct (+) and

inverse (=) correlation (r)

The cultivation of varieties of the forest-steppe
ecological type of soft winter wheat confirmed their
high adaptability to various changes in external factors
in winter, provided by both modification and genotyp-
ic variability, which cannot be considered separately
(Table 6). The range of variability of plant overwintering
by cultivars (R,) was unreliable and varied from 2.9%
cultivar Spivanka poleska to 3.7% cultivar Kvitka poliv
(55D,,=0.5-0.9%) and reliable over the years (R,) - 0.9-
1.2% (SSD,=0.9-1.2%). A strong inverse correlation was
observed between the sum of temperatures (°C) in winter
and overwintering of plants (%) in 2019-2020 (r=-0.72),
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the average straight line - in 2020-2021 (r=0.40) and
a weak straight line - in 2018-2019 (r=0.14).

CONCLUSIONS

It has been established that when growing soft winter
wheat in the Western Forest-steppe zone of Ukraine,
the most limiting factors in the technological process
are weather factors and variety. The adaptive ability has
been confirmed, which has a deeply specific character
and is closely related to the weather conditions of the
place where the variety was created. Varieties of forest-
steppe ecological type provide insignificant phenotypic




variability of adaptive traits, so the production is not
recommended to give preference to varieties that are
not in the Register of plant varieties suitable for distri-
bution in Ukraine.

Changes in weather factors, in particular, an
increase in the temperature regime by 244-247°C in
the autumn-winter period and the optimal amount of

Zapisotska et al.

precipitation, contribute to sufficient (31.6-34.6 mm) pro-
ductive soil moisture (0-20 cm), providing a high percentage
of field germination of seeds of varieties (93.8-94.5%).
In 2018-2021 the duration of the autumn vegetation
of plants was 3-12 days longer, which caused 3.5-5.7%
higher accumulation of sugars in the tillering nodes,
increasing the overwintering of plants to 95.5-96.4%.
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MoroaHi akTopMU Ta iXHIN BNJIMB Ha afanTUBHI BTAaCTUBOCTI COpPTIB
nweHuui o3MMoi B ymoBax 3axigHoro Jlicocteny YKpaiHu

Mapisa CrenaHiBHa 3anicoubka, Onekcanapa MeTtpieHa Bonowyk,
Irop CrenaHosuu Bonouyk, BanentuHa BikropisHa [nusa

IHCTUTYT cinbcbKkoro rocnogapcrea Kapnartcbkoro periony HAAH
81115, Byn. Ipywescbkoro, 5, c. O6powwmnHe, JlbBiBCbKa 061., YKpaiHa

AHoTauis. [NoTeHuian ypoxanHOCTI nweHuui Makoi o3umori (Triticum aestivum L.) GOpMYETbCS B MiHAMBUX MNOTOAHMX
YMOBaX i 3aN1€XM1Tb BifJ, 3aNpONOHOBAHNX arpoOTEXHONONYHUX 3aX0A4IB Ha SKi peakLis KOHKPETHOro CopTy pi3Ha.MeToro
LbOro JOCANigKeHHS Byno BM3HAYMUTM BMAMB MOroAHMX (AKTOPIB Ha MOMbOBY CXOXICTb HACIHHA MLWEHMLi 03MMOi
MIKOI, PiCT | pO3BUTOK POC/IMH B OCiHHINM nepioa Ta nepe3nMiBo B 30HI 3axigHoro Jlicocteny YKpaiHu, 33 paxyHOK
BUCiBY IKICHOrO 6a30BOro HaCiHHSA, peTesibHOi MiArOTOBKM IPYHTY Ta HASBHOCTI OMNTMMYMY EKONIOTiYHUX (haKTopiB.
Ha oTpuMMaHHS ApYXHUX | CBOEYACHUX CXOAIB MAE BEIMKMIM BNAMB AOCTaTHIMA piBEHb MPOAYKTUBHOI BOMOIOCTi FPYHTY,
KWW 3aXMLLAE MONOAI MAriHLi Big MMOBIPHOro AediumUTy Nicns 39BEHHS CXOAIB | € TPUBANUM A)KEPENOM 3BONIOXKEHHS
Ha HaCTyMHMX eTanax opraHoreHesy. Yacto yMOBM 3UMIB/i, KO POCIMHK CTPAXAAI0Tb Bif, AiT HU3bKUX HEFAaTUBHUX
TemMnepaTyp Ha NoyaTKy i B KiHLi 3MMOBOrO Nepiofy, NPUTEPTOI KPUXKAHOI KipKW, BIAHOBNEHHS BereTaLii B 3MMOBUIA
nepiog, € NPUYMHAMU BUMEP3AHHS, BUNAAAHHS, @ B KIHLLEBOMY PE3YNbTaTi 3HUXKEHHS YPOXAMHOCTI M KOCTi HaCiHHS.
MNigTBEpOXKEHO, WO NiABULLEHHS TEMNEPATYPHOTro pexxumy Ha 244-247 °C B OCiHHbO-3MMOBWIA Nepiof Ta ONTUMaNbHa
KiNbKicTb 0NaaiB, CNpusoTb 40CTaTHIN (31,6 —34,6 MM) NPOAYKTUBHIN BonorocTi wapy rpyHTy (0—-20 cm), 1o No3nTUBHO
BM/JIMBAE Ha MPOLEC NPOPOCTAHHS MLWEHULi 03UMOI M'AKOi, 3abe3neyyoyn BUCOKMI BiCOTOK MOMbOBOI CXOXOCTI
HaciHHs copTiB (93,8-94,5 %), N0L0BXYE OCIHHIM PO3BMTOK POC/IMH Ha 3-12 A6, wo obyMoBntoe Hinblue Ha 3,5-5,7 %
HaKOMUYEHHS LLYKPiB Y By31ax KYLLiHHA Ta BUCOKMI BiACOTOK nepe3uMisni (2o 95,5-96,4 %). Coptu nicoctenoBoro
€KONOrivYHOro TUMYy NWeHULi MIKOoi 03MMOi MatoTb HE3HaYHY PEHOTMNOBY MIHAMBICTb aAaNTUBHUX O3HAK, TOMY NpU
BMPOOHULITBI 3€pHOBOI | HACIHHEBOI NPOAYKLIii peKOMEeHAYETLCA BifAaBaTM nepeBary BHeceHWUM Ao Peectpy coptam
POC/IVH, NPUAATHUM ONS nolwupeHHs B YKpaiHi ans 3oHu Jlicocteny, Monicca. BuknaneHi B Wi HaykoBin pobori
pekoMeHAALii AOMNOMOXYTb CiNbCbKOrOCMOAAPCbKMM TOBAPOBUPOOHMKAM A0CNIAKYBAHOI IPYHTOBO-KAIMaTUYHOI 30HU
30iMCHIOBaTM edeKTUBHY, BinbLl eKOMOrYHO MAACTUYHY, BUCOKONPOAYKTUBHY COPTO3MIiHY

KntouoBi cnoBa: Temnepartypa noBiTp4, KinbKiCTb ONaAis, NWEHMLS 03MMa MIKa, N0JIbOBA CXOXKICTb HACIHHS, OCIHHIN
PO3BUTOK POC/IMH, Mepe3nMiBns
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Forest typology and settlement characteristics of the Emerald network “The lower part of the Uda River.

INTRODUCTION

One of the important properties of the ecological net-
work, or even its attribute, which underlies the very concept
of the ecological network, should be its transit concerning
various elements of economic infrastructure, including
their integral complexes, settlements. |t can provide a cer-
tain composition of natural and economic factors within
individual natural-territorial complexes. Such a combina-
tion should be treated primarily as a precedent for find-
ing consensus and ways to harmonize between natural
and anthropogenic. Based on the principles of human
society's awareness of the need to yield to nature. Only this
approach will provide the prospect of forming a balance
between nature and the economy. Under such conditions,
it is possible to establish a regime of inexhaustible use
of nature and optimization of the environment.

The Uda River Valley serves as an ecocorridor and
connects several BioCenters. It is one of the territorial
units of the regional ecological network of the Kharkiv
region. The natural complexes of the valley are promising
for the development of the Emerald Network, so the
public proposed to include it in the Emerald Network.
Proposals for the feasibility of creating two objects “The
upper part of the Uda river valley” (UAO000292, area
10550,6 ha) and “The lower part of the Uda river valley”
(UA0000295, area 13,381.0 ha) were expressed and im-
plemented. This article is devoted to the characteristics
of natural complexes of the Emerald Network object
“The lower part of the Uda river valley” (UA0000295).

The Udyansk regional eco-corridor passes through
four districts and the city of Kharkiv. Its length is more
than 100 km. Only seven key territories were identified
within it by the developers of the econetwork of the
Kharkiv region. Only two of them were characterized
by a sufficient area (as for regional BioCenters) - the
Zolochivsky landscape reserve (1,477.7 ha) and the Ro-
gozyanske wetland (532 ha) reserved for the will [1].
Subsequently, to optimize the Udyansk Eco-Corridor, it
was proposed to add five more key areas and change
its configuration. In particular, the introduction of the
territory around the source of the Uda River into the
eco-corridor, as well as its expansion in the areas bor-
dering the town of Zolochiv, was considered expedient,
which would cover an extensive system of ravine with
remnants of natural vegetation and forest belts outside
the urban area.

The target attention of ecologists and environ-
mentalists is focused on objects that form the part of
the Emerald Network [2], or promising for its introduc-
tion, more and more often now. Considerable attention
is paid to the exploration and study of rare and invasive
plant species in the study of these objects [3-5]. Some
publications related directly to the northeastern part of
the Forest-Steppe, both certain objects of the Emerald
Network and natural complexes outside them [6-8]. The
typological and botanical characteristics of the forests
of five objects of the Emerald Network of Ukraine were
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revealed: “Mozh River Valley” [9], “Dergachiv Forest” [10].
Information on the representation of endangered natu-
ral habitats in Europe in northeastern Ukraine has been
summarized [7]. However, information of ecological and
botanical character is insufficient, fragmentary, or com-
pletely absent in publications on most objects of the
Emerald Network, which are located within the Kharkiv
region. “The lower part of the Uda river valley” belongs
to such objects.

The purpose of the study is to determine the envi-
ronmental importance and significance of the object of
the Emerald Network “The Lower part of the Uda River
Valley” in botanical, forest typological and general eco-
logical aspects.

MATERIALS AND METHODS

The materials for research were facts on forest man-
agement of Babayevsky forests, Vasyshchivsky forest
of SE “Zhovtneve LH” and Krasnopolyansky forest of
SE “Zmiivske LH”; archival data from the Department
of Botany and Plant Ecology of V.N. Kharkiv National
University Karazin; Personal geobotanical descriptions
of plant communities for 2015-2019, reconnaissance
data conducted by route method in July 2020. Primary
geodata were obtained by the means of NexGISMobile
mobile application. The QGIS Desktop 2.18.4 software
was used for their internal processing.

An electronic resource was used to characterize
terrain and altitude indicators [11] Google Maps and
forest management data were used to measure the area
of individual tracts and habitats. To analyze the types
of forest vegetation conditions and forest types, a da-
tabase of forest assessment indicators was formed of
wood plots according to the data from forest evalua-
tion descriptions of forest management materials. The
analysis has been performed using MS Excel 2016. The
collection of the herbarium and its processing was car-
ried out according to standard methods. The names of
the taxa were given according to “Vascular Plants of
Ukraine. A Nomenclatural Checklist” [12]. Descriptions
of vegetation areas with the participation of rare species
were performed according to the generally accepted
method. Sample plots were established within the nat-
ural limits of phytocenoses. Areas with an area of 30x30 m
were selected for forest groups, for meadow-steppe,
meadow and swamp - 5x5 m. In determining the types
of habitat, the literary sources of the last years of publica-
tion were used [13; 14]. The analysis of the typological
structure of forests was carried out according to the meth-
ods of the Ukrainian school of forest typology [15; 16].

RESULTS AND DISCUSSION

Among the six middle rivers of the Kharkiv region (Oskil,
Udy, Lopan, Merla, Oril, Samara) it is the Uda valley of
the river Uda that is a transit for the city of Kharkiv. The
height of the water surface of the Uda riverbed is 94 m




above sea level in the city, at the confluence of the Lopan
river. The height of individual surfaces of the root bank
is up to 202 m above sea level. The Uda riverbed flows
for more than 70 kilometers, traveling along a fairly wide
valley until it flows into the Siverskyi Donets River at
a water surface height of 87 m above sea level. This high
enough indicator of the local basis of erosion contributes
to the deep dismemberment of the adjoining regions and
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the formation of powerful modern sediments of loose rocks
in the adjacent areas. According to the physical-geo-
graphical zoning scheme, this territory (Fig. 1) belongs
to the physical-geographical district of Zolochiv-Chuguiv
of the Kharkiv slope-upland region of the eastern Ukrainian
land of the forest-steppe zone of the eastern European
plain [17].
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Figure 1. The scheme of the territory of the Emerald network object “The lower part of the Uda River Valley”

Source: [18]

In geomorphological terms, the territory of this
Emerald object covers the floodplain surrounded by scat-
tered segments of the pine terrace and the loess plateau.
A well-defined floodplain stretches from the central parts
of the city of Kharkiv to the confluence with the Siverskyi
Donets River, having a diameter of 300 m, as within Kharkiy,
up to 3 km,as in the area of Borova-Petrishcheve village
and occupies a total area of about 3 thousand ha. The
altitude of its surface varies from 95 to 100 m above sea
level in the Babai village and from 87 to 92 m above sea
level near the Eshar village. Below the Zhykhor residen-
tial district, various local depressions are widespread
on floodplain extensions, such as weakly swampy low-
lands and scattered low-flowing old lakes. One of the
largest lakes is located north of the Gusyna Polyana vil-
lage. It covers an area of up to 4 ha. Borovo-terrace plots
are composed of ancient alluvial sand deposits reshaped
from the surface by aeolian processes with surface heights
inthe range of 110-155 m above sea level adjacent mainly
to the left bank. Significant areas are occupied by pine
forests, the largest of which are located in particular to
the south of the urban village Bezlyudivka and to the
south-west of the urban village Vasyshchevo.As a result
of sand mining on the site of old quarries, one of the
largest artificial reservoirs has been formed in the city
of Kharkiv, Nahorivske Lake. Together with the technical
reservoirs (Kovalenky Lake), it covers an area of more
than 100 ha. This Emerald Object should also include
plots of the loess plateau. It is occupied by natural and

semi-natural vegetation, in particular, deciduous forests
of zonal type. These plots are mostly confined to the
right bank by forested areas, in particular, south of the
line of human settlements Borova - Krasna Polyana -
Zaudie - Stara Pokrovka, Khoroshevo - Zhykhor - Gusyna
Polyana.

The main types of plots within this area: flood-
plain areas with fresh and moist soils in modern allu-
vial-diluvial deposits. They are occupied by meadows,
fragments of shrubs, forest vegetation, sometimes ag-
rophytocenoses and fallows that have formed in their
place. The pine terrace areas are made up of ancient
alluvial sand from the surface complicated by aeolian
sediments. They are dominated by artificial pine plan-
tations; plots of the loess plateau with arable land and
deciduous forests.

The total area of forested areas is 11,585 hectares.
Quercus robur L. and Pinus sylvestris L. are the main for-
est-forming species. The first species occurs in an area
of 8,091.5 ha, and the second 2,529.8 ha. Other species
occupy small areas: Populus tremula L. (197.7 ha), Acer
platanoides L. (186.7 ha), Fraxinus excelsior L. (129.6 ha),
Tilia cordata Mill. (102 ha), Betula pendula Roth. (99.0 ha),
Acer campestre L. (35.9 ha), Alnus glutinosa (L.) Gaerth.
(35.8 ha), Ulmus carpinifolia Rupp. ex G.Suckow (30.8 ha),
Salix alba L.(9.9 ha), Populus alba L. (6.9 ha), P nigra L.(2.9 ha),
Malus sylvestris Mill. (0.7 ha). An introductory species are
the forest-forming species on the territory of 125.6 ha. This
is approximately 1% of the total forest area. The largest
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area is occupied by Robinia pseudoacacia L. (79.8 ha), less
common are Quercus rubra L., Populus deltoides Marsh.,
Fraxinus lanceolata Borkh. (respectively, 22.4 ha, 13.4 ha
and 8.2 ha). Acer saccharinum L. (1.5 ha), Picea abies (L.)
H. Karst. (0.3 ha), Juglans nigra L. (0.2 ha) occupies a very
small area.

Analysis of forest vegetation conditions revealed
the following facts: the areas covered with forest vege-
tation are represented by 14 edatopes, covering all tro-
phic groups and all levels of moisture, except for very dry
areas (Table 1). At the same time, the largest area on the
object territory of the studied object (96.4%) is occupied

by forest areas, which are characterized by fresh mois-
ture conditions. There are much fewer areas with dry
conditions (2.2%),and only about 1.5% of the total area
is accounted for by areas with damp, moist, and wet hu-
midification conditions. At the same time, fresh and dry
hygrotopes predominate under the conditions of the
hruds,and under the conditions of the suhruds, subors —
fresh and damp hygrotopes. In general, hruds account
for three-quarters of the total area of forest. Subors ac-
count for almost one-fifth, and the least common are
forests and suhruds, each with an area of just over 2%.

Table 1. Distribution of forest vegetation areas covered by edatopes

Trophotopes
Hihrotopy At
A B C D
1 0.2 - 5.8 249.6 255.6
2 305.5 2,201.9 176.7 8,485.3 11,169.4
3 - 22.7 51.9 52.4 127.0
4 - 2.8 141 15.2 32.1
5 - - - 0.9 0.9
Total 305.7 2,2274 248.5 8,803.4 11,585.0

For dry humidification conditions, typical forest
types are eroded maple sudibrova and dry pine forest
(5.8 and 0.2 ha, respectively). Wetlands are more di-
verse - black alder moist suhruds and hruds, wet hruds,
as well as moist floodplain poplar-willow hruds (the
part of the first three is 0.12%, 0.08% and 0.01% of the
total area, the last — 0.05%). In humid floodplain wet-
ting conditions, there are also areas of sedge subors
and sudibrovy, each of which accounts for only 0.02% of
the area. The fresh floodplain subsoil occupies 10.8 ha,
which is 0.09%. The area of sudibrovs in fresh condi-
tions of flooding of floodplain habitats is twice less
than 4.6 ha. In damp humidification conditions on the

area 23.4 ha maple-linden sudibrova is also presented.
Linden-oak-pine suhrud is widespread in both fresh
and damp hygrotopes (the area of the first 161.3 ha, the
second only 26.6 ha).

In total, 21 forest types are represented on the
forest vegetation-covered territory (Table 2). Maple-lin-
den oak occupies three-quarters of the territory, with
8,485.3 ha of fresh maple-linden oak wood, dry — 249.6 ha,
and damp oak wood occupies only 19.8 ha.Asmall area is
also characteristic of damp linden-ash oak wood (32.6 ha)
as well. At the same time, damp and moist oak-pine subir
in the ratio of 9:1 are common only by 0.2%. The area of
fresh pine woods is 305,5 ha.

Table 2. Distribution of the area of forested regions by forest types

Nen/a Names of forest types Area, ha
1 Dry pine wood 0.2
2 Fresh pine wood 305.5
3 Fresh oak pine subir 2,201.9
4 Damp oak-pine subir 20.3
5 Damp floodplain sedge subir 2.4
6 Moist oak-pine subir 2.8
7 Dry eroded maple sudibrova 5.8
8 Fresh sudibrova 4.6
9 Fresh linden-oak-pine suhrud 161.3
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Table 2, Continued

Nen/a Names of forest types Area, ha
10 Fresh floodplain sudibrova 10.8
11 Damp maple-lime sudibrova 234
12 Damp linden-oak-pine suhrud 26.6
13 Damp floodplain sudibrova 1.9
14 Moist black alder suhrud 14.1
15 Dry maple-lime oak wood 249.6
16 Fresh maple-lime oak wood 8,485.3
17 Damp maple-lime oak wood 19.8
18 Damp linden-ash oak wood 32.6
19 Moist black alder hrud 9.8
20 Moist floodplain poplar-willow hrud 5.4
21 Wet black alder hrud 0.9

Total 11,585.0

As mentioned above, within the study area, the
main forest-forming species are Quercus robur and Pinus
sylvestris. Analysis of the confinement of these species
to certain types of edaphotopes revealed the following.
Quercus robur stands for trophic conditions of habitats
that occur mainly in oak wood (on an area of 8,040.9 ha),
rarely in sudibrova (on 49.5 ha) and in fragments in for-
ests (in 1.1 ha), and on humidity - mainly in fresh con-
ditions (on an area of 7,812.3 ha), rarely in dry (230 ha)
and damp (49.2 ha). Pinus sylvestris stands for trophic
habitat conditions occurring mainly in subir (on an area
of 2,155.1 ha), much less in pine wood (304.6 ha), quite
rarely in suhruds (60.6 ha) and hruds (9.5) ha),and in terms
of humidity, mainly in fresh conditions (on the area of
2,520.9 ha) and very rarely in damp (5.6 ha), moist (2.0 ha)
and dry (1.3 ha). Quercus robur grows in 9 forest types,
but the largest area of its stands is occupied by fresh
maple-linden oak wood (7,786.6 ha) and much smaller
in dry maple-linden oak wood (230,0 ha). Pinus sylvestris
also grows in 9 forest types, but the largest area (2,147.5 ha)

of its stands is occupied by fresh oak-pine subors, much
smaller is occupied by fresh pine wood (304.4 ha) and
fresh linden-oak-pine suhrud (56.0 ha). In other types of
forests, the growing stock of these two species occupies
small areas.

Currently, for the territory of the Kharkiv region,
described 77 types of the level settlements of I-1ll level
according to the EUNIS classification, which needs pro-
tection as components of the ecological network, nature
reserve fund and the Emerald Network, and must be
protected following Resolution No. 4 of the Bern Conven-
tion and the European Union Settlement Directive [7].
The study showed that within the object of the Emerald
Network “The lower part of the Uda river valley” there
are 14 types of settlements included in the list of ob-
jects (Table 3), the preservation of which in Europe re-
quires the creation of special protection areas [13]. They
are included in the list of objects for the preservation
of which in Europe it is necessary to create areas of spe-
cial protection [13].

Table 3. Settlements from Resolution 4 of the Bern Convention of the Emerald Network object “The lower part of Uda
River Valley” (tabular data are filled in according to the methodology)

Resolution 4 Habitat type

Site assessment

A/B/C/D A/B/C
Code Cover [ha] Data quality
Representativity Relative Surface Conservation Global

C1.222 0.3 M D - - -
C1.32 5 M D - - -
C1.33 3 M D - - -
C3.34 0.5 M D - - -

D5.2 300 G B C B C

E2.2 500 G B C C C

E3.4 100 M C C C C
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Table 3, Continued

Resolution 4 Habitat type

Site assessment

A/B/C/D A/B/C
Code Cover [ha] Data quality
Representativity Relative Surface Conservation Global

Fo.1 1 P D

G1.11 300 M C C C C

Gl1.41 25 M C C C C

G1.8 180 M C C C C
G3.4232 2500 M C C @ C

G1.A4 250 M C C C @

Gl.A1 8500 G B C C C

Source: [19]

Settlements C1.222 - Free-floating monodomi-
nant clusters of Hydrocharis morsus-ranae occasionally
occur in small fragments along shores and areas pond
with slow-flowing waters. Variants of monodominant
groups predominate, less often with insignificant par-
ticipation in the cover of pleistophytes.

C1.32 - Free-floating vegetation of eutrophic
reservoirs occurs everywhere in small areas throughout
the Uda River. The shallow waters of the old floodplain
lakes are characterized by much larger (up to several
acres) areas of this vegetation, especially in the second
half of the growing season. Most often, the main domi-
nants of these groups are Lemna minor L. and Spirodela
polyrrhiza (L.) Schleid. Sometimes colonies of filamen-
tous algae play a significant role in such groups. Also
common group with co-dominance of Lemna trisulca L.

The most typical variant of groups indicating
habitats C1.33 (rooted submerged vegetation of eutrophic
reservoirs), represented by thickets of Ceratophyllum demer-
sum L.There are separate groups with a predominance
of certain species of pondweed (Potamogeton lucens L.,
P perfoliatus L., P. gramineus L.). Most often, the distri-
bution of these settlements is characteristic of areas of
the channel with slow flow and the waters of old lakes.

Eutrophic vegetation of slow-flowing waters (set-
tlements C3.34) is most often represented by small frag-
ments of groups dominated by Nuphar lutea (L.) Smith.
and its distribution is similar to the previous ones. Aquatic
habitats (category C) within this object of the Emerald
Network occupy small total areas (Table 3).

Biotope (D5.2) - Lowland swamps with sedge
and reed thickets without stagnant water often occur
in the form of strips-borders adjacent to the riverbed
in the floodplain depressions. During spring and sum-
mer floods, these areas are sometimes flooded. They
are dehydrated most of the growing season. In some
places, they are used for hay. A significant part of such
settlements are groups dominated by Phragmites aus-
tralis (Cav.) Trin. ex Steud. Groups dominated by Carex
acutiformis Ehrh., C. acuta L. are also common. Popula-
tions of some rare species for the region and the Euro-
pean Ostericum palustre (Bess.) Bess., Inula helenium L.
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We found one of such habitats of Ostericum palustre in
similar biotopes west of the village of Nahorivka in the
meadows of the floodplain of the Uda River (49,864116
north latitude; 36,266887 east longitude).

Biotope E2.2 - Plain pastures are represented by
floodplain pastures and pastures in large areas (Table 3).
Large arrays of these meadows are distributed along
the entire floodplain of the Uda River. The main dom-
inants are cereals and sedges, such as Arrhenatherum
elatius (L. J. et al. Presl, Alopecurus pratensis L., Bromopsis
erecta (Huds.) Fourr., Dactylis glomerata L. For areas with
loose soils where until recently plowing was carried out,
a characteristic predominance of long-rhizome grasses,
such as Elytrigia repens (L.) Nevski, Carex hirta L., C. praecox
Schreb., Equisetum arvense L., Cirsium arvense (L.) Scop.
In plots with a high content of mobile nitrogen in the
dominant role, there are representatives of forbs such
as Anthriscus sylvestris (L.) Hoffm., Pastinaca sativa L. As
co-dominants, most often grow, Galium boreale L., Gera-
nium collinum Steph. In areas of mane elevations Galium
mollugo L., Scirpus sylvaticus L., Calystegia sepium (L.) R.Br.,
Lysimachia nummularia L. Linaria vulgaris Mill., Ambrosia
artemisifolia L., Festuca valesiaca Gaud., Eryngium camp-
estre L. are more common.

Wet and damp meadows on rich silty soils with
a predominance of forbs (biotopes E3.4) have been lo-
cated along floodplain depressions, which are charac-
terized by organogenic accumulation processes. They
are characterized by groups of tall grasses from the
wetland, dominated by species such as Eupatorium can-
nabinum L., Sonchus palustris L., Urtica pubescens Ledeb.,
Bidens frondosa L., Leersia orizoides (L.) Sw., Angelica syl-
vestris L., Filipendula ulmaria (L.) Maxim.The peculiarity
of these habitats is the relatively high potential for the
formation of phytomass, which dies mainly annually, and
the poor availability or inaccessibility of its selection
for economic needs. This is associated with a significant
consortium-forming role of these habitats and the high
species richness of phytophages in general and insects
in particular. Together with the biotopes mentioned
above, there is a complex of riparian shrub-forest bio-
topes (F9.1+G1.11). In elevated areas, groups with the




participation of Prunus spinosa L. often grow. Usually, the
bushes tier is rather cover and is formed by thickets of
thorny thorns with insignificant participation of Fraxinus
excelsior. The grasses are almost absent due to the high
shading of the shrub tier, but the most trivial species of
meadow grasses grow in rarefaction. The most common
variant of mesohydrophilic shrub vegetation in depres-
sions is the group dominated by Salix pentandra L. with
an admixture of Salix cinerea L. Fragments, sometimes
significant in the area (up to ten acres) occur in willow-
poplar forests of the riparian floodplain.

G1.41 - swampy alder forests on non-acidic peat
are distributed here only in fragments. Alder nettles are
their most typical variants. They grow in drying areas
of terraced floodplain depressions. And alder sedge is
confined to excessively and long-moist areas.

G1.8 - acidophilic oak forests are common in fresh
and moist podzolic soils on the slopes of the pine terrace.
Occur in fragments.

G1.Al - deciduous forests in medium-rich and rich
soils are widespread on the loess plateau and occupy
large areas here (Table 3). A typical dominant in the
upper tier is Quercus robur, and co-dominated by Acer
platanoides, A. campestre, Tilia cordata, Fraxinus excelsior,
sometimes Ulmus laevis Pall., Pyrus communis L. In the
undergrowth tier, in addition to the undergrowth of the
above-mentioned trees, shrubs grow, such as Crataegus
pseudokyrtostyla Klok., Euonymus verrucosa Scop., E. eu-
ropaea L., Corylus avellana L. The tier of grasses is some-
times weakly formed. Aegopodium podagraria L. and Carex
pilosa Scop. are most often dominant in large areas.
Chelidonium majus L., Poa nemoralis L., Carex michelii Host,
C. digitata L., Asarum europaeum L., Lathyrus vernus (L.)
Bernh., Stellaria holostea L., Pulmonaria obscura Dumort.,
Polygonatum multiflorum (L)) All., Glechoma hirsuta Waldst.
& Kit., Geum urbanum L., Mercurialis perennis L., Dactylis
glomerata L., Lapsana communis L., Brachypodium syl-
vaticum (Huds.) Beauv., Fragaria vesca L., Viola hirta L.,
Lysimachia nummularia L., Lactuca chaixii Vill. Grow ev-
erywhere as co-dominants and asectators. Among the
ephemeroids identified by underground organs, Corydalis
solida (L.) Clairv., Ficaria verna Huds.

G1.A4 - ravine and slope forests of natural and
semi-artificial origin are represented by different coenotic
variants of stages of demutation of forest vegetation.
In particular, illuminated thermophilic forests with the
dominance of Ulmus carpinifolia and significant partic-
ipation in stands of such species as Fraxinus excelsior
and Pyrus communis grow in the apical sections of the
slopes. Separately, in the second tier, there are Prunus
spinosa L., Acer tataricum L. In the grasses, the domi-
nant Poa angustifolia L. is widespread. As codominants,
Hypericum perforatum L., Melampyrum nemorosum L.,
M. cristatum L., Centaurea substituta Czer., Betonica offi-
cinalis L. Potentilla obscura Willd., Poa compressa L., Rumex
crispus L., Falcaria vulgaris Bernh., Trifolium montanum L.,
T.medium L., Eryngium planum L., Tanacetum vulgare L.
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Hieracium cymosum L., Vicia villosa Roth, Medicago falcata L.
aggr., Daucus carota L., Elytrigia repens (L.) Nevski, Achillea
millefolium L. grow separately and with a covering of less
than 1%.

G3.4232 - fresh and dry pines and subor of the
Sarmatian type are confined to the highest areas of pine
terraces. Pinus sylvestris, sometimes with significant par-
ticipation of Quercus robur, is the main forest-forming
species in sandy, slightly podzolic soils. In the second tier,
you usually grow Populus tremula, Quercus robur, Betula
pendula, Sorbus aucuparia L., Acer negundo L. In the poorly
formed tier of undergrowth, all of the above species occur.
Certain areas are also characterized by Crataegus pseu-
dokyrtostyla, Euonymus verrucosa, E. europaea, and Cha-
maecytisus ruthenicum (Fisch. Ex Wol.) Klaskova, Sambucus
racemosa L. The tier of grasses is usually poorly formed.
The dominants include Calamagrostis epigeios (L.) Roth,
Poa nemoralis, P.angustifolia, Carex praecox Schreb. Typical
asectators in the grass level are Pilosella echioides (Lumn.)
F.Schultz & Sch. Bip., Hieracium umbellatum L., H.virosum
Pall., Carex ericetorum Poll., Silene nutans, Polygonatum
odoratum, Mycelis muralis (L.) Dumort., Senecio vulgaris L.,
Helichrysum arenarium (L.) Moench. Chamerion angusti-
folium (L.) Pigeon. forms thickets in cluttered places and
fires. Pure pine stands are often characterized by the
development of moss synusias with a predominance of
Dicranum rugosum and Pleurocium shreberi.

It should be noted that the object of the Emerald
Network “Lower part of the Valley of the River Uda” has
not only a certain synsozoological value but also con-
siderable phytosozoological significance. In general, some
species of plants are protecting at the national (Botry-
chium lunaria (L.) SW., Dactylorhiza incarnata (L.) Soo s.l.,
Epipactis palustris (L.) Crantz, Anacamptis coriophora (L.)
R.M. Bateman, Pridgeon & M.W. Chase (Orchis coriophora L.),
A. palustris (Jacg.) R.M. Bateman, Pridgeon & M.W. Chase
(Orchis palustris Jacq.) and regionally (Centaurium erythraea
Rafn., C. pulchellum (Sw.) Druce, Dianthus stenocalyx Juz.,
Inula helenium L., Iris pseudacorus L., Filipendula ulmaria (L.)
Maxim., Caltha palustris L., Geum rivale L., Parnassia pal-
ustris L., Sanguisorba officinalis L., Valeriana officinalis L.)
were found in the natural complexes of the Uda River
Valley (in the middle course) [7; 9]. Special attention was
paid to the study of local populations within the territory
of Kharkiv of those species that are listed in the Red
Data Book of Ukraine and have the status of vulnerable,
in particular, conducted a phyto-indication assessment
of growth conditions, established their compliance with
ecological amplitudes of rare species. In the upper reaches
of the Uda River in floodplain meadows on the left bank
of Rogozyansky Reservoir, in addition to Anacamptis palus-
tris and Dactylorhiza incarnata , the species Dactylorhiza
maculata (L.) So6 sl. and D. majalis (Rchb.) P.F. Hunt et
Summerhayes s.l. were detected. Data on the growth
of certain orchid species in floodplain meadows in the
lower reaches of the Uda River were presented. The
identified species are listed in the Ukrainian Red Data
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Book, in particular Anacamptis palustris and Dactylorhiza
incarnata (near the urban village of Vasyshchevo) [20].
Together with the coenopopulations located on the flood-
plain of the upper Uda River [21], they form a single re-
gional population.

CONCLUSIONS

The landscape complex of the lower part of the Uda River
Valley has an important ecosystem potential that will
contribute to the preservation of the natural complex
of the studied region. This area includes tracts where
populations of protected plant species are growing.
Settlements from Resolution 4 of the Bern Convention
are also presented in large areas of research. Within of
the Emerald Network object “The Lower part of the Uda
River Valley” 14 types of protected settlements are pre-
sented. Large areas are represented by biotopes with
a predominance of grass (D5.2; E2.2; E3.4) and forest

(G1.11; G1.8; G3.4232; G1.A1; G1.A4) vegetation.An im-
portant structural and territorial feature of this natural
protection object is that it is an important connecting
element of the ecological network of this urbanized region.
The total area of forested areas is above 11,585 hectares.
The main forest-forming species are Quercus robur and
Pinus sylvestris. The areas covered with forest vegetation
are represented by 14 edatopes, covering all trophic groups
and all moisture levels, except for very dry ones. The larg-
est area on the territory of the studied object (96.4%) is
occupied by fresh humidification conditions,much fewer
areas with dry conditions (2.2%) and approximately 1.5%
of the total area is accounted for by areas with damp,
moist, and wet humidification conditions. While the hruds
relate to three-quarters of the total forest area, the forests
account for almost one-fifth. The least common are pine
wood and suhruds, the area of each of which is slightly
more than 2%.
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INTRODUCTION

The authors observe the formation of a new worldview
paradigm based on a political and practical model of
development of all countries, which fulfills the current
generation's needs without compromising the ability
of future ones to fulfill theirs. This model is focused
on achieving the optimal balance between the three
development components — economic, social, and envi-
ronmental. The transition to sustainable development
is becoming an important objective for Ukraine as well,
given the goals based on political, economic, social,
environmental, moral, religious, ethnic, cultural, and so-
ciological values inherent in Ukrainian society [1-3].
Therefore, to move towards sustainable development
in Ukraine, the question of certain social transformations
arose, one of which is the decentralization reform of the
administrative-territorial organization.

In 2014 the implementation of decentralization
reform was launched. The main objectives of this reform
are the achievement of optimal distribution of powers
between local governments and executive authorities
on a subsidiarity basis, and creating viable territorial
communities as a foundation for the new administra-
tive-territorial organization. As part of the reform, the
fundamentally new processes of cooperation and volun-
tary unification of territorial communities should take
place. The purpose of such optimization is to create an
effective system of public authority in administrative-
territorial units. Such a system should be able to provide
favorable conditions for human life and opportunities for
sustainable socio-economic development of all regions
via the rational use of their natural resource potential [4; 5].

At the time of writing, the united territorial com-
munities are entering a new stage of their existence. They
received authority, ability to distribute their own and
obtain external resources. Created communities are re-
sponsible to their residents for creating a comfortable
and safe living environment. This requires predictable and
motivated development; its initial stage is in the devel-
opment of strategic directions for sustainable develop-
ment. It has become quite a challenge for the communities,
whose population has been declining significantly in
recent years.

An important factor in the sustainable develop-
ment of rural territorial communities is the development
of the agricultural sector, capable to ensure the food
independence of Ukraine and provide a significant num-
ber of jobs for the population. As there are two main and
closely interconnected branches in agricultural pro-
duction - crop production and animal husbandry, their
development becomes a strategic goal of agriculture.
Thus, crop production is the basis for feed manufac-
turing and directly affects the development of animal
husbandry. Furthermore, the waste generated in animal
husbandry is an organic fertilizer, the introduction of
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which helps to increase soil fertility, the content of nu-
trients and stimulate the development of microorganisms,
which makes it possible to increase plant yields [5; 6].

Under the strategic directions of agricultural de-
velopment of Ukraine for the period up to 2020, the goal
of the crop development strategy was to ensure a stable
increase in production for the needs of the domestic
and foreign markets and increase the efficiency of the
industry. The main goals of crop development for this
period were identified as follows: 1. Increasing crop pro-
duction; 2. Creating a balanced feed base for livestock;
3. Creating a raw material base for bioenergy; 4. Increas-
ing exports of crop products and products of its process-
ing; 5. Increasing the productivity of crops [7].

The key issues considered in the study of the
state and prospects of crop production include the im-
pact of tillage and fertilization on yields, the formation
of scientifically sound crop rotations, the introduction
of innovations in crop production, breeding new variet-
ies, protection of crops from weeds and pests, diseases,
viruses, etc. Increasing crop yields makes it possible to
obtain more products without changing the sown area,
which is one of the priority goals of crop development, so
many scientific works are devoted to solving this problem.

The main factors influencing crop yields, includ-
ing natural factors of cosmic origin (solar activity and
lunar cycles) are cited in the works of P. Pisarenko and
Ya.Khlebnikova [8], G.Mihlbachova et al.[9], N. Lialina [10],
and M. Mayerova et al.[11], who investigated the influ-
ence of chemical weed control agents on crop yields in
different crop rotations. According to their data, crop losses
in the uncontrolled area (control) increased in the follow-
ing order: spring barley < winter wheat < peas < oilseed
rape <potatoes.

Particularly relevant today is the impact of climate
change on crop yields, that depend on climatic indicators,
extreme temperatures, and carbon dioxide concentra-
tions, which are expected to increase in the next century.
D. Angelova [12], L. Petersen [13] proposed a model of
approximate yield at the enterprise level in the context
of climate change, which combines economic and ag-
ronomic concepts of crop production. L. Yu et al. inves-
tigated the impact of drought on crop water use effi-
ciency [14].O.Fraier emphasizes the need to strengthen
agricultural diversification, i.e., by forming a balanced
crop rotation portfolio with the addition of different
crops [15].

It is now believed that any modern agricultural
technology should be soil-protective - to ensure efficient
use of land, as well as the restoration and increase of its
fertility. The effectiveness of various agricultural tech-
nologies for growing crops is reflected in the studies by
scientists from different countries. For example, V. Dnes
et al., as a result of comparing the economic efficiency

Scientific Horizons, 2021, Vol. 24, No. 6

51



52

Agroecological bases of sustainable development strategy for the rural united territorial communities...

of different technologies, have found that the use of
no-till farming saves money almost two times, compared
with differentiated technology [16]. The influence of
different tillage systems on agrophysical parameters is
provided by Y. Grechishkina et al. [17]. In recent years,
the development of nanotechnologies, which are also
used in agricultural production, has become more wide-
spread. The production of nanoparticles attracted the
attention of chemists and biologists, who want to use
them to develop a new generation of nanofertilizers
and nanopesticides. For example, M. Bayat et al. investi-
gated the use of products based on agro-nanoparticles
and their use to combat fungal diseases of strawberries [18].

An alternative management model, which involves
the efficiency of agricultural production while reducing
the anthropogenic load on the environment and natural
resources, is the transition to organic agricultural pro-
duction [19]. Organic agricultural production is consis-
tent with the generally accepted concept of sustainable
development in the world, as it provides stabilization
and restoration of quality parameters of land resources.
In addition, it guarantees the diversification of food types
in the country and provides the population with quality
food, opening the prospect of social and economic growth
in rural areas through the export of certified products
to world markets at much higher prices. T. Epule in his
work compares the impact of organic and inorganic ag-
riculture on global food security, where he points out
that organic farming alone cannot support sufficient pro-
duction [20].According to him,a reasonable combination
of organic and inorganic types of agriculture provides the
best effect.

Thus, studies aimed at the development of the
crop industry are actively continuing, and their introduc-
tion and use in enterprises, farms, and individual farms
require funding and government support programs. There-
fore, constant monitoring of crop production, which de-
pends on many indicators that may change each year,

does not lose relevance.This allows to identify strengths
and weaknesses at the regional level, identify and work
to reduce the main threats to its sustainable develop-
ment to ensure a favorable investment environment. In
addition, the development of agriculture is one of the
priority goals of the Strategies of socio-economic de-
velopment of rural and urban territorial communities
that are currently in the final stages of formation (by the
end of 2020) as a result of administrative reform launched
in Ukraine in 2014.

The purpose of the study was to assess the impact
of agri-environmental indicators on the sustainable de-
velopment of rural integrated territorial communities
of the Western Polissya region (Ukraine) based on the
analysis of the current state of crop production.

MATERIALS AND METHODS

To study the state of crop production in the Western Polis-
sya region, the dynamics of sown areas of the crops (sugar
beet, sunflower, potato, cereals and legumes, vegetables,
fruits, and berries), their production (gross harvest), and
yield were analyzed. The data were analyzed for the
period from 1995 to 2019 in terms of the Rivne and
Volyn regions.

To determine the role of crop production in the
development of rural integrated territorial communities,
the ratio of sown areas of fodder crops, technical, grain
and legumes, roots and tubers, vegetables, and melons
in enterprises and farms in the region as of 2019. The
study used data from the Main Departments of Statistics
in Rivne [21] and Volyn [22] regions, the State Statistics
Service of Ukraine [23],and the statistical yearbook “Crop
Production of Ukraine” [24].

The article considers the ratio of crops in crop
rotations under the approved standards of the optimal
ratio of crops in different natural and agricultural re-
gions (Table 1).

Table 1. Standards for the optimal ratio of crops in crop rotations in different natural and agricultural regions

Structure of sown areas (in percent)

Technical cultures
. Fodder crops
Natural agricultural Including Vegetables, p
region Cereals and Autumn
potatoes, i
legumes Total melons Including fallow
Rapeseed | Sunflower Total perennial
herbs
Polissya 35-80 3-25 0.5-4 0.5 8-25 20-60 5-20
Forest-steppe 25-95 5-30 3-5 5-9 3-5 10-75 10-50
North steppe 45-80 10-30 10 10 <20 10-60 10-16 5-14
__South-steppe 40-82 5-35 5-10 12-15 <20 <60 <25 18-20
(irrigation included)
Pre-Carpathian 25-60 5-10 5-7 8-20 25-60 10-40

Source: [25]
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The study used the following main methods: sys-
tematic analysis (the comprehensive analysis of the
relationship between the area of crops and products),
comparative (the general and distinctive features in the
development of crop production in Rivne and Volyn regions
in farms of all categories were determined), graphical
method (for visual presentation of results), statistical
method (for detection of changes in sown areas of crops,
the volume of their production and productivity for the
period from 1995 to 2019).

RESULTS AND DISCUSSION

The Western Polissya region, (also known as the North-
Western region according to socio-geographical zoning),
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is located in the extreme North-West of Ukraine. It in-
cludes two oblasts, Volyn and Rivne, with a total area
of 40.2 thousand km?, and a population of 2.19 million
people (Fig. 1).

In 2019, the share of regional rural residents was
50%. Due to the low level of urbanization, the average
population density (54 people per km?) is much lower
than the national average, the lowest among all eco-
nomic regions. There is a significant surplus of labor
resources in the region, especially in rural areas. This
leads to significant pendulum migrations and departure
of residents for seasonal work both within Ukraine and
in other countries.

Figure 1. Western Polissya region on the map of Ukraine

Natural and climatic conditions

According to the climatic zoning, the Western Polissya
region is located in the North Atlantic-continental cli-
mate region. The climate is temperate continental: mild
winters with frequent thaws, warm summers, average
annual rainfall - 650-700 mm.Winter comes in late No-
vember, and a stable snow cover is formed in the last
days of December - the first decade of January. Summer
comes in late May and lasts until September. This is the
period of the highest air and soil temperatures, precipi-
tation,and ripening of the crop. Clear, cool early autumn
weather sets in early September [26]. According to the
physical and geographical zoning, the studied region
is located on the East European Plain. The central and
northern parts of the Western Polissya region are located
in the zone of mixed (coniferous-deciduous) forests
(Polissya region), Volyn Polissya region. The southern
lands belong to the zone of deciduous forests (Western
Ukrainian region),the Volyn upland region, and the extreme
southern lands fall into the region of Small Polissya [26].

There are two distinct types of landscapes in the
region - Polissya and forest-steppe. Polissya landscape

areas are characterized by large forest cover, wetlands,
spread over large areas of meadows (inter-river and
floodplain), the predominance of infertile soils, and the
presence of a significant number of floodplain and karst
lakes. The main massifs are occupied by pine and pine-
oak forests, small areas - hornbeam-pine, hornbeam-oak,
and other forests. Bogs and wetlands occupy an average
of about 10-20%, and in the northern regions up to 40%
of the territory [27; 28].

The valley-ridge terrain complicated by ravine-
beam and karst forms is inherent in forest-steppe land-
scape areas. The forest cover is smaller in comparison with
the Polissya landscape, deciduous and mixed forests of
oak, hornbeam, and pine predominate. Meadows in the
forest-steppe part are almost completely flooded, less
often located on the edges of swamps and beam bottoms.
Swamps - lowlands, occupying the valleys of small rivers.

According to geobotanical zoning, the region is
located in the European deciduous forest area (zone).
The center and north are located in the Eastern Eu-
ropean (Sarmatian) provinces of coniferous-deciduous
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and deciduous forests, namely: Polissya sub-province of
coniferous-deciduous forests, districts — Western Polissya
oak-pine, pine, hornbeam-oak forests, and Verkhopripyatsky
floodplains pine, alder, spruce (fragmentary) forests, flood-
plain meadows and oligo-, meso-, eutrophic bogs. The
southern part of the Western Polissya region is part of
the Central European Province of Deciduous Forests, the
South Poland-Western Podolsk Subprovince of Decidu-
ous Forests, Meadows, Meadow Steppes and Eutrophic
Swamps, and the districts of Lublin-Volyn are horn-
beam-oak,and Small Polissya hornbeam-oak, pine forests,
floodplain meadows and eutrophic bogs [26].

According to the agro-climatic zoning, the Western
Polissya region belongs to the zone of sufficient mois-
ture, which is characterized by the following indicators:
hydrothermal coefficient 1.3-1.6, the sum of active tem-
peratures 2400-2800°C, the amount of precipitation for
the warm period 360-430 mm, the length of the period
active vegetation 160-175 days, duration without frosty
period on the soil surface 140-170 days, reserves of
productive moisture in a meter layer of soil, mm; a) under
the chill in early spring (April 1) 160-220; b) before the
cessation of winter vegetation on non-steam predeces-
sors (November 1) 110-220 [26].

According to agro-soil zoning, the central and
northern parts of the Western Polissya region are located

in the zone of Ukrainian Polissya with sod-podzolic and
swamp soils on ancient alluvial, water-glacial deposits,
and moraines, a Western province with sod-podzolic,
podzolic-podzolic, swamps, c. incl. peat soils. In the east,
a small part of the region entered the Right Bank Province
with sod-podzolic, mostly gleyed, swampy, including peat
soils. The southern part of the region is located in the
Forest-Steppe zone with typical chernozems, podzolic
and degraded soils mainly on forest rocks, a Western
province with podzolic in some places gley soils and
typical chernozems. The extreme southern territory of
the region (namely the Rivne region) is also part of the
Ukrainian Polissya zone [26].

According to the agricultural zoning, the north
of the Western Polissya region belongs to the intensive
livestock area, characterized by meat and dairy cattle
breeding, flax growing, potato growing, and the south
of the region belongs to the intensive livestock farming
area, which is dominated by beet growing, grain farming,
m. meat and dairy cattle breeding, pig breeding [26]. In
the structure of the land fund of the Western Polissya re-
gion, the total area of agricultural lands is 1974.2 thou-
sand hectares, of which 1329.1 thousand hectares are
arable land, 1176.2 thousand hectares are sown areas
of crops (Table 2).

Table 2. Area of agricultural land in the Western Polissya region, thousand hectares

Total land area Agricultural land Arable Sown areas of crops
Rivne 2005.1 926.2 656.8 587.6
Volyn 2014.4 1048.0 672.3 588.6
Western Polissya region 4019.5 1974.2 1329.1 1176.2

Source: calculated according to the State Statistics Service of Ukraine [23]

According to the Main Department of the State
Geocadastre in the Rivne region, the total area of its
lands is 2005.1 thousand hectares. Agricultural lands
occupy 926.2 thousand hectares (46.2%), of which
656.8 thousand hectares (32.8%) are arable land [27].
The land fund of the Volyn region as of 01.01.2019 is
2014.4 thousand hectares, of which 1048 thousand
hectares (52%) are agricultural lands, which indicates
a high level of agricultural land development. Arable
land is 672.3 thousand hectares (33% of the total area) [28].
According to the State Statistics Service of Ukraine, the
sown area of crops in these areas is 587.6 thousand hect-
ares in Rivne and 588.6 thousand hectares in Volyn.

The state of crop production in the West Polissya region

Included in the strategy of socio-economic development

of the united territorial communities of the Western Polis-

sya region, the development of crop production as one of

the key goals of sustainable development was analyzed

taking into account the dynamics of the following indicators:
— sown areas of crops, thousand hectares;
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— the volume of production (gross harvest) of crops,
thousand centners;

— crop yields, c-ha;

— sown areas of crops in enterprises and households.

In 2019, 587.8 thousand hectares (50.0% of the
total sown area) prevailed among the sown areas of
crops, the industrial crops accounted for 255.3 thou-
sand hectares), roots and tubers, vegetable and melon
crops — 173.5 thousand hectares (14.8%), fodder crops
- 159.6 thousand hectares (13.6%) (Fig. 2).

The dynamics of sown areas of some crops in
the Western Polissya region in terms of regions for the
period from 1995 to 2019 are shown in Table 2. The data
given in Table 3 shows that for the period from 1995 to
2019 the sown areas allocated for crops in the regions
underwent certain changes. For example, in the period
from 2005 to 2019 the area for sunflower in the Volyn
region has increased from 0.1 to 29.9 thousand hect-
ares (approximately 290 times), and in the Rivne region
in the same period it increased from 0.2 to 27.0 thousand
hectares.
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m Cereals and legumes
m Technical crops
H Root crops and tubers of vegetable and melon crops

Fodder crops

Figure 2. The ratio of sown areas of crops in the Western Polissya region in 2019, %
Source: calculated according to the State Statistics Service of Ukraine [23]

Table 3. Dynamics of sown areas of crops (updated) in the Western Polissya region in terms of regions
for the period from 1995 to 2019, thousand hectares

Rivne region Volyn region
V] a a > “a<= 8 a a > “-a=
1995 2927 414 0.1 65.9 9.2 133 313.7 34.0 0.0 674 8.0 15.5
2000 270.8 24.9 0.1 74.0 10.1 9.0 271.8 29.4 0.0 79.3 10.5 5.4
2005 2715 334 0.2 66.6 9.7 79 283.8 294 0.1 69.4 10.6 4.0
2010 244.2 30.8 2.7 68.7 10.9 7.6 242.1 16.3 0.2 65.9 11.7 4.1
2015 2448 10.6 4.2 68.8 117 7.4 2713 11.3 2.5 68.3 12.9 4.9
2016 270.0 119 151 69.9 12.0 7.0 295.5 135 6.4 72.0 131 4.9
2017 266.2 14.3 24.7 711 12.6 7.4 2915 14.1 16.2 72.8 13.6 4.9
2018 262.1 137 24.2 70.9 12.6 74 293.8 12.2 236 76.5 12.9 4.7
2019 2911 11.7 27.0 71.0 12.3 73 296.7 9.2 29.9 774 12.8 4.7

Source: formed according to the State Statistics Service of Ukraine [23; 24] and the Main Departments of Statistics
in Rivne [21] and Volyn [22] oblasts

Sown areas for potatoes and vegetables slightly
increased in the regions. In the Rivne region in the pe-
riod from 1995 to 2019, the area occupied by potatoes
changed from 65.9 (1995) to 74.0 thousand hectares
(2000), in 2019 this figure was 71.0 thousand ha. In the
Volyn region in the same period, the area for potatoes al-
most did not differ from such of Rivne region and was in the
range from 65.9 (2010) to 79.3 thousand hectares (2000),

in 2019 - 77.4 thousand ha. Areas for vegetable crops
increased in the Rivne region from 9.2 to 12.3 thousand
hectares, in the Volyn region - from 8.0 to 12.8 thou-
sand hectares, respectively.

As for the areas for cereals and legumes, fruits and
berry crops,and sugar beet, there is a negative dynamic. For
example, the area for cereals and legumes decreased by
only 1.6 thousand hectares in the Rivne region and by
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17 thousand hectares in the Volyn region, for beets from
41.4 to 11.7 thousand hectares (3.5) in the Rivne region
and from 34.0 to 9.2 thousand hectares (3.7 times) in
Volyn region respectively, for fruit and berry crops from
13.3 to 7.3 thousand hectares (1.8) in Rivne region and
from 15.5 to 4, 7 thousand hectares (3.3 times) in Volyn
region.

The change in the area for crops in the period
from 1995 to 2019 in the region also affected the dy-
namics of their production (gross harvest), as shown in
Table 4. The data in Table 4 shows, however, that the
decrease in sown areas for cereals and legumes, sugar
beet, fruit, and berry plantations had a negligible im-
pact on production in the Western Polissya region for
the period from 1995 to 2019, which associated with

an increase in their yield (Table 4). The reduction of
the gross harvest is observed only for sugar beet in
the territory of two oblasts and fruit and berry crops
in the territory of Volyn oblast. Thus, as a result of re-
ducing the sown area for beets by 3.5-3.7 times, there
was a decrease in gross harvest from 7629.5 thousand
centners (1995) to 5600.8 (2019) in the Rivne region
and Volyn - from 5966.7 thousand centners (1995) to
4117.3 thousand centners (2019). Reducing the area of
fruit and berry crops in the Rivne region by 1.8 times
did not affect the volume of production, but on the con-
trary in 2019, compared to 1995, the amount of gross
harvest increased by 2.1 times. In the Volyn region, as
aresult of a 3.3-fold decrease in the area for these crops,
a 1.4-fold decrease in production was detected.

Table 4. Dynamics of production (gross harvest) of crops in the Western Polissya region in terms of regions
for the period from 1995 to 2019, thousand tons

Rivne region Volyn region

[ -
g in g > Ei o = g T‘; o g > E o = g,
£ wg 98 3 S8 T& «g =25 3 5 8 T&
< §a S8 % S &% =5 83 &8 % 2 S5 S35
T 9 S+ S o L e v s 9 i 3 a <L e

(w) w (2] 3 o (7] w0 S

[T L
1995 7552.6 7629.5 1.0 6483.6 10414  409.7 8189.0 5966.7 0.1 62155 1166.9 563.1
2000 4947.6 4313.8 0.6 8755.0 133%36.5 346.8 50309 48628 0.1 119424 1105.5 386.2
2005 5991.6 5819.6 4.5 9120.3 17145 515.8 6770.5 71114 21 9752.0 2152.0 275.6
2010 6357.8 10105.1 29.8 10644.0 21647 859.1 57940 473%64 2.2 9864.1  2486.6 3424
2015 11015.4 45440 95.6 12275.8 21357 9925 10622.8 42019 521 10988.1 27644 3786
2016 13004.6  5438.8 3704 12494.2 23623 7769  11096.5 58039 1558 11324.0 28874 370.4
2017 12087.2 64264 670.5 13109.1 26815 809.0 11652.0 62054 3953 113946 3026.2 368.8
2018 12595.2 7239.0 5842 13108.2 26510 871.8 12372.0 52833 6952 11644.8 2802.2 428.7
2019 14930.1 5600.8 7784 128470 2688.7 900.8 129263 41173 9447 117417 2819.1 396.2

Note: 1 - in the mass after finishing, 2 - of the total area of plantings
Source: formed according to the Main Departments of Statistics in Rivne [21] and Volyn [22] oblasts

With a slight decrease in the area of grains and
legumes, there is an increase in their gross harvest by
2.0 times in the Rivne region and 1.6 times - in the
Volyn region. For other types of crops, the area of which
in the region has been increased, there is an increase in
production by two or more times. This is especially true
for sunflower since the sown areas for it in the period
from 1995 to 2019 increased and therefore its produc-
tion also increased from 1.0 to 778.4 thousand centners
in Rivne region,and from 0.1 to 944.7 thousand centners -
inVolyn.The increase in crop production in the Western
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Polissya region is associated with an increase in their
yield, the dynamics of which for the period from 1995
to 2019 is shown in Table 4. The data in Table 5 shows
that over the last 24 years there has been an increase
in yields of all these crops.Yields (centners per hectare)
of fruit and berry crops increased 3.7 times in the Rivne
region and 2.1 times - in the Volyn region, sunflower -
2.8 and 3.3 times respectively, sugar beet - 2.5 times in
both regions. Slightly lesser results in the dynamics of
crop yields can be observed in the potatoes, vegetables,
grains, and legumes - around 1.6-2.0 times increase.
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Table 5. Dynamics of crop yields in the Western Polissya region in terms of regions for the period
from 1995 to 2019, thousands ha

Rivne region Volyn region

8 2 a z

2y 8. % &, By §. % e 5
: ¢ 28 5 0§ =z & 2f SF 3 & = 3%
£ %3 B € & 8§ =5 %3 BE T & § =8
T2 3« 3 & B g v 59 SE g o s e S

o w0 w0 o > v (7] () o S

<L C < C
1995 26.0 191 10.1 99 116 35.6 26.5 182 9.0 93 150 44.6
2000 211 206 4.8 119 138 413 194 183 9.0 151 108 75.3
2005 22.6 176 25.7 137 176 69.8 241 246 137 141 203 76.8
2010 26.6 329 11.3 155 198 1215 241 294 104 150 213 921
2015 45.0 429 22.8 178 183 1454 39.4 371 20.6 161 215 87.6
2016 48.2 457 28.0 179 197 114.5 37.7 429 243 157 219 80.5
2017 45.7 449 27.3 184 212 119.0 40.1 442 247 157 221 81.4
2018 48.1 537 241 185 210 128.0 42.2 435 294 152 217 98.6
2019 51.2 479 28.1 181 213 1333 434 446 30.1 152 218 95.03

Note: 1 - in the mass after finishing, 2 - from the area of plantations at fruiting age
Source: formed according to the Main Departments of Statistics in Rivne [21] and Volyn [22] oblasts

To determine the role of different types of farms  revealed that 51.6% (606.9 thousand hectares) of sown
in the development of agricultural production in the areas of their total number (1176.2 thousand hectares)
Western Polissya region as of 2019, the ratio of sown are located in households. The ratio of areas of different
areas of crops for harvest in enterprises and house-  types of crops in the region in different types of farms
holds was analyzed. As a result of the analysis, it was  is shown in Figure 3.

138.3
Fodder crops m
Root crops and tubers, vegetable and — 172.4
melon crops L1
Technical crops b 2473
Cereals and legumes | I 1)) ¢

0 50 100 150 200 250 300 350

thousand hectares

®m Farms people m Enterprises

Figure 3. The ratio of sown areas of crops in enterprises and households in the Western Polissya region
in 2019, thousand hectares
Source: calculated according to the State Statistics Service of Ukraine [23]

The data provided above leads to a conclusion that ~ hectares) - in enterprises, under industrial crops, respec-
49% (288.2 thousand hectares) of sown areas of cereals tively — 3 and 97%, roots and tubers, vegetables and
and legumes are in households, 51% (299.6 thousand  melons - 99 and 1%, fodder - 87 and 13%.
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During the research period in the Western Polissya
region, changes in the ratio of areas between different
crops as a result of a decrease in some (sugar beet, fruit
and berry crops, cereals and legumes) and an increase
in others (sunflower, vegetables, etc.) have been found.
In general, the structure of sown areas of the region as
of 2019 was dominated by areas occupied by cereals
and legumes 50.0% (of the total sown area), industrial
crops accounted for 21.7%, roots, tubers, vegetables,and
melons - 14.8%, fodder crops — 13.6%. These rates are
within the norms of the optimal ratio of crops in crop
rotations of Polissya natural and agricultural region, ex-
cept for fodder, according to which the percentage of
cereals and legumes can be 35-80%, technical 3-25%
(including rapeseed 0.5-4, sunflower — 0.5%), potatoes
and melons 8-25%, fodder crops 20-60% (13.6% in the
region) Figure 2 [29]. This ratio can be attributed to the
profitability of growing various agricultural products.

According to O.Fraier [15],in recent years in Ukraine,
there has been an increase in sown areas of four key com-
mercially attractive crops (corn, sunflower, soybeans, rape-
seed), while the share of other crops in the structure of
sown areas of the corporate sector is rapidly declining.
Thus,the most profitable types of agricultural production
include the cultivation of sunflower, which can explain
the significant increase in its area since 1995 in the
Rivne region (270 times) and the Volyn region. Yields
also increased by 2.8-3.3 times from 1995 to 2019.The
area of its sowing in the structure of industrial crops was
22%, which indicates non-compliance with the norms of
the optimal ratio of crops in crop rotations of Polissya
natural-agricultural region, according to which the per-
centage of sunflower among industrial crops should
be 0.5%.

Currently, this problem is quite common in Ukraine.
According to V.Puzik et al.it is especially acute in Zapor-
izhia, Luhansk, Dnipropetrovsk, Donetsk, Mykolaiv, Kiro-
vohrad, Kherson and Kharkiv regions [30]. The obtained
products of the oil subcomplex are more export-oriented,
which is the reason for the extensive growth factor of sown
areas. The key concern of further development of oilseeds
production is to increase and stabilize production volumes
by optimizing sown areas. In addition, some farmers
grow sunflower for several years on the same land plots
to make more profit, although the allowable frequency
of its cultivation according to current regulations in Ukraine
is not less than seven years [15; 31]. Profitable crops
include cereals, for which most of the sown area of the
region is allocated. During the study period from 1995
to 2019, the area under cereals and legumes just slightly
decreased, which did not affect the volume of production
(gross harvest), but on the contrary, due to the increase
in their yield from 26.0 to 51.2 c/ha the figure increased
by 1.6-2.0 times. This indicates a transition to intensive
technologies for growing these crops with increasing
mechanization, chemicalization,and use of high-yielding
and resistant to adverse environmental factors varieties
and hybrids [32-34].
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In recent years, the areas set aside for vegetable
crops are quite stable, which from 1995 to 2019 increased
by 7.9 thousand hectares (Rivne region - 3.1 thousand
hectares,Volyn — 4.8 thousand hectares), yields increased
1.8-1.5 times. This indicates that the vegetable market
in the region is developing. According to L. Galat and
L. Yatsyshina, vegetable growing in Ukraine has remained
a profitable industry for many years, because with the
right approach to production, marketing, logistics, you
can earn income even in conditions of overproduction
and market decline [35; 36]. Therefore, the vegetable
market, despite various negative factors, is developing,
improving, and gradually showing signs of moving to-
wards a civilized global market. It should be noted that
the improvement of vegetable growing requires certain
measures like breeding and seed production. This is be-
cause the variety and high-quality seeds are the main
elements of modern zonal technologies for growing
crops [37].

One of the most widely consumed foods on the
daily basis is potatoes. In the region, potato growth is not
developing rapidly. The sown area for potatoes in 2019
compared to 1995 increased slightly, but the production
(gross harvest) significantly increased from 6215.5 to
12874.0 thousand centners in the Rivne region and from
6215.5 to 11741.7 thousand. ¢ - in Volyn, which is due to
an increase in yield from 93 g/ha to 181 (1.6-1.8 times).
It should be noted that the potato market has certain
features: the entrance is quite capital-intensive (there
is a need for specific vehicles), and yield depends on
climatic conditions, use of regional varieties, seed pro-
ductivity, fertilizer systems, etc. [38-40].

The area for sugar beets in the West Polissya re-
gion decreased significantly by 3.5-3.7 times, which led
to a decrease in the gross harvest from 7629.5 thousand
centners (1995) to 5600.8 (2019) in the territory Rivne re-
gion and Volyn - from 5966.7 thousand centners (1995)
to 4117.3 thousand centners (2019). It should be noted
that the yield has increased 2.5 times over the past
24 years. The production and sale of sugar beets is the
only industry that periodically, with an interval of one
or two years, brings losses [10]. Long-term research and
analysis of information on sugar beet productivity in
retrospect according to V. Hlevasky et al. show that the
dynamics of yield and sugar content of root crops is
influenced by a set of conditions, some of which are un-
controlled at a high level of agrobiological and techni-
cal capabilities of human society [41]. Therefore, when
growing sugar beets, it is necessary to focus on hybrids
and seeds, cultivation technologies, sowing density, the
presence of weeds, pests, diseases, and weather condi-
tions of the growing season. High productivity can be
obtained only when sowing high-quality seeds [42; 43].

During the research period in the Western Polis-
sya region area for fruit and berry crops decreased by
1.8 (Rivne region.) and 3.3 times (Volyn region). As for
the above-mentioned crops, the yield growth from 35.6
to 133.3 c¢/ha was observed during the study period.




As a result, the volume of their production (gross collection)
increased in the Rivne region from 409.7 to 900.8 thou-
sand centners but decreased from 563.1 to 396.2 thou-
sand centners.due to the reduction of the area - in Volyn.

In the region, work has begun on the development
of organic farming, in particular in the Volyn region
18 certified operators are specializing in the cultivation
of crop products, berries, mushrooms, etc., the quality of
which is confirmed by the recognition in the European
Union and Switzerland certificate “Organic Standard”.
In this region, organic products are grown on an area
of 2.1 thousand hectares, which is 0.2% of agricultural
land in the region. In the Rivne region, businesses have
certified organic agricultural products in most crops such
as soybeans, buckwheat, corn, oats, wheat, sunflowers,
vegetables, berries, and others. The area on which organic
products and raw materials are produced is 4.2 thousand
hectares, 0.5% of the total area of the region. Thus, the
West Polissya region has significant potential for the
development of organic farming, favorable natural and
climatic conditions, so the Strategy of socio-economic
development of rural integrated territorial communities
includes the allocation of relevant areas of agricultural
land.

The sown areas of crops in Ukraine are divided
between enterprises and households. This is due to the
land reform of 1991, according to which the lands of
collective farms and state farms were privatized with
their subsequent unbundling, the issuance of state acts
on the right of private ownership of land (shares), and
the right to withdraw from agricultural formations with
shares. In the study region, 51.6% of the sown area of
crops falls on households. In terms of different types of
crops, the following ratio was found: 49% of the sown
area of cereals and legumes is in households, 51% - in
enterprises, under industrial crops, respectively - 3 and
97%, roots and tubers, vegetables and melons - 99 and
1%, fodder - 87 and 13%. This distribution shows, how-
ever, that companies are focused on growing profitable
crops (technical, grain, and legumes) that are exported.
Households supply the market with a set of products
that are included in the consumer basket of ordinary
citizens.

CONCLUSIONS

As a result of the analysis of the impact of agroecologi-
cal indicators on the sustainable development of rural
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united territorial communities of the Western Polissya
region, on the example of the study of crop production,
the authors discovered both the formation of threats to
their development and some promising opportunities.
Agroecological threats to development include changes
in the structure of sown areas of crops (reduction of areas
and exclusion from crop rotation of crops typical for this
region), excessive intensification of production, violation
of standards for optimal crop rotation.

The promising opportunities of the region include:

— increasing the area of agricultural land for organic
products, with favorable natural and climatic conditions,
being a prerequisite for that;

— supporting the development of individual farms
that largely meet the demand of the population in many
goods and services. Encouraging the population to process
their agricultural products for sale and create a market
for it;

— forming of cluster models of development of newly
created communities to increase the efficiency of use of
production, trade, labor, innovation, investment, and infor-
mation potential of the territorial community. One of the
priority areas in the region of clustering in crop produc-
tion can be considered the grain sector;

— developing and implementing short-term and long-
term local and regional programs of the revival of compo-
nents of agrolandscapes, to allocate “ecologically pure”
raw material zones;

— taking into account the requirements of the EU
Water Framework Directive to build water and soil pro-
tection engineering and landscape complexes at water
intakes with the addition of forest, shrub, and meadow-
swamp phytocenoses, creating in river basins (basin man-
agement principle) the optimal ratio between water lands
and nature reserve fund;

— carrying out renaturalization of disturbed lands and
their conservation to create meadows and forests for
water protection,and include them in the structural el-
ements of the regional ecological network based on an
agro-environmental approach.

It should be noted that to implement the oppor-
tunities for agricultural development in rural UTCs it is
important to create a favorable financial and credit en-
vironment that will allow introducing innovative tech-
nologies to agricultural production based on rational
land use; to promote and support the manufacture of
environmentally “friendly” products.
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ArpoekonoriyHi oCHOBM cTpaTerii CTafioro po3BUTKY CifibCbKUX 06'eAHaHUX
TepuTopianbHUX rpoMaa 3axigHO-NMONICbKOro perioHy

OxkcaHa IBaniBHa Moptyxait’, Cepriit Muxaitnosuu Jinko?', Onekcanap Bacunbosuu Myapak?,
lanuHa BacuniBHa Myapak?, IpuHa MaBniBHa JlorBMHEHKo!
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AHoOTauif. Y cTaTTi po3rnsHYTO BM/MB arpoeKoOriYHMX NMOKA3HMKIB Ha CTanui PO3BUTOK CiNbCbKMX 06'€AHAHMX
TepuTOpianbHUX rpomag, 3axigHo-nonicbkoro perioHy (YkpaiHa) Ha OCHOBI aHanizy Cy4acHoOro CTaHy poCAMHHMLTBA.
[ns pocnigKeHHs CTaHy POCIMHHMLTBA Ta BUSHAYEHHS MOro Poi y pO3BUTKY CiNbCbKUX TEPUTOPIN 3axifHO-NONICbKOro
perioHy BUKOPUCTaHO AaHi [0N0BHMX YNpaBniHb CTAaTUCTUKM Y PiBHEHCbKIN i BonuHcbkil obnactsx, JepxaBHoi cnyxom
CTaTUCTUKM YKPaiHK, CTaTUCTUYHOTO 36ipHMKa «PocIMHHMLTBO YkpaiHu» (2018).Y npoueci oCnigKeHHs BUKOPUCTOBYBaMCS
TaKi OCHOBHi METOAM: CUCTEMHUIM aHaNi3, NOPIBHAHHSA, rpadivHuiA | CTaTUCTUUYHMI MeToaM. [1poaHani3oBaHoO AMHAMIKY
TaKMX NOKA3HUKIB: MOCIBHI NMIOLL CiNbCbKOrOCNoAapCbKUX KYNbTyp (TUC. ra), 06csar BUpobHULTBA (BanoBOro 360py)
CiNbCbKOrOCMOAAPCbKUX KYAbTYp (TWUC. L), YPOXKAMHICTb CiNlbCbKOroCnoaapcbkux KynbTyp (U-ra?), mocisHi naowi
CiNbCbKOrocnoAapCcbkmMx KynbTyp y NiANPUEMCTBAX Ta rOCNOAAPCTBAX HACENEHHS Ha TepuTopii 3axXifHO-NONICbKOro
perioHy y po3pisi PiBHeHcbkoi Ta BonnHcbkoi obnacteit 3a nepiog 3 1995 poky no 2019 pik. 3a gocnifxyBaHui
nepion BUSBAEHO 3MiHU Y CMiBBIAHOWEHHI NAOLL MK Pi3HUMU CiIbCbKOrOCNOAAPCbKMMU KYNbTYPaMu: 3MEHLLEHHS
NOCIBHMX NnoL, 6ypska LyKpoBoro GabpuyHOro, NIOAOBUX i AriAHUX KynbTyp, 3€pHOBUX i 3epHO6060BUX Ta
30iNbLlUEHHS — COHSILLIHMKA, OBOYEBMX KYNbTYP TOLL0. BCTAaHOBNEHO 3pOCTaHHS YPOXAMHOCTI CiflbCbKOrOCNoAapCbKux
KYNbTYyp Ta He3HayHe 3MeHLIeHHs BanoBoro 36opy nuwe ans Bypska LykpoBoro dabpuyHoro Ha Teputopii ABOX
obnacrteit Ta NIOAOBUX | ATIAHUX KyNbTYp Ha TepuTopii BonuHcbkoi obnacti. Y perioHi 51,6 % nociBHOi naoLwi
CiNbCbKOroCMoAapCbKMX KyNbTyp NMPUNAAAE CaMe Ha rocnofapcTBa HaCeleHHs, WO NocTayvaloTb Ha PUHOK Habip
NPOAYKTIB, Ki BXOAUTb L0 CMOXMBYOrO KOLWMKA MNPOCTOro rpOMaAsHUHA: KopeHennoam Ta 6ynbbonnoaun, KynbTypu
0BOYEBIi Ta HawTaHHi. [MigNpMEMCTBA 30PiEHTOBAHI Ha BUPOLLYBAHHS peHTabenbHUX KybTyp (TEXHIYHMX, 3€pHOBUX
Ta 3epH060060BMX), L0 iAYTb HA ekcrnopT
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Abstract. The article considers the anti-crisis stability of the potential of
break-even development and its resource support in agribusiness. The
necessity of a synergetic approach to estimating the dynamic flow of
resources capable of generating own sources of financing to activate the
target parameters of crisis stability of break-even development potential
and the development of an alternative scenario of self-financing of the
production and financial cycle to stimulate economic growth of agribusiness
is proved. The reproductive process of resource support of anti-crisis
stability of the potential for safe development of agribusiness enterprises
is substantiated. The model of estimation of target parameters of anti-crisis
stability of potential of unprofitable development of agrarian business and a
matrix of its point estimation at a choice of the alternative scenario of self-
financing is presented. Scenarios of the flow of resource support of anti-crisis
stability of the potential of unprofitable development of the agribusiness
enterprise are developed. An indicator of the level of anti-crisis stability of
the break-even development potential according to the determined target
parameters of self-financing is offered. The dynamics of anti-crisis factor load
on the stability of the potential of break-even development of agribusiness
enterprises on average in one region of the Steppe zone of Ukraine by its
territorial location is analyzed. Cluster analysis was used to assess the elements
of the qualitative system-resource component of anti-crisis stability of the
potential of break-even development with the separation of types of agribusiness
enterprises in the regions of the Steppe zone of Ukraine with different
structure of current assets. The forecast level of resource support according
to the quantitative component of anti-crisis stability of the potential of break-
even development on average in the regions of the Steppe zone of Ukraine and
per one agribusiness enterprise of the region is determined. The forecast range
of limits of target parameters of self-financing and their influence on the level
of anti-crisis stability of potential of unprofitable development of agribusiness
enterprises on the average on one region of the Steppe zone is presented
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INTRODUCTION

Expanding the capabilities of agribusiness enterprises in
the new paradigm of anti-crisis system of their operation,
with increasing impact on the state of reorganization in
conditions of uncertainty and risk, allows distributing the
available resource component in a continuous stream
of expanded reproduction of agricultural production,
directing own and involved sources on improvement of
the growth rates of profitability. However, along with the
objective reasons for this phenomenon, recently there
are unfavorable global trends in the agricultural sector
of the economy, which are associated with the crisis fi-
nancial condition of economic entities, the basic princi-
ples of which are purposefulness, systematization and
participatory anti-crisis stability.

Reforming agriculture in the world makes this
problem relevant and necessitates the identification of
effective scientifically sound models of the reproduction
process of resource provision on the basis of systemati-
zation of indicators of crisis stability potential of break-
even development of agribusiness enterprises adapted
to exogenous economic factors. This requires diagnosing
the economic security of agricultural enterprises, which
should be based on a program-targeted approach to the
reproduction of stable economic growth, balancing the
production and financial cycle, accumulation of own
resources through additional capitalized reserves and
effective cash flow management with limited external
sources. Objectively, this is due to the emergence of a
multi-stage movement of cash flows of enterprises,as a
result of which their connection with the material basis
becomes more noticeable. The impact of the resource
component on material production is justified, but at the
same time, its irrational involvement in the operational
and financial cycle can lead to unstable development
of agricultural production as a whole. This leads to the
search for ways to improve structural changes in the inter-
nal business environment, which enhances the anti-crisis
stability of the potential of break-even development, rec-
onciling the proportionality of material, financial and cost
processes of reproduction of agricultural production.

The starting point of anti-crisis stability of the po-
tential of break-even development of agribusiness should
understand its rational structure, basic parameters, pri-
ority functions that can withstand the changing factors
of the external business environment, guarantee solvency
and investment attractiveness of businesses in the long
run. At the same time, the agricultural sector lacks clear
tools for preventive protection of agribusiness enterprises,
which would unite their functional subsystems, eliminate
threats to economic security and systematize the struc-
tural components of anti-crisis stability of break-even
development potential at different stages of its life cycle.

Recently, the attention of scientists has been fo-
cused on the prevention of deep and prolonged crises,
in particular: issues of the formation and development
of bankruptcy prevention systems - V. Bdzhola [1],
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A. Belikov, G. Davyidova [2], L. Dovhan [3], Ya. Dropa [4],
H. Ostrovska, O. Kvasovskyi [5], O. Raievnieva, M. Berest [6];
identification of non-financial factors of crisis develop-
ment - M. Berdar [7], S. Borozdin, A. Maksimov [8], ). Bundy,
M. Pfarrer, C. Short, W. Coombs [9; 10], B. Forgue [11],
N. Hrapko [12], O. Komelina, A. Chaikina [13], V. Kovalenko,
M. Suhaniaka, V. Fuchedzhy [14], O. Raievnieva, O. Horok-
hova [15]; ensuring the economic security of agribusiness
enterprises - L. Havatiuk, N. Perehiniak [16], I. Kreidych,
A. Haharin [17], N. Plakhotna [18], as well as the func-
tioning of agricultural enterprises in the system of sus-
tainable safe development — N.Kovalenko,N.Hontova [19],
S. Mushnykova [20], D. Naipak [21], A. Pushkar, A. Trided,
A.Kolos [22]. The theory and methodology of crisis man-
agement, which aims to increase the sustainability of
business entities, have been studied by such scientists as:
A.Azarova, O.Ruzakova [23], |. Blank [24], T. Hovorushko,
N. Klymash [25], V. Makhovka [26],]). McTaggart, P. Kon-
tes, M. Mankins [27], A. Rappaport [28], L. Starchenko,
O. Starovoit, I. Semydotska [29], G. Stewart [30]; meth-
odology aspects of the formation of anti-crisis stability
of the potential for safe development of agricultural
enterprises were studied by - G. Arnold, M. Davies [31],
0. Honcharenko [32], L. Lihonenko [33], V. Mishchenko,
O. Drougova, I. Domnina [34], V. Mishchenko, I. Sitak,
[. Domnina [35]. However, the issue of complex interre-
lation of system-resource component of anti-crisis stability
of potential of safe development of agribusiness enter-
prise on the basis of analytical-mathematical tools of
estimation and diagnostics of researched processes re-
mains insufficiently investigated.

The priority of our study is to develop a synergetic
approach to assess the dynamic flow of resources capable
of generating own sources of funding to activate the tar-
get parameters of crisis stability of break-even potential
and develop an alternative scenario of self-financing of
the production and financial cycle to stimulate economic
growth of agribusiness enterprises.

MATERIALS AND METHODS

In a market economy, the stability of the potential of
break-even development of the enterprise must ensure
internal harmony, as well as compliance with the eco-
nomic system, an element of which it is. The system is
considered as a means that enables the functioning of an
individual entity with the help and under the influence
of environmental factors, which evolves and acquires new
qualities, transforming the structure of the system [36].
Defining the economic aspects of the system, it should
be noted that it changes over time only its status and
not its essence, allowing a certain ordering of the com-
ponents of the system that form a set that operates,
functions, i.e. is viable. Depending on the connections
that exist between the structural elements of the in-
tegrity, the resource content of the system is formed.
The system can be represented by an element-resource
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component on the basis of functioning of anti-crisis
stability of break-even development potential, which
makes it possible to comply with certain rules that play
the role of limiting factors [37], turning the relationship
of aggregate elements into an effective system. Given
that each stage of economic growth of agribusiness is
a stable system, which is determined by the potential
interconnection of sources of financing of the entity,then
the crisis stability of the potential of break-even devel-
opment in its environment causes a constant exchange
of system resources. The value of a particular type of re-
source in different systems varies, but an indisputable fea-
ture of the development of the system, both hierarchically
and in time, is to ensure the sustainability of economic
entities. Therefore, the anti-crisis stability of the potential
of break-even development of agricultural enterprises
must be considered taking into account the possibility of
forming their own and borrowed resources from the ex-
ternal surroundings of the business environment.

From the standpoint of the structure of anti-crisis
stability of the potential of break-even development of
agribusiness enterprises, a set of internally intercon-
nected parts is distinguished, the main elements of
which are objects: production, marketing, finance, infor-
mation, human resources. Hence, the subsystem objects
of anti-crisis stability of break-even development poten-
tial are proposed to be defined as a set of resources that
determine the relationship between the procedures of
anti-crisis decisions to generate financial resources un-
der constant changes in external and internal business
environment. The reproductive process of resource support
of anti-crisis stability of the potential of break-even de-
velopment is inherently dynamic-cyclical in nature, the
duration of which is at least a year. That is, depending
on the anti-crisis development programs of agricultural
sectors, the process of long-term (continuous) reproduc-
tion of the resource support of economic entities in space
and time is provided (Fig. 1).

State <

A 4

Agriculture

Resource support

Economic relations

Resource support

PAST

Anti-crisis stability of the potential of break-even
development of agribusiness enterprises' (ASPBR')

Extended
reproduction

Involved resources and
activation of reserves

PRESENT

Anti-crisis stability of the
potential of break-even
development? (ASPBR?),
ASPBR? > ASPBR!
(Extended reproduction)

Simple
reproduction

Involved resources

Anti-crisis stability of the
potential of break-even
development? (ASPBR?),
ASPBR? < ASPBR!
(Simple reproduction)

FUTURE

Anti-crisis stability of the potential of break-even development® (ASPBR?)
ASPBR® > ASPBR?> ASPBR! (Extended reproduction)
or ASPBR? < ASPBR! (Simple reproduction)

Focus on economic growth
of agribusiness enterprises

Figure 1. Reproductive process of resource support of anti-crisis stability of potential
of safe development of agribusiness enterprises

Source: developed by the authors
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Thus, from the point of view of the past, the level
of anti-crisis stability of the potential of break-even
development is determined by the set of resources mo-
bilized by agribusiness enterprises and is characterized
as achieved (ASPBR?). Depending on the areas of the
use of anti-crisis sustainable potential, namely: simple
or extended reproduction of its resource support, it is
possible to allocate, exchange and use resources; the
resources used in the past activate the reserves to deter-
mine the current level of crisis stability of the break-even
potential (ASPBR?). Thus, the current level of crisis sta-
bility of the break-even potential can be reproduced both
at the stage already reached or below it (ASPBR?<ASPBRY),
and at a higher stage of growth (ASPBR2>ASPBR?).

Thus, the restoration of quantitative and qualita-
tive system-resource component of anti-crisis stability
of break-even potential, based on the implementation
of the amplitude of resource support, activates exist-
ing reserves by choosing anti-crisis areas of enterprise
development in the business environment, allowing to
stimulate capital investment growth, accumulation of
productive capital in the objects of investment reproduc-
tion in order to make a profit and (or) achieve a positive
effect. At the same time, the state regulation of resource
support of anti-crisis stability of break-even develop-
ment potential will allow to reproduce the expanded
reproduction by providing state guarantors with time
limitation of budget financing in the investment activ-
ity of economic entities and to determine their po-
tential state of economic growth in order to eliminate
the shortcomings of the current procedure for selecting
alternative innovative development and obtaining the
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expected effect, without losing the interest of enterprises
in the reproduction of fixed capital. Therefore, the future
state of anti-crisis stability of the break-even potential
should be defined as promising (ASPBR*>ASPBR?>ASPBRY),
i.e. one that is focused on achieving a higher level.
However, as already mentioned, depending on the con-
ditions and results of the agribusiness in previous peri-
ods, its future state may be characterized by a simple
reproduction of resource support (ASPBR3<ASPBR?). The
authors assume that break-even is the initial factor of
the critical value of the financial balance between own
and borrowed resources, which reflects the level of stability
of the break-even potential of the enterprise. Prolonged
stay of the company in the loss zone leads to the loss of a
significant amount of equity, resulting in a reduction in
current assets (a qualitative component of sustainable
break-even potential), and as a consequence of working
capital required for production activities. Accordingly, this
situation leads to an increase in borrowed resources and
characterizes the crisis environment of the enterprise.In
this case, it is necessary to convert the lost capital from
a negative value to zero to balance the resource support of
property and anti-crisis development of the enterprise.
With the advent of profits, equity is gradually formed,
which is used to finance assets, ensuring anti-crisis
stability of the potential of the entity. We believe that
break-even is a financial platform for anti-crisis stability
of the development potential of the enterprise by cov-
ering the loss of assets with equity, and balancing the
liquidity limit as a value capable of exchanging and
maintaining the value of accumulated assets, their trans-
action through increasing solvency (Fig. 2).

‘ Assessment of target parameters of anti-crisis stability of break-even development potential (ASPBR) ‘
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Figure 2. The model of estimation of target parameters of anti-crisis stability of potential of break-even development
of the enterprise of agrarian business

Source: developed by the authors
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The target indicators of anti-crisis stability of break-
even development potential, under the influence of ex-
ternal and internal business environment allow deter-
mining a sufficient level of resource support of produc-
tion activities and long-term expansion of investment
opportunities of the enterprise with increasing profit

ﬂNSURING SELF-FINANCING OF THN
PRODUCTION AND FINANCIAL CYCLE

> Evaluation of indicators: indicators that
reflect compliance (non-compliance)
with the target parameters; dynamic
indicators that reflect the change
of target parameters in space and time

/ Construction of a matrix of scores \

and equity, maintaining the regulatory value of solvency
and creditworthiness with a minimum level of financial
risk [38; 39].

This leads to the change in the parameters of the
basic flows of resource support and their impact on the
solvency of economic entities (Fig. 3).
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Figure 3. Algorithm of systematic estimation of target parameters of anti-crisis stability of potential of break-even
development of the agribusiness enterprise

Source: developed by the authors

The embodies an effective matrix of possible
scores of target parameters of anti-crisis stability of break-
even potential in agribusiness through the reproduction
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of the vector of self-financing of the production and
financial cycle (Fig. 4).
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Source: developed by the authors

To establish a quantitative characterization of the
relationship between a balanced structure of assets and
sources of funding, it is necessary to determine the opti-
mal (target) parameters of the ASPBR of the agribusiness
enterprise. To do this, the current structure of assets is
compared with the “ideal” one, and on the basis of cer-
tain parameters of the resource flow and its quantitative
system component determines the optimal (effective)
flow of resources to increase the level of anti-crisis sta-
bility of the potential of break-even development of the
enterprise and its economic growth in the market.

Thus, the direction to the “ideal” prototype of
anti-crisis stability of the potential of break-even de-
velopment of agribusiness is possible by achieving fi-
nancial equilibrium, which indicates the efficient use of

the resource flow of the entity from its own sources of
funding.

We believe that self-financing cannot be reduced
only to the hoarding of profits, because the deep foun-
dations of understanding the essence of self-financing,
its open and hidden forms can be obtained only in the
context of capital movements in a simple and expanded
reproduction. Open and hidden forms of self-financing
function in a constant dialectical relationship, i.e.in the
form of interaction and the transition from one form to
another.

Based on the research, we propose to calculate
the level of anti-crisis stability of the potential of break-
even development, determining the target parameters
of self-financing, according to the formula (1) [38; 39]:
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Lisppr = Pof + Pedsf + Ppe + Pcef + Pmofy, (1)

where, I, - is an indicator of the level of anti-cri-
sis stability of the break-even potential; P, - target
parameters of own funds; P, - target parameters of
efficiency of distribution of sources of financing, USD.;
P - target parameters of profitability of the enterprise;
P, —target parameters of capital efficiency; P, - target
parameters of liquidity of the enterprise; P~ target
parameters of maneuverability of own funds.

Thus, we think it reasonable to consider the target
parameters of self-financing as factors of direct influence on
the level of anti-crisis stability of the potential of break-
even development and effective activity of agribusiness
enterprises. As a criterion of economic efficiency, which
reflects the qualitative essence of anti-crisis stability of
the potential is the maximum result (effect) at a certain
level of costs, or as an equivalent — the minimization of
costs for a certain result. At the same time, the level of
anti-crisis stability of the potential embodies the range
of limits of the target parameters of efficient use of en-
terprise resources: break-even - the initial level required
for the transition to a qualitatively new state of effective
activity - self-financing.

RESULTS AND DISCUSSION

In the process of transformational changes in Ukraine,
most agribusiness enterprises occur in a critical situation
due to the imperfection of the system of organizational,
economic and financial-credit mechanisms of manage-
ment. Depending on the available resources, some agricul-
tural enterprises have different conditions of production.
This process involves influencing the anti-crisis stabil-
ity of the enterprise development potential by forming
factors that should have the following types of decom-
position: 1) functional decomposition (taking into ac-
count the functions of the components of the anti-crisis
potential of the enterprise development); 2) decompo-
sition by life cycle (stages of movement of input and out-
put flows of resource support are taken into account);
3) decomposition by physical process (description of the
behavior of the stability of the potential of break-even
development as a physical process), which in economic
processes is analogous to decomposition by life cycle [40].

In addition, the process of anti-crisis stability of
the potential of break-even development of agribusi-
ness enterprises can be considered as a production
cycle that characterizes the formation of performance
indicators (profit, profitability) due to the circulation
of value. From this point of view, this process can be
represented as a process of transformation of resources
into products, which have a certain set of advantages.
At the same time, the decomposition of the functional
features of the components of anti-crisis stability of the
potential allows to systematize the advantages of the
products, which are formed at the stages of resource
support, production and sales. The authors used mul-
tidimensional methods, in particular, the methods of
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principal components and taxonomic analysis, which
involve the calculation of a generalized taxonomy coef-
ficient, which is identified with the factor load of quali-
tative target parameters of direct impact on the stability
potential of break-even development. The first stage of
the assessment involves the consolidation of a set of
factors in the areas of resource support, production, sales,
by the method of the main components. Factors indirectly
influencing the potential for break-even development
include [18]:

1) factors in the field of resource support: x, - em-
ployment, pers. per 100 hectares; x, - the number of
tractors per 100 hectares of arable land (as a modified
analogue of the capital stock), units; x, - energy supply
(energy capacity per 100 ha of agricultural land), kW/ha;
x, — energy equipment (energy capacity per 1 average
annual employee), kW/person;

2) factors of the sphere of production: x, - the amount
of costs per 1 ha of agricultural land, thousand USD;
x, — grain and legume yields (as crops for which more
than 55% sown area of Ukraine) was allocated in 2020),
¢/ha; x, - average annual milk yield per 1 cow, kg; x, -
average daily gain of cattle on pasture, fattening, culti-
vation, gram; x, - the level of labor productivity, thou-
sand USD;

3) factors of sales: x,, - the level of profitability of
sales, %; x,, — mass of profit per 1 ha of agricultural
land, thousand USD; x,, - mass of profit per average
annual 1 employee, USD; x,, - the level of profitability
of agricultural activity, %.

The study of assessing the state of resource sup-
port of anti-crisis stability of the potential of break-even
development of agribusiness enterprises (within their
territorial location in the regions of Ukraine) determines
the impact of factors directly affecting its level, taking into
account soil and climatic conditions.

In the second stage of application of the principal
components method, the actual values of the selected
indicators of factor load, which are standardized by the
formula, are determined [15]:

2y =424 )
9j
where, z, - standardized value of the j-th indicator for
the i-th enterprise in the region; x; - the average value
of the j-th indicator; o, - standard deviation of the j-th
indicator.

The condition for the application of the principal
components method is the existence of a close correla-
tion between the factors of anti-crisis stability of the
break-even potential. Therefore, the next stage is the con-
struction of three correlation matrices for standardized
values, calculated for three areas of the economic pro-
cess of enterprises on average per region of the Steppe
zone of Ukraine. According to the results of correlation
analysis, it was found that there is a close correlation
between a number of indicators (the values of some




coefficients exceed 0.8). This testifies to the validity of
the assessment of the state of resource support of anti-
crisis stability of the potential of break-even development
by the method of main components. Thus, in 2013,
within the sphere of resource support, the contribution
of the first component to the variation of the selected
four factors (x,-x,) is 65.7%, the second component -
29.3%. In the subsequent assessment, the first compo-
nent was used, as its anti-crisis factor loads are signifi-
cantly higher than the load of the second component
(Table 1) [41].

For marketing, the first main component describes
94.9% variances. For the following years, the first com-
ponent was used in the same way for all spheres. In 2017,
for resource support, it explains 67.6% of the general
variation; for production - 57.8%; for sale — 91.3% varia-
tions of the total variance.In 2018, in the field of resource
support, the main component was described, which de-
scribes 64.8% variations; in production — a component
that characterizes 58.5% random fluctuations of the total
variance; in implementation - a component that reflects
95.5% variations in the factors of anti-crisis stability of

Trusova et al.

the potential of break-even development. The same
applies to 2019, when the first component of the supply
sector describes 56.3% variations in variance, produc-
tion - 49.8%, sales - 92.2%. In 2020, in terms of supply,
the first component is determined 55.8% variations in
variance, production - 57%, and sales - 93.4%.

Thus, based on the obtained anti-crisis factor loads
and shares of total variances in all areas of the repro-
duction process of anti-crisis stability of the break-even
potential of agribusiness enterprises on average per re-
gion of the Steppe zone of Ukraine, it can be argued that
the values of the first principal components should be
used for qualitative and quantitative target parameters.
To calculate them, it is necessary to construct equations
that formalize the dependence of the stability of the
break-even potential on its factors. In generalized form,
the formula of the latent index has the form [6]:

k = M1Z1+ayzp+.+ajzj+.+anzn (3)

where, k - the main component; a, - anti-crisis factor
load for the j-th factor; z, - standardized value of the
j-th factor.

Table 1. Dynamics of anti-crisis factor load on the stability of the potential of break-even development of agribusiness
enterprises on average per region of the Steppe zone of Ukraine in 2013-2020

Indicators 2013 2017 2018 2019 2020
Sphere of resource support
1.2
| mEmployment, x,
= Number of tractors per 100 hectares
0.8 -
of arable land, x,
0.6 - — ®Energy supply, x,
04 - _ "Energy equipment, x,
0.2 - -
0 -
2013 2017 2018 2019 2020
Total variance 2.6283 2.7048 2.5914 2.2520 2.2312
The proportion of total variance 0.6571 0.6762 0.6479 0.5630 0.5578
Sphere of production
1.2
0.8 -
= Costs per 1 ha of agricultural land, x,
0.6 Yields of cereals and legumes, x,
0.4 ® The average annual milk yield from 1 cow, x,
T The average daily increase in cattle, x,
02 ® The level of labor productivity, x,
0 -
2013 2017 2018 2019 2020
Total variance 2.6421 2.8859 2.9270 24916 2.8857
The proportion of total variance 0.5284 0.5772 0.5854 0.4983 0.5771
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Table 1, Continued

Indicators 2013 2017 2018 2019 2020
Sphere of sales
1
0.98
0.96 - ———— = Profitability of sales, x
0.94 - = Profit per 1 ha of agricultural land, x |
™ Profit per 1 employee, x,,
0.92 - Profitability of economic activity, x,,
0.9 -
0.88 - . . .
2013 2017 2018 2019 2020
Total variance 3.7964 3.6540 3.8195 3.6891 3.7366
The proportion of total variance 0.9491 0.9135 0.9549 0.9223 0.9342
Source: calculated by the authors according to data [41]
To move from the standardized values of z in  factors, has the form formulsa (6), [6]:
equation (3) to the actual values of the factors x, the 0F
variables z, should be replaced. Based on formula (2), k = _2 4% 44X GoXz - Gn¥n (6)
g1 (o) On

in the expanded form the transformation equation will
look like [6]:
d

p = [a1x1 alxl] [azxz azxz]

In formula (4) we see that a free member appears
in the transformed equation, which is calculated as the
total value [6]:

|- 5, 22

Then, the equation of the principal component,
taking into account the actual rather than standardized

AnXn _ anyn

] )

On On

4Xj _a®

azXx, anXn

s

on

®)

aj o1 [P

The general state of anti-crisis stability of the
potential of break-even development of agribusiness
enterprises in one region of the Steppe zone of Ukraine
by its territorial location is presented in a combination
of areas of resource support, production and sales of
reduction (Table 2) [41]. Agricultural producers with the
best rating assessments of anti-crisis stability of the
break-even potential are characterized by high produc-
tivity of farm animals (correlation coefficient for meat
cattle breeding was - 0.88, for dairy cattle breeding - (-0.67))
and by the level of grain and legume yields (the correla-
tion coefficient is equal to - 0.80), (Table 3) [41].

Table 2. The level of stability of the break-even development potential within the crisis factor load and territorial
location of agribusiness enterprises on average per one region of Ukraine, 2013-2020

Anti-crisis factor load 2013 2017 2018 2019 2020
Sphere of resource support

120
100 m Employment, pers. per 100 hectares

80 ® Number of tractors per 100 hectares

60 of arable land, units

Energy supply, kW / ha
40 ® Energy equipment, kW / person
20 -
0 -
2013 2017 2018 2019 2020
Average level of anti-crisis stability of the potential of break-even 3 4 3 3 3

development in the field of resource support
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Table 2, Continued
Anti-crisis factor load 2013 2017 2018 2019 2020

Sphere of production

6000 Costs per 1 ha of agricultural land,
5000 thF)usand USD
Yields of cereals and legumes, c/ha
4000 ® The average annual milk yield from
3000 1 cow, kg
- o .
2000 The average daily increase in cattle,
gram
1000 ® The level of labor productivity,
0 - thousand USD
2013 2017 2018 2019 2020
Anti-crisis factor load, Average level of anti-crisis stability of the 11 9 8 8 8

potential of break-even development in the sphere of production

Sphere of sales

200

150 m Profitability of sales, %

® Profit per 1 ha of agricultural land,
100 thousand USD
= Profit per 1 employee, USD
50 I Profitability of economic activity, %
0 n T lJ T T T

2013 2017 2018 2019 2020

Anti-crisis factor load, Average level of anti-crisis stability of the

potential of break-even development in the sphere of sales 1 12 8 8 12

Source: calculated by the authors according to data [41]

Table 3. The influence of the factors of production sphere on the assessment of anti-crisis stability of the potential
of break-even development on the territorial location of agribusiness enterprises in one region of the Steppe zone of Ukraine

Group of enterprises by rating Deviation Correlation
. between coefficient of
Indicator he indi
I-to9 Il -10-16 11l - above 17 extreme the '"d'c.at”
groups, % and rating
Yield of grains and legumes, ¢ / ha 56.0 432 35.7 -36.2 -0.80
The average annual milk yield per 1 cow, kg 5306 5074 3644 -31.32 -0.68
Average daily gain of cattle, g 545 513 446 -18.23 -0.88
Costs per 1 ha of agricultural land, thousand USD 9.0 7.0 49 -45.24 -0.66
Level of labor productivity, thousand USD 251.7 241.2 180.5 -28.29 -0.59

Source: calculated by the authors according to data [41]

Based on the results of correlation analysis,it was  stability of the potential of break-even development in
determined that the higher the values of performance the field of sales (Table 4).
indicators of enterprises, the higher the rating of anti-crisis
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Table 4. The influence of sales factors on the assessment of anti-crisis stability of the potential of break-even
development on the territorial location of agribusiness enterprises in one region of the Steppe zone of Ukraine

Group of enterprises by rating Deviation Correlation
. between coefficient of
Indicator he indi
I-to9 I1-10-16  lll-above17  ©xtreme  the indicator
groups, % and rating
Profitability of sales, % 56.0 43.2 35.7 -36.2 -0.80
Profit per 1 ha of agricultural land, thousand USD 5306 5074 3644 -31.32 -0.68
Profit per 1 average annual employee, USD 545 513 446 -18.23 -0.88
Profitability of economic activity, % 9.0 7.0 49 -45.24 -0.66

Source: calculated by the authors according to data [41]

The generalized coefficient of taxonomy is calcu-
lated, which is defined as the integral level of anti-crisis
stability of the break-even potential of the enterprise
by factors of direct influence. The taxonomic distances
from data points to the upper pole (with the coordinates
of the standards) are calculated by formulas (7-8), [14]:

Cij = Zij — Zjo, d; = ?:1 Cizj (7)
where, ¢, - taxonomic distance of the standardized value
of the j-th indicator from the standard for the i-th en-
terprise in one region of the Steppe zone of Ukraine;
d. - distance from data points to the upper pole for the
i-th object; z, - standardized value of the j-th indicator
for the i-th enterprise in one region of the Steppe zone
of Ukraine; z,, - reference value of the j-th indicator; n - the
number of direct indicators-factors influencing the crisis
stability of the break-even potential.

The higher the absolute value of the rating,
the less stable the state of the break-even potential of
development of the enterprise is. Therefore, for each
sphere of influence the standard corresponds to the
minimum among all set of a rating (that is 1 place on a
rating). After that, the calculation of the taxonomic indi-
cator of anti-crisis stability of the break-even potential
is made, which reflects the degree of similarity of the
enterprise with the standard formula (8), [21]:

d;

i=1_—
. d+2S ®)

where, u, - indicator of anti-crisis stability of break-even
development potential (taxonomy coefficient) for the i-th
enterprise in one region of the Steppe zone of Ukraine;
d - arithmetic mean distance from the reference object,
determined by the formula: d = i ™. d;, where,m - the
number of surveyed enterprises; S - standard deviation
of distances from the reference object, determined by

the formula: ¢ _ ’%Z?’Ll(di —dy2-

The results of the assessment give grounds to
assert that the enterprises of Kherson and Zaporizhzhia
regions of the Steppe zone of Ukraine had the most sta-
ble anti-crisis state of the potential of break-even de-
velopment in 2013-2020. The position of the producers of
Mykolayiv region significantly worsened, from 7 place
in the rating in 2013 they gradually decreased to 23 place
in 2020. First, this is due to the deterioration of indica-
tors-factors of sales. Stable positions of leaders of agri-
cultural producers are not typical for any of the regions.
Estimates of resource support of the anti-crisis state of
the potential of break-even development by factors of
direct impact are the most successful for agribusiness
enterprises in Zaporizhzhia region of the Steppe zone
of Ukraine. To do this, we have identified the factors
that have the most significant impact on the effective
functioning of economic entities in the area (Table 5) [41].

Table 5. Assessment of resource support of the anti-crisis state of the potential of break-even development of agribusiness
enterprises in Zaporizhzhia region of the Steppe zone of Ukraine by indicators of direct impact

The coefficient of pair wise correlation between On

the quantitative assessment of the factor and the level

Factors of indirect influence i-crisi ili i average
of anti-crisis stability of the break-even potential for 2013-
2013 2017 2018 2019 2020 2020
Employment 0.39 0.28 0.30 0.44 0.49 0.38
Number of tractors per 100 hectares of arable land 0.02 0.17 0.11 0.18 0.43 0.18
Energy supply 0.20 0.18 0.24 0.37 0.31 0.26
Energy equipment 0.02 0.26 0.11 0.13 0.19 0.14
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Table 5, Continued

The coefficient of pair wise correlation between On

the quantitative assessment of the factor and the level

Factors of indirect influence of anti-crisis stability of the break-even potential ﬂa):e;gg;
2013 2017 2018 2019 2020 2020
Costs per 1 ha of agricultural land 0.53 0.72 0.84 0.33 0.83 0.65
Yields of cereals and legumes 0.27 0.76 0.68 0.32 0.61 0.53
Average annual milk yield 0.54 0.72 0.43 0.54 0.54 0.55
Average daily gain of cattle 0.42 0.56 0.37 0.04 0.50 0.38
Level of labor productivity 0.07 0.61 0.72 0.51 0.67 0.52
Profitability of sales 0.66 0.58 0.80 0.65 0.83 0.70
Profit per 1 ha of agricultural land 0.86 0.88 0.80 0.56 0.90 0.80
per 1 average annual employee 0.61 0.64 0.78 0.61 0.81 0.69
Profitability of economic activity 0.85 0.55 0.79 0.63 0.94 0.69

Source: calculated by the authors according to data [41]

Authors used cluster analysis, the purpose of which
is to select the object with its subsequent organization
into relatively homogeneous groups of agribusiness en-
terprises by the share of individual elements of the qual-
itative system-resource component of anti-crisis stability

of the potential of break-even development in their total
volume. This makes it possible to distinguish five types
of economic entities in the regions of the Steppe zone
of Ukraine with different structure of current assets
(Table 6) [41].

Table 6. The results of cluster analysis of agribusiness enterprises in the regions of the Steppe zone of Ukraine

on average for 2016-2020

Groups of clusters On
Indicator average,
1 2 3 4 5 in total

Number of enterprises 7 9 4 5 4 29

— Production inventory 44.9 30.1 16.4 32.3 184 28.4

— Animals for breeding and fattening 2.6 3.0 11 1.9 0.9 6.6

- Unfinished production 33.2 441 28.7 489 20.6 35.1

- Future expenses 0.2 0.1 0.1 0.2 0.1 0.1

— Finished product 4.2 5.8 35,5 39 7.2 11.3

— Funds in calculations 13.9 10.0 121 10.9 51.8 19.7

- Cash 0.8 6.6 5.9 0.6 0.9 3.0

Other current assets 0.2 0.5 0.2 0.3 0.2 0.3

Material consumption 0.89 0.63 0.97 0.68 0.98 0.8

Duration of turnover of current assets, days 363 341 297 302 389 338

Profitability of self-financing of current assets, % 4.9 24.4 353 3.6 -2.9 13.1

Source: calculated by the authors according to data [41]
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It is worth noting that in agribusiness enterprises
of the third and fifth clusters, in which with a similar
structure of current assets in the production cycle and
a significant share (over 50%) of current assets in the
financial cycle, there are different indicators of their
efficiency. The reason for this trend is the excessive di-
version of funds into receivables in the group of enter-
prises of the fifth cluster, where its size is 51.8% of the
overall structure of current assets. In the general structure
of current assets of the third and fifth clusters, the share
of current assets in the financial cycle to their total value
is 53.5% and 59.9% respectively. This led to an increase
in the duration of their turnover (for the group of enter-
prises of the third cluster it is 297 days, for the group
of the sixth cluster - 389 days). The enterprises of the
first, second and fourth clusters are characterized by a
significant share of inventories, unfinished production
(especially for the fourth cluster) and funds in the cal-
culations (for the first cluster). In addition, in the en-
terprises of the first two clusters animals for breeding
and fattening occupy a significant share in the structure
of current assets. We should note that the enterprises
of the Steppe zone of Ukraine with an average share

of cash in the structure of current assets (second, third
clusters), the profitability of their self-financing is sig-
nificantly higher and is 24.4% and 35.3% respectively.

Thus, at the agribusiness enterprises of Zapor-
izhzhia region of the Steppe zone, as the profitability
of self-financing of current assets increases, their share
in the production cycle decreases. This is mainly due to
a decrease in the share of unfinished production in the
structure of current assets. At the same time, the increase
in the profitability of self-financing of current assets is
accompanied by an increase in the share of finished prod-
ucts and, especially, cash (Table 7) [41].

According to the principles of reliability, rational-
ity of resource support, controllability and synergy, the
quantitative component of anti-crisis stability of break-
even potential is determined by the redistribution of
sources of financing current assets, taking into account
the synchronicity and rhythm of cash flows allowing to
achieve the main purpose of its components - ensuring
the stabilization of functioning and the formation of eco-
nomic growth of agribusiness enterprises in the Steppe
zone in the long run.

Table 7. The structure of current assets of agribusiness enterprises in Zaporizhzhia region of the Steppe zone of Ukraine
by the level of profitability of self-financing of current assets, on average for 2016-2020

Groups of enterprises on the profitability of self-financing

of current assets

Indicator é E % E ° Profitable afveor:ge,
s é SES From From Above in total
g8 28 0.1to 10.1to 30.1
S w > 10.0 30.0
Number of enterprises 2 4 12 9 29
Profitability level, % -21.4 -7.8 6.1 28.1 36.2 8.3
The share of current assets in the production cycle, total, % 67.1 68.2 67.7 61.8 63.3 65.6
- Production inventory 15.4 19.7 31.6 32.3 39.9 27.6
- Animals for breeding and fattening 2.4 3.1 1.9 2.3 2.0 2.5
- Unfinished production 49.4 45.8 34.1 27.0 213 35.5
- Future expenses 0.2 0.1 0.1 0.2 0.1 0.1
Share of current assets in the financial cycle, total, % 32.6 31.6 31.7 38.1 36.3 341
- Finished product 2.9 3.7 9.4 19.2 16.8 10.4
- Funds in calculations 29.5 274 18.9 10.2 11.4 19.5
- Cash 0.2 0.5 3.4 8.7 8.1 4.2
Other current assets, % 0.3 0.2 0.6 0.1 0.4 0.3

Source: calculated by the authors according to data [41]
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Quantitative system-resource component of break-
even development potential is assessed by qualitative
or conditionally qualitative indicators and characterizes
the degree of meeting the need for financing current assets
by a set of own and borrowed resources, represented by
the following indicators [42; 43]:

— indicators that reflect compliance (non-com-
pliance) with the target parameters: the coefficient of
synchronicity of incoming and outgoing cash flows by
volume (x,); the coefficient of rhythmicity of incoming
and outgoing cash flows in terms (x,); coefficient of uni-
formity of cash receipts during the period (x,); coefficient
of uniformity of cash payments during the period (x,);
the coefficient of synchronicity of incoming and outgoing
cash flows during the period (x,); coefficient of balance
of receivables and payables by volume (x,); coefficient
of balance of receivables and payables by terms (x.); the
ratio of total income and total costs of the enterprise (x,);
the coefficient of conformity of the formed reserve of
resources at the enterprise (x,);

— dynamic indicators that reflect the change of
target parameters in space and time: capital growth
rates (x,); equity growth rates (x,,); growth rates of current
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liabilities and collateral (x,,); growth rates of long-term
liabilities and collateral (x,,); growth rates of accounts
payable (x,,); net profit growth rates (x,.); gross profit
growth rates (x,); growth rates of financial result from
operating activities (x,,); growth rates of pre-tax financial
result (x, ).

To establish the priority of the choice of indicators
for assessing the system-resource component of the an-
ti-crisis stability of the potential of break-even develop-
ment, using the expert method, a forecast assessment
of the quality of resource support of the structure of
current assets is carried out. The reliability of the assess-
ment ensures the representativeness of the results with
probability 95%. Thus, according to the calculations,
the relative importance of the indicators, which corre-
sponds to the percentage of variance, is for the indica-
tors x,, X, X, X, X, — 28.6%, 23.8%, 17.4%, 13.8%, 7.8%
respectively. These values correspond to the weights in
the integrated model of resource support for the quantita-
tive component of anti-crisis stability of the break-even
potential of agribusiness enterprises of the Steppe zone,
which forms the structure of the qualitative component
(current assets) and has the form:

IASPBR = 0.286 X x;0 + 0.238 X x5 + 0.174 X x| + 0.138 X x5 + 0.078 X x, + € )

where, [ASPBR — an integrated indicator of resource
support for the quantitative component of anti-crisis
stability of the potential of break-even development of
agribusiness enterprises; x,, - capital growth rates;
x,; — growth rates of net profit; x, - the coefficient of
synchronicity of incoming and outgoing cash flows by
volume (the ratio of incoming cash flows to outgoing
for the period); x,” - modified value of the indicator x,;
x, — coefficient of balance of receivables and payables
by terms (calculated as the correlation coefficient be-
tween these indicators for the period with quarterly de-
tailing); € - the probability of error due to the influence
of unaccounted factors. All indicators of the model are
index values that have the same dimension and do not
require standardization. The optimal value for the indi-
cator x, is 1. Deviation from it indicates a decrease in
the quality of resource support in terms of the quantita-
tive component of anti-crisis stability of break-even po-
tential: x,>1 indicates an excess of incoming cash flow
over outgoing and is a sign of inefficient use of funds as
a result of their accumulation; x,<1 indicates an excess
of outgoing cash flow over incoming, which leads to the
accumulation of debt and reduced solvency. In view of
the above, model (9) uses a modified value of the indi-
cator x,, which takes into account the negative impact
of values of indicators other than 1, by reducing the
integrated indicator. The modified value of the indicator x,
is proposed to be determined by formula (10) [23]:

Y x, when x, <1

¥l = (10)

1
— ,whenx > 1
X1

For the indicator of the balance of receivables and
payables in terms of x, the optimal value is also 1. If x,#1,
then there is an imbalance of receivables and payables
in time, which leads to a violation of the solvency of the
enterprise. This indicator is estimated by the correlation
coefficient at the value of [-1;+1]. Under condition x,#1
there is a decrease in the integrated indicator, respec-
tively, the greater the deviation from 1, the greater the
decrease in the indicator [ASPBP.

The levels of the quality of resource support on
a quantitative component of anti-crisis stability of po-
tential of break-even development of the enterprises
of agribusiness are defined on the basis of values of
the integrated indicator formula (9) by Fibonacci rule
formula (11) [23]:

ASPBP _
( Irs, =1
ASPBP
ASPBPASPE
(AspBP_ ASPBPrsy 0 (11)
rs TS2 T'TSmin
™% asppp{SPSP
"'Sminsppp
where, IZSBP— the minimum possible value of the inte-

grated indicator; I/ — the maximum possible value
of the integrated indicator; [I1 - allow level of quality
of resource provision in terms of the quantitative compo-
nent of anti-crisis stability of the potential of break-even
development of agribusiness enterprises; Ifsi’ipészpﬂp— the
average level of quality of resource support in terms
of the quantitative component of anti-crisis stability of
break-even development potential; (I, 27, L5 FEP) - high
level of quality of resource provision on the quantitative
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component of anti-crisis stability of the potential of
break-even development.

The calculated integrated indicator does not have
a lower and upper measurement limit. The lower limit is
taken as 0, in the absence of anti-crisis measures for the
stability of the potential of break-even development of
the enterprise (all indicators are equal 0); the upper limit
(all coefficients are equal 1), formed according to the
Main Department of Statistics of Ukraine (growth rates of
resources (capital and net profit), balance of cash flows,
receivables and payables, income and expenses) [44].
Thus, the average capital growth rate in 2020 in Ukraine
was 1,006; average growth rate of net profit - 0.66 [35].
According to the value 0.8 is the level of the integrated

indicator in the range: low - [0; 0.3], medium - [0.3; 0.5],
high - [0.5; 0.8]. However, taking into account all pos-
sible variants of the integrated indicator, the low level
of quality of resource support in terms of the quantita-
tive component of anti-crisis stability of the break-even
potential is determined at [45PEP< 0.3, high - JASPBP > 0.5,

Within the framework of researches for forecast
representativeness of assessment of the level of quality
of resource support by quantitative component of anti-
crisis stability of break-even development potential on
average per one enterprise of the Steppe zone region
and by Steppe zone regions as a whole the growth rates
of capital, net profit, income and expense ratio are cal-
culated, which are presented in (Fig. 5-6).

m Ratio of income and expenses
5.03 ® Growth rate of net profit
® Gowth rate of capital

0 2 4

6

Figure 5. Forecast level of resource support by the quantitative component of anti-crisis stability of the break-even
development potential on average in Zaporizhzhia region of the Steppe zone of Ukraine, 2021-2023

Source: calculated by the authors

m Ratio of income and expenses
= Growth rate of net profit
® Gowth rate of capital

0 2 4

6

Figure 6. Forecast level of resource support by the quantitative component of anti-crisis stability of the potential
of break-even development on average per one agribusiness enterprise of Zaporizhzhia region of the Steppe zone
of Ukraine, 2021-2023

Source: calculated by the authors

Thus, the deviation of the average indicators per
enterprise of Zaporizhzhia region of the Steppe zone,
from the average level in the region as a whole, does
not exceed |5%]|, which with probability 95% allows
asserting the reliability of the calculation results. It is
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important to emphasize that the structure of the resource
component of self-financing of agribusiness enterprises
is dominated by equity, the factor of change of which
is the financial result, and its value is the most effective
source of anti-crisis stability of break-even development




potential. In this connection the further task of our study
is to forecast the target parameters of self-financing to
determine the optimal level of stabilization of economic
growth of economic entities of the Steppe zone. The
grouped target parameters are formed into one factor,
which characterizes the reproductive aspect of self-fi-
nancing of anti-crisis stability of the potential of break-
even development.

Accordingly, a representative integrated level of
stability of break-even development potential by self-fi-
nancing target parameters is determined by the “center
of gravity” method based on minimizing the sum of Eu-
clidean distances, which allows to determine indicators
in the middle of the factor and maximize them between
groups [45]:

dij = \/22=1(xik — Xji)? (12)
where, dij - Euclidean distance between objects (indicators)
iand j; x, - the value of the i-th indicator for the k-th
agribusiness enterprise in the region; n— number of en-
terprises in the region (n=32).

Based on the forecast, it is determined that the
system of factors-representatives of anti-crisis stability
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of the potential of break-even development of agribusiness
enterprises in Zaporizhzhia region of the Steppe zone of
Ukraine consists of: coefficient of autonomy (own funds
factor), asset turnover ratio (profitability factor of the
enterprise), the rate of return on equity (factor of capital
efficiency), the ratio of absolute liquidity (liquidity factor
of the enterprise), the coefficient of maneuverability of
working capital (the factor of maneuverability of own
funds).According to the results of the forecast for 2021-
2023, agribusiness enterprises in Zaporizhzhia region
of the Steppe Zone are divided into 4 clusters according
to the levels of the range of limits of influence of target
parameters of self-financing on the level of anti-crisis
stability of break-even development potential. Since the
degree of similarity between all clusters is zero, it means
that the ranges of values of indicators attributed to dif-
ferent levels do not intersect and the levels of values
of indicators are formed on the basis of actual values of
indicators for enterprises included in the cluster.

The ranges of the limits of the impact of target
parameters of self-financing on the level of anti-crisis
stability of the potential of break-even development of
agribusiness enterprises of Zaporizhzhia region of the
Steppe zone are presented in (Fig. 7).

B Autonomy ratio

B Asset turnover ratio
B Return on assets ratio

B Return on equity ratio

Absolute liquidity ratio

Medium

Low

Critical

High Coefficient of maneuverability

of working capital

Figure 7. Forecast range of limits of target parameters of self-financing and their influence on the level of anti-crisis
stability of the potential of break-even development of agribusiness enterprises in Zaporizhzhia region
of the Steppe zone for 2021-2023

Source: calculated by the authors

Thus, the forecast level of the range of limits of
the target parameters of self-financing, which provides
the overall integrated level of anti-crisis stability of the
break-even development potential, according to the se-
lected indicators is sufficient. Because self-financing is
characterized by the availability of sufficient equity to
cover current liabilities, financial independence and the
availability of self-sustaining sources of break-even devel-
opment, all target parameters of self-financing are high.

CONCLUSIONS

Thus, the attributes of strategic priorities to increase
the anti-crisis stability of the potential of break-even
development of agribusiness enterprises should be based
on the principles of competitive advantage and target

parameters of self-financing in the context of their equiv-
alent relations with other entities in their territory (i.e.,
in the domestic and foreign markets of raw materials
and food), on the program-targeted approach to the
reproduction of stable economic growth in the choice of
effective tools for regulating the resource support of
agricultural producers. Only on the basis of organic com-
bination and complementarity of internal and external
stabilization programs to reproduce self-financing and
quality level of resource support or regulation of profits
of agricultural producers it is possible to use methods
of subsidizing,dating, stimulating resource-saving tech-
nologies, placing funds in startup projects of economic
growth of enterprises, in conditions of cyclical downturns
of break-even development.This requires identifying areas
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for balancing the production and financial cycle, the ac-
cumulation of a significant amount of own resources
through additional capitalized reserves, cash flow man-
agement with limited involvement of external resources.
These areas can be addressed through the introduction
of stabilization anti-crisis programs that take into ac-
count the stimulating levers of strategic priorities of
resource support, which are necessary regulators of the
reproductive mechanism to ensure anti-crisis stability
of break-even development potential.

In this case, the variability of resource support
through the flow of resources of economic entities should
cover all possible changes in the structure of financing.
First, each progressive movement of the flow of resources
in the cycle of the reproduction process of the production
and financial cycle causes changes in both the target
parameters of self-financing and qualitative sources of
resource support. Second, the total amount of funding
changes when the flow of resources provides a regroup-
ing of the structure of property assets. That is, this variabil-
ity in operations is determined by the need to finance
variable costs and costs associated with the replacement
of machinery and equipment. Third, the balance between

financial resources and their sources must be maintained
after any flow of resources. This equality arises when the
redistribution of the balances of financial resources, i.e.
with an increase or decrease in the level of anti-crisis sta-
bility of the potential of break-even development.

When choosing high-quality sources of resources
for agricultural enterprises, it is necessary to take into
account the specifics of production and the formation of
cash flow in the financial cycle. The volume and structure
of resource support should be formed on the basis of real
opportunities for the development of financial resources,
return on investment and ensuring profitable activities in
the short and long term. The structure of resource sup-
port should be considered as the ratio of the cost of all
own resources to the cost of borrowed ones, which are
used in the reproductive process of stabilization of anti-
crisis stability. It is necessary to understand and take into
account these features when synchronizing and accel-
erating the process of resource inflow and capitalization
of their temporarily free balances, carrying out investment
operations, taking into account the possible terms of
return and risk.
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person, the Human Development Index, the Globalisation Index and the
cost of imported resources. Dynamic changes in the global space, trends
towards further development of human capital in all countries, unpredictable
consequences of the impact of COVID-19 pandemics determine the prospects
for further research in this area

Keywords: globalisation, differentiation, inclusive development, economic
growth
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INTRODUCTION

Dynamic and inclusive growth of the global economy
plays a key role in achieving the Sustainable Development
Goals. However, the response to the risks associated
with the 2019 pandemic and recession is typical for all
countries of the world, regardless of their level of eco-
nomic development. And, if in 2017-2018 the economic
growth rate in most countries of the world increased
and approached the maximum potential values, then in
the following years it decreased at a record level in the
developed countries of the world. In the post-pandemic
period, the economies of these countries started to re-
cover: there is a fairly high load of economic potential
in most industries [1].

Choosing a development model in the modern
world is a multifaceted process that covers such economic
components as innovation, labour productivity, quality
of life of the population, environmental and food security,
competitiveness, Freedom Index, etc. To maintain their
key role and place in the global economy, the devel-
oped countries must introduce substantial changes in
economic life. For instance, such changes are subject
to development strategies (tax growth/reduction, mar-
ket globalisation), organisation of production processes
(modernisation, introduction of high technologies), socio-
cultural values (targeted social support), which corresponds
to the concept of Norbert Thom, known as “Change Man-
agement” The package of changes includes organisa-
tional, personnel, communication, information, physical,
and environmental components. A characteristic postu-
late of this model is the crisis, which serves as an impe-
tus for changes [2]. The American economist S. Kuznets
associates the development of the economic model with
the leading role of human capital. In conditions of its
insufficiency or poor quality, the country loses its com-
petitiveness and technological mode [3].

The pandemic has shown “blind spots” in the econ-
omies of developed countries. These were problems in
social protection, structural inequality, environmental
degradation, and the climate crisis. Widespread rec-
ognition of the ideas of a green economy in industrial
countries encourages the development of indicators
(natural intensity of GDP, resource intensity, dynamics
of emissions, etc.). The green economy is gaining signs
of a new model of prosperity and employment solutions.
Since 2008, the OECD has been actively promoting the
green economy principles in the context of anti-crisis
policy, threats of recession, and stimulating investment
generation [4]. In the EU Member States, ‘green mea-
sures” are aimed at creating alternative energy sources,
developing public transport, building eco-structures, and
improving recycling systems [5].

Transformations in the life of society to preserve
the environment and develop an environmentally ori-
ented economy are attracting interest in developed
countries in such a new model as the “blue economy”. The
philosophy of the new “blue economy” is to introduce
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innovative ways to manage and use available resources
(coastal areas, ocean and sea energy, fishing and process-
ing, navigation, marine tourism, aquaculture, marine
biotechnology, wind energy facilities in water areas) to
combat environmental problems and climate change [6].
Innovative and high-tech priorities allow replacing any
resource with another that is necessary for production.
Therefore, there is no waste in nature, since the by-prod-
uct is the source of the new product. This enables highly
developed countries to implement successful economic,
social,and environmental business projects. Thus, highly
developed countries modernise their economies towards
green technologies and ensure the growth of environ-
mental efficiency of the economy, which constitutes the
essence of their modern industrial policy.

Despite numerous attempts to find a growth
model of both political and scientific nature, the answer
to the question of the impact of individual factors on
this process, as well as its results, remains open for dif-
ferent countries of the world. The debate, multi-vector,
and multifaceted nature of available theoretical con-
cepts and practical models of economic development,
the dynamism, and unpredictability of changes in the
global environment permanently sharpen scientific in-
terest in the process under study, as well as motivate
new attempts to develop an effective methodology and
conduct scientific developments. This paper is no ex-
ception, since the purpose of this study is to assess the
impact of existential parameters of the functioning of
countries (leading and growing economies) on the in-
clusivity of their development in the global economy
environment, as well as to justify the priority vectors of
socio-political and economic transformation aimed at
realising the growth potential according to the concept
of sustainability.

THEORETICAL OVERVIEW

Research of economic development conventionally occu-
pies a leading place in the studies of leading researchers
and economists and formed the basis for the develop-
ment of a methodology for understanding evolutionary
processes in the global economy system, enabling the
design of develop basic theoretical models of growth.
Modern economic science is saturated with many alter-
native theoretical approaches to substantiating models
of economic development and growth. The most reasoned
and widespread are as follows: the linear growth theory;
the structural change theory; the dependence theory; the
neoclassical theory; the new growth theory; the property
rights theory.

Developed in the 1950s-1960s by the American
scientist V. Rostow, linear growth theory is based on ensur-
ing economic growth through savings and investments.
Followers of this theory have established that each eco-
nomic system must undergo separate stages of devel-
opment (traditional society — maturation of conditions




for a breakthrough — breakthrough towards growth —
transition to technological maturity — period of mass
consumption) [7]. The main emphasis of Rostow’s the-
ory is to focus on a new type of economy in developed
countries, which is based on a combination of factors
of production, savings, and investment that can ensure
high rates of economic growth. Despite the advantages of
the basic hypothesis of this theory, it had several adverse
aspects for Western capitalist countries, including po-
litical orientation (through the dominance of US for-
eign policy) to low-income countries during economic
development and promotion of the model of US global
influence on industrialisation and urbanisation in such
countries [8].

The impact of the economic and energy crisis on
the economy of developed countries in the 1970s became
the basis for the development of the structural change
theory, which allowed determining the quantitative criteria
for the model of economic development of countries.
Some researchers have focused their developments on
the fact that the structural transformation of economic
systems involves strengthening the role of industry in
the structure of the national economy. This strengthening
is achieved due to the gradual outflow of excess labour
of the agricultural sector in the field of industrial pro-
duction [9]. Therewith, the theory of structural trans-
formations does not factor in such vital indicators as the
technological development of the country and the func-
tioning of the competitive labour market. Under such
conditions, the surplus of labour can flow from one indus-
try to another and cause full employment either in the
industrial or in the agricultural sector [10], which par-
tially contradicts the concept described by the authors.

The research of R. Prebish [11] served as the basis
for the development of the dependence theory. The con-
cept of this theory is that interdependence between the
countries is the result of the dependence of colonies on
metropolises and countries that are economic leaders.
The proposed model of economic development of coun-
tries is also based on the consequences of non-equivalent
exchange in mutual trade procedures. The non-equivalence
of exchange lies in the fact that developed countries
receive economic and technological rent, while multi-
national companies exploit the scale-up of production,
natural and human resources of less developed countries.

Supporters of neoclassical theory of economic de-
velopment [12], focusing on the deregulation of markets
and minimising the influence of the state, argued the need
to encourage entrepreneurship and reform labour markets.
The postulates of this theory were actively promoted in
the activities of international organisations such as the
IMF and the World Bank [13]. The basic ideas of this
theory turned out to be related to the problem of ensuring
sustainable economic growth through a combination of
incentive factors (labour, capital, technology). If T. Swan
preferred an increase in the number of exogenous popu-
lations as a factor of economic growth [14],then R.Solow
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incorporated a technological variable into the theory [15],
there by proving the importance of technology in pro-
gressive transformations of the world.

The departure from the ideology of development
based on dependence on physical resources has become
a qualitative feature of the new growth theory, which fo-
cuses on the desires and needs of individuals. Knowl-
edge is recognised as a key factor in economic growth,
as knowledgeable people buy, sell, and invest wisely and
stimulate more substantial economic growth [16]. In ad-
dition, knowledge is considered as an intangible asset
with the potential for exponential growth, and therefore
the target of government efforts and programmes should
be human development, the education system, research,
and investment that will bring new knowledge [17; 18].
Idealising the role of knowledge, followers of the theory
warn against excessive protection of intellectual property
rights, and suggest that in the context of growing in-
formation asymmetry between developed and develop-
ing countries, certain restrictions on free trade may be
justified [19]. Thus, the development of national policy
based on the latest theory of economic growth is asso-
ciated with such endogenous factors as human capital,
knowledge flow, and information technology.

Another round in understanding the nature of eco-
nomic growth is associated with the theory of property
rights, which in the classical formulation pays attention
to the historical and institutional contexts of the devel-
opment and changes of property rights,and in the modern
one focuses on modelling the property structure using
advanced mathematical tools [20]. Recognition of the
importance of guaranteeing property rights for the modern
economy development prioritises documenting legal prop-
erty rights that allow businesses to receive loans and
function effectively [21]. In less developed countries, such
guarantees are limited, which leads to the emergence
of shadow economies and a decrease in official business
activity [22]. Thus, from the standpoint of this theory,
the lack of official property rights is the main cause of
poverty and restrictions on economic development.

METHODOLOGY

The research methodology was developed according to
the key idea - identification of influencing factors and
differentiation of economic growth models for different
groups of countries around the world. Information basis
of this study included resources of international ana-
lytical organisations and databases, which accumulate
world development statistics by world country (Global
footprint network [23] - Ecological footprint per capita;
United Nations Development Programme [24] - Gender
Inequality Index and Human Development Index; World
intellectual property organisation [25] - global innova-
tion index; KOF Swiss Economic Institute [26] - index
of globalisation; Resource trade earth [27] - resource
export and import). The choice of existential param-
eters of the functioning of countries for analysis was
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substantiated by the purpose of this study, namely the
intention to establish the impact of social, environmen-
tal, and innovation factors, as well as involvement in
international trade, globalisation of countries on their
development level. The Inclusive Development Index (IDI)
was used as an indicator of the development of the world's
countries. IDI is the result of a systematic initiative of the
World Economic Forum, which aims to inform and ensure
sustainable and comprehensive economic progress by
expanding public-private cooperation through leader-
ship and opinion analysis, strategic dialogue and coop-
eration. It has a high heuristic potential for conducting
research and considers three categories of indicators -
growth and development, inclusivity, generational con-
tinuity, and sustainability of development [28]. IDI covers
103 countries of the world, divided into two groups
according to the index value (from 1 to 7) - advanced
economies (29 countries — Norway, Iceland, Luxembourg,
Switzerland, Denmark, etc.) and growing ones (74 coun-
tries - Lithuania, Hungary, Azerbaijan, Latvia, Poland,
etc.) [29]. Due to the lack of data on the value of indi-
vidual indicators, 9 countries were excluded from the study
groups (Iceland, Nicaragua, Burundi, Nigeria, Madagascar,
Sierra Leone, Mauritania, Chad, Lesotho) upon the analysis.

The methodological tolls of this study are based
on methods of descriptive statistics, correlation analysis,
and step-by-step regression. To process empirical data
on the achieved level of inclusive development of the
countries, as well as their inherent socio-economic, en-
vironmental, innovation, and globalisation parameters,
their systematisation, visualisation, as well as quanti-
tative description using the main statistical indicators,
the authors of this paper employed the descriptive sta-
tistics method. To prove the existence and determine the
nature of the correlation betweentheinclusive indexand
the countries' development parameters under study (ad-
vanced and growing economies), the method of correla-
tion analysis was applied. The model of interdependence
between performance and factor characteristics was
constructed based on step-by-step regression — a method
for selecting regression models, where the predictive
variables are selected using an automatic procedure (in
the form of a sequence of F-tests or t-tests).

RESULTS AND DISCUSSION
Conceptual framework of modelling

The development of the world's countries takes place in
heterogeneous conditions and has different targeting,
but the main target of evolutionary, and in some cases,
revolutionary strategies, is socio-economic growth. Re-
interpretation of the conventional, economically oriented
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development paradigm, where industrialisation and ef-
ficiency are the main drivers of growth, has led to the
emergence of a new model of perception of development.
It is based on the concept of inclusivity, that is,a form of
development covering the entire spectrum of civil and
political rights, idealising the dependence of society on
considering the needs and opportunities of all categories
of people [30], shifts the focus to human development
and growth of their well-being and negating poverty and
inequality [31].

The transmission of development values has led
to the improvement of methodological approaches to
its assessment. To replace the classic indicator of eco-
nomic development (GDP per capita),an alternative option
was developed - the Inclusive Development Index (IDI).

The methodology of this study is based not only
on the grouping of countries of the world according to
the value of the IDI, but also their gradation depending
on the qualitative perception of progress made at the
national and international levels, the strategies, and tools
used to implement development goals, factors influenc-
ing the trajectory of the evolution of societies and econ-
omies. To identify the dependence of the IDI (Y) on the
parameters of human development, the environmental
burden on the environment, and the openness of econ-
omies in the global space, regression models were con-
structed for groups of leading and growing economies
with the inclusion of the following variables:

— x, is the Ecological footprint per 1 inhabitant, gha/per
person;

— x, is the Gender Inequality Index;

— X, is the Human Development Index (HDI);

— x, is the Innovation Index;

— x, is the Globalisation Index;

— x, is the cost of exported resources, billion US
dollars;

— x, is the cost of imported resources, billion US dollars.

The simulation results demonstrated the avail-
ability of substantially different correlations between
the selected factors and the performance feature for each
of the groups of countries under study, which indicates
the need to distinguish further analytical steps.

Modelling the development of leading countries by existential
parameters

Results of modelling the dependence of the development
level of leading countries on a combination of factors
x,-x, (Table 1) demonstrated the need to exclude gender
inequality and innovation indices from further analysis,
as well as the cost of exported resources, considering
the statistically unac-ceptable value of their probability
(p-value).
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Table 1. Descriptive statistics of the dependence of the inclusive development level
in leading countries on factors x,-x,

No Variables Mean Sd Median Trimmed Mad Min Max Range  Skew Kurtosis Se
1 Y 5.08 0.60 5.09 5.10 0.52 3.70 6.08 2.38 0.24 0.47 0.11
2 X, 5.88 2.27 5.15 5.53 119 400 1582 11.82 2.94 10.17 0.4
3 X, 0.10 0.09 0.08 0.09 0.04 0.04 0.50 0.46 3.33 12.34 0.02
4 X 0.91 0.03 0.92 0.91 0.03 0.85 0.95 0.10 0.57 0.44 0.00
5 X, 51.63 6.91 51.55 51.69 7.04 36.80 66.10  29.30 0.03 0.55 1.31
6 X, 84.99 4.01 84.68 85.11 423  76.82 9119 1437 0.22 0.95 0.76
7 X, 83.30 92.59 58.10 69.83 61.01 560 425.00 419.40 191 4.14 17.50
8 X 9795  110.59  41.35 82.03 4893  6.60 465.00 45840 1.53 2.08 20.90

Source: authors’ own research.
Note: variables - variables; mean - average value; sd — mean square deviation; median — median; trimmed - weighted
average value; mad — mean absolute deviation; min — minimum value; max - maximum value; range - range of variations;

skew - skewness coefficient; kurtosis - excess coefficient; se — standard error

The next stage of the study involved the construc-  presence of a statistically significant correlation between
tion of a matrix of correlation fields of dependences of factor ~ the IDI and the environmental footprint of countries (the
and effective features (Fig. 1). Graphical interpretation  correlation coefficient is 0.434), human development indi-
of the results of correlation analysis demonstrates the  ces (0.743), innovation (0.550), and globalisation (0.450).
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Figure 1. Correlation matrix of developmental inclusivity index dependencies leading countries
from the factors under study (x,-x,)
Source: authors' own research
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Applying regression analysis capabilities (Fig. 2)
proves that despite the discovered correlations between
factor and performance characteristics, the economic and
mathematical model of the impact on the level of inclu-
sivity of development of the studied group of countries

includes only such factors as x, (Ecological footprint per
1 inhabitant, gha/per person), x, (Human Development
Index), x, (Globalisation Index), and x, (cost of imported
resources, billion US dollars).

Coefficients:

Tm(formula = Y ~ X3 +X7 +X1 +X5, data = data)

Residuals:
Min 1Q Median 3Q Max
-0.66618 -0.16368 -0.01739 0.21267 0.68448

Estimate Std. Error t value Pr(>[t|)

(Intercept) -1.207e+01 2.170e+00 -5.564 1.16e-05 s#*x
X3 1.500e+01 2.451e+00 6.121 3.04e-06 #**
X3 -1.509e-03 5.455e-04 -2.766 0.0110 =
X1 7.957e-02 2.665e-02 2.986 0.0066 ==
X5 3.725e-02 1.564e-02 2.381 0.0259 =

Signif. codes: 0 "x*x' 0.001 '++' 0.01 '+' 0.05"." 0.1 " " 1

Residual standard error: 0.308 on 23 degrees of freedom
Multiple R-squared: 0.7789, Adjusted R-squared: 0.7404
F-statistics: 20.25 on 4 and 23 DF, p-value: 2.895e-07

Figure 2. Results of regression analysis of the influence of factors x -x, on the inclusivity level of development

of the leading countries in the R-Statistics software environment

The regression model has the following form (1)
and reflects the positive impact of the growth of the
environmental footprint, Human Development and Glo-
balisation Indices on increasing the level of inclusivity
of development in the leading countries, as well as the
adverse impact of increasing the cost of imported re-
sources.

Y =-1.207 + 7.957x, + 1.500x,+ 3.725x~ 1.509x, (1)

Thus, proceeding from the simulation results, the
following intermediate conclusions can be drawn:

1. Despite the prioritisation of sustainable devel-
opment ideas at the international level, integration of
efforts to overcome the environmental consequences of
globalisation processes, promotion of social responsi-
bility of business and civil society, the presented model
proves that economic growth of even highly developed
countries is based on resources and growth of Ecological
footprint. Furthermore, the countries included in the
group of leading ones, according to the methodology of
the World Economic Forum, are leaders in the scale of
resource use, namely the absolute championship in this
rating is assigned to Luxembourg, whose Ecological
footprint is estimated at a record 15.82 gha/person; the
second and third positions are occupied by the United
States and Canada with 8.1 and 7.7 gha/person, respec-
tively. Consequently, the policy of reducing the environ-
mental footprint as an element of the implementation
of the Sustainable Development Goals is debatable, given

the permanent desire for economic growth.
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2.The simulation results prove the adverse impact
of increasing the cost of imported resources, which reduces
the prospects of strategies to compensate for the need
for them due to imports and thus reduce the load on
the endogenous natural resource potential of countries.
Moreover, the trade balance of resources trade involving
the studied group of countries indicates their total import
dependence,except Norway,which exports 6 times more
resource goods than it imports, New Zealand - 3.1 times,
Canada - 2.5 times.

3. The Gender Equality Factor has not acquired
statistical significance for consideration in the constructed
model, since for the group of countries studied, its value
ranges from 0.182 (USA) to 0.037 (Switzerland), which
is evidence of the special progress they have made in
the field of equality of rights and non-discrimination
based on gender (for comparison - the index value for
Ukraine is 0.284, which determines the 60" position of
the country in the world ranking). Furthermore, they are
leaders in the field of human development, belong to
the group of countries where its level is extremely high
(forming the top-30) [32].

Modelling the development of developing countries by existential
parameters

In contrast to the patterns established for leading coun-
tries, the results of statistical analysis of the depen-
dence of the level of inclusivity of development of
growing countries on the multitude of factors x,-x,, the




authors of this study proved the existence of a paired
correlation between them and the effective feature
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(Table 2), except for indicators of international trade in
resources.

Table 2. Descriptive statistics of the dependence of the inclusive development level
in developing countrieson factors x,-x,

No. Variables Mean Sd Median Trimmed Mad Min Max Range  Skew Kurtosis Se
1 Y 3.84 0.56 3.98 3.86 0.55 2.47 4.86 2.39 -0.36 -0.78 0.07
2 b 248 1.40 2.10 2.30 1.19 0.70 7.60 6.90 1.34 197 0.17
3 X, 0.38 0.13 0.38 0.38 0.14 0.12 0.68 0.56 -0.15 -0.80 0.02
4 X 0.71 0.11 0.74 0.72 0.09 0.43 0.87 0.44 -0.71 -0.52 0.01
5 X, 29.54 7.22 28.80 29.15 8.15 1870 5330  34.60 0.56 0.08 0.90
6 X, 65.43 10.15 66.28 65.50 10.04 4544 8498 39.54 -0.10 -0.90 1.26
7 X, 32.32 60.55 7.50 18.83 8.90 0.17  382.00 381.83 3.61 15.82 751
8 X 3348 10496  6.90 14.27 7.71 0.22 801.00 800.78 6.23 41.55 13.02

Source: authors’ own research.
Note: variables - variables; mean - average value; sd - mean square deviation, median - median, trimmed - weighted
average value; mad — mean absolute deviation; min — minimum value; max - maximum value; range - range of variations;

skew - skewness coefficient; kurtosis - excess coefficient; se - standard error

Using correlation analysis (Fig. 3), it was established
that the highest level of close correlation is observed
between the value of the IDI and the Human Development
Index (0.817), the Globalisation Index (0.645), the Inno-
vation Index (0.578) and the environmental footprint
per 1 inhabitant (0.551). Notably, an inverse correlation
with a high level of significance was found between the

X3

indices of inclusive development and gender inequality
(-0.673).This conclusion contradicts conventional ideas
regarding the impact of gender discrimination on social
and economic development, since Gender Equality Index
constitutes an indicator not only of the maturity and quality
of human capital, but also an integral attribute of target-
ing in economic growth strategies and policymaking.
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Figure 3. Correlation matrix of developmental inclusivity index dependencies
developing countries from the factors under study (x,-x,)

Source: authors' own research
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Regression analysis of a set of selected factors
influencing the inclusive development of growing coun-
tries of the world (Fig. 4) narrowed it down to only one -
the Human Development Index (x,). Thus, the regression

model of the problem under study in the plane of estab-
lished factors (x,-x,) takes the following linear form (2):

Y=0.9519+4.0708x, 2)

Tm(formula = Y ~ X3, data = data)

Residuals:
Min 1Q Median 3Q Max
-0.96147 -0.16156 0.04878 0.17835 0.84109

Coefficients:
Estimate Std. Error t value Pr(>[t|)

0.9519 0.2598 3.664
4.0708 0.3620 11.245

0.000511 #*x*
<2e-16

(Intercept)
X3

sk

Signif. codes: 0 "x*x' 0.001 '++' 0.01 '+' 0.05"." 0.1 " " 1

Residual standard error: 0.3243 on 63 degrees of freedom
Multiple R-squared: 0.6675, Adjusted R-squared: 0.6622
F-statistics: 126.4 on 1 and 63 DF, p-value: < 2.2e-16

Figure 4. Results of regression analysis of the influence of factors x,-x, on the inclusivity level of development of the
developing countries in the R-Statistics software environment

Thus, the constructed model argues the necessity
of priority concentration of efforts and internal political
initiatives in the developing countries on measures to
stimulate human development. It is the evolutionary leap
in the quality of human capital that creates prerequisites
for the implementation of innovations in economic sys-
tems, taking advantage of the openness of the economy
and globalisation processes, namely international trade
in general, since its raw material component at this point
does not affect overall growth.

The proven dependence of the development of
countries with growing economies on their human capital
points at the understanding of the main priority of their
development models - stimulating the growth of human
development, without which the effects of internation-
alisation of business, growth of labour productivity and
investment, economy technologisation remain insuffi-
cient to achieve the sustainability goals. Similar ideas
are argued in numerous modern studies implemented
with evidence from countries of this group. In particular,
K.Wang and R.Jiang, upon determining the correlation
between carbon emissions and the level of develop-
ment of the BRICS countries, discovered that Russia and
the Republic of South Africa (the Human Development
Index for which is 0.824 and 0.725, respectively) man-
aged to break this dependence, achieving a sustainable
effect of weakening the energy intensity of economic
growth. Instead, for India (HDI=0.547), the extensive
correlation between economic growth and energy con-
sumption persists [33]. Consequently, the BRICS coun-
tries are described by a stable dependence of the nature
of economic development on the achieved level of human
development.

Scientific Horizons, 2021, Vol. 24, No. 6

The importance of the achieved level of human
development in the model of international business ex-
pansion, expressed through entrepreneurial skills and
the ability to develop social capital, is also proved in
studies of small and medium-sized social enterprises in
China during their internationalisation [34]. F. Vorkadel
and E. Arakil express their solidarity on the role of human
development in the growth model of international busi-
ness. Based on quantitative and qualitative indicators of
TNC activity, they identify elements of corporate social
responsibility aimed at institutional and social, human-
centred changes in countries with growing economies,
namely the development of institutional and subsidiary
entrepreneurship, support for initiatives of stakeholder
groups [35].

The interdependence between migration processes,
investment in education and economic growth of labour
donor countries, modelled in the study of Z. Benhamu
and L.Kassin using the example of the Caribbean, proved
the duality of the importance of human development for
emerging countries. On the one hand, the educational
component of human capital development constitutes
a priority for investment by migrant workers, and on
the other hand, it is a factor in stimulating further eco-
nomic growth of countries. In other words, migration
creates a substitution effect between savings and human
capital [36]. However, according to the results of a study
by A. Sarvar et al., human capital becomes of real im-
portance for the country's growth in the presence of an
established financial system that functionally provides
opportunities for access to education, an increase in
the number of schools and highly qualified teachers in
different regions [37]. An alternative view of the problem




of infrastructure support for human development is ob-
served in a study conducted using evidence from Colum-
bia universities [38]. Its results point at the necessity
of supporting the intellectual capital of universities, which
is being transformed into opportunities for the develop-
ment of the country’s human capital through education,
research, and innovation. Therewith, it is necessary to
agree with the authors of the study on the importance of
state support for increasing the critical mass of higher
education institutions for the development of progressive
research and development centres, the involvement of stu-
dents and teachers in international mobility programmes.

Proceeding from the results obtained in this study
and the results obtained by other researchers of the de-
velopment features of countries with emerging econo-
mies, it can be concluded that it is necessary to ensure
a complementary supplement to the human-centred
growth model with measures that solidify the conditions
for the multiplication of human capital, namely:

— transformations of the institutional environment
aimed at realising the entrepreneurial potential;

— activation of initiatives within the framework of
corporate social responsibility of international compa-
nies (development of the social environment for doing
business and directly the staff of business structures);

— development of competencies in the field of finan-
cial literacy and management of financial resources;

— adaptation of teaching standards and methods to
the requirements of world practice, development of the
academic environment and technologies of educational
and scientific networking.

CONCLUSIONS

The problem of development has a consistently high
relevance and multidimensional nature of attempts to
study, which combine evolutionary theoretical concepts
and modern practical patterns identified during empir-
ical developments. A special feature of this study is the
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intention to model the correlation between the level
of inclusivity of development of the world's countries
and the parameters of human development achieved
by them, innovation and globalisation of national econ-
omies, involvement in international trade in resources
and the environmental burden on the natural environ-
ment. The results of this study proved that despite the
direct or indirect impact of the analysed factors on the
economic development of the world's leading countries
and countries with growing economies, there is no uni-
versal model that would reflect the real content of the
economic growth process. Development is a multidimen-
sional process that involves extensive structural changes
in the economic, social, environmental,and political areas;
therefore, it is difficult to create a single model that would
contain the standards and values of world civilisation,
the features of global economic and political systems.

The use of statistical analysis and modelling
methods allowed differentiating the dependence of their
level of development on the investigated parameters for
the groups of countries under study. Despite the priorities
of sustainable development and their implementation
in global strategies, the economic growth model of the
world's leading countries is always based on the use of
naturalresources,includingimportedones.Thissuggests
that their leading role in shaping the Ecological footprint
of humanity on the planet will continue to be preserved.
At the same time, the growth model of the world's lead-
ing countries is based on the positive nature of the interde-
pendence between inclusive development and globali-
sation, the characteristics of human capital. The model
created for countries with growing economies proved
a different format of dependence. In particular, it was
discovered that for a group of such countries, human
development remains the main factor of development.
Therefore, the quality of human capital should become
a priority for shaping the ideology of economic growth,
national reforms, and policies.
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IHKTI03UBHICTb PO3BUTKY KpaiH CBiTY B yMoBax rno6anisauii eKoHoMiku: mogeni
Ta apryMeHTu

Tetana OnekciiBHa 3iHuyK, HaTtania MukonaisHa Kyumyc, TetaHa BiktopiBHa Yciok,
Onekcanpap OAmutpoBuu KoBanbuyk, Jleca BaneHTuHiBHa 3abypaHHa

Monicbkni HaLiOHaNbHWI YHiBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHotauig. CTaTTa npucBsYeHa JOCNiAXKEHHIO 0COBNMBOCTEN €KOHOMIYHOIO 3POCTaHHS B Pi3HUX 33 PiBHEM PO3BUTKY
KpaiHax CBiTY, ANl SKUX XapaKTEPHWMM € BiAMIHHOCTI He NiMwWe B AOCATHYTUX MOKAa3HMKaX POCTY, @ M TPAEKTOPIi
Ta XapakTepy CTUMYAOBAHHA LbOro npouecy. MeTor AOCNIAKEHHS € OLiHKA BNIMBY €K3UCTEHLIMHUX napaMeTpiB
(dYHKLIOHYBaHHS KpaiH (MPOBIAHMX i 3i 3pOCTalO4OK EKOHOMIKOH) Ha iHK/O3MBHICTb iX pO3BMUTKY B YyMOBaXx rnobanisavii
€KOHOMIKM, @ TaKOX 0BrpyHTYBaHHS NPiOPUTETHUX HANPSMIB CYCNiNIbHO-NONITUYHMX T8 EKOHOMIYHUX 3MiH, HAaNPaBIEHNUX
Ha peanisauito noTeHLiany pocTy BiANOBIAHO A0 KOHLENUii cTanocti. MeTogMyHy OCHOBY OOCNIOXEHHS CTAHOBAATb
METOAM ONUCOBOI CTaTUCTUKK, KOPENSILIMHOMO aHani3y Ta NOKPOKOBOI perpecii. Ik OCHOBHMIA MOKAa3HUK PO3BUTKY
KpaiH CBiTYy BUKOPUCTAHO iHAEKC iHKO3MBHOCTI PO3BUTKY, LLO peKoMeHao0BaHui CBiITOBUM eKOHOMIYHMM (pOopyMOM.
[HpopMaLiiHO 63300 LOCNILXKEHHS € MiXKHApPOAHI 6a3un AaHuMX, WO NpencTaBAatoTb AaHi B po3pi3i KpaiH CBiTY.
Pe3ynbTat LOCNIOXEHHS Aanu 3MOTY BU3HAYUTK OCHOBHI YMHHUKM PO3BUTKY EKOHOMIK Ta BUSBUTU 3aNIEXHICTb
€KOHOMIYHOro 3poCTaHHS OKPEMO MPOBIAHMX | PO3BMBAOUMX KPaAiH CBIiTY. [JoBeAEHO, WO HE3BAXXAKUM HA MPSMUI UM
onocepenKoBaHMi BNAMB AaHMX PAKTOPiB Ha EKOHOMIYHWMI PO3BUTOK NPOBIAHMX KPAiH CBITY Ta KpaiH i3 3p0OCTalyoro
€KOHOMIKOH0, YHiBepcanbHOi Moaeni,ska 6 3abe3nevyBana EKOHOMIYHE 3pOCTaHHS 3 OPIEHTALIEID HA CTANWIA PO3BUTOK,
He icHye. [IpoTe MOXNMBUM € BU3HAYEHHS rpynu GakTopiB, WO 3abe3neyyoTb MaKCUManbHUA epekT eKOHOMIYHOrOo
3pocTaHHs. Tak, Ang KpaiH i3 3p0CTatoyo0 eKOHOMIKOK MPiopUTETOM € NOACBKMIM PO3BUTOK, @ 415 NPOBIAHMX KPAiH CBITY
€KOHOMiYHe 3pOCTaHHS NepeBaXXHO 3abe3neuyeTbCs L€k TakUX YMHHMKIB, IK €KOMOTIYHUIA CNif Ha 04HY 0CObY, iHAeKC
NIOACHKOrO PO3BMTKY, iHAEKC rnobanisalii Ta BapTiCTb iMNOPTOBAaHMX pecypciB. AMHAMIYHICTb 3MiH Yy rnobanbHOMY
NpoCTopi, TEeHAEHLIT O NOAANBLIONO PO3BUTKY MOACHKOrO KaniTany B YCiX KpaiHaX CBiTY, HEMPOrHO30BaHiCTb HACNiAKIB
sninBy nanaemii COVID-19 B13HauatoTb NepCneKTUBHICTb NOAANBLIMX AOCAILKEHD Y 3aM04aTKOBAHOMY HaNpsaMi

Knrouosi cnoBa: rnobanisadis, audbepeHuiauis, iHKII03MBHUIA PO3BUTOK, EKOHOMIYHE 3pOCTaHHS
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INTRODUCTION

Effective business activity is a source of economic
growth, which ensures employment in the country and
directly affects the quality of life of the population [1].
Intensification of competition of domestic and foreign
markets, the occurrence of its new forms, differentiation
of consumer demand require the search for new direc-
tions for the formation of competitive advantages of
trade organizations in the context of globalization [2].
Retail trade, being the branch of the economy closest
to the final consumer, serves as the main tool for regu-
lating the main components of the production process
(volume and range of products) and allows to monitor
consumer preferences, the dynamics of quali-ty of life
and much more [3]. Thus, to meet the growing needs of
the population, trade organizations need to constantly
improve their activities, offer competitive advantages,
transform their business models, especially under the
influence of globalization of economic processes. All the
above-mentioned factors prove the relevance of the
study [4-6].

Problems of innovative development of trade orga-
nizations have been studied in the works of such schol-
ars as P. Hrynko [7; 8]. If we consider the development
of forms of retail trade in the last decade, researchers
have studied and offered various theories in this regard:
cyclical, environmental and based on conflict theory. Cy-
clical theories include: “the wheel of retail”, one of the
main ecological (environmental) theories is the evo-
lutionary theory of A. Drismann, which was developed
in the works of M. Forrester and K. Davis [9; 10]. The
conflict theory presupposes that under the influence of
competitors, retailers must replace their forms of ac-
tivity with more efficient ones, introducing innovations
into their development in order to gain a more favor-
able position on the market [11]. As for the term “re-
tail innovation”, many scientists, including the western
ones, do not distinguish it from the general term “in-
novation’, although they have their own characteristic
features that are to be justified. The tendencies of func-
tioning of multichannel model of trade are considered
as the increase of competitiveness of the trade organi-
zations depends on its organization [12-14]. Using the
SCOR-model, which identified main indicators for eval-
uating the performance of logistics activities, makes it
possible to generate competitive advantages in trade
enterprises [15; 16].

MATERIALS AND METHODS

The following scientific methods and techniques were
used the research: observation, sampling and grouping -
for theoretical grounding in determining the problems
and trends of the research topic; a systematic approach
to build an innovative model of trade organizations;
logical-structural and graphic modeling to illustrate the
essence of the phenomena, the relationship between
elements of the system; generalization and comparative

Hrynko et al.

analysis to form a strategy for managing innovative
development, clarification of the conceptual apparatus.

Facing the threat of invasion global network op-
erators in the Ukrainian market, domestic trade organi-
zations have to intensively mobilize resources and de-
velop new development strategies. At the same time, they
demonstrate high abilities to adapt organizational forms
of sales technology to global retailers that already exist
in the world. Despite researchers’ different approaches
to understanding the reasons for the change in forms of
retail trade, each group of theories emphasizes the need
for innovative development of trade organizations as a
condition to ensure profit gain and their long existence
in the market.Thus,in our opinion,in order to ensure the
stability of retail organizations, it is advisable to adapt
to the changes in the macro- and micro-environment
and use innovative components that ensure competi-
tiveness and counteract crises in economic and financial
activities.

Innovation is needed for the innovative devel-
opment of trade organizations. Regarding the term “in-
novation in retail”, many scientists do not distinguish
it from the general term “innovation”. Despite this fact,
we believe that “innovation in retail” has its own char-
acteristic differences, emphasizing the peculiarity of in-
novation activities in this area. One of the international
methodological standards, OECD Oslo Guide [17], de-
fines four types of innovation in trade: product innova-
tion; process innovation; marketing innovation; organi-
zational innovation. These innovations can be new to
the firm / institution, to the market / sector or to society
as a whole. We believe that “innovations of trade orga-
nizations in the globalization of economic processes,
using their mechanisms, provide a process of creating
new forms and technologies of offering goods and ser-
vices, improving logistics, marketing, management con-
cepts, influence the transformation of business models
and aim to improve competitiveness, ensuring a pos-
itive socio-economic and commercial effect”. The key
components of trade include: creativity, strategy, imple-
mentation, profitability. At the same time, innovations
in trade should have such features as novelty, security,
compatibility, competitiveness, mobility, etc. The appli-
cation of innovations in retail provides an opportunity
to obtain the following benefits: the efficiency of de-
livery of goods from producer to consumer increases;
the process of using the main working capital of the or-
ganization is improved; costs on using innovative tech-
nologies, modern equipment, the Internet are reduced;
document circulation is reduced, its reliability is increased
due to innovative information systems; labor productivity
of human resources increases through the prism of in-
novation culture, the quality of trade services, improved
working conditions. In addition, innovations can be ap-
plied in changes in the characteristics of the product,
trade and technological process, which affect the positive
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dynamics in increasing turnover, profit and are not as-
sociated with significant investment. This makes it pos-
sible to reach the biggest part of the target audience,
improve the quality of customer service and, as a result,
contribute to the efficiency of economic activity. The
role of innovation in retail, ultimately, is reduced to the
trade employees’ comfort and the process of purchasing
goods by buyers, ensuring high quality trade services.
In order to implement innovative activities in trade
organizations, a systematic approach is needed, which
considers innovations as a part of the system, the suc-
cessful operation of which is possible only with the
integrated interaction of its elements, one of which is

knowledge. In our opinion, the formation of an innovative
model of a trade organization in general involves effective
knowledge management, risk management, as well as
analysis and selection of optimal sources of innovative
projects funding. The transfer of retail organizations to
an innovative path of development involves designing
their innovative model (Fig. 1), which combines the stra-
tegic guidelines of the state regulation and improves
economic conditions of trade organizations. To accom-
plish this, it is appropriate to develop and scientifically
prove the block of mechanisms and tools of innovative
development of retail trade.

Goals of innovative
development in <
functional areas

The main goal is to increase the innovative
activity of the trade organization -

Goals of innovative
development

1. Provision for sale
of a new product/service
2. Transformation of the business
model of the organization
3. Ensuring audience loyalty
4. Ensuring staff loyalty
5. Improving the organizational
structure of management
6. Improving the efficiency
of cost management
7. The choice of new forms

Technologies

REY N

L Innovative
trade
organization

Profiting from
an increace in value
added

1. Ensuring financial stability
2. Increasing trade turnover
through the introduction of

innovations

3. Modernization of material

and technological base

and methods of supplying ' 4.. Impler.nentatilon —
goods to the market Political |y | Cultural of 1nn0vgt1v§ projects
8. Improving innovation Factors ¥ 5. Increasing intellectual
culture 3 \ capital
Social International Informatloqal &
technological

Figure 1. Model of innovative trade organization

Having analyzed foreign experience, trends in the
functioning of the multi-channel model of trade were
identified. The creation of an Internet commerce channel
in digital economy is extremely common. Diversification
of distribution channels allows to strengthen the orga-
nization’s position on the market, significantly expand the
target market, customer base, to obtain additional profit.

In order to design a successful model of multi-
channel trading, it is necessary to focus on customer-
oriented marketing strategies. For example, one of the
best-known technologies for building effective relation-
ships with customers is a system of loyalty cards. It is
proved that it motivates consumers to use the opportu-
nities of multi-channel trade of the enterprise. Another
technology is the use of systems for returning, exchang-
ing, repairing and delivering the purchased goods.
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A trading organization that has decided to im-
plement a system of multi-channel trading may face
a number of difficulties:

e First, an ability to simultaneously focus on and
manage different types of business activities.

 Second, specific characteristics of the sold goods
may not correspond the format of e-commerce.

 Third, it is necessary to carefully study the needs
of consumers when using multi-channel trade of the
organization.

e Fourth, a serious problem is the creation of IT infra-
structure - retailers face significant financial expenses,
which can be unjustified if customer needs are insuffi-
ciently researched.

In order for multi-channel trade to be imple-
mented successfully, it is necessary to transform the




business model of the organization of retail trade. There
are three components to which major changes should
be directed: the format, activities, management system.

6. Analysis of management
capabilities

5. Analysis of compliance
of technologies and information

1. Study of customer
needs

Multi-channel
trading strategy

4. Evaluation of the effectiveness
of different channels

Hrynko et al.

In our opinion, in order to effectively develop a strategy
for the implementation of multi-channel trade, it is neces-
sary to follow the methodology for its development (Fig. 2).

2. Study of compliance
with business goals

3. Analysis
of competitors

Figure 2. Model of multi-channel trade development methodology

RESULTS AND DISCUSSION

After assessing all the factors considered in this method-
ology, a trade organization can use the following strate-
gies to implement a multi-channel model of trade:

1.ldentification of general synergy interconnections
between the key elements of different forms of trade. There
are similar elements in traditional and electronic forms.
In particular, common infrastructure — warehouses, de-
livery system; general marketing strategy; common tar-
get market. For effective management of multi-channel
trade, it is necessary to ensure maximum compliance
through clear coordination and control, as well as the
adjustment of goals, the structure and opportunities in
both formats.

2.The use of common resources of both the traditional
the electronic model of trade. Of course, an organization
implementing e-commerce as an additional channel can
take advantage of such a traditional model as increasing

the security of purchases for consumers. This is explained
with the existence of a real store, where buyers can
come to solve the problems that arose while buying
goods. In its turn, e-commerce to a greater extent pro-
vides opportunities to accumulate and analyze a signif-
icant amount of information about consumers and their
preferences.

3. Development of a hybrid model that can combine
the advantages of each form of trade. Based on a com-
bination of business elements of e-commerce and tra-
ditional commerce models, we have identified a com-
bined model that allows to take the advantage of both
formats (Table 1).

4.Resolving conflicts that arise between trade chan-
nels. Conflicts and possible solutions to them, which
are often encountered during the implementation of
a multi-channel retail system, are given in Table 2.
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Table 1. The combined model of retail channels

The characteristics of

A Traditional form of trade
a business model

E-commerce form of trade

The combined model

The ability to choose

The advantages and realistically assess

The reduction of expenses;
Individual work with clients;
Multi-format advertising;
An opportunity to work

Personalization of purchases;
Multi-format advertising;
An opportunity to choose

of the form the quallg ;gi;asctenstlcs around the clock; and estimate the goods;
New forms of partnerships Optimal pricing
(e.g.dropshipping)
The existence of a virtual
Information technologies, database; and physical store;
Key assets Store location, infrastructure, An opportunity to use the Wider market coverage

logistics, brand

mechanisms of the digital economy;
Intellectual capital

and segmentation;
Large customer base;
High brand value

Profit model Goods selling

Goods selling, micro segmenting

Goods selling, micro segmenting

Rent, store maintenance,
equipment, warehouses,
staff salaries

Structure of major
expenses

of market of market
Initial costs for creating
an online store;
The cost of technical support
Information for the online store;

technologies, initial costs
for creating an online store,
database, delivery channels,
stock management

Rent, store maintenance, equipment,
warehouses, staff salaries.
The expenses on an item
are minimized through synergy

interconnections between
the channels and an increased
customer base

Table 2. Conflicts and options for resolving them during the implementation of a multi-channel retail system

Major problem

The essence of the conflict

Options for resolving

Coordination of an
organizational structure

The organizational structure is initially designed
to provide conditions for the effective functioning
of traditional trade, its infrastructure - warehouses,
transport, equipment, shops. When a new channel
is added, it creates difficulties in coordination,
in the sequence of tasks of two or more channels

If an organization decides to implement a new
channel (for example, an online store), it will need
to transform the structure into an IT infrastructure.

For example, change the method of warehousing
so that employees can complete online orders
quickly, introduce a home delivery system,
and so on. Any changes that affect the structure
must be explained to the employees at all levels,
motivating them to support these changes
and transforming the communication

Consumer perception

Customers do not trust online trade enough due
to the inability to assess the quality of goods
before purchasing, doubt the security of online
payments, etc.

Retail organizations need to create sites with
the simplest order system, a detailed description
of the offered products, the availability
of certificates. The payment system must
be securely encrypted. It is possible to introduce
bonuses, discounts for buying goods online

Resource capabilities
of an organization

A retail organization faces many difficulties
in implementing a new channel - lack of funding,
lack of necessary technologies for integration,
qualified staff

An organization can co-work with other

organizations to increase its capacities.
To technically ensure the quality of an online

store, it is possible to outsource the staff

It is worth noting that small and large businesses
are forced to constantly update and improve the man-
agement of innovative development, so as not to lose their
position on the market. It is important to emphasize that

in the era of informatization and dynamically changing
interests of the audience it is advisable to approach the
management of innovative development via mega-sub-
jects - using the developments (approaches, concepts,
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mechanisms, techniques, tools) from different fields of
knowledge (innovation and traditional management, mar-
keting, psychology, etc.) [18; 19].

We believe that the analysis of the innovation
process from the point of different disciplines, as well
as its synthesis with creative tools can lead to positive
and original results. Under uncertain conditions, such a
strategy can become a solid foundation for building a
flexible, efficient and competitive innovation organiza-
tion, ready to successfully respond to the challenges of
the modern economy, thereby controlling the processes
of creative destruction [20].

It is determined that modern strategic manage-
ment provides effective tools for implementation and
further sustainable development of the company inno-
vation activity. These tools represent a gradual rebuild-
ing of the strategy through the basic adoption of a mar-
ket model of innovation activity, the assessment of the
current state of the company in the market, the creation
of structure, team and portfolio of innovations and the
choice of the optimal innovative strategy for entering
the market [8].

Based on the research results, we recommend that
the choice of a strategy for innovative development of
trade organizations should depend on various factors,
such as market position and innovation potential, which
determines the appropriateness of using a multifunctional
form of retail trade. Methodical recommendations during
the transformation of a business model of an organization
of retail trade are offered; the characteristic features of
multichannel trade, possible conflicts and options for
their resolving while introducing a multichannel system
of retail trade are defined. In our opinion, in order to
effectively develop a strategy for the implementation

Hrynko et al.

of multi-channel trade, it is necessary to follow the pro-
posed methodology, which allows not only to assess the
appeal of the industry and innovation potential, but also
to see problems in innovation development and find
ways to solve them.

CONCLUSIONS

The development of organizational and economic mech-
anism to ensure the innovative development of retail
trade requires a comprehensive consideration of the in-
ternal and external factors of the studied system, the
formation of strategies and programs for its innovative
development, generation of ideas and transformations.
It is suggested that retail organizations adapt to the
changes in the macro and micro environment, using
innovative components in economic and financial ac-
tivities, which will ensure their competitiveness and
prevent crises. The innovative way of development of
retail trade organizations involves the construction of
their innovative model, which combines the strategic
guidelines of the state regulation and helps to improve
their economic condition. The existing theories of trade
organizations development are studied in three groups:
cyclical, ecological or environmental, and conflict the-
ories, which, to a greater extent, apply to those organi-
zations that carry out multichannel trade,among which
a certain place is occupied by the Internet trade. The
proposed model of an innovative trade organization allows
to identify the goals components of innovation acti-
vities, which combine the strategic guidelines of the state
regulation and help to improve the economic condition
of trade organizations. To accomplish this, it is advisable
to develop and scientifically prove the block of mecha-
nisms and tools of innovative development of retail trade.
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Abstract. The article is devoted to the problems of finding and introducing
modern innovative approaches to the activities of local self-government
bodies of Ukraine. It has been found that overcoming the problems of old
and inefficient models and management methods that do not meet the
requirements of modern communities is possible only through the development
of high-quality and effective theoretical, methodical, organizational, and
legal support for the process of local self-government. The definition of
the concept of “local self-government”is summarized, using the regulatory
margin and considering this concept in the context of modern realities,
which now constantly face this institution of management. The author’s
interpretation of the category “local self-government” was developed for
the needs of solving the problems and problems set out in the article. An
organizational and legal mechanism for introducing innovative approaches
to the activities of local self-government bodies has been developed as
the main element of the definition of the category “local self-government.”
Problems related to the effective functioning of institutions for the
provision of “electronic” public services have been investigated. Innovative
approaches toimproving mechanisms for the provision of ‘electronic”public
services by local authorities have been developed and justified. A general
methodology for reengineering the administrative and management
processes of local self-government bodies in the form of phases and stages
of its implementation has been developed. It was concluded that the
continuous development of the system of local self-government does not
allow the development of sustainable types of innovative approaches to
solve problem areas of local self-government “forever,” but requires the
constant monitoring of foreign experience of advanced countries and the
constant development of new and progressive innovative mechanisms
that will continue to introduce decentralization reform and the creation
of strong and effective local self-government bodies
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Introduction of innovative approaches in the activities of local self-government bodies of Ukraine

INTRODUCTION

The emphasis on the need to improve the approaches
to the activities of local self-government of Ukraine has
been placed since the beginning of the twentieth century,
but the authorities did not pay significant attention to
solving this problem and did not stimulate the introduc-
tion of innovative approaches in this process for a long
time. But, recent trends indicate that in conjunction with
the political activation of communities and the general
strengthening of socio-political processes, state author-
ities have begun to find more justified approaches to
solving the problems of organizing and ensuring the
effective functioning of local self-government using for-
eign experience and innovative approaches.

However, it should be noted that the modern stage
of the development of self-governing management is
characterized by the use of old and inefficient manage-
ment models and methods that do not meet the require-
ments of modern communities, as well as the low level
of introduction of innovative technologies. Overcoming
this problem is possible only through the development
of high-quality and effective theoretical, methodological,
and organizational and legal support for the process of
local self-government. Also, the relevance of the article is
due to European integration processes that have been
taking place in Ukraine for more than five years, which
causes compliance with relevant foreign norms and stan-
dards in public administration and local self-government.

Many scientific and methodological works of scien-
tists of state administration, economics, management, and
other fields of science are devoted to the introduction of
innovative approaches in the activities of local self-gov-
ernment bodies of Ukraine, namely: O.M. Nepomnyashchyy,
O.A.Marusheva, Yu.H. Prav, OV. Medvedchuk, |.A. Lahunova,
A.P. Lelechenko, V.I. Shariy, O.A. Diegtiar, N.S. Orlova et al. [1-
3],N.I.Kosteniuk [4],M.Salvador, E.Pano [5],R.Yaslikaya [6],
A.M. Sbragia [7], H. Ewens, J. van der Voet [8], T.O. Slo-
bodeniuk [9], A.Yu. Gevorkyan [10], O.V. Kuzmenko [11],
V.S. Kuibida, L.M. Smolova [12], O.I. Parhomenko-Kut-
sevil [13], G. Bel, R. Gradus [14], O.V. Vynohradova [15]
and others. The above-mentioned scientists conducted

studies of the problem presented in the article, pro-
vided theoretical and methodological and practical
recommendations for solving them. However, in these
works, the issues of developing an organizational and
legal mechanism for introducing innovative approaches
to the activities of local governments, with the help of
which it is possible to justify proposals and recommen-
dations for introducing innovations in this area, remain
incomplete.

The purpose of the study is to develop proposals
and recommendations on the introduction of innovative
approaches to the activities of local self-government
bodies of Ukraine. To achieve the purpose, there were
set the following objectives in the article:

- to summarize the definition of the concept of “lo-
cal self-government” and provide an updated author's
interpretation;

-to develop an organizational and legal mechanism
for introducing innovative approaches to the activities
of local self-government bodies;

- to develop and justify innovative approaches to
improve mechanisms for the provision of “electronic”
public services by local self-government bodies;

- to develop a general methodology for the reengi-
neering of administrative and management processes
of local self-government bodies in the form of phases and
stages of its implementation [16; 17].

MATERIALS AND METHODS

At the present stage, any democratic state has the ef-
fective development and functioning of the institution
of local self-government as its main objective. There-
fore, it is important to generalize the definition of “lo-
cal self-government,” using it as a regulatory margin,
and considering this concept in the context of modern
realities, which now constantly face this institution of
management. From the point of view of the regulatory
margin, it is useful to consider the category “local self-
government” through the prism of the definitions given
in Table 1.

Table 1. Comparative analysis of the content of the concept of “local self-government”
in regulatory documents

No. Regulatory document Content of the concept The main subject
European Charter of Local Means the right and real capacity of lgca! authorities W|_th|n the frémewc_)rk Authorities at
1 of the law to regulate and manage a significant proportion of public affairs,

Self-Government [18]

different levels

under their responsibility and in the interests of the local population

Constitution

Is the right of a territorial community - residents of a village or voluntary

2 of Ukraine [19] association of residents of several villages in a rural community, a Territorial
settlement,and a city - to independently resolve issues of local importance community
within the framework of the Constitution and laws of Ukraine
Istherightand real ability of a territorial community - villagers or voluntary Territorial

Law of Ukraine “On Local
3 Self Governance
in Ukraine” [20]

association in a rural community of residents of several villages, the
settlement, the city to resolve issues of local value within the Constitution
and laws of Ukraine independently or under the responsibility of bodies
and officials of local government, guaranteed by the state

community (now
the amalgamated
territorial
communities are
becoming relevant)

Sourse: [18-20]
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As can be seen from Table 1, in defining the con-
cept of “local self-government,” the European Charter
of Local Self-Government [18] is more aimed at clari-
fying and supporting the specific functions of the au-
thorities, while the Constitution of Ukraine [19] and the
Law of Ukraine “On Local Self-Governance in Ukraine”[20]
interpret this concept more in terms of its belonging
to the territories and commune (community) that lives
or works in this territory. A synthesis of the current sci-
entific thoughts of well-known scientists of different
branches of government and management on the issue

Diegtiar et al.

of determining the definition of the category “local self-
government” at the current stage of the development of
Ukraine can be illustrated in Figure 1. Having general-
ized the main directions of the definition of the concept
of “local self-government” by highlighting the universal
definition of this concept, the features, functions, and
principles that scientists distinguish in their scientific
papers (Fig. 1), it is possible to make an author’s inter-
pretation of the category for the needs of solving problems
and challenges specified in the article.

LOCAL SELF-GOVERNMENT

\ The general interpretation of the categoty \
“local self-government”

This is a political and institutional process of making and implementing decisions
to meet the needs of members of the community through the effective exercise
of the powers by local authorities delegated to them by the central authority

Main features of “local self-government”

1. Decentralized nature
: 2. Exercise of public authority in a specific territorial unit :
i 3. Carried out by elected representatives of the population living in a certain territoty |

/
Main functions of “local self-government”
1. Involving the population in local issues
2. Protection of rights, freedoms, and legitimate interests of citizens
3. Social protection of the population, promotion of employment of citizens
/

1. Subsidiarity —transfer of some tasks to the ground, taking into account the
i requirements of efficiency and economy
i2. Accountability and transparency — local decision-making and results should be
i open to all community members
3. Efficiencies — maximum value from available inputs

Basic principles of “local self-government”

Figure 1. Structuring the definitions of the category “local self-government”

Source: developed by the author based on [1-3]

Thus, local self-government will be considered
as a separate organizational and legal mechanism of
public administration at the regional level of the country,
the key elements of which are a united community of
people (territorial community) and local self-government
bodies formed by this society under the procedure es-
tablished by the legislation of Ukraine, and functioning
based on adaptive management in objectively existing
political and socio-economic needs and challenges, which
leads to the urgent need for its constant improvement
through the introduction of innovative approaches to the
management of this mechanism.

RESULTS AND DISCUSSION

The key element of the above definition is the represen-
tation of local self-government as an organizational and
legal mechanism, which is a complex system of related

political, legal and organizational and managerial mea-
sures and resources by which the relevant modern meth-
ods, techniques, and technologies of public administra-
tion are introduced into the activities of self-government
bodies and their effective and timely practical imple-
mentation is ensured at all stages of this implementa-
tion. Thus, it is possible to investigate the general prop-
erties and features by which the mechanism should be
justified and characterized during its development:

- is a complex system, that is, all its structural ele-
ments are in close mutual connection and interaction,
which allows the mechanism to be not a chaotic cluster
of elements, but a structured set of interconnected re-
sources that complement, develop, cause one another.
This will ensure an integrated and consistent approach
to the objectives and goals [6];

- the presence of a public-power nature - this means
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that public authorities that form the political and or-
ganizational-legal aspects of the mechanism and are
focused on solving problematic issues of the general
public are vested with the powers to form the mechanism
and ensure its effective functioning;

- must have a legal form - the development takes place
within the legal framework of the state, but it should be

introducing innovative approaches to the activities of
local governments are not exclusively legal, although they
are implemented against the background of general legal
influence. Taking into account the above characteristics
and modern needs, it is possible to build an organiza-
tional and legal mechanism for introducing innovative
approaches to the activities of local governments (Fig. 2).

noted that most of the elements of the mechanism for

. Public authorities; a community that lives and/or works in the
= territory; territorial community; amalgamated territorial community

Entry to the system

Subjects of the mechanism

Purpose of the mechanism

Establishing the most appropriate and useful, in terms of the achieved level of social development
of the local community, existing public needs and requests, rules of conduct, as well as ensuring
their real practical implementation, by introducting modern innovative approaches

{ A

The task of the mechanism

— Identification of directions and forms of interaction between the subjects in the course of solving
o issues on introduction of innovative approaches
— Clarification of directions, forms resources, grounds, boundaries and the procedure

for introducing innovative approaches

— Providing incentives and guarantees for innovative approaches to local self-government bodies

\V,

Mechanism functions

Stimulating
Security

Communicative

Educational and training
A

{,

Principles of the mechanism

i Regulatory
= Guaranteeing

Feedback

— Consistency and equal partnership of state bodies, citizens, and business

— Openness and transparency of local self-government bodies activities

— Guaranteeing the right to information and the free receiving and dissemination of information
— Freedom of expression of opinion and beliefs
— Legitimacy of receiving, using, distributing, storing, and protecting information
— Economic, information, and digital security
— Continuous training
— Control and accountability of local self-government bodies in society
— Prioritizing the development of modern information and communication technologies
— Sharing of powers and coordinated interaction of local self-government bodies in society

— Guarantee of full resource provision of innovative projects to improve local self-government

Entry to the system

Development of proposals and recommendations for the introduction of innovative approaches
to the activities of local self-government bodies

Monitoring and research on the effect of the introduction of innovative approaches
in the activities of local self-government bodies

Figure 2. Organizational and legal mechanism of introducing innovative approaches to the activities
of local self-government bodies
Source: developed by the author based on [7-10]
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Figure 2 clearly demonstrates that the organiza-
tional and legal mechanism for introducing innovative
approaches to the activities of local self-government
can be presented as a complex phenomenon, which in-
cludes political-legal, organizational-managerial, finan-
cial-economic, scientific-technical, and other resources
and measures. The effective and efficient functioning
of the developed mechanism is a necessary and uncon-
ditional guarantee of the full and effective implemen-
tation of innovative approaches, the control of them,
and the study of the effect of their impact on the local
self-government system. At the exit of the complex sys-
tem, which is the mechanism developed on Figure 2,
the key element is the development of proposals and
recommendations for the introduction of innovative ap-
proaches to the activities of local governments. Within
the framework of this article, innovative approaches to
the implementation of the system of provision of ‘elec-
tronic” public services and reengineering of administra-
tive and management processes used in the activities
of local governments will be investigated.

The introduction of innovative mechanisms for
the provision of public services by local self-governments
takes place against the background of the informatiza-
tion of the life of society, as well as against the back-
ground of the integration of Ukraine into the European
Union.The main goal of this process is to ensure that the
needs of each member of the society are fully met and
that the necessary conditions are created to increase
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the efficiency, transparency and openness of local author-
ities using innovative approaches and technologies. In
turn, this requires the introduction of effective mecha-
nisms for the provision of “electronic” public services by
justifying and applying appropriate scientific and meth-
odological tools based on the use of innovative infor-
mation and communication technologies. In this direc-
tion, the first steps were taken towards the opening of
Centres for the Delivery of Administrative Services and
the creation of the system of the Unified State Portal of
Administrative Services.

However, to date, there are many problems as-
sociated with the effective functioning of these insti-
tutions, namely: a number of centers do not have their
own website; provision of irrelevant and contradictory
information by the centres; insufficient material and
technical base (especially in small territorial entities);
poor and slow delivery of public services; insufficient
indicators and criteria for monitoring the level of satis-
faction of individuals and legal entities in public services;
mainly lack of feedback from users of administrative
services; the inability of the centres to provide separate
public services (e.g. services of the state geodesy, car-
tography and cadastre service of Ukraine); insufficient
number of centres in large cities, etc. Therefore, in order
to solve the above problems, it is useful to develop the
following innovative directions for improving the mech-
anisms for the provision of “electronic” public services
by local governments of Ukraine (Fig. 3).

Provision of “electronic” public services by authorities

Low proportion of public services

in electronic form. Insufficient level Imperfect mechanisms for the

of electronic and technological support
of the system

Current state of the

. > provision of “electronic” public
system of providing “electronic

services

public services

Innovative approaches to improve the delivery of e-public services

Legal and regulatory framework
1. Adoption of legislative and regulatory acts on: reducing the risk of corruption in the provision of electronic “public services by local
authorities”. 2. Promote awereness and literacy of local communities as a basis fo the introduction of modern innovative resources of local
self-government. 3. Adaptation and implementation of existing local legislation to EU legislation in matters of improving the quality and
innovation of public services to individuals and legal entities in accordance with the requirements of partner countries of Ukraine

Administrative and organizational mechanism
1. Transfer of the most demanded public services into electronic format by the company. 2. Introduction of innovative technologies for
electronic interaction of information resources. 3. Introduction of additional related services (banking, stationery, free Internet access) into
the operation of “electronic” public service centres. 4. Comprehensive implementation of the principle of transparency in the provision
of elgctronic public services through the introduction of a “transparent office”

! Financial and economic mechanism
1. Creation of financial and economic prerequisites at the state and local level for upgrading existing and creating new innovative web portals
through which electronic public services are provided. 2. Technj-technological and software-hardware updating of service provsion centers,
especially in small territorial entities

Yl

\ Information and motivation mechanism

1. Use of an innovative marketing approach regarding the need to switch to e-public services among community members and the use
of innovative forms of education to increase the skills of staff of electronic public service delivery centers. 2. The introduction of innovative
channels of access to electronic public services (for example, modern mobile applications are now becoming more relevant). 3. Development
of tools for effective monitoring (collection and analysis of information on problems, realities and prospects for the development of the
provision of “electronic” public services)

Figure 3. Innovative approaches to improve mechanisms for the provision of ‘electronic” public services by local authorities
Source: developed by the author based on [11-14]
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Thus, the main result of the implementation of
innovative approaches to improve the mechanisms for
the provision of “electronic” public services by local au-
thorities in Ukraine (Fig. 3) should be an improvement
in the efficiency and quality of public administration, after
all, the transformation of public services into electronic
format will contribute to their optimization, strength-
ening processes of interaction between authorities, im-
proving electronic interaction of state and local registries,
which will reduce the “paper” document flow, free the
time of civil servants to perform other functions, reduce
financial costs and develop effective mechanisms to
combat “bureaucracy on the ground”. It should be men-
tioned that in foreign and Ukrainian practice it is also
noted that one of the main innovative methods and tools
for optimizing the activities of local self-government
bodies is reengineering, which is aimed at introducing

fundamental changes in the activities of these bodies
in order to increase the socio-economic level and well-
being of citizens and ensure the sustainable develop-
ment of territorial communities [16]. With the help of
reengineering, it is possible to evaluate and compare
management activities with the strategic and tactical
goals of the local government. Thus, a comprehensive
rationale for the use of reengineering as an innovative
tool for improving administrative and management
processes, on the rational organization of which the
final results of the activities of local governments, the
development of society and the well-being of its mem-
bers depend, becomes increasingly important. We will
develop a general methodology for the reengineering
of administrative and management processes of local
governments in the form of stages and phases of its
implementation in Table 2.

Table 2. Stages and phases of reengineering of activities of administrative and management processes
of local self-government bodies

No. Reengineering phases

1 2 3

Reengineering stages

Stage 1. Collection and analysis of documentation regulating the activities of local self-government
bodies.

Stage 2. Selection of the primary list of functions from the available set of documents

Stage 3. Development of a list of functions of local self-government bodies, which establishes the
correspondence between the functions of the body and the results of its activities. The result should
be clear and visible information in the following sequence: action, result, recipient.

Stage 4. Structuring the functions of local authorities by individual types (informational and analytical,
permitting, registration, etc.). The end result of the function is a material and/or information product
(decision, regulation, etc.) or a public service

Phase 1. Preparatory and
organizational

Sub-stage 1: Structural analysis of functions/processes.
Stage 1. Determining the current allocation of responsibility for the implementation of the process
and functions by local self-government bodies.
Stage 2. Decomposition of functions into a list of component processes in the form of detailed
information related to the execution of the process.
Stage 3. Development of a model of activity of local self-government bodies based on existing
administrative and management processes in the form of a structural and logical scheme of the
process
Phase 2. Optimization Sub-stage 2: Determination of optimization directions.
o Stage 1. Compliance of local self-government bodies subdivisions “horizontally” is established.
of functions and . ; L - . i
2 pracesses with Stag? 2: Determination .o.f the list gf administrative and management.processes carried out within
horizontal reengineering the limits of the authorities established for local self-government bodies.
Stage 3. Development of a scheme of administrative and management processes of local self-
government bodies, which allows assessing the impact and consistency of processes.
Stage 4. Selection of processes by determining the real impact on them by local self-government
bodies.
Stage 5. Assessment of the need for selected processes.
Stage 6. ldentifying “the weak points” of each process and identifying possible options for its
restructuring (optimization).
Stage 7.dentifying deficiencies and identifying key areas and objectives of process engineering and
reengineering

Stage 1. Exclusion of functions and processes that cannot be executed are redundant or should be

Phase 3. Vertical outsourced.
reengineering for the  Stage 2. Grouping of various activities of local self-government bodies regarding the powers granted
introduction to them.

of innovative
decision-making
processes and the
activities of local
self-government bodies

Stage 3. Function redundancy check.

Stage 4. Checking for activities of local self-government bodies that are not related to the exercise
of power.

Stage 5. Review of the impact of relocating of functions not related to the exercise of power
to outsource.

Stage 6. Elimination of duplicate functions, if they occur

Source: [16; 17]
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Thus, in the process of reengineering the activities
of administrative and management processes of local
governments (Table 2) an optimal control system is built
according to modern criteria, as well as conditions are
laid for the formation of universal and effective mech-
anisms for further self-improvement since in terms of
constant changes in environmental conditions, feedback
is needed with the existing transformations of the con-
trol object so that after a certain period of time there are
no needs for repetition (duplication) of the process. Pro-
posals and recommendations for the introduction of in-
novative approaches to the activities of local self-gov-
ernment bodies are not limited to those given in the
article, which is, in fact, key at the current stage. The con-
tinuous development of the local government system
does not allow the development of sustainable types of
innovative approaches to solve problems of local self-
government “forever,” but requires the constant moni-
toring of foreign experience of advanced countries and
the constant development of new and progressive in-
novative mechanisms that will continue to introduce
decentralization reform and the creation of strong and
effective local authorities.

CONCLUSIONS

The presented scientific study is devoted to solving the
important problem of improving the existing methods
and resources of activity used in the activities of local self-
government bodies through the introduction of modern
innovative approaches. Based on this, all the objectives
and conclusions were achieved in the work, and proposals
and recommendations were given, namely:

1. The definition of the concept of “local self-
government” is summarized using the regulatory margin
and considering this concept in the context of modern
realities that this institution of management is constantly
facing. It was concluded that local self-government should
be considered as a separate organizational and legal
mechanism of public administration at the regional level
of the country, the key elements of which are the united
community of people (territorial community) and local
self-government bodies formed by this community under
the procedure established by the legislation of Ukraine
and which functions based on adaptive management
in objectively existing political and socio-economic needs
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and challenges, which leads to the urgent need for its
constant improvement through the introduction of inno-
vative approaches to the management of this mechanism.

2. An organizational and legal mechanism for
introducing innovative approaches to the activities of
local self-government bodies has been developed, the
effective and efficient functioning of which is a necessary
and unconditional guarantee of the full and effective
implementation of innovations, monitoring them and
studying the effect of their impact on the local self-gov-
ernment system.

3. Innovative approaches have been formed and
justified to improve the mechanisms for the provision
of “electronic” public services by local self-government
bodies and the conclusion has been made, that the main
result of this process should be to improve the efficiency
and quality of public administration, after all, the trans-
formation of public services into electronic format will
contribute to their optimization, strengthening the pro-
cesses of interaction between authorities,improving the
electronic interaction of state and local registries will
reduce the “paper” document flow, free up time for civil
servants to perform other functions, reduce financial costs
and develop effective mechanisms to combat “bureaucracy
on the ground”.

4. A general methodology for reengineering the
administrative and management processes of local self-
hovernment bodies in the form of phases and stages of
its implementation has been developed. It was concluded
that in the process of reengineering the activities of
administrative and managerial processes of local self-
government bodies, an optimal management system is
being built according to modern criteria, and conditions
are laid for the formation of universal and effective
mechanisms for further self-improvement, since under
conditions of constant changes in ambient conditions
it is necessary to feedback the existing transformations
of the control object in such a way that after a certain
period of time there is no need to repeat (duplicate) the
process.

The results of the scientific study can serve as
a basis for continuous self-improvement of the system
of local self-government, the search for new innovative
approaches and their implementation to meet the needs
of society for high-quality and effective public services.

REFERENCES

[1] Nepomnyashchyy, O.M., Marusheva, O.A., Pray, Yu.H., Medvedchuk, O.V., & Lahunova, I.A. (2020). Certain aspects
of the system of public administration of universities: World practices and the Ukrainian dimension. Universal
Journal of Educational Research, 8(11D), 82-86.doi: 10.13189/ujer.2020.082411.

[2] Trofymenko, O.0. (2021). Conceptual foundations of innovative development of the national economy in the
context of technological structures and energy innovations. Scientific Bulletin of Mukachevo State University. Series

“Economics’, 8(1),105-119.

[3] Diegtiar, O.A., Orlova, N.S., Kozureva, OV., Shapovalova, AM., & Prykazka, S.I. (2019). Financial capacity of
territorial communities: European experience and Ukrainian case. Financial and Credit Activity: Problems of

Theory and Practice, 4(31),516-526.

[4] Kosteniuk, N.I.(2018). The main directions of reforming the system of local self-government in Ukraine based
on the experience of foreign countries. Public Administration and Local Self-Government, 2(37), 142-148.

[5] Salvador,M., & Pano,E.(2018). Mayors facing local government reforms: From municipal organization leadership
to public management transformation processes. Revista Espanola de Ciencia Politica, 1(46), 103-127.

[6] Yaslikaya, R. (2019). Political results of scale expanding in local governments: An examination over the municipal
amalgamations in Europe. Amme Idaresi Dergisi, 52(1), 33-65.

Scientific Horizons, 2021, Vol. 24, No. 6

105



106

Introduction of innovative approaches in the activities of local self-government bodies of Ukraine

[7] Sbragia, A.M.(2019). The municipal money chase: The politics of local government finance. London: Taylor and Francis.

[8] Ewens, H., & van der Voet, J. (2019). Organizational complexity and participatory innovation: Participatory budgeting
in local government. Public Management Review, 21(12), 1848-1866.

[9] Slobodeniuk,T.0.(2021).New trends in improving public service delivery in Ukraine. Scientific Bulletin of Mukachevo
State University. Series “Economics’, 8(3), 75-83.

[10] Gevorkyan, A.Yu., Druhova, O.S., & Klepikova, S.V. (2018). Factors influencing the determination of investment
attractiveness and business value. Bulletin of the National Technical University “Kharkiv Polytechnic Institute’,
19(1295),131-134.

[11] Kuzmenko, O.V. (2015). Theoretical principles of the administrative process. Kyiv: Atika.

[12] Kuibida, V.S., & Smolova, L.M. (2015). Responsibility of representative bodies of local self-government before
territorial communities: Practical aspects of implementation. Collection of Scientific Works of the National
Academy for Public Administration under the President of Ukraine, 1, 146-163.

[13] Parhomenko-Kutsevil, O.I. (2013). Current trends in the development of reengineering in the public administration
system. Efficiency of Public Administration, 36, 20-26.

[14] Bel,G., & Gradus,R.(2018). Privatisation, contracting-out and inter-municipal cooperation: New developments
in local public service delivery. Local Government Studies, 44(1), 11-21.

[15] Vynohradova, OV.(2015). Business process reengineering in modern management. Donetsk: Mykhailo Tuhan-Baranovskyi
Donetsk National University of Economics and Trade.

[16] Adrian, F. (2020). On the legal basis of the lawmaking by local self-governments - an international overview.
Lex Localis, 18(4), 955-975.

[17] Willmott, K. (2020). From self-government to government of the self: fiscal subjectivity,indigenous governance
and the politics of transparency. Critical Social Policy, 40(3),471-491.

[18] European Charter of Local Self-Government. (1985, October). Retrieved from https://zakon.rada.gov.ua/laws/
show/994_036#Text.

[19] Constitution of Ukraine. (1996, June). Retrieved from https://zakon.rada.gov.ua/laws/show/254k/96-Bp#Text.

[20] Law of Ukraine No.280/97-VR “On Local Self Governance in Ukraine”. (1997, May). Retrieved from https://zakon.
rada.gov.ua/laws/show/280/97-sp#Text.

BnpoBapXeHHSA iHHOBaLiMHMX NiaxoAiB y AiaNbHICTb opraHiB MicueBoro
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Oner AHapiiioBuu [Oertap?, TeraHa AHaTtoniiBHa KpaBueHko?, Hatania IBaHiBHa OniiiHMK?,
Mukona Onekcanapoeuy [lypman*, MapuHa BiktopisHa bopoBuk:!
MpukapnaTcbkuii HaLioHanbHUI yHiBepcuTeT iMeHi Bacuna CredaHmka
76018, Byn. LLieBueHka, 57, M. IBaHO-DpaHKiBCbK, YKpaiHa
ZKnacnMyHuUit NpuBaTHUI yHiBEpCUTET
69002, Byn. )XykoBcbkoro, 70-6, M. 3anopixeks, YkpaiHa
*HauioHanbHa akageMis aepyXaBHOMO yrnpaB/iHHA npu Mpe3naeHToBi YKpaiHu
03057, Byn. A. Uegika, 20, M. Kuis, YkpaiHa
“XepCOoHCbKMIA HaLiOHaNbHUIM TEXHIYHMI YHIBEpCUTET
73008, bepucnascbke woce, 24, M. XepCoH, YKpaiHa

Anotauis. CratTa npuceayeHa npobnemaM NoLLyKy Ta BNPOBaAXKEHHS Cy4aCHUX iHHOBALIMHMX MiAXOAIB A0 AiSNbHOCTI
OpraHiB MicLLEBOro CaMoBpaAyBaHHS YKpaiHWu. BcTaHOBNEHO, WO NofonaHHs NpobneM ctapmx i HeeekTUBHUX MoLenei
Ta METOLIB yNpaBAiHHS, LLO He BiAMNOBIAAKTb BUMOraM Cy4YaCHUX CMiNibHOT, MOXJ/IMBE JIMLLE LLIIXOM PO3PO6KM AKICHOTO
Ta eheKTMBHOr0 TEOPETUYHOr0, METOAMYHOMO, OpraHi3auiiMHOro M NpaBoOBOro 3abesneyeHHs NpoLecy MiCueBoro
CaMOBpAAYBaAHHS. Y3aranbHEHO BU3HAUYEHHS MOHATTS «MiCLLEBE CaMOBPSAYBAHHA» 33 OMNOMOIol HOPMaTMBOI MapXi
Ta PO3INSHYTO Lie MOHATTS B KOHTEKCTI Cy4aCHUX peanin, 3 SKUMM 3apas MOCTIMHO CTUKAETLCS iHCTUTYT YNpPaBiHHS.
[ns noTpeb po3BA3aHHA BUKNAAEHWUX Y CTATTi Npo6neM i npobnem po3pobneHHs aBTOPCbKOI iHTeprnpeTaLii kateropii
«MiCLLeBe CAaMOBPSAYBaHHS», p03p06IeHO OpraHi3aLiiHO-NPaBOBMI MeXAHI3M BNPOBAAXKEHHS iHHOBALLIMHUX NiAX0AiB
[0 AiSNbHOCTI OpraHiB MiCLLeBOro CaMOBpPSIAYBAHHA K OCHOBHOrO €1eMeHTa BM3HAuYeHHs KaTeropii «Micuese
camMoBpsayBaHHS». ocniaxeHo npobneMu, Wo noBa3aHi 3 eeKTUBHUM (GYHKLiIOHYBAHHSIM YCTAHOB 3 HaJaHHS
«ENEeKTPOHHMX» AepaBHMX nocnyr. Po3pobneHo Ta 06rpyHTOBAHO iHHOBALiMHI NiaXoaM A0 BAOCKOHANEHHS MEXaHi3MIB
HafaHHS MiCLLEBOI BNAA0K «ENEKTPOHHMXY AepXKaBHUX nocnyr. Po3pobneHo 3aranbHy METOA0/OTI0 PeiHXUHIPUHTY
AMIHICTPATUBHO-YNPABNiIHCbKMX MPOLLECiB OpraHiB MiCLLEBOro CAaMOBPAAYBAHHSA y BUINaAi ¢ha3 Ta eTanis ii BNPOBaKEHHS.
3po6ieHO BUCHOBOK, WO 6e3nepepBHUIA PO3BUTOK CUCTEMU MiCLLEBOTO CAMOBPSAYBAHHS HE JO3BONSE PO3p0O6NITH
CTiMKI TUNK IHHOBALIMHUX MiIAXOAIB A0 BUPIiEHHS NpobneMHUX chep MiCLEeBOro CaMOBpPSIAYBAHHS KHA3ABXAMY,
a notpebye NOCTiIMHOro MOHITOPMHIY iIHO3EMHOTO AOCBIAY NepefoBMX KPaiH Ta MOCTiIAHWUIA PO3BMTOK HOBMX i NPOrPECMBHUX
iHHOBAULiIMHMX MEXaHi3MiB, O MNPOAO0BXaTb BMPOBAAXKEHHS pedOopMU AeleHTpani3alii Ta CTBOPEHHS MOTYXXHUX M
e(PEeKTMBHMX OpraHiB MiCLLeBOro CaMOBpSIAYBaHHS

KniouoBi cioBa: HOBI WASXM, MYHILMNANITETU, PEIHXMHIPUHT, OpraHi3aLiiHO-NpaBOBMIA MeXaHi3M, iep)KaBHa cinyxba
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INTRODUCTION

The reproductive system of males depends on various
factors. It is subject to many negative influences of the
external and internal environment and, as a rule, is not
able to respond adequately [1; 2]. The main link in the
pathogenesis of pathologies of the reproductive system
in males, causing a decrease in sperm quality, is consid-
ered to be the state of oxidative stress (OS) of their
bodies [3]. Oxidative stress is an excessive increase in
the processes of lipid peroxidation, proteins, etc. (in-
creased synthesis and/or accumulation of oxygen radi-
cals) against the background of low activity of antioxidant
protection (AOP).

The role of reactive oxygen species (ROS) in sper-
matogenesis, germ cell function, and fertilization has
been studied for over 80 years. Thus, we know that low
concentrations of ROS are important for physiological
processes in sperm, such as acrosomal response and inter-
action of sperm with oocytes, in return the high levels
of ROS underlie the imbalance of the prooxidant-an-
tioxidant system, causing OS, which is one of the most
destructive factors affecting sperm function and reducing
male reproductive potential [4-9].

Similar data exist on the relationship between
high concentrations of Nitrogen Oxide and metabolites
of its cycle, which are formed by increasing the synthesis
of reactive Nitrogen species (RNS), with the state of the
male reproductive system [10]. ROS/RNS in the body can
play both a physiological role and have a negative impact
on reproductive ability, causing stress, such as OS and
nitrosative stress, accompanied by a decrease in the num-
ber of motile sperm, damage to their membranes and
acrosomal enzymes, mitochondrial dysfunction of germ
cells. The biochemical relationship between oxidative and
nitrosative stress is inseparable and, as a rule, these pro-
cesses take place in the body of animals in parallel [10-15].

Widely used in urological practice, the term male in-
fertility states a complete inability to fertilize the oocyte,
while in the practice of reproductive endocrinology and
andrology the term hypofertility is used, i.e., reduction
of male fertility, given the possibility of effective cor-
rection/treatment [16-18]. Increases in the content of
ROS/RNS are found in natively obtained and epididymal
sperm and sperm plasma of almost half of men with hypo-
fertility, while observing different dynamics of the com-
ponents of ROS [19; 20]. Thus, the study of this problem
does not lose its relevance, and taking into account the
results is a necessary condition for the development of
effective means of correcting male hypofertility.

The study aimed at the analysis of professional
literature sources regarding modern ideas about the
importance of oxidative stress in the pathogenesis of
male hypo-/infertility, as well as substantiation of the
role of the antioxidant defense system in maintaining
reproductive potential.

PATHOGENETIC SIGNIFICANCE OF OXIDATIVE
STRESS IN MALE HYPOFERTILITY

The concept of oxidative stress and the role of reactive
oxygen species

The results of many years of research by scientists from
all over the world prove the need to assess the balance
of the prooxidant-antioxidant system in various patho-
logical states. OS is a condition characterized by an ex-
cess of ROS and/or by deficiency of antioxidants. OS is
the leading cause of decreased reproductive capacity
(hypofertility) and infertility in males. The destructive
force of OS is damage to lipids, membrane proteins and
organelles and cell DNA, as a result of which the cyclic
cascade of redox reactions weakens the functions of sperm
and the reproductive system in general (Fig. 1) [21].
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Figure 1. Reactive oxygen species in sperm
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Certainly oxidative damage to the genital system
is found in various reproductive diseases with toxic poi-
soning, long-term use of drugs. For example, sulfur mustard,
as a cytotoxic and chemical agent, damages tissues, in-
cluding the reproductive system and causes male infertility
on the background of OS [22]. OS is also considered to
be the cause of male sperm hyperviscosity syndrome,
and, at the same time, sperm hyperviscosity syndrome
induces increased ROS synthesis, i.e. causes OS [23].

Also, current data suggest the involvement of OS
as a central element contributing to hypofertility in males
with varicocele, to which the testes respond by heat
stress, ischemia, or the production of vasodilators such
as Nitrogen Oxide [24; 25]. OS is also observed in pros-
tatitis at the local and systemic level with a decrease
in sperm quality mainly due to elevated concentrations
of ROS [26; 27]. ROS are formed in sperm plasma from
endogenous sources such as leukocytes or immature sperm
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and are physiologically necessary for sperm motility and
oocyte fertilization. The effect of ROS on male fertility
is regulated by an oxidative paradox, which is determined
by a delicate balance between oxidative stress and an-
tioxidant activity. With proper regulation, ROS ensure
the effective functioning of the male reproductive sys-
tem. On the contrary, with the increasing generation,
a disproportionate number is formed, which causes a de-
crease in sperm reproductive function and is the cause
of male hypofertility [28].

In general, with a small accumulation of ROS, the
body can respond adequately and prevents the nega-
tive consequences of their impact. However, with the
inferiority of diets, metabolic disorders, under the in-
fluence of various environmental pathogens, reveal an
imbalance in the interaction of free radical oxides with
scavenger substances. Such changes are the cause of
most cases of idiomatic forms of infertility (Fig. 2) [21].
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Figure 2. Scheme of the physiological/pathological roles of reactive oxygen species
and sources leading to increased production

Source: [21]

The reasons for the development of OS are various:
these are inflammatory processes in the genital system,
including varicocele, nutritional deficiencies, obesity, met-
abolic syndrome, sexually transmitted infections (Neisseria
gonorrhoeae, Chlamydia trachomatis, Treponema palldum,
etc.), prostatitis, including bacterial genesis, mutations
in microorganisms that lead to OS, viral infections (e.g.,
human immunodeficiency virus, hepatitis, etc.) [4; 29].
The development of OS is noted under the action of
gamma radiation, which was found in experiments on rats
of both sexes combined with a state of hemodynamic
stress [30]. Factors contributing to the development of
hypofertility in men include smoking and alcohol abuse,
which contributes to lower sperm quality and sex hormone
levels [31].

Particularly dangerous is the effect of organophos-
phorus compounds, such as dimethoate, which affects

the reaction of OS in rat sperm in vitro, on the antioxi-
dant protection of sperm [32]. Sperm DNA fragmenta-
tion due to impaired spermatogenesis, probably caused
by OS, is observed in men with obesity, the influence of
which in parents can adversely affect the reproductive
and metabolic health of offspring [33].

Intensity of lipoperoxidation processes and reproductive
potential

Numerous studies have shown that the decrease in re-
productive potential is accompanied by an increase in
the intensity of lipoperoxidation processes, for example,
researchers at the Department of Obstetrics and Gyne-
cology JIPMER, India, found statistically significant dif-
ferences in the content of MDA in men with abnormal
sperm parameters,and they had a reduced index of oxida-
tive stress, compared with the group of men with normal
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sperm counts [34]. This is due to the presence of large
amounts of polyunsaturated fatty acids in mammalian
sperm membranes, which makes them particularly sen-
sitive to lipid peroxidation (LPO) [35]. This has been
repeatedly proven experimentally - scientists at the
University “Rovira i Virgili”, Spain have created an experi-
mental model of hypofertility of male rats, induced by
sulfasalazine, with the introduction of which there is an
increase in the content of substances reacting with thio-
barbituric acid (TBARS), a decrease in the content of SOD
and GSH in the testes and their appendages [36].

Determination of ROS concentration and LPO in-
tensity in sperm and sperm plasma are used as a means
of determining male fertility. In men with a decrease in
sperm quality, there is an increase in the content of pri-
mary products of LPO - DC: while in sperm and sperm
plasma the concentration of MDA also increases signifi-
cantly [37; 38].

The mechanism of hypofertility of males under the influence
of high concentrations of ROS

Sperm morphology is an important and complex character-
istic of their fertilizing ability. It is shown that OS affects
the morphology of sperm, causing the development of
its abnormal forms, damage to membranes. Thus, the
frequency of teratozoospermia may be directly related
to excess ROS production; this shows that the assessment
of sperm morphology is no less important criterion for
assessing sperm quality, in addition to the activity and
concentration of sperm [39]. OS in hypofertility causes
in males a significant decrease in sperm motility, an in-
crease in the percentage of morphological abnormalities,
mainly the tail of sperm, with a significant decrease in the
total antioxidant capacity of serum, the content of uric
acid and albumins.

Thus, a decrease in the antioxidant capacity of
blood serum, content of uric acid and albumin leads to
the destruction of the sperm membrane, which, in turn,
reduces the progressive motility of cells [40]. The nega-
tive effect of OS is realized by the action of high con-
centrations of ROS, which lead to oxidative damage to
sperm membranes and DNA of male gametes as a result
of gene mutations and by direct destruction of the DNA
backbone, mitochondrial dysfunction and apoptotic cell
death [41]. OS causes damage to both mitochondrial
and nuclear DNA, while affecting the sperm epigenome,
which leads to infertility, recurrent miscarriages, the
negative course of pregnancy and increased morbidity
of offspring [42].

It is believed that OS also affects normal embry-
onic development. Studying the phenomenon of OS sperm,
researchers have identified the role of antioxidant pro-
tection in the male germline [43]. At the same time, sperm
can't repair damage caused by OS due to limited AO po-
tential. With the development of infertility on the back-
ground of OS, note a probable increase in the content
of copper in serum and sperm plasma and the level of
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iron in sperm plasma, which indicates their direct par-
ticipation in spermatogenesis and suggests that these
ions act as mediators of oxidative damage [44].

Our research has proven the leading role of OS
in reducing the reproductive capacity of boars. Thus, we
have noted the intensification of LPO with a decrease in
the quality of boar sperm. It is confirmed by the reliable
growth of primary - DC and secondary — MDA products
of lipoperoxidation [2]. Data on the effect of ROS on the
histohematological barriers of the male body were ob-
tained. Thus, in the testes of mammals, the blood-tes-
ticular barrier, in contrast to the blood-encephalic and
blood-ophthalmic barriers, consists of coexisting dense
tissues and adhesions, however, these compounds must
be opened (or disengaged) to adapt to migration of
preleptoten and leptotene spermatocytes through the
blood-testicular barrier during spermatogenesis while
maintaining its integrity [45]. The temporary opening
of the blood-testicular barrier, which promotes the
movement of germ cells, is mediated through the ef-
fect of ROS, testosterone and cytokines on the kinetics
of endocytosis and recirculation of integral membrane
proteins [46]. It should be noted that such changes are
also likely to be involved in the pathogenesis of male
infertility.

Features of OS development in semen during cryopreservation
and thawing

The widespread use of a variety of media for the selec-
tion, use, and storage of sperm of men with pronounced
antioxidant capacity allows not only to preserve the re-
productive potential of cells but also to investigate in a
standardized medium with high AO dynamically or indi-
rectly ROS production of sperm or other contaminating
cells [47]. The ability to protect sperm from oxidative
damage is particularly critical for the artificial insemi-
nation industry due to the increased synthesis of ROS
by sperm during processing. Many studies have focused
on reducing the fertility of boar sperm after cryopres-
ervation and thawing due to an increased tendency to
oxidative damage compared to other species, which is
hindered by the use of antioxidants — GSH, SOD, vitamin E,
etc. [48]. Increased ROS generation as a side effect of
bull sperm cryopreservation leads to OS, protein degra-
dation, DNA fragmentation, and cell death. To prevent
this, the lycopene effect, which reduces ROS synthesis
in semen and promotes the preservation of acrosomal
response and mitochondrial potential of sperm, has been
studied [49].

NITROGEN OXIDE CYCLE AND ITS INFLUENCE
ON SPERMATOGENESIS AND SPERM QUALITY

Nitrogen oxide (NO) has a critical role in the functioning of
the male reproductive system, represented by NO itself,
its metabolites, and a specific enzyme - NO synthase
(NOS) and its isoforms. NO at low concentrations plays
a leading role in the signaling pathways regulation,




regulates smooth muscle tone, controls the permea-
bility of the blood-testicular barrier, erectile function,
etc. [10; 50]. ROS/RNS-mediated redox signaling is ex-
tremely important for sperm reproductive function [51].
At low concentrations, the metabolites of the Nitrogen
Oxide cycle act as scavengers of oxygen radicals. NO is
produced by NOS and plays an important role in repro-
duction from the brain to the genitals. Germ cells and
leydig cells in the testes show stage-dependent nuclear
and cytoplasmic endothelial and inducible NOS immu-
noreactivity. All three isoforms of NOS were localized
on the nuclear membrane and cytoplasm of epithelial
cells in all ducts, in the tail and cytoplasmic droplets
of sperm [52]. The male gonad-specific subclass nNOS,
known as TnNOS, has recently been identified as a fairly
powerful source of NO. TnNOS is located exclusively in
Leydig cells - this confirms the involvement of the Nitrogen
Oxide cycle in the hormonal function of the testes. With
increasing NO content it is involved in the formation
of AFN - peroxynitrite (ONOO-), NO,, N20,, nitroxyl ion,
nitrosyl-containing compounds that cause nitrosative
stress [10]. Recently, new scientific data have been ob-
tained on the properties of NO in conditions close to
mammalian biology. Thus, it is proved that NO is not
oxidized and not reduced by one-electron processes, re-
acts with other free radicals at a rate close to limited
diffusion, and autoxidation rate is a second order in NO
concentration, hence slow under bioregulatory condi-
tions [53]. A study of the role of inducible NOS in testic-
ular dysfunction in varicocele revealed a predominant
expression of iNOS in the cytoplasm of Leydig cells and
only a small percentage of its expression in Sertoli cells.
Because iNOS activity was likely to be higher in Ley-
dig cells in rats with varicocele, iNOS activity may play
a leading role in testicular dysfunction associated with
varicocele in adolescence [54].

Influence of nitrogen oxide cycle metabolites on spermato-
genesis and sperm quality

Experimental studies have shown that the decrease in
sperm function in male rats caused by nicotine improves
a decrease in NOS activity, while investigating the ef-
fectiveness of L-arginine to inhibit NOS, found a reduc-
tion in spermatotoxic effects through a mechanism that
depends on circulating testosterone levels [55]. On the
other hand, data on NO, content in the sperm plasm
of healthy and infertile men were obtained and no reli-
able data were obtained on the correlation between NO
content and sperm quality [56]. Contradictory results of
researchers can be explained by the difference in the
methodology of work. Our research revealed a reliable
increase in the number of stable metabolites of the NO
cycle due to a decrease in the reproductive capacity
of boars in OS, accompanied by deterioration in sperm
quality, especially motility and number of motile sperm
in the ejaculate [2].
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ANTIOXIDANT PROTECTION AND ITS ROLE IN
THE REPRODUCTIVE POTENTIAL OF MALES
Features of the components of the antioxidant defense
system functioning and their role in the activity of the
male reproductive system

Sperm are highly sensitive cells to high levels of ROS due to
the limited antioxidant system present in these terminal
cells. However, to achieve the unique goal of sperm,i.e.
to transfer the parental genome to a mature oocyst during
fertilization, it is necessary to ensure strict regulation of
ROS levels. Thus, active antioxidant systems are critical
for sperm function [57]. AO are compounds that inhibit
the synthesis or neutralize the action of prooxidants, in
particular ROS [40; 58].In the normal physiological state,
sperm plasma contains a mechanism of AO enzymes that
are able to neutralize toxic ROS, as well as have a pro-
tective effect on sperm from any possible damage. AO
such as vitamins E and C, carotenoids and carnitine, when
ingested, are able to increase the AO potential of cells,
and, in general, have a positive effect on spermatogene-
sis [59-62].Sperm are protected from OS by the enzymes
of the AO system, which regulates the concentration of
ROS. Sperm plasma is saturated with various AO to pro-
tect sperm from OS - enzymatic AO (SOD, catalase, GSH
redox cycle enzymes) and non-enzymatic (ascorbate,
tocopherol, GSH, etc.) [63].

We proved a decrease in the activity of AO enzymes
when reducing the reproductive capacity of boars in the
OS. In particular, both SOD and CAT activity — enzymes
of the first link AO and GSH-Px and GSH-Rd in the serum
of boars with low sperm quality [64]. Despite the an-
tioxidant activity of sperm plasma, testicular append-
age,and sperm, OS damages DNA integrity and disrupts
sperm function [65; 66]. That is why an important issue
is the functioning of antioxidant protection in the male
reproductive system. Extracellular SOD has been found
inthe testes inrelatively large quantities compared with
other male organs. When studying some rat tissues and
cells using a reverse transcriptase and polymerase chain
reaction, we have shown that germ cells express approx-
imately one-third of the expression of Sertoli cells. We
can be suggesting that both cell types have the mecha-
nisms necessary to protect against radicals. These stud-
ies demonstrate the importance of the SOD molecule
for the male reproductive system, which is regulated by
germ [67]. Researchers have obtained conflicting data
on the effectiveness of endogenous antioxidants in in-
hibiting the effects of ROS as a means of treating male
hypofertility or as a means of adding to the culture me-
dium in the distribution of sperm has low efficacy [68].

The level of antioxidants in sperm plasma plays
an important role in the etiology of sperm dysfunction
and is closely related to male hypofertility, and a decrease
in their concentration or intake of substances necessary
for their synthesis may be one of the causes of infer-
tility [69; 70]. The thiol-disulfide system, the so-called
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glutathione redox cycle, occupies a considerable place
in the antioxidant protection system of the male body.
Glutathione - the primary AO of the body helps to preserve
other types of AQ. Its presence is noted in male and female
gametes but in different quantities [71]. The level of
antioxidants in semen is very vulnerable and variable.
For example, cryopreservation reduces sperm quality and
activity of sperm AQO, which under the action of lycopene
and a-lipoic acid increase in the experiment on cashmere
goat [72].

Clinical studies have shown a decrease in antiox-
idant protection in the sperm plasma of infertile men,
which correlates with sperm quality. Thus, the observed
reduced activity of G-6-PDH causes increased ROS syn-
thesis, which is confirmed by the reliably higher content
of MDA. There is a decrease in the amount of GSH and
SOD, which leads to the fragility of sperm membranes
under the action of ROS and affects the ion exchange
required for normal motility. Thus, the experiment showed
a direct relationship between the antioxidant system
with asthenospermia and the clinical parameters of
sperm [73].

Other groups of researchers obtained similar re-
sults [74].A group of scientists showed the effectiveness
of selenium and vitamin E supplements to improve the
quality of dog sperm and increase the antioxidant sta-
tus of sperm, as evidenced by increased GP activity and
overall antioxidant capacity of cells, which leads to normal-
ization of sperm quality in animals with hypofertility [75].
Also, researchers obtained data on the negative impact
of maternal obesity in rats on the antioxidant defense
system of the testes in male offspring. The use of high-
fat diets during fetal development causes phenotypic
changes such as imbalance of lipid synthesis and in-
creased OS, causing changes in male fertility, which,
in turn, may explain the decrease in their reproductive
capacity [76].

Markers of male reproductive potential: ROS and their
metabolites, total antioxidant capacity, mitochondrial
potential

Increased ROS production and DNA fragmentation are
observed in infertile patients compared to the fertile
group. Thus, changes in ROS synthesis may be associated
with idiopathic infertility, i. e. assessment of the content
of OS markers is a reliable prognostic criterion for male
reproductive potential [77]. Spermatozoa are very vul-
nerable to ROS due to their inherent shortcomings of
intracellular antioxidant enzymatic protection. Thus the
body's overall antioxidant capacity becomes more vital
for sperm protection [40]. There is an urgent need for
reliable diagnostic tests that would allow you to quickly
and comprehensively determine the state of the OS.The
methods available to researchers to establish the OS
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allow determining only some components or their related
substances [21]. Mitochondrial membrane potential
indicates sperm functionality, which is determined using
specific fluorescent markers [78]. Sperm DNA damage
by OS is investigated in different ways. During spermio-
genesis, which is the last stage of sperm maturation,
there is a stage of remodeling of the sperm plasma mem-
brane, which enhances the regulation of membrane recep-
tors promoting the binding of the pellucid membrane,
such as hyaluronic acid receptors. It was noted that sper-
matozoa selected using hyaluronic acid as a selector,
show such characteristics as minimal DNA fragmentation,
normal morphology and reduced frequency of chromo-
somal aneuploidies,which indicates the effectiveness of
using the analysis of hyaluronic acid binding as a method
of selecting mature, functionally active spermatozoa [79].
Practical reproductive medicine uses the indicator of DNA
fragmentation as a reliable indicator of fertility, which
is more specific than conventional indicators of sperm
quality [80]. Testing for ROS content and antioxidant
capacity could potentially provide additional prognostic
information to standard laboratory tests for male in-
fertility [81]. The overall antioxidant capacity of male
sperm is also studied under conditions of different en-
vironments with a high content of AO [47]. As a bio-
chemical predictor of male fertility, the effectiveness of
the total antioxidant status use has been proven by deter-
mining this indicator in sperm plasma using the Randox
kit in groups of healthy and infertile (with different types
of reduced sperm quality) men in Pakistan. It proves
reliably higher antioxidant protection levels in fertile men
and the presence of a positive correlation with the con-
centration, motility of sperm, and content of cells with
normal morphology [82; 83].

CONCLUSIONS

Oxidative stress is a leading pathogenetic mechanism
of hypofertility (reduced reproductive capacity) of males,
which due to the accumulation of toxic peroxidation
products has a detrimental effect on the reproductive
system by reducing the mitochondrial potential of sperm,
and, consequently, their motility, damage to acrosomal
fertilization. The vast majority of authors agree that this
occurs under prolonged exposure to negative factors, as
a result of which the antioxidant defense system loses
the ability to adequately respond to the intensification
of peroxidation processes and requires pharmacolog-
ical correction. In this case, the definition of markers of
OS and the dynamics of AOP should be used along with
commonly used methods of testing male fertility, such as
assessment of sperm quality and hormonal background.
A promising area of research, in our opinion, is the search
and scientific justification of safe and effective means for
correcting male hypofertility under oxidative stress.
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HennigHicTb caMUiB: NnaToreHeTUYHEe 3HaUeHHS OKCMAATUBHOIO
CTpecy Ta aHTUOKCMAAHTHOro 3aX1cTy (ornsa)

Bcesonop, Iropoeuu Kowesoit!, CeitnaHa BanepiieHa HaymeHko?, Maeno Mukonaiiosnu Cknapos?,
Cepriit lkoBnu MepopeHko?, Nlinia €srexHiiBHa Koctuwmnn?

1[lep>xaBHMI BIOTEXHONOTIYHMI YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. XapkiB, YKpaiHa

2[IHINPOBCbKMI1 AepXaBHWIA arpapHO-EKOHOMIYHWIA YHiBEpCUTET
49600, Byn. Cepria €dppemMoBa, 25, M. [IHiNpo, YkpaiHa

3[IbBIBCbKMI HALiOHANbHWI YHIBEPCUTET BETEPUMHAPHOT MeAMLIMHK Ta BioTexHonorii iM. C.3. DKMLBKOTo
79010, Byn. MNekapcbka, 50, M. JTbBiB, YkpaiHa

AHoTauif. OcHOBO naToreHesy HeMmaifAHOCTI CaMLLiB € MPOLECU NEPOKCUAHOI0 OKMCHEHHS BionoriyHux cybcTparTis,
0cobnuBo, NinigiB i NpoTeiHiB. PyliHylouM 0BONOHKY CnepMis TOKCMYHI MPOAYKTM MepoKCMAALLi 3HMXKYIOTb MOro
PYX/MBICTb | 34aTHICTb A0 3aniAHEHHS SALEKNITUHU, WO BU3HAYAETLCS 3MEHLUEHHSM KiNIbKOCTI PyX/IMBUX CNEPMIiB
y eskynsaTi. LLi 3MiHW npn3BoAsSTb 4O BUHMKHEHHS NOBHOIO abo YacTKOBOro 4onoBivoro 6e3nninas. ABTopamu cTaTTi
6yNno BCTAHOBNEHO, WO Lie CYNpPOBOMKYETbCS YLUKOMXKYUOK AI€H0 Ha CTPYKTYPHY i PYHKLIOHANbHY aKTUBHICTb CTaTeBMX
3a103 i NpOABASETLCS, 30KpeMa, ANCOANAHCOM Y rOpMOHaNbHOMY GOHI OpraHiaMy caMus. AHanoriyHnMm edbektamu
XapaKTepu3yeTbCsa MiABULLEHHS BMICTYy akTUBHMX dopm HiTporeHy 11 MeTabonitiB MOro LMKAY, WO BUKAMKAKOTD
HITPO3MBHWIA CTPEC, IKMI TaKOX € MPUYMHOLO TiNOPepTUNLHOCTI CaMLIB i nepebirae HEPO3PUBHO 3i CTAHOM OKCWMAATUBHOTO
cTpecy. Y HayKoBii poboTi BU3HAYEHO, LLO HAKOMMUYEHHS LKIAIMBUX NPOAYKTIB NepoKCMAALi NPU3BOAUTb A0 YLUKOMKEHHS
Ta pyvHyBaHHsA [OHK cnepmiiB, 3MEHLLEHHS aKTUBHOCTI aKpOCOManbHUX €H3UMIB i MITOXOHAPIaNIbHOrO NOTeHUiany
CnepMiiB, 3HWXKEHHS 3aranbHOi aHTMOKCUAAHTHOT aKTUBHOCTI, LLO YHEMOX/UB/IOE AAEKBATHY BiANOBiAb OpraHiMmy.
(TpecoBuM CTaHaM NPOTUCTOITb BaraTOKOMMNOHEHTHA aHTMOKCMAAHTHA 3aXMCHA CUCTEMA, LLO NPpeacTaBieHa eH3MMaTUYHOK
i HEEH3MMATUYHOO NaHKaMK, 34aTHA, A0 MEBHOI MipK, 3HELLKOAXKYBATH WKIANUBI pagnKanu i NpoAYyKTU nepokcuaaLii,
CNPUAIOYM MOBHOLHHOMY NPOSIBY penpoayKTUBHOT GYHKLUIiT. [TOKa3aHO HasBHICTb MOTYXHUX AHTUOKCUOIHTHUX
BN1ACTMBOCTEN KaTanasu, CynepokCUaaMCMyTasn i EH3UMIB TioN-AncynbdiaHOI cncTemu, Wo hOopMyOTb EH3UMATUYHY
CUCTEMY aHTUOKCUMOAHTHOrO 3axucty, Ta, Ceneny, LinHky, KynpyMmy, iHWKX MiKpoeneMeHTiB, peTuHony, Tokodepony,
ackopbiHOBOI KMCIOTH Ta BiTaMiHOMOAIOHMX peYOBMH, K TAHOK HeeH3UMaTUYHOI cncteMu. OBrpyHTOBaHO eeKTUBHICTb
3aco0biB peecTpaLii TOHKMX BiOXiMiYHMX 3CyBiB aD0 KOMMIEKCHUX METOAIB — BU3HAYEHHS 3araibHOr0 aHTUMOKCUAAHTHOIO
cTaTycy cnepMiiB abo cnepmanbHOi Nnasmu, NOTeHLiany MITOXOHAPianbHOi MeMOpaHK, TOWO NOpsA i3 NPOCTUMM
MapKepaMu OKCUMAATUBHOIO CTPeCy, TaKMMU 5K AiEHOBI KOHIOraTu, MaNOHOBWI Aianbaerif, i MeTabonitu upukny HitporeHy
OKCMAY. 3 0rna4y Ha NPoBiAHY pOnb OKCUAATUBHOMO CTPECY Y PO3BUTKY rinogepTUAbLHOCTI CaMLuiB NepcnekTUBO
noAanbLWMX 4OCNIIKEHb € MOLLYK Cy4acHMX 3ac06iB KopeKLiii, 0c0BMBO cepes, PeHOBMH 3 BUPAKEHOK PeaoKC-aKTUBHICTHO

KntouoBi cnoBa: BigTBOpHA 34aTHICTb, NiNONEPOKCUAALLIS, IHTUOKCUOAHTHI eH3UMMU, LMK HiTporeHy okcuay
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