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Article’s History: Abstract. The energy efficiency of new technical developments is a critical
Received: 15.08.2021 issue. It should be noted that today the focus in this issue has seen a major
Revised: 16.09.2021 shift to the maximum use of renewable energy sources. The purpose of this
Accepted: 20.10.2021 research is to reduce the weight of helium heat exchangers of the fuel tank

pressurisation systems in modern rocket propulsion systems that use fuel
Suggested Citation: components like liquid oxygen and kerosene-type fuel. This is the first time

Kravchenko, I., Mitikov, Yu., Torba, Yu.,  that the question has been raised about the possibility and advisability of
Vasin, M., & Zhyrkov, 0. (2021). Use  increasing the temperature of helium at the heat exchanger inlet without
of the low-potential heat for heating  the use of additional resources. The paper addresses the use of the waste
helium in rocket-carrier tank pres-  (‘low-potential”) heat and "industrial wastes” present in propulsion systems.
surisation systems. Scientific Horizons, Basic laws of complex heat exchange and the retrospective review of
24(7),9-19. applicable heat exchanger structures are applied as a research methodology.
Two sources of low-potential heat are identified that have been previously
used in the rocket engine building in an inconsistent and piecemeal manner
to obtain and heat the pressurisation working fluid. These are the rammed-
air pressurisation during the motion of the rocket carrier in the atmosphere,
and the tank pressurisation as a result of boiling of the top layer of oxidiser
which is on the saturation line. This is the first time that the advisability
has been substantiated of increasing the temperature of the working fluid
at the heat exchanger inlet, first of all due to the use of the low-potential
heat. This is also the first time that unemployed sources of low-potential
heat and “industrial wastes” are found in modern deep throttling propulsion
systems. These are the high-boiling-point fuel in the tank, behind the high-
pressure pump, at the exit of the combustion chamber cooling duct, and also
the fuel tank structures, and the engine plume. A possibility is proved,and an
advisability demonstrated of their implementation to increase the efficiency
of pressurisation system heat exchangers. This is the first time that the
methodology of combustion chamber cooling analysis has been proposed to
be adopted for the heating of heat exchanger by the engine plume. This is
the first time that a classification of waste heat sources has been developed
which can be used to increase the pressurisation working fluid temperature.
The identified reserves help to increase the efficiency of the helium heat
exchangers of the tank pressurisation systems in the propulsion systems

Keywords: rocket engines, high-boiling-point fuel, heat exchanger inlet
temperature, sources, low-potential heat
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Use of the low-potential heat for heating helium in rocket-carrier tank pressurisation systems

INTRODUCTION

Heat exchangers have been long and widely used in the
technological processes in the mining, oil refining, au-
tomotive, aeronautical, petrochemical, chemical, nuclear,
aerospace industries, in the agricultural sector, energy
industry, public services. Suffice it to list their special
names - steam generators, furnaces, cooling towers,
water heater, evaporators, condensers, etc. As we can
see, field of their application is very large. The rocket
engine building is not an exclusion. The world’s first bal-
listic rocket, the V-2, already had a heat exchanger for
heating the pressurisation working fluid prior to feeding
to the liquid oxygen tank.

In the context of the world economy globalisation,
intensive fighting against climate change, greenhouse
gas emission, the energy efficiency of new technical de-
velopments is a critical issue. It should be noted that
today the focus in this issue has seen a major shift
to the maximum use of renewable energy sources [1].
Therefore the urgency of the research aimed to reduce

1 2

11

the energy consumption, expand the use of low-potential
heat of the environment, is not in doubt.

Present-day rocket propulsion systems are widely
using the liquid oxygen (LOX) and kerosene-type fuel
(RP-1). Suffice it to list well known RC such as Zenith,
Antares, Atlas-V, Falcon-9, Electron, Alfa, Angara, Cy-
clon-4M, Soyuz-5. The tank pressurisation systems with
thesecomponentsusehotheliumasapressurisationwork
fluid. Main reason why these systems are widely used,
is that their design is simple. However, modern helium
pneumatic systems are second most expensive parts
of RC after liquid-propellant rocket engine (LPRE) [2].
That is why, it makes sense to foremost explore ways
to improve the most expensive parts of rocket complex
with most common fuel components.

Let us focus on the heat exchanger in the most
common configuration of the hot helium system of oxygen
tank pressurisation (Fig. 1). This will be useful for us in
further researches.

K DK DK >

N
10 9

0~

7 6

Figure 1. Schematic of hot gas bottle system of the oxidiser tank pressurisation:
1 - helium bottles; 2 - liquid oxygen tank; 3, 8 - pipelines; 4, 9 - temperature compensators; 5 - elements of
automatic control; 6 - orifices; 7 - heat exchanger ; 10 - tank pressurisation gas supply device; 11 - tank gas pressure

switch unit

As we can see in the schematic above, the system
contains helium high-pressure bottles 1 that are installed
in LOX tank 2. This is a common configuration. By impart-
ing cryogenic temperature to helium, the configuration
allows to reduce almost two times the number of helium
bottles. The bottles are connected through pipelines 3
with temperature compensators 4 by means of automatic
control elements 5 to flow-metering orifices 6 and heat
exchanger 7 of the engine that is placed in the tail com-
partment. The heat exchanger uses the coolant from
the engine turbine, in this case, the oxidising generator
gas. Hot helium is then fed, loosing the temperature, by
pipeline 8 with temperature compensators 9 to the upper
part of oxidiser tank 2. The gas passes into the free tank
volume through a special gas supply device 10.

Scientific Horizons, 2021, Vol. 24, No. 7

The rocket engine building may appear to be far
from the use of renewable source of energy. However,
under conditions of increased competition in the market
of launch services [3], it is a time to deal with these
possible sources. The purpose of the research is to:

—reduce the weight of heat exchangers of the fuel
tank pressurisation systems in modern rocket propulsion
systems in the ways that are unconventional for this
technology;

—reduce the use of hydrocarbon fuel combustion
products as a coolant in heat exchangers.

This is the first time that the issue has been ad-
dressed of finding and substantiating reasonable ways
to employ the waste low-potential heat and the “indus-
trial wastes” that are present in the rocket carrier (RC),




foremost for increasing the heat exchanger inlet tem-
perature of helium.
The objectives of the research are to:

— identify drawbacks of applicable heat exchangers
of the fuel tank pressurisation systems in modern rocket
propulsion systems on the basis of critical retrospective
review of their structures, configurations of modern rocket
engines, and achievements of heat engineering;

— audit possible unemployed heat energy sources on
board of RC that designers have previously missed;

— substantiate most promised and technologically
simple ways to use low potential heat for the improvement
of heat exchanger characteristics, using the example of
rocket propulsion systems;

— classify the sources of low potential heat and “indus-
trial wastes” identified on board of and near to RC.

FEATURES OF ROCKET ENGINE HEAT EXCHANGERS

Rocket engine heat exchangers have a number of specific
features that distinguish them significantly from their
counterparts from other branches of technology. These
features arise from peculiarities of their operation. The
operation time of rocket heat exchangers is very short,
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just 120+600 s. They are expendable, as a rule. The are
manufactured 2-3 times a year, very rarely, 4-5 times.
Liquid oxygen kerosene engines use oxidative or reduc-
tive generator gas from the turbine as a coolant. Such
oxidative gas has a temperature of 620+640 K, a pressure
of 26+28 MPa. The reductive generator gas from the
turbine has a temperature of 820+950 K, pressure is
1+28 MPa, depending on the configuration of the engine.

Modern rocket engines are deeply and often
throttled during the flight. This is a demand of time.
During the throttling, the coolant consumption and
temperature goes down significantly (for the configu-
ration with afterburning of oxidative gas).A pronounced
transient mode of operation of the heat exchanger is
implemented. It should be understood that almost all
officially accepted most accurate heat exchanger de-
sign methods are established for steady heat exchange
conditions.

The first heat exchangers in the engines were of
shell-and-tube type. They functioned with a low pres-
sure of the coolant. A notable example is the heat ex-
changer [4] of the RD-107 engine of the Soyuz-2 rocket
carrier stage 1 (Fig. 2).

\9 10

11

prd

Inlet of
exhaust gas

12

13
14

15

Outlet of
exhaust gas

Figure 2. Section view of the RD-107 shell-and-tube heat exchanger:
1 - casing; 2 - coil manifold; 3,9 - flanges of exhaust gas outlet and Nitrogen gas outlet respectively; 4 - liquid nitrogen
inlet connection; 5,8 - nuts; 6 - paronite gasket; 7 - Nitrogen gas outlet connection; 10 - wire; 11 - plate;
12 - locking wire; 13 - clip; 14 - screw; 15 - bracket

The transition of engines to the configuration with
afterburning of oxidative generator gas (high pressure)
contributed to appearance of the contemporary cylinder
heat exchanger. It was successfully used in the propul-
sion systems of two stages of all Zenith rocket carrier

modifications, in four units of the first stage of the Energia
rocket carrier. The coolant duct in the heat exchanger
alternate with the duct of helium. The heat exchange
surfaces of the helium duct walls are formed by the rib-
bing with direct channels. The finning in the generator
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gas ducts helped to intensify the heat exchange process
by implementing the vortex flow.

A modern plate-fin heat exchanger [4] is used in
the RD-191 deep-throttling engine (the Angara rocket
carrier) (Fig. 3). This is the first heat exchanger that uses
oxidative generator gas from the gas generator as a cool-
ant. The reason for that is to give meaning to the helium
pressurisation system under deep throttling conditions
of the propulsion system. In this case the whole range of
problems relating to the combustion of materials in the
high-pressure oxidative gas environment extend to the heat

exchanger. The need of such decisions is far from clear-cut.
It is important to emphasise that this is the use
limit of the engine generator gas heat. This is the hottest
gas on-board the rocket carrier. It is also important to
reflect the problems arising in the course of optimisation
of this heat exchanger. There is nowhere except in the
rocket engine that such a unique coolant with fast varying
parameters can be obtained. Since the optimisation of
the heat exchanger is carried out without the engine,
as a matter of course, the optimisation is very rough. We
have to include large spreads in its basic parameters.
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Figure 3. The RD-191 plate-fine heat exchanger (first stage of the Angara rocket carrier):
1 - wall brazed package; 2 - central bushing; 3 - generator gas feeding manifold; 4 — generator gas tapping manifold;
5,6 - helium feed; 7 - generator gas feeding flange; 8 - generator gas tapping connection; 9, 10 - helium tapping
manifolds; 11, 12 - HELIUM tapping connections; 13 — washer; 14 - bypass hole

Itis important to emphasise that the final purpose
of the tank pressurisation system of which the heat ex-
changer is a structural part, is not to form a record heat
exchanger but provide required pressure in the ullage
with less resources and with the required reliability.
The gas pressure in the ullage depends on a number

of factors. The temperature of helium at the tank inlet
is just one of multiple affecting factors, more precisely,
the temperature of the working fluid at the ullage inlet
and not at the heat exchanger exhaust. Figure 4 illus-
trates these significantly varying temperatures.
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Figure 4. Helium temperature at the heat exchanger exhaust and the oxidiser tank inlet (full-scale data)
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As an example, in the first stage of the medium
class rocket carrier, the length of hot pressurisation lines
(40x1 mm from stainless steel) from the heat exchanger
to the tank inlet makes up about 40m. At approx.50t"
second of the flight, the difference between helium tem-
perature at the heat exchanger exhaust and at the tank
inlet makes up approx.100K (more than 20%). Actual
contribution of means and time spent on improvement
of the heat exchanger, to the pressurisation system pa-
rameters can only be assessed if taken together with
other factors by applying complex method of mathe-
matical modelling of innertank processes.

It is surprising that such enormous reserves, that
effectively lie on the surface, remain out of sight of the
researchers. They are not addressed in the technical lit-
erature. This situation is probably due to the fact that
the heat exchanger is developed by engine designers
following the Requirement specification, but the required
gas pressure in the tank is a responsibility of another team
of specialists. A tight schedule for the development of any
new rocket complex prevents from finding the integrated
solution of the problem, but the next new complex will
be developed in the country in 20+30 years at best, by
other specialists. The situation repeats itself.

Because of existing breakdown of responsibilities,
it would be meaningful to solve the problem within the
framework of the Requirement specification for the de-
velopment of the heat exchanger. The specification dictates
the limit on the weight and space of the heat exchanger,
the temperature of helium at the heat exchanger exhaust
(with the spreads) with prescribed helium consumption,
the helium pressure losses in the heat exchanger duct
with prescribed consumption and temperature, minimum
temperature of helium at the heat exchanger inlet. There-
fore, we concretise the task of the research - to develop
the recommendations for the design of the helium heat
exchanger of the RC pressurisation systems, to substan-
tiate the ways that could reduce the weight of heat
exchangers and make their development significantly
easier.

THE TRADITIONAL WAYS TO IMPROVE
THE EFFICIENCY OF HEAT EXCHANGERS

Let’s try to analyse the assigned problem by the following
areas of activity. The first area of activity represents the
works aimed at the intensification of the heat exchange
in the heat exchanger by means of various turbulators.
The second area of activity represents the researches
working to increase the efficiency of heat exchangers by
means of circuit solutions.

The latest paper [5] addresses the architectures
of recuperative heat exchangers of rocket propulsion
systems. They are used in the fuel tank pressurisation
systems of US rocket carriers. It is shown that the heat
exchange efficiency in a pathway with inter-channel
coolant transpiration through the porous mesh metal
is higher than when compared to other heat exchange
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pathways. It has been established that the pathway ef-
ficiency is particularly high at low Reynolds numbers in
the range of 1-10%+5-10* the efficiency increases when
the path of the coolant movement through the porous
mesh metal decreases, and the porous mesh metal ther-
mal conductivity increases. A conclusion is made that it
makes sense to increase the heat exchange efficiency
by developing the heat exchange surface rather than the
by increasing the coolant movement speed.

In a number of works by A.A. Khalatov, e.g., [6],
the efficiency of the dimpled surface of heat exchange
is proved, which allows the turbulisation of the laminar
sublayer of the flow boundary layer. It is the laminar sub-
layer that determines the rate of heat flow taken from
the surface. Recommendations are developed for the
distribution and geometry of the dimples. The param-
eters, at which the heat transfer grows faster than the
pressure loss along the pathway, are shown.

For industrial shell-and-tube heat exchangers,
the paper [7] addresses the effect of baffles on the increase
in heat transfer efficiency. It is shown that the increase
of the path of the coolant movement with simultaneous
flow turbulisation gives a positive effect. However, this
goes along with increasing the dimensions of the device,
the pressure loss along the length of duct. As is known,
the dimensionless heat-transfer coefficient Nu (Nu_ for
a smooth wall) is proportional to the Re number to the
power of 0.8, and the aerodynamic drag Ap to a power
close to:

Nugy, = 0.021 - Re®8 - pr08 (1)
Re?-u

Ap=¢-—r—-1 2)
2-d3-p

where Pr - Prandtl number; ¢ - coefficient of friction;
u, p - coefficient of dynamic viscosity and coolant den-
sity respectively; [, d - length and diameter of the duct
respectively.

The paper [8] also addresses the efficiency im-
provement of industrial water-heating shell-and-tube
heat exchangers.The problem is solved by means of coarse
surface finishing (artificial roughness) and riffling. It is
recommended to make ribbing on the outer surface.
These solutions also lead to increasing pressure losses
along the ducts of the coolant and the working fluid. It
is known that the thermal hydraulic efficiency of ducts
with artificial roughness:

Nu
E = 1
3 (3)

Nug,, * (%)3

barely reaches 1, and only at small values of Re numbers
tends to 1.2.

The paper [9] addresses, by means of mathematical
modelling, the effects of the helical baffle size and tilt
angle on the flow swirl and two ways of interrupting the

Scientific Horizons, 2021, Vol. 24, No. 7

13



14

Use of the low-potential heat for heating helium in rocket-carrier tank pressurisation systems

flow swirl in shell-and-tube heat exchangers. Recommen-
dations for considered conditions are given.

The paper [10] brings light on the effects of circular
fins in shell-and-tube heat exchangers on the increase
in heat-transfer coefficients. It is shown that, under con-
sidered conditions, circular fins can lead to an improve-
ment of the heat exchanger efficiency by ~ 8%.

A special case is the patent [11], which shows the
way to significantly improving the efficiency of the helium
propellant heat exchanger. This technology does not
complicate the design of the latter, but greatly simplifies
its experimental development. The exhaust products of
the most common solid-fuel gas generators are proposed
to be used as a heat carrier, e.g., based on sodium azide
(used in automobile airbags). The use of a high temperature
of the coolant helps to obtain a final high temperature
of helium and minimise helium pressure losses in the
heat exchanger ducts. At the same time, it is not linked
to the engine,and it is logical to locate it in the intertank
compartment of the rocket carrier. This significantly re-
duces the length of the pressurisation ducts, and, con-
sequently, their total resistance. This solution allows the
helium bottles to be more completely emptied.

A retrospective analysis of the studies on the im-
provement of the efficiency of the heat exchangers shows
that almost all known studies are aimed at enhancing
the heat transfer in the heat exchanger. The effect of
various boundary layer turbulators such as dimples, ar-
tificial roughness, circular fins, helical baffles, porous mesh
metal is discussed.

Surprisingly, the authors were not able to find
any scientific paper on the possibility of increasing the
working fluid temperature at the inlet of pressurisation
system heat exchangers, though the results of such
works could contribute to the reduction of the required
heating value of the working fluid:

AQ = mc,AT 4

where AT =T - T, ; m - weight of pressurisation work-
ing fluid fed through the heat exchanger, c, - average
working fluid heat capacity at temperatures within the
rangeof T, to T .

And this, giving other conditions being equal,
will help to reduce the weight of the heat exchanger
and the required consumption of the coolant. Moreover,
the issues of searching and further using the low-po-
tential heat have never been addressed in a targeted
manner during the design of rocket heat exchangers.

It is also important to note that the transport of
thermal energy, which is produced with such difficulty
in the heat exchanger, to the consumer with minimal
losses also remains beyond the attention of researchers.
As Figure 4 shows, the helium temperature losses on the
way from the heat exchanger to the oxidiser tank inlet
of the medium-class RC. They make up at least 20%.
So is it reasonable to spend resources, complicate the
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development and design of the heat exchanger in order
to increase the heat exchange by 7%?

This gives grounds to affirm that the research,
the first devoted to the ways of increasing the tempera-
ture of the working fluid at the rocket heat exchanger
inlet, is useful. This will help to reduce the temperature
difference by which the helium shall be heated. This
solution, giving other conditions being equal, shall help
to reduce the weight of the heat exchanger, what is ex-
tremely important for the rocket carrier. For example,
a 10 kg weight reduction of heat exchanger at stage | of
the Zenith rocket carrier makes it possible to increase
the weight of the satellite by ~ 2.5 kg. The orbital insertion
of 1 kg of the satellite costs the Customer today at least
$20,000.

SEARCH FOR ATTEMPTS TO USE HEAT WITHOUT
BURNING FUEL

If you look closely, from the modern perspective at the
generally accepted classification of heat sources [1], the
following interesting facts can be stated. For the first
time, waste heat (the authors will conventionally call it
low potential in the future) was used in rocket technol-
ogy already on the first V-2 rocket. In the pressurisation
system of the fuel tank (it was the upper one on the
stage) in the atmospheric phase of the flight, a high-speed
air pressure was used. At supersonic flight speed, the
deceleration temperature of the air entering the tank
was significantly higher than fuel temperature and tank
structure. In this case, the required gas pressure in the
tank was provided reasonably enough. It can be assumed
that outboard rammed air performs the functions of a heat
exchanger here.

It is necessary to note one more peculiar pressuri-
sation system, in which the low potential heat of the
oxidiser is used unambiguously. We are talking about
the so-called “self-pressurisation” boiling of the upper
layer of fuel in the tank, due to which the required gas
pressure in it was maintained. In the second phase of the
flight of the American intercontinental ballistic missiles
Atlas-D, Titan-1, Titan-I1, this maximally simple pressuri-
sation system was implemented. It does not require any
additional elements.The heat for boiling the upper layer
of oxidiser was not supplied from the outside, but was
taken from the oxidiser itself. The oxidiser itself can be
considered a heat exchanger. This is the standard of
design simplicity and reliability. Unfortunately, this sys-
tem was not used due to the complexity of measuring the
level with discrete float-type systems in a boiling bed.
At present, this problem has been solved by the Dnieper
school of pressurisation systems.

In the mid-seventies, when designing the Zenith
and Energia rocket carriers, the students of the Dnieper
scientific school carried out work to abandon the “generally
accepted” hot helium system for pressurising the fuel
tanks of the listed rocket carriers. The newly patented




so-called “supercold” pressurisation was introduced.
In the new system, helium from cylinders immersed in
liquid oxygen is introduced into the fuel tank by the
shortest way through the intertank bay. Its temperature
at the tank inlet is in the range of 90+60 K. As a result,
the pressurisation system became ~ 30% lighter, the
volume of experimental development decreased signifi-
cantly, and its complexity and cost, due to the absence
of a heat exchanger, also decreased significantly.

In this system, helium, with the help of a special
input device, takes heat from the upper layers of the fuel,
the weight of which is tens of tons, and from the tank
structure, the weight of which is measured in tons. Ac-
cording to modern views, this can be considered the
use of low potential heat. Except for the first seconds of
operation of the pressurisation system, when the fuel
level is at the outlet section of the input devices, the heat
exchange of the pressurisation gas with the boundary
surfaces proceeds according to the laws of natural convec-
tion, which is not particularly effective. The authors are
not aware of any works aimed at heat transfer enhance-
ment for these conditions. It is reasonable to carry them out.

By now, the supercold pressurisation system has
been implemented in addition to Zenith rocket carrier,

Kravchenko et al.

Energia rocket carrier, Atlas-1ll rocket carrier, and Atlas-V
rocket carrier. An improved supercold system is used at
stage | of the Antares rocket carrier [12], and is con-
sidered in the draft designs of Mayak, Cyclone-1M, and
Cyclone-4M rocket carriers.

In work [13], it was proposed for the first time
to use such a powerful heat source as a rocket engine
plume for heating helium. It can be safely attributed
to the typical “industrial wastes”. Schematically, this is
achieved by placing a simplified heat exchanger (some
channels with helium) behind the bottom protection. In
this case, a purely evaluative mathematical modelling
of helium heating was carried out.As the total heat flux
to the channels, the known value of the heat flux at the
bottom protection for the F-1 engine of the Saturn-V
rocket carrier first stage was used. This value is equal
to 272 kI / (m?sec) [14]. It was obtained during ground
tests of the engine. Apparently, this is the minimum value
of the heat flux from the main engine plume. The fact is
that the F-1 engine is the only one of its kind, in which
the plume is shielded by reducing generator gas with
soot, which is discharged tangentially at the turbine
outlet into the engine nozzle (Fig. 5).

Reducing generator
gas at the
nozzle enlet

Soot

Figure 5. Stage | of Saturn-V rocket carrier

Source: [15]

The results of calculations on the dependences
made by M. Mikheev [16] for complex heat transfer
showed the following. Placing a heat exchanger made
of chromium-nickel steels behind the bottom protection
will bring it into a plastic condition already by 10+12 s
of engine operation, i.e. unserviceability. It is concluded
that there is an excess heat flow behind the bottom shield
and the need to take measures to reduce the specified
heat flow. Modern shielding materials (marbled glass),
which reduce heat fluxes, have been proposed.

In authors’ opinion, more accurate modelling
can be carried out with the following approach to the
problem. One can notice an analogy in the physical
processes occurring in the combustion chamber of a rocket
engine and behind the bottom shield.In both cases, radiant
heat fluxes and convective movement of combustion
products act on the cooled walls. This makes it possible
to take advantage of a well-developed methodology for
calculating the cooling of the engine combustion chamber.
It will be necessary to additionally take into account the
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decreasing density of the medium with respect to the
flight time behind the bottom shield and some uneven
heat supply to the channels with helium.

Thus, the previously expressed emotional judgment
that rocket engine technology is far from using low po-
tential heat is untenable. The pioneers of rocket engine
technology, not spoiled by their narrow specialisation
and stereotypes, used widely the waste heat and industrial
wastes. At the same time, small masterpieces were created
in rocket propulsion systems.

As shown above, implemented methods of using
waste low potential heat are known for fuel tank pres-
surisation. Let’s try to find a solution to the problem in
relation to a tank with liquid oxygen. The situation is more
complicated here, because helium in cylinders and liquid
oxygen in a tank have approximately the same tempera-
ture. And it is problematic to use a heat pump in flight
conditions in such a situation.

Let’s pay attention to the “cold” pressurisation
line 3 (Fig. 1), which runs along the fuel tank (its nominal
temperature is 258 K) from its outer side and enters
the “warm” engine compartment. Figure 6 shows the
change in helium temperature at RD-171 LPRE heat ex-
changer inlet over the time of its operation. As you can
see from the diagram, helium temperature changes in a
very interesting way. At the time the pressurisation sys-
tem starts operation, the temperature is equal to 270 K,
after fifteen seconds it gradually drops to 110 K, then
steadily increases and by the end of the start it reaches
160 K.Thus, the authors are convinced that, without ap-
plying any special efforts, without spending additional
energy, helium from cylinders with a temperature of
90+60 K before entering the heat exchanger can heat
up “spontaneously” by ~ 100 K. Such temperature change
should induce active action.
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Figure 6. Helium temperature at heat exchanger inlet according to the operation time of the pressurisation system

Naturally, a question arises: What if you make a
purposeful effort? Let’s try to find a solution and answer
this question.

If the “cold” pressurisation line passed through
the fuel, then it would take much more heat from it (dif-
ferent heat capacities) than from the ambient air, the
density of which sharply decreases as the rocket carrier
is flying. There is no doubt about it. Therefore, the authors
will consider the following option for obtaining low po-
tential heat, the “cold” pressurisation line 3 (Fig. 1) is
laid inside the fuel tank [17]. Mathematical modelling
of helium heating in the pipeline is carried out using
dependencies (1) and (2). With regard to RD-171 fuel
tank, helium will be heated for at least 130K. The helium
temperature can be further increased by turbulisation
of the fuel flow on the outer wall of the pipeline (ar-
tificial roughness, dimples). In this case, the length of
the pressurisation line (resistance) does not change. It
should be noted that, depending on the needs, it is pos-
sible to heat helium almost to the temperature of the
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fuel in the tank, additionally making several turns of the
line in the region of its lower bottom.

Further, the low potential heat of the fuel can also
be supplied to the helium at the pump outlet, in which
it heats up by 6+12 K'in any case and has a higher speed
than the lowering of the fuel level in the tank.

Another drawback of the old classical helium
heating model is realised with throttling of the liquid
propellant rocket engine. As already noted, in this case,
the flow rate and temperature of the oxidising generator
gas drop sharply. Turbine exhaust temperature also de-
creases. The heating of helium in the heat exchanger is
reduced. To maintain the required gas pressure in the
tank with colder helium, it is necessary to increase its
flow rate and reserves on rocket carrier board. This, in
turn, significantly reduces the mass properties of rocket
carriers.

Can this phenomenon be countered? Consider
the following design model. The cooling component
of fuel (kerosene) from the nozzle head of combustion




chamber (the hottest cooling component) is used as
a heat carrier. LPRE throttling in this case does not lead
to such a sharp negative effect for the following reasons.
So, when throttling, the ratio of the fuel components in
the combustion chamber (temperature) practically does
not change. Only the pressure in it decreases, and with
it the heat flux into the wall of the combustion cham-
ber decreases slightly. That is, the temperature of the
proposed heat carrier will be more stable at different
engine power ratings. It should also be noted that the
heat capacity of kerosene is 2.9 times higher than that
of the oxidising generator gas. All other things being
equal, it can transfer more heat to helium. This is a vivid
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illustration of the use of industrial wastes in rocket engine
technology.

Thus, the proposed simple model solutions sig-
nificantly increase helium temperature at the heat ex-
changer inlet and stabilise the temperature of the heat
carrier. Therefore, the design of the heat exchanger can
ultimately be more compact. At the same time, the ex-
perimental development of it and pressurisation system
is significantly simplified both for the nominal power
rating and for the deep throttling.

For the fuel components: liquid oxygen and RP-1,
the results obtained can be presented as follows (Fig. 7).

Industrial wastes

Engine plume

Pump outlet fuel

Nozzle head fuel

Low potential heat

Fuel in tank Tank fuel

Oxidizer on saturation

Ram air .
line

Figure 7. For the fuel components: liquid oxygen and RP-1, the results obtained can be presented as follows

CONCLUSIONS

The conducted studies made it possible to substantiate
a new direction for increasing the efficiency of helium
heat exchangers for pressurising the fuel tanks of the
propulsion systems of launch vehicles. It consists in
attracting low-potential heat and “industrial waste”
available in the LV. The basic laws of complex heat
transfer and a retrospective analysis of the designs of
the applied heat exchangers of the working fluid for
pressurising fuel tanks are used.

The main results of these researches are as fol-
lows. Turbine exhaust gas was used as a heat carrier
in all known engine heat exchangers. Only one design
is known in which an oxidising generator gas is used,
which is bled immediately at the gas generator outlet.
This is the thermal limit for the use of oxidising generator
gas. As the authors assume, this experience is unlikely
to be followed due to the complexity of its implementation,
especially during experimental testing.

The increase in the efficiency of engine heat ex-
changers proceeded mainly by the traditional way of im-
proving the cooling paths, their designs (coplanar chan-
nels, interchannel transpiration, plate-finned structures,
hole relief in the paths). No works aimed at investigat-
ing the possibilities of increasing the inlet temperature
of the pressurised working fluid to heat exchangers

have been found. Also, no works were noticed on the
efficient transportation of thermal energy from the heat
exchanger located in the engine compartment to the
upper points of the fuel tanks.

A search has been made for attempts to use low
potential heat in fuel tank pressurisation systems. It was
found that such attempts were mainly at the dawn of the
development of rocket technology. This is the pressuri-
sation of the tanks by ram air in the atmospheric phase
(V-2, R-14), the maintenance of the required gas pres-
sure in the tanks due to the boiling of the upper layer of
oxidiser (oxygen, nitrogen tetroxide) located on the sat-
uration line (Atlas-D, Titan- 1, Titan-11). These attempts
were of a fragmentary, unsystematic nature, and did not
develop further.

In modern developments (rocket carriers: Zenith,
Energia, Antares, Atlas-V), the low potential heat is par-
tially used in the so-called supercold pressurisation of
helium tanks with a hydrocarbon fuel such as kerosene.
Helium of cryogenic temperature is injected in a special
way into the free volume of the fuel tank, the weight of
which is measured in tens of tons, removes heat from
it and from the tank structure, the weight of which is
measured in tons, and creates the required pressure. In
this case, the temperature of the gas in the tank, with
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a competent input, by the time of engine shutdown, prac-
tically reaches the temperature of the fuel. This method
of pressurisation is adopted in the preliminary designs
of rocket carriers: Mayak, Cyclone-4M, Cyclone-1M.
From the standpoint of the achievements of ther-
mal engineering, a search was carried out for previously
unused low potential heat and industrial wastes in the
propulsion systems of modern rocket carriers. Previously
unused sources of low potential heat and industrial
wastes were found and substantiated to improve the
efficiency of heat exchangers for pressurisation systems
of rocket carrier fuel tanks. They are the following: fuel
in the tank, warmer fuel at the pump outlet, fuel from
the nozzle head of the engine, engine plume. Realisation

of the found possibilities of using waste heat makes it
possible to significantly increase the efficiency of heat
exchangers for pressurising tanks of propulsion systems,
to reduce their weight and dimensions.
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BUKOPUCTAaHHA HU3bKOMOTEHLUIMHOro Tensa Anga HarpiBy reniio
CUCTEeM HapAayBaHHSA 6akiB pakeT-HociiB

Irop ®epoposuu KpaBuenko!?, Opiit OnekciitoBuu Mitikos?, Opiit IBaHoBuu Topbat,
Muxaiino Iroposuu Bacin®, Onekcangp Mpuroposuu Xupkos?

AN «3anopi3bke MalIMHOOYAIBHE KOHCTPYKTOPCbKe Btopo «lporpec» iM. akagemika O.l. IBueHka»
69068, Byn. IBaHOBa, 2, M. 3anopixeks, YKpaiHa

2[IHINPOBCbKMIM HaLiOHaNbHWIA YHiBepcuTeT iMeHi Onecs foHuapa
49010, npocn. larapixa, 72, M. [1Hinpo, YkpaiHa

3N «BupobHuye o6'efHaHHA MiBAeHHMI MawmMHOBYAiBHMI 3aBos iMeHi O.M. MakapoBa»
49008, Byn. KpmBopisbka, 1, M. [IHinpo, YkpaiHa

AHoTauif. B faHui 4ac MakCMManbHO rocTpPO MOCTAE MUTAHHS eHeproedekTUBHOCTI ByAb-IKMX HOBUX TEXHIYHMX
po3pobok. OcobnmBO Cnif 3a3HAYUTH, LLO CbOTOAHI AaKLEHT Yy Wi npobneMi iCTOTHO 3MicTMBCS Y 6iK MAaKCMManbHOIo
BMKOPUCTAHHSA BiJHOBMIOBAHUX OXXepen eHeprii. MeTo A0CNioKeHb € 3HUXEHHS MAacu renieBux Tenn0006MiHHUKIB
CUCTEeM HaALyBaHHS NaNMBHMX HaKiB Cy4aCHUX PYXOBUX YCTAHOBOK PaKeT-HOCIIB, WO BUKOPUCTOBYOTb KOMMOHEHTH
nanuBa pifKWIA KMCEHb | NanbHe TUMy rac. Bneple noctaBneHo NUTaHHS NPO MOXJIMBICTb i AOLINBHICTb NiABULLEHHS
TeMnepaTypu renito Ha BXofAi B Teno0OMiHHMK, Hacamnepen, 6e3 BUKOPUCTaHHS AOAATKOBUX pecypciB. Po3rngaHyTto
3a/ly4eHHS HEMPSAMOro (KHU3bKOMOTEHLIMHOMO») Tenna i KNPOMUCIOBUX CTOKIBY, LLO € Y CKNAZi PyXOBMX YCTAHOBOK.
B akocTi MeToaMKM [OCNiAXKEHb BUKOPUCTAHI OCHOBHI 3aKOHOMIPHOCTI CKIaAHOro Ten1000MiHY i peTpoCneKTUBHUIA
QHanNi3 KOHCTPYKLiM TennoobMiHHMKIB, WO 3aCTOCOBYOTLCA. BuaBneHo ABa mxepena «HU3bKOMOTEHLiMHOro» Tenna,
AKi paHiwe 6e3cMcTeMHO | GparMeHTapHO BUKOPUCTOBYBANUCS B PAKETHOMY ABUTYHOOYAYBAHHI ANS OTPUMAHHS i
HarpiBaHHg pobodyoro Tina Hagaysy. Lle Hapays 6akiB WBMAKICHUM HAaTUCKOM MOBITPS Nif 4ac pyxXy pakeTu-HOCia B
atMocdepi, CTBOPEHHS TUCKY B BaKy 32 paxXyHOK KWMiHHA B HbOMY BEPXHbOrO LUApy OKWMC/IOBAYa, WO 3HAXOAMTLCS
Ha NiHii HacMYeHHs. Y OaHil cTaTTi Bneplue obrpyHTOBaHO AOUINbHICTb MiABULLEHHS TeMnepaTypu poboyoro Tina Ha
BXOAi B TEMI00OMIHHUKM, | B MepLUy Yepry, 3a paXyHOK BUKOPUCTAHHS HU3bKOMOTEHLiHOro Tenna. Bneplue 3HanaeHi
[Xepena HWU3bKOMOTEHLIMHOro Tenna, Wo paHille He BUKOPUCTOBYIOTHCS, | «MPOMMCIOBUX CTOKIBY» Y CKNAAi Cy4acHMX
PYXOBMX YCTAaHOBOK rMMBOKOro apocentoBaHHs. Lle Bucokokunnsaye nanbHe: y 6aky, 3a HACOCOM BMCOKOTO TUCKY, Ha
BUXOAi 3 TPAKTY OXONI0AKEHHS KaMepu 3ropsiHHS. TaKoX Lie KOHCTPYKLii nanMBHux 6akis, daken asuryHa. [losegeHo
MOX/IMBICTb Ta MOKAa3aHO paLioHaNbHICTb iX peaniszauii 4ng NiaBULWEHHS ePEeKTUBHOCTI TENI00OMIHHMKIB CUCTEM
HagaoyBy. Bnepue 3anponoHOBaHO 3an03UMUYMTM METOLOJMOrNIK0 PO3PaxyHKy OXOIOAXKEHHS KaMepu 3ropsiHHS ABUIyHa
[ONs HarpiBaHHg TennoobMmiHHMKa ¢akenoM. Brnepuwe po3pobneHo knacudikauito HenpuaaTHUX [LXepen Tenna,
NpuAATHUX NiABULLEHHS TeMnepaTypu poboyoro Tina Haaaysa. Po3kpuTti pesepBu fat0Tb 3MOry NiAHATU e(EeKTUBHICTb
renieBux Ten1006MiHHUKIB CMCTEM HaanyBy 6aKiB pyXOBMX YCTaHOBOK

KniouoBi cnoBa: pakeTHi ABUIYHU, BUCOKOKUMASYE NabHe, TeMMepaTypa Ha BXOZLi B TENIO0OMIHHUKHK, oyKepena,
HW3bKOMOTEHLiiHE TeNIo
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Abstract. The biology and ecology of parasitic insects are closely related
to the life of people, and the leading role belongs to animal husbandry.
Itis difficult to overestimate the negative influence of parasitic dipterans on
productive animals, especially during the season of their mass reproduction
and distribution. The work aimed to study the species composition of
Diptera in different livestock biocenoses in eastern and central Ukraine.
Entomological nets and traps were used to capture zoophilic flies, the
number of insects was determined using the fly index, and luminescent
markers TAT 33 with a powder fraction of 30 microns. The collected insects
were identified according to the existing modern identifiers. As a result of the
studies, the presence of Musca domestica (Linnaeus, 1758) was determined
in all livestock facilities for keeping animals and birds. The largest number
of house flies was noted in the facilities for keeping sows with suckling
pigs (312.0+35.3) and fattening animals (277.5%6.1). M. domestica,
M. autumnalis, and S. calcitrans accounted for 75.57% of the entire complex
of zoophilic flies. The species M. vitripennis, M. tempestiva, L. irritans,
H. atripalpis also occupied an important place among the species that
form the entomoparasitocenosis (18.91%). In pasture biotopes, two species
of flies (Ortellia caesarion Meigen and Ortellia cornicina Fabr.) have been
identified. They do not attack animals, but are mineralisers of cattle feces.
Luminiferous marker L-1 basic green (TAT 33) fixes well on insects and
lasts for 5 days. The density of the fly population in the pig houses is 36%
higher than in the calf houses. The results obtained are the basis for the
development of innovative, scientifically grounded schemes for control and
the fight against parasitic insects at livestock enterprises
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size, agrobiocenosis, luminophore, marking
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INTRODUCTION

Today, there are approximately 1.5 million, 5.5 million,
and 7 million species of beetles, insects, and terrestrial
arthropods in the world, respectively [1]. Among a large
number of insects, some are herbivores and provide
invaluable benefits to the ecosystem [2]. Some insects
feed on organic substrates or are predators of other
species [3; 4]. Insects, which lead a parasitic lifestyle,
are of the greatest sanitary-epidemiological and epizootic
importance [5].

True flies (Muscidae), one of the large families
of the suborder Diptera (Brachycera), are distributed
throughout the world, and about 5000 species from
100 genera have been described in the world fauna [6; 7].
The population of flies is characterised by their diver-
sity, wide geographic and spatial distribution [8]. Flies
can lay eggs on several types of substrates, which in
turn allows them to colonise many regions [9]. There is
competition between different species of flies in nature,
which manifests itself in behavioral characteristics during
feeding and reproduction [10].

On the territory of livestock biocenoses of the
forest-steppe and steppe zones of Ukraine, 27 species
of zoophilic flies have been identified, among which
species of the Muscidae family dominate (74.1%). At
the same time, the largest number of parasitic Diptera
species was recorded in livestock buildings for keeping
cattle, and a minimum of species was recorded in build-
ings for keeping poultry [4]. Due to significant climate
changes, it is necessary to control the dominant species
of zoophilous flies by studying their biology and ecology
in the field on the territory of Ukraine.

Under the conditions of Colombia, the most abun-
dant species are B.normata (24.31%), Biopyrellia bipuncta
(20.60%) and Pseudoptilolepis nigripoda (15.82%), with the
latter two species preferring uninhabited territories [11].
In Brazil, Colombia and Costa Rica, eight genera of Mus-
cidae were collected, including 28 species: Cyrtoneurina
(2 species), Cyrtoneuropsis (8 species), Dolichophaonia
(1 species), Neomuscina (7 species), Ophyra (1 species),
Phaonia (2 species), Philornis (5 species), and Polietina
(2 species) [12]. To date, 153 species of blowflies (Dipteraq,
Sarcophagidae) have been recorded in Turkey [13].
3314 Stomoxyini flies belonging to the genera Stomoxys,
Haematobosca, Haematostoma and Haematobia were col-
lected from zoos, livestock farms, wildlife sanctuaries
and the national park of Thailand, and eight species
were identified: S. calcitrans (46.6%), S. uruma (26.8%),
S. pulla (4.3%), S. indicus (0.7%), S. sitiens (0.1%), H. san-
guinolenta (11.2%), H. austeni (0.5%) and H. irritans exi-
gua (9.8%). At the same time, the diversity of Stomoxyini
flies on livestock farms is higher than on other objects
of study [14]. The wide distribution of flies of various
species is established at an altitude of over 1200 meters
above sea level [15].

Stomoxyini flies (Diptera: Muscidae) include para-
sitic fly species of medical and veterinary importance.
Adult flies feed on mammalian blood and can transmit
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some parasites and pathogens. Adult H. irritans are con-
stantly found in cattle in winter, and their numbers in-
crease from late July to late August [16]. Seasonal fly
activity shows one large peak in late summer and a
second, smaller peak just before the end of the flying
season [17]. The number of flies in a particular object
also depends on the presence of their biological ene-
mies: the genus Spalangia [18], Hydrotea aenescens [19].

Individual species of flies exhibit different be-
havior when parasitising on animals. It was found that
Haematobosca stimulans (Mg.) And Stomoxys calcitrans (L.)
feed from the back, side and legs of the animal. The
fly Haematobia irritans (L.), as a rule, parasitises on the
back, legs and udder nipples of animals, and Musca au-
tumnalis Deg. was found mainly on the head of animals.
The species Hydrotaea irritans (Fall.) has noticeable daily
fluctuations in activity and was found on the head, ab-
domen, and udder nipples of animals [20]. From Sto-
moxys spp. on cattle farms, Stomoxys calcitrans (91.5%),
Stomoxys indicus (7.9%) and Stomoxys sitiens (0.6%) are
the most widespread. Seasonal and daily activity of
S. calcitrans was observed during a 1-year period, and
the peak of daily flight activity in males fell on 10 a.m.
and 4 p.m., while in females the activity increased
throughout the day - up to 4 p.m. [21]. Other data indi-
cate that the peak of daily activity of Stomoxys spp. was
between 2 p.m.and 4 p.m. [22].

House flies play an important role in the me-
chanical transmission of various pathogens [23]. More
than 130 pathogens, mainly bacteria (including some
life-threatening species), have been identified from
house flies. Antimicrobial resistant bacteria and fungi
isolated from house flies have also been reported [24].
Thus, a study of 160 flies revealed on their surfaces the
presence of E. coli (73.8%), and in their digestive tract -
P aeruginosa (100%). The most commonly isolated bac-
teria from flies are P. aeruginosa, Salmonella serogroup D,
S. dysenteriae, E. coli, C. freundii, S. aureus, and S. epider-
midis [25]. The fly Hydrotaea irritans (Fall.) is a vector of
summer mastitis in cows [20]. Gene sequence analysis
revealed that the most common classes of bacteria
found in house flies on farms included Bacilli, Clostridia,
Actinobacteria, Flavobacteria, and Proteobacteria, as
well as Corynebacterium, Lactobacillus, Staphylococcus,
Vagococcus,Weissella, Lactococcus,and Aerococcus [26].
At the same time, microorganisms isolated from flies
exhibit increased resistance to antimicrobial drugs [27;
28]. Musca domestica L. plays a leading role in the trans-
mission of exogenous forms of ascaridates and esopha-
gostomas, and Musca autumnalis De Gree may be a source
of environmental pollution with trichostrongylates [19].
In the conditions of the canine center, the fly Musca
domestica L. is a source of pollution of livestock objects
with exogenous forms of helminths T. canis and T.vulpis.
The species Muscina stabulans F.and Stomoxys calcitrans L.
can be the source of the distribution of A. caninum larvae
and T vulpis eggs, respectively [29].
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A multidimensional approach that controls all life
stages of the housefly while simultaneously preserving
natural enemies of the flies can be an environmentally
sustainable way to keep fly populations below maximum
allowable limits [30; 31]. Despite the study of this issue,
some species of flies are being redescribed today [32],
new species are being discovered [33].

Due to the relevance of the problem of parasitic
insects to agricultural science, the work was aimed to
study the species composition of dipterans (Diptera,
Muscidae) of different livestock ecosystems in the Eastern
and Central Ukraine.

MATERIALS AND METHODS

The capture of zoophilic flies was carried out in May-Octo-
ber in livestock facilities, pastures and summer camps
for keeping animals. For this purpose, entomological
nets and traps were used [34]. Field studies were car-
ried out following current methods [35]. The number of
flies was determined using the fly index (FI) (counting
the number of flies per 10 animals and determining the
average) [36].

To assess the insect population size, we used
TAT 33 fluorescent markers with a powder fraction of
30 microns: basic green (L-1), basic violet (L-2), basic blue
(L-3) (manufactured by Noxton Technologies, Ukraine).
Labeled insects were indicated in a dark room using
an OLD-1 illuminator for fluorescent diagnostics. Light
compositions were applied by dry powder pollination [37].
The calculation of the average headcount indicators
and confidence intervals was calculated by the method
of R. Dajo (1975). The essence of this method is that
part of the individuals is caught from the population,
marked and then released into the same population,
and after a day, part of the individuals is caught again
and the population density is determined:

y=axb (1)

C

where a -marked and released flies; b - recaptured
flies in a day; ¢ - including marked flies; N — absolute
number of flies.

Under laboratory conditions, the collected insect
larvae were cultivated in a thermostat at a temperature
of 20-25°Cin glass containers with a volume of 1000 cm?.
As a medium for larvae growing, bran moistened with
water in a ratio of 3:1 and cattle feces were used. Insect
puparia were kept on wet sand [38].

The adult flies were cultivated in the boxes of
the insectarium, where the preset microclimate was
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automatically maintained: temperature 25-27°C, relative
humidity 55-65%, light period 16 hours. Adults of Musca
domestica received glucose, whole milk, and water. A mul-
ticomponent nutrient medium consisting of milk pow-
der, glucose, and stabilised bovine blood was used to
feed the gray oviparous cowshed Musca autumnalis, and
fresh cattle feces served as a medium for oviposition
and development of larvae [39]. To feed the stable fly
Stomoxys calcitrans, cattle blood stabilised with citric
acid glucose solution was placed in the cages. For the
development of larvae, we used a multicomponent me-
dium consisting of alfalfa flour, wheat bran, dry yeast,
cholesterol, dextrose, and nystatin [40]. To feed the glit-
tering dung flies Ortellia caesarion Meigen, a mixture of
milk powder with glucose in a ratio of 1:3, fresh milk,and
water were used. Fresh cattle feces were placed daily for
egg laying and larval development [41]. The flies were
kept in cages measuring 25x25x25 cm.

The collected insects were identified according
to the existing determinants [22; 42-44]. Collections of
Diptera insects are kept in the collection of the National
Scientific Center “Institute of Experimental and Clinical
Veterinary Medicine” of the National Academy of Agrarian
Sciences of Ukraine.

RESULTS AND DISCUSSION

As a result of studying the diversity of the species com-
position of zoophilic flies in livestock biotopes in eight
regions of Ukraine (Fig. 1), the presence of 27 mass spe-
cies of zoophilic flies in livestock facilities for cattle, pigs,
sheep and poultry was established.

It was found that the greatest diversity of dipter-
ans, 25 species, was noted in livestock biocenoses for
keeping and grazing of cattle, in farms for keeping and
raising pigs 7 species of flies were noted, in livestock
facilities for keeping small ruminants - 5 species,and in
poultry premises - 4 species of flies. The species diversity of
Diptera in livestock biocenoses for keeping and grazing
of cattle is maintained due to the peculiarities of the
biology (feeding and reproduction) of zoophilous flies.
At the same time, Musca domestica (Linnaeus, 1758) was
recorded in all livestock facilities for keeping animals and
in poultry houses. The poultry houses had the smallest
number of fly species. This is because flies do not attack
birds, but they pose a problem in egg collection and
grading facilities.

The species composition and the number of
dipterans (Diptera, Muscidae) in different biotopes of
livestock agroecosystems in the eastern and central
Ukraine have been studied (Table 1).
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Figure 1. Distribution of parasitic dipterous in different regions of Ukraine

Table 1. Species composition and the number of the main zoophilic flies in the biotopes of livestock agrobio-cenoses

Number of

% from total

Species of flies captured flies Pasture Summer camps Premises number

Musca domestica (Linnaeus, 1758) 3250 21 1604 1625 32.25

Musca autumnalis (De Geer, 1776) 1629 653 965 11 16.17
Musca larvipara (Porchinskiy, 1910) 232 137 93 2 2.30
Musca vitripennis (Meigen, 1826) 627 467 160 3 6.25
Musca tempestiva (Fallén, 1817) 582 317 263 2 5.78
Morellia simplex (Loew, 1857) 112 36 76 - 1.11
Morellia hortorum (Fallén, 1817) 95 40 54 1 0.94
Stomoxys calcitrans (Linnaeus, 1758) 2736 58 1857 821 27.15
Haematobia irritans (Linnaeus, 1758) 324 86 217 21 3.22
Haematobosca stimulans (Meigen, 1824) 121 94 19 8 1.20
Haematobosca atripalpis (Bezzi, 1895) 369 123 243 3 3.66

As you can see from the data in Table 1 livestock
agrobiocenoses are represented by 11 species of zoo-
philic flies, of which the housefly M. domestica makes
up 32.25% and it occupies the main biotopes - sum-
mer camps and livestock facilities. The gray oviparous
cowshed Musca autumnalis makes up 16.17% and lives
mainly in pastures and summer camps. Stable fly S. cal-
citrans - 27.15%, lives mainly in livestock facilities and
summer camps. These three species account for 75.57%
of the total complex of zoophilous flies. Of the remain-
ing 9 species, M. vitripennis, M. tempestiva, L. irritans, and
H. atripalpis should be noted, which also occupy an im-
portant place among the species that form entomopar-
asitocenoses (18.91%). The population of the remaining
4 species is small (5.55%) and does not play a significant
role in the entomoparasitocenosis.

When studying pasture biotopes, we noted two
species of flies that do not attack animals, but are uti-
lisers of cattle feces - Ortellia caesarion Meigen (glit-
tering dung fly) and Ortellia cornicina Fabr. (green dung
fly). These two species O. caesarion and O. cornicina can
compete for the habitat with the parasitic M. autumnalis.
The larvae of zoophilic flies M. larvipara, M. vitripennis,
M. tempestiva, M. simplex, M. hortorum develop in the fe-
ces of cattle, adult females attack animals in the area of
the eyes, nostrils, and also feed on exudate from wounds
and abrasions. The males of these species of flies feed
on vegetation and do not attack animals. Zoophilic flies
of the species L. irritans, H.stimulans, H. atripalpis, as well
as the stable fly, feed on blood, both females and males.
According to our observations, the adults of H.stimulans
lead a trapping lifestyle.
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The biology of the preimaginal stages of O. caesa-
rion and O. cornicina is the same as in M. autumnalis,
but the biology of the adults is different. Thus, M. au-
tumnalis is an ectoparasite of cattle, while O.caesarion
and O. cornicina do not attack animals. In the summer
period (July), green dung fly and glittering dung fly can
occupy the dominant among the complex of fly larvae
that inhabit cattle feces. So, we found that the mass of
excrement ranged from 10219 to 33542 g per 1000 m?

(on average - 21880.5 per 1000 m?) of the pasture area.
The main mass species of Diptera larvae inhabiting these
biotopes were: M. autumnalis, O. caesarion - up to 85%,
M. hortorum - 5%, M. larvipara - 3%, the remaining 7%
were occupied by Scatophaga stercoraria (Robineau-Des-
voidy, 1930) and other types.

A different number of the dominant species
M. domestica was noted in premises for various economic
purposes (Table 2).

Table 2. Population of the housefly M. domestica in livestock premises

Animals kept in different premises

Number of premises

Number of animals Number of flies per one animal

Pigs
Single and gestating sows 5 469 145.0+19.7
Sows with suckling piglets 5 435 312.0+35.3
Young animals 2-4 months of age 5 2138 53.3%8.7
Animals for fattening 5 4732 277.5%6.1
Boars 5 27 351.8+11.2
Total 25 7801 Average 227.9%+39.5
Cattle
Calves 5 534 258.3%83.4
Cows 5 858 36.9£8.3
Total 10 1392 Average 147.6%+45.9

As can be seen from Table 2, the largest number
of house flies 312.0+35.3 and 277.5%6.1 was observed
in the premises for keeping sows with suckling piglets
and fattening animals, respectively. In cattle,a high num-
ber (258.3+83.4) was noted in the premises for keeping
calves. Since the parasitism of house flies occurs in warm
livestock buildings, their reproduction lasts all year round

and can reach up to 10 generations, which can explain
its high number. In order to study the density and migra-
tion of flies, the technique of marking insect individuals
with recapture and determination of the proportion of
marked insects was used. First, in laboratory conditions,
the duration of luminophore fixation on the body of in-
sects was determined (Table 3).

Table 3. Duration of luminophore fixation on the body of flies

Duration in days

Luminophore 'I:he number 9f flies Glow color Death of flies
in the experiment 1 2 3 4 5 on day 5

Immersion marking

L-1 50 Green + + + + + 1

L-2 50 Purple + + + * + -

L-3 50 Blue + + + * * 1

Control 50 - - - - - - -
Pollination marking

L-1 50 Green + + + + + -

L-2 50 Purple + + + * * 1

L-3 50 Blue + + + £ * -

Control 50 - - - - - - -

Note: =" - no glow; “+” - intense glow; “*” - weak glow
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It was found that both marking methods ensure
reliable fixation of phosphors on the body of flies. The
L-1 marker was clearly visible for five days. In flies
treated with L-2 and L-3, on the 4" day, the lumines-
cence gradually faded away, and on the 5% day it was
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almost not noticeable. Pollination marking turned out
to be easier and more convenient, so it was later used
on farms. To determine the density of insects in a pro-
duction environment, 3 livestock facilities for keeping
calves and sows with piglets were taken (Table 4).

Table 4. The absolute number of flies in livestock facilities by marking and recapturing

25

Flies caught after
kina in 24 h Absolute number
. Square,  Flies caught ™Marking in 24 hours Average
Animal groups N d rel d ; 2
m and release At 95% confidence density per m
Total Marked Average X
interval
Pigs for fattening 1000 3000 3000 24 375.0£91.3 266.6-631.9 375.5%91.3
Sows with suckling piglets 1000 5000 2500 38 328.9+59.1 248.8-485.1 328.9%59.1
Sows with suckling piglets 1000 3000 1000 19 157.9£45.2 108.6-289.4 157.9£45.2
Calves 550 2000 2000 43 93.0£14.9 73.5%133.2 93.0£14.9
Calves 550 3000 3000 72 125.0£15.3 101.4-162.9 227.3%27.8
Calves 550 1000 1000 46 43.5%6.9 33.7-61.3 79.1£12.5

As you can see from the Table 4, the highest den-
sity of the fly population was in the premises for keeping
pigs and amounted to 328.9-375.5 individuals per 1 m?,
while in the calf houses this indicator was 227.3 indi-
viduals per 1 m2

The authors suggest that the method of marking
and recapturing is quite accurate, but it also has a num-
ber of technical difficulties. This determination requires
more than two days of time, you must have special
equipment. Therefore, for those cases when the high
accuracy of determining the number of flies is not of
fundamental importance and where a large number of
determinations are required (many premises of farms),
a more accessible and quicker express method for de-
termining the number of flies is needed.

In this regard, the authors drew attention to the
possibility of determining the relative number of flies in
the premises where animals are kept using the fly index.
The time spent on determining the Fl in one room does
not exceed 30 minutes.

For catching flies, the authors used special traps,
the use of which was recommended by a number of
other researchers [14; 22]. It has also been found that
traps are effective means of reducing the number of
flies on cows during the grazing season [45].

Based on the results of our research, it was found
that the housefly in livestock agrobiocenoses is the most
adapted species and it perfectly adapted to the condi-
tions of livestock facilities. The number of M. domestica
is relatively high throughout the year, although fluctua-
tions have been noted in winter. The housefly fly index
does not fall below 30 individuals per animal (Decem-
ber,January). The authors believe that this is due to the
fact that in livestock buildings, even with the observance
of all sanitary standards for removing manure, there are

still hidden breeding places. In the stall,the number of
cows, air humidity and lighting conditions are the most
likely factors to influence their distribution [17].

Despite the fact that the greatest problem for
poultry farms is the parasitisation of mites [46], we also
determined the presence of 5 species of Diptera in pro-
duction facilities (Musca domestica, Muscina stabulans,
Fannia scalaris, Fannia canicularis, Drosophila funebris).
It is believed that poultry farms are highly associated
with high density of flies and high infectious diseases
in this area [47].

The breeding places of the stable fly (S. calci-
trans) were practically not found in livestock facilities.
However, some individuals of this species were found in
December and January in animals and the Fl was 1-3 in-
dividuals. Since this species prefers manure mixed with
vegetation and food residues for laying eggs, it can be
assumed that some individuals on animals in winter are
individuals of the autumn generation.

Due to a decrease in the number of grazed animals
on pastures and a high density of house flies in summer
camps and in livestock facilities, which has become a com-
petitor in the development of larval stages to the field
fly (M. autumnalis), at present (2019-2020) this species
has decreased. The fly index (FI) in summer camps was
3-5 individuals, and in the premises 2-4 individuals on
animals. Dung flies Scatophaga stercoraria have recently
become the standard test organism for evaluating the
toxic effects of veterinary drugs in livestock manure [41].

Tracking the movement of insects in their natu-
ral habitat is an important link in understanding their
basic biology, demography and ethology [48]. To study the
ecology of flies, they are tagged with special markers [49;
50]. Using this research method, it was found that after
5 days,on average, 60% of the tagged flies released into
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the poultry houses remained there,and 13% moved to
dairy farms, and about 70% of the tagged flies released
to dairy farms remained there after 5 days, while 10%
moved to poultry houses [51]. In our studies, we also
used luminiferous dyes of different colors, while the basic
green dye (TAT 33) was more effective when treating
flies for 5 days, compared to violet and blue dyes. Lumi-
nescences can be used in entomological studies to dif-
ferentiate larval blowflies (or other dipterans) species
or individuals [52].

As climate change progresses, the control program
for parasitic dipterans must adapt [53]. A better under-
standing of the behavior of parasitic dipterans will help
improve the effectiveness of fly control in the private
and public sectors.

CONCLUSIONS

The prospect for further research is the development of

innovative, environmentally friendly means to control

and combat parasitic dipterans in animal husbandry.
Musca domestica (Linnaeus, 1758) was found in

all livestock facilities for keeping animals and in poultry
houses in eight regions of Ukraine. In pasture biotopes,
two species of flies have been identified that do not attack
animals, but are mineralisers of cattle feces - Ortellia
caesarion Meigen (glittering dung fly) and Ortellia cornicina
Fabr. (green dung fly). The largest number of house flies
was noted in the premises for keeping sows with suck-
ling pigs (312.0+35.3) and fattening animals (277.5%6.1).
In cattle, the largest number of flies (258.3%+83.4) was
recorded in the premises for keeping calves. M. domestica,
M. autumnalis, and S. calcitrans account for 75.57% of
the entire complex of zoophilic flies. The species M. vit-
ripennis, M.tempestiva, L. irritans, H. atripalpis also occupy
an important place among the species that form the
entomoparasitocenosis (18.91%).

Luminiferous marker L-1 basic green (TAT 33) fixes
well on insects and lasts for 5 days. The density of the
fly population in the pig houses is 36% higher than in
the calf houses. During the research, the species compo-
sition of zoophilic flies and their distribution over biotopes
in different livestock agroecosystems have been studied.
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dayHa i ekonoria aosokpunux (Diptera, Muscidae) TBApUHHULbKUX
6ioueHO3iB YKpaiHu

Axaroniii Maenosuu Maniin'2, AHapii NMaenosuy Maniii?, Katepuna OnekcanapisHa PoaioHoBa®,
XanHa bopucisHa KopeHeBa?®, Bonogumup KOpiiiosuu KywHip?

'HauioHanbHWUI HAYKOBUI LLEHTP «IHCTUTYT eKCNnepUMEHTaNbHOI i KNiHIYHOI BETEpUHAPHOI MeaULIMHUY
61023, Byn. MNywkiHcbka, 83, M. XapkiB, YkpaiHa

2[lep>kaBHWUIM BIOTEXHONOrYHMI YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. XapkiB, YkpaiHa

30mecbKuit OepXKaBHUIA arpapHuUiA YHiBepcUTeT
65012, Byn. lNaHTenenmoHiBcbKa, 13, M. Ogeca, YkpaiHa

AHorauis. bionorig Ta ekonoris napasuTylYMx KOMax TiCHO MOB’A3aHa 3 XWUTTEAISNbHICTIO NOAEN, | OCHOBHE Micue
npu LbOMY 33aMMa€E TBaPUHHULTBO. HeraTMBHUIM BNAUB NapasmnTyOUYMX ABOKPUIUX HA MPOAYKTUBHUX TBAPUH BAXKO
nepeoLiHUTM, 0COBMBO Y CE30H iX MAacOBOIro PO3MHOXEHHSA Ta MOLWKMPEHHS. MeTot poboTu Byno BUBUMTU BULOBUN
CKNag OBOKPWUAMX Pi3HUX TBAPUHHMLbBKMX BioLeHO03iB CXifHOI Ta LeHTpanbHOi YKpaiHu. [nsg BunoBy 300QinbHMX
MyX BMKOPWUCTOBYBA/IM €HTOMOMONIYHI CauKM Ta MACTKWU, YNCENbHICTb KOMaxX BM3HAYanu 3a AOMNOMOro MYLWUHOMO
iHOEeKCY, a TaKOX BMKOPUCTOBYBANMU NOMiHecLeHTHI Mapkepu TAT 33 3 dpakuieto nopowky 30 MikpoH. 3ibpaHux
KOMax ineHTUdikyBann BiANOBIAHO A0 iCHYKUYMX Cy4aCHUX BM3HAYHMKIB. B pesynbTaTi npoBegeHMx AOCNILXEHb
BCTAHOBNEHO HasBHiCTb Musca domestica (Linnaeus, 1758) y BCiX TBapMHHWLbKMX MPUMILLEHHAX 3 YTPUMAHHSAM
TBAPUH Ta NTMLi. Haibinblua YucenbHicTb KIMHATHOT MyXM Bif3HAYeHa Y NPUMILLEHHAX 3 YTPUMAHHAM CBUHOMATOK 3
niacocHumu nopocatamu (312,0+35,3) Ta TBapuH Ha Bigrogisni (277,5%6,1). Ha yactky M. domestica, M. autumnalis
Ta S. calcitrans npunapae 75,57 % Big ycboro komnnekcy 300inbHUX Myx. Bugm M. vitripennis, M. tempestiva, L.
irritans, H. atripalpis TakoX 3aiiMatoTb 3HaYHe Micue cepef, BUIB, Wo GOopMyTb eHToMonapasutoueHos (18,91 %).
Y nacosulHKX BGioTonax BuaBneHo aBa Buau Myx (Ortellia caesarion Meigen Ta Ortellia cornicina Fabr.), aki He
HanapaTb Ha TBapwWH, ane € MiHepanizatopamu dekanii Benukoi poratoi xyaobu. JlioMiHidopHuii mapkep J1-1
6a3oBuit 3eneHunin (TAT 33) nobpe GiKCYyETbCSA HAa KOMax Ta YTPUMYETbCS NpoTaroM 5 aHie. LLLinbHicTb nonynsauii Myx
Y MPUMILLLEHHSX 3 YTPUMAHHS CBUHEW BULLE HA 36 % NOPIBHAHO 3 NPUMILLLEHHSMU, fe YTPUMYIOTbCS TensdTa. OTpuMaHi
pe3ynbTaTh € NiACTaBOK ANg po3pobKM iHHOBALIMHMX, HAYKOBO-0OrPYHTOBAHMX CXEM KOHTPOA Ta 60poTbbu 3
NapasuTyo4YMMKU KOMaxaMm Ha TBAPUHHULbKMX NiANPUEMCTBAX

KniouoBi cnoBa:300QinbHi Myxu, BULOBUIA Cknag, Musca domestica, YMcenbHicTb monynauii,arpobioueHos, ntoMiHodop,
MapKyBaHHS
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INTRODUCTION

Public green spaces constitute a key component of urban
ecosystems and provide important ecosystem services [1;
2]. Urban parkland provides the following ecosystem
services: environmental regulation, resource supply,
increased biological diversity, and aesthetic improve-
ment [3-5]. The transformation of forest cover and the
replacement of natural vegetation with buildings, roads,
exotic vegetation, and other urban infrastructure is one
of the greatest threats to global biodiversity [6; 7]. Biota
in parks supports biodiversity, accumulates carbon, and
improves microclimatic conditions [8; 9]. A vegetation
cover and soil organisms in parklands provide the carbon
sequestration, accumulating it as biomass [10].As more
and more land is allocated for urban development, iden-
tification of effective wildlife management tools in urban
forests is becoming crucial for ensuring normal habitats
for animal populations [11].

The forest parklands are subject to a complex
impact, the sources of which are both anthropogenic
pressure inherent in the urban environment in general,
which is manifested in elevated air temperature, high
concentrations of carbon dioxide, nitrogen compounds,
and ozone in the atmosphere [12],as well as recreational
load associated with visiting parks by the population for
recreation [13]. Urban forests and parks, in addition to
their recreational and aesthetic functions, provide carbon
binding and oxygen production [14]. Another essential and
rather elusive function of urban green spacesisto ensure
biotic diversity. This is because considerable recreational
pressure combined with the adverse impact of various
anthropogenic factors negatively affects the possibility
of forming habitats necessary to maintain biodiversity
at a high level [15].In this aspect, soil invertebrates are
of particular importance. Since the protective ability of
the soil allows preserving the conditions for the existence
of groups of soil fauna, the latter consequently has a high
level of abundance and diversity [16]. Notably, soil fauna
isavital component that performs manyfunctions inher-
ent in woodlands in an urban environment. In particular,
soil animals are essential participants in the process of
humification. It is the humification that is the basis of the
mechanism of carbon binding to the state of persistent
organic compounds that form a pool of organic matter
in the soil [17]. In turn, the processes of mineralisation,
which are activated by soil animals, create conditions for
providing plants with nutrients, which is a factor of soil
fertility [18].As a result, soil animals regulate the intensity
of primary production, which determines the performance
of ecosystem services by public green spaces. Soil animals
are a factor of pedogenesis, and therefore they affect the
intensity of decomposition of toxic substances, deposition,
and immobilisation of heavy metals and radionuclides
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within the urban environment [19]. In addition, the involve-
ment of animals in the pedogenesis determines the hy-
drological properties of the soil, which affects the water
regime of soils and the intensity of erosion [20; 21].

The diversity of soil macrofauna functions can be
represented and quantified using an ecomorphic approach.
Many scientists consider ecomorphes as basic components
of the structural organisation of ecosystems [22-26].The
affiliation of an animal species with a particular ecomorph
indicates a certain aspect of its adaptation to environ-
mental conditions. O.L. Belgard identified trophotope,
climatope, and hygrotope as the main limiting factors.
Therefore, ecomorphes are divided into climamorphes
(limiting factor - climatic conditions); heliomorphes
(limiting factor - illumination), trophomorphes (most
dependent on soil feeding modes); hygromorphes (least
sensitive to the water regime of the ecosystem). Based
on adaptations to the predominant phytocenosis, silvants
(forest species), stepants (steppe species), pratants (mead-
ow species), paludants (marsh species), and ruderants
(weed species) are distinguished [27]. At the grouping
level, a set of representatives of various ecomorphes forms
an ecomorphic grouping structure, which indicates the
adaptation of the grouping in general to the manifes-
tation of a certain ecological regime (humidity or trophic
conditions), or the intensity or location of a particular
ecological process [28]. The ecomorphic approach has
demonstrated its informational value both for diagnos-
tics of natural soils [29] and technosol [30; 31]. This
approach is effective for assessing the state of soil mac-
rofauna groupings in conservation areas [32]. Therefore,
an important scientific problem is the study of the pos-
sibility of applying an ecomorphic approach to assess
the impact of recreation on soil biota.

The purpose of this study is to reveal a pattern of
structuring communities of soil macrofauna under the
recreational impact based on an ecomorphic approach.

MATERIALS AND METHODS

Model testing sites of public green spaces in the city of
Melitopol

This study assesses the level of recreational transfor-
mation of the soil macrofauna of public green spaces
in the city of Melitopol on the territory of Novoolek-
sandrivskyi Park. A testing site was laid, within which
samples were taken (Fig. 1). The level of recreational
load was estimated using the average distance from
recreational paths that are located within the testing
site. Within the testing site, the average distance to the
tracks is 3.1 m (standard deviation is 2.42 m). The testing
site is classified as a high level of recreational load.
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Figure 1. Placement of sampling points in experimental testing sites. A - testing site 1, B - testing site 2

The testing site was a collection of 105 test points
that were gathered along 7 sections placed in parallel,
with 15 test points in each section. The distance between
the nearest sections was 3 metres, and the distance be-
tween the nearest sampling points in the section was
3 metres. Thus, the sampling points are a regular grid
with a lag of 3 meters measuring 7x15 sampling points
(24x45 meters) [28]. When selecting points, the location
of a point within the limits was recorded and assigned
local coordinates. To collect soil macrofauna and assess
soil properties at each point of the testing site, soil
and zoological tests were carried out (the results are
presented in L-tables) and the following soil indicators
were measured: temperature, electrical conductivity, hu-
midity and soil penetration resistance, litter depth and
grass stand height were made (R-table).

Sampling methods

Soil and zoological samples had a size of 0.25x0.25 m
to the depth of the greatest occurrence of soil animals.
Admittedly, this depth was 0.20-0.25 m. Reduction of
the size of the soil and zoological sample was made
according to the recommendations of D. Pokarzhevskyi
and co-authors [33; 34]. The transition from the con-
ventional sample size in soil zoology from 0.50x0.50 m
t0 0.25%0.25 m allows considerably increasing the num-
ber of samples at the same working time expenditures.
The soil macrofauna is selected by manual disassembly
of the soil. The animals found were recorded in a 4%
formalin solution and then identified in the laboratory.
In the field, soil penetration resistance was measured
at a depth of up to 1 m with an interval of 0.05 m using
an Eijkelkamp hand-held penetrometer [31].To measure
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the electrical conductivity of the soil in situ, a HI 76305
sensor (Hanna Instruments, Woodsocket, R. I.) was used.
This sensor works together with the HI 993310 portable
device.

Statistical analysis

Group ordination was performed using two approaches:
OMI analysis [36; 37] and RLQ analysis [38]. The idea of
OMI ordination is to apply the concept of an ecological
niche to explain the patterns of grouping organisation.
In turn, the RLQ ordination allows testing the hypothesis
that the ecological properties of species (in a broad un-
derstanding - the so-called traits) are capable of explaining
the patterns that are formed in the grouping structure. The
ecomorphes of plants were characterised by O.L. Belgarde [22]
and VV. Tarasov [39], the O-table demonstrates the eco-
morphes of soil animals [40]. Statistical procedures for
RLQ and OMI analyses were performed using the ade4
package [41] for the R Shell [42]. The significance of RLQ
is evaluated using the randtest.rlq procedure.

RESULTS AND DISCUSSION
Ecomorphic structure of soil macrofauna

Thirty-four species of soil animals were identified at
the study site (Table 1). The population density of soil
macrofauna is 376.53 ind./m2. The most numerous and
diverse group of saprophages of the testing site under
study are earthworms, which are represented by 3 spe-
cies. The share of the earthworm population from the
total number of soil macrofauna is 66.78%. The largest
number among earthworms has a medium-tiered soil
species Aporrectodea trapezoides, the population density
of which is 209.91 ind./m2.
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Table 1. Species structure, ecological Indicators, and abundance of soil macrofauna

-§ = —
Species é _§- g g g § g ‘g g gé
§ & & £ ¢ & 2 8
lg ] (=
Aporrectodea trapezoides Pr SF End Ms OlgTr B4 APhil HCarPhil  Imago 208.91£15.93
Aporrectodea rosea St SF End Ms MsTr B4 SAPhil CarPhil  Imago 31.39+2.75
Dendrobaena nassonovi St SF Anec Ks UMgTr B4 SAPhil CarPhil  Imago 11.89+1.65
Lumbricidae sp. Sil SF End Ms UMgTr B4 APhil CarPhil  Cocoon  20.57%2.52
Enchytraeus sp. 1 Pr SF End Hg MgTr Al SAPhil CarPhil  Imago 9.60+1.14
Pardosa lugubris Sil ZF Ep Ms MsTr A2 SAPhil  ACarPhil  Imago 0.15%0.15
Geophilus proximus Pr ZF End Ms MgTr A2 SAPhil HCarPhil  Imago 0.76%0.33
Lithobius curtipes Sil ZF Ep Hg OlgTr Al SAPhil  ACarPhil  Imago 0.15%0.15
Megaphyllum rossicum Sil SF Ep Ms MsTr A2 APhil ACarPhil  Imago 29.71+2.86
Malthodes marginatus Sil ZF Ep Hg MsTr A2 SAPhil ACarPhil  Larvae 0.15%0.15
Brachinus crepitans Sil ZF Ep Ms MgTr Al APhil HCarPhil  Imago 0.46%0.33
Calathus fuscipes St ZF Ep Ms UMgTr A2 APhil HCarPhil  Imago 0.15%0.15
Harpalus affinis Pr ZF Ep Ms UMgTr A2 APhil HCarPhil  Imago 4.88%1.33
Harpalus affinis Pr ZF Ep Ms UMgTr A2 APhil HCarPhil  Larvae 1.68+0.53
Harpalus distinguendus St ZF Ep Ms UMgTr A3 APhil HCarPhil  Imago 0.30+0.30
Ophonus azureus Pr ZF Ep Ms MgTr A2 APhil CarPhil  Imago 0.15%0.15
Poecilus versicolor Pr ZF Ep Ms MgTr Al SAPhil CarPhil  Imago 0.15%0.15
Cetonia aurata Sil SF End Ms UMgTr B7 SAPhil CarPhil  Larvae 0.15%0.16
Otiorhynchus raucus Sil FF End Ks MgTr B7 HAPhob  CarPhil  Larvae 1.98+0.64
Silpha carinata Pal SF Ep Hg MgTr A3 HAPhob  ACarPhil  Imago 0.30%0.22
Silpha carinata Pal SF Ep Hg MgTr A3 HAPhob  ACarPhil Larvae 0.30+0.21
Philonthus decorus Sil ZF Ep Ms OlgTr Al APhil ACarPhil  Imago 0.30%0.22
Staphylinus erythropterus Sil ZF Ep Hg MsTr Al SAPhil  ACarPhil  Imago 0.15%0.15
Rhizotrogus aestivus St FF End Ms UMgTr B7 SAPhil CarPhil  Larvae 1.83+0.59
Chloromyia formosa Sil SF Ep Hg MgTr A2 SAPhob  HCarPhil Larvae 0.15%0.15
Tabanus bromius Pr ZF End Ms MsTr B5 SAPhil CarPhil  Larvae 0.30+0.21
Agrotis segetum Sil FF End Ks MsTr B4 SAPhil CarPhil  Larvae 1.52+0.63
Armadillidium vulgare Sil SF Ep Ms MgTr A3 APhil CarPhil  Imago 0.15%0.15
Trachelipus rathkii Pal SF Ep Hg MgTr A3 HAPhob CarPhil  Imago 0.15%0.15
Chondrula tridens St FF Ep Ks MgTr A3 APhil CarPhil  Imago 5.33%1.20
Helix albescens St FF Ep Ks MgTr A3 APhil HCarPhil  Imago 15.24%2.12
Monacha cartusiana Sil FF Ep Ks MgTr A2 APhil CarPhil  Imago 0.15%0.15
Limacus maculatus Sil FF End Ms MgTr B4 SAPhob  ACarPhil  Imago 0.15%0.16

Notes: Coenomorphes: St - stepants, Pr - pratants, Pal - paludants, Sil - silvants; Trophomorphes: SF - saprophages,
FF - phytophages, ZF - zoophages; Topomorphes: End - endogeic, Ep - epigeic, Anec - burrowers; Hygromorphes:
Ks - xerophiles, Ms — mesophiles, Hg - hygrophiles, Uhg - ultrahigrophiles; Trophocoenomorphes: OlgTr - oligotoro-
phocoenomorphes, MsTr - mesotrophocoenomorphes, MgTr - megatrophocoenomorphes, UMgTr - ulramegatrophoc-
oenomorphes; Phoromorphes: A — movement through existing soil fracturing; B - active tunnelling; 1 - body sizes
smaller than soil fracturing, 2 - body sizes comparable to fracturing, 3 - body sizes larger than cavities in the subsoil
or comparable to large crevices or cracks in the soil, 4 - moving with a change in body thickness, 5 — moving without
a change in body thickness, 6 - digging holes with limbs, 7 - C-shaped body; Aeromorphes: APhil - aerophiles,
SAPhil - subaerophiles, HAPhob — hemiaerophobes, SAPhob - subaerophobes, APhob - aerophobes; Carbonatomorphes:
CarPhob - carbonatophobes, ACarPhil - acarbonatophiles, HCarPhil - hemicarbonatophiles, CarPhil - carbonatophiles,
HpCarPhil - hypercarbonatophiles
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The other two representatives of earthworms are
Aporrectodea rosea and Dendrobaena nassonovi. The dis-
tribution density of earthworm cocoons is 20.57 ind./m?.
The structure of earthworm hygromorphes is dominated
by xerophiles and mesophiles. Among the representa-
tives of earthworms, there are pratants and stepants.
Consequently, the structure of the earthworm grouping in
the study area is numerous and diverse both in terms of
taxonomy and ecology. The trophic group of saprophages
also includes endogeic enchitreids (9.60 ind./m?), epi-
geal millipedes Megaphyllum rossicum (29.71 ind./m?),
larvae and imagos Silpha carinata (0.30 ind./m?), larvae
Chloromyia formosa (0.15 ind./m?) and woodlice Trache-
lipus rathkii (0.15 ind./m?) and Armadillidium vulgare
(0.15 ind./m?).

Representatives of predatory lip legged millipedes
are in themselves the soil centipede Geophilus prox-
imus (0.76 ind./m? for its movement, it uses a system
of soil burrows and cracks and an epigeal stone centi-
pede Lithobius curtipes (0.15 ind./m?). Representatives

Coenomorphes Trophocoenomorphes

45.5%

Hygromorphes Aeromorphes

APhil
42.4%

SAPhil
39.4%

SAPhob
6.1%

of predators are imagos of ground beetles (Brachinus
crepitans, Calathus fuscipes, Harpalus distinguendus, Harpa-
lus affinis, Ophonus azureus, Poecilus versicolor), an adult
of short-winged beetles (Staphylinus erythropterus and
Philonthus decorus), larvae Harpalus affinis, Malthodes
marginatus, Tabanus bromius and spiders. The group of
phytophages is diverse and is represented by larvae turnip
moth (Agrotis segetum), lamellar beetles (Rhizotrogus
aestivus), broad-nosed weevil (Otiorhynchus raucus) and
shellfish (Limacus maculatus, Chondrula tridens, Helix al-
bescens, Monacha cartusiana).

The basis of the coenomorphic structure of soil
macrofauna in terms of the number of species is silvants
(45.5%) and pratants (24.2%) (Fig. 2). The number of
stepants (21.2%) and paludants (9.1%) is slightly less.
As for the species abundance, the situation is somewhat
different - the basis of the coenomorphic structure of
macrofauna comprises pratants (64.5%), slightly less
stepants (19.1%) and silvants (16.1%), and sporadic oc-
currence of paludants (0.2%).

Trophomorphes

Topomorphes

SF FF
36.4%

Anec 21.2%

9.1%
ZF

42.4%

Phoromorphes Carbonatomorphes

ACarPhil
CarPhil 273%

45.5%  HCarPhil

21.2% B4 27.3%

Figure 2. Ecological structure of soil macrofauna (% by number of species)

Notes: Coenomorphes: St - stepants, Pr — pratants, Pal - paludants, Sil - silvants; Hygromorphes: Ks - xerophiles,
Ms - mesophiles, Hg - hygrophiles, Uhg - ultrahigrophiles; Trophocoenomorphes: MsTr - mesotrophocoenomorphes;
MgTr - megatrophocoenomorphes; UMgTr - Ultramegatrophocoenomorphes; Aeromorphes: APhil - aerophiles;
SAPhil - Subaerophiles; HAPhob - hemiaerophobes; Carbonatomorphes: CarPhob - Carbonatophobes;
ACarPhil - acarbonatophiles; HemiCarPhil - hemicarbonatophiles; CarPhil - carbonatophiles, HiperCarPhil -
Hypercarbarbonatophiles; Topomorphes: End - endogeic. Ep - epigeic, Anec — burrowers; Phoromorphes: a -movement
through existing soil fracturing; B - active laying of passages; 1 - body sizes smaller than soil fracturing, 2 - body sizes
comparable to fracturing, 3 - body sizes larger than cavities in the subsoil or comparable to large crevices or cracks
in the soil, 4 - moving with a change in body thickness, 5 - moving without a change in body thickness, 6 - digging holes
with limbs, 7 - C-shaped body; Trophomorphes: SF - saprophages; F - phytophages; ZF - zoophages

The environmental conditions determine the po-
tential for settlement of a biotope, which is reflected in
the features of the ecomorphic structure of populations,
which, in turn, determines the ecological groups that
will prevail in a particular ecosystem. Consequently, this
ecosystem is developed in a predominantly meadow-
forest environment, and the conditions in the middle of
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this ecosystem are steppe-meadow. The forest coenom-
orphes, represented by a considerable variety of species,
is inferior in number compared to other coenomorphes.
Marsh species are represented by a certain number, but
in terms of abundance, these coenomorphes practically
disappear from the grouping. Among hygromorphes,
mesophiles predominate in terms of the number of




species (57.6%), slightly less so - hygrophiles (24.2%)
and xerophiles (18.2%).As for the species abundance, the
hygromorphic structure is considerably dominated by
mesophiles (86.4%), slightly less by xerophiles (10.4%)
and hygrophiles (3.22%). Thus, the general conditions
in which the population of the studied biotope is de-
veloped are mesophilic. The specific features of par-
ticular conditions lie in a shift towards greater meso-
phytisation due to a decrease in the proportion of both
xerophilic and hygrophilic species. Thus, this grouping
is stenotopically mesophilic. The structure of Trophoco-
enomorphes is dominated by megatrophocoenomorphes
(45.5%) and ultramegatrophocoenomorphes (24.2%)

Trophocoenomorphes

Coenomorphes

Pal
0.2%

Aeromorphes
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in terms of the number of species. The proportion of
megatrophocoenomorphes (21.2%) and oligotrophoco-
enomorphes (9.1%) is slightly lower. As for the species
abundance, the positions of these ecomorphes change
places: representatives of oligotrophocoenomorphes be-
come the leader (59.6%), they are considerably superior
to mesotrophocoenomorphes (18.3%). The proportion
of other Trophocoenomorphes is much smaller. This
suggests that the ecosystem is formed in an ultramega-
megatrophic edaphotope in terms of trophic level, but
certain factors of the ecosystem cause a change in its
trophic level to an oligotrophic one.

Topomorphes Trophomorphes
FF
Anec 7.6%
3.4% 7F
2.8%

Phoromorphes
A3 6.3%

Carbonatomorphes

CarPhil

Al 3.1%
B4 AW

78.4% B50.1%

HCarPhil
66.3%
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Figure 3. Ecological structure of soil macrofauna (% by species abundance)
Notes: Coenomorphes: St - stepants, Pr — pratants, Pal - paludants, Sil - silvants; Hygromorphes: Ks - xerophiles,
Ms - mesophiles, Hg - hygrophiles, Uhg - ultrahigrophiles; Trophocoenomorphes: MsTr — mesotrophocoenomorphes;
MgTr - megatrophocoenomorphes; UMgTr - Ultramegatrophocoenomorphes; Aeromorphes: APhil - aerophiles;
SAPhil - Subaerophiles; HAPhob - hemiaerophobes; Carbonatomorphes: CarPhob - Carbonatophobes;
ACarPhil - acarbonatophiles; HemiCarPhil - hemicarbonatophiles; CarPhil - carbonatophiles, HiperCarPhil -
Hypercarbarbonatophiles; Topomorphes: End - endogeic. Ep - epigeic, Anec - burrowers; Phoromorphes: a - movement
through existing soil fracturing; B - active laying of passages; 1 - body sizes smaller than soil fracturing, 2 - body sizes
comparable to fracturing, 3 - body sizes larger than cavities in the subsoil or comparable to large crevices or cracks
in the soil, 4 - moving with a change in body thickness, 5 - moving without a change in body thickness, 6 - digging holes

with limbs, 7 - C-shaped body; Trophomorphes: SF - saprophages; F — phytophages; ZF - zoophages

The predominant number of Aeromorphes in
terms of the number of species are aerophiles (42.4%)
and subaerophiles (39.4%).As for species abundance, the
share of aerophiles is considerably increasing (82.3%).
Thus, the animal population of the soil of the ecosystem
under study is described by a high need for a sufficient
level of soil aeration.Among Topomorphes, epigeal forms
predominate (63.3%). The share of endogeic species is
almost twice as low (33.3%). Burrowers make up 3%.As
for abundance, endogeic species significantly predom-
inate (79.2%). This indicates favourable conditions for
the existence of pedobionts in the soil,and on the other

hand - considerable pressure on the subsoil block in
recreational conditions in public green spaces. In terms
of the number, Phoromorphes are represented by a wide
range of species, which are generally represented equally.
In terms of abundance, Phoromorphes are considerably
dominated by species capable of laying soil passages
with changes in body shape (78.4%).

The representation of Trophomorphes concerning
the number of species is quite equalised. Zoophages
make up 42.4% of the number of species,saprophages -
36.4%, phytophages - 21.2%. Saprophages significantly
predominate in abundance (89.6%).Zoophages account
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for 7.6% and phytophages - for 2.8%. Among Carbon-
atomorphes, carbonatophiles predominate in terms of the
number of species (45.5%).Acarbonatophiles and hemi-
carbonatophiles are presented in equal proportions (27.3%).
The abundance of species is dominated by hemicarbon-
atophiles (66.3%). Acarbonatophiles make up 9.1% and
carbonatophiles make up 24.7%.

Soil determinants of the spatial structure of ecomorphes
of soil macrofauna

The soil indicators are used as determinants of the eco-
logical space of macrofauna communities (Table 2). The
soil penetration resistance within the test site under
study increases along with depth. Thus, the upper layer
of soil has an average hardness of 1.41+0.049 MPa, and
the lower layer has an average hardness of 3.75+0.059 MPa.

Table 2. Soil indicators that determine the ecological space of macrofauna and their correlations with axes obtained
during OMI and RLQ analyses (statistically significant for p<0.05)

Environment  Average * st. Percentlle CV,%  OMI-Axis1 OMI-Axis2 RLO-Axis1 RLO-Axis 2
variable deviation 2.5% 97.5%
Soil penetration resistance at depth, MPa

0-5 cm 1.4120.049 0.60 2.50 35.87 -0.15 -0.11 -0.12 0.14

5-10 cm 1.86+0.052 0.90 2.90 28.52 -0.23 -0.11 -0.26 0.05
10-15 cm 2.23%0.064 1.00 3.50 29.51 -0.24 -0.05 -0.16 -0.01
15-20 cm 2.55%0.079 1.20 430 31.69 021 -0.04 -0.09 -0.06
20-25 cm 2.56£0.052 1.70 3.67 20.90 021 -0.03 -0.27 0.04
25-30 cm 2.59£0.060 1.65 430 23.70 -0.27 0.01 -0.27 -0.18
30-35 cm 2.70%0.059 1.60 4.00 22.36 -0.26 -0.02 -0.32 -0.16
35-40 cm 2.80£0.059 1.70 4.00 21.57 -0.27 0.00 -0.35 -0.05
40-45 cm 2.9120.058 1.90 410 20.48 -0.26 -0.02 -0.23 -0.14
45-50 cm 3.050.061 2.00 440 20.55 -0.26 -0.01 -0.25 0.13
50-55 cm 3.280.067 225 453 21.01 -0.28 0.01 -0.21 0.12
55-60 cm 3,390,069 2.20 450 2071 -0.29 -0.01 -0.18 0.21
60-65 cm 3.500.065 2.30 4.80 19.05 -0.27 0.00 -0.19 0.05
65-70 cm 3.54£0.067 2.30 5.00 19.40 -0.27 0.02 -0.21 0.07
70-75 cm 3,540,067 2.30 4.80 19.33 -0.22 0.02 -0.11 -0.02
75-80 cm 3.620.065 2.30 5.00 18.45 -0.26 0.04 -0.13 -0.12
80-85 cm 3.70£0.072 2.00 5.15 19.96 -0.26 0.03 -0.15 -0.13
85-90 cm 3.69+0.082 2.30 5.30 22.85 -0.26 0.04 -0.11 -0.13
90-95 cm 3.75£0.058 2.60 5.00 15.95 -0.24 0.01 -0.23 -0.30
95-100 cm 3.75£0.059 2.60 5.00 16.12 -0.24 0.01 -0.23 -0.30

Physical properties of the soil
on dilcet?/:It;aLS 01120004 0.04 0.19 38.10 0.02 -0.13 0.14 0.41
Humidity, % 22.8£0.33 16.00 29.01 14.67 0.08 -0.09 0.15 0.48
Distances to walking paths and trees

recrg;tj:ifatcis, 30820236 0.00 9.07 78.58 0.01 0.12 0.13 -0.14
Distance to trees,m  3.16+0.190 0.68 8.19 61.66 0.16 -0.16 -0.10 0.41

The upper layer of soil is described by a rapid
increase in the soil penetration resistance, which stops
at a depth of 20-25 cm. Within the test site under study,
the average soil penetration resistance values starting
from soil layers of 10-15 cm are, with varying proba-
bility, higher than those critical for the growth of plant
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root systems (3-3.5 MPa) [43]. This confirms the fact
that spatial variability in soil penetration resistance has a
considerable structuring effect on the formation of grass
cover and the organisation of soil animal populations.
The coefficient of variation in soil penetration resistance
tends to decrease with increasing depth, but local highs




interrupt this monotonous trend. The coefficient of hard-
ness variation has a local maximum in the soil layers
of 20-25 cm and 90-95 cm and is 31.69% and 22.84%,
respectively. The minimum variability of soil penetration
resistance, which is 15.95-16.12%, falls at a depth of
90-100 cm.

The average electrical conductivity of the soil is
0.11+0.004 dS/m and has a variation coefficient of 38.10%.
The maximum value of this indicator is approximately
0.19 dS/m, which does not exceed the lower threshold of
electrolyte concentrations (1.5-2.0 dS/m), which nega-
tively affect vegetation [44]. The low level of electrical con-
ductivity of the soil suggests a low trophic level of the
soil of the ecosystem under study. Electrical conductivity
is statistically significantly correlated with soil penetration
resistance at different depths.The correlation is positive
with soil penetration resistance at a depth of 0-5 cm
(r=0.25, p<0.01). The correlation is negative with hardness
at depths from 55-60 cm to 90-95 cm (statistically sig-
nificant correlation coefficients are within-0.20 --0.31).
Soil moisture is 22.8+0.33%, and in 95% of cases is with
16.00%-29.01%. Humidity and electrical conductivity are
positively correlated with each other (r=0.52, p<0.01).
In turn, the correlation between soil moisture and soil
penetration resistance is negative (statistically significant
correlation coefficients are within -0.21--0.36). The dis-
tance to recreational paths averages 3.08+0.236 and in
95% of cases varies between 0.00-9.07 m. The distance to
tree trunks, regardless of the species, averages 3.16+0.19
and in 95% of cases varies between 0.68-8.19 m.
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Spatial ordination of soil macrofauna groups

The simultaneous measurement of soil indicators and
features of the structure of groups of organisms allowed
assessing the distribution of the ecological space of the
ecosystem between the ecological niches of soil mac-
rofauna (Table 3). The analysis determined the total in-
ertia at the level of 1.47.As a result of OMI analysis, two
axes were obtained, the one of which describes 86.72%,
and the other - 7.03% of inertia. Thus, 93.75% of inertia
is described by the first two axes, which proves that the
space created by these axes is sufficient to describe the
differentiation of ecological niches of macrofaunain the
test site under study. The average value of the grouping
marginality is OM/=25.07 with the significance level
R=0.01, which reflects the essential role of the investi-
gated variables in structuring soil macrofauna groups.

Of the 33 species for which OMI analysis was
performed, for 18 species, marginality differs statisti-
cally significantly from the random alternative (Table 3).
Thus, the typical edaphic conditions of the test site do
not coincide with the centroid of the ecological niche
of a considerable part of macrofauna species. The mar-
ginality of a niche determines the degree of difference
between the optimum conditions for the existence of a
species and the factual conditions of a particular place
of existence. Niche tolerance is the opposite of special-
isation: the higher the tolerance, the lower the special-
isation. Residual tolerance is an indicator of the role of
random and neutral factors, as well as measurement
errors.

Table 3. Assessment of the marginality of soil macrofauna species

Macrofauna species Inertia OMI Tol Rtol p-level
Aporrectodea rosea 24.25 1.90 44.50 53.50 0.05
Aporrectodea trapezoides 26.26 3.30 54.00 42.70 0.01
Dendrobaena nassonovi 20.51 1.60 19.90 78.60 0.53
Lumbricidae (cocoon) 22.66 2.80 41.50 55.70 0.15
Enchytraeus sp. 28.36 4.80 52.10 43.10 0.03
Pardosa lugubris 9.20 100.00 0.00 0.00 0.94
Geophilus proximus 20.55 15.70 26.40 57.90 0.15
Lithobius curtipes 32.04 13.20 56.10 30.70 0.10
Megaphyllum rossicum 24.49 1.10 34.40 64.50 0.31
Malthodes marginatus 23.27 5.80 5.50 88.70 0.99
Brachinus sclopeta 12.37 38.10 13.00 48.80 0.91
Calathus fuscipes 25.62 12.60 22.70 64.70 0.66
Harpalus affinis 40.26 22.20 37.70 40.10 0.01
Harpalus affinis (larvae) 22.04 4.40 29.40 66.20 0.69
Harpalus distinguendus 24.05 21.50 29.50 49.00 0.31
Ophonus azureus 24.74 100.00 0.00 0.00 0.38
Poecilus versicolor 16.85 7.90 12.70 79.40 0.95
Cetonia aurata 16.43 37.00 15.50 4750 0.86
Otiorhynchus raucus 26.09 4.10 12.10 83.80 0.33
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Table 3, Continued

Macrofauna species Inertia OoMI Tol Rtol p-level
Silpha carinata 34.77 28.30 42.20 29.50 0.05
Silpha carinata (larvae) 27.50 25.20 35.50 39.30 0.05
Philonthus decorus 22.01 29.90 18.00 52.10 0.69
Staphylinus erythrocephalus 8.56 100.00 0.00 0.00 0.98
Rhizotrogus aestivus 25.28 5.60 43.70 50.70 0.63
Chloromyia formosa 35.43 14.50 53.90 31.60 0.09
Tabanus bromius 20.12 58.30 3.70 38.00 0.05
Agrotis segetum 25.80 15.70 42.10 42.20 0.01
Armadillidium vulgare 29.84 6.30 4.20 89.50 0.68
Trachelipus rathkii 40.98 48.60 25.00 26.40 0.01
Chondrula tridens 23.40 9.20 35.50 55.20 0.02
Helix albescens 27.51 10.80 4750 41.70 0.01
Monacha cartusiana 18.60 27.20 17.10 55.70 0.05
Limacus maculatus 4741 77.50 1.40 21.00 0.01
OoMI 25.07 - - - 0.01

Notes: OMI-index of the average distance (marginality) for each species; Tol - tolerance, Rtol - residual tolerance; index
data are presented in % of the total variability; R — Monte Carlo level after 999 iterations

Species such as Staphylinus erythrocephalus and
Pardosa lugubris have a high marginality. This means
that the typical ecological conditions of the test site are
considerably different from the optimum for these spe-
cies. These types are subsoil. A significant transforma-
tion of the subsoil block under the influence of recre-
ation drastically transforms the ecological environment
of these species.

The most tolerant species are as follows: Aporrec-
todea rosea, Helix albescens, Enchytraeus sp., Chloromyia
formosa, Aporrectodea trapezoides, Lithobius curtipes. In fact,
this list indicates a complex of species that is typical of
a given ecosystem and occupies the corresponding ter-
ritory in general as one that best meets the ecological
standard of the species. On the contrary, highly specialised
species, the existence of which is possible only in limited
areas within the territory, are Malthodes marginatus and
Poecilus versicolor.

The residual tolerance is high for a number of
species (for Armadillidium vulgare — 89.5%, for Malthodes
marginatus — 88.7%, for Otiorhynchus raucus — 83.8%),
which indicates that the structuring of the grouping of
soil macrofauna factors is greatly influenced by factors
of a neutral nature, including those that are not consid-
ered in this study. Correlation analysis of soil proper-
ties and OMI axes demonstrated that the main factors

Scientific Horizons, 2021, Vol. 24, No. 7

for structuring the ecological niche of soil macrofauna
within the study area are soil penetration resistance in
the range of the entire measured layer, soil moisture,
and distance to trees (Axis 1) (Table 2). Soil penetra-
tion resistance in the surface layers (0-5 and 5-10 cm),
electrical conductivity, humidity, and distance from
recreational paths (Axis 2) also play an essential role.
Axis 1 can be interpreted as a natural variation in the
environment properties, which leads to structuring of
the grouping. Axis 2 can be interpreted as variability
in the grouping structure, which is caused by the in-
fluence of recreation. OMI axes define gradients of the
medium along which the views are ordered (Fig. 4). On
one side, the extreme positions along the OMI-Axis 1
are occupied by Monacha cartusiana, Pardosa lugubris,
Tabanus bromius, Limacus maculatus, and on the other -
by Trachelipus rathkii, Ophonus azureus, Silpha carinata,
Harpalus affinis. Along the OMI-Axis 2, the extreme po-
sitions are occupied by Rhizotrogus aestivus, Malthodes
marginatus, Pardosa lugubris, Ophonus azureus, on one
side,and Harpalus affinis, Tabanus bromius, Armadillidium
vulgare, Chondrula tridens — on the other. Notably, the
vast majority of species are subsoil, but at this stage
of analysis it is extremely difficult to put forward a hy-
pothesis that would explain the observed ordination of
species in the grouping.
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Figure 4. Projections of ecological niches of soil macrofauna species on the OMI 1 and OMI 2 axes: the lower

half - negative values of the axes, the upper half — positive values of the axes
Notes: Aporrose - Aporrectodea rosea; Aportrap - Aporrectodea trapezoides; Dendnass - Dendrobaena nassonovi;
Lmbrcd ¢ - Lumbricidae (cocoon); Enchsp — Enchytraeus sp.; Pardlugu — Pardosa lugubris; Geopprox - Geophilus
proximus; Lithcurt - Lithobius curtipes; Megaross - Megaphyllum rossicum; Maltmarg - Malthodes marginatus; Bracsclo -
Brachinus sclopeta; Calafusc - Calathus fuscipes; Harpaffi — Harpalus affinis; Harpaffi.l - Harpalus affinis (larvae);
Harpdist - Harpalus distinguendus; Ophoazur — Ophonus azureus; Poecvers — Poecilus versicolor; Cetoaura - Cetonia aurata;
Otiorauc - Otiorhynchus raucus; Silpcari - Silpha carinata; Silpcari.1 - Silpha carinata (larvae); Phildeco - Philonthus
decorus; Staperyt — Staphylinus erythrocephalus; Rhizaest — Rhizotrogus aestivus; Chloform - Chloromyia formosa;
Tababrom - Tabanus bromius; Agrosege - Agrotis segetum; Armavulg — Armadillidium vulgare; Tracrath - Trachelipus
rathkii; Chontrid - Chondrula tridens; Helialbe - Helix albescens; Monacart — Monacha cartusiana; Limamacu - Limacus
maculatus
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RLQ analysis found that 92.91% of the total vari-
ation (total inertia) describes the first two RLQ axes (84.44
and 8.47%, respectively). The randtest procedure confirmed
the significance of the results of the RLQ analysis on
p-level 0.018. The presence of a statistically significant
correlation between ecomorphes of macrofauna and
environmental predictors was confirmed by a multiple
test of global significance of correlations based on site
permutation (p=0.003) and based on the permutation of
species (p=0.024). RLQ axes constitute integral indicators
for assessing the correlation between environmental
factors and the ecomorphic community structure. One
metric space reflects the location of macrofauna species,
the influence of environmental factors on them, and the

value of ecomorphic indicators affecting the structuring
of soil macrofauna grouping (Fig. 5). As a result of RLQ
analysis, Axis 1 was identified, which explains the effect
of soil penetration resistance on the structuring of mac-
rofauna grouping at all measured depths (Table 2,Fig.5).
Axis 1 correlates negatively with soil penetration resistance,
but positively with electrical conductivity and soil mois-
ture. Axis 1 correlates positively with the distance from
paths and negatively with the distance to trees. Markers
of positive values of Axis 1 are xerophiles, phytophages,
and carbonatophiles. Markers of negative values of Axis 1
are pratants or paludants, hypercarbonatophiles, and
saprophages. This axis can be interpreted as the result
of the structural influence of tree vegetation.
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Figure 5. Results of RLQ analysis: | - multiple test of global significance of correlations between ecomorphes of soil
macrofauna and ecological predictors based on site permutation, Il - multiple test of global significance of correlations
between ecomorphes of macrofauna and ecological predictors based on species permutation, Il - cluster analysis
of species based on values of RLQ axes, IV - placement of ecomorphes in the environment of RLQ axes
(blue - statistically probable correlation with Axis 1; yellow - with Axis 2; green - with both axes), V - placement
of environmental predictors in the environment of RLQ axes (blue - statistically probably correlation with Axis 1;
yellow - with Axis 2; green - with both axes)

Axis 2 is sensitive to trends of opposite changesin
soil penetration resistance at different depths. This refers
to a tendency to increase hardness at depths of 0-5 and
55-60 cm on the one hand, which is accompanied by
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a decrease in hardness at depths of 25-35 and 90-100 cm,
on the other hand. This axis considerably correlates with
electrical conductivity and humidity,as well as distances
to trees and paths.Axis 2 can be interpreted as a structuring




effect of recreational load on soil macrofauna. Positive
values of Axis 2, which correspond to a lower level of rec-
reational load, are marked with saprophages and acar-
bonatophiles. Negative values of Axis 2, which correspond
to a high level of recreational load, are marked with zoo-
phages, hemiaerophobes, and megatrophes.

The RLQ analysis allowed classifying living or-
ganisms according to the specific features of their eco-
logical structure and relationships with environmental
factors. Cluster analysis identified four populations of
species that form functional groups A,B,C,and D (Fig.6).
Functional group A has a centroid, which is close to the
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territories characterised by the lowest level of recreational
load. This cluster includes all earthworm species, earth-
worm cocoons, and larvae Cetonia aurata, which prefer
rotting wood. The opposite position within the axes is
factually vacant and corresponds to the conditions of the
greatest recreational load. This indicates factual absence of
soil macrofauna species that could exist amid intense rec-
reational exposure. Cluster B combines species that are
moderately tolerant to recreational load. Cluster Cis a
group of hygrophilous species that prefer shaded parkland
areas. Cluster D is a group of species that prefer more
open areas where moisture deficiency is more common.

d=2
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Agrosege
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Figure 6. Placement of functional groups (clusters) within RLQ axes: Aporrose - Aporrectodea rosea;
Aportrap — Aporrectodea trapezoides; Dendnass — Dendrobaena nassonovi; Lmbrcd ¢ - Lumbricidae (cocoon);
Enchsp - Enchytraeus sp.; Pardlugu — Pardosa lugubris; Geopprox — Geophilus proximus; Lithcurt — Lithobius

curtipes; Megaross — Megaphyllum rossicum; Maltmarg — Malthodes marginatus; Bracsclo - Brachinus sclopeta;
Calafusc - Calathus fuscipes; Harpaffi - Harpalus affinis; Harpaffi.1 - Harpalus affinis (larvae); Harpdist - Harpalus
distinguendus; Ophoazur — Ophonus azureus,; Poecvers — Poecilus versicolor; Cetoaura — Cetonia aurata;
Otiorauc - Otiorhynchus raucus; Silpcari - Silpha carinata; Silpcari.1 - Silpha carinata (larvae); Phildeco - Philonthus
decorus; Staperyt — Staphylinus erythrocephalus; Rhizaest — Rhizotrogus aestivus; Chloform - Chloromyia formosa;
Tababrom - Tabanus bromius; Agrosege — Agrotis segetum; Armavulg — Armadillidium vulgare; Tracrath - Trachelipus
rathkii; Chontrid — Chondrula tridens; Helialbe - Helix albescens; Monacart - Monacha cartusiana;
Limamacu - Limacus maculatus
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The RLQ Axis 1 statistically significantly correlates
with both OMI Axis 1 and RLQ Axis 2 (r=0.99, p<0.001 and
r=0.32, p=0.02). The RLQ Axis 2 also statistically signifi-
cantly correlates with the OMI Axis 1 (=0.42, p<0.001)
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and OMI Axis 2 (r=0.87, p<0.001). Accordingly, the spatial
patterns of the RLQ and OMI axes are very similar to each
other (Fig. 7).
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Figure 7. Spatial variation of the OMI and RLQ axes. The abscissa and ordinate axes are local coordinates
of the testing site under study

Thus, ecomorphes reflect the adaptations of the
animal population not to the ecological parameters
of the environment, but to the typological indicators
of the ecosystem in general. Soil is a special bioinert
body, which, according to many researchers, constitutes
an intermediate element between living and inanimate
nature. Therefore, a topical scientific issue is the iden-
tification of the forms and degree of similarity of the
characteristics of soil and living matter [45]. Genetic soil
science allows considering the dynamics, structure, and
functions of the soil [46; 47]. However, the manifesta-
tion of obvious changes in the composition of the soil
or its functioning takes long periods of time — tens, and
sometimes hundreds of years. Clearly, the soil is a full-
fledged component of the ecosystem, which interacts
with all its other components throughout the entire
period of its existence. Plants and animals are active
participants in the soil-forming process, since they are
involved in the formation of humus by producing detri-
tus [48; 49]. Thus, the metamorphism of the soil materi-
alis carried out. Being a bioinert system, the soil adapts
to changes in environmental conditions in the system
of soil-forming factors, which manifests itself in tem-
poral and spatial heterogenisation, uneven structure
in both horizontal and vertical profiles [50]. Since these

Scientific Horizons, 2021, Vol. 24, No. 7

transformations are ecological in nature, prerequisites
are developing for applying an ecomorphic approach to
investigating the features of soil structuring.

The obtained data indicate that the grouping
of soil macrofauna of public green spaces has the fea-
tures of amphicoenosis, where the steppe and meadow
components are considerably represented against the
background of the predominance of the forest compo-
nent. Tree stands in urban parks form a common forest
environment, although they do not form a stable forest
monocoenosis. Recreation and other forms of anthro-
pogenic impact do not allow a forest monocenosis or
pseudomonocenosis to develop. The trophic aspect can
allow deciphering the meaning in the grouping of co-
enotic components. The trophic structure of silvants
repeats the trophic structure of the general grouping.
The advantage of silvants in general grouping allows
considering them as the functional basis of the com-
plex of soil fauna of public green spaces. Phytophages
predominate among steppes, which fully corresponds
to the typical trophic structure of steppe zonal groups.
This feature, considering the proportional representa-
tion of zoophages and saprophages, allows enables the
assessment of functional stability of the structure of the
group of stepants.




CONCLUSIONS

1. The ecological space of ecosystems in recreational
conditions is structured between ecological niches of soil
macrofauna. Marginality, tolerance, and residual toler-
ance quantify the position of ecological niches in the
ecological space. Variability of soil properties caused by
natural factors or recreation is a driver of structuring the
ecological space of soil macrofauna. Soil animals are most
sensitive to changes in soil penetration resistance, hu-
midity, and electrical conductivity.

2.There is a correlation between environmental
factors in public green spaces, the grouping structure of
soil macrofauna, and its ecomorphic organisation. The
ecomorphic aspect of the soil macrofauna grouping
structure is more sensitive to recreational load than the
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distribution of ecological niches between species in the
ecological space, which suggests that rearrangements
of the ecomorphic grouping structure are a condition
for the stability of its organisation.

3.The natural variability of soil conditions within
the ecosystem manifests itself in changes in the ratio
of xerophiles, phytophages, carbonatophiles on the one
hand and pratants, paludants and hypercarbonatophiles
on the other hand. Zoophages, hemiaerophobes, and
megatrophs are tolerant to a high level of recreational
load. The area corresponding to the highest level of rec-
reational load is vacant. This indicates that the most
transformed areas are randomly populated by represen-
tatives of different ecological groups.
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TpaHcdopMauis ekoMopdiuHOI CTPYKTYPU I'PYHTOBOI MaKpodayHHU
B YMOBaX peKpeauiiHoro BnjuBy

Anacracis AHaToniiBHa 3umapoesa’, Tetana MasnisHa MepoHiok?, Haais Bonoaumupisna Mopkina?,
BikTopis CepriieHa byaakoBa?, Tapac Bacunbosuuy MenbHuuyk®

Monicbkuii HaLioHaNbHKMI yHiIBEpCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

ZMeniTononbCbKUit AepXKaBHMI NefaroriyHuiA yHiBepcuTeT iMeHi boraaHa XMenbHULbKOro
72318, Byn. [eTbMaHCbKa, 20, M. MeniTononb, YkpaiHa

*YopHOBMNBCbKMIA paaiauiiHo-ekonoriyHui biochepHuit 3anoBigHKK
07201, Byn. TonoumHa, 28, cMT IBaHKiB, KuiBCbka 0611., YkpaiHa

AHoTauis. PiBeHb peakpaLiioro HaBaHTaXKEHHS Ha KOMMOHEHTU MiCbKUX 3eIeHNX 30H 3pOCTaE, TOMY BU3HAYEHHS
edeKTUBHMX IHCTPYMEHTIB yNpaB/iHHSA B LUMX eKocucTeMax HabyBaEe BMPILIAZbHOMO 3HAYeHHs AN 3abe3neyeHHs
NiATPUMKM MiCLb iCHYBaHHS MONYNALLI TBAPWH, 30KpeMa IpyHTOBOI 6ioTW. MeToto pob0oTH € BCTAHOBNIEHHS 3aKOHOMIiPHOCTI
CTPYKTYPYBaHHS YrpynoBaHb rpyHTOBOI MakpodayHu B YMOBaX PeKpeaLifHOro BniMBY Ha OCHOBI eKOMOPdiYHOro
nigxony.Y poboTi BUKOHAHO OLLiHKY piBHS pekpeaLitHoi TpaHchopMaLii rpyHTOBOI MakpodayHH 3eneHnX HacagkKeHb
3arafibHOro KOpUCTyBaHHS M. MeniTononb Ha TepuTopii Napky HoBoonekcaHAPiBCbKWIA. Y 30Hi 3 BUCOKMM piBHEM
pekpeaLifHOro HaBaHTaXeHHs AN [oCNigKeHb 6yno 3aknafeHo NOMiroH, y Mexax sikoro 3pobneHo Biabip npob. 3
MeTot 300py rpyHTOBOI MakpodayHu Ta OLiHKM BNACTMBOCTEN I'PYHTY Y KOXKHiM TOULL AOCAIAKEHOrO NOAiroHy bynm
npoBeAeHi FPYHTOBO-300/10TYHI NPO6M Ta 34IMCHEHI BUMIpIOBAHHS TakMX FPYHTOBMX MOKA3HMKIB, K: TeMMNepaTypa,
€NeKTPOMNpPOBIAHICTb, BOMOTICTb Ta TBEPAICTb MPYHTY, MOTYXKHICTb NiACTUIKM Ta BUCOTa TpaBocToto. OpauHaLis yrpynoBaHb
npoBefeHa 3aaonomoroto agox niaxoais: OMI-ta RLQ-aHani3iB.BusiBneHo, L0 eKonorivHi Hilwi rpyHTOBOT MakpodayHu
B YMOBax pekpeaLiii € NpoCTOpoBO CTPYKTYpoBaHUMKU. OCHOBHMMM (HaKTOpaMM CTPYKTYPYBAHHS €KONOTiYHOI Hili
IPYHTOBOT MakpodayHu y Mexax A0CNiOXYyBaHOi TepuTopii € TBEPAICTb FPYHTY B Aiana3oHi YCbOro BMMIipHOBAHOMO
Lapy, BOMOTiCTb IPYHTY Ta AuCTaHUis Ao AepeB. OCHOBY LLEeHOMOPdiYHOi CTPYKTypU IPpyHTOBOI MakpodayHM 3a
KiNbKiCTIO BMAIB CTAHOBASATb CMNbBaHTY (45,5 %) Ta npaTaHTu (24,2 %). 3a YUCENbHICTIO BUAiIB OCHOBY LLeHOMOP®iYHOI
CTPYKTYpU MakpodayHu CTaHOBAATb NpataHTu (64,5 %), Tpoxu MeHwe ctenanTiB (19,1 %) Ta cunbBanTiB (16,1 %)
Ta OOMHMYHO 3ycTpivatoTbes nantoaantn (0,2 %). Taky LeHoMOop@iyHy CTPYKTYpY MOXHA pO3rNsAaTh SK eKOMOriYHO
nabinbHy. 1o BUCOKOrO piBHA peKpeaL,iMHOro HaBaHTAXXEHHS TolepaHTHUMM € 300daru, reMiaepodobu Ta meratpodm.
Obnactb, SKa BiANOBIAAE HaMOINbLIOMY piBHIO peKpeaLifHOro HaBaHTAXEHHS, € BakaHTHO. Lle BKasye Ha Te, Wo
(aKTUYHO He iCHYE BUAIB rPyHTOBOI MakpodayHu, ki MoK 6 iCHyBaTH 32 YMOB iHTEHCMBHOIO pekpeaLiifHoro BNanBy

KntouoBi cnoBa: ekoMopdu, FPyHT, eKONIOTiYHA Hila, 'PpyHTOBI 6e3XpebeTHi, pekpeauiiH1i TUCK
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46-52. manure on straw bedding for autumn-winter harvesting. The following
types of fertilizers were used: ammonium nitrate, double superphosphate,
potassium chloride. Determination of the amount and biomass of weeds
in potato plantings was carried out in the flowering phase and before
harvesting. The application of manure was accompanied by an increase
in the number and weight of weeds. Annual weeds predominated in potato
plantings: Amaranthus retroflexus L., 1753 and Amaranthus blitoides S.
Watson, 1877, Chenopodium album L. Chenopodium album L., 1753, Setaria
P. Beauv, 1812 and Setaria viridis (L)) P. Beauv, 1812, Echinochloa crus-galli (L.)
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The greatest number of weeds is observed during the spring application of
manure for plowing the fall plow. Nevertheless, studies aimed at clarifying
the composition and structure of weediness, the number and weight of
weeds in potato plantings are of great practical importance for local
agricultural producers. These data should contribute to the development
of an effective weed control system and high yields of potatoes in the region
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INTRODUCTION

Preservation and improvement of soil fertility is the main
part of the general problem of rational use of land re-
sources, increasing productivity, and improving the soil
ecology of agricultural landscapes [1; 2]. One of the
most effective factors affecting plant growth and pro-
ductivity, is mineral nutrition. By regulating the inten-
sity of nutrient supply to plants by applying fertilizers,
it means changing the activity, and even the direction
of biochemical reactions, which, ultimately, will signifi-
cantly increase the efficiency of the fertilizers used and
use the potential of the crop or varieties [3].

Some authors [4] found the use of mineral fertiliz-
ers, especially nitrogen, in moderate doses in combina-
tion with phosphorus, significantly improved the nutrient
regime of the studied crops during their vegetation.

Potatoes are one of the most responsive crops for
grooming techniques since in the period from seedlings
before closing rows are easily suppressed by weeds that
take away nutrients, water, light from it. The factor that
causes high harm to potatoes is weed. The presence of
weeds on the field leads to a dramatic decrease in the
productivity of land and the marketability of tubers. By
absorbing a large number of nutrients and moisture from
the soil, weeds inhibit the growth and development of
plants, reducing their potential productivity. Caring for
potato plantings and harvesting tubers infested with
weeds is difficult, therefore total costs also increase.
After planting, tubers germinate slowly while weeds grow
fast. In addition, the non-simultaneous germination of
weeds complicates their elimination in the field. Weeds
generally absorb moisture and nutrients by growing in
potato plantings. Thereby they reduce the moisture and
nutrient content of the soil.

Strong weeds Amaranthus, Sonchus arvensis L.,
Echinochloa crus-galli (L) Beauv, various species of Po-
lygonum (L.) have a negative effect not only on the potato
yield, but also on the size tubers which reduces them
marketability complicate mechanized harvesting, increases
storage losses [5]. Weed control is a necessary condition
for increasing the yield of potatoes, improving their
quality,and reducing labor costs [6]. B.A. Pisarev [7],and
N.M. Nenakhova [8] argue that it is difficult to get rid of
weeds sprouting in the second half of the summer, af-
ter closing the tops on heavily weedy potato plantings,
even with frequent mechanical treatments, especially
with frequent rains or irrigation.

According to A.M. Shpanev and others [9], the
results of the research have revealed general positive
effect of the mineral fertilizer application and protective
measures on weed infestation and potato yield. This
effect was developed on the second half of the vege-
tation and expressed in stronger inhibition of plant de-
velopment (from 36.6 to 20.4 and 11.1 g/m? on low, me-
dium, and high levels of mineral nutrition, respectively),
in the reduction of species diversity (from 12 to 10 and
10 species/m?) and number (from 69 to 42 and 32 species/m?)

Salikhov et al.

of weeds. The highest biological (biomass reduction -
95.3%, the number of weeds - 79%) and economic (yield
increase — 228 c/ha or 107%) effect was achieved by
a high rates of mineral fertilizer application with com-
bined protective measures of potato crops from weeds.
In addition, this option was characterized by the great-
est profitability (125.3%), whereas chemical protection,
providing double treatment of potato plantings with
herbicides, even at the middle and high level of mineral
nutrition was less effective (102.6 and 109%) in economic
terms.

JV. Aspidova, M.S. Galiev [10] note that a high
degree of weed infestation in the field reduces the
productivity of harvesting machines by 50%, increases
potato damage by 70%, and reduces the yield by 25%.

Some researchers [11] proved that the qualita-
tive characteristics of potato weediness also changed
significantly, whereas mechanical treatment of the control
variant contributed to the preservation of the number
of species of the weed component of the agrocenosis at
a high level - 10 species/m? before hilling. In the studies
of a number of authors [12], the use of the albite complex
drugs in a tank mixture with the herbicide lapis lazuli,
SP, in comparison with the treatment of plantings with
herbicide only, increased the yield of potato tubers to
4.5 t/ha (by 19%) and tops to 0.6 t/ha (by 8%).

It is certain that in the presence of 10 weeds/m?
before flowering, the productivity of plants decreases
by 75.2 g, that is, each weed reduces the average yield
of tubers by 4.5 g/m? [13]. For the Non-Black Earth
Zone of Russia, the presence of 5 Chenopodium album L.
plants per 1 m? reduces the yield by 43%.40 plants - up
to 74% [14]. Therefore, an analysis of research data
carried out in a wide variety of soil and climatic zones
shows that fertilizers and planting density have a certain
effect on the weediness of the planting, which ultimately
affects the yield and quality of potato tubers.

The purpose of the study was to establish the effect
of the timing of the introduction of bedding manure in
conjunction with mineral fertilizers and planting density
on the weediness of potato plantings.

MATERIALS AND METHODS

The experiment scheme:
1.N P K

60" 120" "60

*7 790" 120" “60 . .
3.40 t of manure for wintering + N

4.40 t of manure for wintering + N, P, K.
5.40 t of manure on frozen plow + N
6.40 t of manure on frozen plow + N, P , K -
7.40 t of manure in winter on snow + N, P, K,
8.40 t of manure in winter on snow + N, P, K.,
9.40 t of manure for plowing + N, P, K
10.40 t of manure for plowing + N, P,, K.,
Landing scheme: 70x25 cm and 70x25 cm. The

research was carried out peasant farm “Tuatay” Chingirlau

60P120 K60

60P12OK60
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district of West Kazakhstan region of the Republic of
Kazakhstan in 2017-2019.

Soil dark chestnut, medium loamy [15]. The humus
content in the arable horizon is from 2.6 to 3.4%, the
thickness of the humus horizons is 45-55 cm, efferves-
cence from 45-50 cm. In terms of the content of total
nitrogen, phosphorus and potassium, as well as in terms
of soil pH, experimental crop rotation fields were relatively
homogeneous: total nitrogen content - 0.292-0.356%;
PO, - 2,6-3,5 and K,0 - 45,8-52,0% mg per 100 g of soil;
pH - 7.2-7.3 aqueous extract.

The experiments were laid by the systematic
method with a tiered arrangement of variants in the
experiment. The total area of the plot is 84 m? the
counting area is 56 m?, the replication is 3 times. The
experimental plot was divided into plots in the fall. The
experiments were carried out in an irrigated area. The
moisture content of the soil was maintained by irrigation
in the range of 75-85% of the lowest moisture capacity
of the soil.

The potatoes were placed in the vegetable crop
rotation after the cucumbers. Winter plowing was car-
ried out at the beginning of September to a depth of 27-
30 cm. The selection of medium sized tubers (50-80 g)
for the establishment of experiments was carried out
in early spring. In the experiments, we used the zoned
medium-early variety Nevsky. Planting was carried out
with tubers germinated in the light.

Cattle manure on straw bedding was used for
establishing the trial for the autumn-winter harvesting.
Manure was obtained by bedding 5 kg of straw per 1 head
of cattle with daily harvesting and storage in a pile on
a concrete area. The characteristics of manure were as
follows: humidity: 58-62%, pH: 7.5-8.0, total nitrogen:

0.50-0.55, phosphorus: 0.22-0.25, potassium: 0.58-0.62,
ash: 12-14%. The composition of the manure differed
little over the years. The following types of mineral fertil-
izers were used: ammonium nitrate, double superphos-
phate, potassium chloride.

Before the potatoes were planted in spring the
soil was prepared in early-spring by plowing with fer-
tilizer and harrowing.

Determination of the number and weight of weeds
in potato plantings was carried out in the flowering phase
and before harvesting.

RESULTS AND DISCUSSION

The application of bedding manure was accompanied
by an increase in the number and biomass of weeds
(Table 1). The data show that the number and weight
of weeds varied both by year and by variant. Irrigated
lands West Kazakhstan region are littered with Ama-
ranthus retroflexus L., 1753 and Amaranthus blitoides S.
Watson, 1877, Chenopodium album L., 1753, Xanthium
strumarium L., 1753, Solanum nigrum L., 1777, Setaria
P.Beauv, 1812 and Setaria viridis (L.) P.Beauy, 1812, Con-
volvulus arvensis L., 1753, Barbarea vulgaris W.T.Aiton.
1812, Echinochloa crus-galli (L.) Beauv, 1812 and others.

In field experiments Z.P. Okazova [16], it was
found that the main weeds of potato seeding are: Ga-
linsoga parviflora (Cav.), 1795, Artemisia vulgaris L., 1753,
Ambrosia L., 1753, Panicum capillare L., 1753, Centau-
rea cyanus L., 1753, Papaver L., 1753, Atriplex L., 1753,
Convolvulus arvensis L., 1753, Girsium arvense L., 1753,
Melandrium album L., 1789, Erigeron canadensis L.,1753,
Digitaria sanguinatis L., 1753, Cirsium arvense (L.) SCOP,
1772 Capsella bursa-pastoris L., 1792, Helianthus tubero-
sus L.,1753.

Table 1. Influence of the timing of the introduction of manure on the weediness of potato plantings

c The number and weight of weeds
]
§ 5. 2017 2018 2019 Average over 3 years
§ E ‘g- Flowering Before Flowering Before Flowering Before Flowering Before
= o g phase cleaning phase cleaning phase cleaning phase cleaning
-] C
] w O ~ ~ ~ ~ ~ ~ ~ ~
£ % £ % £ % £ % £ % £ % £ % £ %
3§ s £ 53 £ 3 £ 5 £ 5 E 5 £ 5 E 5 E
& S S g S g S S =) g ) g =) g S g )
NgoP1ooKeo 79 355 117 1049 9.8 1251 122 1509 103 515 133 2261 93 707 124 160.6
NgoPoKeo 9.0 417 128 1067 101 1274 126 1576 113 612 134 2314 101 767 129 1652
40 t of manure
for wintering+ 159 65.8 182 174.6 14.2 140.2 152 1843 12.0 1422 144 2374 140 1160 159 1987
N60P120K60
é 40 t of manure
L9 | forwintering+ 159 65.6 182 1846 14.6 1473 156 1871 123 1444 144 2386 142 1191 160 2034
§ N90P120K60
40 t of manure
on frozen plow + 182 72.8 245 3052 149 1512 16.2 1912 132 1454 146 2822 154 1231 184 2595
N60P120K60
40 t of manure
on frozen plow+ 18.8 86.9 255 3222 150 1526 164 1919 134 1455 155 2463 157 1283 19.1 2534
N90P120K60
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Table 1, Continued

The number and weight of weeds

o S
=1
§ So 2017 2018 2019 Average over 3 years
v] a3
et g E Flowering Before Flowering Before Flowering Before Flowering Before
:g ‘E w5 phase cleaning phase cleaning phase cleaning phase cleaning
o
3 g NE ~ NE ~ NE ~ NE ~ NE ~ NE ~ NE ~ NE ~
Q Q. Q Q. Q Q Q Q
40 t of manure in
winteronsnow+ 19.2 946 246 300.6 145 150.2 164 1925 132 1449 145 240.7 156 1299 185 2446
N60P120K60
40 t of manure in
€ | winteronsnow+ 20.5 101.4 250 308.2 149 1517 16.5 1927 132 1450 148 2432 16.2 1327 187 2480
(&)
n N90P120K60
o~
S | 40t of manure
™~ for plowing+ 245 1285 274 3282 154 1572 178 1952 139 1484 153 2482 179 1447 201 2572
N60P120K60
40 t of manure
for plowing+  25.6 1346 281 3336 157 1614 18.1 1982 140 1488 154 2523 184 1482 205 2613
N90P120K60
NP oKeo 10.8 424 134 2164 104 1224 12.6 1524 109 583 137 2441 107 743 132 2043
NgoP120Keo 124 446 141 2186 113 129.1 134 1581 11.6 671 151 249.7 117 80.2 142 2089
40 t of manure
for wintering+ 16.6 784 222 3728 152 1342 191 2242 133 1507 16.7 2526 150 1211 19.3 2832
N60P120K60
40 t of manure
for wintering+ 19.8 828 232 3845 154 1349 192 2252 136 1594 175 2579 16.2 1257 199 289.2
N90P120K60
40 t of manure
on frozen plow + 224 984 22.0 3646 157 139.3 194 2256 137 1613 176 2632 172 1330 19.6 2844
N60P120K60
e | 40tof manure
o~ | onfrozenplow+ 231 1045 228 369.1 159 1411 195 2263 139 1622 178 2641 176 136.0 200 286.5
g N90P120K60
™ 140t of manure in
winter on snow + 228 136.6 21.8 3514 153 1541 19.0 2252 134 1533 171 2482 171 148.0 19.3 2749
N60P120K60
40 t of manure in
winter on snow + 234 1374 222 3712 156 1572 19.1 2249 135 1572 173 249.1 175 1506 19.5 2817
N90P120K60
40 t of manure
for plowing+ 284 2116 29.5 3946 172 1676 202 2512 144 171.8 19.1 2832 200 1834 229 309.6
N60P120K60
40 t of manure
for plowing+  29.6 2444 304 4014 182 1721 211 256.3 147 1783 19.7 2863 21.1 1982 237 3146
N90P120K60

Source: compiled by the authors

The development and predominance of certain
weed plants determined their different number and
weight. The experimental plot was dominated by annual
weeds: Amaranthus retroflexus L., 1753 and Amaranthus
blitoides S. Watson, 1877, Chenopodium album L. Cheno-
podium album L., 1753, Setaria P.Beauv, 1812 and Se-
taria viridis (L.) P. Beauv, 1812, Echinochloa crus-galli (L.)
BEAUV., 1812 and others, perennials included Cirsium
arvense (L.) SCOP,, 1772 and Sonchus arvensis L., 1753,
(Elytrigia repens (L.) DESV. ex NEVSKI, 1933 and others.

In the field experiments A.A. Samarkin [17], by the
time of harvesting, perennial weeds that were remained
are: Cirsiuem arocusa (L.) Scop, 1772, Soulus arocusis L.,
1753, of juvenile spring weeds met Raphanus aphanis-
fmen L., 1753, as well Chenopodium alhem L., 1753,
among wintering ones - Cenfaupea cuames L., 1753, and
Capselle bursa - pasfonis L., 1792.

The largest number of weeds was recorded in
2017. It was also noted that an increase in nitrogen in
mineral fertilizer from N,, to N, promotes an increase
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in weeds in different variants from 0.6 to 3.2 weeds per
square meter. This trend was observed in all years of
research (Table 1).

Such data were also shown by A.A. Skryabin [18],
where the highest percentage of weeds was observed
during the use of nitrogen fertilizers at a dose of 90 kg
(35 kg dry matter), the smallest 201 kg dry matter - at the
introduction of 120 kg of a.s. of nitrogen.

With the introduction of bedding manure in the
fall under the fall, the number of weeds increased in
comparison with other options where only mineral fertil-
izers were applied, in 2017 by 6.9-8.0 pieces, in 2018 -
by 4.4-4.5,in 2019 - by 1.0-1.1 pcs, and the weight, re-
spectively, by 23.9-30.3; 15.1-19.9 and 83.2-90.7 grams
in the flowering phase and 69.7-77.9; 29.5-33.4 and
7.2-11.3 g before harvesting.

In the studies of A.V.lvenin [19],weed control re-
duces the level of weed infestation at the beginning of

the growing season (after germination) to 7.1-8.2 weeds/m?,
including 0.7-1.6 weeds/m? of perennials. In the option
of the field experiment with autumn tillage use, the
amount of weeds is lower than in the option without
it. By the end of the growing season of potatoes, the
infestation of annual weeds increases and reaches 8.0-
8.9 pcs/m?.

The application of manure over frozen plow and in
winter over snow leads to a slight decrease (2.3-2.5 pcs/m?)
of weeds. The greatest number of weeds is observed
during the spring application of manure for plowing
the plow (Fig. 1). Such data were also shown in the ex-
periments of A.A. Vasiliev [20], that in the South Urals
the infestation of potato plantings with wheatgrass is
low (0.2 pcs/m?). Steaming with the use of spring rape
resulted in a 4-fold decrease in this indicator, and
a 2-fold decrease in the vetch-oat mixture, compared
with black fallow.

25.00

20.00

15.00

10.00

5.00 I I

0.00

Flowering phase 70x25cm Before cleaning 70x25cm Flowering phase 70x35cm  Before cleaning 70x35cm
Weed quantity pcs/m*
eN P K mN, P K

607 1207 "60

140 t of manure for wintering + N P K
m 40 t of manure on frozen plow + NP, K/
® 40 t of manure in winter on snow + NP K

® 40 t of manure for plowing + N P K

90™ 1207 "60

40 t of manure for wintering + N, P K

® 40 t of manure on frozen plow + NP, K
¥ 40 t of manure in winter on snow + Ny P K

® 40 t of manure for plowing + N, P K

Figure 1. Influence of the timing of the introduction of manure on the weediness of potato plantings, pcs/m?

Source: compiled by the authors

In the flowering phase, on average for 3 years
in this variant, there were 20 weeds against the back-
ground of N and 21.1 weeds against the back-
ground of Ny P, K, with a planting of 70x35 cm and
17.9 and 18.4, respectively. when planting 70x25 cm,
before harvesting - respectively 22.9; 23.7; 20.1 and
20.5, which is 7.6-7.7 tons more than on the variants

60P120K60
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without manure application 9.5-9.7 weeds before har-
vesting, and in comparison with the flowering phase -
by 8.3-8,6 when planting 70x25 cm and by 9.3-9.4 (when
planting 70x35 c¢m), and their mass increased, respec-
tively, in the flowering phase by 2.47; 1.93-2.05 times,
before harvesting - 1.50-1.51 and 1.58-1.60 times (Fig. 2).
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350.00
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200.00
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100.00
50.00
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Flowering phase Before cleaning Flowering phase Before cleaning
70x25cm 70x25cm 70x35cm 70x35cm
Weed weight g/m?
EN P K N P K

607 1207 760

B 40 t of manure for wintering + N P, K
B 40 t of manure on frozen plow + N P K
40 t of manure in winter on snow + NP, K

® 40 t of manure for plowing + NP, K

90" 120" 60
m 40 t of manure for wintering + NP, K/
40 t of manure on frozen plow + N P , K
40 t of manure in winter on snow + N, P K

907 1207 "60

m 40 t of manure for plowing + N, P, K

Figure 2. Influence of the timing of manure application on the weight of weeds, g/m?

Source: compiled by the authors

The planting density of potatoes also has a defi-
nite effect on the development of weeds. So, when ap-
plying only mineral fertilizers in doses of N P, K. and
NyoP1,0K¢,and when planting 70x25 cm, the number of
weeds on average for 3 years was, respectively, in the
flowering phase 12.4 and 12.9 per 1 m?, when planting
70x35 cm - 13.2 and 14.2 pcs/m?, and their weight in-
creased by 38.1-96.6 g/m?, before harvesting - by 70.6-
105.7 g/m2.

CONCLUSIONS
Thus, the introduction of bedding cattle manure increases

- an increase in nitrogen in mineral fertilizers from
N,, to N, promotes an increase in weeds;

- a certain influence on the development of weeds
is also exerted by the planting density of potatoes;

- with the introduction of bedding manure in autumn
under the winter plow, the number of weeds increased
in comparison with other options;

- application of manure over frozen plow and in
winter over snow leads to a slight decrease in weeds.

- the greatest number of weeds is observed during
the spring application of manure for plowing the fall
plow.
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BnnuB TepMiHiB BHECEHHS MHOIO Y NOEAHAHHI 3 MiHepanbHMMU ao6puBaMu
Ta rycToTU NocafKu Ha 3acMivyeHicTb NocagoK KapToni

Tanrar Kymaposuu Canixos', CariHtait 3ekeHoBuuY Enobaes?, Mapat Kopran6ekosuy TuHMKyNoB?,
[ynbxkaHat Ackep6aiBHa Kanbacosa?, AHap loc6oniBHa MaxmyToBa?

l€BpasiiicbKkMii HauioHanbHKI yHiBepcuTeT iMeHi J1.M. [yMinboBa
010000, Byn. Catnaesa, 2, M. Hyp-CyntaH, Pecnybnika KasaxcraH

2KokLeTaycbkuii yHiBepcuTeT iMeHi A. Mup3axmeToBa
020000, Byn. Aye3zosa, 189A, M. KokweTay, Pecnybnika KazaxcraH

AHoTauia. Kaptonnsg € ooHMM 3 HalBiNbll YyMHMX KYNLTYp Ha NPUMOMM OOrNa4Y, OCKiIbKM B NepioA Bif CXOAIB A0
3MMKaHH$ psAiB Nerko NpUrHivyeTbes BypsHamu, ki BigbMparoTb y Hei XMBWUIbHI peyoBUHU, BOLY, CBiTNO0. Benuky wkoay
KapTonni 3aBAakoTb BypsaHW. HasiBHICTb Ha noni BypsiHIB CNpUSIE CUBHOMY 3HWXKEHHIO BPOXAMHOCTI Ta TOBAPHUX SKOCTEN
6ynbb. [MornMHauM 3 IPyHTY BEUKY KiNbKiCTb MOXMBHUX PEYOBMH Ta BOAOTU, BYPAHW MPUrHIYylOTb PiCT i pO3BMTOK
POC/IMH, 3HMKYIOUM IXHIO NOTEHLIMHY NPOAYKTUBHICTb. JOCNiAXeHHS NPOBOANANCA AN BUSBNEHHS BNIMBY TEPMIHIB
BHECEHHS MiACTUIKOBOrO FHOK Pa3oM i3 MiHepanbHWMK f0OpuBaMM i rycToTM NOCAAKM Ha 3aCMiYeHiCTb MOCaLOK
Kaptonni. locniam 3aknafanucs CUCTEMHUM METOLOM 3 SIPYCHWM PO3TallyBaHHSM BapiaHTiB B JOCNiAI, MOBTOPHICTb
3-kpaTtHa. BukopucToByBanu rHii Benukoi poratoi Xygobu Ha CONOMSHIM MNiACTMALI OCIHHbO-3MMOBOI 3aroTiBAi.
3acTtocoByBanu Taki Buau o6puUB: aMiauHy cenitpy, noaBiviHMI cynepdocdart, X0pUCTUii Kanin. BUSHaYeHHS KinbKoCTi
Ta 6ioMacy BypaHiB y nocafkax KapTonai NpoBOAMAM y dasi LBITIHHA Ta nepes 36MpaHHIM ypoxKato. BHeceHHs rHoto
CynpoBOAKYBaNocs 30iNblIEHHSM KiNbKOCTi Ta Macu BypsHiB. Y nocafkax KapTonii nepeBaxanu ogHOPIYHI BypaHu:
Amaranthus retroflexus L.,1753 i Amaranthus blitoides S.Watson, 1877, Chenopodium album L., 1753, Setaria P.Beauv, 1812
i Setaria viridis (L.) P. Beauyv, 1812, Echinochloa crus-galli (L.) BEAUV., 1812 Ta iH., 3 6aratopiyHux 3yctpivanucs Cirsium
arvense (L.) SCOP,, 1772 i Sonchus arvensis L., 1753, (Elytrigia repens (L.) DESV. ex NEVSKI, 1933 Ta iH. [leBHMI BNAKB
Ha po3BMTOK BypHiB i ryctota nocagku. [pu BHECEHHI THOK BOCEHM Nif 396 KinbKicTb OypsaHiB 3pocTana nopiBHSHO
3 IHWKWMM BapiaHTaMK, e BHOCUNIUCA TiNlbKM MiHepanbHi fJoOpuBa. BHeCeHHS rHO No 3amep3noMy 346y i B3UMKY MO
CHiry Npu3BOAMTb [0 HE3HAYHOIO 3HMXKEHHS (2,3-2,5 wT./M?) BypsaHie. Haibinbwa KinbKicTb OypsiHiB Big3HaYaEeTbCS
NpY BECHSIHOMY BHECEHHI THOK Nif nepeoproBaHHs 350y. TUM He MeHL, ANS MiCLEeBMX CiflbroCNBUPOOHMKIB BEUKY
NPaKTUYHY 3HAYYLLICTb MatOTb AOCAIMKEHHS, HALINEHI Ha YTOYHEHHSI CKNady Ta CTPYKTYpU 3aCMiYeHOCTi, KiflbKOCTi Ta
Macu bypaHiB y nocagkax kaptonai. LLi AaHi MatoTb cnpusTy BUPOBIeHHID ePekTUBHOI cUCcTeEMU 6GOPOTbOM 3 BYpIHOM i
OTPMMAHHIO BUCOKMX YPOXAiB KapTOnAi B perioHi

KntouoBi cnoBa: KinbKicTb Ta Maca byp»sHiB, 04HOPiYHI Ta BaratopiyuHi 6ypsaHK, 3aCMIYEHICTb MOCZOK, FHil Ta MiHEpanbHi
nobpwmea
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of mobile cadmium increased by 43.8% and soil moisture - by 4.3%.When
comparing the indicators of the agroecological state of the soil, which
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INTRODUCTION

Water is widely used in crop production and agriculture,
in particular, most pesticides and some fertilisers are
applied through transportation by the aquatic environ-
ment. In the conditions of climate aridisation, the role of
water in the watering and irrigation of crops is growing.
It is a well-known fact that crop yields increase consid-
erably when crops are watered. At the same time, it is
not rational to fully use irrigation of agricultural crops
by sprinkling due to the high material costs of restoring or
creating an irrigation system and water needs. Therefore,
a more promising method of irrigation is drip irrigation
with economical use of water by bringing irrigation
tapes to each row. This method of watering the crops is
mainly used in vegetable growing and in limited areas [1].

Due to global warming, water shortages in crop
production will become more and more acute every year,
so the question of delivering water to plants in some
form or other in the most sustainable way with special
preparation and saturation with nutrients, growth reg-
ulators or pesticides will be extremely relevant. Among
the methods of water treatment for use, structuring has
recently become widespread, which implies the acqui-
sition of a natural molecular structure by water. Among
a significant number of methods of water structuring:
freezing, cavitation, the use of ultrasound, magnetic
radiation — a new method is information structuring by
activating water. Unlike prolonged freezing, water struc-
turing through activation occurs almost instantly. This
is confirmed by studies of the laboratory of the company
“Soyana” and experiments to assess the average motor
ability of spirost (infusoria type). The method of struc-
turing water by activation is based on the transmission
of bioelectric information, or energy. Structuring occurs
in the form of changes in the geometric structures of
water crystal molecules. Changing the structure of water
can change its physical and chemical characteristics and
affect the growth and development of plants and the
state of the soil in a completely different way [2].

Structured water is largely close to natural water
in its characteristics. It is characterised by an ordered lig-
uid crystal structure with the preservation of biological
information. Structured water is more fluid with altered
dielectric properties. These changes accelerate the pro-
cesses of crystallisation, dissolution, adsorption and en-
ergy transfer. It is these characteristics that accelerate
the course of biological processes in the cell [3].

Structured water is marked by an ordered cluster
structure. Such water corresponds in structure to the wa-
ter contained in the cells of organisms, so the processes
of its assimilation proceed much faster. When this water
enters plants, the protective functions of the cell increase,
and a number of biochemical processes accelerate. Com-
ponents of structured water — mineral salts, trace elements,
gases, as well as temperature have a positive effect on
living organisms [4].
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In structured water, the rate of chemical reactions
and crystallisation of solutes increases, adsorption pro-
cesses intensify, coagulation of impurities and their pre-
cipitation improves. The structuring of water affects the
behaviour of impurities contained in it, although the
essence of these phenomena has not yet been precisely
clarified. It is quite possible that the biological effect of
structured water on the body is since the channels (pumps)
of tissue cell membranes pass structured water molecules
at an increased rate, because the regular structure of water
resembles the regular structure of the cell membrane
itself - highly structured organelles [5].

Clusters of water molecules are generally made
up of many well-attracted molecules. This form of at-
traction allows toxins and pollutants to enter a cluster
of water molecules. When these clusters of water pass
through the cell membrane, many of them linger because
they are too large or because of toxins that the plant is
programmed to reject. Smaller of these chaotic clusters
will enter the cell, and some carry toxins with them [6].

Structuring changes water molecules into very
small clusters, each consisting of six symmetrically or-
ganised molecules. This cluster is called “biologically
pure” because of its hexagonal structure and because
toxins cannot move inside the cluster and easily enter
the passages of plant and animal membranes. The result
provides maximum, healthy hydration with less water.
Structured water breaks down clusters of individual mol-
ecules, providing better hydration for humans, animals,
and plants.

Water structurizers further break down minerals
into small particles, making them more bioavailable to
plant cells. This contributes to maximum hydration of
healthy water with greater absorption of nutrients and
leads to increased yields, better quality, earlier matura-
tion, long-term storage and higher resistance of plants
to harmful organisms. It also reduces the amount of wa-
ter, fertilisers, and pesticides applied [7]. As structured
water breaks down all minerals into smaller particles, the
salt in the soil is broken down by the structured water,
causing it to sink deeper into the soil away from the plant
roots and be washed away. Decontamination occurs quickly
throughout the season, creating much healthier plants,
higher yields, and a better end product.

Today, there are no problems in obtaining struc-
tured water. There are compact and widely available water
structurizers of both industrial and domestic nature. It
is a nozzle that must be connected to the water supply
pipes, which ensures the structuring of water. The only
problem is calculating the required amount of liquid and
the pressure supplied to the nozzle [8].

Purpose of the article is to determine the effec-
tiveness of using structured water on pea crops and de-
termine the most economical way to deliver such water
to plants.




THEORETICAL OVERVIEW

According to H. Xu, R. Yang, J. Song agricultural water
use is one of the largest in terms of water intake, so
improving the efficiency of water use and quality by ag-
ricultural enterprises is an important way to reduce wa-
ter scarcity. However, the expected saving of water by
improving the efficiency of use and improving its quality
may have the opposite result - insufficient increase in
crop yields, deterioration of product quality and soil
degradation [9].

According to S. Hou, H. Guo, K. Pan, J. Liu, and
L.Zhang [10] studying the structure of water use in crop
cultivation can become the basis for agricultural water
management and a way to improve the efficiency of
agricultural water use. The use of the necessary water
resources for agricultural production, including chemical
fertilisers, pesticides and the capacity of agricultural
machinery, will inevitably provide indirect water for ag-
ricultural production.

N. Lu, K.M. Villa studied the influence of the use
of contaminated water for agricultural needs on the
health status of the population that ate products ob-
tained by watering with such water [11].J. Xie and X. Su
investigated ways of rational water use in agriculture
and crop production based on determining the costs of
water delivery, preparation and application [12].

Since agriculture is a water-intensive industry,
smart planning of agricultural water use is very im-
portant to ensure food security, therefore C. Li, T.T.Jiang,
X.B. Luan, Y.L. Yin, PT. Wu, Y.B. Wang, S.K. Sun analyse
the contribution of four factors (water efficiency, pro-
ductivity, crop structure, and scale of production) that
affect the need for water for agriculture. Among these,
water use efficiency and adjustments to the plantation
structure have played a decisive role in helping to reduce
water demand. Increasing productivity will increase water
efficiency, thereby reducing the need for water for ag-
riculture. However, large-scale expansion of production
compensates for the role of increasing productivity and
leads to an increase in the need for water for agriculture.
To reduce the demand for water for agriculture, it would
be important to improve water efficiency, improve irriga-
tion technology, and not introduce more water resources
to expand production [13].

The increased solubility of minerals enhanced
microbiological properties and a long storage period after
water treatment with structurizers can ensure not only
an increase in the productivity of agricultural crops, but
also change the chemical composition of products and
the agroecological state of the soil, taking into account
the significant saturation of crop rotations with mineral
fertilisers and pesticides. The use of such water when
spraying or watering crops by installing structurizers in
the path of water movement can affect the overall state
of the agroecosystem. However, very few such studies
have been conducted, so there is little reliable data on
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the increase of agricultural crop productivity, changes in
the chemical composition of products and the agroeco-
logical state of the soil when using structured water [14].

Therefore, an important direction for studying the
effectiveness of using structured water in crop production
is the method of treating agricultural crops with such
water in different phases of their growth and development;
the study of the optimal method of transporting struc-
tured water to plants by watering the soil or spraying
crops.

MATERIALS AND METHODS

The research was conducted during 2019-2021 at the
experimental sites of the Vinnytsia National Agrarian
University within an open stationary greenhouse without
covering with free precipitation and with centralised
water supply. Asmall-plot experiment with an estimated
plot area of 4 m? in 5 replications was established. The
research programme was supposed to study the effect
of using structured water on the yield of pea grain, its
chemical composition and agroecological state of the
soil. For this purpose, 5 variants were laid: 1 - without
processing the pea crop with water (control); 2 - spraying
the crop with structured water; 3 - watering the crop
with structured water; 4 — water-ing the crop with plain
water.

Processing of pea crops was carried out three
times during the growing season: 1 - in the phase of
three pea leaves; 2 - in the branching phase; 3 - in the
budding phase. Spraying was carried out with a satchel
sprayer with a water consumption of 200 l/ha. Watering
was carried out by sprinkling with a sprinkler with an
irrigation dose of 300 l/ha at a time. Water structuring
was carried out by installing a structuring device on
a centralised water supply pipe, followed by filling it
with a sprayer or sprinkler. Spraying and watering was
carried out in the evening in dry weather. The water
structurizer “Ojas” was used [15].

The pea variety Album was sown. The yield of the
variety is 2.96-3.78 t/ha. The duration of the growing
season is about 82-84 days. Plant height - 63.6-72.5 cm.
Resistance to lodging - 6.6-7.4 points. Resistance to shed-
ding - 8.2-8.5 points.Drought resistance - 8.7-8.8 points.
The suitability of the variety for mechanised harvest-
ing - 7.8-8.8 points. Resistance to peronosporosis -
8.5-8.7 points. Resistance to root rot - 8.6-8.8 points.
Resistance to ascochytosis - 7.8-8.5 points. Resistance
to anthracnose - 8.3-8.4 points. The protein content -
24.4-24.8%.The height of attachment of the lower bean -
40-45 cm. Adapts to a variety of soil and climatic grow-
ing conditions. A highly suitable variety for mechanised
harvesting [16].

Peas were sown manually in mid-April. Special
measures to protect pea crops from pests and diseases
were not carried out. One-time manual weeding was
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performed. The crop was harvested manually with grain
weighing.

The following records and observations were
carried out: grain yield was determined by weighing
grain from the entire accounting area with conversion
to 1 ha and to the standard humidity of seeds [10]; the
chemical composition of grain in absolutely dry matter
was determined in certified to confirm technical compe-
tence when conducting measurements in accordance with
the requirements of DSTU 1SO 10012:2005 “Measurement
management system. Requirements for measurement
processes and measuring equipment” of Laboratory for
Monitoring the Quality, Safety of Feed and Raw Materials
of the Institute of Feed Research and Agriculture of Po-
dillya of NAAS: crude protein - by the Kjeldahl method,
crude fat — by the Rushkovsky method for the amount
of fat - free residue, crude fibre - by the Henneberg and
Stoman method in the CSRIASA modification according
to DSTU ISO 21415-2:2009, crude ash - by the dry ozyla-
tion method, nitrogen-free extractives — by the calcula-
tion method [17].

Agroecological analysis of the soil was carried
out in the certified test centre of the Vinnytsia branch
of the state institution “Institute of Soil Protection of
Ukraine” in accordance with the requirements of DSTU
ISO/IEC 17025:2017 according to the following indi-
cators: humus - according to GOST 26213-91; lightly

hydrolyzed nitrogen - by the Kornfield method according
to DSTU 7863:2015; mobile phosphorus and exchange-
able potassium - by the Chirikov method according to
DSTU 4115:2002; the reaction of the soil solution PH -
according to DSTU ISO 10390-2007; hydrolytic acidity -
according to DSTU 7537-2014; mobile lead - according
to DSTU 4770.9-0007; mobile cadmium - according to
DSTU 4770.3-0007; moisture - by thermostatic-weight
method [18; 19].

The soil on the experimental site of a stationary
greenhouse is bulk, chernozem.Weather conditions during
the years of research were typical for the forest-steppe
zone of right-bank Ukraine with an uneven distribution of
precipitation during the growing season of peas: pro-
longed droughts were replaced by intense precipitation,
which limited the introduction of water to pea crops, espe-
cially in the late phases of its growth and development.

RESULTS AND DISCUSSION

The humus content in the soil of the control variant
without water use was the highest and amounted to
4.44%. This was 0.01% more than in the variant of wa-
tering of pea crops with plain water, 0.02% more than in
the variant of spraying pea crops with structured water,
and 0.04% less than in the vari-ant of irrigation of pea
crops with structured water (Table 1).

Table 1. Indicators of the agroecological state of the soil when processing pea crops
using structured water (2019-2021), m*m

Indicator name Without water use

Spraying with

Experiment options

Watering with Watering with plain

(control) structured water structured water water
Humus, % 4.44%0.02 4.42+0.01 4.40+0.02 4.43%0.02
Lightly hydrolyzed nitrogen, mg/kg 137%3 120%2 126%3 129+3
Mobile phosphorus, mg/kg 600+8 48012 480+12 600+8
Exchangeable potassium, mg/kg 252%2 222%3 232%2 257%3
Soil solution reaction, pH 6.9+0.1 7.0+0.1 6.7%0.2 7.0£0.1
Hydrolytic acidity, mg-equiv./100 g 0.46%0.03 0.37%0.02 0.36%0.02 0.39%0.02
Mobile lead, mg/kg 1.58+0.03 0.95+0.02 1.29+0.02 1.15+0.03
Mobile cadmium, mg/kg 0.090.01 0.13+0.01 0.16+0.01 0.120.01
Moisture, % 12.5%1.2 18.1+0.8 16.8+0.6 14.1£0.9

Source: authors' research

The content of lightly hydrolysed nitrogen in the
control soil without water application was 137 mg/kg
and was the highest among all experimental variants.
When watering pea crops with plain water, the content
of lightly hydrolysed nitrogen in the soil decreased by
5.8%, when watering pea crops with structured water -
by 8.0%,when spraying pea crops with structured water -
by 12.4%.
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The content of mobile phosphorus in the soil of
the control variant without using water and the variant
of watering of pea crops with plain water was the highest
and amounted to 600 mg/kg. When using structured water
on pea crops, the content of mobile phosphorus in the
soil decreased by 20%.

The concentration of exchangeable potassium in
the soil of the control variant without the use of water




was 252 mg/kg. This was 1.9% less than when watering
peas with plain water, but 7.9% more than when watering
peas with structured water and 11.9% more than when
spraying peas with structured water.

The reaction of the soil solution in the control
without water application was 6.9 pH, which was 0.1 pH
less than in the variants of spraying peas with structured
water and watering peas with plain water, but 0.2 pH
more than in watering peas with structured water.

The hydrolytic acidity of the soil in the control
variant without water application was the highest and
amounted to 0.46 mg-equiv,/100 g. In the variant of water-
ing peas with plain water, it was 15.2% less, on the option
of spraying peas with structured water - by 19.6%, and
on the option of watering peas with structured water -
by 21.7% less.

The concentration of mobile forms of lead in the
soil in the control variant without water use was the
highest and amounted to 1.58 mg/kg. In the variant of
watering pea crops with structured water, the concen-
tration of mobile forms of lead decreased by 18.4%, in
the variant of watering of pea crops with plain water -
by 27.2%, and on the option of spraying pea crops with
structured wa-ter - by 39.9% less.

The concentration of mobile cadmium forms in
the control without water use was 0.09 mg/kg. This was
25% less than the variant of watering peas with plain
water, 30.8% less than the option of spraying peas with
structured water, and 43.8% less than the option of wa-
tering peas with structured water.

The soil moisture content of the control variant
without water use was 12.5%, which was the lowest
indicator among all the studied variants. When watering
peas with plain water, soil moisture increased by 1.6%,
when watering peas with structured water — by 4.3%, and
when spraying peas with structured water - by 5.6%.

The analysis of the agroecological state of the
soil when using structured water on pea crops showed
that on the variants for using structured water, the lowest
content of humus, lightly hydrolyzed nitrogen, mobile
phosphorus, exchangeable potassium in the soil is ob-
served, the lowest reaction of the soil solution pH, hy-
drolytic acidity and concentration of mobile forms of lead.
This indicates that structured water in the soil translates
nutrients and toxic substances into easily accessible forms
for plants, they consume more of it, which affects the
higher productivity of plants from variants for processing
pea crops with structured water. Reducing the hydrolytic
acidity of the soil on the use of structured water has a
positive role, since more favourable conditions for plant
growth and development are created. At the same time,
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options for treating pea crops with structured water had
the highest content of mobile forms of cadmium and
moisture in the soil. The increased moisture content in
the soil determines the formation of favourable condi-
tions for the moisture supply of the next crop in the
crop rotation due to more economical use of structured
water by the crop that was watered.

Comparison of agroecological indicators of the
soil in variants for watering of pea crops with structured
and plain water showed that the content of humus in
the soil where pea crops were watered with structured
water was 0.03% less, lightly hydrolysed nitrogen - by
2.3%, mobile phosphorus - by 20%, exchangeable po-
tassium - by 9.7%, the reaction of the soil solution - by
0.3 pH less than when watering pea crops with plain
water. However, the hydrolytic acidity of the soil decreases
when using structured water on pea crops by 7.7% and
the moisture content increases by 2.7%, which is a posi-
tive manifestation. The concentration of mobile forms
of heavy metals in the soil also increases when watering
peas with structured water, compared to watering peas
with plain water: lead - by 10.9%, cadmium - by 25.0%.

Comparison of the effect on the soil of spraying
and watering with structured water of pea crops revealed
a tendency to reduce the humus content by 0.02%, in-
crease the concentration of mobile forms of lead by 26.4%,
cadmium - by 18.8%, decrease soil moisture by 7.2% and
the reaction of soil solution — by 0.3 ph when watering
pea crops with structured water. A negative manifes-
tation of structured water spraying of pea crops, com-
pared with their watering, was observed in relation to a
decrease in the content of lightly hydrolysed nitrogen
by 4.8%, exchangeable potassium - by 4.3%, but a pos-
itive change in the hydrolytic acidity of the soil, which
decreased by 2.7%.

The obtained indicators confirm the thesis that
structured water breaks down minerals contained in
the soil into smaller particles, which facilitates their use
by plants, including such toxic substances in the soil as
heavy metals. This leads to a decrease in the concentra-
tion of minerals in the soil when watering crops with
structured water.

The highest yield of pea grain was found in the
variant of watering its crops with structured water -
5.79 t/ha, which was 42.3% more than in the control
without water and 22.3% more than in the variant of
watering peas with plain water. Spraying pea crops with
structured water provides a seed yield of 4.65 t/ha, which
was 28.2% more than in the control without water, but
19.7% less than when watering pea crops with structured
water (Table 2).

Table 2. Pea grain yield depending on its processing with structured water (2019-2021), m*m

Variants for processing pea crops

Seed yield, t/ha

+ Before control, %

Without using water (control) 3.34%0.08 -
Spraying with structured water 4.65+0.05 +28.2
Watering with structured water 5.79+0.03 +42.3

Watering with plain water 4.50%+0.05 +25.8

Source: authors' research
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Thus, it was found that at the site of watering pea
crops with structured water, the yield of its seeds in-
creases due to more intensive absorption of nutrients
from the soil and, accordingly, impoverishment of the
soil on them.

Analysis of the chemical composition of pea seeds
in absolutely dry matter during the processing of its crops
with structured water showed that the crude protein

content was the highest in the control without the use
of water - 26.41%. When spraying pea crops with struc-
tured water, the content of crude protein in its seeds,
compared with the control without water application,
decreased by 0.13%, when watering pea crops with plain
water — by 0.43%, and when watering pea crops with
structured water - by 1.2% (Table 3).

Table 3. Chemical composition of pea grain depending on its processing with structured water, %
for absolutely dry matter (2019-2021), m*m

Nitrogen-free

Variants for processing pea crops  Crude protein Crude fat Crude fibre Crude ash extractives
Without using water (control) 26.41%0.34 3.42+0.04 11.13#0.09 4.76%0.13 54.27+1.56
Spraying with structured water 26.28+0.27 3.39%0.03 13.11+0.07 4.38+0.11 52.84%1.61
Watering with structured water 25.21+0.22 3.33+0.03 11.24+0.07 4.13%0.08 56.09£1.70
Watering with plain water 25.98%0.24 3.28+0.02 11.55+0.06 3.93+0.08 55.26%1.62

Source: authors' research

The crude fat content of pea seeds in the control
variant without water was 3.42%. In the variant of spray-
ing peas with structured water, the fat content in their
seeds decreased by 0.03% compared to the control with-
out water, when watering peas with structured water -
by 0.09% and in the variant of watering peas with plain
water - by 0.14%.

The crude fibre content of pea seeds from the
control variant without water was 11.13%. In the variant
of watering peas with structured water, it increased by
0.11%, in the variant of watering peas with plain water -
by 0.42% and in the variant of spraying peas with struc-
tured water - by 1.98%.

The crude ash content of pea seeds in the vari-
ant without water use was 4.76% and was the highest
among all experimental variants. When spraying pea
crops with structured water, the content of raw ash in
its seeds, compared with the control without the use of
water, decreased by 0.38%, when watering pea crops with
structured water - by 0.63%, when watering pea crops with
plain water - by 0.83%.

Nitrogen-free extractives in pea seeds from the
control variant without the use of water contained 54.27%.
This was 1.43% more than in the variant of spraying pea
crops with structured water, but 0.99% less than in the
variant of watering pea crops with plain water and 1.82%
less than in the variant of watering pea crops with struc-
tured water.

The results of the research showed that watering
pea crops with structured water, compared with watering
its crops with plain water, reduces the content of crude
protein in pea seeds by 0.77%, crude fibre - by 0.31%,
but increases the content of crude fat by 0.05%, crude
ash - by 0.2% and nitrogen-free extractives - by 0.83%.

Spraying pea crops with structured water, com-
pared with watering its crops with structured water,
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increases the content of crude protein in pea seeds by
1.07%, crude fat - by 0.06%, crude fi-bre - by 1.87%,
crude ash - by 0.25%, but reduces the content of nitro-
gen-free extractives by 3.25%.

Thus, watering pea crops with structured water
contributes to obtaining the highest yield of its seeds,
the highest content of nitrogen-free extractives in the
seeds, but the lowest content of crude protein.

Irrigation with structured water of pea crops leads
to an increase in its yield by 42.3% compared to the
control variant without using water. This is due to more
intensive use of nutrients from the soil, which causes a
decrease in the humus content in the variant of watering
pea crops with structured water by 0.04%, lightly hydro-
lysed nitrogen - by 8.0%, mobile phosphorus - by 20.0%,
exchangeable potassium - by 7.9%, acidification of the
reaction of the soil solution by 0.2 pH, compared with
the control variant without water use. The increase in the
yield of pea seeds from the variant of watering peas with
structured water occurs against the background of a
decrease in its seeds, compared with the control without
water, the content of crude protein - by 1.2%, crude fat -
by 0.09%, crude ash - by 0.63%, but an increase in the
content of crude fibre by 0.11% and nitrogen-free ex-
tractives - by 1.82%.

The efficiency of using structured water irrigation
of pea crops in comparison with conventional water is
manifested in an increase in the yield of its seeds by 16.5%.
This indicator was achieved by reducing the content of
humus inthe soil by 0.03%, lightly hydrolysed nitrogen -
by 2.3%, mo-bile phosphorus - by 20.0%, exchangeable
potassium - by 9.7%, and acidification of the soil solution
reaction by 0.3 pH. However, with an increase in the yield
of pea seeds, when watering its crops with structured
water, the content of crude protein decreases by 0.77%,
crude fat - by 0.05%, and crude fibre — by 0.31%.




CONCLUSIONS

Watering pea crops with structured water increases the
yield of its seeds by 42.3% compared to the variant with-
out using water and by 22.3% compared to watering
with plain water. However, pea seeds reduce the content
of crude protein by 0.43%, crude fat - by 0.09%, crude
ash - by 0.63%, but increase the content of crude fibre
by 0.11% and nitrogen-free extractives - by 0.99% com-
pared to the option without water use. When watering
peas with plain water, the content of crude protein in
seeds from the structured water variant decreased by
0.77%, crude fibre - by 0.31%, but the content of crude
fat increased by 0.05%, crude ash - by 0.2% and nitro-
gen-free extractives — by 0.83%.

When watering pea crops with structured water,
changes in the agroecological state of the soil were ob-
served compared to the variant without water use. In
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particular, the content of humus decreased by 0.04%,
lightly hydrolysed nitrogen - by 8.0%, mobile phospho-
rus — by 20.0%, exchangeable potassium - by 7.9%, the
reaction of soil solution - by 0.2 pH, hydrolytic acidity -
by 21.7%, the concentration of mobile forms of lead -
by 18.4% but increased the concentration of mobile forms
of cadmium - by 43.8% and soil moisture — by 4.3%.
Compared with the variant of watering pea crops with
plain water, in the soil watered with structured water
humus content was reduced by 0.03%, lightly hydro-
lysed nitrogen - by 2.3%, mobile phosphorus - by 20%,
potassium exchange - by 9.7%, hydrolytic acidity - by
7.7%, the reaction of the soil solution - by 0.3 pH, but
the concentration of mobile forms of lead increased by
10.9%, cadmium - by 25.0%, soil moisture content - by
2.7%.
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AKicTb HaciHHA ropoxy Ta arpoeKoNoriYHUM CTaH FPYHTY
npy BUKOPUCTaHHI CTPYKTypOBaHOi Boau

Biktop AHartoniitoBuu Masyp, Onekcanap MetpoBuu Tkauyk,
laHHa BitaniiBHa MaHuupesa, Onbra AHgpiiBHa Jlemuyk

BiHHMUbKMIA HALIOHANBbHMIA arpapHuUiA yHiBepCuTeT
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YKpaiHa

AHoraujisi. LLinpoke BMKOPUCTaHHS BOAM Y POCIMHHMLTBI Ta 3eMNepobCTBi 3yMOBNIEHE 3HAYHMM MPUPOCTOM YpOXKato Mifg
4ac NosMBY CinbCbKOrOCNOAAPCbKMX MOCIBIB, @ TAKOX AOHECEHHS A0 POC/UH i IPYHTY NECTULMAIB i MiHEPANbHUX
no6pue Bozot. OfHMM i3 cnocobiB NOKPALLLEHHS IKOCTi BOAM, LLLO BUKOPUCTOBYETLCS Y POC/IMHHULITBI € i CTPYKTYpM3aLis.
AKTyanbHMM 3aBAAHHSM € BUBYEHHS BNIMBY CTPYKTYPU30BAHOI BOAM, LLLO JOHOCUTLCS A0 NOCIBIB CilbCbKOrOCNoAapCbKMX
KYNbTyp NMOAMBOM abo 0O6MPUCKYBAHHSAM Ha YPOXAWHICTb, AKiCTb OAEepXKaHOI NpoayKLil Ta arpOeKonoriYyHMin CTaH
rpyHTy. [10N1bOBI AOCNIAXKEHHS HA NOCIBAX FOPOXY NPOBOAMAN HA AOCAIAHUX AiNSHKaX BiHHMLBKOrO HaLioHaNbHOIo
arpapHoro yHisepcuteTty, 1abopaTopHi — y akpeauToBaHMX NabopaTtopii MOHITOPUHIY aKOCTi, 6e3nekn KopMiB i
CUMPOBWHU [HCTUTYTY KOpMIB Ta CinbCbkoro rocnopapctea lMoginns HAAH ta BunpobyBanbHOMY LeHTPi BiHHMLbKOT
dinii JepxkaBHOi yCTaHOBU «IHCTUTYT OXOPOHWU FPyHTIB YKpaiHu». [1pyM nonuBei ropoxy CTPYKTYpOBaHOK BOAOH
BiAOYBAETLCS NiABULLEHHS MOr0 YpOXAWHOCTI Ha 42,3 % BiLHOCHO BapiaHTy 6e3 BHeCeHHs BOAM Ta Ha 22,3 %
BiAHOCHO BapiaHTy 3 MOMIMBOM 3BMYANHOI BOAOK. HAaCiHHA ropoxXy Npu NONMBI CTPYKTYPOBAHOI BOAOK MAE HMXKYMN
BMicT cuporo npoteiny Ha 0,43 %, cuporo xupy — Ha 0,09 %, cupoi 3011 — Ha 0,63 %, npoTe BULWMIA BMICT CMPOI
KniTkoBuHM Ha 0,11 % i 6e3a30TOBMX eKCTPaKTUBHUX pevoBMH — Ha 0,99 % BiAHOCHO BapiaHTy 6e3 BHECEHHS BOAM.
BMicT rymycy y rpyHTi Npu nonuBi CTpyKTypOBaHOK BOZOK OYB HUXKYMM, HiXX Ha BapiaHTi 6e3 BHeceHHs Boau Ha 0,04 %,
a30Ty nerkorigponizoBaHoro - Ha 8,0 %, dochopy pyxomoro - Ha 20,0 %, kanito 06MiHHOrO - Ha 7,9 %, peakuis
rPYHTOBOrO po3ynHy — Ha 0,2 pH, rigponiTMyHa KMCNOTHICTb — Ha 21,7 %, KOHLEHTpaLis pyxoMoro CBUHL — Ha 18,4 %.
lNpoTe 3pocTana KOHLLeHTPaLis pyxoMoro KaaMito Ha 43,8 % i BonoricTb IpyHTY — Ha 4,3%. [Tp1 NOpiBHAHHI NOKAa3HMKIB
arpoeKosioriYHOro CTaHy IPyHTY, SKMIM NOAMBANM CTPYKTYPOBAHOK Ta 3BMYAMHOK BOAOH, BCTAHOBEHO, WO MOMB
CTPYKTYpOBaHOK BOAOK 3MeHLWYye BMicT rymycy Ha 0,03 %, nerkorigponizoBaHoro asoty — Ha 2,3 %, pyxomoro
docdopy - Ha 20 %,06MiHHOrO Kanito — Ha 9,7 %, riAPONITUYHOI KUCNOTHOCTI — Ha 7,7 %, peakLuii FpyHTOBOro po34nHy —
Ha 0,3 pH, npoTe NigBULLYETLCS BMICT pyxoMoro cBuHL0 Ha 10,9 %, pyxomoro kaamito — Ha 25,0 % Ta 3pocTae BMicT
BOJIOTU Y FPYHTI — Ha 2,7 %

KntouoBi cnoBa: 3epHo, XiMiYHWIA CKNag, pOAKYiICTb, KUCNOTHICTb, BaXKKi MeTanu, BONOTiCTb
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INTRODUCTION

The basis of intensive gardening is the introduction
of new dwarfing varieties into production in order to
increase the planting density to 2000 trees per hectare,
which reduces the cost of manual labour for harvesting
and pruning trees, chemical protection, etc. The size of
the tree is taken into account when planning the or-
ganisation of plantings, selecting planting schemes and
other elements of agricultural technology, although the
height of the tree is to a certain extent limited by the
design of plantings. The introduction of the latest tech-
nologies for growing stone crops is mainly hindered
by the lack of low growing clonal rootstocks [1; 2]. Re-
ducing the size of cherry trees is also of great impor-
tance when harvesting. Since rootstock combinations of
stone breeds are mainly vigorous, therefore harvesting
manually is the most time-consuming process, which
accounts for 50-80% of all cultivation costs [2].

Young cherry trees show strong growth of the
trunk and skeletal branches of the first order and weak -
semi-skeletal (semi-basic) branches and overgrown wood.
O.A.Kishchak [3] identified a group of varieties in which,
without special pruning, many shoots with a length of
more than 20 cm are formed during fruiting and growth.
They make up more than 50% of the whole crop.

On annual growth shoots, generative buds are
placed in the lower part. The ratio of the number of
growth and fruit buds on an annual growth depends on
its length. On short growth shoots (up to 10 cm), mainly
generative buds are formed and only one growth bud is
formed at the top. Growths 25-30 cm long have growth
buds, from which bouquet twigs are formed. On growths
with a length of more than 30 cm, bouquet twigs and
lateral growths of the growth type are formed [4]. The
growth force of a fruit tree is best regulated by a root-
stock [5]. However, currently, there are few vegetatively
propagated rootstocks for sweet cherries, although in
recent years dwarf rootstocks of Gisela 5 of German and
VSL-2 of Russian selection have become widespread [6; 7].

A high effect was obtained from the use of
MV+25105 (propyl-3-butyl-phenoxy acetate) on sweet
cherry trees [8].In the plants treated with it, apical domi-
nance decreased due to the synthesis and movement of
auxins and changes in hydrocarbon metabolism in the
tissues of the central conductor. This contributed to the
formation of dwarfing trees with a large number of side
shoots, while the yield for the 4" year increased by an
average of 1.5 times.

The most effective are gardens with dense plant-
ing of dwarfing trees. They enter marketable fruiting
early (3-4 years), provide an average yield of 8-10 t/ha
and save 5-6 times labour costs for the crown formation
and pruning compared to vigorous varieties. Dwarfing
trees are more convenient for caring for and harvesting
fruits, both manually and mechanically [9-11].

It is established that the environmental conditions,
agricultural techniques of growing crops (type of planting,

Scientific Horizons, 2021, Vol. 24, No. 7

rootstock, crown shape) in which biochemical character-
istics were formed and fixed, leave a significant imprint
on the taste and chemical composition of fruits [12; 13].
Therefore, one of the main requirements that are set for
new varieties of stone crops recommended for indus-
trial cultivation is the compact shape of the crown and
convenient placement of the main branches, simulta-
neous ripening of fruits with a dry separation from the
peduncle.

Research purpose - to establish the features and
activity of apical and lateral growth of trees of different
varieties of sweet cherries. To study the growth processes
in the crown of a tree characteristic of each variety. Based
on the obtained data, to determine the shape of the
crown and the shoot-forming ability of the variety.

MATERIALS AND METHODS

The territory of experimental plantings is located in the
central part of the region of the central subzone of the
Right-Bank Forest-Steppe, which is characterised by a
significant variety of soil cover, which is caused by rela-
tively similar natural conditions.

The soils of the experimental site are gray podzolic.
These soils are similar in characteristics and qualities to
sod-podzolic and chernozem soils. They have well-defined
processes of podzolization, as a result of which the pro-
file is clearly differentiated according to the eluvial-ilu-
vial type and at the same time, there is an accumulation
of humus. Its content in various subtypes of gray forest
soils varies significantly, but vegetation features cause
a significant annual intake of organic residues in the
soil and a relatively high content of humus in the soil
profile.

The objects of research were 12 varieties of sweet
cherries of different ripening periods: Aboryhenka, Biryuza,
Dar Mliyeva, Zoryana, Mliyivska zhovta, Mirazh, Meli-
topolska krapchasta, Meotida, Donetskyy uholyok, Aly-
onushka, Amazonka, Drohana zhovta. Trees grafted on
the rootstock of wild cherries, planted according to the
scheme 6x4 m (416 trees/ha) and formed by a sparse-
tiered crown.

Records and observations were carried out for
three years according to the “Methodology for conduct-
ing field studies with fruit crops” by P. V. Kondratenko
and M.O. Bublyk [14]. The circumference of the trunk
was determined by measuring tape at a height of 10 cm
from the soil surface. The increase in the trunk diame-
ter during the growing season was determined by the
difference in autumn measurements in the current and
past years. The total growth of annual shoots with a
length of 5 cm or more was measured with a measur-
ing tape at the end of the growing season. At the same
time, the average length of shoots was determined by
dividing their total length by the number. Tree habitat was
determined by calculating the area of crown projection
and tree volume.




For statistical processing of data expressed in
points, data conversion was performed according to the
method of B.A. Dospekhov [15].

RESULTS AND DISCUSSION

According to the results of the conducted studies, it was
found that by the age of 6-7 years, sweet cherry trees
reached their maximum size. The maximum tree height
was characterised by the varieties Zoryana, Amazonka
and Dar Mliyeva (5.1-4.9 m) (Fig. 1). Given the fact that
the studied trees are 6-7-8 years old, when the period
of growth stops and the plantations begin to bear fruit
(according to P.G. Shit), according to the technology of
cultivation, the growth of trees was limited to five meters
by pruning.

It was found that trees of early-ripening varieties
of cherries were characterised by a significant growth
force, which on average for three years of research was
close to 4.8 m. The trees of the control variety Zoryana
reached the optimal size the fastest, but the highest
height was observed in the trees of the Dar Mliyeva
variety. Mliyivska zhovta trees were characterised by
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more gradual growth of the conductor. However, by the
age of 8, they reached the same level as trees of other
early-ripening varieties. So, the studied early ripening
varieties of sweet cherries have a tendency to strong
apical growth of trees.

Compared to early-ripening varieties, medium-rip-
ening varieties up to 8 years of age were characterised
by a lower tree growth force (on average, 3.9 m). The
strongest growing varieties were Mirazh and Aboryhenka
(4.5 m), lower growth was observed for the variety Meli-
topolska krapchasta (3.2 m), and especially for the con-
trol variety Meotida (3.0 m). The height of trees of these
varieties was maintained at the same level by pruning.
So, cherry varieties of medium ripening were character-
ised by moderate growth of trees in height.

The height of trees of late-ripening varieties of
sweet cherries averaged 3.4 m, which is 1.4 m lower than
the average of early-ripening varieties and 0.5 m lower
than the medium-ripening varieties (Fig. 1). The best in
this respect was the late-ripening variety Biryuza, in which
the height of trees during the study did not exceed 2.6 m
and did not require agrotechnical intervention by pruning.

u Tree height, m

= Maximum tree height, m

Figure 1. Average and maximum height of sweet cherry trees, m

Late-ripening trees of the late-ripening Donetskyy
uholyok variety proved to be weak, but they were slightly
higher than the variety Biryuza. Significant heights at
the age of 8 reached the Amazonka variety trees and
according to this indicator they should be classified as
vigorous. Thus, according to the strength of tree growth,
the studied sweet cherry varieties can be arranged in
the following order (according to the ripening period):
vigorous - Dar Mliyeva, Zoryana, Mliyivska zhovta, Am-
azonka; semi dwarf Mirazh, Alyonushka, Aboryhenka,
Drohana zhovta; dwarfing - Melitopolska krapchasta,
Meotida, Biryuza, Donetskyy uholyok.

The obtained indicators of tree habit make it pos-
sible to characterize the shape of the crown of cherry

varieties: round - Donetskyy uholyok, Amazonka; high-
round - varieties of Aborigenka, Dar Mliyeva, Zoryana;
wide-pyramidal — Alyonushka, Drohana zhovta, Melito-
polska krapchasta; pyramidal — Mliyivska zhovta, Mirazh;
low - Meotida, Biryuza.

One of the main indicators of tree growth pro-
cesses is an increase in the trunk diameter, which clear-
ly reflects the activity of lateral growth [16; 17]. As a
result of three years of observations on the growth of
sweet cherry trees in thickness, it can be observed that
the increase in trunk diameter was directly dependent
on the strength of apical growth of the tree and inverse -
on the level of crop load.

In 2019, the largest increase in the diameter of
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the trunk of early-ripening varieties was observed for
the variety Mliyivska zhovta, and the smallest - for the
variety Dar Mliyeva, although the growth of trees of the
variety Dar Mlieva in height was stronger (Table 1). The

cross-sectional index of the trunk of trees of early-rip-
ening varieties, respectively, was the highest in the vig-
orous variety Dar Mliyeva, which prevailed over other
vigorous varieties of early ripening.

Table 1. Apical and lateral growth of sweet cherry trees of different ripening periods

Number of shoots,  Average length of

Pomological variety

Total length of Tree trunk Increase in tree

pcs. / trees. annual shoots,cm  annual increments,m  circumference,cm  trunk diameter, cm
Early-ripening varieties
Dar Mliyeva 49 18.4 10.09 70.6 0.37
Zoryana (k) 46 151 6.24 539 0.38
Mliyivska zhovta 35 23.4 8.71 429 0.84
Medium-ripening varieties
Mirazh 61 21.8 13.57 32.7 0.49
Alyonushka 12 24.7 2.67 38.7 1.03
Aboryhenka 39 25.7 10.07 47.0 0.14
"’I'(‘:;';‘C’ﬁgftza 72 245 1856 355 0.59
Meotida (k) 44 22.6 9.55 334 0.36
Late-ripening varieties
Biryuza 34 22.2 721 34.8 0.1
Donetskyy uholyok 20 18.2 3.82 32.5 0.13
Drohana zhovta (k) 49 20.2 9.26 40.3 0.85
Amazonka 12 22.5 8.94 54.96 0.35
LSD 0.5 1.4 1.0 0.6 0.2

05

Note: - *LSD,, - least significant difference at 0.05 significance level

Fruit plantations in the 2021 season were charac-
terised by a high load of fruits, which in turn affected
the decrease in lateral growth of sweet cherry trees.
High yields were observed in the varieties Dar Mliyeva
and Zoryana (k), in which the increase in trunk diameter
was insignificant (0.25 cm). The yield of the Mliyivska
zhovta variety was significantly lower, which was accom-
panied by a more active thickening of the trunk - by
0.76 cm.

In general, on average for three years, the stron-
gest thickening of tree trunks of early-ripening sweet
cherry varieties was observed for the Mliyivska zhovta
variety, while in other varieties it was much weaker. The
largest increase was observed in the trees of the semi
dwarf variety Alyonushka, which also had a low level of
load on the crop.

Among the varieties of medium ripening, trees
of the semi dwarf variety Aboryhenka were character-
ised by a low stem diameter gain, 0.89 cm less than the
highest in this group. As a result of research, the stron-
gest growth of the trunk of trees of medium-ripening
sweet cherry varieties in thickness was noted for the Al-
yonushka variety, and the smallest - for the Aboryhenka
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variety. In the group of late-ripening varieties, the thick-
ening of the trunk was observed in the vigorous Ama-
zonka variety is more active, and this is natural since
the trees of other late-ripening varieties studied are
dwarfing. In general, over the years of research, the small-
est increase in the trunk diameter was observed in the
dwarfing variety Biryuza, and the largest - in the va-
riety Drohana zhovta. The highest yield load per unit
cross-sectional area of the trunk was recorded for the
variety Donetskyy uholyok, the lowest - for Drohana
zhovta. Consequently, the value of the increase in the
trunk diameter was inversely related to tree crop load-
ing and the strength of sweet cherry tree apical growth
(r=-0.77+0.07).

The total increase in the length of annual shoots
in some way affects the formation of the crop [18]. Ac-
cording to the results of research, the difference be-
tween the total growth of annual shoots in different
years is quite significant. In the seventh year of tree
vegetation, growth processes were quite intense, pos-
sibly due to the low level of load on the trees. In terms
of the total length of annual shoots of the studied va-
rieties, the highest level of the indicator was achieved




in trees of the variety Melitopolska krapchasta, and the
lowest in the variety Alyonushka.

Analysing the obtained data separately for the
growing seasons, it was found that the largest total
length of growth was observed in 2020, when the pro-
ductivity of plantations was the lowest. It is likely that
the nutrients absorbed from the soil were used by the
trees for wood growth. However, this statement is not
correct in all cases: in the varieties Mliyivska zhovta,
Melitopolska krapchasta, Biryuza, Drohana zhovta and
Amazonka, the largest total length of annual shoots
was observed in the previous year 2019 simultaneously
with the maximum yield of trees of these varieties. High
yields in 2021 negatively affected the total length of
annual shoots, causing it to decrease. Despite this, the
growth trend for varieties continued over the years. Thus,
the indicator of the total length of annual increments
is determined by the biological characteristics of the
studied sweet cherry varieties.

This is confirmed by the fact that among the
group of early-ripening varieties, the Dar Mlieva variety,
which also has the largest crown volume, had the great-
est total length of one-year shoots on average over the
three years of the study. Also, in stands of medium-rip-
ening varieties, according to the results of three-year
observations, the dwarfing variety Melitopolska krap-
chasta, although the crown volume of the trees was the
smallest compared to other medium-ripening varieties,
had a high total length of annual growth. A significant
total length of annual growths in trees of late-ripening
sweet cherry varieties was obtained in semi dwarf, with
a fairly small crown volume of the Drohana zhovta variety.
It is believed that the structure of the crown of trees
with a mixed type of fruiting should be dominated by
shoots up to 10 ... 20 cm long [18; 19], this contributes
to the formation of fruit-bearing formations and gener-
ative buds.

Having considered the length of annual shoots
of sweet cherry trees by years of research, it can be as-
sumed that the change in this indicator was most influ-
enced by the level of tree productivity and weather con-
ditions during the growing season. It is possible that the
high air temperature in 2019 during the first wave of
shoot growth slowed down apical growth and caused
premature formation of apical buds.

The total growth of annual shoots also depends on
the number of shoots on the tree, that is, the shoot-
forming ability of sweet cherry trees. As is known from
literature sources, sweet cherry trees by their biological
characteristics are mainly vigorous and have a weak
shoot-forming ability [19; 20]. Analysing the data ob-
tained, it should be noted that the number of shoots on
the tree changed significantly in some years.

If the rate of early-ripening varieties in 2019 ranged
from 39-73, in the following years, respectively - 32-67
and 30-41. A sharp decrease in the shoot-forming ability
of sweet cherry trees in 2020 can be explained by a sig-
nificant load on their yield, while in 2021 its practical

Shubenko et al.

absence contributed to the activation of vegetative growth.
A significant number of shoots on trees of the varieties
Zoryana (k) and Mliyivska zhovta in 2019 may be due to
less favourable overwintering conditions for the trees
and damage to the generative buds, which resulted in
increased growth processes. A similar situation was ob-
served in sweet cherry trees of medium-ripening pe-
riods, in 2020, when there was an increase in the num-
ber of shoots with a high level of yield of plantings.
High shoot-forming ability in this group was observed
for the variety Melitopolska krapchasta, which formed
about 72 shoots per tree. Low shoot-forming ability is
characteristic of the variety Alyonushka - from 9 to
16 shoots per tree.

In the group of late varieties, an average of 12-
49 shoots per tree were formed during the research
period. The highest rate was recorded in 2020 for the
Drohana zhovta variety, which can also be attributed to
the group with high bud excitability. The lowest num-
ber of shoots was observed for the variety Donetskyy
uholyok - no more than 24 shoots per tree.

Thus, according to the obtained data, it is advis-
able to divide cherry varieties into groups according to
their ability to shoot: with a high degree - Dar Mliyeva,
Zoryana, Mirazh, Melitopolska krapchasta and Drohana
zhovta; medium - Mliyivska zhovta, Aboryhenka, Meotida,
Amazonka and low degree of shoot formation - varieties
Alyonushka, Biryuza, Donetskyy uholyok.

CONCLUSIONS

Analysis of the data obtained showed that the growth
vigour of the cherry trees depended on the biological
characteristics of the variety, while no effect on fruit rip-
ening time was detected. According to the strength of
tree growth, cherry varieties were vigorous — Amazonka,
Dar Mliyeva, Zoryana, Mliyivska zhovta; semidwarf -
Aboryhenka, Alyonushka, Drohana zhovta, Mirazh;
dwarf - Biryuza, Donetskyy uholyok, Melitopolska krap-
chasta, Meotida. The maximum height (within 5 m) was
observed in trees of the varieties Zoryana, Dar Mliyeva,
Amazonka.

As a result of observations, the largest increase
in the diameter of the trunk was found in trees of the
varieties Alyonushka, Mliyivska zhovta and Drohana
zhovta. The ripening period of the variety did not affect
the lateral growth of trees. The increase in trunk diam-
eter was in direct correlation with the strength of the
tree’s apical growth and inversely with the level of crop
loading.

The shape of the crown, and therefore the for-
mation of the future crop, was significantly influenced
by the indicators of shoot-forming ability: the number of
shoots, the average and total length of annual shoots.
High ability to shoot was noted in the varieties Meli-
topolska krapchasta, Mirazh, Dar Mliyeva, Zoryana. The
smallest number of shoots and their annual growth was
obtained in the varieties Alyonushka, Biryuza, Donetskyy
uholyok.
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OCo6MBOCTI POCTOBUX NPOLIECIB AepeB YepeLuHi Pi3HMX CTPOKIB AOCTUINaHHSA
B yMoBax NMpaBo6epe)xHoro Jlicocteny YKpaiHu

Nipia AnaroniisHa Wy6eHko, CBitnaHa CepriiBHa Lox, Jleca MuxaiinisHa Kapnyk,
Anppin AuppiioBuy MNaeniueHko, Jlapuca MukonaisHa ®ininosa

binouepkiBCbKMIM HaLiOHANbHUI arpapHMii yHiBepCUTET
09117, CobopHa nnowa, 8/1, M. bina LepkBa, YkpaiHa

AHnotauif. OgHi€lo 3 OCHOBHMX BMMOT, SKi CTaBASATb A0 HOBMX COPTIB KiCTOYKOBUX KyNbTyp, PEKOMEHAOBAHMX ANS
NPOMMC/IOBOTO BMPOLLYBAHHS € KOMMAakTHa GopMa KPOHW, SiKka [O3BONSAE 30iNblUMTU LWINbHICTb HaCaLXeHb Ta
CNpPOCTUTK LOMNSA 32 KPOHOK. MeTot AocnigkeHb Oyno BCTAHOBUTM POCTOBI NPOLLECM HAA3EMHOI YaCTUHW AepeB
YepeLLHi COpTiB pi3HMX CTPOKIB AOCTUraHHs. B cTaTTi HaBeAeHO pe3ynbTaTi AOCiAXKEeHb 0COBAMBOCTEN anikanbHOrO i
NnaTepanbHOro pocTy AepeB yYepelHi. BusHaueHo HionoriuHi Ta copToBi 0COBAMBOCTI CMAM POCTY AepeB, NPUPICT i
3arasibHy LLOBXMHY OLHOPIYHMX NaroHiB. BCTaHOBNEHO 3aneXHiCTb MPUPOCTY WTamby AepeB Bif CMAM anikaabHOro
pocTy. 3a pe3ynbTaTaMu LOCNILKEHb COPTU YepeLlHi 3rpynoBaHO 33 CU/IOK POCTY: CUAbHOPOCAMMU Bynu copTu
yepelwHi — AMa3oHka, lap MnieBa, 3opsiHa, MniiBCbka XO0BTa, cepefiHbopocIMMKU — AbopureHka, AnboHyLLKa, [lporaHa
XO0BTa, Mipax; cnabopocanmu — biptosa, JoHeubkuit yronbok, MenitononbCbka Kpanyacra, MeoTiga. HaiMeHLwmit
npupicT fiameTpa WTamby BCTaHOBNEHMI Ana cnabopocnoro copty biptosa, a Habinbwuit — ang copty lporaHa
KO0BTa.Haibinblue HaBaHTaXKeHHS BPOXKAEM Ha OAMHMLIO NJIOLL NonepeyYyHoro nepepisy wramoby 3adikcoBaHo A8 copTy
[loHeLbKKI1 yronbok, HaMeHLwe — ans copTy [IporaHa xoBTa. BennunHa npupocty giameTtpa wramby 3Haxoaunacs B
0bOepHeHil 3aN1eXHOCTI BiJ, HABAaHTAXEHHS AEPEB YPOXKAEM i CUNM anikanbHOro pocTy Aepes vepeluHi. OcobnumsocTi
NnaroHOYTBOPIOBA/IbHOI 34aTHOCTI [al0Tb 3MOry oxapakTepu3yBaTu GOpMY KPOHM LepeB uYepeLiHi: okpyrna -
[loHeLbKuKi1 yronbok, AMa3oHKa; BUCOKO-0KpYyrna — copti AbopureHka, ap MnieBa, 3opsHa; WMpoKo-nipaMigansHa —
AnboHywka, [IporaHa xoBTa, MeniTononbcbka Kpanyacra; nipamiganbHa — MniiBCcbka XoBTa, Mipax; noHukna -
MeorTiga, bipto3a. Bucokoto naroHOyTBOPHOBaNbHOK 34aTHICTIO BOMOAIOTL copTh — [lap MnieBa, 3opaHa, Mipax,
MeniTononbcbka KpanyacTta i [lporaHa »oBTa; cepefHbo — MniiBcbka x0BTa, AbopureHka, MeoTina, AMa3oHka;
HW3bKOI — AnbOoHYLWKa, bipto3a, [loHeubK1i yronbok

KniouoBi ciioBa: copTv YepeLlHi, cuna pocTy fepes, AiaMeTp WwTamMby, 06xBaT WTaMby, NpuUpicT OAHOPIYHUX NATOHIB
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Abstract. This paper analyses the impact of the armed conflict in Ukraine
on the development of the agricultural sector and changes in average
prices of agricultural products, and also identifies a possible relationship
between changes in prices for agricultural products and financial
expenditures for defence needs. The paper also investigates the possible
relationship between changes in military spending, gross harvest of
cereals and legumes, harvested and threshed area, their yield levels. The
study considers how the presence and duration of armed conflict in the
country affects: macroeconomic indicators, intensity of hostilities and their
localisation in areas of economic activity, gross domestic product (GDP),
government expenditures, export-import indicators; household expenditures
and domestic investment, consumer and household expenditures. All this,
indirectly, has an impact on fluctuations in average prices of products of
different sectors of agriculture sold by enterprises. The study takes into
account the importance of the agricultural sector of Ukraine, which is
a significant part of the country GDP.The dependence of military spending
on the size of GDP is the reason for analysing the relationship between the
impact of the existing armed conflict on changes in the state of agriculture in
Ukraine. One of the results of such actions was also the spending of more
money on the purchase of agricultural products to support the defence
needs of the state, etc. Therefore, to understand the magnitude of the
impact of gross harvest factors, crop yields, and agricultural land volumes
on the pricing of agricultural output using the method of statistical
equation dependencies, the findings of the relevant analysis can be
used as a basis for developing approaches, methods, and techniques to
improve crop yields, or - initiate economic development of the country by
increasing agricultural crop yields
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INTRODUCTION

Analysis of the current geopolitical situation in recent
decades indicates a dynamic transformation of the sys-
tem of international relations, which, in turn, is caused
by increasing struggle for resources and markets, and
attempts by some countries to strengthen their influence
on world politics by force. Some countries consider using
the armed forces not only to ensure their own security
and protect national interests, but also to influence other
countries to assert their political status and warn other
countries about the possibility of using force against
any country. The global spread of armed conflicts encour-
ages countries to allocate significant human and finan-
cial resources to ensure and maintain the necessary level
of their own security in the military-political political
situation in the world. Nowadays, in every state, in any
society,agriculture is a vital sector of the national econ-
omy, as it affects the interests not only of each person
but also the nation as a whole, because food production
is the first prerequisite for quality life. It is also a raw
material base for other industries, including light and
food industry. Agricultural economics is an integral part
of the system of economic sciences, which consider vari-
ous aspects of social relations of people in the field of
production and distribution of material goods. One of
the important areas of economics is military-economic
theory, or military economics, which can decisively affect
the development of both state industry and the agri-
cultural part of the national economy. Economic theory
studies the laws of social production and consumption
of products, goods and services at different stages of
human society, including an integral part of it is the study
and research of the agro-industrial complex of the state.

Nowadays, the agro-industrial complex (AIC) is
a set of branches of the national economy for Ukraine,
which are interconnected by economic relations regard-
ing the production, distribution, exchange, and consump-
tion of agricultural products. It includes industries that
ensure the production of agricultural products, their
processing, storage and sale, manufacturing of means
of production in the agro-industrial complex and its
maintenance.About 80 branches of the national economy
take part in the agro-industrial complex at different stages
of production and circulation.AlCis one of the main com-
ponents of the national economy. It accounts for about
1/3 of GDP, fixed assets and the number of employees.
Today, the development of agriculture in the country
is aimed at increasing the efficiency of agricultural la-
bour, i.e., to produce more agricultural products with
less work [1]. The agro-industrial complex has its own
peculiarities of development: dependence on natural
conditions; seasonal nature of production and cash re-
ceipts; slowed down in comparison with industry cycle
and turnover of fixed and working capital; use as means
of production - land, productive animals, and cultivated
plants; combinatorial variety of combinations of forms
of production, management, and ownership; features
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of production technologies associated with living or-
ganisms - plants, animals, microorganisms; territorial
dispersion of production and remoteness of structural
units from the centre, the differences of social nature
between urban and rural areas; survivability of eco-
nomic traditions and customs of the rural population;
the impact of personal households on the economic situ-
ation of workers, etc.

The level of development of the agro-industrial
complex largely determines the level of economic and
food security of the country, as the specificity of its role
is conditioned by food production as the basis of human
life and reproduction of labour, production of raw ma-
terials for many non-productive consumer goods and
industrial products. The level of economic and food
security is one of the main characteristics of the level
of military and economic security and national security
of Ukraine as a whole. Today, it is not possible to find
a country with a low rate of agricultural development
among the world’s leading countries, because the most
important task of agriculture is to provide the popu-
lation with food and industry with the necessary raw
materials. In the conditions of development of market
economy this problem can be solved only by increase
of economic efficiency of agricultural production. It is
the level of agricultural efficiency that determines the
degree to which the population is provided with food-
stuffs. Therefore, one of the primary tasks of science is
to develop economic bases for the development of the
industry in market conditions and effective management
methods, but considering the factors influencing the
development of the agricultural sector and the national
economy as a whole.

In the context of Ukraine, one of the most influen-
tial factors in the development of agriculture is the state
of armed conflict. A study of the development of certain
countries (USSR, Germany,Japan, Yugoslavia, Iraq, Israel,
Georgia) that have had or have an armed conflict in their
territory shows that any armed conflict affects the coun-
try’s economic growth, as a result of hostilities its re-
sources and infrastructure are destroyed, and the out-
flow of human resources is observed [2-4]. That is, the
state suffers losses caused by damage incurred during
armed conflicts, and these losses are reflected in the
economic growth of the country,and in the development
of its agricultural sector in the first place. The speed of
recovery of the national economy after the armed conflict
will also directly depend on the damage inflicted. The
annexation of Crimea and hostilities in eastern Ukraine
in some regions of Donetska and Luhanska oblasts have
a negative impact on the economic development of the
entire country. Sharp reduction in GDP of Ukraine is condi-
tioned by closure,relocation or suspension of enterprises,
loss of territory and significant amounts of agricultural
land, infrastructure losses, job losses, significant decline
in income and forced migration [5].
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In this regard, the purpose of the study is to in-
vestigate the impact of the state of armed conflict in
Ukraine on the development of agriculture and the na-
tional economy as a whole. But the definition of such
impact is expected to be made by analysing the dynam-
ics of prices for agricultural products during the armed
conflict in Ukraine with the subsequent establishment
of functional dependencies of projected price growth
by regression and correlation analysis, and extrapolation
of price dynamics based on available statistics.

THE ROLE OF AGRICULTURE IN THE
DEVELOPMENT OF THE NATIONAL ECONOMY

Agriculture plays an extremely important role for Ukraine
as a catalyst for the development of the national econ-
omy, as it is an industry that ranks 3-5™ annually in
terms of contribution to GDP. This is facilitated by the
significant scale of agricultural land use and fertile land.
Thus, it can be argued that the development of agri-
culture plays a significant role in the development of
the national economy, and thus it can be concluded that
the development of agriculture also plays a significant
role in shaping the military and economic potential of
Ukraine. Nowadays, agricultural development of Ukraine
is a platform for job creation and poverty reduction. This
is a branch of material production, which is important in
providing the population with food and industry with
raw materials. The development of agriculture is a vital
factor in the development of all sectors of the national
economy. Today, most of the expenditures of the Ministry
of Defence (MoD) are aimed at providing social guaran-
tees for servicemen,both in cash and in kind.At the same
time, the current structure of state budget expenditures
does not allow fully meeting the needs of the Ministry
of Defence of Ukraine and providing servicemen with
their social guarantees. The war has a negative impact
on economic development and key indicators of agri-
culture in the country. In particular, one of the criteria
for the negative impact was a sharp decline in GDP, in
particular, in the first year of the war, Ukraine’s GDP per
capita fell by 47.5% from USD 3,014.6 in 2014 to the
value of USD 2,115 in 2015, which corresponds to the
global trend of the consequences of military events.
Ukraine’s GDP is affected by the consequences of
the armed conflict: destruction of production facilities,
infrastructure, transport, loss of land use capacity due
to shelling, mining, outflow of human resources from
the country, loss of civilian population,and more.All these
consequences have a negative impact on GDP, which
in turn has a negative impact on social protection, the
state of the national economy and its components, the
main of which is the agricultural sector. Therefore, a very
important and urgent task of research today, when Ukraine
is in its hybrid war for six years, is to investigate the
problems of assessing the real impact of armed conflict
in Ukraine on the agricultural sector and the national
economy. One of the possible ways of such a study is to
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analyse the dynamics of pricing of agricultural products
before and during the armed conflict. Based on the re-
sults of the analysis, it is necessary to investigate the
correlations between the effects of armed conflict on
agricultural development and the national economy as
a whole. The results of the analysis should determine
the regression relationships between the level of agricul-
tural development (the share of agriculture in GDP) and
the volume of defence spending to assess the density
of the relationship between the dynamics of defence
spending and agricultural development in Ukraine.

A number of research papers are devoted to the
study of the interdependence of the size of military ex-
penditures of countries and individual sectors of the
economy. Thus, T.Rahman and A. Siddiqui [1] considered
this issue, touching upon the aspect of trade in goods
of the military-industrial complex. N. Eftychia [2] ap-
proached the study from an extraordinary standpoint:
the researcher considered the role of military expendi-
tures in the debt crisis in Greece. R.F. Pustoviyt [3] ana-
lysed the factors influencing military spending on the
country’s economy. The impact of military spending on
the economy is rather underinvestigated. The question
of assessing the damage caused by the annexation of
Crimea by Russia is reflected by Ukrainian research-
ers, in particular V.V. Anisimov [4], B.A. Karpinsky [5],
O.P.Korniychuk [6], K.M. Kornienko [7], papers by analysts
of consulting agencies [8]; studies by S.F. Garkavy [9],
E.M. Libanova [10], O.V. Sobkevich [11], O.Yu. Snigova
and T.Yu. Zagorelska [12] and investigation by non-gov-
ernmental organisations [13; 14]. However, this issue
needs further study for the following reasons: firstly, the
insufficient study of the peculiarities of Ukraine’s econ-
omy before the start of hostilities, in particular in terms
of its structure, trade cooperation with other countries;
secondly, the fragmentary nature of the study of military
aggression in Donetska and Luhanska oblasts and the
Crimea, in connection with which there was a need to
summarise the results of research in this area; thirdly,
the issues of assessing the consequences of annexation
of parts of the territory and hostilities from the stand-
point of already incurred losses (value of real estate, in-
ventories, infrastructure) and lost opportunities, based
on the share of affected regions in the economy, were
incompletely covered. In addition, researchers do not have
a consensus on approaches to assessing the relationship
between defence spending and the development of both
agriculture and industry, or other sectors of the national
economy.

Therefore, one of the approaches to assessing
the impact of the presence of armed conflict in Ukraine
on the development of the agricultural sector is to assess
the dynamics of agricultural prices in the country during
and before the conflict. The price setting for agricul-
tural products, the impact of the price mechanism on the
development of the agricultural sector of Ukraine is the
subject of research by many Ukrainian researchers [15-18].




They worked out the theoretical aspects of the price
setting for agricultural products in the context of value
theory, considered the principles and features of the
mechanism of pricing in the agricultural sector [19; 20].
Most scholars analyse the impact of the economy as a
whole and the defence sector separately, so there is a
need to expand research in this area, namely: to deter-
mine the possible impact of the agricultural sector on
meeting the financial needs of defence, which is one
aspect of timely prevention of possible threats.

GENERAL INDICATORS OF GROWTH
OF AGRICULTURAL PRODUCTION

A special place in any economic model is occupied by
the price setting mechanism, which should balance the
diverse interests of sellers (producers) and buyers (con-
sumers) of goods, allocate resources, stimulate rational
allocation of production, innovation, etc. The state and
trends of development of both individual sectors of the
economy and the national economy as a whole depend
on the effectiveness of the implementation of the func-
tions assigned to it by this mechanism. Price dynamics
is an important indicator of the state of individual sec-
tors of the economy, and the impact on price setting
is one of the tools for optimising economic processes.
This fully applies to pricing in the Ukrainian agricultural
sector. Prices for agricultural products are the most dy-
namic characteristics of the agricultural market. They
are sensitive to the influence of numerous economic,
technological, weather, socio-political factors and in turn
determine the vectors and rates of development of in-
dividual agricultural sectors, the level of food security
of the country. Significant differentiation and fluctua-
tions in the dynamics of prices for agricultural products
indicate poor controllability of processes in the agri-food
market, including the presence of influences not taken
into account by specialists factors that decisively af-
fect price setting. This creates the preconditions for the
emergence of instability, which reduces the investment
attractiveness of the agricultural sector, exacerbates
the imbalances in the development of some of its com-
ponents.

Ukraine ranks third in the list of largest suppliers
of agricultural products to EU member states (EU), ex-
porting more than EUR 7.3 billion [21]. More than 83%
of the commodity structure of supplies to the EU is ac-
counted for by exports of cereals and oil. Since October
1,2017,the EU has introduced additional duty-free tariff
quotas (autonomous trade preferences) for agricultural
and food products temporary additional EU trade prefer-
ences for Ukraine (Regulation (EU) 2017/1566). In par-
ticular, the following duty-free quotas were increased:
honey, barley, barley flour and granules, processed grain
and flour, processed tomatoes, grape juice, oats, corn,
corn flour and granules, soft wheat, wheat flour and
granules. Most additional duty-free quotas apply from
October 1, 2017, except for quotas for wheat, corn, and
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barley, which are available from January 1, 2018, crops,
fats,and oils, residues of the processing industry. However,
the occupation of the Crimean Peninsula has led to the
decision for the closure of the North Crimean Chanel in
2014, which met 85% of the Autonomous Republic of
Crimea’s (ARC) water needs (850 million m? per year).

At the same time, 72% of this water was used for
the needs of the agricultural sector of the economy [22].
Russia’s occupation of Crimea has collapsed due to forced
closure of the channel between mainland Ukraine and
the peninsula to create water shortages in the occupied
territories, but this in turn has led to violations of agri-
cultural irrigation technology in the ARC, where 18% of
sown areas require this agro-technological measure. In
the period 2015-2019, due to the lack of irrigation water,
the area of irrigated land decreased by 10-12 times. If
Crimea is returned to Ukraine, it will have multi-billion
negative consequences, namely in the northern part of
the peninsula 14 thousand hectares of orchards and
vineyards will suffer irreversible losses, and this will
lead to irreversible loss of soil fertility in the ARC. The
rice farm on the peninsula will be practically destroyed
(the capacity of the industry was 19 thousand hectares
of agricultural land). Due to the lack of water in 2015-
2018, 350-400 thousand tonnes of rice were lost annu-
ally (about 50% of the harvest) [23]. The occupation of
the Autonomous Republic of Crimea has led to the fact
that Ukraine meets the needs of the domestic market
for rice with only 30% of its own production capacity,
which affected its price on the domestic market of Ukraine.
The main rice-growing regions were Khersonska (Skadovsk,
Kalanchak, Holoprystan and Tsyurupynsky raions) and
Odeska (Kiliya and Izmail raions) oblasts. 50% (30 thou-
sand hectares) of irrigation systems remained on the
territory of the occupied ARC [24], the loss of which in
2015 had a significant impact on the development of
Ukraine’s agricultural sector and its national economy
as a whole.

The armed conflict in Donetska and Luhanska
oblasts leads to an imbalance of inter-economic rela-
tions in the agro-industrial complex (AIC) and reduces
the level of its investment attractiveness. The hostilities
in the Donbass naturally caused the main producers of
mineral fertilisers to stop their production activities.
Thus, in the area of the anti-terrorist operation (ATO)
the production facilities of the PAT Severodonetske
Obyednannya Azot and PAT Koncern Styrol are located.
At the same time, the production and economic activity
of PAT Azot in Cherkasy and PAT Rivneazot is unstable.
This has exacerbated the shortage of mineral fertilisers
in the national market. About 35% of the territory of
Donbass is occupied and not under the control of the
Ukrainian authorities [24]. As a result of the armed con-
flict, Ukraine is sowing only 50% of the projected areas
of spring crops in Donetska and Luhanska oblasts. In the
Donetska oblast, 22.3 thousand hectares of agricultural
land need demining and elimination of the consequences
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of hostilities. In turn, there are 10.6 thousand such ar-
eas in the Luhanska oblast. Of these, 7 and 9.1 thousand
hectares were demined, respectively. The total area of
mined and contaminated areas is 34 thousand hectares.
At the same time, fortifications are being built on agri-
cultural lands in the occupied territories.

In general, the volume of agricultural lands in
Donetska and Luhanska oblasts is 26.5 million hectares,
which is 8.8% of the structure of sown areas of Ukraine,
including 485 and 198 thousand hectares in the ATO
zone or 1.8 and 0.7%, respectively. All agricultural prod-
ucts produced along the line of demarcation cannot
physically enter the domestic food market of Ukraine.
In the occupied territories of Donbass, farming was de-
stroyed as a class of socio-economic relations. Accord-
ing to available information, more than 30,000 hectares
of arable land from Novoazovsk to Artemivsk raions of
Donetska oblast have been mined or are in the combat
zone. Only about 6,000 hectares were demined [19]. Ukraine
has huge potential for the development of the agricul-
tural sector of the national economy. This is evidenced
by a number of important macroeconomic parameters.
The most important among them is the share of agri-
culture in GDP,which was 10% in 2013,in 2016 - 14%,
in 2019 - 11%, and in 2020 - 13% [25]. In highly de-
veloped countries, in particular in Germany and France,
agriculture accounts for only 1-2% of GDP. Today, the
armed conflict on the territory of Ukraine has a nega-
tive impact on its economic development and the main
indicators of economic activity in the country, but it is
unforeseen that the Ukrainian national economy still
manages to adapt quicklyto existing challenges.Tables 1

and 2 provide statistics on GDP dynamics, defence budgets
of Ukraine, and key indicators of agricultural development
in Ukraine to assess the density of the relationship be-
tween these indicators using regression and correlation
analysis methods.

The analysis of the above statistical data shows
that one of the criteria for the negative impact was
a sharp decline in GDP, in particular, in the first year
of the war, Ukraine’s GDP per capita fell by 47.5% from
USD 3,014.6 in 2014 to the value of USD 2,115 in 2015,
which corresponds to the global experience of the con-
sequences of military events. For the first time since 2014,
Ukrainian scholars have faced problems with the inter-
dependence of increasing military spending caused by
the armed conflict with Russia on its own territory and
the development of key sectors of the national economy.
The need to increase defence spending and reshape some
of the national economy in the interests of the military
organisation of the state created the preconditions for
studying the impact of armed conflict in Ukraine on major
sectors of the national economy to determine a rational
relationship between defence spending and economic
development spending. One of the criteria that charac-
terises the desire of the state to provide the necessary
conditions for effective development of its armed forces
to maintain their combat capability in accordance with
existing threats is the amount of defence spending and
their distribution in generally accepted areas, such as
personnel maintenance, training and combat training,
development armaments and military equipment, infra-
structure [26].

Table 1. Statistics on the main indicators of the dynamics of agricultural development and spending on the Ministry
of Defence (MoD) in Ukraine in the period before and during the armed conflict (2010-2020)

Years
Indicators
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
GDP! (in actual
prices) 1,079.346  1,299.991 1,404.669 1465198 1,586.915 1,988.544 2,385.367 2,981.227 3,560.302 3977198 4,191.9
UAH billion
GDP! (in actual
prices) 136.013 163160 175.781  183.310  133.503 91.031 93.356 112.091 130.891  153.883 155.486
USD billion
Expenditures
of the MoD, 10.5 12.7 14.81 15.32 26.5 49.1 58.1 68.9 94.3 103.3 116.6
UAH billion
Expenditures
of the MoD, 1.323 1.594 1.853 1917 2.229 2.248 2.274 2.591 3.467 3.997 4.325
USD billion
Official
exchangerate | ;9356 79676 799.1 799.3 1118867 218447 255513  2,659.66 272005 2,58456 2,696
of UAH against
100 USD
Population (estimated on January 1)
Current
population, 436 43.4 433 43.2 431 429 42.8 42.6 424 419 41.6
million
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Table 1, Continued

Years
Indicators
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Population (estimated on January 1)
Rural

population, 13.7 13.6 13.5 134 133 13.2 13.2 131 13 129 12.8

million

% of rural
population 314 313 31.2 131 31 30.9 30.8 30.8 30.7 30.8 30.8
to the total
population

Export of cereals

USD billion 6.4 6.5 6.1 6.1 6.5 724 9.63 9.4

Physical

volumes, 27 32.6 374 40.2 41.8 39.4 50.4 57.2

million tonnes

Sown areas
of agricultural
crops (thousand
hectares)

26.085 26.846 27.022 27.573 27.239

26.902 27.026 27.585 27.699 28.001

Crop production (thousand tonnes)

Cereals and

37.867 54.816 45.308 62.285 63.859
legumes

60.126 66.088 61.917 70.057 75.143  64.933

Sugar beet 13.749 18.740 18.439 10.789 15.734

10.331 14.011 14.882 13.968 10.204 9.150

Sunflower 6.735 8.614 8.313 10.789 10.134

11.181 13.627 12.236 14.165 15.254  13.110

Potato 18.338 23781 22.906 21.852 23.693

20.839 21.750 22.208 22.504 20.269  20.838

Number of farm animals (at the end of the year; thousand units)

Cattle 4.351 4.290 4.506 4.398 3.884 3.750 3.682 3.531 3.333 3.092 2.874

Pigs 7775 7.204 7418 7.765 7351 7.079 6.669 6.110 6.025 5.727 5.876
Bird of all

species 191.5 189 206.9 220.6 213.3 204 201.7 204.8 211.7 220.5 200.6

(million units)

Production of animal goods

Meat in
slaughter

weight 1914 1.996 2.063 2.260 2.360
(thousand
tonnes)

2.323 2.324 2.318 2.355 2.492 2478

Milk, million

10.9 10.7 111 11.2 111
tonnes

10.6 104 10.3 10.1 9.7 9.3

Eggs, million
pcs

16.242 17.897 18.364 19.094 19.587

16.783 15.100 15.506 16.132 16.678  16.167

Price indices of agricultural products sold by agricultural enterprises (up to 2020; %)

Agricultural

127 1137 107.2 97.3 1243 1545 109 1115 108.2 1014 899
products

Crop products | 139.5 118.2 106.9 917 129.2 1672 116.3 107.3 1102 101.8 87.9
Livestock 114.4 109.2 107.6 102.8 119.1 1413 101.7 130.7 101.2 100.2 975
products

Note: ! - is gross domestic product

Table 2 provides statistics for the establishment
of relationships between prices for agricultural prod-
ucts and defence spending to assess the impact of
armed conflict in Ukraine on the pricing process for the
main types of agricultural products, namely cereals and

legumes. The analysis of the obtained statistical data in
Table 1 reveals the growth of the main indicators that
characterise the impact of the factor of armed conflict
in Ukraine, both on GDP and on the growth rates of
agricultural production (Fig. 1).
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Figure 1. Dynamics of GDP growth, defence spending, and agricultural output for the period 2011-2020

Table 2. Dynamics of gross harvest of cereals and leqgumes, harvested and threshed area, levels of their yield,
and expenditures on defence needs of Ukraine for 2010-2020

Harvested and
threshed area of
cereals and legumes

Gross harvest of
cereals and legumes

Average prices of

Expenditures for the agricultural products

Crop yield (centners

Years ?J:ﬂsn:ifl:ir;i r;;l:; (including corn) (including corn) sold by enterprises  from 1 hectare / %)
(thousand centners / %) (thousand (UAH per tonne / %)
hectares / year)

2010 10,553.2 - 389,077.5 - 14,2173 - 1,120.9 - 274 -
2011 12,2951 16.51 505,433.5 29.91 14,156 -0.43 1,374.2 22.60 35.7 30.29
2012 14,814.3 20.49 408,806.1 -19.12 13,581.6 -4.06 1,547.1 12.58 30.1 -15.69
2013 15,174.0 243 510,706.3 24.93 13,7177 1.00 1,299.8 -15.98 37.2 23.59
2014 27,346.0 80.22 572,347.8 12.07 13,583.9 -0.98 1,801.4 38.59 421 13.17
2015 27,346.0 0.00 560,592.5 -2.05 13,254.1 -2.43 2,912.1 61.66 40.6 -3.56
2016 58,099.1 11246  561,067.2 0.08 12,802.1 -3.41 3,414.0 17.23 438 7.88
2017 68,5374 17.97 527,574.3 -5.97 12,9774 1.37 3,771.6 10.47 44.2 0.91
2018 94,959.4 38.55 604,121.3 14.51 13,578 4.63 4,315.0 14.41 445 0.68
2019 105,542.8  11.15 691,361.9 14.44 14,340.4 5.61 3,867.5 -10.37 48.2 8.31
2020 121,681.2 15.29 633,445.4 -8.38 14,759.1 2.92 4,794.1 23.96 429 -11.00

Source: [26]

Calculations of the total growth rate of agricul-
tural production were performed on the main indica-
tors, which are shown in Table 1 as the arithmetic mean
of the growth of all major types of such products. The
obtained data allowed forming a graphical dynamics
of changes in these indicators over the years to study
their correlation with each other. Notably, during the
study period the arithmetic mean GDP growth rate was
-0.6%, and the average growth rate of defence spend-
ing (+10.9) and agricultural output (+11.4) were positive
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and correlated in some way (Fig. 2). This can be explained
by the anomaly of the country’s economic development,
i.e., the general economic policy of Ukraine stubbornly
does not notice something very significant. Ukraine’s
national economy has experienced shocks at least twice:
in 2008 due to the global financial crisis and in 2014 due
to internal disorganisation and external aggression, but
managed to disregard the first shock caused by the col-
lapse of Soviet economic ties and adapt to development
economy even in conditions of protracted armed conflict.
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Figure 2. Dynamics of GDP growth, defence spending and agricultural output for the period 2011-2020

For example, in 2008 the decline of Ukraine’s
economy was very deep, over 15.1%, i.e., the largest in
the world, and in 2014-2015 over 15.8% in two years.
However, the development of Ukraine’s economy con-
tinues and this is clear evidence of growth in agricul-
tural production (Figs.1 and 2),i.e.,agriculture was able
to adapt to the influence of the factor of armed conflict
on the territory of Ukraine. Most world economists be-
lieve that the structural degradation of Ukraine’s econ-
omy has led to the loss of its recovery properties and
identified a general downward trend, but studies show
that in 2019-2021 Ukraine has regained its position on
economic growth, and agricultural development even
in 2015-2018. In 2018 and 2019, the growth trend in
the main areas of agricultural development was over
25-40%, which characterises the full adaptation of this

industry to the operation in conditions of the ongoing
armed conflict. If the statistical data in Tables 1 and 2
are used to form a correlation field between indicators
of growth of defence expenditures and growth (rate) of
development of the agricultural sector by main types
of products, at the initial stage it becomes clear that
these indicators have a low level of correlation, since
the coefficient of determination by the best regression
equation is only R?=0.1652,that is 16.5% coherence (Fig. 3).
But with a slight (2-3 years (points)) smoothing of the
regression model on the same equation, it turns out
quite a significant dependence of these indicators, the
coefficient of determination of the same regression
equation will be R? = 0.8997, i.e., almost a correlated
relationship of indicators, which is considered quite strong
at about 90%.

20
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8 //
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4 + R2=0.1652
2
0 T T T T T )
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¢ Rowl 1
—— Correlation field between the dependence of the growth
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12 . .
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8
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4
2
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Figure 3. Correlation fields and regression relationships between indicators of growth of defence expenditures
and growth (rate) of development of agriculture of Ukraine in the period 2010-2020

This indicates that when formulating development
programmes for both the armed forces of Ukraine and

the agricultural sector in the medium and long term, it
is necessary to take into account the impact of these
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factors when forecasting the expected end results of
their implementation. Figure 4 shows the dynamics of
Ukraine’s GDP by share of its main components to com-
pare existing indicators of their development during
the period of armed conflict and indicators before it (as of

2020 8.9 3.
2019
2018 9.1 2.
2017 8.8 2.
2016 8.6
2015

751

2010 .5 3.

o
I w I

2010). The structural degradation of Ukraine’s economy
conditioned by the existing armed conflict is primarily
characterised by a decline in the share of manufacturing,
professional and scientific-technical areas, but surprises
by the growing share of agriculture in the country’s GDP.

m Agriculture, forestry, and fisheries
mProcessing industry
Mining industry and energy supply

Construction industry

mProfessional, scientific and technical
activities, administrative services

= Public administration and defense,
compulsory social insurance

mOther services, taxes and subsidies

Figure 4. Dynamics of Ukraine's GDP distribution by shares of its main components
for the period 2015-2020 and as of 2010

THE IMPACT OF ARMED CONFLICT ON PRICES
FOR AGRICULTURAL PRODUCTS

One of the results of the impact of the military conflict
is that in 2014-2020 there was a significant correlation
between the growth rates of the studied indicators. The
results of changes in the dynamics of average prices

of agricultural products sold by enterprises and the
volume of military expenditures are shown in Figure 5.
Their relationship (2015) after the start of the anti-ter-
rorist operation (ATO) in eastern Ukraine, then, during
2016-2020, is quite clear correlation trend.
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Figure 5. Dynamics of changes in defence spending and average prices of agricultural products sold
by enterprises (compared to the previous year)
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The method of statistical equations of depen-
dences was used to highlight the consequences of the
armed conflict on the state of some agricultural sectors,
namely to determine the possible relationship between
changes in prices for agricultural products sold by en-
terprises, volumes of cereals and legumes, their yields,
and financial spending for defence needs [27]. Which
has gained wide international recognition because of
a significant advantage - it solves the inverse economic
and statistical problem and is used along with mathe-
matical methods of correlation and regression analysis
to study the relationships in large and small sets, in-
cluding correlation or functional dependence.

The main equations of the method are linear, par-
abolic, hyperbolic, and logical functions, among which
the researcher chooses the best to study according to
the available parameters and criteria. The basis of the
method of statistical equations of dependences is the
calculation of comparison coefficients. Properly selected
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statistical methods provides an objective quantitative
assessment of the relationship between economic phe-
nomena. The principle of choosing the right methods
and ways to assess the impact of factors on the results
of socio-economic development requires significant efforts
to prepare conclusions and proposals, to clarify how
broad they are and the goals to achieve them. Here it is
necessary to avoid choosing the wrong purpose of the
applied use of the obtained calculations, because ob-
taining, according to all criteria, an accurate answer to
the wrong function will be less useful than an incom-
plete answer due to the correct choice of regression or
dependence equation. Therefore, more and more scientists
from all over the world are dealing with the problem of
choosing the best method for such a study of statistical
analysis of the relationship between social and tech-
nical phenomena and processes. The results of using
the method of statistical equations of dependences are
shown in Tables 3 and 4.

Table 3. The results of determining the possible relationship between changes in financial expenditures
for defence needs and possible factors of influence

Parameters of one-factor

Connection stability

Factors dependence equations coefficient Connection characteristic
Gross harvest of cereals and Direct connection (reduction
L ; . Y =121,681.2(1-2.70899*d, , ) 0.672 of factor and result
egumes (including corn) x1 Lox/xmin -
characteristic)
Harvested and threshed Direct connection (reduction
area of cereals and legumes Y,=121,681.2(1-8.33462%d, ) 0.447 of factor and result
(including corn) characteristic)
. . Direct connection (reduction
Average prices of agricultural _ _ *
products sold by enterprises Y=121,681.2(1-1.36852*d, .} 0.815 of factor and result
characteristic)
. Direct connection (reduction
Vields of cereals and legumes y _ 151 68151 - 3.31359"d, ) 0.601 of factor and result

(including corn)

characteristic)

Table 4. The results of determining the possible relationship between changes in average prices
of agricultural products sold by enterprises and possible factors of influence

Parameters of one-factor

Connection stability

Factors dependence equations coefficient Connection characteristic
Gross harvest of cereals and Direct connection (reduction
L ; p Y, =4794.1(1-197949"d, . ) 0.672 of factor and result
egumes (including corn) xt Lox/xmin d 1€
characteristic)
Harvested and threshed Direct connection (reduction
area of cereals and legumes Y, =47941(1-6.09023"d _, ) 0.294 of factor and result
(including corn) characteristic)
. Direct connection (reduction
Vields of cereals and lequmes y '_4 79411 -242129°d, , ) 0.833 of factor and result

(including corn)

characteristic)

When comparing the dynamics of financial ex-
penditures for defence needs and possible factors of in-
fluence, the most stable and direct relationship (reduc-
tion of factor and performance) is identified between

‘changes in average prices of agricultural products
sold by enterprises and changes in military expendi-
tures” - “0.815” According to the results obtained using
the method of statistical equations of the relationship
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between changes in average prices of agricultural
products sold by enterprises and possible factors of in-
fluence, the most stable and direct relationship was ob-
served with cereals and legume yields (Table 4). Thus,
the comparison of three possible ways of influence of
cereals and legumes on the pricing of agricultural en-
terprises (gross harvest, area and yield) shows the im-
portance of crop yields.

An important component of the state should be
a targeted policy on food production, the most import-
ant conditions for the establishment of which should
be the development of mathematical models that can
adequately assess the real and potential development
of the agro-industrial complex as a whole and within

its regions, analysis of dynamics, identification of positive
and negative aspects in this area. For the current level
of research on the food complex of agriculture and in
particular agriculture, a significant approach is one in
which the dynamics of milk production [28] is analysed
using mathematical methods and models that allow
for deeper analysis and obtain the most structured and
mathematically sound results at the moment of considera-
tion of the process and its perspective. This approach can
also be applied to the agricultural sector. Extrapolation
of the dynamics of average prices for agricultural products
sold by enterprises in 2022-2024 indicates its future
increase by an average of 8% (Fig. 6).

6000
y = 0.6206x* - 23.653x3 + 285.3x2 - 856.72x + 1874.7

4000 /
3000 /
=
1000

O T T T T T T T T T T T T T T 1

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Figure 6. Extrapolation values of average prices of agricultural products sold by enterprises for 2022-2024

Military spending is important for the national
security of the country, so its full and timely provision
is part of the priority areas of public policy at present.
There are conflicting views on the interdependence of
military spending and economic development of sec-
tors of the national economy. In general, due to the loss
of government control over part of the territory and
ongoing hostilities in society, transformation processes
have begun, aimed at mobilising resources as quickly
as possible to prevent further escalation of the conflict.
Ukraine’s economy, which was not ready for military ag-
gression, was forced to take the first steps to move to
a new state - the wartime economy. The final assessment
of the consequences of this is possible only after the
end of hostilities, and current calculations only make
it possible to predict with some probability the further
development of the situation. A thorough examination
of the economy’s losses from the conflict should be the
starting point for its post-war recovery. The results of
relevant analyses can be used in the development of
approaches, methods, techniques for “increasing crop
yields to reduce average prices for products”, or - “initiat-
ing military and economic development of the country
by increasing crop yields”, etc.
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CONCLUSIONS

The example of Ukraine shows that with the increase in
military spending there is a decline in GDP per capita,
slow economic development, significant changes in the
development of some industries in the national econ-
omy, etc. But this dependence is largely conditioned
upon the military conflict, so the conclusions cannot be
unequivocal. For example, Ukraine’s agricultural sector
suffered some upheavals at the beginning of the 2015-
2016 armed conflict, but as of today it has practically
adapted to operating in such conditions, as evidenced
by growth rates in most key positions. There are losses
of agricultural land, significant losses of the rice sector
and several other positions, but innovative changes have
had a positive impact on the development of the industry
as a whole, even in the face of another state and partial
loss of eastern export markets (Russia, Belarus). New ar-
eas of export of products have been formed, which are
more demanding to quality but more profitable.

When comparing the dynamics of financial ex-
penditures on defence needs and possible factors of in-
fluence, the most stable and direct relationship “‘change
in average prices of agricultural products sold by enter-
prises and changes in military expenditures”, the factor




that has the greatest impact on pricing was “crop yield”.
Proper public administration of the agricultural sector
in an agricultural country such as Ukraine is part of
increasing the country’s GDP, which in turn can be used
to increase funding for defence needs. This aspect can
serve as a basis for further research in this area, namely
the impact of armed conflict on the state of all agricul-
tural sectors, taking into account the relationship between

Semenenko et al.

changes in prices for agricultural products and financial
expenditures for defence needs. The basis of further
research in the direction defined in the paper is the es-
tablishment of a general mathematical model for fore-
casting the results of development programmes of the
defence industry of Ukraine, taking into account trends
in the agro-industrial complex of Ukraine in the medium
and long term.
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INTRODUCTION

Modern stage of the development of the national eco-
nomic system, along with quantitative changes in its
key parameters, is characterised by: firstly, considerable
qualitative transformations associated with the growth
of market uncertainty, the aggravation of competition,
including in the international arena; secondly, the in-
creased orientation of production on the needs of con-
sumers, maximum consideration and satisfaction of their
needs and interests (meeting consumer demand is a pri-
ority for business); thirdly, the acceleration of the pace
of scientificand technological progress, innovatisation as
a predictive idea of the development of socio-economic
phenomena and processes, which causes the emergence
of new branches, technologies, industries, reduction of
the life cycle of goods (services); fourth, digitalisation
of business processes and emphasis on new logistics
approaches to the organisation of basic models for prod-
uct (service) promotion; fifth, strengthening of the re-
quirements for the quality and prestige of the product,
trademark, reputation and image of the producer, etc.
Under such circumstances, the need is exacerbated and
the paramount importance of marketing tools and tech-
nologies for the development and implementation of
innovative models of economic development in general
and in terms of its individual segments is emphasised.

The focus of modern researchers on the priority
of marketing approaches to managing socio-economic
systems is caused by the growing need to raise the role
of market levers and mechanisms in the context of a
globally oriented mainstream of social development.
The current emphasis on the use of conventional man-
agement concepts is shifting towards the privileged
principles of sustainable development management. Con-
firmation of this is that the mission of the National Eco-
nomic Strategy until 2030 is defined as “creating oppor-
tunities for the fulfilment of the existing geographical,
resource, and human potential to ensure the well-being,
self-fulfilment, security, and freedoms of every citizen
of Ukraine through innovative economic growth” [1]. In
the implementation of this vision, a prominent place is
given to the use of a marketing and imperative platform
for forming concepts for managing this process with
a focus on challenges of the global economic space and
sustainable development goals.

Currently, the imperative principle is increasingly
appearing in the discourse of researchers of various in-
terest spheres of scientific schools and trends. The es-
sence of the imperative is explained by philosophers,
linguists, lawyers, managers, economists, marketers, en-
vironmentalists, technologists, sociologists, historians,
and other specialists, with an emphasis on individual
professional provisions. That is, the “imperative” principle
is increasingly used in relation to the basics of human
life in almost all spheres of its existence. The outlined
facts stimulate development and are simultaneously
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determined by the transformations of social phenomena
and processes, that is, their binary content is empha-
sised - compliance with Imperative norms ensures de-
velopment. In turn, in economic theory, development is
considered mainly as a process that results in a change
in the quality of the developing object, a transition from
one qualitative state to another - the highest. It is well
known that development as an economic category has
such characteristic features as movement, process, change,
and time. In addition, the development of any system takes
on a systemic character due to such properties as irre-
versibility, orientation, and regularity. According to the
opinions and approaches of modern researchers, devel-
opment is ‘evolution with a directed trajectory and a linear
causal relationship” [2, p. 19]. Therefore, there is reason
to assert that imperatives are an indispensable compo-
nent of mechanisms for managing socio-economic sys-
tems and the prerogative of their development.

The purpose of this study is a substantiation of the
theoretical and methodological content of marketing
imperatives, a definition of the level of their coherent
impact on the management of the development of socio-
economic systems. The key tasks are as follows:

1) to highlight the features of the evolution of the
etymological essence of the imperative in the conditions
of market transformations;

2) to characterise the content of marketing impera-
tives in view of marketing ideology from the standpoint
of transformation of goals into imperatives in achieving
the goal of development of the socio-economic system;

3) to prove the need to apply the marketing-impera-
tive approach in the sustainable economic development.

LITERATURE REVIEW

The principle of the imperative is considered to be applied
mainly in the field of practical philosophy. The funda-
mental analysis of its etymological essence is conducted
in the studies of the well-known researcher |. Kant,
“Groundwork of the Metaphysics of Morals” (1785) and
“Critique of Practical Reason”, (1788), which highlight
“...cognitive capabilities of the mind, in isolation from
knowledge obtained empirically, that is, through experi-
ence” [3]. The imperative, according to the researcher, is
“arule containing objective compulsion to act of a certain
kind; it is the relation of human freedom to the laws
of morality” [3]. That is, the studies of |. Kant are based
on the examination of imperatives in the philosophical
cognition of man.l.Kant divides all imperatives into two
groups: a) categorical (undeniable, unprecedented moral
precepts ‘on the proper behaviour of a person as an intel-
ligent being with free will; the execution of this order
is absolutely necessary, regardless of whether a person
receives benefits for oneself as a result)” [3] and b) hy-
pothetical (relatively variable imperatives, which largely
depend on various factors; certain requirements that
must be observed as necessary conditions for achieving




the goals set; it is not an end in itself and it only acts as
a means achieving the goal) [3].

In the new dictionary of foreign words, imperative
(lat. imperativus — mandatory) is considered as 1) urgent
demand, behaviour; 2) imperative mood [4, p. 257]. In
the online dictionary of the Ukrainian language, this
definition is presented as an unconditional, categorical
demand, command, order [5, p. 20]. In a well-known Amer-
ican dictionary Merriam-Webster, the imperative a) ‘ex-
presses the will and influences the behaviour of another”;
b) “expresses pleas, persuasions, necessity”; ¢) “has the
ability to restrain, control” [6]. That is, the majority of
modern dictionaries emphasise the persistence or re-
quirement to comply with the imperative, the mandatory
method of compliance.

Modern researchers use the principle of imperative
mainly as a completely understandable phenomenon
without detailing its deep essence and features of the
application in the relevant fields or industries. In identi-
fying existing developments on the essence of the “im-
perative” in the economic sphere, it should be noted
that quite often Ukrainian researchers consider the im-
peratives of economic development: firstly, as individual
phenomena (sustainable economic growth, social and
environmental stability, innovative transformations, cre-
ative management decisions, digitalisation of business,
etc.) [7-9]; secondly, the imperatives of individual areas
or branches of activity (strategic, economic, institutional,
geo-economic, financial, environmental, social, European
integration, convergent, humanistic, creative, cultural,
tourist, technological, informational, cultural, social) [10-
12]; thirdly, as absolutely diverse, often unrelated aspects
with synonymous substantiation, in particular, the identi-
fication of imperatives with: a) determinants (focuses on
components, causes, conditions of influence) [13-15];
b) factors, drivers (emphasise the sources of influence) [16;
17]; ¢) opportunities, areas, features, trends, manifestations
(options for solving problems are outlined) [15; 18].

METHODOLOGY
The theoretical and methodological platform for conduct-
ing this research was an organic combination of gener-
ally accepted provisions and principles of economic re-
search, fundamental postulates of economic theory, the
concepts of the theory of managing the development of
socio-economic phenomena and processes with the ap-
propriate study of the possibilities of applying specific
methodological approaches to in-depth argumentation
and solving tasks and verifying the formulated research
hypothesis,the content of which is that the introduction
of marketing imperatives of managing socio-economic
systems will ensure their sustainable development. In
addition, the research methodology is supplemented by
an in-depth study of the scientific heritage of Ukrainian
and foreign researchers, whose research interests are the
problems of forming imperatives of economic development
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and highlighting the place and role of the marketing
concept in this process.

The methodological tools of the research portfolio
are formed from general scientific and special scientific
methods. Upon using methodological constructions of the
system approach, the components of the “spiral model”
of society development (immanent effect of the imper-
ative — identification of advantages, disadvantages,
threats, opportunities, risks — actualisation of the need
for transformation — development of a qualitatively new
imperative) in the plane of proliferation and their sys-
tem interaction with the focus on the features of the life
cycle of the imperative and the time interval of its ac-
tion are characterised. A hypothetical prediction allowed
characterising the potential opportunities and advan-
tages of orienting the development of socio-economic
systems in the area of activating mechanisms and technol-
ogies for managing economic phenomena using marketing
tools,its implementation in all spheres of the economy.

The study of the problem of development of mar-
keting imperatives for managing the development of so-
cio-economic systems is conducted in an organic com-
bination of historical aspects of this phenomenon with
the logic of transformation of this process and abstract
configuration of expected results. The abstract-logical
method is applied to generalise scientific results, formu-
late relevant conclusions through in-depth cognition of
managing the development of socio-economic systems
on a marketing basis. This approach was based on the fact
that if the implementation of marketing imperatives in
the practical plane of managing the development of
socio-economic systems can be learned empirically, the
meaning of this phenomenon - only through logical
thinking. The historical and economic method was used
to highlight the features of the evolution of the ety-
mological essence of the imperative in the context of
transformations of market-oriented economic systems.
The results of the study on the etymological essence of
marketing imperatives are compared based on the method
of comparative analysis. The induction and deduction are
used for in-depth study and systematisation of the basic
provisions of the theory of marketing management through
their extrapolation into the plane of managing the de-
velopment of socio-economic systems at various hier-
archical levels (micro- macro-, meso-), their systematisa-
tion with subsequent differentiation of scientific approaches
to understanding the essence of imperatives, their clas-
sification in the context of various scientific schools and
trends. The monographic method is used for in-depth re-
search of the problems posed and substantiation of the
possibilities of involving individual marketing tools and
technologies in the management process. The structural
and functional analysis identifies the components and
processes of creating an institutional environment for the
implementation of marketing imperatives in managing
the development of socio-economic systems.
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During the study, the following methods were
also used: abstraction and content analysis to deepen the
content of marketing imperatives in view of marketing
ideology and prove the need to implement the princi-
ple of a marketing-imperative approach to the study of
socio-economic units in the establishment and devel-
opment of a market economy. The method of constructing
concepts and categories is applied for the purpose of
critical analysis of existing ones and formulation of the
author's vision regarding the definition of the principle
of “marketing imperative”. The mechanism of transfor-
mation of goals into imperatives in achieving the goal
of the socio-economic system with the appropriate for-
mulation of the vision, concept, and strategy is substan-
tiated using the transformational analysis. Upon using
tabular and graphical methods, a visual interpretation of
the obtained research results is conducted for a better
perception of the presented research results.

RESULTS AND DISCUSSION

The implication of the imperative in the establishment and
development of socio-economic systems

The methodological perspective of the study of the
development is associated with positive changes in the
object under study, the processes of improvement, acquisi-
tion of new qualities and properties, the transition from
one qualitative state to another - higher, characterised

by the opposite of the invariance of being [2]. That is, there
is a transformation of quantitative signs of development
into qualitative ones with corresponding changes in in-
dividual elements of the system, directly in the produc-
tion system and, as a result, in structural and functional
relations. Coherence of marketing imperatives in this
regard should be considered a necessary condition for
ensuring development. Modern mechanisms for ensuring
socio-economic well-being and growth are accompanied
by the establishment of self-regulatory relationships and
their development through the “spiral” character of this
phenomenon [18,p.23]. This phenomenon occurs due to
the fact that after achieving maximum efficiency, under
certain circumstances, the next stage is when the imbal-
ance between the existing imperative norm and the en-
vironment transformed in the process of development
increases over a certain period. As a result, there is a
need for a qualitative update of the previous content of
the imperative, considering the new initial provisions,to
ensure effective interaction in a society designed to ensure
socio-economic development. This process takes on the
character of proliferation - a continuous increase of new
rules and norms of socio-economic interaction of indi-
viduals based on those that have already completed their
development [4, p. 499; 20]. Thus, considering the above
provisions, Figure 1 generalises the model of the establish-
ment of imperatives of socio-economic system development.
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O [ |2

Exogenous
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Figure 1. Establishment of imperatives for the development of socio-economic systems
Source: developed by the authors based on the studies [17; 19, p. 225]
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Explication of marketing imperatives: Convergence and
divergence of scientific approaches
In one of the modern dictionaries, the imperative is in-
terpreted as “a principle that has the character of an un-
conditional duty and is based on deep moral and ethical
beliefs of a person,which as a result makes a formalised
moral or ethical social norm as effective as possible” [21].
This aspect, according to M. Ilina, and Y. Shpyliova, is
a key for identifying the differences between formal
and informal social rules and, in fact, imperatives [10,
p. 222]. Researchers claim that with this approach the
relationship between the definitions of “institution”,
“institute”, and “imperative” is established, which occurs
mainly in the case of identifying mandatory and formal
norms while simultaneously delineating their boundaries
and criteria. Admittedly, these concepts are not identical,
despite their functional and evolutionary similarity. This
approach lies in the fact that the institution as a certain
form of organisation, regulation of public life, activities
and behaviour of people gives an impetus to the estab-
lishment and further development of the institution as
a characteristic organisational and structured form of
interaction of individuals in society [19, p. 22]. As a result,
the institution based on generally accepted customs and
considering the probability of its perception by society
forms an imperative that should ensure the necessary
regulation and coordination of relations in a certain in-
stitutional environment [10, p. 222; 11]. For their part,
national researchers define institutional environment
as “a clear ordered set of institutions that determine the
framework conditions for the functioning and develop-
ment of economic entities”[10, p. 223], or “infrastructure
that is designed to contribute to efficient production
activities, rapid commodity exchange, the development of a
positive image of the enterprise, and the use of innovative
developments in economic activities” [22, p. 284], etc.
As for the classification of imperatives, they are
most often divided into a) imperatives of direct influence
(direct action); b) intermediate imperatives (adaptive
action); ¢) hidden imperatives (indirect action). It is import-
ant to focus on the imperatives of direct action, which,
primarily, should include economic, political, environ-
mental, and social. Economic imperatives are often con-
sidered to be the statement that the national economic
system should be “efficient, competitive, and, at the same
time, socially oriented, resource- and energy-efficient,
environmentally stable, etc.” [10, p. 224]. That is, such
imperatives are based on mandatory requirements be-
cause otherwise there will be irreversible processes of
social importance that are not desirable in the creation of
a certain course of development of the economic system.
It is well known that “the laws and regularities
of economic management are objective and do not de-
pend on the will and consciousness of people. Their ef-
fect is manifested only in human activity, depending on
how fully the requirements of objective laws are con-
sidered” [23]. In this sense, the term “marketing imperative”
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is becoming increasingly important, because, as already
noted, under market conditions, the role of marketing
institutions in the management of socio-economic phe-
nomena and processes increases. In view of this, it can
be argued that its content, in relation to the fundamental
nature of the requirement to perform specific actions,
is expanded due to marketing specific features or the
field of research. In this regard, it becomes clear that when
referring to marketing imperatives, it is necessary to apply
the tools of marketing - a branch of economics that stud-
ies the theory and methodology of marketing [4, p. 367].

In the studies of foreign researchers, most often
attention is focused, firstly, on the substantiation of
marketing imperatives as tools for responding to the
consequences of the globalisation of marketing, that is,
expanding its framework boundaries and promotion in
the international environment [24; 26]; secondly, on high-
lighting the principles of strategic marketing as target
indicators for defining the imperatives of the development
of socio-economic phenomena and processes [25]; thirdly,
on the exposure of marketing technologies for the estab-
lishment and development of business [27].

R. Griffin and M. Pastey in the famous study named
International Business consider three key marketing imper-
atives in the context of business globalisation, namely:
1) the use of key competence of the enterprise (that is,
the possibility of wider application of those competencies
(strengths, competitive advantages) that were most de-
veloped in the national market); 2) penetration of the
company into new markets (in the conditions of a fully
formed national market, in which the opportunities for
further development and profit generation narrow); 3) the
need to compete in own industry (to maintain existing
competitive advantages and identify new ones) [24].

American researchers M. Czinkota, |I. Ronkainen,
J.Tarrant, etc., in their study The Global Marketing Imper-
ative, 1995, thoroughly cover the mission of marketing
imperatives as a determinant of competition manage-
ment at the international level, emphasising the role
of strategic marketing tools in promoting business to
the global environment [26]. Researchers have detailed
marketing steps to ensure the success of business struc-
tures in the international arena.

C. Churchwell, based on the scientific statements
of K.Bartlett and S.Goshal, suggests reflecting the follow-
ing marketing imperatives in the activities of a modern
enterprise: “1) it is necessary to remain effective on a
global scale and maintain competitiveness, integrating
different types of activities and coordinating the work
of labour resources in different countries of the world;
2) it is necessary to respond sensitively to the tastes
of customers and the requirements of governments;
3) a modern manager should see the world not only as
a set of national markets but as a source of information,
knowledge, and skills, which, in turn, are key resources
for ensuring the development of innovations and their
implementation all over the world” [25].
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Research has established that in Ukrainian studies,
the coverage of the essence of marketing imperatives is
not given due attention. Therewith, adherents of modern
marketing emphasise the need to strengthen the mar-
keting orientation of technologies for managing socio-
economic phenomena and processes [27-29]. A review
of papers on this subject suggests that most research-
ers associate this principle mainly with the features of
marketing activities of business entities, stating that its
structuring is based on MarTech, and technologisation
of marketing activity is considered as an objective require-
ment of the present and a tool for improving the organisa-
tion and clarity of the work performed, a clear substanti-
ation for the stages of its implementation, techniques and
actions aimed at achieving marketing goals [9, p. 45].

Marketing technologies, in the conditions of ef-
fective support of the development and implementation
of marketing solutions for the coordination of interests
of business entities, consumers, and society in general,
contribute to solving problems not only in the production

but also in the management of a specific sphere of socio-
economic relations. The most common modern market-
ing technologies, the effectiveness of which is proven
in practice, are the following: merchandising; direct,
network, viral, guerrilla marketing; cross-marketing; prod-
uct placement; Internet marketing; SEO; SMM and SMO;
branding; social marketing technology, etc. The expe-
diency of using a particular technology, or a combination
of them, is determined by the tasks set within the frame-
work of achieving specific goals.

If the mission defines the business philosophy,
imperatives are positioned as real goals, the effect of
achieving which can be quantified. The above refers to,
for example, such goals as business expansion, improving
the quality of products (services), high level of service,
image growth, brand promotion, etc. Evidently, the es-
tablished goals are not imperatives in their content, but
they are transformed into imperatives when the manage-
ment decision states the need to achieve these goals in
a mandatory manner (Fig. 2).

The need to achieve is mandatory

.
)
= ; =
Transformation 3
v
X Achievements
Purpose Benchmarks Imperatives
goals
Marketing goals Marketing
(benchmarks) imperatives ‘
i /\ I} 1 /\ i
- N7 N
B;B>B; B;Bs L L1315
Development basis
VISION > CONCEPT > STRATEGY

Figure 2. Mechanism of transformation of “benchmarks” into “imperatives” in achieving the goal
of the socio-economic system

Source: authors' own research

Summarising the above, it is proposed to consider
marketing imperatives as benchmarks (marketing goals)
that must be followed in managing the economy to en-
sure its development on a marketing basis.

Marketing imperatives - vectors of modern business
development

It is worth noting the importance of the research results
of N. Capon (USA), V. Kolchanov (Russia), and J.McHul-
bert (USA), which distinguish six generalised marketing
imperatives, which, in fact, allow modelling the vector
of scientific search on the studied problems: 1) identify
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and recommend markets to work with; 2) identify mar-
ket segments and focus on them; 3) choose a strategic
area and positioning; 4) develop marketing proposals
(marketing complex); 5) ensure consistency with other
functions (support of project development and imple-
mentation processes); 6) monitor implementation and
control results [31]. Details of these imperatives in terms
of their practical implementation are presented in the
book by N. Capon The Virgin Marketer, which outlines
the key marketing principles: selectivity and concentra-
tion; values for the consumer; competitive advantage;
integration [30].




Indisputable scientific value from a theoretical,
methodological,and practical standpoint is represented
by annual thorough research conducted by the world's
leading marketing companies. The importance of the
results of sociometric observations conducted by the
agency Merkle should be emphasised [32]. The company
positions marketing imperatives from the perspective

Tarasovych and Yaremova

of strategic vectors of modern business development at
various levels of object-subject relations. The credibility
of the results presented in social networks is charac-
terised by uniqueness, constructiveness, relevance, and
accessibility of perception of the information resource
presented on the platform based on the involvement of
various marketing technologies (Table 1).

Table 1. Content of marketing imperatives of modern business (according to research by Merkle marketing agency)

Year

Key orientation

Building a digital marketing strategy to predict the prospects of retail

2017
Imperative 2. Using multi-channel features.

Imperative 3.Using data to form a digital strategy

Imperative 1.Using digital marketing to improve customer interaction.

Strengthening of email-marketing

2018

Imperative 3. Involving IT in vendor evaluation

Imperative 1. Centralised customer data to improve access and promote growth.
Imperative 2. Construction of a map in real time before the implementation of the solution.

Integrated marketing strategy focused on people

Imperative 1. Integration of the client's strategy.
Imperative 2. Integration of one's own technology stack.
Imperative 3. Integration of one's own execution

2019

Hyper-personalisation and customer interaction

2020 | /mperative 1. Ensuring complete customer experience.

Imperative 3. Ensuring agility through strategic search

Imperative 2. Personal ownership (personal brand) as a key business advantage.

Customer experience

Imperative 1. Data transformation.
Imperative 2. Digital transformation.
Imperative 3. Adaptive organisation

2021

Source: developed by the authors based on the studies [32-34]

The results of summarising the information pub-
lished on the website [32] indicate a systematic innova-
tion-oriented update of targeted marketing imperatives
for business process development, which allows stake-
holders to gain personalised opportunities and skills to
improve the effectiveness of management processes in
rapidly changing external conditions. Notably, consid-
ering the proposed imperative substantiation for man-
aging the development of socio-economic systems is an
indisputable tool for activating the management system
at various levels of hierarchical influence.

CONCLUSIONS

1.In modern research on management, economics, and
marketing, imperatives are laid down as the basis for
setting the mission and goal of developing socio-economic
systems and are considered at different levels (micro-,
meso-, macro-), which, accordingly, causes differences in
their content, orientation, manifestation, evaluation pa-
rameters, interpretation of effects, etc. The potential ef-
fect,if the corresponding marketing imperative is met, is
achieved in immanent conditions of the socio-economic
system, the level of influence of factors of its marketing

endo- and exogenous habitats, and proliferation of the
imperative.

2. The essence of marketing imperatives in view
of marketing ideology is covered through their consider-
ation as benchmarks (marketing goals), which must be
adhered to when managing the socio-economic system
to ensure its permanent development. Certain goals are
not imperatives in their content, but they are transformed
into imperatives when a management decision states
that they are mandatory. The transformation of goals
into imperatives is conducted based on an appropriate
mechanism, which is characterised by internal organi-
sational system connections. At each hierarchical level
of the management system, the overall goal turns into
specific imperatives (categorical or hypothetical), which
are based on various functionals, including marketing
ones. Marketing imperatives, based on the dynamism
of economic progress and goal-oriented principles of con-
stancy, are tools for achieving the goal of the socio-eco-
nomic system.

3. The need to imply the principle of market-
ing-imperative approach in the process of sustainable
economic development is explained by the fact that, on
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the one hand, marketing imperatives form a “road map”
for building and implementing a marketing strategy for
individual businesses as local units of compliance and
promotion of sustainable development using appropriate
marketing technologies, on the other hand, they should
be attributed to the fundamental principles of creating

a general strategy for sustainable development of the
national economy. The prospects for further research in
this scientific area are the development of criteria for
measuring, evaluating, and interpreting the effect of im-
plementing marketing imperatives, followed by verifica-
tion of the results obtained.
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KorepeHTHiCTb MapKeTUHIroBMX iMNepaTUBIB ynpaBniHHSA
PO3BUTKOM coLia/ibHO-€eKOHOMIYHUX CUCTEM

Jlwamuna BanepiiBHa TapacoBuu, MapuHa IBaHiBHa SlpeMoBa

MonicbkMi HaLiOHaNbHWIA YHiBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauis. AKTyanbHWIA HAaCbOrOAHI NpoLec nepeopieHTaLii iCHYOYOI MOAeNi pUHKOBOI €KOHOMIKM Ha 3acagu CTanoro
PO3BUTKY CyNPOBOMKYETLCS IMNNIKALLIED MAapKETUHIOBOI KOHLeMNLii YyNpaBAiHHA COLiasbHO-eKOHOMIYHUMU CUCTEMAaMMK,
TeXHO/0rig fKoi nepenabdayvae apryMeHTaL,ilo BUSHAYEHMUX OPIiEHTUPIB, SKUX HEODXiAHO 4OTPUMYBATUCS. Y KOHTEKCTI
3a3HaYeHOro KOrepeHTHICTb MapKeTUHIOBUX iMNepaTUBIB € AeTepMiHaHTOK 3abe3neyeHHs PO3BUTKY COLLialbHO-
€KOHOMIYHMX CUCTEM, @ MAPKETUHIOBO-IMNEPATUBHUI NiAXiA BapTO BBAXaTW OOHWUM i3 BaxeniB GOpMyBaHHS KOHLLENLLT
CTanoro po3BUTKY EKOHOMIKW. MeTo HayKOBOro AOC/IKEHHS € KOMI/IEKCHE 0BrpyHTYBaHHS TEOPETUKO-METOA0N0TMYHOIO
3MiCTy MapKeTUHIOBMX iMMEepaTUBIB, iHTEpnpeTaLlii KOHTYPIB X KOrepEeHTHOrO BM/IMBY HAa MNPOLEC YNPaBAiHHA PO3BUTKOM
couiaibHO-eKOHOMIYHMX CMCTeM. MeToA,0M10rYHOK0 OCHOBOK AOCNIIKEHHS € OPraHiyHe NOEAHAHHS 3araibHOHAYKOBUX
METOZAIB HayKOBOIO Ni3HAHHS Ha 3acafaX CUCTEMHOCTI i3 ONPaLlOBAHHSAM MOXIMBOCTEN 3aCTOCYBAaHHS CneuudivuHmnx
METOAMYHMX NiAXOAIB L0 BMPiLlEeHHS NOCTaBAeHMX 3aBAAHb Ta BepudikaLii cGopMynboBaHOI rinoTe3n AOCAIAKEHHS,
30KpeMa MOHOrpadivyHoro, rinoTeTM4YHOro nepenbdayeHHs, abCTPaKTHO-NOMYHOrO, iIHAYKLIT Ta AefyKLUii, icTopuKo-
€KOHOMIYHOTO, MOPIBHANBHOIO, TpaHCHOPMALLIMHOTO, CTPYKTYPHO-(DYHKLIOHANIbHOrO aHani3y, abCTparyBaHHs i KOHTEHT-
aHani3y, KOHCTPYKOBAHHS MOHATL | KaTeropii, rpadivyHoro i TabanMyHoro NpuiAoMiB. Y CTaTTi pO3KpUTO OCOBAMBOCTI €BOHOLLT
€TMMONOriYHOI CYTHOCTI iMNepaTuBy 3a YMOB TpaHCHOPMALLi COLLiaIbHO-EKOHOMIYHMX CUCTEM, OBI'PYHTOBAHO CYTHICTb
MapKEeTUHIOBMX iMNepaTUBIB Y CBiT/li MapKETMHIOBOI iAeonorii, po3pobieHo MexaHi3m TpaHchopMallii Linei B imnepatvem y
NpoLeci 4OCATHEHHS METU COLLiasIbHO-EKOHOMIYHOI CUCTEMM, LOBEAEHO HEOOXIAHICTb IMMAIKALLIT KOHLENLiT MapKeTUHIOBO-
iMMepaTMBHOro MigxoAy B NPoLEeCi CTaforo po3BUTKY eKOHOMIKMK. MNpakTUYHa LiHHICTb NPOBEAEHOro AOC/iAKEHHS
NOASra€ y HayKoBOMYy 0BrpyHTYBaHHi TEOPETUKO-METOAO0/ONYHOIO 3MiCTy MapKeTUHIOBMX iMNepaTyBIB, XapakKTepUCTULL
iX KOrepeHTHOro BNAMBY Ha YNPaBiHHA PO3BUTKOM COLLiaNIbHO-EKOHOMIYHMX cucTeM. [TofanbLui [OCNIAKEHHS HaLliNeHi
Ha po3pobneHHs KpuTepiiB BUMIpY, OLiHKM Ta iHTepnpeTaLii edekTy iMnieMeHTaLii MapKeTMHIOBMX iMNepaTMBIB 3
noAanbLIol anpobalieo OTpUMaHMX pe3ynbTaTiB

KniouoBi cnoBa: MapKeTUHIOBMIA iMNEPATVB, MApKETUHIOBA KOHLEMNLifl, MapKETUHIOBA Liib, COLLiaIbHO-EKOHOMIYHa
cucTeMa, ynpasniHHS PO3BUTKOM, TpaHChopMaLis
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INTRODUCTION

Digital technologies are a modern key trend, mediating
all spheres of social life and economy. As a result, a digital
economy is being developed, characterised by the active
use of informational technologies and the turnover of
specific electronic goods and services. Digitalisation goes
beyond economic processes, and digital technologies are
widely used in government structures and organisations.

Although Ukrainian e-government has just started
to develop, there are examples of modern research on this
topic. Among them, I. Fyshchuk and O. Evsyukova have
explored effective communication in the digital trans-
formation of service state during change management
processes in Ukraine [1]. The authors’ work, published
in a Lithuanian journal, underlines the introduction of
many reorganisation forms like civil society, unions, or
associations. It makes a need to provide an efficient way
for them to communicate with authorities altogether and
due to personal requests. Furthermore,V.Psota et al. have
investigated the “Competition in public procurement in
the fight against corruption: analysis of an example of
Ukraine” [2]. This paper gives evidence of the beneficial
impact of e-reforms which help save budget money and
reduce the possibility for corruption, increase transpar-
ency, and help to arrange the monitoring and control
systems.

World COVID-19 pandemic has put new tasks to
improve every country health system. Digital technolo-
gies, like e-health, give the change to react faster, keep
and analyse big data, get information remotely. S. Kutia
et al. have evaluated the socio-technological factors
affecting users’ adoption of e-Health functionalities [3].

Modern e-government can help arrange regular
communication and surveys to find out the residents’
point of view in a small community [4]. Moreover, it is
essential to note the involvement of the public in the
reforms as a critical guarantee of their success in the
long run [5].

Thus, modern information technology has become
part of the developed economies’ daily lives, the work
of their governments and local authorities, and rapidly
spreads in growing economies. After all, such communi-
cation is an opportunity to be in touch with the whole
world, process large amounts of information rapidly,
provide many services remotely, and maintain a decent
quality of life in the conditions of quarantine restrictions.
The broader use of gadgets by all segments of the popu-
lation, including the elderly and children necessitates
public services via mobile devices. The growing coverage
of access to the global Internet allows making various
online purchases in different parts of the world, process
statistical information by a wide range of specialists,
make an appointment to the specific doctor at a convenient
time, receive and provide advice, work as a freelancer, and
even travel virtually.

Danyliuk et al.

All the above mentioned gives confidence that
public electronic services have a certain future, needs
to be explored, improved, and widely discussed. More-
over, this discussion can help finding new answers to
the old questions, modern problems, visions, and ideas
to fix bugs or eliminate the barriers. That helps to for-
mulate the aim of the study: to investigate the current
state of electronic public services in Ukraine and de-
termine its strengths and weaknesses to substantiate
the key trends and prospects of becoming a “state in a
smartphone”.

LITERATURE REVIEW

The informatisation has reached government systems
and public services. In this context J.D. Twizeyimana
and A. Andersson have made a literature review on the
public value of E-Government [6]; |.K. Mensah - the
impact of E-government performance on the process
of adoption of E-Government services [7]; D. Valle-Cruz
has evaluated the public value of e-government services
through emerging technologies [8]; S. Defitri et al. have
discussed determinant factors of e-government implemen-
tation and public accountability [9]; N.G. Elbahnasawy
has answered the question if E-government can limit
the scope of the informal economy [10]; D. Geneiatakis
et al. have made a blockchain performance analysis for
supporting cross-border E-Government services [11];
L. Sundberg has searched for an answer if the democracy
is at risk in electronic government [12]; M. Danyliuk et al.
have formulated the factors of direct and indirect in-
fluence of informatisation on the society, economy, and
the state [13],and finally; V.Roblek et al. have evaluated
the best practices of the social innovations in the frame-
work of the e-government evolution [14].

Ukraine and other developing countries have just
started to use e-services in a wide range of spheres.
For instance, I. Palaco et al. have investigated the pub-
lic-private partnerships for e-government in developing
countries [15]; C. Knox and S.Janenova have examined
the e-government paradox in post-Soviet countries [16];
L. Glyptis et al. have explored the project manager’s
perspective of e-Government implementation challenges
in small countries [17]; M.Barna and S.Moroz have studied
the digital development of the economies of Ukraine
and the European Union [18].

Simultaneously many scientists have investigated
a lot of different features in e-government services all
over the world. Among them are Y.C. Chen et al., exploring
the determinants of performance of the cross-boundary
e-government systems [19]; R. Pérez-Morote et al. - the
EU effects of e-government evaluation, trust, and the
digital divide [20]; M.D. Lytras and A.C. Serban - e-govern-
ment insights to EU smart cities research [21]; |.0.Adam -
E-Government development effects on corruption in
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Africa [22]; Y. Li and H. Shang - the service quality, per-
ceived value, and citizens’ continuous-use intention
regarding e-government in China [23]; T. Bournaris -
e-government web portals in Greece [24]; S. Kukovi¢ and
G.Justinek — modernisation trends in public administra-
tion in Slovenia [25]; A. Sandor - web-based information
management [26].

In Ukraine, digitalisation is entering a qualitatively
new stage of its development, characterised by the de-
velopment of digital technologies, the spread of Inter-
net networks, and mobile communications. This allows
to unite the state with a single communication system
and create a holistic financial and information space. To
optimise the central executive bodies, the Cabinet of
Ministers of Ukraine in 2019 established the Ministry of
Digital Transformation of Ukraine to implement digital
development and e-government [27].

The main principles of the Ministry’s work are
based on the Concept of e-government development in
Ukraine [28]. The purpose of the Concept is to coordi-
nate cooperation between public authorities and local
governments to achieve a high level of e-government
efficiency, implementation of the decentralisation re-
form based on the widespread use of modern digital
technologies throughout the country following the Eu-
ropean requirements.

In Ukraine, public authorities and local govern-
ments provide more than 2,000 services, but 91.5% of
the population of Ukraine do not use public services on-
line [29]. At the same time, the public services’ provision
is accompanied by significant inconveniences, time, and
financial costs. Instead, the public services digitisation
will make them accessible, transparent, convenient, and
understandable.

Moreover, electronic public services have not yet
become familiar to all Ukrainians,and their implementa-
tion, in addition to the benefits, is accompanied by risks
and caveats.

MATERIALS AND METHODS

To achieve the research aim, the authors have studied
the scientific works of leading national and foreign re-
searchers in this field, as well as current trends in the
digital transformation of Ukraine. This made it possible
to identify the key components of the digital state, to
assess their role, relationship, and interaction. This research
step used historical and logical scientific research methods,
induction and deduction, scientific abstraction, and sys-
tems analysis.

At the stage of studying the “Diia” portal and ap-
plication, the authors considered the technical side of
its work from the user’s point of view, built an algorithm
for using the electronic signature file media, explored
the possibilities of “Diia” at the present stage. To do this,
the authors downloaded from the App Store (digital
distribution platform for selling mobile applications to
iPhone smartphone owners) the application “Diia” on

Scientific Horizons, 2021, Vol. 24, No. 7

the smartphone and chose the most convenient way
to authorise through Bankld, using Privat24. By permit-
ting to the Ministry of Digital Transformation of Ukraine
to process personal data, the authors gained access to
digital documents and electronic government services.
Then the authors have also registered on the “Diia” web
portal to get additional information.

For the study, the authors used the problem-find-
ing method and the comparison method. Based on the
analysis and synthesis, the authors have found that the
number of services available in the “Diia” is somewhat
limited compared to the web portal. Also, by comparison,
the authors were able to determine the regional nature
of e-government services and identify the most popular
services.

The own empirical user’s experience also influenced
the presentation of this part of the study material. This,
in turn, has increased the efficiency of identifying short-
comings and “bottlenecks” in the system’s functioning.

Based on the statistical observation method, the
authors were able to determine the dynamics of the users’
number in the web portal and the application “Diia”, the
number of vaccination applications, and identify the re-
gions where the most significant percentage of families
used the service ‘eMaliatko.

Using the method of generalisation, it was con-
cluded that despite some limitations and ambiguous
attitudes in society, the project “Diia” is a significant
achievement in the rapid development of digitalisation.

To assess the realities and prospects of the
digital state in Ukraine, the authors have chosen the
SWOT analysis method [30], which significantly helped
identifying the strengths and weaknesses of the elec-
tronic public services system and the opportunities and
threats of their implementation in everyday practice.
After this, the strategic tasks and goals were determined.

RESULTS AND DISCUSSION
Digital state

Digitalisation of public services is designed to change
the mechanisms and principles of public services radically.
However, as the authors are considering the scale of the
whole country, this process is not simple and is accom-
panied by complex technical, technological, social, and
cultural changes.

Modern electronic public services have not yet
completely replaced their previous paper counterparts.
This means that many services coexist in both forms,
which leads to an increase in funding for providing them
during the transition to complete digitalisation. However,
while the population is not technically ready for complete
digitalisation, it has not yet become accustomed to the
convenience of electronic services; public authorities
and local governments have not yet worked out an ef-
fective mechanism for the digital state - this situation
is forced but logical and understandable.

In Ukraine, there is an active development of the




most prominent digital project, “Digital State”, which
considers the state service in global informatisation
and digitalisation. The changes in Ukraine concern both
administrative services and the areas of health care,

Cybersecurity

E-business

E-education

E-government
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business, education, transport, courts, democracy issues,
etc. Figure 1 shows the digital state components, which
ensure its proper and efficient functioning.

E-democracy

Digital

Figure 1. Components of the digital state

As shown in Figure 1, digital technologies play
a significant role in building a digital state. Therefore,
it is necessary to ensure proper Internet access to elec-
tronic services, especially in rural areas.

The provision of the Internet in the context of
the spread of COVID-19 has become one of the most
pressing problems, the solution of which will help to
overcome the digital divide, create new jobs in cities
and villages. Simultaneously, it is crucial to develop
digital literacy, which is one of the main drivers of the
unrestricted use of electronic services. Moreover, modern
realities demonstrate the urgent need to govern the state
with the help of information technology, the so-called
“state in a smartphone”.

One of the long-term goals in building a “state
in @ smartphone” is online democracy. For example,
the introduction of digital voting in Ukraine will signifi-
cantly reduce the scale of election fraud and help con-
solidate young Ukrainians’ participation in the country’s
democratisation [31].

“Diia”: Purpose and use

At the beginning of 2020, the Ministry of Digital Trans-
formation of Ukraine has introduced the state web portal
of electronic services the “Diia”, which provides access to
50 electronic services. In addition, the mobile applica-
tion “Diia *, which provides access to digital documents
and public services, has also become widely available.
The mobile application allows access to 9 digital docu-
ments: passport of a citizen of Ukraine in the form of

an ID-card; biometric passport; taxpayer cards; driver’s
license; vehicle registration certificates; student card,
certificate of internally displaced person; birth certificate
of the child [32].

The “Diia” project is a flagman for Ukraine in the
digitalisation process.According to the Ministry of Digital
Transformation of Ukraine, by 2024, all public services
in Ukraine will be provided online [32]. Regarding the
financing of this project: public funds were not spent.
The “Diia” portal was created in cooperation with the
Ministry of Digital Transformation of Ukraine with the
support of the USAID / UK aid project “Transparency and
Accountability in Public Administration and Services /
TAPAS”, the EGAP Program funded by the Swiss Agency
for Development and Cooperation and implemented by
the Eastern Europe Foundation and Innovabridge,USAID
project the “VzaemoDiia” (SACCI) and the EGOV4UKRAINE
project.

Registering a user on the “Diia” portal involves
several steps. First, authorisation takes place from
ID.GOV.UA using BanklID, MobilelD, personal file key, or
hardware key. The private key (electronic signature) can
be stored on file, cloud, or other secure media. It can
also be written to an ID-card or token. The latter can take
the form of a USB device or smart card.

The most common authorisation method on the
“Diia” portal is signature electronic file media. This file
is usually called Key-6 with the extension *.dat (there are
also extensions *.pfx, *.pk8, *.zs2, *.jks). The algorithm for
using file media is shown in Figure 2.
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Selection from the
list of the provider

of electronic trust
services

Download file with
private key

Entering the password
to the private key

Figure 2. Algorithm for using the electronic signature file media

For the first step, the user must choose the e-trust
provider from the 22 entities available on the portal.
Therefore, the experience of using the “Diia” portal is
sometimes accompanied by a failure and termination of
user access. Yet, the situation can be easily corrected by
clearing the cache or using another browser for electronic
digital signature authorisation.

At the same time, citizens of Ukraine have the
opportunity to download the “Diia” application on their
smartphone from the App Store or Play Market. After
downloading the application, the user must log in using
BankID, which is possible for the clients of 31 banks,
and consent to the transfer of information to the “Diia”
application. Here the authors can declare one of the
disadvantages of this application because if a person is
not a client of any of the listed banks, he/she will not be
able to use the “Diia”. Therefore, improving the authori-
sation process with a new modern identification using
Near Field Communication (NFC) technology would
probably be appropriate.

However, the number of banks that have joined
BanklID is constantly growing. At the authorisation stage,
the user has a logical question about the leakage of
personal data because authorisation with BankID gives
the application access to bank cards, accounts, and, ul-
timately, personal data. The government portal notes that
information about the leak of citizens’ data from the
digital public service the “Diia”, which assertedly took
place in May 2020, during some operational and inves-
tigative actions, was not confirmed, and the Cyberpolice
Department did not reveal the facts of cyber incidents [33].

However, the official portal states that the “Diia”
is a well-protected platform located in a reliable data
center and meets global standards for protection against
cyber threats [34].

“Diia”: Scope
During the authorisation in the “Diia” application with
the help of, for instance, Privat24, the user gives consent
to the Ministry of Digital Transformation of Ukraine to
process personal data. The Ministry of Digital Transfor-
mation of Ukraine gets access to personal data:

e full name;
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e registration number of the taxpayers’account card;
e passport series and number;

e e-mail address;

e phone number;

« address of residence;

e place of birth.

According to the Ministry of Digital Transforma-
tion of Ukraine, the “Diia” keeps a minimum of informa-
tion about its users through encryption and the use of
blockchain distributed storage technologies. It is also
defined that the application does not access the user’s
financial data in Privat24, which is quite logical from
cybersecurity.

Currently, digital documents and many services
are available in the “Diia” application, but their number,
compared to the official portal, is somewhat limited.
The user has the opportunity to receive the following
services:

e to pay a fine for violating traffic rules;

« to pay debts on enforcement proceedings;

e to share copies of digital documents;

« to verify the authenticity of another person’s digital
documents.

With the help of a digital document, Ukrainians can:

¢ use administrative and other public services;
e travel the country by rail and air;

e receive medical care;

e conduct banking operations;

e confirm the person upon request.

The application’s purpose is to reduce all bu-
reaucratic procedures and processes to a smartphone.
As a result, any user does not need to worry about docu-
ments that could be forgotten at home. As for user sta-
tistics, their number has been actively growing since
the beginning of the “Diia” application. On the day of
application release on February 6, 2020, 310,031 users
had already registered in it. In April 2020, the applica-
tion was used by 2 million citizens, as of May 5, 2020 -
3 million citizens, and the portal - 107,708". According
to the Minister of Digital Transformation Mykhailo Fe-
dorov this number has not decreased and amounted to
3 million 512 thousand as of June 2020. As of February
2021,the number of users exceeded 10 million people [35].




‘eMaliatko”

Today, of the 43 services available on the official “Diia”
portal, the most popular are the entry to the COVID-19
vaccination waiting list,the opening of a natural person -
entrepreneur, there is a baby registration of the child’s
place of residence, unemployment benefits and signing
documents. However, each of the services mentioned
above has its regional characteristics. Thus, if the entry
in the vaccination waiting list allows the vaccine to be
adequately distributed among the regions, the regis-
tration of the child’s place of residence is available in
Kharkiv, Lutsk, Rivne, Vinnytsia, Mariupol, Kryvyi Rih,
Khmelnytskyi, Lviv.

Services such as traffic fines, enforcement pro-
ceedings, and registration in the COVID-19 vaccination
waiting list are available in the “Diia” application. Cur-
rently under development are the following services:
driver’s license replacement, technical passport sharing,
taxes, and smart-Diia.

Despite all the positive characteristics, the “Digital
State” project needs to be improved. So, for example,
using the “‘eMaliatko” service, one can register the birth
of a child, get a certificate of birth, as well as order 9
other government services required for a newborn child.
However, to order the service, one must have a medical
report number from eHealth by phone text message to
the number specified in the declaration signed with the
family doctor. In case of loss of the sim card or change
of the phone number, the procedure of changing the
patient’s contact phone number is quite tricky and can
take an unreasonably long time. Therefore, being reg-
istered on the “Diia” portal, a young mother does not
have the opportunity to use electronic services without
queues, bureaucracy, unnecessary travel, and effort.
Nevertheless, she is forced to apply to the Department
of Social Policy, to spend her time in long queues to get
to the appropriate specialist. Thereby, there is the need
to significantly simplify the procedure for changing the
doctor’s phone number specified in the declaration.

Since June 2021, the comprehensive service
‘eMaliatko” has become available to parents of children
born in the temporarily occupied Autonomous Republic
of Crimea or areas in Donetsk or Luhansk regions. In July,
86% of parents used the ‘eMaliatko” service. According
to statistics, the most popular service is in Rivne and
Cherkasy regions (98%), Lviv region (97 %), Volyn, Ternopil
and Chernivtsi regions (95%). More than 125,000 families
in 780 settlements have already used the ‘eMaliatko”
service [36].

In August 2021, Ukraine joined the Digital COVID
Certificate initiative, and the EU officially recognised
the Ukrainian COVID certificates available in the “Diia”
application. In a broad context, such a European Com-
mission’s decision, in our opinion, testifies to the recog-
nition of the work efficiency and trust in Ukrainian state
institutions and the appropriate personal data protection.
The COVID certificate, generated in the “Diia” application
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in a few clicks, confirms the vaccination status. The in-
troduction of COVID-certificates will guarantee the citi-
zens’ safety in pandemics and restore regular communi-
cation between countries.

In 2021, Ukraine equated digital passports with
paper ones, indicating the rapid pace of digitalisation as
a world leader. This positively distinguishes our country
from others that have not yet introduced such an inno-
vation [37].

Creating the “Diia” and the transformation to the
service state aims to destroy the old bureaucratic sys-
tem. Today Ukraine’s entry into “paperless” mode can be
witnessed, which is the basis of the digital state. How-
ever, some public authorities are slow to respond to these
innovations, thus slowing down the whole transition
process.

The essential components for the “paperless”
implementation are digital documents the “Diia”, the
availability of all public services online and the elec-
tronic document management introduction, as well as
the adoption of appropriate laws to implement the “pa-
perless” regime. Furthermore, the electronic document
management introduction will create a new state-of-
the-art state system, services will become more trans-
parent and accessible to citizens, and the human factor
will be excluded from the decision-making process. The
latest technologies are one of the main methods to com-
bating bureaucracy, corruption, and injustice.

Difficulties

It is worth noting that the rapid digitalisation, which has
gripped society and economy, has met the people’ resis-
tance. Some do not want or do not have the opportunity to
use the modern system and continue to work manually.
Therefore, the authors consider it necessary to make
changes in the legislation and functionality of the appli-
cation to make the use of digital passports convenient
for citizens and accessible to businesses. After all, the
absence of data readers significantly slows down the
process of building a “state in a smartphone”. Thus, the
process of digitalisation is quite long in time, and the
construction of a digital state is not a one-time act.
Ambiguous attitudes have been developed among
Ukrainian society regarding the electronic service “Diia
at Home”, which, according to the Chairman of the
Ukrainian Helsinki Human Rights Union, Director of the
Kharkiv Human Rights Group Yevhen Zakharov, actually
violates human rights to personal data protection and
privacy of communications convention. Installing the
“Diia at Home” application involves monitoring the ob-
servation. Then, the user enters the address at which
they undertake the isolation for two weeks. However,
the essential condition for successful self-isolation is
the availability of the Internet. Therefore, its absence
entails administrative and criminal Lliability; if a person
does not get in touch, the verification is considered un-
successful, and an automatic notification is sent to the

Scientific Horizons, 2021, Vol. 24, No. 7

95



96

Digitisation of Ukraine in terms of public electronic services’ distribution

National Police. This state of affairs caused mass dissatis-
faction among Ukrainians.

From March 1, 2021, helpful service in a problematic
epidemiological situation has become available in the
“Diia”: an entry to the vaccination from the COVID-19
waiting list. It saves much time, avoids queues, and the
process of drawing up unnecessary documents. The im-
plementation of this service is possible thanks to the
EGAP Program, implemented by the Eastern Europe
Foundation and funded by Switzerland.

Thus, as of March 2, 2021, out of 45.5 thousand
applications for vaccination,40.065 thousand were made
in the “Diia” application, 5435 - on the “Diia” portal. Of
the first 100 thousand applications as of March 3,2021,
87.3 thousand (87.3%) were submitted in the “Diia” ap-
plication, 9.9 thousand (9.9%) - on the “Diia” portal,
2.8 thousand (2.8%) - with the help of the contact center
of the Ministry of Health of Ukraine.OnJuly 21,2021,the
5t stage of the national vaccination plan began. Now
everyone, regardless of age and other factors, can sign
up directly for vaccination. Therefore, the entry in the
queue for vaccination through the site or mobile the
“Diia” application is canceled. However, 698 thousand
Ukrainians signed up for vaccination during the whole
time, and more than 40% have already been vaccinated [35].

Another limitation for users of the “Diia” should
also be noted - the lack of the account deleting function,
which, in our opinion, is quite debatable. For instance,
it is needed to take the following steps to delete the
account on the portal:

« the user writes to the “Diia” Support Service, stating
the reasons for deleting the account;

» the manager processes the application and sends
it to a specialist;

« the specialist studies the situation and decides on
the possibility or impossibility of removal.

Therefore, deleting an account is a long process,
and the reasons for deletion must be valid.

In addition, along with the unconditional advan-
tages of digital services, it cannot be ruled out that some
people do not want or will not be able to go online
due to religion, age, and other characteristics. However,
they cannot be deprived of the opportunity to receive
the necessary services. Thus, it is vital to simultaneously
promote digital literacy, education, and instruction of
citizens on the use of information and communication
systems to establish an alternative way of providing such
services. Of course, in the rapid development of digital-
isation, the state will be irrational and simply unprofit-
able to provide paper and digital services in parallel, so,
in the authors’ opinion, based on the administrative ser-
vice centers in the united territorial communities should
remain a specialist who can help to use the required
service on appropriate equipment.

Recently European Union have announced Eu-
ropean Digital Identity Wallet which is accepted in all
member states which will allow citizens to digitally
identify themselves, store and manage identity data and
official documents in electronic format [38].

Thereby, the “Diia” application is a new impulse
in the field of electronic public services. The application
allows receiving the maximum of public services online,
establishes and accelerates any interaction of citizens
with the state,and encourages to expand one’s horizons
and acquire digital literacy. Furthermore, it destroys bu-
reaucracy and constant queues to obtain the necessary
state-standard document.

SWOT analysis

In the authors’ opinion, SWOT analysis allows users to
take a more reasonable approach to their adoption of
electronic services.Areas for improving e-public services
should be developed based on a thorough analysis of
their strengths and opportunities to correct weaknesses
based on identifying external and internal factors
(Table 1).

Table 1. SWOT analysis of the digital state in Ukraine

S-Strengths

W-Weaknesses

Single data system

Public services’ quality and speed increasing
Services availability in the outlying area
Innovation in the public sphere
Environmental and energy efficiency
Effective feedback

Stable work in pandemic conditions

Low digital literacy

Distrust of public authorities

Service provision mechanism failure

Incomplete Internet access coverage

Rejection of the population that does not accept change
Limited state financial and technical resources

0-Opportunities

T-Threats

Expanding the list of e-documents and e-services
Public authorities’ efficiency improving

Budget savings

Transparency increasing

State bureaucracy’s level reducing

World-wide services use

Information availability increasing

Low cyber security

Possibility of uncontrolled access to the data

User errors risk

System failures

Development underfunding

The low popularity of e-products

Political transformations and change of strategic priorities
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The analysis of the advantages of e-public services
allowed identifying the strengths and opportunities for
their improvement, which are to displace paperwork and
routine administrative procedures, speed up processing
and exchange of information, provide timely information,
improve the quality and effectiveness of feedback and
communication transparency with public authorities and
achieve a higher level of service to users of public services.

Identifying the problems associated with the de-
velopment of electronic public services helped the au-
thors finding their weaknesses and threats to its imple-
mentationand dissemination.Inthe authors’opinion,the
analysis of barriers and problems facing the spread of
electronic public services is fundamental in choosing
the most acceptable option for their adaptation into
practice.
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The main reasons that hinder the introduction of
electronic public services are satisfied with the current
practice of providing public services, the uncertainty of
users and misunderstanding of the benefits of electronic
public services, and the lack of resources to implement
shared services (financial and technical). Last but not
least is the issue of cyber security, as hacker attacks can
lead to the leakage of personal data and paralyse the
work of public authorities. When joining together:

e Opportunities and Strengths - one can get O-S
Strategy;

e Opportunities and Weaknesses — one can get O-W
Strategy;

e Treats and Strengths - one can get T-S Strategy;

e Treats and Weakness - one can get T-W Strategy
(Table 2).

Table 2. Digital state strategies

0-S Strategy

0-W Strategy

All data in one place collecting
High-efficiency and high-speed e-government
Sustainable development

Digital friendly users rising
State-People closer connection
Transparency policy

T-S Strategy

T-W Strategy

E-services popularisation
Quality management

Money redistribution Political stability

Life-long learning
Internet access spread

The SWOT analysis allowed the authors to iden-
tify critical areas of digital state development, which is
primarily represented by e-government. Gathering all
crucial information on one platform will significantly
increase data processing speed, the efficiency of elec-
tronic services in general,and sustainable development.

It would be logical to implement measures to
expand the number of confident Internet users, including
lifelong learning to overcome the threats in this context.
In the authors’ opinion, the digital literacy achievement,
in turn, will raise the government trust level as a whole.
However, for the e-government system to work effectively,
it is also necessary to pay attention to quality manage-
ment and boost the productivity of civil servants.

Thus, the current priorities necessitate the redis-
tribution of financial resources from often bureaucratised
and inefficient paper transactions to informatisation.

CONCLUSIONS

Today, the world is increasingly moving to the Internet,
digital codes,and mobile applications.To stay in the world
change trend and use modern information progress
advantages, every citizen and the state must be open
to innovation. In the research, the authors studied the
current state of digitalisation of Ukraine and identified

the following key characteristics and trends of this process:

e necessary conditions for the successful completion
of the digitalisation process are the population’s readiness
for qualitative changes and purely technical aspects re-
lated to increasing the Internet coverage area.

¢ An essential step forward in digitalisation was the
launch of the flagship project “Diia”, which should provide
access to digital documents and e-government services
and minimise the human factor in the decision-making
process.

« Building a “state in a smartphone” is a long and
challenging process on the road to universal digitalisa-
tion, which will destroy the old bureaucratic system,
move to a “paperless” business and make services more
transparent and accessible with free Internet access.

¢ Acrucial element of the transition to a digital state
is the promotion of digital literacy through educational
activities.

e Based on SWOT analysis, in addition to strengths
and opportunities, barriers and threats that hinder the
digitalisation process were identified, including the lack
of public understanding of the benefits of e-government
and cybersecurity. Timely identified threats can be mini-
mised or eliminated through effective and timely strategic
and tactical planning.
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LundpoBsisauia YKpaiHM B YaCTUHI NOLWIMPEHHSA Ny6NiYHNX eNeKTPOHHUX nocnyr
Mapia MukonaisHa Januntok, Mapta BacunisHa OMutpuwnH, TeraHa AHatoniiBHa lopaH

IBaHO-MDpaHKIiBCbKMIA HABYANbHO-HAYKOBUM iIHCTUTYT MeHemXMeHTy 3YHY
76015, Byn. [IHicTpoBCbKa, 32, M. IBaHO-MDpaHKiBCbK, YKpaiHa

AxoTauia. Cy4yacHM HayKOBO-TEXHIYHMI Nporpec pobuTb 3acTOCyBaHHS iHOOPMALLIMHO-KOMYHIKALIMHWUX TEXHOMOTi
aTpuByTOM DYHKLIOHYBAHHS BYAb-9KOro rocnofapkoyoro CybekTa Ta XXMUTTA KOXHOT NtoamHu. [aHaeMmis KopoHaBipycy,
L0 Np13BeNa A0 MacoBMX KapaHTUHHUX 0BMeXeHb, 3yMOBWIa HEODXiAHICTb NPULLBUALLEHHS NEPEXOAY A0 HAAAHHS
LUMDPOBMX MOCAYr B YMOBAX BiAAaneHoro Aoctyny. Y 383Ky 3 UMM MeTor poboTn B6yno AoCNioKeHHS pO3BUTKY i
NOLIMPEHHS LMdPOBUX TEXHONOTIM B YKPAiHi B YaCTMHI peani3aLii NoniTMKM enekTpOHHOro ypsayBaHHs. [lns Toro, wob
OLHMTM peanii Ta BU3HAUMTU NEPCNEKTUBM CTAHOBNEHHS «AepXaBu y cMapThOoHi», byno nposeneHo SWOT-aHani3
eneKTPoOHHMX NybniyHmx nocnyr. Biatak 6yno BM3HauyeHO mepeBary Ta 3arpo3n eneKTPOHHOrO YpsAyBaHHS Ha
Cy4YaCHOMY eTani, @ TaKOX HaMiYeHO nodanblli cTpaTerii po3BUTKY LUndpoBsisauii B YkpaiHi. Y npoueci po3BuTKy igei
[lep>XaBu 9K cepBicy BifOyBaTbCa LMMPOBI 3MiHKW y BaraTbox ranysax 1a chepax, ToMmy 6ys10 BUOKPEMIEHO K/OYOBI
CKNafoBi UMPPOBOI AepxaBH, 30KkpeMa Kibepbesneky, enekTpoHHe ypsAyBaHHS, PO3yMHI MicTa, LMdPOBi HABUUKM,
€NeKTPOHHMI CyA Ta CUCTEMY OXOPOHM 340POB’S, ENEKTPOHHY TPAHCMOPTHY cUCTeMyY Ta IHTEepHeT. BusHaueHo, Wwo ui
CKNaAoBI TICHO CTOCYHOTbCS TAaKUX KOMMOHEHTIB SIK eNeKTPOHHA AEMOKPaATis, eNleKTPOHHUI Bi3HeC Ta eneKTpoHHa
0CBiTa. BapTo Bia3HauMTK, Wwo B YKpaiHi QYHKLIOHYE YHiIKanbHWI AepxaBHUI Be6-nopTan enekTpoHHMX nocnayr «isy,
wo 3abe3neyvye AOCTYN A0 AECATKIB €NeKTPOHHMX NOCAYr AepXKaBu. ToMy Byno feTanbHO AOC/IAXKEHO MPU3HAYEHHS,
MOX/IMBOCTi Ta TPYLHOLLI KOPUCTYBaHHS NOPTaNioM i MOBINbHUM A0AaTKOM «[lis». Y YacTMHI cMCTEMU KOPUCTYBAHHS
«[ieto» 6yno posrnaHyTo cneumdiky aBTopm3aLii Ha nopTtani Yepes dannoBuit Hoci LmMdpoBoro nignucy Ta NobyaoBaHoO
BiANOBIAHUM anroput™ Ain. [iaTBEpAXKEHO, WO NOPSA, i3 NOTEHLIMHUMKU PU3MKAMM CyHaCHi iHPOPMaLiMHI TexHonorii
[atoTb 6e30i4 MOXIMBOCTEN ANS IXHIX KOPUCTYBAYiB. 3arafoM AOCNIAXKEHHS AAN0 3MOry OKPeCIuTU nepcrnekTuBm
undpoBi3zaLii yKpaiHCbKOi Aep)KaBu B yMOBAX Cy4aCHUX peanin

Kntouosi cnoBa: «[lig», umdposa TpaHchopmaLis, uLMppoBa AepKaBa, eNeKTPOHHe ypsayBaHHS
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INTRODUCTION

In recent decades, there has been explosive growth in
the volume of services in cyberspace. The COVID-19 pan-
demic has reinforced this trend. The formulation of a
verified strategy of marketing activities on the Internet
remains an urgent task for the business community, for
local and federal companies since, without a comprehen-
sive strategy for brand promotion, it is impossible to
achieve the company’s goals and profit indicators that
ensure systematic growth and stable development [1]. The
e-commerce development intensively affects all spheres
of the world economy and the economy of Ukraine, in
particular, financial and trading instruments, forms of
transactions and logistics concepts. New types of market
interaction and impersonal sales allow reducing the costs
of enterprises and individualising the offer for the con-
sumer, anonymously studying consumer's interests and
offering the most relevant services and goods in the
format of a public offer, even without personal inter-
action [2]. In this regard, automated analytical systems
that collect data about users based on their behaviour
in cyberspace (Big Data) come to the fore. Information
technologies are becoming the reason for the development
of new methods of brand promotion and the emergence
of new types of business in cyberspace [3].

In recent years, a considerable number of studies
have been devoted to the strategy of brand promotion in
the Internet services market, but the study of understand-
ing the principles of formulating an accurate strategy
for long-term brand development remains one of the
key tasks [4]. Modern research shows that the creation
of a recognisable company, with a reputation and asso-
ciations among customers, becomes a prerequisite for
the effective functioning of the business, that is, the
branding strategy comes to the fore [5]. Trends in the
development of digital markets indicate the need for a
comprehensive study of the relationship between brand
awareness and an effective marketing strategy [6]. The
COVID-19 pandemic,the global lockdown, and the forced
decline in offline communication of brands increased the
importance of brand fixation in the digital environment
using strategic tools [7]. The role of influencers in social
networks has grown along with confidence in the so-called
microbloggers (from 2000 to 5000 subscribers) and na-
nobloggers (up to 2000 subscribers), thus, the role of
native advertising increases [8].

Modern tools for promoting services differ from
conventional ones. Therewith, the development of IT tech-
nologies contributes to their further transformation, which
is facilitated by the globalisation of modern commercial
markets [9]. Modern marketing strategies: gamification,
advertising, viral marketing, social media marketing
(social media marketing) come to the fore in the imple-
mentation of the marketing strategy. The requirements
for modern marketing concepts are growing in direct
proportion to the increase in the number of users of
services on the Internet, which is relevant for all sectors
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of the Ukrainian economy [10]. Social media marketing
in Ukraine is adaptive and rapidly developing. To date,
60 per cent of Ukrainian residents are registered in
social networks; the widespread “smartphoneisation”
of the population, that is, a growth in the number of
smartphone users increases the number of users of social
networks [11].

The purpose of the study is to identify the most
effective tools for the development and promotion of
the company’s brand in the Internet services market of
Ukraine.

The relevance and originality of the article are due
to the analysis of the most modern channels of digital
communication with customers (Tik Tok, Reels), the study
of current trends in the impact of the pandemic on the
market for the provision of services and the sale of goods
in the electronic space. The authors have developed and
presented in the article a model for implementing brand
management in the Internet services market. The practical
importance of the study lies in the possibility of using
the methodology and algorithms of strategic branding
described in the article in the activities of companies and
enterprises operating in the field of Internet services in
the territory of Ukraine.

MATERIALS AND METHODS

The material of the study is the analysis of strategic com-
munications of major international and regional trends
in cyberspace, which allows identifying the patterns and
principles of an effective brand strategy, developing a
methodological approach and a practical algorithm for
Internet marketing in the field of e-commerce in the
Ukrainian market, considering leading practices and
benchmarking. In the course of the research, theoretical
methods were used, such as synthesis and analysis, con-
cretisation and generalisation; the method of analogies;
modelling). Empirical methods were applied, including
the study of normative and educational-methodical docu-
mentation; experimental methods (ascertaining,forming,
control experiments); mathematical statistics, socio-
logical and statistical. The method of analysis was used
to examine component parts of the scientific problem
for a detailed study. Synthesis - for the development of
a system of different elements for a large-scale study of
processes. Methods of generalisation - the identification
of a set of similar properties and features of the subject.

The method of induction is a consideration from
particular views to general conclusions; the method of
deduction is a theoretical study or reasoning from a
general thesis to particular conclusions. Statistical and
economic method - to study statistical data on the de-
velopment of the e-commerce market in Ukraine. The
main methodological approach is a group of general
scientific and philosophical approaches (including sys-
temic and synergetic) and a set of different methods
(historical, comparative, scientific abstraction method).
The method of graphical visualisation was also used to
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reflect the results. For the analysis of publications and
research in the mass media, the method of content analysis
using search engines and information and analytical sys-
tems, other cabinet methods were applied. Meta-analy-
sis was used for systematic integration of the available
data. In the course of the research, the following methods
were applied: theoretical; mathematical statistics and
graphical representation of the results.

The theoretical basis consists of practical research,
scientific and methodological, and educational studies
of leading Ukrainian, Russian, and foreign specialists in
the field of marketing and management [12-14]. The
research examines articles and studies that address the
problems of developing and implementing a marketing
strategy, branding, brand management, and digital mar-
keting [15-17]. The studies on the problems of market-
ing promotion of brands in the offline retail market and
in the Internet services market are examined [18-20].
The methodological approaches of Western researchers,
such as B. Schmitt [21], D. Aaker [22], T. Ambler [23],
P.Doyle [24], L. Chernatony,M.McDonald [25],). Lambin [26],
are studied. The authors included a scientific and method-
ological base of digital economy research for a period of
up to 10 years to identify trends in brand management
and the evolution of approaches to the definition of the
term “brand”[27; 28].The information in the mass media
of Ukraine devoted to e-commerce, online sales and the
development of social networks in Ukraine are analysed.
The trends of the last few years, which were developed
during the COVID-19 pandemic, are studied [29; 30].

The information base of the research includes
legal regulations; monographs and didactic studies of
leading economists and marketers; Western, Russian and
Ukrainian specialists in the field of management; materi-
als of periodicals and conferences; collections of articles,
abstracts of reports, electronic sources, and databases,
relevant statistical materials.

1. At the first stage, the analysis of existing theories
and methodological approaches to the definition of a
brand, the formulation of a branding strategy and brand
management in the Internet services market are carried
out; the problem, purpose, and research methods are
highlighted.

2. At the second stage, the main stages of brand
strategy development are formulated and reflected in
the integrative model, the key tools of digital promotion
are classified.

3.At the third stage, the theoretical and practical
conclusions are clarified, the results obtained are sys-
tematised.

RESULTS AND DISCUSSION

The brand value is a combination of the unique proper-
ties of the product and is defined as the ratio of benefits
from the acquisition of the brand and all required costs
in connection with the ownership and operation of the

Scientific Horizons, 2021, Vol. 24, No. 7

product [17]. Most studies devoted to the essence and
content of brand values include functional benefits based
on the properties of the product and psychological ben-
efits reflecting the intangible properties of the product
as the main benefits. Intangible benefits include emotional
and symbolic benefits. Some specialists in the field of mar-
keting include in this list the so-called conceptual ben-
efits, that is, the satisfaction of curiosity [26]. The Amer-
ican specialist D. Aaker [22] describes his approach to
determining the brand value by adding to the number of
functional and emotional benefits of satisfying the need
for self-expression. Recently, the consumer's need for social
approval has been growing, which may be an additional
type of added brand value. Thus, to develop an appropri-
ate brand management strategy in the Internet services
market, it is important to include the set of all possible
benefits for the consumer in the planned brand image.

The main benefits that increase the attractiveness
of the brand for the client:

Functional benefits. Product properties that pro-
vide functional utility. For example, for video conferencing
systems (such as Skype or Zoom), the functional proper-
ties are the number of conference participants and the
ability to record.

Emotional benefits. The focus of the study should
be shifted to feelings when the purchase of a particular
brand causes certain emotions in the buyer.

Symbolic benefits. Some products (perfume, clothing)
in the minds of customers are symbols that allow them
to demonstrate their status or position in society.

The brand image in its complex sense is shaped
by the following attributes: visual range, corporate identity,
logo, fonts; key brand values; the form and channels of
communication with the consumer; consumer reviews;
competition policy, that is, the type of interaction with
other brands; participation in charity programmes, events
held with the participation of the brand; marketing activ-
ity, including loyalty programmes; consumer emotions
and impressions of the brand from actual and potential
consumers.

The sales process and brand awareness are closely
linked, without the image component, it is impossible
to fulfil the long-term commercial goals of the company.
The promotion strategy is a comprehensive action plan
aimed at achieving the company's business goals [13].
E-commerce began its development in the field of elec-
tronics, it is still the largest category on the national
market. In recent years, there has been a considerable
increase in such categories as clothing, furniture, house-
hold goods, cosmetics, and entertainment. A great share
of the market is the industry of video games, movies,
e-books, and music. Nevertheless, the Ukrainian production
and sale of such goods are inconsiderable. According to
a study by Globallogic, presented by Interfax Ukraine, the
number of social network users in Ukraine increased
by 7 million people in 2020 (Fig. 1).
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Figure 1. The growth of the number of users of social networks in Ukraine in 2020-2021

Source: [31; 32]

If in January 2020 a little more than 40% of the
population of Ukraine was registered in social networks,
now this figure has increased to 60%. According to the
above research, in 2021, 30,000.000 people (67% of the
population) use the Internet in Ukraine [32].

The most popular social networks in Ukraine [33]:

* YouTube covers 96% of the country's population;

e Instagram is used by 14 million Ukrainians (an in-
crease of 22% compared to 2020);

» Facebook is popular among 16 million Ukrainians;

» 16% of users from Ukraine are registered in TikTok.

The growth trends of Internet users are also rele-
vant in the context of the global economy, the number
of Internet users in the world has increased by 280 million
since 2020 [33].

By the end of 2020, the majority of Ukrainians
continue to buy online through marketplaces, that is, inte-
grative platforms. According to the research of Hubber,
which unites more than 1200 marketplaces, the main trends
of e-commerce in the Ukrainian market and a list of the
most popular products were identified. In December 2020,
the average check increased by 23% compared to Decem-
ber 2019.1n 2020, the average check increased by 9.3%
and amounted to UAH 600.64. In general, the growth of
trade turnover in 2020 was 50.2%, which confirms the
relevance of the matter. In Eastern Europe, the share of
online commerce in total retail sales increased to 10% [20].
According to Euromonitor International's research, the
largest growth in e-commerce was recorded in Ukraine.
In comparison with the indicators of 2019, the growth
of product e-commerce in Ukraine in 2020 amounted
to 107%. This is due to the cooperation of food delivery
services and retailers [34].

Most experts agree that the share of e-commerce
in the sales structure will grow over the next five
years [18; 20].

The main stimulators of the growth of the Internet
services market in Ukraine are:

« the growth of the number of Internet and smartphone
users in Ukraine;

« restrictions caused by COVID-19;

e increased confidence of the country's population in
digital payment systems;

 expanded delivery opportunities and improved quality
of the delivery service;

e growth of individual consumption;

« the competition growth and, as a result, the increase
in reliability of Internet entrepreneurs;

¢ development of innovative technologies.

The mechanism of building a brand promotion strat-
egy includes the following mandatory steps. The most
important stages of brand promotion to the market are
comprehensive market analysis, the definition of marketing
goals, and promotion tools [15].

The key stages of developing a brand promotion
strategy are:

1. Analysis of the market and the company's position
in the market. It is important to properly study the com-
pany's position in the market, competitive analysis, and
study trends in consumer behaviour.

2. Definition of goals. Development of attitude, demand,
loyalty, knowledge, sales.

3. Segmentation of consumers. Identification of the
target audience for whom the company's services and
products are necessary to meet their needs.

4. Determining the budget.

5.The choice of tactics (the optimal list of Internet
promotion tools).

The authors have developed an integrative model
forimplementing the brand strategy in the Internet services
market, combining the key stages of brand management
and basic tools (Fig. 2).
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o Market analysis;
« SWOT analysis of the
company in the industry
market;

» Forecast of trends;
« Risk management

\
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stage

Correcting
actions

J

« Budget optimisation;
o Refinement of the plan;
« Control

o Goal setting;

« Customer segmentation;
o Activity planning;
SUCICWAR « Budgeting
development

Strategy
implementation
o End-to-end analytics;
« Determination of results;
« Efficiency evaluation

Figure 2. Integrative model of brand management implementation in the Internet services market

Source: developed by the authors

After forming a detailed programme, it is necessary
to perform high-quality tasks of the plan according to the
selected control tools, considering the data of end-to-end
analytics. To build a strategy, a sufficient level of quali-
fication of the team and up-to-date market analysis data
are required. Digital marketing technologies are a mecha-
nism of communication with partners and investors and
a channel of communication with consumers. One of the
key tools for promoting a company is a website. The site
serves as a virtual business signature of the organisation
and a kind of electronic showcase of goods and services.
The use of a wide range of tools allows providing a
high-quality presentation of the site in search engines.
The key tasks that the site solves are: retaining a potential
buyer for as long as possible and encouraging them to
make a purchase or transfer their contact details for
further communication with the client by sales special-
ists. Depending on the marketing goals and advertising
budgets, it is important to include the following tools
in the implementation of a comprehensive strategy in

different proportions:

« Search Engine Optimisation (SEO, or Searching Engine
Optimisation). In this context, a special role is played
by the so-called organic promotion, that is, the use of
words and phrases that are popular among users in search
engines, which allows displaying site materials in the first
search lines.

« Social Media Marketing (SMM, or Social Media Mar-
keting). Marketing Sherpa statistics showed that 95% of
consumers choose social networks as one of the key tools
for interacting with the brand. Social media accounts, along
with the website, act as a trademark of the company, a
tool for communicating with the brand and collecting
feedback from customers [35].

« Contextual and targeted advertising. Advertising
in social networks and search engines is one of the most
effective methods of attracting customers, while the
high digitalisation of these tools allows for effective
analytics and timely adjustment of the strategy in the
conditions of necessary changes (Fig. 3).

Growth in the cost digital advertising

Total digital Search Banner Social media
advertising costs ~ advertising costs  advertising costs  advertising costs  advertising costs
+12% +11% +11% +9.4% +18%

Figure 3. The growth in the cost of digital advertising in the world in 2020-2021

Source: WebMarketing company data [29]
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« Display advertising. Interactive advertising messages
on Internet sites allow establishing associations with the
brand and increasing flows to the site (lead generation).

» Mail marketing. Use of e-mail newsletters based on
one's own or partner client databases.

e Viral marketing. Modern social platforms such as
Tik Tok, Reels, Snapchat allow creating advertising formats
that provide mass organic coverage. Examples of such
formats are “challenges” (trends launched by bloggers,
repeated by a large number of users), creative videos.

« Influencer marketing. Attracting opinion leaders to
promote the brand shows positive results in the B2C
market, while it is the format of native advertising that
is optimal in this context.

The use of the above tools allows providing a wide
reach of consumers and reducing the company's adver-
tising costs. The key importance in this aspect is the use
of end-to-end analytics and the suitable integration of
analytical tools into the operational work on the im-
plementation of the brand promotion strategy. An ex-
ample of a brand-focused marketing strategy is Apple.
Maintaining the image and reputation of a leader in the
mobile device market contributes to the fact that custom-
ers become brand ambassadors in the long term. In the
context of the digitalisation of the economy, the brand
is an essential part of the company’s capital. The role of
mastering the theoretical foundations of brand man-
agement is growing. Despite this, in the literature and
scientific research, this issue has begun to be studied rela-
tively recently and is poorly structured. The term “brand”
appeared in the methodology relatively recently as
well. Hereinafter several approaches to the fundamen-
tal concept of brand management - the term “brand” is
considered.

Various definitions of a brand are presented in the
economic literature.

1.°A brand is a name or symbol that identifies a
product”. The key characteristic is the identification of
the product and its difference from competitors [36].

2.°A brand is a set of perceptions in the eyes of
the consumer” [16]. This approach is as close as possible
to modern interpretations of the term, which includes
associations that arise in the consumer regarding the
product.

3.Abrand is “a set of names and other symbols
used to identify a product and a “promise” that is given
to the buyer” [14]. In this definition, the key feature of
the brand is the manufacturer's promise.

4."Abrand is a product that meets the functional
needs of some users and provides them with some addi-
tional value that can satisfy certain psychological needs
and encourage them to buy”[19].This approach focuses
on added value.

Ambler's definition is closely related: “A brand is
an individualised product to which the buyer attributes
increased value” [23]. All researchers agree that owning
a brand gives a company competitive advantages, without
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which it is impossible to achieve the company’s market-
ing goals. A high level of brand confidence and consumer
loyalty contributes to maintaining a stable level of sales
and reducing the costs of promoting goods and services.
The fame and recognition of the company is an indisputable
advantage, in times of crisis, the consumer frequently
makes a decision in favour of recognisable brands that
enjoy trust. A brand is a complex concept in marketing
that requires an integrated approach. The desired brand
image on the part of the company and its current percep-
tion by consumers may not coincide, which means that
this concept is multidimensional and provides a multi-
variate interpretation of the term “brand”. To understand
the principles of developing an effective brand strategy
for the Internet services market, it is advisable to analyse
various Western approaches.

L. Chernatony, a leading foreign expert in the field
of brand management [25], notes that if a brand is un-
derstood exclusively from the standpoint of the com-
pany or consumers, this can lead “to the creation of an
unbalanced strategy and shorten the brand’s lifespan”[25].
Thus, not only marketers but also consumers themselves
take an active part in creating and implementing the strat-
egy. Consumers perceive the brand, are not exclusively
passive recipients, the planned image does not always
coincide with the perceived image (brand image).

Doyle provides an effective classification of po-
tential problems in the development of a brand man-
agement strategy, which can also be attributed to the field
of Internet services.The main problems in establishing
customer feedback and communicating the planned brand
image to the consumer are weak positioning, messages
from other competitors, ineffective messages, other signals
regarding the brand, incorrect media choice or other re-
strictions [24]. To develop an effective strategy in the
field of Internet services, it is necessary to consider the
risk of these factors. Competitive messages. Consumers
regularly contact thousands of messages, notice no more
than 5%, and respond to less than 1% [24].To get through
to the consumer, an effective advertising policy is necessary.

Weak brand positioning. It is necessary to avoid
the blurry brand image, since in this case, it may not
resonate with the consumer. Other signals regarding the
brand. At times the consumer may receive conflicting
information about the brand, so companies need to control
all the information transmitted. Ineffective messages.
Marketers should clearly segment the audience and
present their message about the brand identity and its
essence in an accessible form. Wrong choice of marketing
communications tools. The wrong choice of brand pro-
motion tools leads to disastrous consequences. The key
task of brand management is to search for advertising
channels that allow achieving the maximum coincidence
of the designed and perceived brand images [37].

The American Marketing Association (AMA) in 1960
proposed one of the most cited definitions of a brand
in the business literature: ‘A brand is a name, term, sign,

Scientific Horizons, 2021, Vol. 24, No. 7

105



106

Brand promotion strategy in the Internet services market

symbol or design, as well as their combinations, that iden-
tify one seller's goods or services as distinct from those
of competitors”. [27]. The above emphasises the impor-
tance of visual brand symbols. Nevertheless, the essen-
tial difference of the brand is not only in the visual ele-
ments but also in the content, unique values. In various
branding models, the brand is safer in the consumer’s
mind, that is, it is a risk reduction tool [25]. In applied terms,
this means that marketers need to present the brand to
the consumer in such a way as to minimise the perceived
risks in relation to the purchased product or service.
The interpretation of the brand as added value considers
the benefits that are appreciated by consumers.The added
value implies that the brand has advantages in comparison
with competing brands. This encourages the buyer to make
a purchase.

Therewith, it is important that brands can have
not only undeniable functional advantages but also emo-
tional attractiveness of the brand. Additional services
that can save time or money can also become added value.
It is obvious that for the successful implementation of a
marketing strategy, it is necessaryto use those formats of
providing added value that are important for the client,
and not for the company.The source of information about
customer preferences is customer surveys. In terms of
methodology, the approach to understanding a brand
as a brand contract (communication) is of great interest.
The author of this approach is an American specialist
S.Davis [28].°Abranded contract is a list of all obligations
(promises) assumed by the brand, which are fulfiled by
the company, but the list is compiled and evaluated in the
external environment, i.e., in the market” [28].

When forming a strategy, it is essential to consider
that during the period of its implementation, it may re-
quire reformulating the brand's promises in connection
with changes in the market. In the context of the active
development of e-commerce,companies operatinginthe
Internet services market must respond quickly to the
changing environment and constantly strengthen the
added value of the brand. For a proper study of added
value, it is necessary to consider methodological ap-
proaches to understanding “brand value”. Several models
of brand evolution are presented in the special economic
literature, among which B. Schmitt's model of empirical
marketing deserves special attention. The researcher notes
that in the conditions of increasing competition and the
constant growth in consumer demands, brands need to
use innovative approaches that go beyond conventional
marketing techniques. Brand management should focus
on the study of people's sensory experiences and the
empirical experience of consumers [21]. The main features
of the conventional approach are the priority on the
functional properties of the brand; appeal to rational
purchase motives; emphasis on competition among nar-
rowly defined product categories.

Thus, conventional marketing characterises an
analytical and rational approach. Brands in this aspect
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act mainly as identifiers. An alternative to this approach
is empirical marketing, which allows considering the
potential of the brand as a source of sensory and cog-
nitive associations that establish a loyal attitude to the
brand [30].

B. Schmitt [21] identifies four main features of
empirical marketing: emphasis on the empirical experience
and emotions of consumers; recognition of rational and
emotional motives of consumption.The main difference
between empirical marketing and conventional market-
ing is the shift in emphasis towards the emotions of cus-
tomers. For effective brand management and its promo-
tion strategy, branding specialists need an integrative
approach, ensuring a holistic positive impression of con-
sumers about the brand, which involves the perception
of the functional properties of a product or service and
an empirical perception. The study of marketing goals
of branding allows outlining the functions of the selected
goals in relation to the brand: defining the strategy and
tactics of communication with the consumer; developing
visual attributes of the brand and the verbal concept of
their presentation; selecting the forms of presentation
and channels of communication with the consumer, consid-
ering their interests, socio-demographic characteristics,
based on detailed segmentation of the target audience;
establishing communication strategies. Strategies may
differ, depending on priorities, subjective approaches of
the company's stakeholders, previous experience. Mar-
keters and brand managers need to ensure maximum
compliance between the form and content of the brand
and between the expected image of the brand and its
actual characteristics. Thus, effective branding is the result
of proper planning of verbal and visual brand identifiers,
deep study of its content elements and readiness for
changes, the ability to quickly integrate into a changing
environment, apply innovative marketing methods and
unconventional approaches to promotion, using a full-
fledged analytical approach.

CONCLUSIONS

Strategic brand management is a time-consuming process
consisting of several stages, including market analysis
and appropriate setting of marketing goals. The most
successful and cost-effective approach is to create a strong
brand. All stages of the development and implementation
of the branding strategy in the Internet services market
should be based on detailed analytics, preliminary (mar-
ket analysis, analysis of the company’s position in the
industry market) and operational during the implemen-
tation of the strategy. Special attention should be paid
to determining the company's goals for brand promotion,
including providing the consumer with complete and
reliable information about the brand, increasing aware-
ness and loyalty of the target audience, attracting a new
audience or retaining the old one, establishing feedback
from the company with customers.

Creating a brand marketing strategy based on




communication goals requires appropriate segmentation
of the audience, a compilation of a tactical list of digital
marketing tools. The role of the brand's “trademark” in
the Internet space is performed by the website and social
media accounts. An effective brand promotion strategy
includes an appropriate layout of various digital market-
ing methods: display advertising, search engine optimi-
sation, targeted and contextual advertising. The role of
viral marketing has grown, creating an associative flow
in relation to the brand. Instagram, Tik Tok, Likee, and
Coub social media platforms are useful in this regard.
When formulating a brand strategy, a certain percentage
of the advertising budget should be planned in favour of
attracting influencers, owners of pages in social networks
with high coverage. The influence of social networks is
constantly growing: the share of e-commerce through
social networks is increasing. A considerable proportion
of customers prefer to communicate with the brand on
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social networks, which brings the tool of community
management in social media marketing to the fore
along with online advertising. One of the trends is the
popularisation of chatbots that allow automating the
sales process and enable communication between the
buyer and the seller.

Internet branding is not the only way to promote
a brand, the role of offline tools continues to play a key
role, however, this type of promotion plays a predominant
role in the Internet services market. Modern trends in
e-commerce in Ukraine confirm that the relevance of
effective branding in the Internet services market will
continue to grow. The increase in the share of mobile traffic
and the level of Internet penetration in the regions, the
development of e-commerce in the regions contribute
to the transformation of online stores into marketplaces
and the emergence of additional services that are valu-
able for the client.
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CrtparteriyHe ynpaBniHHA 6peHAOM Ha PUHKY iHTepHeT-nocnyr

Map'aHa BacuniBHa Manbumnk, OneHa BonogumupisHa lNMonko, OkcaHa BonoaumupiBHa MapTuHIOK,
InoHa MasniBHa Apaciok, IpuHa OnekcanapiBHa Onnauko

HauioHanbHMIA yHiBEpCMTET BOLHOIO rOCNOAapCTBa Ta NPUPOLOKOPUCTYBAHHS
33000, Byn. CobopHa, 11, M. PiBHe, YKpaiHa

Axortauig. Lincdposi TexHoNOrii CTanu HEBiL'EMHOK YaCTUHOK HALLOMO XKUTTS, PUHOK iHTEPHET-MOCYT LWBWAKO PO3BUBAETLCS
B YCbOMY CBITi, LLLO BUMarae Big, 6isHec-koMnaHit Buxofy B KibepnpocTip. [lepebyBaHHs B iHTepHETI 4aBHO CTano
000B'A3KOBO YaCTUHOK Bi3HECY He nuLle ANS BENMKMUX TPAHCHALLIOHAIbHUX KOMMaHiW, a 1 A1 HEBEIMKMX PEerioHabHUX
i NOKanbHMX Bi3HEC-CTPYKTYp. BaxnMBO He NMPOCTO HafNBHICTb CAWTYy UM FPyMM Yy cOLianbHUX Mepexax, HeobxinHa
KOMYyHiKaLiiHa cTpaTeris 6peHay. AKTyanbHiCTb TeMu 06yMOBIEHa HEODOXIOHICTIO NiABULLEHHS KOHKYPEHTOCMPOMOXXHOCTI
KOMNaHin YkpaiHu y chepi iHTepHeT-MapKeTuHry. MeTa cTaTTi nonsra€e y po3pobui TMNOBUX peKOoMeHaaLin ans
CTpaTeriyHoro NPoCyBaHHS BPeHAY Ha PUHKY iIHTEPHET-MOCAYT, @ TaKOX JOCNIIKEHHI HaledEKTUBHILIMX IHCTPYMEHTIB
NPOCYBaHHA Ta KaHaniB KOMYHiKaLii 3 ayauTopi€to y KibepnpocTopi. [1poBigHUMU MeToAaMU AOCAILKEHHS Mpobaemu
CTaNM COLONONiYHI M CTAaTUCTUYHI MeToaM. 3aCTOCOBAHO TEXHONOTIT CUCTEMHOIO aHanNi3y Ta MOAENOBaHHS. Y Mexax
CTaTTi NPOAHaNi30BaHO HAMKpaALLi MiXXKHAapOAHi Ta rany3esi NpakTMKKM BpeHAMHry B KibepnpocTopi, NpoaHani3oBaHo
PUHOK eNeKTPOHHOT koMepLii YKpaiHu, CTPYKTYpOBaHO OCHOBHI TEHAEHLIT MOro po3BuTKy. MaTepian ctaTTi popmMyntoe
MeXaHi3M po3pobKM Ta BNPOBAAXEHHS CTpaTerii NO3ULiOHYBaHHS BpeHay Ha PUHKY eNeKTPOHHOI KOMepL,ii, OCHOBHI
XapaKTepUCTUKM YCMiLUHOTO BpeHAMHIY, CTPYKTYPY€E pekoMeHAaLi WoA0 3aCTOCYBaHHS MapKETUHIOBUX TEXHONOTIN
y Mepexi iHTepHeT. 3HaYHWUM KOMMOHEHTOM JOCNIAKEHHS € aHANI3 IHCTPYMEHTIB LMbPOBOro MapKeTUHTY Ta KaHaniB
KOMYHiKaLii HaJ, pUHKOM iHTepHeT-nocnyr.MaTtepianu CTaTTi CTAHOBAATb MPAKTUYHY 3HAYYLLICTb AN15 Bi3HeC-CninbHOTY,
daxiBuiB y cepi 3B'A3KiB i3 rpOMaACbKICTIO, MAPKETUHTY, peknaMu, BiAAINIB Npoaaxy Ta iHWKX GaxiBLuiB y ranysi
MeHemxMeHTy. EbekTBHMI BpeHa-MeHemKMEHT iHTEpPHET-MOCTYT AO3BOSE NIABULLMTU KOMEPLIiVHI pe3ynbTaTh bi3Hecy,
a TAaKOX OA€ AO0AATKOBI KOHKYPEHTHI nepeBaru

KniouoBi cnoBa: npocyBaHHs bpeHay, cTpaTeris OpeHAMHry, bpeHa-MeHeaKMEHT, pUHOK iIHTEPHET-NOCAYT, ENeKTPOHHA
Komepuis
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