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Abstract. The main objective of our experiment was to prove the effect
of mesenchymal stem cells of bone marrow (MSCs) on the stimulation of
liver regeneration. The attention has been paid to adaptation of stem cells
to the new environment and their transfer to anatomical structures. The
experiment included 40 male Sprague Dawley (SD) rats aged 10 to 12 weeks.
Biomodels were divided into five groups in the same number (n=8). Group 1
consisted of a control sample of eight healthy rats. Group 2 consisted of
eight rats after liver resection without application of MSCs. Group 3 was
after liver resection and application of MSCs. Group 4 after liver injury
induce with Thioacetamide (TAA), without transplantation of MSCs.
Group 5 was after chemical damage to the liver by TAA administration
and MSCs transplantation. The process of stimulation of the liver was
observed based on the laboratory values of alanine aminotransferase (ALT),
albumin and bilirubin. The weight of the rats in each group was also
compared. Animals were sacrificed after 1 day, 7 days, 14 days, and 21 days.
In our experiment we found a statistically significant decrease in ALT
(P<0.001) and bilirubin (P<0.001) was observed in the groups 3 and 5
(treated with MSCs) compared to the groups without MSCs (Groups 2 and 4).
The increase in the albumin levels in the groups 3 and 5 was statistically
significant. The results of our experiment led us to the conclusion, the
transplantation of MSCs has important effect for the treatment and
stimulation of liver regeneration following injury. MSCs administration may
be extremely useful in a number of clinical applications in the treatment
of liver tumors. It will allow us to perform extensive resection of the liver
without risk of liver failure

Keywords: stem cells, thioacetamid, liver resection, liver regeneration
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Stimulation of the liver regeneration with bone marrow mesenchymal stem cells

INTRODUCTION

Recent research findings highlight the potential for the
use of stem cells in the future [1]. Mesenchymal stem
cells are multipotent cells able of self renewal and
differentiation into several cell lines, including chon-
drocytes, osteoblasts and adipocytes. This type of stem
cells isusually isolated from bone marrow, they can also
be obtained from several neonatal and adult tissues,
including umbilical cord, and fat tissue [2]. Under rare
conditions, adult SCs can be reprogrammed and produce
cell lines different from the original tissue. This phenom-
enon is called plasticity of stem cells. A change in the
differentiation potential occurs when the stem cell leaves
its original site and settles in the new tissue and then un-
der the influence of new signal molecules, it can change
the destiny of the stem cell so much that it starts pro-
ducing different cell lines [3; 4]. All these properties of
MSCs, together with the enormous ability to differentiate
into specialized cells - in our case hepatocytes — make
them the most suitable candidates for cell therapy in the
area of liver regeneration [5; 6].

Primary liver cancer is the second leading cause
of cancer related death worldwide and therefore a major
public health challenge. Primary liver cancer includes
hepatocellular carcinoma, intrahepatic cholangiocarci-
noma, and other rare tumors, notably fibrolamellar car-
cinoma and hepatoblastoma [7]. The tumor size is one of
the important predictive factors affecting treatment and
early diagnosis is decisive for favorable prognosis [8].

In the liver tumors, the liver resection is the most
effective treatment. Statistics show that curative resec-
tion is possible in about 47% of the patients with pri-
mary liver cancer, about 20% of the patients are inoper-
able before surgery, and 33% of the patients at surgery.
The result of liver resections depends to a large extent
on the functional capacity of the remaining liver resi-
due. It is known that 20% of healthy liver is sufficient to
maintain liver function after resection. In a cirrhotic liver,
a minimum of 40% well-perfused liver-volume must re-
main in situ after resection. Liver resections in cirrhotic
patients show a significantly increased mortality and
morbidity, the functional capacity of the remaining liver
residue is substantially reduced. Postoperative liver failure
is the most serious and life-threatening complication after
liver resection [9].

Existing experimental studies on mice by M. Kaibori
et al. [10], “attempted to stimulate liver regeneration by
stem cell transplantation (SCs) taken from bone marrow
of mice. After isolation of SCs, they were subsequently
transplanted by injection into two experimental groups.
In the first experimental group the MSCs were trans-
planted by injection into the portal vein. In the second
experimental group the MSCs were transplanted by
injection into the tail vein, and in the third control group
physiological solution was injected into the portal
vein” [10] performed 70% of hepatectomy, which was

Scientific Horizons, 2021, Vol. 24, No. 5

described by Higgins and Anderson [11]. The mice were
divided into three groups as listed and individual solu-
tions were injected into the liver immediately after hepa-
tectomy. In the experiment, they focused on assessing
the liver regeneration according to the size, liver tis-
sue histology, and statistical analysis of the results.
Transplantation of MSCs has shown a great promise to
improve the tissue regeneration in various acute and
chronic diseases [10].

The main purpose of this study was to confirm and
manifest the effect of bone marrow-derived mesenchymal
stem cells on the stimulation of liver regeneration after
injury.

MATERIALS AND METHODS

All the experimental conditions of the experiment were
in compliance with the European rules of ethical stan-
dards of animal care. The experiment was approved by
the Ethics committee of the Faculty of Medicine, Univer-
sity of Pavol Jozef Safarik, and the State Veterinary and
Food Administration of the Slovak Republic. Forty male
Sprague Dawley (SD) rats at the age of ten to twelve
weeks with an initial weight of 250 to 350 grams were
included. The biomodels were randomly divided into
five groups in the same number (n=8):

Group 1: Healthy rats were a control group.

Group 2: Rats after radical resection of the liver without
application of MSCs.

Group 3:Rats after radical resection of the liver with
application of MSCs.

Group 4: Rat after liver damage with TAA (thioacet-
amide) induction without application of stem cells.

Group 5: Rat after liver damage with TAA induction
with application of stem cells into the liver.

Mechanical damage of the liver - liver resection.

At liver resections in experimental rats we proceeded
taken into account the individual lobes of the liver. The
experimental animals used in the study began to starve
12 hours before surgery, in the morning we took away
water. The animals were anaesthetized by intramuscular
administration of Thiopental at a dose of 15 mg/kg, after
which the experimental animals were placed in the in-
cubator for 10-15 min.Once the required depth of anaes-
thesia had been reached, we started operating. After plac-
ing the experimental animal on the operating table, we
prepared an operating field. We performed a laparotomy.
After opening the abdominal cavity, we performed radical
resection of the liver by ligating the individual lobes
of the liver and then resecting them (Fig. 1, 2). Hepatic
resections in the rats of the groups observed were per-
formed at the range of 70% as described Higgins and
Anderson [11]. Hepatic impairment by TAA (Thio-acet-
amide). TAA is a chemical used to make catalysts, sta-
bilizers, polymerization inhibitors, galvanic cells, pesti-
cides, and dyes. It seriously damages the liver [12].
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Figure 1. Ligation of the liver lobe - hemihepatectomy

Twenty-four hours before the intraperitoneal
administration of TAA, we took blood from the tail vein
approximately 2 ml for laboratory testing of ALT, bilirubin,
and albumin. Subsequent samplings were performed
24 hours after TAA administration on days 1, 7, 14,and 21.
The hepatic damage was induced by intraperitoneal TAA
at the dose of 175 mg/kg [13]. The experimental animals
were separated and labelled. The weight loss in a given
group due to induced liver failure was continuously de-
tected. Before the surgery, the animals were anesthetized
using the intraperitoneal administration of thiopental.
As an analgesic, tramadol hydrochloride (Grlinenthal
GmbH, Aachen, Germany) was administered intramuscu-
larly at a dose of 5 mg/kg in the post-operative period.

- -
Figure 3. Application of MSCs to the v. portae

The experiment was continuously finished on
day 21 after transplantation of the MSCs. The rats were
anaesthetized with an increased dose of thiopental an-
aesthesia, and then the animals were sacrificed by de-
capitation. The liver collection itself was performed after
the preparation of the field under aseptic conditions. In
rats after the previous resection, only the remaining part
was resected, which was 20-30%. In rats with chemical
damage of the liver after TAA administration, hepatectomy
was performed.

RESULTS AND DISCUSSION

The results were obtained by comparing the ALT, albumin
and bilirubin values in the individual groups of experimental
animals, typification of mesenchymal stem cells, histo-
pathological and microscopic analysis.

Figure 2. Condition after liver resection

Allthe animals in the study began to starve 12 hours
before the stem cell application. As anaesthetic used
thiopental 15 mg/kg. After preparation of the operating
field, the longitudinal incision opened the abdominal
cavity from the processus xiphoideus downwards. Sus-
pension of mesen-chymal stem cells was given via an
insulin syringe to the vena portae. The MSC suspension
(1x106 in a volume of 1 ml of culture solution). In the
experimental rats after previous liver resection, the stem
cells were applied to the vena portae. In the experimental
rats with chemical impairment of the liver by TAA, the stem
cells were also transplanted into the vena portae (Fig. 3,
4). The abdominal cavity wall was closed in individual
anatomical layers.

Figure 4. Presented v. portae

Group 2 - the experimental rats with mechanically
damaged liver after resection without MSCs transplan-
tation - in this group an increase in the laboratory ALT
values, bilirubin and, on the contrary, a decrease in the
albumin values was observed;

Group 3 - the experimental rats with damaged
liver after resection and with MSCs transplantation - in
this group, an increase in the laboratory values of ALT,
bilirubin immediately after resection was observed. In
the following days, ALT and bilirubin decreased and
albumin increased. This result demonstrates the thera-
peutic effect of transplanted mesenchymal cells and their
positive effect on the liver regeneration.

Group 4 - the experimental rat with the liver
chemically impaired with TAA without MSCs transplanta-
tion - in this group, likewise in the group 2 an increase

Scientific Horizons, 2021, Vol. 24, No. 5
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of laboratory values of ALT, bilirubin, and, on the contrary,
decreases in the albumin values were observed. In the
following days, the values did not alter as regards ALT
and bilirubin. The albumin value did not increase.
Group 5 - the experimental rats with damaged
liver by TAA application with MSCs transplantation - in

this group, an increase in laboratory values of ALT, bili-
rubin was observed after resection. In the following days,
a decrease in the ALT and bilirubin values,and an increase
in albumin were observed. The graphical representation
of our results is at Tables 1-4 and in Figures 5-12.

Table 1. The alanine transaminase (ALT) values obtained in the individual monitored groups

0 day 1t day 7t day 14*day 21 day
Group 1 0.76 0.65 0.57 0.54 0.71
Group 2 0.66 12.92 13.16 13.19 10.41
Group 3 0.59 12.5 792 3.43 221
Group 4 0.73 16.89 16.25 20.08 16.98
Group 5 0.69 20.85 14.44 4.69 1.48

Table 2. The albumin values obtained in the individual monitored groups

0 day 1t day 7* day 14t day 21 day
Group 1 26.78 34.91 34.21 33.47 30.79
Group 2 29.53 34.25 30.90 24.37 19.82
Group 3 28.48 34.22 29.43 26.76 22.73
Group 4 29.73 29.27 28.15 29.07 23.16
Group 5 39.25 2723 32.65 29.12 29.99

Table 3. The bilirubin values obtained in the individual monitored groups

0 day 1stday 7* day 14t day 21 day
Group 1 4.06 4.38 2.25 3.08 421
Group 2 3.47 12.01 10.21 10.25 11.77
Group 3 4.43 12.22 5.33 5.73 4.01
Group 4 461 12.85 10.85 10.85 10.82
Group 5 5.07 14.12 6.96 4.95 3.2

Table 4. The weight values obtained in the individual monitored groups

0 day 1stday 7* day 14t day 21%day
Group 1 435.25 454.87 467.375 471.87 479.75
Group 2 447.75 429.5 418 410 401.37
Group 3 435.125 431.12 435 442 448.62
Group 4 430.62 452.62 463.12 4575 454.12
Group 5 436.25 423.37 432.5 442.37 452.64

Scientific Horizons, 2021, Vol. 24, No. 5
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Figure 12. The graphic evaluation of weight

Evaluation of histological preparations. At the  damage with TAA with the group 5 (Fig. 15, 16). The
preparation staining with Hematoxylin and Eosin the liver tissue after resection in the group 2 is incompact
second group preparations were compared with those in  and congested at several sites compared to the group 3.
the group 3 (Fig.13,14),and the group 4 - after hepatic

Figure 13. Liver tissue (group 2) magnification 100x
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Figure 15. Liver tissue ( group 4) magnification 40x

The evidence of the presence and transfer of stem
cells using the electron microscope. After administration
of mesenchymal stem cells to experimental animals,
we observed the penetration of these cells and their
subsequent growth. The mesenchymal stem cells (MSC)

Stimulation of the liver regeneration with bone marrow mesenchymal stem cells

inoculated into the damaged liver transferred from
the site of administration through the vena portae to
all areas of the liver. The nuclei of all cells present in
the liver are blue-shining, and the MSCs nuclei are red
shining (Fig. 17, 18).

Figure 17. Displayed nuclei of all cells of the liver

The liver has permanently attracted people's atten-
tion,the Greeks have already recognized the inexhaustible
feature of the liver-regeneration, whose principles have
still being studied [14].The liver has an irreplaceable role
in the living organism. Like other organs, it is subject to
various diseases: genetic, traumatic, inflammatory, and
cancerousdiseases.There are several types of tumoursin
the liver, both benign and malignant. The most appropriate
healing method for liver tumours, including carcinomas,
is radical resection of the liver. Hepatic carcinoma often
occurs in the cirrhotic liver, thus the functional capacity
of the left cirrhotic remains of the liver is significantly
reduced that increases the mortality and shorten the
patient survival time [15]. A serious problem with Lliver
cancer is therefore the possibility of performing radical
surgical resection and leaving sufficient functional pa-
renchyma of the liver. To support the liver regeneration
after extensive resections, the possibility of treatment
with the application of mesenchymal stem cells is being
investigated [9; 16].

Scientific Horizons, 2021, Vol. 24, No. 5

Figure 18. Nuclei of MSCs in the liver

Stem cells are primarily undifferentiated cells ca-
pable of self-regeneration and differentiation to other,
more specialized cell types. In the experiment, mesen-
chymal stem cells (MSCs) were applied to experimental
animals.The bone marrow mesenchymal stem cells with
differentiation potential to four lineages (mesenchymal
and vascular smooth muscle lineages), and stromal and
immunomodulatory capacities, the stem cell attributes
are multipotentiality, self-renewal, tissue regeneration,
population heterogeneity,plasticity. These stem cells are
relatively easy to isolate, the source for their isolation is
well available, the cells proliferate well in the cultures,
but the resulting population is considerably heteroge-
neous [17; 18]. The experimental studies on mice by
M. Kaibori et al. [10] attempted to stimulate the liver
regeneration by transplanting MSCs taken from the bone
marrow of mice. Autologous transplantation of MSCs has
shown a great promise to improve the tissue regeneration
in various acute and chronic diseases. The treatment
has shown improvement in the liver regeneration in acute




and chronic forms of the disease in both preclinical studies
and pilot clinical trials. The stem cell therapy can provide
effective treatment and facilitate regeneration after re-
section of the liver, or before resection. The study by
M. Kaibori et al. 2012 [10] explained the important role
of stem cells in the liver regeneration after extensive
resection of the liver.

CONCLUSIONS

Based on the available literature and various clinical
and preclinical studies, we have also progressed in our
experiment. The stimulation effect of MSCs on the liver
regeneration was observed based on the laboratory values
of alanine aminotransferase (ALT), bilirubin, and albumin,
control of the experimental animal weight, and histol-

Vidovd Ugurbas et al.

ALT (p<0.001) and bilirubin (p<0.001) values in the groups
of the rats treated with stem cells was observed and
compared to the groups without stem cell transplan-
tation. As well, a statistically significant increase in al-
bumin in the groups after application of mesenchymal
stem cells was found, p<0.001.The results of the experi-
ment lead to the conclusion that mesenchymal stem
cells have a significant effect on the liver regeneration
after its damage. The electron microscopy revealed the
transfer of mesenchymal stem cells from the applica-
tion site to the site of their action and differentiation.
In the future, it is worthwhile to examine the other
properties of stem cells, to continue experimental stud-
ies and then to apply this knowledge to the medical
practice. Stem cells represent a major advance in the

treatment of liver tumours and stimulation of the liver
regeneration.
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CTnMmynsauia pereHepauii ne4yiHKU 3a 4ONOMOroio
Me3eHXiMalIbHUX CTOB6YPOBUX KNiITUH KiCTKOBOIro MO3KY

Maprtina BigoBa Yryp6aw??, lHa KatioxoBa'?, lapuHa MeTpawosa?,
Times Cnakosat, Mosed PapoHak!?

Ynisepcuet Masna Moseda LLlapapuka B Kowmue
040 11, Trieda SNP 1, M. Kowwnue, CnoBaubka Pecnybnika

2YHiBepcuTeTCbKa nikapHs iMeHi J1. Mactepa B Kowwue
040 11, Trieda SNP 1, M. Kowwnue, Cnoeaubka Pecnybnika

AHotauis. OCHOBHOK METOK AAHOro eKCnepuMeHTy Byno [OBeCTU BMIWB Me3eHXiMasbHUX CTOBOYPOBMX KNTITUH
KictkoBoro Mo3ky (MCK) Ha ctumynsuito pereHepalii neviHku. MpuaineHo yeary aganTadii croBOypoBMX KITiTUH 4O HOBOrO
cepefoBMLLA Ta X NepeHeCceHHs B aHATOMIYHI cTpykTypu. EkcnepumenT Bkatoyas 40 camuis wypis Cnper-Ooyni (CO)
BikoM Big 10 no 12 tmxHiB. bBiomopeni 6ynu posaineHi Ha n'aTb rpyn y o4HaKoBI KinbkocTi (n=8).Tpyna 1 cknaganacs
3 KOHTPOJ/IbHOI NPO6M 3 BOCbMUM 34,0pOBMX LLYPIB. 2 rpyna CKlaganacs 3 BOCbMU LWypiB Nicng pesekuii neviHku bes
3actocyBaHHs MCK. 3 rpyna 6yna nicnsg pesekuii neviHku 1a 3actocyBaHHa MCK. [pyna 4 — nicns ypaxeHHs neviHku
iHAayKyroTb TioaueTamigom (TAA), 6e3 TpaHcnnaHTauii MCK. 5 rpyna 6yna nicns XiMiuHOro ypaxeHHs NeYiHK1 BBELEHHIM
TAA Ta TpaHcnnaHTauieto MCK. MNpouec ctTumynsuii nedviHkK cnocTepirany Ha NiacTaBi 1abopaTopHMX NMOKA3HUKIB
anaHiHamiHoTpaHcdepasmn (AJT), anbbyMiHy Ta 6inipybiHy. TakoX NOPiBHIOBANM Bary LYpiB Yy KOXHiKM rpyni. TBapuH
3abusanu yepes 1 geHb, 7 AHiB, 14 gHiB i 21 geHb. Y HalloMy eKcnepuMeHTi 6yN0 BUSIBNEHO CTaTUCTUUYHO 3HauyLLe
3HMKeHHs piHs AJIT (P<0,001) i 6inipybiHy (P<0,001) y rpynax 3 i 5 (nikyBaHHs MCK) nopiBHsiHO 3 rpynamu 6e3
MCK (rpynu 2 i 4). MiaBuLeHHS piBHSA anbbyMiHy B rpynax 3 i 5 6yno cTaTUCTMYHO 3HaYyWwmM. Pesynstati Lboro
eKCnepuMeHTy NpUBENU A0 BUCHOBKY, WO TpaHcnnaHTauia MCK Mae BaxnnBui eekT Ans nikyBaHHA Ta CTUMynauii
pereHepalii neyiHku nicns Tpasmu. BeeneHHs MCK Moxe 6yTH Hag3BUYAMHO KOPUCHWM Y pALi KNiHIYHWMX 3aCTOCYBaHb
y NiKyBaHHi NMyX/IMH NeyiHku. Lle 003BONMTb BUKOHATM 0BLLMPHY pe3eKLito nediHki 6e3 pu3nKy neyviHKoBOi HeLoCTaTHOCTI

KniouoBi cnoBa: cToBOYpOBi KNiTUHK, TioALLETaMif, pe3eKLis NeviHKu, pereHepaLis neviHku
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Abstract. The water supply of the pumping station must meet the needs
of the consumer which change during the day. Therefore, its performance
needs to be adjusted. Any deviation of the pump unit’s performance from
the nominal value leads to additional energy costs. Under such conditions,
great importance is paid to optimising the operation of electric drives of the
water supply pumping station. To regulate the performance of a pumping
station, it is often resorted to changing the number of operating pumping
units, the engines of which are started directly from the electrical network.
Medium-and high-power engines are subject to technical restrictions for
a direct start, which are supplemented by the need to maintain pauses
between starts. Therefore, when ensuring the desired value of pumping
station performance, it is very important to consider the features of starting
pump engines. Control systems are widely used in the field of electric drive
and water supply. It is in these areas that the efficiency of the control
system depends on the amount of electricity that will be consumed by the
technological process or the reliability of its operation. It is known that
pumps account for about half of all energy produced. Therefore, the issue
of effective control systems is particularly relevant in the field of water
supply. The purpose of this study is to increase the reliability and efficiency
of the water supply system by considering the distribution properties of the
pipeline network when controlling electric pump drives, which will allow
coordinating the operation of the pumping station, the pipeline network,
and the consumer. To achieve this purpose, the study was conducted to assess
the impact of the distribution and length of the pipeline network. The system
of water supply and distribution is analysed, what criteria affect the correct
performance of work and what problems may arise during operation for
a long period of time are investigated. Ways to optimise the operation of
pumping stations to increase their energy efficiency and cost-effectiveness
of installations are investigated. The main reasons for the expediency of
using an adjustable electric drive to control pumping units are considered

Keywords: water supply, water supply system, electric pump station drives,
mathematical models of electric drive, pumps
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INTRODUCTION

The design of automatic control devices has been stud-
ied by many scientists [1-4]. Among them, the works of
[.A.Vishnegorodsky should be highlighted, who became
the founder of the theory of automatic devices in the
19t century [5; 6]. The scientist determined that the ma-
chine and the regulator form a single dynamic system that
has certain stability indicators (he developed the theory
of control stability) and the most important patterns of
regulation based on the feedback principle [7-9]. Nowa-
days, there is a rapid development and active use of micro-
processor technology in water supply systems. It allows
linking all information flows between all elements of the
water supply system. Up-to-date information about the
progress of the technological process is sent to the oper-
ator very quickly. Similarly, the operator can influence the
technological process by sending control signals. In such
systems, the state of technological objects is measured,
monitored, and regulated [9; 10].

Automation in water supply processes has allowed
increasing productivity by 20 times and reduce operating
costs by 10 times. There are many difficulties in water
supply processes. The main problems related to water
supply can be formulated in two phrases: there is an abun-
dance of water where it is not needed so much, and
there is no water where it is needed. One of the serious
problems on the way to full automation of the water
supply process was the distribution of these systems in
space and time. Therefore, the thesis proposes to develop
the ideas of well-known scientists on effective man-
agement of distributed systems, and implement them
on water supply systems. Notably, the efficiency of wa-
ter supply systems is mainly determined by the energy
and hydraulic aspect. The paper will focus specifically
on energy.

The purpose of the study is to increase the re-
liability and efficiency of the water supply system by
considering the distribution properties of the pipeline
network when controlling electric pump drives, which
will allow coordinating the operation of the pumping
station, the pipeline network, and the consumer. The
goal is achieved by solving the following tasks: to analyse
literature sources on the subject of paper;to identify the
main parameters of the water supply system, on which
the reliability and efficiency of its operation depend;
to assess the impact of the length and distribution of
the pipeline network of the water supply system on the
efficiency of electric drives of the pumping station; to
offer solutions to improve the operation of water sup-
ply systems precisely by considering their distribution;
to model the operation of the water supply system in
different modes. The object of research is the process
of controlling electric drives of a pumping station. The
subject of the research is mathematical models of electric
drives, pumps, and water supply systems.

Scientific Horizons, 2021, Vol. 24, No. 5

MATERIALS AND METHODS

The paper uses methods of probability theory, mathe-
matical statistics (statistical linearisation, processing of
experimental results, testing statistical hypotheses), op-
erations research (mathematical programming, graph
theory), automatic control theory, theory of ordinary differ-
ential equations, theory of experiment planning, model-
ling on a computer.

Due to an increase in water consumption, it is nec-
essary to develop new methods for designing and man-
aging water supply systems. Such methods should have
the following functions: to reduce unproductive resource
losses as much as possible by analysing the operating
modes of water delivery systems and increase the effi-
ciency of decision-making during their operation and
development; to increase the durability and survivabil-
ity of water delivery systems by optimising them using
simulation modelling; to test options for possible solu-
tions for managing the water delivery system during its
operation using simulation parametric and structural mod-
elling; to quickly identify the current state of the water
delivery system depending on the position of shut-off
and control devices, etc., graphically interpret and visu-
alise on the monitor screen (static identification), iden-
tify changes in the current state of the water delivery
depending on changes in the position of one or a group
of regulating units (dynamic identification); reduce losses
from accidents in the water distribution network due to
more rapid localisation of the emergency zone, as well
as reasonable interaction with dispatchers of operation
services of other engineering systems of the city (for ex-
ample, with heat supply and hot water supply systems,
power supply).

The most important role in the rational use of wa-
ter resources in the region is played by the water deliv-
ery system, which is directly related to the operation of
pumping stations, reservoirs, and the city’s water supply
network. Water networks belong to the class of contin-
uously evolving systems, the development of which is
carried out both in time and space. The main functional
purpose of the water delivery system is to provide con-
sumers with the target product — water of the required
quantity and quality and under a given pressure with
minimal head losses on the networks. Water consumption
is,as a rule, a non-stationary stochastic process containing
determined monotonically increasing trends and peri-
odic components, the parameters of which change over
time [11].

Often,when analysing water supply systems, there
is not enough information about their condition. This
leads to a decrease in the efficiency of the water supply
and distribution management system. There are differ-
ent approaches to improving the performance indicator.
The conventional technical approach is based on mi-
nimising cost factors with some simplified restrictions.




Thus, it is usually considered optimal to increase the ef-
ficiency of the pumping station system, the efficiency of
modes on water networks or water disinfection, which
ensures the safety of water supply to the population. In
the practice of operation, insufficient attention is paid
to the hydrodynamic characteristics of the water deliv-
ery system. Therewith, they play an important role in
evaluating a balanced integrated approach to rational
management of the water supply system.

Modern water supply management systems can-
not be considered effective if they do not have infor-
mation technology. As a rule, it takes about 10 years to
implement information systems in water supply compa-
nies. Usually, those who implement an automated process
control system can only partially discuss the results of
implementing automated control systems in blocks. It
is known that in modern water supply systems, the fol-
lowing rules must be observed: it is necessary to ensure
a sufficient flow of water with the necessary head and
satisfactory water quality. The criteria for the quality of
water network operation in practice are compliance with
two conditions: the pressure at each water supply point
must be between the minimum and maximum permis-
sible values of 20 and 60 m H,0. Accordingly, the head
fluctuation in the network should not exceed 45-50%
of the maximum allowable head. Controlling the flow
rate in its pipelines is extremely important since the im-
pact pressure during a water hammer changes directly
in proportion to the nominal value of the average speed
in the pipe. It is this indicator that allows distributing
water flows in pipelines and equalise water consumption
in different sections of the pipeline.

RESULTS AND DISCUSSION

Development of a block diagram of the water flow system
in water supply networks

The main purpose of the operation of the water supply
system is to provide consumers with uninterrupted wa-
ter supply in exact accordance with their current needs.
Therewith, this goal should be achieved with the highest
possible efficiency. There are many sources and ways to
improve the efficiency of the water supply system. Most
of them can be unambiguously attributed to one of three
groups: ways to improve the efficiency of water supply
sources; ways to improve the efficiency of pipeline net-
works; ways to improve the efficiency of water supply
systems [12].

Improving the efficiency of flow control systems
will be achieved by reducing the total number of mea-
suring instruments and control bodies of the control sys-
tem and improving the efficiency of flow control. These
points will improve the efficiency of pipeline networks
and water supply systems. To achieve this purpose, it is
necessary to formulate the concept of efficiency of flow
control systems, determine what it depends on, and
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investigate how it can be achieved using mathematical
modelling [13].

The water supply system as an object of control
in the process of its functioning interacts simultaneously
with two systems: the external environment and the
water supply control system. The external environment,
acting on it, leads to a violation of its hydraulic and ther-
mal conditions, which accordingly affects the quality of
customer provision. The main task of the water supply
control system is to compensate the influence of the ex-
ternal environment to maintain the necessary hydraulic
and thermal conditions, while the task of the flow distri-
bution control system as an integral part of the control
system is to ensure optimal distribution of water between
consumers, which is achieved by controlling the flow
distribution in the pipeline network.

The mechanism of interaction between the wa-
ter supply system and the external environment is quite
complex, which is explained by the large number and
complex nature of external disturbances due to their
physical nature, so it is not possible to create a simple
mathematical model of the relationship between the
water supply system and the external environment. Well-
known mathematical models are partial in nature and
in most cases turn out to be too complex for their direct
application in the mathematical model of the flow con-
trol system. In this regard, the authors will continue to
assume that external disturbances are not directly con-
trolled and their impact can only be judged by changes
in the parameters of the water supply system.

Let us divide the vector of parameters of the wa-
ter supply system R into parameters of elements D and
parameters of the state (mode) Z. The parameters of el-
ements D include those parameters of the water supply
system that are not affected by external disturbances
and remain almost unchanged throughout the entire time
of operation, or change very slowly (coefficients of hydraulic
and thermal resistance of pipelines, flow characteristics
of pumps, parameters of control bodies, etc.). Let us as-
sume that the parameters of the elements are known,
respectively, they will be included in mathematical models
as constants, so in further mathematical calculations, the
authors will not select the vector of parameters of the
elements D separately. The parameters of the Z state (flow
rates, heads, temperatures of the coolant, variable coef-
ficients of hydraulic and thermal resistance of consumers),
on the contrary, constantly change under the influence
of external disturbances, and they determine the state
of flow distribution. In the future, when referring to flow
distribution, the authors will keep in mind the parameters
of the Z state.

The flow control system is a complex system that
consists of four subsystems (Fig. 1): collecting and trans-
mitting information, processing information, developing
control influence, and implementing control influence.
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Figure 1. Block diagram of the flow control system

The presented scheme is closely intertwined with
the system of automation and control of water supply
systems [14]. The automated process control system of
a pumping station is a comprehensive solution to the
problem of managing the water supply of pumping sta-
tions of industrial enterprises, as well as public utilities
based on the introduction of advanced energy-saving
technologies.The implementation of automated control
systems can be carried out both at newly designed pump-
ing stations and at existing ones, considering existing
equipment. The essence of the solution is to manage the
water flow.

Purpose of the system: automatic maintenance of
the set water pressure in the outlet water supply; remote
control of the operation of pumps and valves; visualisa-
tion of the technological process at the operator’s work-
place; collection and processing of statistical data on the
volume of rolled water and the status of pumping units;
ensuring the optimal mode of water supply to the outlet
water supply; improving the reliability of pumping sta-
tion equipment; extending the life of electric motors of
pumps; reducing energy costs.

The system is a three-level hardware and software
complex, namely: the level of control of technological
units (pressure and water flow sensors, adjustable and
unregulated electric drive of pumps and valves); the
level of control of the technological process (program-
mable logic controller); the level of operational and ad-
ministrative control (operator’s workstation based on
a personal computer).

In urban water supply systems, water supply failures
often occur.There is a pressure drop or the pipe becomes
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clogged, which makes the flow weaker. In addition, con-
sidering the current trend towards urbanisation, expan-
sion of cities and the growth of the population in cities,
the issue of increasing the capacity of water supply and
increasing the capacity of pumping stations becomes
relevant. For remote consumers, the issue of ensuring
a sufficient level of pressure in the pipeline is acute. Com-
monly, the pressure on the outskirts of a locality is less
than the required values. Therefore, for the water supply
of such places, water supply stations are used in addition
to the centralised water supply system. The pumping sta-
tion consists of pumping units and communications. The
appearance of the engine room of the pumping station
is shown in Figure 2.

It is such a station that stabilises the pressure and
its indicators become constant. And most importantly, an
uninterrupted supply of the necessary amount of water for
any needs is achieved. A modern pumping station should
operate in a fully automated mode and does not require
specialised regular maintenance. It can be used for the
following areas: fire water supply; industrial; private. Modern
pump automation systems allow implementing closed
systems for stabilising water pressure in the pipeline.
For this purpose, the centrifugal pump is equipped with
an adjustable alternating current electric drive. Changing
the speed of rotation of the latter is performed by the fre-
quency method, that is, by changing the frequency to the
supply voltage of the drive motor. To maintain the pressure,
aregulator and feedback with a pressure sensor are used.

Let us build a block diagram of the water supply
system using a pumping station and feedback on the water
pressure in the pipeline (Fig. 3).
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Figure 2. Pumping station
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Figure 3. Block diagram of a distributed water supply system

Figure 3 shows: D1, D2 - alternating current drive
motors; H1, H2 - centrifugal pumps; PS1, PS2; PS3 -
water pressure sensors at the station inlet and outlet
after the station and near the end user; PSN - power
supply network; AS - automatic switch; PD - pushing
device; CD - control device; FC - frequency converter;
SU - switching unit;.

The pressure sensor PS1 detects the pressure value
in the pressure line of the water tower and converts it
into an electrical signal of a certain value. The pumping
station should only be switched on when the pressure
at the station inlet is less than the required pressure
value at the dictating point of the consumer. The PS2
pressure sensor allows monitoring the pressure level

near the consumer. It is to this signal that the electric
drive of the pump unit will respond. That is, when the
water pressure near the consumer is insufficient, the
electric drive should work faster and vice versa, at high
pressure near the consumer, the pump unit should slow
down. The CT3 pressure sensor allows analysing sys-
tem’s response to various control actions. Based on the
results of this analysis, it is possible to ensure rational
control of electric pump drives. The essence of which is
that at the input of the water supply system, for exam-
ple, there is no need to supply a lot of water since at its
exit there is still no direct reaction from the supplied
amount of water. At the outlet of the pipeline, the water
pressure will change according to a certain law and the
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established value of the output pressure will be set only
after passing the transition process. The duration of the
transition process will depend on the parameters of
the pipeline, its length, material, etc. Therefore, during
this time, the pumping station can pump the maximum
amount of water, or it can supply a certain permissible
value. As a result, there will be an overspend of energy
and more intensive use of the pipeline resource than with
measured operation of the equipment.

Improving the efficiency of distributed water supply systems

The main condition for water transportation is to ensure
its quality, flow rate, and pressure. When transporting
water from air conditioning systems in main pipelines,
reactions occur between water and the pipeline mate-
rial. As the water temperature increases, chemical and
biological processes in the water increase, and its qual-
ity changes the longer the water is in the pipeline sys-
tem. This also affects the appearance of irregularities
(roughness) on the inner surface of the water pipeline.

When designing water pipes, it is considered that
the movement of the water flow will be turbulent and
only in some cases transition modes may occur in the
water pipes. The calculation of steel main water pipes
of large diameters is based on the formula proposed by
F.A.Shevelev for calculating the coefficient of hydraulic
resistance A for automodel turbulent water flow modes:

- M

where d is the diameter of the water supply system, m.
During long-term operation of water pipelines,
the capacity of metal pipelines is considerably reduced
due to internal corrosion and inlay. During operation, the
hydraulic resistances of pipelines increase by 2-7 times
or more compared to the initial values. They depend on
the diameter and material of the pipes, the quality indi-
cators of the transported water, the operating conditions
and the service life of the pipeline. The most complex
and time-consuming operation when calculating the hy-
draulic resistances of existing water supply lines is to
determine the flow rate of water passing through the
pipeline. The volumetric method is quite accurate:

w
- 2
Q . 2)

where W is the tank volume, m?; t - time it takes for the
tank to fill or empty,s.

If there are a large number of network sections,
such work is very cumbersome. When examining the cur-
rent water delivery system, it is advisable to test only the
characteristic sections of the network, grouping them
depending on the material and diameter of pipes, as
well as on the conditions and terms of their operation.
In hot water supply systems, the operating conditions
of pipelines are different. The water temperature there
should reach 55-60°C. Under such conditions, deposits
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on the inner surface of pipelines increase and the live
cross-section can considerably decrease. Pipeline cal-
culations should take into account changes in pipe pa-
rameters, including overgrowth of pipelines as a result
of corrosion and precipitation of suspended calcium car-
bonate particles from water.

In foreign practice, the Colebrook formula is widely
used for calculating water pipes, which determines the
value of the hydraulic resistance coefficient depending
on the numerical parameter of roughness - equivalent
roughness:

L_ [ k251
Vi 9B T ey

where k is the equivalent roughness; D is the inner di-
ameter of the pipe; Re is the Reynolds number.
Distribution of hydraulic parameters in the water
supply and distribution system during normal and emer-
gency operating modes Existing methods for calculating
flow distribution allow determining the water pressure at
nodes, water flow rates at sites with specified network
parameters, node flow rates, and pipe types (diameter
and material). Hydraulic linking is based on Kirchhoff’s
laws, supplemented by dependences for hydraulic head
losses on flow rates in the network section. Such models
are deterministic and do not consider the uncertainty of
the initial data, the main contribution to which is made
by the stochastic nature of water consumption. Stochastic-
ityis characterised by an unregulated random process of
water intake by consumers, wear and aging processes,
as well as accidents associated with equipment failure.
When modelling the hydraulic modes of water
supply networks in conditions of emergency shutdowns
of individual sections, it is necessary to consider the
reduction in water consumption caused by a decrease
in heads in a number of consumers. This means that
water stops flowing to the upper floors of residential
buildings. It can be assumed that under pressure from
consumers there is H, equal, or greater than necessary
H, .. water consumption @, is equal to the standard value
of Qilmq.,and when the pressure decreases, no water con-
sumption decreases according to the quadratic law:

(3)

Qi.req atHi = Hi.req'

Q; = Qi.req ' ’Hi/Hi.reqatHi.crit S H;i < Hireq 4)

OatH; < Hicrie,

where H, . - critical head corresponding to the complete
cessation of water draw-off, which can be assumed to
be zero. Thus, the device through which water is taken
in the i node at head H2H,  operates in control mode,
and when the pressure is below this threshold - in
throttling mode.

The water supply and distribution system is a re-
newable object, the operability of which, in the event
of a failure, is subject to restoration (in the future, the




processes of failures and restoration of only sections of
water supply lines will be considered). The process of
functioning of the restored element is an alternation of
periods: serviceable operation, failure and recovery, and
again a period of serviceable operation. The duration
of repairs depends on a number of operations, which

A
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are determined by various reasons, and are considered
random variables. Figure 4 shows the time series of wa-
ter use in a residential building. The figure shows that
water extraction has the form of random periodic fluc-
tuations. At some points in time, it reaches zero values,
which corresponds to negative states.
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| »
T »

20 t, hours

Figure 4. Measurements of water use during the day

The recovery process lasts several hours, during
which water consumption is constantly changing in ac-
cordance with daily fluctuations and stochasticity of the
process. Thus,when disconnecting sections, in some cases,
nodes will fail due to a lack of heads in them, in other
cases, with a decrease in water consumption, there will
be no node failure. To reduce negative phenomena in
the post-accident period, the parameters of the water
feeder can be controlled, for example, by turning on
additional pumps.

As a result, the authors come to the following
calculation sequence:

1. At the initial point in time, all sections are con-
sidered serviceable. By simulating, arrays of failure and
recovery times of each section are formed. The time of
the nearest failure is determined, which is converted
to the calendar date and hour of the day. They are used
to find the number of the water consumption schedule
(if there are several of them) and the estimated time.
According to another software implementation of the
algorithm, the most unfavourable case is selected - the
hour with the maximum consumption during the day.

2.Arandom vector of water consumption is simulated
and a hydraulic calculation of the system is performed
when the emergency section is disconnected according
to the scheme with non-fixed selections. The possibility
of switching on additional pumps is determined.

3.The nodes with less than the required pressures
are identified and the results are saved in the output file.

4.The transition to the next time of day is conducted
and the time after the accident is compared with the
recovery time. If the repair continues, the water consump-
tion vector is played out for the new hour and the net-
work is linked. The calculation is repeated until the end
of the accident elimination time, after which the site is
considered working and a new failure and recovery time
is determined for it.

5.The time of the nearest accident is simulated and
the calculation until the end of the simulation is repeated.

6.The received data is processed, as a result of which
the total failure time for the simulation period and the
contribution of accidents of individual sections to the
failure of the selected node are determined for each node.
When developing the algorithm, the following as-
sumptions are made: site failures are independent of each
other; when simulating nodal costs, changes in the nature
of water consumption at the time of the accident associ-
ated with the redistribution of water analysis time are not
considered; nodal costs obey the normal distribution law.
The process of operational management of the wa-
ter delivery system in cities is considered as a controlled
process of joint operation of pumping stations, water
network, reservoir, and their components. The presence
of the main components in water consumption processes,
such as the harmonic component and random noise, leads
to the need to build a two-level control scheme for the
current management of the existing network of the water
delivery system. This scheme includes planning of wa-
ter transportation and distribution modes, which allows
purposefully tracking harmonic trends by changing the
structure and parameters of the existing network; op-
erational management that eliminates unwanted pres-
sure changes at the dictating point of the network. The
need for a certain amount of time to implement control
actions at the considered control stages requires the use
of a discrete control method at each of these stages.
Therefore, the control interval is divided into discretion
(Quanta), which are determined both by the accuracy
of approximation of the corresponding components (har-
monic,noise) of water consumption processes and by the
time of control implementation at each stage. The dis-
creteness of management allows presenting this process
at each stage in the form of a sequential multi-step de-
cision-making procedure. The effectiveness of any sys-
tem is related to the qualitative and quantitative goals
of managing this system. The main qualitative goal of
managing the system in question is to implement the
technology of water transportation and distribution.
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For the quantitative characterisation of achieving
the purpose, the management criterion is used, which
in this case can acquire only two values: one (if the pur-
pose is achieved, the consumer has water at any highest
point) and zero (otherwise, the consumer does not have
water). Qualitative goals are strategic and are used at the
highest level of the entire system management hierarchy,
as they are related to providing water to all consumers.
The apparent simplicity of such a control criterion is de-
ceptive since the functional dependence of the criterion
on the controlled parameters can be quite complex.

Suppose Pjand P’ -current and minimum allow-
able pressure in the j node, respectively. Then the total
excess heads at time t will be equal to:

v

YO =Y BO-PI= Y BO-B) ()
jev j=1
where V is the set of vertices of the network graph; v -
the number of its vertices.

The management criterion is key in understanding
many problems that arise in the organisation of rational
functioning of water delivery. Under normal conditions of
optimal operation of the water delivery system, the cur-
rent pressure P.in the j node should always be greater
than or equal to p. Ideally, the pressure of consumers
should be the minimum allowable P, but from the phys-
ical essence of the water delivery system, it follows that
the pressure at the pumping station should always be
higher than in any other node of the water network. On
the other hand, it is known that excess of the current
pressure over the standard one leads to undesirable con-
sequences: an increase in electricity consumption; in-
creases water leakage in the internal networks of build-
ings (unproductive water consumption); increases the
probability of damage to the water network, which in
turn leads to an increase in the probability of damage
from an accident, etc. Evaluation of this criterion over a
period of time [0, T] allows judging the effective func-
tioning of the water delivery subsystem from the stand-
point of fulfiling the latter’s main functional purpose.
Change in piezometric height, and therefore pressure
P, (The authors will sometimes call it the free head at
a point) at each vertex of the graph (node connection
diagram) of the water delivery subsystem at a given time
interval [0, T] the authors will characterise it with a func-
tional of the form:

T
z=7[ o ©

where Pj(t] - a random process of changing the free
pressure value in the j node of the water delivery sub-
system;

1, at P,(t) = P

7
0, at P;(t) < P} )
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Functionality characterises the relative time during
which the water delivery subsystem performs its func-
tional purpose in the j node of the network, that is, the
j-consumer is provided with water on all floors of a res-
idential building in any node. If information about the
value of the free head in the j node was received at
discrete time points ¢, t + 1, then in this case the expres-
sion can be approximately replaced by an integral sum:

T
1
z= 7; PPt (G EV) ®

where k is the discreteness of the time interval equal to
the number t; T is the time interval (usually in practice
T=24 hours). The quality of functioning of the water de-
livery system over the time interval [0, T] in the simplest
case can be characterised by a function of the form.

2=% 7 ©)

jev

where Vis the set of nodes; v - number of nodes.

As is evident, the values of these criteria range
from O to 1. Quantitative management goals are to reduce
(or increase) the value of certain criteria that reflect the
operating modes of the managed object.As such a criterion,
quite often in water supply networks, a function is used
trying to find its minimum. Another common criterion
for the efficiency of water delivery functioning is energy
consumption at time ¢:

h9(®)q;(t)
_ j J
y(t) = ;—10217,-

(10)
where h(@, q, n - head loss, the flow rate at the j pumping
station and its efficiency, respectively; L - set of pump-
ing stations. Integral estimation of energy consumption
over the time interval [0, T]:

T
Z= fo y(t)dt (11)

or with a discrete method of capturing information:

T
0

The authors will focus on a number of other criteria
for the functioning of water delivery that have become
widespread in practice. Maximum excess pressure at
time t (it is dictated from the conditions of the number
of storeys of buildings and the prevention of free head
in the distribution network pipelines of more than 60 m
of water column):

(12)

(13)

Z(t) = TE%xPj ®




This criterion characterises “tight spots” in the
water delivery system, especially in the mode of minimal
water consumption, which can lead to damage to the
water network and unproductive water consumption in
the intra-house network. Here N is the set of water con-
sumers. Total instant water consumption:

n® =) q®) =) a®

JEL iEN
The integral estimate of water consumption over
a time interval [0, T] is calculated by analogy with the
expressions, namely:

(14)

T
z = [ ma (1)
0
or, if the incoming information is discrete:
T
Z= ) il (16)
j=1

Estimation of total leakage in water supply systems:

v, = ) AP - B,

jeN

(17)

where A is the coefficient of unproductive water losses
per unit pressure change. The main task of operational
management is to ensure that the water delivery sys-
tem fulfils its intended purpose. Managed variables for
these networks are the parameters and structures of
individual subsystems. Parameters and structure can be
controlled on active elements (pumping stations) and
distribution networks. Changes in the parameters and
structure of consumers can be judged by changes in the
parameters of water consumption processes. Thus, the
task of operational management of the water delivery
system is to compensate for changes in the structure

Moshnoriz et al.

and parameters of managed subsystems by changing the
structure and parameters of consumers. Moreover, com-
pensation for these changes should be carried out by
minimising some functional losses in energy, cost, or
reliability terms, while observing the corresponding set
of restrictions.

The structure of the process of operational man-
agement of flow distribution in water supply networks
can be presented in the form of two main stages or lev-
els of management: 1) operational planning of flow dis-
tribution in the water supply network, considering the
prevailing influence of some criterion on this planning
period (minimum operating costs, reliable water supply
to consumers, ensuring the criterion of quality of func-
tioning according to the formula, which should be equal
to one); 2) pressure stabilisation at dictating points in
a given range. Solving the problem of operational man-
agement at each of these levels, as a rule, is spaced in
time and space, requires a different amount and nature
of operational information, the presence of mathemati-
cal models describing the object of management, various
criteria and methods for solving management problems.

The authors will focus on the main tasks of wa-
ter distribution, which are most widely used in solving
the problems of designing and developing water sup-
ply networks. In the design process, the problem arises
of choosing the optimal operating mode of pumping
stations when they work together on the water supply
network. Known: network structure; nodal flow rates (hence
the total flow of water supplied to the network by pump-
ing stations); pipeline diameters; length of main sec-
tions; geodetic marks; minimum allowable free heads at
network nodes; number of pumping stations operating
on the network, [21. For the mathematical formulation
of this problem, let us focus in more detail on the mathe-
matical model of steady-state water distribution in the
water supply network (Fig. 5).
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Figure 5. Example of a water supply network and illustration of its division into three disjoint subsets
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Let the set E of arcs of the water supply network
graph consist of three subsets: real arcs M corresponding
to pipeline sections; fictitious active arcs L corresponding
to network inputs (pumping stations); fictitious passive
arcs N corresponding to network outputs (consumers).

M={1,..,17},m=17 (18)
L={1819},1 =12 (19
N ={20,...,31},n =12 (20)
E=MULUN (21)
E={1,...31},e =31 22)

Let any vertex of the graph be an input or output
(water supply or intake in the water network). The zero
vertex is the initial (input) for the pumping station and
the final vertex is used for water supply or intake to
consumers’ water networks (fictitious).

hj=—P, (j€L) (23)

hj =Py, € N) 24)

Each of the areas j (j € L U N) will be characterised
with two values q; and P, and called the input nodal
flow rate and pressure if j € L, or the initial nodal flow
rate and pressure, if j € N.In other words, the node num-
ber matches the section number of the corresponding
network input or output. If on plot j (j € L U N) the pressure
is set, then this section will be considered as the source
of the pressure difference hjz—Pj(jeL) and hl.=P].(j € N)
with internal resistance SJ.=O. If a flow rate is set in this
section, then it will be considered a current source g;with
an internal resistance S=oo,

Here is a comparison with the formula for pressure
losses in the pipeline:

h; = S;q} (25)
where S, is hydraulic resistance of the site.

For the actual section of the pipeline, the following
ratio will be fair:

h; = S; sgn(q))|a;|” G € M)

Thus, a mathematical model of a water supply
system with many nodes will have the form:

(26)

Xi
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IEM;
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- Z by P; + Z b,P;=0 (reLy) (29
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q; = Z biriq; (i € Ey)

TEE,

(30)

Now let us move on to the mathematical formu-
lation of the problem of optimising the operating mode
of pumping stations when they work together on the
water network:

y = Z(Pj(m — Py min

jeN

(31)

qi = ZrEMZULZUN(") blriqi + Ql+ (i € El) (32)

0 = ) binai =const (€ B) (39
TEN

G =a Gen 9

2B e )

The value ofS]. is determined here by one of the
well-known formulas or empirically, as the result of mea-
surements and solutions to the parametric identification
problem. Mathematically, this is a nonlinear program-
ming problem with constraints in the form of equalities
and one-way constraints of variables. The authors will
solve it as follows: firstly, this problem will be solved,
provided that the costs at pumping stations are known;
then, based on this programme, the cost grid for the (I-1)
pumping station can be searched, where [ is the number
of these stations.

The initial data to optimise the mode of opera-
tion of the designed pumping stations when they work
together in the network are: the structure of the net-
work; the location of the inputs and outputs of the net-
work, as well as the supply and flow of water in them;
the parameters of the main sections: the length of the
pipeline, the diameter of the pipeline, geodetic marks
of the beginning and end of the pipeline section; the
relationship between the pressure losses and the flow
rate of the corresponding section of the water network;
the minimum allowable free heads on fictitious sections
(network outputs).

The purpose of the calculation is to determine
the pressure at the inputs of the network and the wa-
ter distribution in it that provides the specified water
flow rates at the inputs and outputs of this network.
Obviously, this problem has many solutions. For an un-
ambiguous solution (the most economical one), it is
necessary to determine the so-called dictating point of
the network, at which the free head obtained as a result
of the solution should be equal to the minimum allow-
able one.

Let us formulate this problem mathematically:

t = hga). .

JeL

(36)
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fr = Sesgn g, |g. 1 + Z by,iSisgnq;lgi|Xi=0 (r € Mp) (37)
€My
fr =S sgna, lg: 1% — B + D + h( + Z biri(Si sgn qi lqil* + h("”) = 0 (38)
i€My

q; = Z biriq; + Q; (i € Ey) (39)

TEM>
Qi = bir1qi = const (I € Ey) (40)

r€L,UNUN(9)
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] - ]

Here, the equations of the mathematical model
are formulated with the following network encoding:
the graph tree is selected in such a way that fictitious
sections of the network, sections with active sources be-
come chords. In this case, the real sections will partially
become chords, and partially - tree branches. Branches
of a tree with a pump are assigned the number 1; L, M,
and N are indicated by many indexes of sections: those
with active sources, main ones (water network sections),
and fictitious ones, respectively. At the same time L=L, U L.,
M=M, UM, N=N,,L={1}, (1 and 2 are the indexes of tree
branches and chords, respectively), and for any closed
loop B, contains the backbone sections of the network:

RO+ ) bk =0 (€ M) (42)

€My

where q; =q;j = const (j € LU N),h,-(r)(f € M) —the

difference of geodetic marks between the end and be-
ginning (j) of the main section. In the above mathematical
model, it is assumed that sections with active sources
are directed from a fictitious node to the network, and
fictitious sections are directed vice versa.

The purpose of the analysis is to construct the
transfer function of the control object, consider the im-
pact of the pipeline on the water supply process, and
analyse the possibilities of switching from a distributed
pipeline model to a concentrated one to reduce the order
of the transfer function of the water supply system. To
study the dynamics of processes, the authors will con-
sider the transfer function of the water supply system
as an object of control. The facility includes a pumping
unit and pipelines. The pump unit consists of a pump and
an electric motor.

Ablock diagram of the water supply management
system is shown in Figure 6.
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Figure 6. Block diagram of the water supply management system

The transfer function of a frequency converter is
defined as:

f®) _ ke
fp(p) (chp + 1)
where T, - time of the frequency converter; kfc - fre-

quency converter gain coefficient. The transfer function
of an asynchronous electric motor will have the form:

o®) __ kem
f@) Temp+1)

Wre(p) = (43)

Wem (p) = (44)

where T, - electromechanical time of the electric
motor; k, - gain of the electric motor coefficient. The
electromechanical time constant will be determined by
the formula:

_Jwo

Tem - 7

o (43)

where o, - angular velocity of the rotor at the rated
power supply frequency; M - starting torque of the
motor. The transfer function of the centrifugal pump
will have the form:
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_H®)
P o) (TGp+1)
where H is the head of the centrifugal pump; T, is the

pump time constant; the pump time constant will be
defined as:

(46)

4’(d2 B d1)
7 (47)

" (2, In @)

where d, is the input diameter of the circular grid of the
pump; d, is the output diameter of the circular grid of
the pump; 2 is the relative velocity of fluid movement
in the interscapular space; z is the number of blades of
the circular grid,; kp is the pump gain. The transfer function
of a strain gauge pressure transmitter is described by the
gain coefficient:

Up)
M/pc(p) = % = Kpc

where kpcis the gain of the pressure converter; U is the
output voltage of the converter proportional to the
pressure signal. The water supply system is a distrib-
uted system: the pressure in pipelines does not spread
instantly and changes not only in time but also in space.
Processes in a water supply system with pipelines are
described by partial differential equations. A system of
equations can be written:

(48)

dp Ju

Lt _,1= 49

ox p[at+F(”'x)] *9)
dap ,0u
_F_ - 50
ot P ox G0)

where p is the average cross-sectional pressure; u is the
fluid flow rate; t is the time; x is the coordi-nate along
the pipeline length; p is the density of the liquid; c is the
speed of sound in the liquid, considering the elasticity
of the pipeline walls; F(u, x) is a nonlinear function of
viscous friction.

The speed of sound in a liquid is defined as:

E
c= —1(1+
p

where E| is the volume modulus of elasticity of the liquid;
E, is the modulus of elasticity of the pipe material; d is
the inner diameter of the pipeline; 6 is the wall thickness
of the pipeline.

d ﬂ)_l (51)

5 E,

A
F(u,x)—ﬁ-lul-u (52)
where A is the coefficient of hydraulic resistance, which
depends on the Reynolds’ number. The Reynolds’ number
can be determined by the formula:

P (53)

v
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where v is the kinematic viscosity of the liquid. To simplify
the analysis and synthesis of control systems, it is pro-
posed to replace the distributed part of equation (1.53),
(1.54), namely the pipeline with a net delay link, provided
that the pipeline is trunking and does not have significant
branches that considerably affect its dynamic properties.

_ H(S, l) _ —%s 54
"THs) © 9

_0GD _ |(gS/er); (55)
% =) | Wes); ¢

where G, is the head transfer function of the pipeline;
G, is the feed transfer function of the pipeline; v is the
signal distribution speed.

It is known that:

b= 1

J/95); - @S/, o
where j is the j fragment of the pipeline; S is the cross-
sectional area of the pipeline; d is the diameter of the
pipeline; [ is the length of the pipeline piece; A is the
dimensionless coefficient of resistance of the pipeline.
If the control point is set at some distance along
the pipeline, in addition to the signal delay, some pres-
sure drop will also be present, which depends on the
resistance of the pipeline and the speed of fluid move-
ment. Based on this, the pipeline gain is determined using

the equation:

_vS
p

where k is the gain coefficient of the pipeline; v is the
speed of fluid movement in the pipeline;

k (57)

p

v==< (58)

S
where p is the pressure at the end of the pipeline; S is
the cross-sectional area of the pipeline. Now the pipeline
transfer function can be represented as follows:

Po) _
H(p)

Since there is a clean delay in a water supply system
with a long pipeline, it is necessary to ensure the stability
of the control system. Considering that the length of the
pipeline does not exceed a critical value and the sys-
tem is stable, observable, and controlled, then the transfer
function of the pipeline can be described using a first-
order aperiodic link:

k, e Pt

, (59)

W,(p) =

PO _ Ky
Hp) {p+1)
Since an open control system is used in further

studies, the transfer function of an open water supply
control system acquires the following form:

Wy, (p) = (60)




Kpckembkoykypkpe
(chp + 1)(Temp + 1)(Tpp + 1) (Tpp + 1)

The transfer function of the object (1.65) has the
fourth order, which complicates the study and construc-
tion of control systems, so it is proposed to replace the
transfer function of the frequency converter with a gain
factor, given that the vector method of controlling an
asynchronous motor is used. Then the control object takes
its final form:

W(p) =

W(p) = (61)

Ksckemkpkykpe
(Temp + D(Tpp + D(Tpp + 1)

The transfer function of the water supply facil-
ity (1.66) has the third order and can be used in further
research.

Let us consider a single-circuit closed water supply
system.To make a model, a pump unit was selected that
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has the following parameters: T =0.026 - electrome-
chanical time constant of an asynchronous electric mo-
tor with a short-circuited rotor; Tp=0.231 - pump time
constant; T,=0.01 - pump time constant; k =5.061 -
motor gain factor; kp=5.22 - pump gain factor; k,=0.99 -
pump gain factor; T3=TmTme=0.00006006; T2=T,T+T,
T, +T,T,=0.00231; k1 =k k k, =26.15423.

Existing water supply system regulators use only
continuous functions in the control signal. The use of
continuous functions in the control signal does not allow
switching the water supply system to a given state in the
shortest possible time. To ensure maximum performance,
the proportional control law must be used. However, given
the fact that the control influence in a real water supply
system cannot be large, according to the engineering re-
quirements, a restriction is imposed on it for the adequacy
of the model. A block diagram of the control system using
the proportional law is shown in Figure 7.
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Figure 7. Computer model of a pumping station with pressure feedback

Modelling shows that existing regulators in water
supply systems do not considerably improve the constant
pressure in the pipeline when there is uneven water
consumption. This is explained by the fact that the reg-
ulator slows down the transition process to prevent the
system from becoming unstable but it does not con-
sider fluctuations at the input. Operation of the water

supply system in transition mode and state stabilisa-
tion mode is possible using a regulator with a variable
structure and parameters. The authors will conduct a study
of such a regulator. A block diagram of such a regulator
is shown in Figure 8.

The graph of transients in the water supply system
using the regulator is shown in Figure 9.
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Figure 9. Schedule of operation of the water supply system using a variable structure regulator

Therefore, the use of regulators only using con-
tinuous functions in the control signal of the water
supply system does not allow for a minimum transition
time since an increase in the proportional coefficient
will lead to unstable operation of the system. In a well-
established mode, this regulator cannot minimise the
efficiency functionality since it does not consider restric-
tions on derivatives and the amount of control influence.

The regulator, which has a variable structure and pa-
rameters, allows achieving the specified quality indicators
in the transition mode and state stabilisation mode, but
the consequence of its use is an increase in the duration
of control of the water supply process.

Let us consider modelling and studying the regu-
lator in the transition mode of the water supply system.
A block diagram of the model is shown in Figure 10.
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Figure 10. Block diagram of a water supply system model using a discontinuous function
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The modelling results have shown that the transi-
tion process passes without fluctuations and overshoot.
The transition time is 0.0311 seconds. Since two inter-
vals and one switching are used for control, according
to Feldbaum'’s theorem and Pontryagin's maximum prin-
ciple, the trajectory of the system is optimal in terms of
speed. During the modelling, only the transition mode
was considered, so after the system went to the set value,
the control was turned off and the movement of the
system became free without external influence. The
disadvantage of the control system that calculates the
switching time is that it is necessary to have an accurate
time counting device as part of the controller. The study
and modelling of the water supply system at various
gain parameters shows that the vector K also changes in
proportion to the change in the system parameters, and
the overall functionality is constant. That is, the value of
the efficiency functional in this case does not depend
on the gain of the transfer function. But changing the
constant time also leads to a change in the values of the
functionality.

Thus, the above control method provides a mini-
mum of quality functionality in a well-established mode
and shows the feasibility of using the device for analytical
design of regulators in the water supply system.

CONCLUSIONS

In the paper, a study was conducted to assess the impact
of the distribution and length of the pipeline network.
The system of water supply and distribution is analysed,
what criteria affect the correct performance of work and
what problems may arise during operation for a long
period of time are investigated. Based on the analysis,
a mathematical model of the water supply system and
a flow control model of the water supply system were
developed. Since this paper examines the influence of
the distribution and length of pipeline networks of the
water supply system on the electric drive, the control of
the water supply system was modeled based on existing
regulators with a constant and variable structure. The
results of modelling and experimental studies of the
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water supply control system have shown:

1. The use of discontinuous functions in the control
signal in transient mode allows getting the optimal speed
trajectory of the water supply system.The conducted stud-
ies have shown that the use of discontinuous functions
can reduce the duration of the transition mode by 3.8 times
compared to existing regulators and, therewith, ensure
minimal deviation and overshoot.

2.The proposed steady-state regulator improves the
quality of control compared to existing regulators. Ac-
cording to the modelling results, the value of the quality
functionality was reduced by 7.6 times.

3. It was shown that based on the proposed methods,
it is possible to create a regulator with a variable structure
and minimise the transition time, as well as minimise the
quality functionality in a stable mode. It is proved that
switching regulators should be carried out depending
on the deviation of the initial pressure value and, thus, de-
termine the operating mode of the water supply system.

Main scientific and practical results, their sig-
nificance.

1. The approach to building automated control sys-
tems using regulators with variable structure has been
further developed, which, unlike the known ones, takes
into account the distributed nature of the control object
in space, which allows applying the obtained control laws
to water supply systems and thereby increasing the ef-
ficiency and reliability of their operation.

2.A computer model of the water supply system has
been developed, which, unlike the known ones, takes into
account the distribution in the space of the pipeline
network, which will increase the efficiency of the design
process of such systems.

The main scientific results of the paper were pre-
sented at the All-Ukrainian competition of student sci-
entific papers in the area of “Electromechanics”, which
in 2021 was held remotely on the basis of the Dnipro
State Technical University in Kamianske. As a result of
the discussion, the paper “Improving the efficiency of
distributed water supply systems by means of a regulated
electric drive” received a diploma of the IIl degree.
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NinBnweHHA epeKTUBHOCTI po60TH po3noAineHnx cucteM BoaonocTavyaHHS
3aco6aMu perynboBaHOro eJfieKTponpueoaa

Mukona Mukonaiiosuu MowuHopis, Cepriit Mukonaiiosuu bab6iit, OnekcaHap AHatonitoBuuy MasHok,
Onexciit AHaToniioBuu XKykos, Amutpo MetpoBuu MpoueHko

BiHHMUbBKMI HALiOHANbHUI TEXHIYHUI YHIBEpPCUTET
21021, XMenbHUUbKe wWwoce, 95, M. BiHHKULS, YKpaiHa

AHoTauif. BooonoctayaHHS HaCOCHOI CTaHLii MA€ 33L0BOJIbHATM NOTPebM CNoXMBaYa, SKi 3MIHIOKTbCS NPOTArOM
06U, TOMy MOro NpoAyKTUBHICTb NOTpebye KopuryBaHHS. byab-ske BiAXMNEHHS NMPOAYKTUBHOCTI HACOCHOrO arperaTy
BiJ, HOMiHany Npu3BOAUTb A0 AOAATKOBUX BUTPAT Ha €NEKTPOEHEPrito. 33 TaKMX YMOB BeNuKe 3HauyeHHa y chepi
BOA,0MOCTAYaHHA NPUAINSETHCS ONTUMI3aLLT poOOTM eNeKTPONPUBOAIB HACOCHOI CTaHLi. [1ns peryntoBaHHs NPOLYKTUBHOCTI
HaCOCHOI CTaHLiT YacTo BAAIOTLCS A0 3MiHM KiIbKOCTi MPaLO0UYMX HACOCHMX arperaTis, ABUIYHU SIKMX 3aMyCKatoTbCs
6e3nocepenHbO Bif, enekTpUMYHOi Mepexi. Ha ABUryHWM cepefHboi Ta BENMKOI MOTYXKHOCTI Ait0Tb TEXHIYHI 0OMEXeHHS
LN NpSMOro 3anycky, Ki 4OMOBHIOOTbCS HEOOXiAHICTIO NiATPMMYBATH NAy3U MiX NMyCKamMu, TOMY Mpu 3abe3neyeHHi
HeobXifHOr0 3Ha4YeHHS NPOAYKTMBHOCTI HACOCHOI CTaHLLi y)Xe BaX/IMBO BPAaXx0OBYBATW OCOBIMBOCTI MYCKY HACOCHWUX
[BUTYHIB. CUCTEMM YNPaBAiHHS LUMPOKO BUKOPUCTOBYHOTLCS B 061aCTi e1eKTponpMBOoLY Ta BOLOMNOCTAYaHHS, cCaMe B
umx chepax Big eeKTUBHOCTI pOBOTU CUCTEMM KEPYBAHHSA 3aN1EXMTb KilbKiCTb €N1eKTpoeHeprii, Lo byae cnoxmeaTucs
TEXHOJIOMYHMM NpoLLecoM, abo HaAiMHOCTI Moro poboTu. BinoMo, Lo Ha HacocK Npunagae NnpubAN3HO NONOBMHA BCiEi
BMPOOGIEHOI eHeprii, TOMY MUTAHHS ePEKTUBHUX CUCTEM KOHTPOJIIO € 0COBIMBO akTyanbHWM y chepi BOAOMOCTa4aHHS.
MeTa faHoi HayKOBOi PO6OTU — NiABULLMTU HAAIMHICTb Ta ePEKTUBHICTb pOBOTM CUCTEMM BOLOMOCTAYAHHS 33 PAXYHOK
BPaxyBaHHA Mif, Yac KepyBaHHS eNeKTPONPUBOAAMM HACOCIB, BNACTMBOCTI pO3MoAineHocTi TpybonposifHOT Mepexi,
L0 AO3BOUTb Y3rofMTM pobOoTy HACOCHOT CTaHLii, TPybOoNpoBigHOI Mepexi Ta CnoxumBaya. ng OCATHEHHS LiEi MeTU
6yno NpoBefeHO AOCNIIXKEHHS OLiHKM BMMBY PO3MOAINEHOCTI Ta NPOTSXXHOCTI TpybonpoBifHOT Mepexi. Takox 6yno
NpoaHani3oBaHO CMCTEMyY NoJayi Ta PO3NoAiny BOAW, AOCNIAXKEHO SKi KpUTepii BNIMBAIOTb HA KOPEKTHE BUKOHAHHS
pob0TH Ta AKi NPoBIEMU MOXKYTb BUHMKATM NifJ, Yac poboTM B TPMBANMIM NMPOMIKOK Yacy. BCTaHOBNEHO LWnsSxu onTuMizaLii
po60TM HACOCHMX CTAHLIM 3 METO NiABULEHHS EKOHOMIYHOCTI YCTaHOBOK Ta iX eHeproed®ekTUBHOCTI. PO3rnsHyTo
OCHOBHI MPUYMHU AOLINbHOCTI BUKOPUCTAHHS PEryibOBaHOro eneKkTpornpuBoAY AN KePYBaHHS HACOCHMMU arperatamu

KniouoBi cnoBa: BO4ONOCTayaHHs, BOAONPOBIA, MPUBOAM ENEKTPOHACOCHUX CTaHLLiIM, MAaTEMATUYHI MOAENI eNeKTPONpPUBOLY,
Hacocu
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of environmentally safe high-quality cow's milk. The purpose of this study
Suggested Citation: is to analyse the correlation between the content of toxic metals Cd and
Mamenko, O., & Portiannyk, S. (2021). Pb in the blood and milk of cows using the STATISTICA computer software
Rank non-parametric correlation analysis version 10.0. Scientific and economic experiments were conducted on dairy
of indicators of heavy metal transition cows with different types of feeding. All animals selected according to the
from blood to cow's milk to assess its analogue method in terms of live weight and productivity were divided into
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24(5), 35-45. groups. The diet included feeds with an excess of heavy metals, especially

cadmium and lead. The high biological activity of pollutants affected their
migration from the feed of the diet through the gastrointestinal tract to milk.
To reduce intoxication of the animal body, premix “MP-A" was introduced
into the main diet of cows of the second and third experimental groups,
and in the third experimental group - premix “MP-" and injection of the
biological product “BP-9”. First, using the Shapiro-Wilk's W test, the study
verified the obtained data from laboratory tests of blood and milk for the
concentration of toxic metals, the law of ‘normal” (Gaussian) distribution, and
then the necessary Spearman’s non-parametric rank correlation coefficient
was selected for calculation. The analysis revealed a high correlation
between the variables, which was within r=0.82-0.91 (Cd) and r=0.78-0.96
(Pb) with probability (p<0.05) in animals with different types of feeding.
The discovered high correlation allows veterinary medicine specialists to
quickly apply measures to reduce the toxic load of the body with elements
only by analysing blood for cadmium and lead, and timely prevent the
production of low-quality dairy raw materials, including using premix and
phytobiopreparation tested in the experiment. Further research is aimed
at analysing the correlation between other indicators of the quality and
environmental safety of milk and feed, constructing regression equations
that will practically contribute to the activities of specialists whose task is
to ensure the production of high-quality environmentally safe cow’s milk
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INTRODUCTION

The danger of harmful effects of toxic heavy metals
through food products, including water, milk, etc. On
the human body is world-known due to the studies of
J. Song et al. [1], W. Fischer et al. [2], C. Rezza et al. [3],
E.Rahimi [4], Lili Liu et al. [5]. There are situations when
pollutants enter the body of animals with feed contain-
ing an increased concentration of elements. Cd and Pb
intake is associated with environmental risks to the body
due to cumulative toxicity and negative effects on in-
ternal organs and systems, as proven by the studies of
M. Canty et al. [6], S. Hashemi [7], S. Roggeman et al. [8].
Toxic metals, especially cadmium and lead, are freely
absorbed in the gastrointestinal tract into the blood, and
enter milk, which has been investigated in the studies
of Y.Jolly et al.[9], D.Adriano [10], S. Ren-ju Tahir et al. [12].
It is challenging for veterinary and livestock specialists
to assess the risks of dangerous effects of pollutants on
animal health, quality,and environmental safety of milk
produced, dairy raw materials that are used for processing
and production of dairy products for human nutrition.

Conducting scientific and economic experiments
to study the migration of toxic metals in the trophic chain
and obtaining the corresponding array of digital data
on numerous indicators of laboratory tests performed may
not always indicate a high regularity of certain changes.
Scientists have long and quite widely used various meth-
ods of correlation analysis of the obtained research re-
sults. At the same time, various computer software and
analysis algorithms are used. It is essential not only to
analyse the correlation strength between the indica-
tors, but to choose the correct indicators as well. For
example, scientists Lili Liu et al. [5] used a correlation
study to identify the correlation between heavy metals
in Hong Kong marine sediments over a long period of
time from 1991 to 2011. Therewith, Spearman’s, and then
Pearson'’s rank correlations were used at the first stage.
The bay and harbour (Victoria) were contaminated with
heavy metals Pb and Cu, which correlated with Cr, Ni,
and Zn contamination. Lili Liu et al. [5] believe that this
is the first time they have used such an analysis to in-
vestigate environmental pollution, in addition to the
fact that such methods have already been widely used
in biology, sociology, and computer science. It is im-
portant that the investigated correlation analysis can
be applied not only to marine sediments, but in other
ecological systems as well, which is precisely what the
authors of this study did. Other scientists Mingtao Xiang
et al. [13] performed a correlation analysis of the heavy
metals content in soil and plants grown to assess the
risk of crop contamination and predict the danger of
harmful effects of toxic metals, especially mercury and
cadmium, on the human body. Scientists mostly paid
attention to the contamination of soil and plants with
heavy metals and did not pay attention to the correla-
tion between them. The results indicated that the toxic
metals studied in the soil had the greatest effect on zinc
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levels in plants, while lead and chromium had a synergis-
tic effect on zinc uptake by plants. Experiments prove the
importance of correlation assessment for controlling the
risk of contamination, which was not previously consid-
ered. The scientist Mariusz Rudy [14] from Poland in-
vestigated the correlation analysis of heavy metals' bio-
accumulation in the tissues and organs (liver) of sheep,
including muscle tissue, with age. Sheep were kept in
eastern Poland. The experiment results demonstrated
that with the age of sheep, the water content in muscle
tissue decreases, the content of protein, fat,and ash in-
creases. Contamination of meat and liver with cadmium
and lead depends on the age of the animals. Between
the youngest animals and the oldest, a difference of
several times in the level of pollution was recorded. Ex-
amples of the use of correlation analysis can be given
both in agriculture and in other areas related to environ-
mental pollution in different countries, but the authors
of this paper have investigated the correlation between
the content of toxic metals in the blood of productive
cows and milk for the first time.

Blood tests of cows on farms are regularly con-
ducted by veterinary doctors, and analysis of the quality
and environmental safety of milk is mainly conducted
by livestock workers. The study of the correlation between
the content of toxic metals in the blood and milk of animals
is a convenient and fairly reliable indicator of predicting
the safety of manufactured products (risk assessment)
in the household. Therefore, the purpose of this study is
to establish a correlation between the content of toxic
metals Cd and Pb in the blood and milk of cows that
consume feed with an increased concentration of en-
vironmentally hazardous toxicants for various types of
feeding using the computer software for statistical data
processing.

MATERIALS AND METHODS

In the farms located around the industrial city, during
2000-2007, scientific and economic experiments were
conducted on dairy cows of Ukrainian black- and red-
piebald dairy breeds. 126 heads of cows with silage-hay-
lage-concentrate type of feeding, 63 - with silage-hay-
lage, 36 - with silage and root crop, and 195 - with si-
lage-hay type of feeding were selected for experiments,
respectivelyto The experimental livestock was divided
into three groups: the first control and the second and
third experimental groups. Cows of all groups were fed
feed containing heavy metals Cd, Pb, Cu, and Zn above
the established maximum permissible concentrations.
Animals of the second experimental group received an
additional special antitoxic mineral and vitamin premix
“MP-A", and the third - premix and subcutaneous injec-
tion of the biological product “BP-9”. The average live
weight of cows is 500-545 kg, the average daily milk
yield is 14.0-14.8 kg. The duration of the comparison
period was 42 days. Cows selected according to the method




of analogues in terms of live weight, productivity, were
in the same conditions of feeding and keeping. The trial
period lasted 120 days.

Biochemical analysis of samples of plant and
animal origin, including blood and milk, for the content
of macro-, microelements, toxic metals, etc. was per-
formed according to Atomic Absorption Spectrophotom-
etry method (AAS-30 spectrophotometer) [15]. Quality
and environmental safety of milk was controlled pursu-
ant to DSTU 3662-97 [16], as well as considering the
requirements of international quality standards (Regula-
tions (EC) No 853/2004 [17] and No 1881/2006 [18]).
ALl manipulations with animals were conducted in ac-
cordance with the European Convention for the Protec-
tion of Vertebrates used for Experimental and Scientific
Purposes (Strasbourg, 1986).

The data was analysed considering the features
of the results obtained in the study: the sample size
and type of data distribution, the nature of variances.
For each sample, the average value of the feature in the
sample (M) and the standard deviation (SD) are calculated,
and the estimate is given as M = SD. Discrepancies be-
tween the average values were considered statistically
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significant for P<0.05. Correlation analysis - using the
Spearman'’s non-parametric rank correlation coefficient,
factoring in the Shapiro-Wilk's W test. The calculation
was performed using the STATISTICA software package
version 10.0 for the Windows 7 operating system.

RESULTS

Feeding dairy cows feed containing an increased content
of toxic metals Cd and Pb affected their transition from
the gastrointestinal tract to the blood, then to milk.
To establish the strength of the correlation between
the content of toxic metals in blood and milk, under
the appropriate conditions of a scientific experiment,
one of the non-parametric correlation coefficients was
used - Spearman’s rank correlation coefficient, since
the Shapiro-Wilk's W test, which is considered the most
powerful to establish the correspondence of the ob-
tained data to the law of “normal” (Gaussian) distribu-
tion, especially in small samples (n<50) of independent
groups, indicated that the content of cadmium and lead
in blood and milk cows with different types of feeding
do not obey the law of normal distribution (Figs. 1-4).
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Figure 1. The result of analysing the distribution of the studied indicators of Cd content in the blood (nmol/l) of cows
according to the Shapiro-Wilk's W test: a - silage-root crop type of feeding; b - silage-hay; ¢ - silage-haylage;
d - silage-haylage-concentrate
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Figure 2. The result of analysing the distribution of the studied indicators of Pb content in the blood (nmol/l) of cows
according to the Shapiro-Wilk's W test: a - silage-root crop type of feeding; b - silage-hay; c - silage-haylage;
d - silage-haylage-concentrat
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Figure 3. The result of analysing the distribution of the studied indicators of Cd content in the milk (mg/kg) of cows
according to the Shapiro-Wilk's W test: a - silage-root crop type of feeding; b - silage-hay; ¢ - silage-haylage;
d - silage-haylage-concentrate
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Figure 4. The result of analysing the distribution of the studied indicators of Pb content in the milk (mg/kg) of cows
according to the Shapiro-Wilk's W test: a - silage-root crop type of feeding; b - silage-hay; ¢ - silage-haylage;

Application of the Pearson’s coefficient in such
situation entails conclusions that do not correspond
to reality. It is more appropriate to apply the Pearson'’s
correlation coefficient when the studied indicators cor-
respond to the law of “normal” (Gaussian) distribution.

In the Statistics / Nonparametrics menu of the  and

d - silage-haylage-concentrate

STATISTICA software version 10.0, the Correlations
module is launched (Spearman, Kendall tau, gamma).
Next, in Variables, the columns containing the necessary
data are selected and the Spearman R icon is clicked.
A table with the analysis results will appear (Table 1

Figs. 5-6).

Table 1. Toxic metals in cow's blood and milk at the end of the study period (M*SD)

Group of cows

Type of animal feeding Mineral elements
1. Control 2. Experimental 3. Experimental
Blood
Cadmium, nmol/L 98.34%+1.03 79.11%£2.90 49.19+2.41
Lead, nmol/L 8.321.65 3.02£0.99 1.98+0.16
Silage and root crops Milk
Cadmium, mg/kg 0.087+0.008 0.031£0.005 0.018%0.002
Lead, mg/kg 1.8350.093 0.614+0.085 0.014+0.003
Blood
Cadmium, nmol/L 101.20£3.17 54.29+2.64 40.72+1.98
Lead, nmol/L 6.54%0.45 4.010.64 1.38+0.28
Silage-hay
Milk
Cadmium, mg/kg 0.09+0.085 0.031£0.008 0.011£0.003
Lead, mg/kg 1.641%0.253 0.515%0.064 0.027+0.012

Scientific Horizons, 2021, Vol. 24, No. 5



Rank non-parametric correlation analysis of indicators of heavy metal transition...

Table 1, Continued

Type of animal feeding Mineral elements

Group of cows

1. Control 2. Experimental 3. Experimental
Blood
Cadmium, nmol/L 81.17%0.60 48.19+0.73 41.61+1.05
Lead, nmol/L 5.74%0.32 2.07%0.16 1.87%0.09
Silage-haylage
Milk
Cadmium, mg/kg 0.068+0.017 0.017%0.004 0.012%0.002
Lead, mg/kg 1.734+0.148 0.016+0.004 0.014£0.004
Blood
Cadmium, nmol/L 77.94%0.99 40.64+0.54 32.14%0.55
Silage-haylage- Lead, nmol/l 4.63+0.37 1.72¢0.17 1.270.22
concentrate Milk
Cadmium, mg/kg 0.053+0.019 0.024+0.009 0.014+0.004
Lead, mg/kg 1.794%+0.165 0.331+0.064 0.032+0.008

Note: the degree of probability compared to the data of the control group P<0.01; n=5

The correlation coefficient between the cadmium
content in the blood and milk of cows for all types of
feeding is positive and very high (r=0.82-0.91), which in-
dicates a direct and very high degree of correlation. The
experiment established a lower correlation between the
indicators in animals with silage-haylage-concentrate
type of feeding r=0.82 and silage-haylage - r=0.86.The
highest correla-tion coefficient was discovered in animals
with silage-root feeding type (r=0.91). The software high-
lights statistically significant correlation coefficients in
red. Apart from calculating the correlation coefficient,
the software allows simultaneously evaluating the statisti-
cal significance, which in all cases was p<0.05. The cor-
relation coefficient between the lead content in blood
and milk ranged from 0.78 to 0.96. In cows with the
silage-haylage type of feeding, the correlation was the
weakest, but high (r=0.78). The highest level is found in
animals with silage-haylage-concentrate type (r=0.96).

Thus, the use of Spearman’s rank correlation co-
efficient, using the STATISTICA software version 10.0,
made it possible to calculate and thereby reliably estab-
lish a high strength of correlation between the indicators
essential for the experiment - the content of toxic metals
Cd and Pb in the blood and milk of dairy cows with dif-
ferent types of feeding, which were received with a diet of
feed with a high content of these dangerous elements.

DISCUSSION

Due to the complexity of ecological systems, the method
of modelling using appropriate computer software is fre-
quently employed to investigate them. Abstract models
are more widely used in environmental research. In this
case, the model refers to some abstract descriptions of
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a particular object or phenomenon in the real world,
which allows analysing its properties and making fore-
casts. The advantages of such models are that they enable
the analysis of the state of ecological systems in relatively
simple and inexpensive ways and predict the nature of
their changes when certain changes are introduced to
the ecosystem, for example, heavy metal pollution. The
main requirement for abstract environmental models
is accuracy and sufficient generality. In many cases, the
accuracy of abstract models depends on the number of
elements and system parameters selected for its con-
struction. It should be borne in mind that inclusion of
a multitude of components in the model complicates
its analysis and creates “noise”. Conversely, too small a
number of elements greatly distances the model from
reality. Depending on the research apparatus, abstract
models are as follows: verbal,graphic,mathematical, etc.
For the purposes of this paper, it was decided to employ
the construction of mathematical models based on the
calculation of the correlation dependence between the
indicators under study and the construction of the cor-
responding regression equations. In scientific research,
it is often necessary to search for relationships between
different indicators of the groups under study (precipi-
tation and crop yield; body temperature and pulse rate,
etc.). In this case, the content of mineral elements in
blood and milk was analysed. Various types of correlation
analysis are used to solve this type of problem. Correlation
analysis allows assessing the direction of the correlation
between two indicators (direct or inverse), as well as quan-
tifying it using the correlation coefficient. The closer the
correlation coefficient is to 1 (in modulus), the stronger
the correlation between the indicators.
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Figure 5. The indicators of cadmium content in the blood and milk of cows of groups 1, 2, 3 entered in the software
window and the result — Spearman’s correlation coefficient between the content of the element in the blood and milk
of animals: a - silage-root type of feeding; b - silage-hay; ¢ - silage-haylage; d - silage-haylage-concentrate
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Figure 6. The indicators of lead content in the blood and milk of cows of groups 1, 2, 3 entered in the software window
and the result - Spearman’s correlation coefficient between the content of the element in the blood and milk
of animals: a - silage-root type of feeding; b - silage-hay; ¢ - silage-haylage; d - silage-haylage-concentrate
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The correlation between the content of Cd and
Pb in the blood and milk of cows is essential, which was
investigated by the authors of this study in the exper-
iment. The authors believe that regular medical examina-
tion of dairy cows by a veterinary doctor in agricultural
enterprises located near industrial centres, ecosystems
contaminated with toxic metals with simultaneous blood
sampling for biochemical analysis and analysis of the
Cd and Pb content will allow assessing the risks of the
transition of pollutants to the dairy products - milk sold
on the market as a product for human consumption, or
dairy raw materials for the production. At the same time,
it is difficult, sometimes even impractical, and gener-
ally unusual in the practice of a veterinary specialist to
conduct a chemical analysis of blood and milk for heavy
metals. For example, scientists S. Offor et al.[19] prove
that the practice of analysing donated blood for people
for the content of toxic metals is also unusual. Donor
blood is tested for various pathogens, but not for the
content of toxic metals. However, it is clearly established
that a donor can accumulate these elements in the blood
from various sources (profes-sional activity, environment).
Once in the human body, such blood can cause intoxication.
The researchers emphasise that access to safe and ade-
quate blood transfusions with minimal risk of exposure
to toxic metals for recipients is also a public health issue.
Scientists recommend reducing the risks of dangerous
exposure to toxic metals — blood intended for transfusion,
especially in vulnerable individuals, such as children,
should be regularly examined for the concentration of
toxicants. The main thing in the work of a veterinarian is
prevention, to avert undesirable changes in the state
of animal health, including to prevent deterioration of
the quality and environmental safety of milk. The results
of the correlation analysis made by the authors can sub-
stantially facilitate the production of high-quality milk.
Timely detection of toxic metals in the blood will help
specialists to take timely measures to exclude contam-
inated feed from the diet, if this is not possible - to
balance the diet by timely introducing feed additives,
or mineral-vitamin premixes of the type “MP-A’, as was
done by the authors of this study in the experiment,
mineral elements antagonists of cadmium and lead, to
reduce their transition to milk, the introduction of proven
drugs (protectors) of the type “BP-9” to reduce intoxica-
tion of the animals' bodies, improve their health, prevent
poisoning. The high correlation between the content of
toxicants in blood and milk established by the researchers
at r=0.82-0.91 (Cd) and r=0.78-0.96 (Pb) (P<0.05), allows
specialists to act effectively in production conditions.

Correlation analysis is widely and, most impor-
tantly, effectively used in the practice of scientists from
different countries of the world, in various industries -
not only in agriculture.Ying Han et al. [20] conducted
a study of the effect of goat's milk enriched with oligosac-
charides on the structures of the microbiota in the large
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intestine of mice. Spearman's correlation analysis in-
vestigated the strength of the correlation between the
microbiota and short-chain fatty acids in experimental
animals. Spearman’s correlation analysis demonstrated
that propionic, isobutyric, and Valerian acids positively
correlate with a particular microbiota. Accordingly, it is
proved that goat's milk is useful for improving the mi-
croflora of the large intestine. Furthermore, Spearman'’s
rank correlation coefficient was successfully applied in the
analysis of indicators by scientists Han Young Joo et al.[21],
who investigated the correlation between the dose of
natural radiation and the incidence of human cancer
in the Republic of Korea. Radiation dose rate data were
taken from 171 observation points in 113 administrative
districts of the country for 10 years from 2007 to 2016.
The relative number of cancer cases for this analysis
was the difference in the number of cancer patients per
hundred thousand people per year in administrative
districts with the five highest and five lowest natural
gamma dose rates per year over the same period. An analy-
sis of the correlation between two variables of Spearman’s
rank correlation coefficient was obtained using R. The
result of the analysis indicated that Spearman’s rank cor-
relation coefficient exceeded 0.05, and the correlation
between the two variables was not statistically significant.

Evidently, international scientific practice demon-
strates that the Spearman’s rank non-parametric cor-
relation coefficient can establish both a high-strength
correlation between the indicators under study, which
is proved by Ying Han et al. [20], and vice versa, the
low-strength correlation, as well as the low statistical
probability, as proved by Han Young Joo et al. [21].

Computer software currently developed and avail-
able on the market, including STATISTICA version 10.0
for the Windows 7 operating system used by the authors
of this study for correlation analysis proves its effec-
tiveness. Given the preliminary verification of the ob-
tained indicators of laboratory blood and milk analysis
according to the Shapiro-Wilk's W test, it is advisable
to use the Spearman’s non-parametric rank correlation
coefficient.

CONCLUSIONS

Using computer software of statistical data processing
and the function of analysing the Spearman’s non-para-
metric rank correlation, a high correlation was established
between the transition of toxic metals cadmium and lead
from blood to milk,which allows specialists to more con-
fidently predict the environmental safety of produced
milk (dairy raw materials) in case of dairy cattle breeding
in conditions of increased anthropogenic load on agro-
ecosystems and timely apply appropriate countermea-
sures to improve product quality.

The STATISTICA software version 10.0 used for
statistical processing of biometric data, establishing the
strength of correlation between the studied indicators,
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and the reliability of research results is quite reliable, Further research is aimed at conducting correla-
convenient for scientists and practitioners,and is as in-  tion and regression analysis using the same software,
formative as possible. Correctly entered laboratory test  but with other indicators of environmental safety and
data is quickly processed and simultaneously displayed  quality of milk produced that are crucial in veterinary and
both in the form of digital data and in the form of the  livestock practice.

necessary visual graphs.
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BUKOPUCTaHHS PaHroBOro HeNapaMeTPUYHOro KopenauiMHoOro aHanisy NoKasHUKIB
nepexoay BaXXKNX MeTaniB 3 KPOBi B MOJIOKO KOPIB AJ191 OLLiIHKM MOro eKonoriyHoi 6e3nexku

Onekcin Muxaiinosuu MameHko, Cepriit BacunboBuu MopTaHHKUK

XapKiBCbKa AepyXaBHa 300BETEPMHAPHA aKafeMIs
62341, Byn. AkageMiyHa, 1, cMT Mana [JaHuniska, YkpaiHa

AHoTauis. KopenauiiHuii aHanis € BaXIMBUM METOLOM CTaTUCTUMYHOI 06POBKM OTPMMAHUX HAayKOBMX pe3ynbTaTiB
pocnigxeHs. MpaBunbHe MOro 3aCTOCYBaHHA 3 BUKOPUCTAHHAM CrieliafbHUX KOMN'IOTEPHUX NPOrpam i BiporiaHi
pe3ynbTaTi AatoTb 3MOTY NMPAKTUYHO NOAErnT poboTy BETEPUHAPHOI | 300TEXHIYHOI CNTYXOM Nig Yac BUpOOHMLTBA
€KOJoriYHO 6e3MeyHoro BUCOKOSIKICHOrO KOpOB'iYOro Mosioka. MeToto pocnigkeHb O6yB KopensuiiHMin aHanis Mix
BMicToM TokcmyHmx MeTaniB Cd i Pb y kpoBi Ta Monoui kopis 3a gonomorot koMn'iotepHoi nporpamu STATISTICA
Bepcii 10.0. HaykoBo-rocnoaapcbKi 40CNiAM MPOBEAEHO HA AiMHMUX KOPOBAX 3 Pi3HUMM TUNAMK rofisni. Bcix TBapwH,
BiAiOpaHMX METOAOM aHanoriB 3a XXMBOK MaCo, NPOAYKTUBHICTHO, 6Y10 NOAINEHO HA TPW FPYNU: NepLly KOHTPOSIbHY
Ta Apyry i TpeTo gocnigHi rpynu. 1o cknagy pauioHy BXOAMAM KOPMU 3 HAAJIMILKOM BaXXKUX MeTaniB, 0COb6/MBO,
TakMX 9K KagMil i cBuHeLb. Bucoka 6ionoriyHa akTMBHICTb MOKOTAHTIB BM/IMHYNA HA MirpaLito ix 3 KOpMiB pauioHy
yepes WAYHKOBO-KULLIKOBWI TPAKT y MONOKO. 1N 3MEHLIEeHHS iHTOKCMKALiT OpraHi3My TBapMH A0 OCHOBHOIO paLioHy
KOpiB ApYyroi i TpeTboi gocnigHmnx rpyn BBoaMBca npeMikc «MIM-A», a B TpeTint AocnigHin rpyni — npemikc «Mrl1-» Ta
iH’ekuia 6ionpenapaty «blM1-9». Cnoyatky 3a gonomoroto Tecty LWanipo-Yinka (Shapiro-Wilk's W test) 6yno nepesipeHo
BiAMOBIAHICTb OTPUMAHMX AAHUX NTABOPATOPHUX aHANI3iB KPOBi Ta MOJIOKA Ha KOHLEHTPALLi0 TOKCMYHUX MeTaniB,
3aKOHY «HOpManbHoro» po3snoginy (fayccosa), a NoTiM BU6paHO AN po3paxyHKy HeOOXiAHMI, Y TaKOMY BUMNALKY,
HernapaMeTpUYHUIA paHroBuii KoediuieHT kopenauii CnipMeHa. AHani3 BCTAHOBWMB BMCOKY KOPENALLIMHY 3a1eXHICTb MiX
3MiHHMMM NOKa3HMKaMK, KOTpa 3Haxoamnaca B mexkax r=0,82-0,91 (Cd) ta r=0,78-0,96 (Pb) 3 BiporigHicTto (p<0,05)
y TBapuH 3 Pi3HUMM TUNaMK rofiBni. BUSBNEHUIA BUCOKUIA KOPENsLiMHMIA 3B’130K AaCTb 3MOry CreLianictaM BETEPUHAPHOI
MeMLIMHM NILLE 33 aHANI30M KPOBi Ha BMICT KaAMit0 Ta CBUHLIKO LUBUAKO 3aCTOCOBYBATH 3aX0AM 3i 3HMKEHHS TOKCUYHOTO
HaBaHTAXXEHHS OpraHi3My efleMeHTaMK, BYaCHO NonepeKyBaTM BUPOOHMLTBO HESKICHOI MOMIOYHOI CUPOBUHM B T.u. i3
3aCTOCYBaHHAM MNepeBipeHuX B eKCnepuMeHTi npeMikcy Ta gitobionpenapaty. [Moganblui 4OCNiAKEHHS CNPSIMOBaHI
Ha aHani3 KopensauiMHOro 3B’a3Ky MiX iHLUMMM NOKA3HUKAMM SKOCTi Ta eKOIOriYHOi 6e3nekn Monoka, KopMmiB, NnobyLoBy
PiBHSIHb perpecii, KOTPi MPAKTUYHO CMPUATUMYTb AiSNIbHOCTI CNELianiCTiB, 3aBAAHHAM SKUX € 3abe3neyeHHst BUPOOHULITBA
BMCOKOSIKICHOTO eKO/OriYHO 6e3MeYyHoro KOpoB'a4oro MosoKa

KniouoBi cnosa: kopenauis, koediLieHT Kopensuii, HenapaMeTpuyHmin koedilieHT Kopensuii, koedilieHT Kopenauii
CnipMeHa, MONOYHA CUPOBUHA, AiMHI KOPOBU, TOKCUYHI MeTanu
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INTRODUCTION

The efficiency of milk production largely depends on how
to use animals properly, taking into account their bio-
logical characteristics, including behavior. Behavior is one
of the most important indicators of detecting any abnor-
malities in animal health and productivity. It appears in
all elements of production technology, forming in com-
bination with climatic (weather, microclimate), planning
(premises, stalls, playgrounds), technical (mechanisms and
equipment) and organizational (daily routine) complex
system “organism-environment” [1].

Ethological and physiological studies of the ef-
fects of weather phenomena occupy an important place
in the development of effective methods in agricultural
production. In the system of interaction ‘organism-envi-
ronment” such environmental factors as climate and weather
become important. Influencing agricultural production,
they determine the efficiency of livestock and crop pro-
duction. Ethological researches are necessary, first of all,
for creation of optimal housing conditions, both at indus-
trial complexes and at traditional farms. Dealing with the
current intensity of dairy farming, weather and climatic
conditions are an important component of the proper
organization of cattle keeping and livestock farms’ infra-
structure and require some understanding of the mecha-
nisms of meteorological conditions influence on animals
and the ability to manage these mechanisms in practical
animal husbandry. The study of behavioral reactions of
animals of different breeds makes it possible to find ways
to increase their productivity under specific conditions
of feeding and keeping [2].

It is known that changes under external condi-
tions lead to a restructuring of the adaptive behavior of
animals, their motor activity. In a certain environment, the
behavior of animals remains constant only when their
daily routine is not limited and has no additional loads.
The animal and the environment in which it lives form
an integral unit. Each change in environmental condi-
tions causes some disturbance in the vital balance of
animals, forcing them to adapt to these changes. The abil-
ity of cows to resist these changes depends on species,
breed, age and technological differences [3].

Adaptation of livestock breeds to local climatic
conditions is an important feature of modern agriculture,
as it helps to reduce the impact of temperature stress
to which animals are exposed, and leads to increased
livestock production. Under the influence of evolutionary
factors, cattle underwent a long natural selection and
adapted to various environmental conditions from Africa
and equatorial America to central and northern Siberia.
Domestication has resulted in more than 1.000 existing
breeds with varying levels of productivity, product qual-
ity, feed conversion and other economically important
characteristics [4].

Thermoregulatory mechanisms allow animals to
adapt to different temperature fluctuations and tolerate
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significant deviations in air temperature. However, at
violation of the heat balance in cows, resistance and
productivity are reduced and there are significant changes
in behavioral responses compared to the normal state.
Functional abnormalities in the body of domestic animals
are possible due to too high and too low air tempera-
tures. Prolonged exposure to high or low temperatures
increases (or decreases) heart rate and respiration, activates
sweat glands, evaporation, reduces mobility, appetite, feed
conversion, feed nutrient intake, productivity and rest
duration [5].

Warming of light-ventilation curtains in winter is of
great importance when keeping cows in easily assembled
premises in countries with a temperate-continental cli-
mate, including Ukraine. It has been established that the
use of insulation of curtains with the use of polyvinyl
chloride can prolong for 13 days the permissible norms
of wind speed indoors and more effectively protect animals
from the environment at different categories of wind speed,
as well as reduce indoor air speed by 11.68-21.74% com-
pared to uninsulated rooms of different configurations
and heights of longitudinal walls [6].

The purpose of this work was to study the effect of
heat insulation elements use of side curtains made of
polycarbonate material in easy-to-assemble barn during
the period of low temperatures on indicators of micro-
climate, resting place temperature, energy outgoings for
thermoregulation and behavior of cows.

LITERATURE REVIEW

The influence of weather factors on the welfare and pro-
ductivity of cows has been studied in the vast majority
in terms of high temperatures [7]. The influence of cold
on the body mostly been studied in beef cattle or dairy
cattle under conditions of year-round grazing [8]. How-
ever, in recent decades, due to global climate change
trends in Central and Eastern Europe there have been
increasing winter temperature fluctuations that have
had a negative impact on the welfare of dairy cows [9].
These processes cause great losses to agricultural pro-
ducers due to reduced productivity and irrational use of
feed resources [10].

The value of ambient temperature has a funda-
mental influence on the functioning of dairy cattle [11].
S. Angrecka found that thermo-neutral for the body of
dairy cattle is the temperature in the range from -5 to
25°C [12]. ). West states that a change in temperature
in the range from -0.5 to +25°C does not affect the
productivity of cows [13]. Most breeds are quite sen-
sitive to higher and lower temperatures in this range.
A.Yanez-Pizana in his research indicates that dairy cattle
and Water Buffalo are able to produce milk at tempera-
tures up to-30°C under conditions of limiting the effects
of wind and precipitation [14]. A. Yurchenko report that
Yakut cattle found above the Arctic Circle and are able
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to adapt to too low temperatures (up to-50°C) [4]. Under
conditions of thermo-neutral temperature, the body spends
minimum amount of energy to maintain life or balance
with the environment. Nonetheless, the amount of heat
lost is equal to the amount of produced heat. In the mea-
sure of moving away from the optimum temperature in
the direction of its reduction, energy exchange and the
level of heat production increases, which leads to irra-
tional feed costs and a corresponding decrease in feed
conversion [15-17]. Cold weather affects the physiological
characteristics and behavior of cattle [1]. The sympathetic
nervous system causes three main physiological responses
to cold stress: increased heat production metabolism,
increased heart rate, and mobilization of free fatty acids for
metabolism [18]. Behavioral responses to low tempera-
tures can be divided into two categories: the animal's
search for a warm, comfortable place to rest to reduce
the effect of temperature and change the duration of
basic behaviors [19].

F. Duranovich report about the negative effects
of prolonged cold load on cows’ bodies. Studies in New
Zealand under pasture conditions indicate significant
changes in behavior and productivity during the low
temperature period [20]. The duration of lying and grazing
in cows decreased compared to the thermo-neutral period.
One of the solutions to this issue, along with genetic

NORTH

a) ><
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and feeding factors, are the factors of modernization of
the premises, which would take into account the pecu-
liarities of seasonal sharp changes in the main weather
indicators [21]. Such factors include the installation of
fans and irrigation systems, installation of canopies on
feedlots in summer and heat insulation of premises in
winter [12; 22].

MATERIALS AND METHODS
Climate and Barns

The research was conducted in the central part of Ukraine
(Kyivregion 49 °51°27" North latitude, 30 °6'36" East lon-
gitude). Two easy-to-assemble barns with a loose housing
of 400 cows were used for the research. Parameters of
placements (LxWxH): 150x32x10.5 m. The first one was
without use of heat elements of curtains, and the second
analogous one was with heat elements of longitudinal
walls by polycarbonate glass (Fig. 1). One section of poly-
carbonate glass (Carboglass, Ukraine) has parameters:
5x1.85x0.01 m. Sections of polycarbonate mounted to
internal parties of vertical metal designs for the period
of low temperatures (November-March) in the plane of
lateral curtains. The transparency of polycarbonate glass
is 86%. The material has high thermal heat insulation,
sound heat insulation (17 dB) and impact resistance
(900 kl/m?) properties.

Polycarbonate

/ glass and light
curtains

Hil

Figure 1. Easy-to-assemble premises without (a) and with (b) elements of heat insulation

The research was conducted during January-Feb-
ruary (29-43 days of the year) 2021. This period char-
acterized by low average daily temperatures of -12.2-
-18.7°C, strong wind gusts and daily precipitation in
the form of snow. The duration of daylight during the
experimental period ranged from 9 hours 11 minutes to
9 hours 57 minutes.

Measurement Methodology

The average daily air temperature, relative humidity,wind
speed and precipitation were determined according to
the Kyiv Center for Hydrometeorology. The temperature and
relative humidity were measured by VOLTCRAFT DL-141
sensor (Germany) with a measuring range for tempera-
tures from -40 to +70°C and relative humidity from O to
100%. The sensors were placed in the zone occupied by
cows 0.5 m above the floor.All the measurement results
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were recorded automatically every 10 min. The wind speed
inside the barn was determined by wind speed and di-
rection sensor TFA WeatherHub (TFA, China). The cows
skin surface temperature was determined in two places:
on rumen and in the region of the last inter costal space
by using a remote infrared thermometer Thermo Spot-
Plus (Germany). The temperature at the resting place
as well as under the lying cow was determined by the
thermometer A36PF-D43 (USA). Costs of energy for heat
production were calculated according to the methods
of C.T.Kadzere [23]. Cow’ behavior was determined by using
indoor security cameras. 8 Hikvision cameras (Full HD)
were installed in both barns. With an interval of 2 hours
recorded the number of cows that lie, stand, consume
feed and drink water. Recreation areas in both rooms were
equipped with rubber carpets produced by Kraiburg (Ger-
many). Daily application of cereal straw is 2.0 kg per 1 head.




Animals

Holstein cattle cows (93-118 days of lactation) used to
study the main behavioral indicators. The location of the
sections in which the cows were housed in both buildings
was similar. In the room without the use of heat insulation
elements, the number of groups was n=88,and in the room
with heat insulation elements made of polycarbonate
glass n=85.

Calculation of and wind chill temperature index and cold
stress index

The wind chill temperature index (WCT) was calculated
according to C. Tucker [24]. This index helps to evaluate
the effect of low air temperature in combination with
the wind speed on the cold stress of animals:

WCT=13.12+0.6215-T, -13.17-V°1+0.3965-T  -V*1¢ (1)

where: WCT - wind chill temperature, °C; T, - air tem-
perature, °C; V - wind speed, km h%,

The cold-stress index (CSI), which indicates the
level of animals stress resistance to sharp wind speed
and precipitation, was determined by the J.R. Donnelly
method [25]:

CSI=[11.7+(3.1-WS 0.5)]-(40-T)+481+R (2)
where: CSI - cold-stress index, MJ/m?/h; WS - mean daily
wind speed, m s; T - is the mean daily temperature, °C.

R=418- (1-e9%.rin) (3)

where: rain is the total daily rainfall in millimeters; e -
natural logarithm = 2.718.
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Statistical Analysis

The obtained data were statistically processed using
STATISTICA (Version 11.0,2012) software. The Student’s
t-test was used to estimate the statistical significance
of the obtained values. Data were considered significant
at P<0.05, P<0.01, P<0.001.

RESULTS AND DISCUSSION

The results of research showed the influence of the use
of polycarbonate heat insulation elements on the aver-
age daily values of air temperature, relative humidity
andwind speed inthe premise (Table 1).These figures per
3.2°C; 0.2% and 0.18 m/s were dominated the similar
results obtained in the placement without the use of heat
insulation elements. Comparing the indicators of the
microclimate in the rooms with environmental weather
conditions, the largest difference found in terms of wind
speed. In the rooms without the use of heat insulation
elements, the difference was - 10.86 m/s, while in the
premises with the use of heat insulation elements -
11.04 m/s compared to the average environmental tem-
perature. Indicators of air temperature in the studied
premises were respectively higher by: 5.6 and 8.8°C com-
pared to ambient temperature. Regarding the relative
humidity, the difference with the environmental indicator
constituted 8.4% in the rooms without heat insulation
elements, and in the insulated premise 8.6%.

Table 1. Indicators of air temperature, relative humidity and wind speed of the environment and premises

Environment

Easy-to-assemble premises

Easy-to-assemble premises with
elements of heat insulation

Indicators
Mean# Min Max Mean# Min Max Mean# Min Max
SEM SEM SEM
Temperature,°C  -15.9:017 -122  -187  -103¥008"  -59  -127  -712006"  -48  -9.8
Relative humidity, % 94.3:5.56 881 980 859219 776 90.8 85.7+2.74 795 927
speedofwind =4y cug7 73 158 074%005M 062 0.85 0560031 048  0.64

movement, m/sec

Note: SEM: standard error of mean; 7P<0.001 as compared with environment; "P<0.01; “'P<0.001 as compared

with easy-to-assemble premises

The results of research coincide with the data ob-
tained in the studies of S.Angrecka conducted in Poland,
which showed a significant temperature decrease in the
premise of the easy-to-assemble type during prolonged
negative temperatures during winter [26]. F.K. Teye in
their studies conducted in Estonia and Finland indicate
a decrease in daily air temperature in barns to-20°Cand
below during periods when the ambient temperature
was below -30°C [27]. A group of researchers obtained
similar research results from China Z. Cao, who indicate

a decrease in air temperature in easy-to-assemble prem-
ise (from -0.97 to 8.10°C) during the period when the
ambient temperature was -20°C and below [28].
Among the weather factors that affect the com-
fort and well-being of cows during the year is wind speed.
In winter, at negative temperatures, gusts of wind can
lower the temperature of air masses, which in turn af-
fects the productivity, energy outgoings for thermoreg-
ulation and animal behavior. Research coincides with data
obtained by P. Herbut, which indicates an increase in wind

Scientific Horizons, 2021, Vol. 24, No. 5

49



50

Behavior and energy losses of cows during the period of low temperatures

speed in rooms with side curtains during periods of low
temperatures [29].

The greatest influence on the duration of animals
rest,along with the nature of the kennel (hard or elastic
coating, the presence or absence of litter, clean or dirty,
dry or wet) and the type of litter, the heat capacity of
litter material has. When the animal is lying down, %3 part
of the surface of its body is in contact with the floor, so
the kennel should be warm enough. Heat losses through
the floor are 12-20% of the total heat losses of the room
and depend on the thermo-physical characteristics of the
floorand bedding material.Thetemperature indicators of
rubber carpets did not differ from the average daily tem-
perature in the premises (Table 2). Thus, in the premises

without heat insulation elements the difference was +0.1°C,
and in the premises with heat insulation elements: +0.2°C.
The temperature difference of the carpets between the
actual premises was significant: +3.3°C in the premises
with heat insulation elements compared to a room with-
out heat insulation. Body and skin temperature of dairy
cows vary depending on weather conditions, microclimate
parameters, as well as options for keeping animals and
the type of litter material. In research, the influence of
heat insulation elements on the skin temperature during
low temperatures has been established. In the room
with the use of heat insulation elements, the value of
this indicator was 0.4°C higher compared to the control
premise.

Table 2. Indicators of temperature of places of rest, skin of animals and energy outgoings for heat production

Easy-to-assemble premises

Easy-to-assemble premises with elements
of heat insulation

Indicators
Mean:SEM Min Max Mean+SEM Min Max
Temperature of 10 540,08 -5.6 123 -6.9£0.06™ 4.4 -9.5
rubber carpet, °C
Temperature of 28.80.11 28.2 29.3 30.2¢0.14™ 29.5 30.8
animal’s skin, °C
Temperature
under the lying 20.3£0.09 189 21.6 221012 21.6 228
cow, °C
Energy forheat ¢ 37,4 79 5471 54.03 52.44%0.5% 52.61 52.32
production, MJ
Wind-Cold -13.41%0.34 -16.11 -10.02 -9.14%0.21" 11.39 6.85
index, °C
Cold-Stress 15471417541 1502.56 1535.08 1454.83£12.98' 1436.77 1471.54

index, MJ/m%*/h

Note: 'P<0.05; “"P<0.001 as compared with easy-to-assemble premises

Heat losses through the floor are 12-20% of the
total heat losses of the room and depend on the ther-
mo-physical characteristics of the floor and bedding
material. It is quite irrational for an animal to lose the
energy of fodder for the creation and use of thermal
energy, for heating the kennel, instead of converting it
into milk. At low temperatures, cows increase the outgo-
ings of physiological heat. When these outgoings exceed
100 kcal/h (0.418 MI/h), then during 12 hours (average
duration of rest of the cow in the supine position) they
are equivalent per caloric content of 2 kg of milk. The value
of the temperature under the lying cow in the cold pe-
riod quantitatively demonstrates the energy outgoings
intended for thermoregulatory processes for heating the
rest area. The difference between the premises with heat
insulation and without it constituted +1.8°C.

Prolonged low average daily temperature causes
an increase of energy outgoings for heat production. En-
ergy outgoings for evaporation, radiation and convec-
tion directly related to ambient temperature and have

Scientific Horizons, 2021, Vol. 24, No. 5

a significant impact on the behavior and productivity of
cows. It was found that in the room with heat insulation
elements; the average daily outgoings of exchange en-
ergy for heat production was 1.93 MJ lower than in the
room without heat insulation.

Indicators of wind-cold (WCT) and cold-stress (CSI)
indices assessed the effects of low temperatures in combi-
nation with air velocity and precipitation on cold stress.
The value of WCT evaluates the effect of low tempera-
tures combined with the speed of indoor air movement
on productivity, comfort and housing behavior of cows.
It was found that in the premise with heat insulation
elements, the average WCT value was 4.27°C higher
than in the premises without heat insulation elements.
Knowledge of CSI allows you to consider how wind speed
and quantity of weather elements, which are the main
factors in the perception of objective temperature, influ-
ence on the productivity and behavior of cows. In prem-
ise with heat insulation elements, the CSI value was
80.37 MJ/m?/h lower than in the premise without the




use of heat insulation elements. The dependence of in-
door air temperature and basic behavior indicators has
been established (Table 3). Thus, during the period of
maximum low-temperature load from 00.00 to 06.00,
the vast majority of animals in both rooms rested lying
down. In the premise without heat insulation elements
(temperature range from -11.7 to -12.4°C), the num-
ber of cows that rested during this period ranged from
56.81% to 78.40%. Whereas in the premise with heat

Borshch et al.

insulation elements (temperature range from -8.5 to

-9.8°(), this value constituted from 60.04% to 88.23%.

It is believed that for maximum milk production in two
hours after the distribution of feed cows should rest in
lying position. In studies, the number of cows resting in
lying position at 10.00 am and 20.00 pm in the premise
with heat insulation was 15 and 4 heads higher than in
the premise without elements of heat insulation.

Table 3. Monitoring of ethological indicators during the period of low temperatures

Easy-to-assemble premises (n=88)

Easy-to-assemble premises with elements of heat
insulation (n=85)

Hours Air Consume Air Consume
temperature, Lay Stand feed and temperature, Lay Stand feed and
°C drink water °C drink water
00.00 -11.7 69 11 8 -8.5 75 6 4
02.00 -12.3 57 26 5 -9.2 60 19 6
04.00 -12.7 50 22 16 -9.8 51 8 26
06.00* -12.4 - - - -9.5 - - -
08.00f -11.2 6 17 65 -8.9 4 12 69
10.00 -9.5 22 20 46 -71 37 9 39
12.00 -6.2 41 14 33 -6.0 44 5 36
14.00 -5.9 43 17 28 -4.8 44 11 30
16.00* -7.1 - - - -5.3 - - -
18.00¢ -8.4 4 23 61 -6.1 3 15 67
20.00 -10.2 39 15 34 -7.0 43 6 36
22.00 -10.8 51 8 29 -7.9 57 3 25

Note: # - periods of cows’ milking; ¥ - time of forage distribution

Rest of cows in the lying position together with
feed consumption is the main ethological indicators, the
value of which indicates both positive and negative signs
of housing technologies. Data do not coincide with the
data of C. Muller [30] and A.D. Fisher [31], who report
that at low temperatures the duration of lying cows de-
creased. The results of study coincide with the data of
D.C. Adams, who found that at low temperatures, both
feed activity and the duration of food intake decrease
slightly [32]. However, M. Vaculikova in their studies con-
ducted in the Czech Republic report about increase in
the number of cows lying in periods of lower tempera-
tures [33].D. Lovarelli in the study conducted in northern
Italy (Lombardy) also indicate an increase in the duration
of rest in lying position in cows during periods of low tem-
peratures (2.56-10.14°C) compared to the thermo-neutral
period [34].

CONCLUSIONS

The use of polycarbonate wall heat insulation elements
had a positive effect on the microclimate in the premises

during the period of low temperatures. The average daily
air temperature in the room was 3.2 and 8.8°C higher
compared to the temperature in the similar room with-
out the use of heat insulation elements and the envi-
ronment. The wind speed during the period of low tem-
peratures was lower by 0.18 and 11.04 m/s, respectively,
in comparison with the values of the environment and
premises without heat insulation elements. Heat insu-
lation of the walls influenced on the temperature under
the lying cow (+1.8°C), energy outgoings for thermo-
regulation (-1.93 MJ) and the number of cows that lay
in the period of the lowest temperatures (+3.23-9.83%)
compared to the barn without heat insulation elements.
It was found that in the premise with heat insulation
elements, the average WCT value was 4.27°C higher
than in the premises without heat insulation elements.
In premise with heat insulation elements, the CSI value
was 80.37 MJ/m?/h lower than in the premise without
the use of heat insulation elements.
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MoBepiHKa Ta eHepreTUYHi BTpaTh y KOpiB YNpPoaoBXX nepioay HU3bKUX TeMnepaTyp

Onekcanap OnekcaHaposud bopu, Onekcanap Bacunbosuu bopuw, KOpiit OnekciitoBuuy MalukiH,
Bacunb BiktopoBuu ManuHa, Makcum Mukonaitosuy ®MenopueHKo

BinouepkiBcbknit HauioHanbHWIA arpapHUit yHiBEpCTUTET
09117, CobopHa nnowa, 8/1, M. bina LlepkBa, YkpaiHa

AHoTauif. Y TBapMHHMLTBI YKpaiHM 3a ocTaHHi 20 pokiB aKTMBHO BNPOBAAXYHOTbCS Nerko30ipHi NpuMilLeHHs ans
YTPUMMAHHA MONOYHOI Xyao6u. [TpoTe B yMOBaX MOMipHOro KNiMaTy (3 YOTMPMa YiTKO BUPAXKEHUMU CE30HAMU POKY)
NMUTAHHS MIKPOKNiMaTy, BUTPAT eHeprii TBapnHaMm Ta IXHbOI NOBEAIHKM YNPOAOBX XONOAHOr0 nepiody poky 3a
YTPUMMaHHS y TaKMX NPUMILLEHHSX MOBHICTIO He BMBYeHi. MeTot Li€i po6oTM Byno BUBYMTU BNAMB BUKOPUCTAHHS
eNeMeHTIB yTenneHHs 6OKOBMX WTOP y Nerko3bipHOMy KOPiBHWMKY MpOTArOM fepiofy HM3bKMX TemrepaTyp Ha
MOKa3HWKM MiKPOKiMaTy, BUTPAT eHeprii Ha TepMoperynaLito Ta noBeaiHKy kopi. [locnigKeHHs NpoBOAWIM Y LEHTPaNbHIN
yacTuHi Ykpainm (KuiBcbka 061acTb) NpoTarom civHs-ntotoro (29-43 aHi poky) 2021 poky. Lleit nepion xapaktepu3yBaBcs
HW3bKMMU cepeaHbof000BMMYK TeMNepaTypaMmn-12,2--18,7 °C cunbHUMKU NOPUBAMU BIiTPY Ta WOAEHHUMM OMAaMK Y
BUINSAI CHiry.Ang nocnigkeHb BUKOPUCTOBYBaNM ABa Nerko3bipHux kopisHuka Ha 400 ronie. [lapameTpu npuMmileHb
(OxLLxB): 150x32x10,5 Mm.TepLunit 6€3 BUKOPUCTAHHAM ENEMEHTIB YTEMIEHHS LWTOP,a APYrMiA aHANOTiYHWIA 3 eNeMeHTaMm
yTenneHHs. BctaHoBNEHO, WO BUKOPUCTAHHS €NEeMEHTIB YTeNNeHHS CTiH i3 NonikapboHaTy NO3MTUBHO BMJIMHYNO Ha
MOKa3HMKM MiKpPOKiMaTy Y NPUMILLEHHI MPOTArOM Mepioay HU3bKMX TemnepaTyp. Moka3HWKKM cepeaHbopob0BOi
TeMmnepaTypu NoBiTps y NpuMileHHi bynm Ha 3,2 Ta 8,8 °C BULWMMM NOPIBHAHO 3 TEMMNEPATYPOIO B aHANOTYHOMY
NpUMilLeHHi 6e3 BUKOPUCTAHHS eNeMeHTIB yTenaeHHs Ta HAaBKOMMILHBOTO cepefoBumLa. LLIBUAKICTb pyXxy BiTpa Takox
Bigpi3Hanacb Ha 0,18 Ta 11,04 M/c BianoBigHo. [1o TOro X yTenneHHs CTiH BNAMHYI0 HA NOKAa3HMK TeMnepaTypu nig
nexavoto koposoto (+1,8 °C), BUTpaTu eHeprii Ha Tepmoperynauito (-1,93 M) Ta KinbKiCTb KOpiB, KOTpi nexanu y
nepiof MakCMManbHO HU3bKMX TemnepaTyp (+3,23-9,83 %) NopiBHAHO 3 NpUMiLLEeHHAM 6e3 eNeMeHTIB yTenneHHs.
Mpy1 LbOMY MOKA3HMKM TEMMepaTypu MaTpauis Bynu BULWMMHK Bif, cepeaHboi ,060B0i TEMNepaTypu HaBKOMULIHLOIO
cepenosuwa nuwe Ha 0,1 °Cy npumilieHHaX 6e3 yTenneHHs, a y NpUMILLEHHSX 3 eneMeHTamu yTenneHHs Ha 0,2 °C.
Pi3HMUS TeMnepaTypu MaTpaLiB MiXX NpuMilLeHHSIMM Byna cyTTeBO: +3,3 °Cy NPUMILLEHHI 3 eN1eMeHTaMu yTenneHHs
MOPIBHSHO 3 MPUMIiLLEHHAM 6e3 yTenneHHs

KntouoBi cnoBa: MonoyHa xyno6a, XxonogoBumi cTpec, nerko3bipHi NpuMiLLEHHS, BITPDO-XON0A0BMI iHAEKC, XON040-CTPECOBUM
iHoeKc
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of the origin of cows by father on the variability of milk yield and yield
of milk fat and protein was 20.3-30.3% (up to P<0.001), the content of
fat and protein in milk decreased to 13.2-20.0% (P<0.01 and P<0.05), and
according to the reproductive capacity features - to 7.8-19.0% with an
unreliable level of statistical significance. Prepotent as to milk yield are
bulls Legal 61929249 and Headline 114114336, as to the content and yield
of milk protein - Legal 61929249. Cows of the related group bred from
the bull Observer 553236 are characterised by the highest milk yield and
yield of milk fat and protein for both the first and best lactation, and cows
of the related group bred from Surville 604694 are characterised by the
worst yield. The influence of belonging to a related group on the studied
features was several times lower (0.2-10.5%) compared to the influence
of paternal origin. With an increase in the milk yield of cows over the first
lactation, there is a stable and substantial decrease in the reproductive
capacity coefficient due to the lengthening of the service period between
the first and second calving. Such natural antagonism does not imply the
goal of increasing the duration of the service period to obtain maximum
milk yields for firstborn cows, since this will lead to a decrease in the yield of
calves and render timely replenishment of the herd impossible. It is optimal
to milk the firstborn up to 8 tonnes over 305 days of lactation while maintaining
a satisfactory reproductive level
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INTRODUCTION

Jersey cattle are described by high productive qualities
and are the world's best dairy breed in terms of fat and
protein content in milk. This breed is quite common in
England, New Zealand, Australia, Denmark, and several
other countries [1-3]. The world has accumulated a certain
positive practice of purebred breeding of Jersey cattle
and its cross-breeds with other dairy breeds [4; 5]. The
Jersey breed has been a source of valuable heredity,
which determines exceptionally high levels of fat and
protein content in milk and payment for feed with prod-
ucts, which depends on the correct choice of the breeding
bull [4; 6].

The use of biotechnological methods of sperm
cryopreservation and artificial insemination substantially
expands the opportunities for unleashing the potential
of breeding bulls of any breed. One breeding bull can yield
over 50 thousand offspring, while high-value cows can
yield 7-10 offspring in a lifetime. The decisive role in the
breeding process belongs precisely to breeding bulls,
since they account for about 90% of the breeding effect [7].

The extensive use of improver bulls evaluated by
the offspring allows creating highly productive herds,
consolidated in terms of milk productivity, fertility, and
duration of economic use. Therewith, breeding bulls are
described by unequal stability of transmitting economi-
cally useful features to their daughters in their certain
mutual combination, and even more so - in the desired
one [8; 9].

Current trends in milk production require constant
work to improve the genetic potential of cattle, which is
achieved by increasing the level of milk yield, as well as
its fat and protein content. Animals with modern milk
production technology should have good reproductive
capacity and long-term productive use. To achieve these
goals, modern breeding programmes focus on functional
compliance and productive life of the cow. One of the
most effective methods of improving the breeding and
productive qualities of dairy cattle is the use of prepotent
improver bulls [10; 11].

Important elements of the intra-breed breeding
structure are lines or related groups. The dynamism and
replacement of some genealogical formations of the breed
with others that are more promising and more valuable
in breeding terms allows adjusting the breeding pro-
cess with each herd individually. The development and
improvement of any breed is largely conditioned upon its
genealogical structure, the use of bulls from different
related groups. Breeding along lines is considered the
highest form of stock breeding and one of the methods
of genetic improvement of herds and breeds. It enables
an effective use of breeding bulls with high breeding value,
which steadfastly transmit the desired manifestation of
economically useful features to their offspring [12-14].

The purpose of this study is to establish the influence
of paternal origin and belonging to a related group (short
line) on the level of milk productivity and reproductive
capacity parameters of Jersey cows.
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MATERIALS AND METHODS

The object of this study is population-genetic patterns
of inheritance of economically useful features of Jersey
cows. The subject of this study is indicators of milk pro-
ductivity and reproductive capacity of cows.

The study was conducted at the farm “Dan-Milk”
of the Zhytomyrska Oblast. The farm fully maintains
livestock and breeding records, and has implemented
an automated information system called Uniform Agri.
Cows are milked at the “Parallel” milking unit. The cattle
are housed in yards with rest boxes. Diets are developed
depending on the physiological state and productivity
of cattle.

The genealogical structure of the herd is repre-
sented by the offspring of a considerable number of breed-
ing bulls of the Jersey breed. Among the breeding stock
imported from Denmark, the most numerous were the
groups of half-sisters bred from bulls Headline 114114336
(n=55), Legal 61929249 (n=15), D) Jante 302761 (n=15),
Karl 67037285 (n=20), and Vernon 115863998 (n=28).
The vast majority of cows and heifers are genealogically
assigned to related groups bred from bulls Fallneva 593883,
Surville 604694, and Observer 553236, represented by the
offspring of at least three breeding bulls.

Milk productivity was recorded by performing con-
trol milking (every decade during the first three months
and monthly until the end of lactation) and monthly
determination of the fat and protein content (%) in milk
(using the Ecomilk KAM-98.2A device). The study calcu-
lated lactation duration and milk production over 305 days,
or reduced lactation.

The degree of phenotypic consolidation of related
groups and prepotency of breeding bulls based on the
studied features was evaluated according to the coeffi-
cients proposed by the authors of this study in [14] C,
C, C,,, With their calculation using the following formulas:

C1=1—o04/0n C; =1—Cyy/Cvy 1)

Cavg = (Cl + CZ): 2 (2)

where o and Cv, are the standard deviation and vari-
ability coefficient of the estimated group of animals for
a particular feature; o, and Cv, are the standard deviation
and variability coefficient of the general population (herd).

The degree of influence of various factors (paternal
origin, belonging to a related group, milk yield level) on
economically useful features was determined through
the correlation of factorial and total variances using
single-factor analysis of variance. Three standard levels
of statistical significance were indicated using alphabetic
superscripts (2 - P<0.05,° - P<0.01, < - P<0.001).

Calculations were performed using mathematical
statistics methods using the STATISTICA-13.0 software
package on a personal computer.

RESULTS AND DISCUSSION

Breeding indices in bull catalogues do not always coincide
with the results of evaluation in farm conditions [15-17].
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Breeding progress can be achieved proceeding exclu-
sively from the evaluation results of breeding bulls in
the conditions of a particular herd. Regularities of cor-
related variability of features in the cows bred from breed-
ing bulls allow identifying improvers both in terms of
milk productivity and reproductive capacity [9; 12].
The farm “Dan-Milk” has established an intensive
milk production technology, which ensures increasing the
productivity of cows while neglecting extensive produc-
tion factors, namely increasing the number of breeding
stock at the expense of its herd replacements. The study

established that the intergroup difference between half-
sisters after the father was not identified only regarding
lactation duration, which is quite natural because this
feature is largely determined by paratypical factors. Sim-
ilar patterns were established in the studies of other
Ukrainian and foreign authors [13; 18; 19].

In the herd of the farm “Dan-Milk’, the study es-
tablished a substantial differentiation level in the main
economically useful features between groups of cows
(paternal half-sisters) bred from different bulls (Table 1).

Table 1. Reproductive capacity and productivity of cows bred from different bulls

Feature

Group of half-sister cows bred from:

Headline Vernon
114114336  Legal 61929249 DlJante302761 Karl 67037285 ., ooloo
First lactation
Number of cows monitored 55 15 15 20 28
>econd 279.940.45 278.8+0.80 278.4%1.20 278.1+1.14 280.340.57
pregnancy
Service period 1424925 147.6+19.96 129.5%15.69 133.2¢13.47 153.8+19.22
Duration Lactation 361.349.28 365.2£19.70 348.1+15.48 352.5%13.88 372.7+18.92
of periods, days: Interlactati
T eriod 61.00.63 61.2£0.92 59.741.14 58.8+1.08 61.40.93
Befl"";‘ici:];”d 422.3+9.23 426.4%19.90 407.8+15.45 411.4%13.72 4341%19.31
Reproductive capacity 0.8840.017 0.89+0.038 0.91#0.031 0.90%0.029 0.8840.035
coefficient (RCC)
Over lactation  9738+286.7¢ 9044+518.2°  10008+808.5° 7240 * 310.3 9556+516.6
Milk yield, kg
Over 305 days 82172064 7433+301.6° 8579+531.3 6211%137.2 7800+301.8¢
% 4.700.073 4.76+0.122 4.72%0.150 4430131 4.58+0.066
Milk fat:
kg 388.9+13.6¢ 353.8+17.11¢ 401.9+25.84¢ 273.9%7.52 357.4+14.91¢
% 3.73+0.043 3,740,071 3.74+0.089 3.55+0.096 3.69+0.058
Milk protein:
kg 308.0+9.17¢ 278.7+12.86¢ 317.9+19.19° 219.5%5.95 287.9+11.96¢
Higher lactation
Milk yield over 305 days, kg 8660+242.3 7890+369.5° 9419+582.5¢ 6790+149.8 8420+347.9¢
% 4.63+0.081 4.9240.097° 466+0.213 4.94%0.120° 4.71%0.126
Milk fat:
kg 399.3+12.45¢ 389.2%20.73b 431.9+27.47" 336.012.63 392.1%15.60¢
% 3.68+0.051 3.85£0.047° 3.67+0.109 3.87+0.075° 3.70+0.066
Milk protein:
kg 317.249.41¢ 303.6+14.75° 343.5+21.48° 263.147.94 310.6+12.91¢

Notes: @ - P<0.05," - P<0.01, ¢ - P<0.001

In general, a statistically reliable difference in
various levels of significance (from P<0.05 to P<0.001)
in milk productivity features between the cows of the
best bulls and the coevals of a worse breeder was found
in 17 cases out of 35, which is 49% of the total number
of compared pairs.

Milk productivity is the main breeding feature
of dairy cows, which forms an integral component in the
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calculation of selection indices [14; 20]. Therefore, the
study investigated the effect of paternal ancestry on milk
productivity features. A general biological pattern was
discovered - intergroup differentiation of cows of indi-
vidual breeder bulls. Moreover, the highest milk yield is
associated with the lowest indicators of fat and protein
content in milk, which is consistent with literature data -
an increase in milk yield often entails a decrease in fat and




protein content in milk and reproductive capacity [21-23].
The best milk productivity is noted among the cows bred
from bulls DJ Jante 302761, Headline 114114336 and
Vernon 115863998, who in terms of milk yield, milk fat
and protein yield for the first and best lactation reliably
(up to P<0.001) outperformed their coevals bred from
Karl 67037285, the worst bull according to these fea-
tures. In particular, the milk yield for the first lactation
of the cow bred from DJ Jante 302761 dominated its co-
evals from Karl 67037285 by 2768+866.0 kg or 38.2%,
over its first 305 days - by 2368%548.7 kg or 38.1%, ac-
cording to the yield of milk fat over 305 days of the first
lactation - by 128.0+26.91 kg or 46.7%, milk protein -
by 98.4%£33.58 kg or 44.8%. Over 305 days of better lac-
tation, this milk yield advantage reached 2629+601.5 kg
or 38.7%, milk fat yield - 95.9+30.23 kg or 28.5%, protein
yield - 80.4%22.90 kg or 30.6%.

According to the quality indicators of milk, the
intergroup difference for various lactation periods turned
out to be multidirectional. As for fat and protein content
in milk over 305 days of the first lactation of the cow bred
from the worst breeder in terms of firstborn's milk yield
Karl 67037285 are inferior to their coevals from the rest
of the compared bulls at a close to statistically significant
level.In particular,the cows bred from Headline 114114336
are superior in fat content by 0.27+0.15% and in protein
content - by 0.18%£0.105% for P<0.1. But on the other
hand, for the best lactation in terms of milk yield, cows
bred from Karl 67037285 have the highest content of fat
and protein in milk with a statistically significant (P<0.05)
difference over their coevals from Headline 114114336.
Among the firstborns, the cow bred from the bull Legal
61929249 is characterised by the highest content of fat
and protein in milk. In most cases, comparison of group
averages confirms the inverse correlation variability of
quantitative and qualitative features of dairy productivity
of cows.

The highest indicators of fat and protein content
in milk were noted in the cows bred from the bull Legal
61929249, the lowest - from the bull Karl 67037285.
That is, it was not possible to simultaneously identify the
improver in both qualitative and quantitative features
because, quite naturally, an increase in the level of milk
yield entails a decrease in milk quality features. There-
with, the cows bred from the bull Karl 67037285 are
described by both the lowest milk yield and the lowest
fat and protein content in milk, which indicates the inex-
pediency of reusing this bull (P<0.05, P<0.01, P<0.001).
The results obtained indicate a substantial difference
between the cows bred from different bulls of the farm
“Dan-Milk” and allow identifying the best concerning milk
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productivity. The best indicators of milk productivity were
noted among the cows bred from bulls DJ Jante 302761
and Headline 114114336 of the Observer 553236 line.
Therefore, it is promising to use breeding bulls of this line
in the selection plans for the breeding stock of the herd
under study, provided that close inbreeding is avoided.

The best indicators of milk productivity for higher
lactation were noted among the cows bred from bulls
DJJante 302761 and Headline 114114336, who reliably
(P<0.001) outperformed the cows bred by Karl 67037285
in terms of milk yield (by 2.628 and 1.870 kg, respectively),
milk fat (by 95.9 and 63.3 kg) and protein (by 80.4 and
54.1 kqg). In turn, the cows bred from the bull DJ Jante
302761 are also reliably superior (P<0.05) to the cows
bred from the bull Legal 61929249 in terms of milk yield
by 1.528 kg.The cows bred from the bull Headline 14114336
had the lowest rates of fat and protein in milk, demonstrat-
ing general biological feedback between milk yield and
fat content in milk. Therewith, they were inferior (P<0.05,
P<0.01) to the cows bred from the bulls Legal 61929249
(0.29% against 0.17%) and Karl 67037285 (0.31% against
0.19%) in these features.

Apart from milk productivity, the authors of this
study have investigated the features of reproductive ca-
pacity of the offspring of various breeding bulls as an
essential aspect of the development of modern dairy cattle
breeding. Several authors [24-27] report an increase in
the duration of lactation and a deterioration in the repro-
ductive capacity of cows due to the lengthening of the
service period. This is quite natural because animals need
more time to restore the functions of the genitals and the
normal course of their sexual cycle. The dependence of
reproductive qualities on paratypical factors is confirmed
by other authors [28-30]. This study also confirms the
low level of genetic determination of cows'reproductive
capacity features. This is conditioned upon the lower heri-
tability of these features compared to dairy productivity.

There was no statistically significant difference
between the paternal half-sister groups in terms of re-
productive features (P>0.05). However, the cows bred from
the bull DJ Jante 302761 combine high milk productivity
with satisfactory reproductive features (Table 1), which
is confirmed by the result of its assessment according
to the quality of offspring (6.031 cows, the reliability of
the assessment is 99%, NTM - 5), given by the Jersey
Cattle Association [31; 32]. That is, this breeder is an
improver of milk yield and reproductive capacity.

Univariate analysis of variance confirms the effect
of the parental origin of cows on individual features
of reproductive capacity investigated by comparison of
group averages (Table 2).
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Table 2. Impact of (n *S.E., %) origin by father on the studied features of cattle

Feature F. P n *S.E., %
Number of degrees Factorial 21
of freedom: Random 145
First lactation
Second pregnancy 1.62 0.0517 19.0+0.14
Service period 0.72 0.8066 9.5+0.14
D“rat'oga‘;fsf’e”"ds’ Lactation 071 0.8224 9.3+0.14
Interlactation period 1.21 0.2471 15.0+0.14
Between | and Il calving 0.72 0.8110 9.4%0.14
Reproductive capacity coefficient 0.58 0.9237 7.8%0.14
Over lactation 1.76 0.0286 20.3%0.14
Milk yield, kg
Over 305 days 3.00 <0.0001 30.3£0.13
% 1.05 0.4040 13.2+0.14
Milk fat:
kg 2.53 <0.0001 26.8+0.13
% 1.47 0.0951 17.6*0.14
Milk protein:
kg 297 <0.0001 30.0£0.13
Higher lactation
Milk yield over 305 days, kg 2.35 0.0010 25.4%0.14
% 1.73 0.0321 20.0+0.14
Milk fat:
kg 1.60 0.0558 18.8+0.14
% 1.60 0.0568 18.8+0.14
Milk protein:
kg 1.79 0.0247 20.6%0.14

Notes: F is Fisher's criterion, P is probability

The basis of selection is to assign the evaluated
improver bulls to the breeding stock to obtain highly
productive offspring. In most cases, the conducted studies
revealed a statistically significant level of intergroup
differentiation of paternal half-sisters based on the fea-
tures of cows' milk productivity, which proves the effec-
tiveness of breeding Jersey cattle by using the identified
improvers to obtain highly productive offspring in the
next generation.

A higher (20.3-30.3%) and statistically significant
(up to P<0.0001) level of heredity was observed in the
firstborn by milking and yield of milk fat and protein, as
well as by milking the best lactation over 305 days. As
for fat and protein content in milk, the strength of the

Scientific Horizons, 2021, Vol. 24, No. 5

paternal influence decreases to 13.2-20.0% with a lower
level of confidence (P<0.1 and P<0.05). According to
the reproductive capacity features, an even lower level
of heredity was established (7.8-19.0%) with an unre-
liable level of statistical significance. Greater breeding
value is represented by the improver bulls with stable
transmission of breeding qualities to offspring (pre-
potency), which is realised through a relative narrow-
ing of variability (consolidation) in groups of paternal
half-sisters [33; 34].

According to the features under study, the breed-
ers used in the herd are described (Table 3) according
to varying degrees of prepotence (up to C=0.684) or are
yeld (up to C=-0.336).




Polupan et al.

Table 3. Consolidation of paternal half-sister groups (breeder prepotence)

Feature Coefficient

Breeder prepotence:

Headline Legal DJ Jante Karl Vernon
114114336 61929249 302761 67037285 115863998
C, 0.133 0.011 -0.215 -0.150 0.206
second c, 0.136 0.010 -0.219 -0.155 0.209
pregnancy
o 0.134 0.011 -0.217 -0.152 0.207
C, 0.104 -0.169 0.204 0.316 -0.332
Service period C, 0.104 -0.128 0.124 0.270 -0.233
Duration of o 0.104 -0.148 0.164 0.293 -0.282
periods, days: C, -0.026 0.092 0.019 0.069 -0.096
Interlactation c, -0.014 0.106 0010 0.046 -0.076
period
» -0.020 0.099 0.015 0.058 -0.086
C, 0.104 -0.164 0.218 0.305 -0.336
between | and c, 0.106 -0.150 0.191 0.288 -0.297
Il calving

» 0.105 -0.157 0.205 0.296 -0.317
C, 0.089 -0.204 0.149 0.209 -0.288
Coefficient c, 0.083 -0.206 0.168 0.218 -0.302

of reproducibility
» 0.086 -0.205 0.158 0.213 -0.295
, 0.061 0.172 -0.263 0.674 0.020
Milk yield, kg c, 0.130 0.152 -0.120 0.600 0.044
» 0.095 0.162 -0.192 0.637 0.032
C, -0.082 -0.092 -0.164 -0.016 0.304
% c, -0.068 -0.065 -0.144 -0.064 0.295
» -0.075 -0.079 -0.154 -0.040 0.300

Milk fat
C, 0.050 0.047 -0.031 -0.117 0.075

Over 305 days
of the first kg c, 0.058 0.059 -0.020 -0.165 0.074
lactation

» 0.054 0.053 -0.025 -0.141 0.075
C, -0.096 0.169 -0.087 0.684 0.143
% c, 0.002 0.168 0.042 0.591 0.151
Milk C.y -0.047 0.168 -0.023 0.637 0.147
protein o -0.002 0.153 -0.095 0.660 0.068
kg c, 0.083 0.143 0.029 0.564 0.087
» 0.041 0.148 -0.033 0.612 0.077

As for pregnancy duration, a notable prepotence
was observed in breeder bulls Head-line 114114336
and Vernon 115863998, while DJ Jante 302761 and
Karl 67037285 were yeld. According to the coefficient
of reproducibility, the duration of the service period be-
tween 1t and 2" calving, the bulls Karl 67037285 and
DJ Jante 302761 can be attributed to prepotent, while
Vernon 115863998 and Legal 61929249 - to yeld ones.
In terms of the duration of the interpreg-nancy period,

all producers had low prepotency coefficients, which con-
firms its low genetic conditionality from the standpoint
of the planned regulation of the cows dry-off by the
livestock owner.

According to milk yield of the firstborn, the im-
prover bull DJ Jante 302761 is characterised by a higher-
than-average phenotypic variability of this feature in
cows bred from it, that is, it turned out to be yeld. Posi-
tive coefficients of milk yield consolidation are inherent
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in groups of paternal half-sisters bred from bulls Legal
61929249 and milk yield improver Headline 114114336,
which gives an additional selection advantage to the
latter. According to the content and yield of milk protein,
the bull Legal 61929249 can be considered prepotent,
and according to the content and yield of milk fat and
protein - milk yield improver Vernon 115863998. The
highest level of prepotency in terms of milk yield, milk
protein content and yield, as well as the duration of the
service period between the 1% and the 2™ calving, was
observed in bull Karl 67037285. However, given the
lowest milk yield of its cows for the first and highest
lactation and the lowest content and yield of milk fat
and protein of the firstborn (Table 1), that is, the high
prepotence of the aggravator, makes it highly undesirable
to continue using this breeder in the herd under study.
According to the reproductive features, the breeding
bull DJ Jante 302761 is recommended for further use in
the herd, which produces an improving effect on RCC,
the duration of the service period between calving with
a distinctive level of prepotency.

Phenotypic and genetic specificity constitutes an
important component of testing and further genetic prog-
ress of breeds and intra-breed formations (lines, fami-
lies, types) [33]. The study estab-lished a slightly lower,
compared to the paternal origin, but a significant effect
of belonging to a related group on the features of milk
productivity for both the first and highest lactation. The
obtained results are consistent with the literature data
on the statistically significant influence on the econom-
ically useful features of paternal origin and linear affil-
iation on the variability of features of live weight, milk
productivity and reproductive capacity of cows [34; 35].

Of particular interest is the average level of pre-
potency of breeding bulls used in the herd according
to individual characteristics. The average level of con-
solidation of the five investigated groups of paternal
half-sisters for the duration of the second pregnancy
was -0.003, the service period - 0.026, the interlactation
period - 0.013, the interpregnancy period — 0.026,and the
reproductive capacity coefficient - -0.009. On average,
according to these features, which to a certain extent
describe the reproductive capability of animals, the
prepotence of the evaluated producers was 0.011. This

confirms the low level of consolidation of intra-breed
selection groups according to reproductive features.
According to the milk productivity features, the degree
of consolidation of the related groups under study, as
well as groups of paternal semi-sisters, was higher. Ac-
cording to the milk yield of firstborns, the average level
of prepotency of the offspring was 0.147, according to
the fat content in milk - -0.010, its yield - 0.003, protein
content in milk — 0.176, milk protein yield - 0.169 (Table 3).
On average, per five milk productivity features of cows
over 305 days of the first lactation, the level of consoli-
dation of groups of paternal half-sister cows was 0.097,
which exceeded that for reproductive features by 8.8 times.
This can be explained by the priorities of selection for
dairy productivity.

A certain proportion of variability in the breed
should be determined by intergroup variability between
homogeneous and differentiated structural elements of
the breed. The offspring of a certain breeder belonging
to lines or certain related groups should be described
not only by a common origin, but also by the uniformity of
the manifestation of economically useful features [14;
15; 17]. Therefore, when evaluating cows of a particular
herd according to milk productivity features, it is necessary
to consider their genealogical structure [14].

Among the related groups whose breeders were
used in the herd under study,the most numerous in terms
of breeding stock were the offspring groups bred from
progenitor bulls Fallneva 5938833, Observer 553236,
and Surville 604694.The comparison of group averages
established a statistically significant level of intergroup
differentiation according to features of milk produc-
tivity, and a considerably lower level, unreliable in all
cases - according to considered fea-tures of reproduc-
tive capacity (Table 4). Cows of the related group bred
from Observer 553236 are characterised by the highest
milk yield and yield of milk fat and protein for both the
first and best lactation. They outperformed cows of the
worst related group bred from Surville 604694 for the
first lactation in milk yield by 1321£281.0 kg or 19.1%
(t,=4.70, P<0.001), by milk fat yield - by 68.2+16.79 kg
or 21.3% (t,=4.06, P<0.001), protein - by 54.0+12.30 kg
or 21.3% (t,=4.39,P<0.001).

Table 4. Reproductive capacity and productivity of cows of different related groups

Related Group:

Feature
Fallneva 5938833  Observer 553236 Surville 604694
Number of cows monitored 35 74 35
First lactation

Second pregnancy 280.1+0.52 279.5+0.43 278.5+0.68
Service period 154.0+16.91 137.8%7.62 141.5%12.68

Duration of periods, days: '”te’;fr’i:;‘?j“o” 60.9+0.84 60.6+0.53 60.2+0.72
Between | and 4341%16.95 417.3+7.60 420.012.70

Il calving
Reproductive capacity coefficient 0.88+0.03 0.89%0.01 0.89%0.02
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Table 4, Continued

Related Group:
Feature
Fallneva 5938833  Observer 553236 Surville 604694
Number of cows monitored 35 74 35
First lactation
Milk yield, kg 7559+262.42 8230+189.3¢ 6909+207.7
% 4.58+0.07 4.69+0.06° 4.62%0.09
Milk fat:
Over 305 days: kg 346.0+12.88 387.8£11.52° 319.6%12.22
Milk % 3.68+0.06° 3.73+0.04° 3.66*0.06
protein: kg 278.1+10.40 307.3+7.98° 253.3+9.18
Higher lactation
Milk yield, kg 8183+297.72 8768%218.3¢ 7419+237.3
% 4.690.12 4.64%0.08° 4.93+0.07
Milk fat:
Over 305 days: kg 380.6*14.33 403.8+10.977 366.4£13.63
Milk % 3.68+0.06° 3.68+0.05° 3.86*0.04
protein: kg 300.6+11.58 320.8+8.33° 286.2%9.61

Notes: ° - P<0.05,° - P<0.01,¢ - P<0.001

For higher lactation - by 1349£322.4 kg or 18.2%
(t,=4.18,P<0.001), 37.4+17.50 kg or 10.2% (t,=2.14, P<0.05),
34.6%+12.72 kg or 12.1% (t,=2.72, P<0.01). As for fat and
protein content in milk for the first lactation, the differ-
ence between cows of these related groups was insignif-
icant (+0.07%), and for the best milk lactation, animals
of the related group bred from Surville 604694, on the
contrary, prevailed over coevals of the related group bred
from Observer 553236 in terms of fat content by 0.29+
0.106% (t,=2.74,P<0.01) and protein - by 0.18+0.064%
(t,=2.81, P<0.01). Cows of the related group bred from
Fallneva 5938833 occupied an intermediate position in
most features of milk productivity for the first and highest
lactation.

Cows of related groups bred from Fallneva 593883
and Observer 553236 scored the best indicators of milk
productivity. There was no essential difference in the
features of milk productivity between them, which can
be explained by the commonality of their origin (Fall-
neva 593883 is bred from Observer 553236). This gives
grounds to recommend using breeders of both related
groups specified. Cows of the related group bred from
Observer 553236 have the shortest service and interpreg-
nancy periods and a higher reproductive capacity coef-
ficient, while cows of the related group bred from Fallneva
593883 have longer service and interpregnancy periods,
and a lower reproductive capacity coefficient. But the
intergroup difference in reproductive features was non-
essential and did not reach a statistically significant level.

Among the cows of the related group bred from
Observer 553236, the most numerous were the offspring
of Headline 114114336 and DJ Jante 302761 bulls, in the
related group bred from Fallneva 593883 - the breeder
bull Vernon 115863998, and in the related group bred

from Surville 604694 - breeder bulls Karl 67037285 and
Legal 61929249.

Variance analysis confirms the non-essential ef-
fect of belonging to a related group on the reproductive
features established by comparison of group averages
(Table 5). According to these signs, only the effect on
the phenotypic variability of pregnancy duration was
reliable or approached such - over the duration of the
interlactation period. Belonging to a related group also
has a low (2.0-2.4%) and unreliable (P>0.1) effect on the
fat and protein content in milk for both the first and best
lactation.

The specified genetic factor has a more substan-
tial (7.7-10.5%) and statistically significant (P<0.01...
P<0.001) effect on milk yield, milk fat and protein yield
in firstborn cows. According to these features, for higher
lactation, the effect decreases to 3.0 ... 6.5%. In general,
the influence of belonging to a related group on the
features under study was several times lower compared
to the influence of paternal origin.

The main feature of a line or related group is the
consolidation inherent in their representatives regard-
ing the economically useful features due to kinship and
directional selection, which makes them different from
others to a certain extent [16]. The authors of this study
have established that the values of the coefficients of
phenotypic consolidation of animals of various related
groups of the herd under study are described mainly by
positive values with slight variability. Ukrainian authors
have established the influence of leading genealogical
formations on the degree of phenotypic consolidation
coefficients, which directly affects breeding work with
the herd and provides the necessary uniformity and trend
of desired traits [16; 36].
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Table 5. Impact of (n **S.E., %) belonging to a related group on the variability of features in cattle

Feature F. P n*S.E., %
Number of degrees Factorial 2
of freedom: Random 151
First lactation
Second pregnancy 5.47 0.0051 6.8+0.01
Service period 0.17 0.8409 0.2+0.01
D“rat'°ga‘;z,pe“°ds’ Lactation 0.19 0.8302 0.2£0.01
Interlactation period 2.89 0.0587 3.7%0.01
Between | and Il calving 0.28 0.7585 0.4+0.01
Reproductive capacity coefficient 0.17 0.8479 0.2%0.01
Over lactation 6.28 0.0024 7.7%0.01
Milk yield, kg
Over 305 days 8.41 0.0003 10.0%£0.01
% 1.52 0.2230 2.0£0.01
Milk fat:
kg 7.19 0.0010 8.7%0.01
% 1.89 0.1548 2.4%0.01
Milk protein:
kg 8.82 0.0002 10.5%+0.01
Higher lactation
Milk yield over 305 days, kg 5.28 0.0061 6.5+0.01
% 1.77 0.1741 2.3%0.01
Milk fat:
kg 2.3 0.1033 3.0+0.01
% 1.72 0.1818 2.2%0.01
Milk protein:
kg 3.21 0.0432 4.1+0.01

Notes: F is Fisher's criterion, P is probability

A certain selection interest is the degree of con-
solidation of the evaluated related groups based on the
features under study. | was established (Table 6) that
on average, the related group Observer 553236 demon-
strates the greatest consolidation (Cw=0.058), slightly
lower - in the related group Surville 604694 (Cavg=0.038),
and the related group Fallneva 593883 demonstrates the
intra-group variability even slightly higher (Cavf -0.008)
than the total variability across the herd. The degree of

phenotypic consolidation of the related groups under study
substantially differs by groups of features describing
the reproductive capacity or milk productivity. According
to the reproductive features, the related group bred from
Observer 553236 also demonstrates a higher level of con-
solidation (C,, =0.084),the smallest (C, =-0.143) - inthe
group bred from Fallneva 593883, and in the related
group bred from Surville 604694 the intra-group pheno-
typic variability is almost identical to the total (Cavg=0.001).

Table 6. Degree of phenotypic consolidation of related groups

Breeder prepotence:
Feature Coefficient
Fallneva 5938833 Observer 553236 Surville 604694
(o 0.195 0.037 -0.049
Second pregnancy C, 0.198 0.038 -0.051
Duration of periods, Cag 0.196 0.038 -0.050
days: C, -0.310 0.142 0.018
Service period C, -0.212 0.113 0.011
g -0.261 0.127 0.014
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Table 6, Continued

Breeder prepotence:
Feature Coefficient
Fallneva 5938833 Observer 553236 Surville 604694
C, -0.096 -0.009 0.058
Interlactation c, -0.085 -0.003 0.057
period
Duration of periods, Cag -0.090 -0.006 0.057
days: c, -0.311 0.145 0.017
Between | and o -0.273 0.136 0.014
Il calving
g -0.292 0.140 0.016
C, -0.258 0.119 -0.034
Coefficient

C - -
of reproducibility z 0.273 0.122 0.030
g -0.266 0.121 -0.032
(o 0.047 0.000 0.246
Milk yield, kg C, 0.041 0.076 0.169
g 0.044 0.038 0.208
C, 0.216 -0.087 -0.095
% C, 0.206 -0.075 -0.100
g 0.211 -0.081 -0.097

Milk fat
C, 0.172 -0.077 0.214
Over 305 days c

of the first lactation kg 2 0.153 0.017 0.129
» 0.162 -0.030 0.172
C, 0.018 0.013 -0.054
% C, 0.014 0.021 -0.065
Milk Cory 0.016 0.017 -0.059
protein C, 0.093 -0.012 0.199
kg C, 0.081 0.072 0.109
g 0.087 0.030 0.154

As for dairy productivity,a higher level of consolida-
tion was observed, on the contrary, in the related group
Fallneva 593883 (ng=0.104), slightly lower - in the
related group Surville 604694 (Cavg=0.076), and in the
related group Observer 553236 it decreases on average
to negative values (Cavf -0.005). Therefore, with further
expanded use of cows of the most productive related
group Observer 553236, herd consolidation should not
be expected according to milk productivity features. It
can be achieved by searching for and using prepotent
improvers among the producers of this related group.

Of certain interest is the average degree of consol-
idation of the related groups under study based on their
separate features. For three related groups, the duration
of the second pregnancy was 0.061, the service period -
-0.040, the interlactation period —-0.013, the interpreg-
nancy period - -0.045, and the reproductive capacity
coefficient --0.059.

On average, according to these reproductive fea-
tures, the phenotypic consolidation amounted to -0.019.
This confirms the low level of consolidation of intra-
breed selection groups according to reproductive features.
According to the milk productivity features, the degree
of consolidation of the related groups under study, as well
as groups of semi-siblings by father, was higher. The av-
erage milk yield of firstborn was 0.097, the fat content
in milk - 0.011, its yield - 0.101, the protein content in
milk —=-0.009, the yield of milk protein — 0.090 (Table 6).
On average, per five milk productivity features of cows
over 305 days of the first lactation, the level of pheno-
typic consolidation of related groups was 0.058, which
substantially exceeded that for reproductive features.
The authors of this study tend to explain this by the
priorities of breeding for dairy productivity.

An essential biological and at the same time eco-
nomic criterion for the effectiveness of animals is their
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reproductive capacity [37-39]. This is a complex feature
that depends mainly on the duration of the service pe-
riod and the generalising indicator - the reproductive
capacity coefficient. It was proved that the factual pa-
rameters of the reproductive capacity of firstborn cows are

somewhat inferior to the optimal ones. Considering the
established natural antagonism of the milk productivity
and reproductive features, the study compared the group
average features describing the reproductive capacity
at different levels of milk yield of firstborns (Table 7).

Table 7. Reproductive capacity of Jersey cows with different milk yield of firstborns

Group according Number of cows

Duration of the period, days:

Reproductive

oft ;gsllatniestig monitored Il pregnancy Service period Inte;:ar?lt;tion Bem‘:ci:‘;nd c;:?;;iigt
Up to 7,000 31 276.9%0.78 93.5+5.81 58.2+0.81 370.4+5.85 0.99+0.015
7,001-8,000 34 279.9%0.56° 112.5%#10.10 60.60.90 392.4%10.19 0.95+0.021
8,001-9,000 41 279.5%0.63° 127.6+9.95° 60.5%0.69° 407.1%£9.93¢ 0.91£0.020¢
9,001-10,000 29 279.7%0.65° 162.0+13.26¢ 61.3+0.78° 441.7+13.10¢ 0.85%0.023¢
Over 10,000 32 279.8+0.61° 219.7£13.93%¢ 60.9+0.64 499.4+13.79¢ 0.75%0.020¢

Notes: ° - P<0.05,° - P<0.01,¢ - P<0.001

An increase in the duration of biological repro-
ductive periods led to a decrease in the reproductive
capacity coefficient. It was found that the increase in milk
yield of cows during the first lactation practically does
not affect the duration of pregnancy and the dry period,
except for their smaller value in animals with milk yield
up to 7,000 kg. This is conditioned upon the high bi-
ological constancy of the pregnancy duration and the
planning of the duration of the interlactation period by
the livestock owner. Therewith, a stable and substantial
decrease in the reproductive capacity coefficient due to
the lengthening of the service period between the first
and second calving was confirmed. Starting with milking
more than 8 tonnes, the deterioration of reproductive
features in firstborns acquires a statistically significant
level (P<0.01... P<0.001). Such natural antagonism does
not imply the goal of increasing the duration of the ser-
vice period to obtain maximum milk yields for firstborn
cows. The authors of this study believe that it is optimal
to milk the firstborn up to 8 tonnes over 305 days of lacta-
tion while maintaining a satisfactory reproductive level.

Notably, cows with the lowest milk yield level
among the general sample were also described by
a shorter pregnancy duration compared to more pro-
ductive animals (P<0.01, P<0.001). With an increase in
the milk yield level, there is a likely increase in the du-
ration of biological reproduction periods (service and
interpregnancy). It was established [40] that apart from
the milk productivity level, the reproductive features of
cows are affected by the management decisions of each
particular husbandry. Similar conclusions were also ob-
tained in studies by other authors [41].

Regression analysis confirmed a direct correlation
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between the milk yield of cows (Y) and the duration
of the service period (X), which is described by a linear
equation of the form y = 6443 + 18.3 x (Fig. 1) by the
coefficient of determination R?=0.974. This equation
describes 97.4% of cases. The presented histogram and
graph illustrate a stable direct correlation between milk
productivity and the reproductive capacity of cows. Ac-
cording to the established regression coefficient, the ex-
tension of the service period of cows by one day causes
an increase in milk yield by 18.3 kg.The inverse regression
equation (x over y) gives grounds to expect an extension
of the service period by 29 days, with an increase in
milk yield for every 1,000 kg. The trend line is reliable
and demonstrates a high degree of approximation (co-
incidence) to the factual data, expresses the share of
variation of the dependent variable determined by the
correlation coefficient, i.e.,how accurately the linear equa-
tion describes the data obtained in the experiment [42].

A linear model of milk yield changes over 305 days
with an increase in the duration of the service period is
also calculated. The equation has the form y = 8107 - 3.5x
for the determination coefficient R%=0.980. This equation
describes 98.0% of the sample cases.

As previously noted, increasing the milk yield for
lactation by extending the service period cannot be con-
sidered a selection purpose, since this entails a decrease
in the yield of calves and renders the timely herd replace-
ment impossible.Variance analysis confirmed a substan-
tial (up to 35.2%) and reliable (p<0.0001) effect of milk
yield of firstborn cows on the phenotypic variability of
the duration of service and interpregnancy periods and
the reproductive capacity coefficient (Table 8).




Polupan et al.

16000 300
14000 y = 6443 + 18.3x -
12000 Rz ) 0.974 ---------
Ry N
8000 T e :
6000 :
4000
2000 |
0 0
Milk yield, kg Service-period, days ~ ceeeeeee S

Figure 1. Correlation between milk yield of cows during lactation and the service period

Table 8. The strength of the milk productivity effect on the reproductive capacity of cows

Feature P n’*S.E,%
Number of degrees Factorial 4
of freedom: Random 162
Second pregnancy 3.65 0.0071 8.3+0.02
Duration of periods, Service period 20.01 <0.0001 33.0+0.02
days: Interlactation period 2.27 0.0637 5.3+0.02
Between | and Il calving 20.77 <0.0001 33.9+0.02
Reproductive capacity coefficient 21.97 <0.0001 35.2+0.02

Notes: F is Fisher's criterion, P is probability

CONCLUSIONS

The substantial influence of breeding bulls on the eco-
nomic utility features of the cows bred from them is
proved, as evidenced by a statistically significant in-
tergroup difference. Cows bred from DJ Jante 302761
(P<0.001) and Headline 114114336 (P<0.001) were de-
scribed by the best quantitative indicators of milk pro-
ductivity, while cows bred from Karl 67037285 were the
worst. The highest indicators of fat and protein content
in milk were noted in the cows bred from the bull Legal
61929249, the lowest - from the bull Karl 67037285.
Paternal half-sisters bred from the bull Karl 67037285
are described by both the lowest milk yield and the
lowest fat and protein content in milk, which indicates the
inexpediency of further use of this bull (P<0.05, P<0.01,
P<0.001). A substantial intergroup difference between
half-siblings and fathers was also confirmed by univariate
analysis of variance - the strength of the effect on milk
fat and protein yield was 20.3-30.3% (up to P<0.001),
for the content of fat and protein in milk - 13.2-20.0%
(P<0.1 and P<0.05), for reproductive capacity features -
7.8-19.0% with an unreliable level of statistical significance.

Positive coefficients of potency for milking are
inherent in bulls Legal 61929249 and milk yield im-
prover Headline 114114336, which gives an additional
selection advantage to the latter. According to the con-
tent and yield of milk protein, the bull Legal 61929249
can be considered prepotent, and according to the content
and yield of milk fat and protein — milk yield improver
Vernon 115863998. The highest level of prepotency for
most features was the aggravator bull Karl 67037285,
which makes it highly undesirable to continue using this
breeder in the herd. The generalised consolidation co-
efficient for milk productivity features was 0.097, which
is 8.8 times more than for reproductive features. This
indicates the priority of selecting animals in this herd
based on the features of milk productivity.

The study established a statistically significant
level of differentiation of related groups according to
features of milk productivity,and considerably lower level,
unreliable in all cases - according to features of repro-
ductive capacity. Cows of the related Observer 553236
group are characterised by the highest milk yield and
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yield of milk fat and protein for both the first and best
lactation,and cows of the related Surville 604694 group
are characterised by the worst yield. The influence of
belonging to a related group on the studied features
was several times lower compared to the influence of
paternal origin. The well-known antagonism between

dairy and reproductive dominants was proved - there is
a stable and substantial decrease in the coefficient of
reproductive capacity due to the extension of the dura-
tion of service period and the period between the first
and second calving, with a simultaneous increase in the
milk yield.
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OuiHKa nAigHKUKIB i cnopigHeHUX rpyn a)xepcencbKoi nopoamu
3a MOJIOYHOIO NPOAYKTUBHICTIO Ta BiATBOPIOBAJ/IbHOIO 30aTHICTIO MOTOMCTBa

KOpiit MaBnosuy Monynax?!, AMuTpo Mukonaitosuu Kyuep?,
OnekcaHap AHatoniitoBuu Kouyk-lwerko?, Onbra AiMutpisHa biptokoBa!

[HCTUTYT po3BEAEHHS Ta reHETUKM TBapMH iMeHi M.B. 3ybus, HAAH Ykpainu
08321, Byn. [MorpebHska, 1, c. YybuHcbke, KuiBcbka 06nactb, YkpaiHa

[MonicbKWit HaLioHaNbHWI YHIBEpCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauiq. Y cTaTTi HaBeLeHO pe3ynbTaTh AOCIIKEHb WOA0 BMAMBY MOXOMKEHHS 33 6AaTbKOM Ta HANEXHOCTi A0
CNopiAHeHOoI rpynu Ha piBEHb MOIOYHOI NPOAYKTUBHOCTI KOPIB i BiATBOPIOBANbHOI 34aTHOCTI KOPIB AXepCcencbKol
nopogu B ymoBax Al «HdaH-Mink» Xutommupcbkoi obnacti. MeToo HaykoBOi pobOTM € BCTAHOBNEHHS BMMUBY
NOXOMKEHHS 32 6ATbKOM Ta HANEXHOCTI A0 CNOPiAHEHOI rpynuM Ha piBEHb MOMIOYHOT NMPOAYKTUBHOCTI Ta MapamMeTpu
BiATBOPIOBANbHOI 34aTHOCTI KOPIB [KEPCEeMCbKoi nopoan. BctaHOBNEHO iCTOTHWMIA piBeHb AndepeHLiaLii 33 0CHOBHUMM
rocnoaapCbky KOPUCHUMM 03HAKAMK MiX rpynamu Haniscectep 3a 6aTbkoM. KpalimMMm KifbKiCHUMU MOKA3HUKaMM
MOJIOHYHOI NPOLYKTUBHOCTI Bia3Haunnmca gouku byrais D) Jante 302761 (P < 0,001) Ta Headline 114114336 (P < 0,001),
Hawripwmmm — Karl 67037285. HaiBMWWMMM NOKa3HMKaMK BMICTY Xupy i Binka y Monoui Bia3Haunnuncs goukm byras
Legal 61929249, HaviHmkunumn — Karl 67037285. Bnave NoxXomkKeHHS KOpiB 3@ 6aTbKOM Ha MiHMBICTb HAAOH i
BMXOAY MOJIOYHOrO Xupy i 6inka ctaHosmB 20,3-30,3 % (o P < 0,001), BMicTy B MOnioLi xupy Ta Binka 3HUXKYBaBCA
[0 13,2-20,0 % (P< 0,01 i P<0,05),a 3a 03HakamMu BiATBOPHOBAbHOI 3aaTHOCTI — A0 7,8-19,0% 33 HepocToBipHOTO
PiBHS CTAaTUCTMYHOI 3HauyLLoCTi. [penoTeHTHUMMK 33 HafoeM € Byrai Legal 61929249 i Headline 114114336, 3a
BMICTOM i BUXOLLOM MO0YHOTO 6inka — Legal 61929249, HallBUILMM HA[LOEM | BUXOLOM MOJIOYHOTO XMpY i 6inka gk
3a nmepuly, TaK i 3@ Kpally NaKTaLilo XapakTepu3yrTbcs KOPoBM cnopigHeHoi rpynu Observer 553236, HavripwuM —
cnopigHeHoi rpynu Surville 604694. Bnave HaneXxHOCTi A0 CNOPiAHEHOI rpynu Ha AOCNIAXYBaHI 03HaKW BUSIBUBCS
y pa3u Hmxumi (0,2-10,5 %) nopiBHAHO 3i BMNIMBOM MOXOMKEHHSI 32 OATbKOM. 3i 3pOCTAHHAM HAZoK KOpIB 3a
nepLy NakTaLito cnocTepiraeTbcs cTabinbHe Ta iCTOTHE 3HMXKEHHS KoedillieHTa BiATBOPOBaIbHOI 34aTHOCTI Yepes
NOAOBXEHHS TPUBANOCTI CepBic- i Nepiofy MiXK NepLwnM Ta ApyruM oTeNeHHAMU. Takui NPUPOAHWUIA QHTAroHI3M He
03HA4a€ MeTU 30inblUeHHs TPMBANOCTi CepBic-nepioay 33419 OTPMMAHHS MAaKCUMasbHUX HaL0iB NEePBiCTOK, OCKiNbKK
Lie Mpu3BeAe L0 3MEHLUEHHS BUXOAY TENAT i yHEMOXIMBUTb CBOEYACHUI PEMOHT cTaaa. OnTMManbHMM BOAYaETLCS
pO340t0BaHHS NepBicTok A0 8 TOHH 3a 305 gHiB nakTauii 3i 36epexeHHIM 33a4,0BiIbHOMO PiBHSA BiATBOPEHHS
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It is emphasized that the pathology of the common ash is a multifaceted
phenomenon with interrelated processes of infectious and non-infectious
nature, which in recent years has led to epiphytic dieback and now has
a tendency to increase. It has been established that tuberculosis of
F. excelsior is the most common and harmful disease within the study
region and causes more economic than environmental damage. Bacteria
of the genera Pseudomonas sp., Erwinia sp., and Xanthomonas sp.,, as well
as micromycetes, which mainly take the place of the concomitant mycobiota.
There are five stages (phases) of the development of tuberculosis pathology,
which differ significantly in symptoms.The species composition of harmful
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for the epiphytic dieback of common ash. Direct dependence of the spread
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factors that lead to the complete degradation of ash stands
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INTRODUCTION

It is established that a peculiar trigger of the pathological
process and genesis of the disease is a set of factors of
synoptic nature and as a consequence of dysfunction of
immune structures, with obvious manifestation and im-
plementation of ecological and trophic niches of phy-
topathogens of fungal and bacterial etiology. According
to the authors' research, the formation of neoplasms in-
stead of ordinary inflorescences on common ash trees is
associated exclusively with bacterial etiology, including
the causative agent of ash tuberculosis - Pseudomonas
syringae pv. savastanoi,and is one of the phases (stages)
of pathogenesis [1; 2].

Phytoparasitic nematodes have a harmful ef-
fect on trees of the genus Fraxinus. Most often noted
by researchers on Fraxinus americana — Meloidogyne sp.
Aphelenchoides sp., Criconema sp., Criconemoides sp.,
C. beljaevae, C. macrodorum, Ditylenchus sp., Gracilacus
audriellus, Helicotylenchus sp., H. playturus, Hemicyclio-
phora sp., H. gigas, Hoplolaimus sp., Longidorus sp, L.
elongatus, Meloidogyne sp., M. ovalis, sp': Paratylenchus sp.,
Pratylenchus sp., P crenatus, Rotylenchus sp., Trichodorus sp.,
T. aequalis, Tylenchorhynchus sp., Xiphinema sp., X. amer-
icanum, X. Chambersi;, on Fraxinus excelsior — Helicoty-
lenchus paxilli, H. varicaudatus, Pratylenchus penetrans;
on Fraxinus mandschurica - Meloidogyne sp.; on Fraxinus
nigra - Meloidogyne sp.; on Fraxinus pensylvanica - Cricon-
emoides curvatum, Xiphinema americanum; on Fraxinus
syriaca - Meloidogyne javanica; on Fraxinus velutina -
Meloidogyne sp. Modern studies of the nematocomplex
of ash trees indicate a particular danger from the species
Bursaphelenchus crenati [3].

A special place in the pathological process of die-
back of common ash should be given to phytoplasmas,
as the least studied phytopathogens. Periodically in the
scientific literature, there are reports of the viral origin
of the pathogenesis of common ash. At the same time,
today the world community knows only about the mo-
saic disease of trees of the genus Fraxinus, the caus-
ative agent of which is Tobacco mosaic virus (TMV). Thus,
the pathology of Fraxinus excelsior L. is associated with
various factors - micromycetes [4; 5], bacteria [6; 7],
nematodes [3], mycoplasmas, harmful entomofauna [8],
also with unfavorable climatic (synoptic) and soil-hydro-
logical factors, this indicates that the pathology of
F. excelsior is a multifaceted phenomenon in which the
processes of an infectious and non-infectious nature are
systemically interrelated, which significantly complicates
the diagnosis of its root causes.

Now in Ukraine, there is a difficult situation with
the phytosanitary state of common ash, which requires
an urgent solution [1; 6]. A characteristic feature, in this
case, is the consistent geographical deterioration of the
state of tree stands subordinate to the State Forest Re-
sources Agency of Ukraine, as well as ash trees in forest
parks, field protection belts, in plantings of settlements.
The visual manifestation of the consequences of pathology
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is systemically interrelated with the hydrothermal indica-
tors of the current year, the physiological state of trees,
and the presence of phytophagous insects.

Of particular concern is ash tuberculosis (pathogen
Pseudomonas syringae pv.savastanoi), which systemically
affects trunks, shoots, and inflorescences [2; 7]. In par-
ticular, under the action of the pathogen, numerous
wounds, voids, caverns, rotten areas, etc. are formed in
the affected plants, not only impairing the physiological
processes of trees and devaluing wood but significantly
threatens the formation the seed of this valuable woody
plant due to damage to the generative organs.

The purpose of this study is to identify negative
abiotic and biotic factors in the pathology of F. excelsior,
to determine the microbiota on infected shoots, leaves,
and buds of dieback stands, to establish the dependence
of the spread of tuberculosis on the proportion of ash
in the composition of stands of different age groups.

THEORETICAL OVERVIEW

The implementation of their life strategies depends on
competitiveness and aggression. Nematodes and myco-
plasmas are also involved in the pathological process. It
is important, according to the authors, that the possible
mediating role of populations of arthropods, mainly xy-
lophages,andtheir participationinthe complexcircula-
tion process of pathogens are discussed in a certain way.
Available primary sources do not make it possible to trace
the process of transformation of populations of native
pathogenic microbiota or attack of aggressive strains. It
is important that in modern pathology of woody plants
the problem of sanogenesis is practically not discussed.
Recent reports of deteriorating deterioration of the san-
itary condition and the dieback of Fraxinus excelsior in
more than 30 European countries have spread and alarmed
scientists and practitioners of the forestry industry, and
have given rise to controversy over its causes.

The mass dieback of Fraxinus excelsior was first
recorded in the early 1990s in northeastern Poland and
Lithuania (according to the latest data, today the dis-
ease affects more than 30 thousand hectares or 60% of
the entire area of ash stands) [9; 10]. The disease then
spread north to Latvia and Estonia [11]. In 2002, this
disease was first reported in Germany and Sweden (in
2010, common ash was included in the Red Book of
Sweden) [12], in 2004 in the Czech Republic, Slovakia,
Finland,and Denmark,and 2005 in Austria. Subsequently,
in 2007, ash dieback spread to Hungary, Slovenia, and
Norway. In 2008, the disease reached France, in 2009 -
Italy and Greece, where it caused massive deaths of trees.
Recent reports on the noted pathology of F. excelsior
were received from Belgium, the Netherlands, England,
and Ireland [13]. Ash trees are now dieback in 30 Euro-
pean countries. Programs of countries where signs of ash
dieback have been identified, aimed at identifying the
origin of the pathogen, assessing its impact on forests,




developing methods for diagnosing and conducting for-
estry in affected forests, including in the direction of the
selection of ash for resistance to pathogens.

Now the degradation and mass dieback of ash
stands has reached a global level and is noted practi-
cally throughout the range of many ash species, including
Fraxinus excelsior. From different parts of the planet, there
are reports of similar symptoms of pathology. Based on
research, several possible reasons have been put forward.

In the etiology, the deterioration of the sanitary
condition of trees of the genus Fraxinus prevails “myco-
logical” point of view. In particular, the causative agent
of “ash dieback”, which is considered the main pathology
of ash, is called the anamorphic fungus Chalara fraxinea
Kowalski.In 2009, it was discovered that this is the asexual
stage of the teleomorphic species (new to Europe) Hy-
menosyphus pseudoalbidus Quel. [9]. Recently, the name
of the fungus has been clarified Hymenoscyphus fraxineus
Baral et al. and genetic studies of the genomes of H. pseu-
doalbidus and H. albidus by molecular methods were car-
ried out [5; 14]. It is worth noting that in the oak forests
(fresh) of the Western Podillya of Ukraine the authors
found identified typical symptoms of the disease known
as “ash dieback” (“fatal disease” of ash, “peripheral death”,
“pathogenic dieback of ash”) [15]. At the same time, from
the pathology of the “ash dieback”type, identified several
species of anamorphic fungi and bacteria, in particular
Pseudomonas syringae pv. savastanoi, Erwinia horticola
and Xanthomonas sp., however, H. pseudoalbidus was not
isolated [7]. The role of basidiomycetes of the genus
Armillaria, in particular Armillaria cepistipes, in the phe-
nomenon dieback of an ash-trees with a root system is
also known [4]. Of course, but not decisive, is the role
of other species of fungal organisms, in particular Alter-
naria sp, Epicoccum sp, Phytophthora sp., in the dieback
of trees of the genus Fraxinus.

Relatively small diversity of genera Pseudomonas,
Xanthomonas, Erwinia, Agrobacterium, Brenneria, Xylella,
Rhizobium, Azotobacter, Corynebacterium, Bacillus, Clostrid-
ium, Enterobacter, but a significant role in the pathological
processes of forest woody plants,including,and common
ash, have phytopathogenic bacteria. Among the infectious
diseases of shoots, inflorescences and trunks of Fraxinus
excelsior,the most common and most harmful is the disease
of bacterial origin - tuberculosis, the causative agent of
which is the phytopathogenic bacterium Pseudomonas
syringae pv. savastanoi [16]. Scientists are constantly re-
searching to better study the virulence and aggressive-
ness of the pathogen. Thus, in Italy, mutants of the bacte-
ria P. syringae sp. savastanoi (for various manifestations
of pathogenicity and hypersensitivity reactions) were
isolated and characterized [11]. In Japan, Pseudomonas
syringae strains are classified into five groups by com-
paring DNA homology. Currently, the aggressiveness of
the pathogen is associated with the formation of phy-
tohormones indole acetic acid and cytokinins. Studies of
microbial-plant relationships are underway, in particular
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in the induction of demutation processes in the phyto-
cenosis and increase the immune protection of plants [17].

Invasive insect species, in particular Agrilus pla-
nipennis F., are dangerous for deciduous tree species,
especially for common ash, because they are capable of
attacking and leading to the rapid death of absolutely
healthy trees [18].

Many authors argue that the cause of atypical
clusters (galls, growths, neoplasms) is the insects Erio-
phyes fraxinivorus Felt (synonym for Aceria fraxiniflora
Felt) [8; 19]. The authors analyzed the phytochemical
composition of galls, which are formed on inflorescences
of ash species (Fraxinus angustifolia, F. excelsior, F. ornus).
However, it is not established and has not confirmed the
causes of this phenomenon [18].

MATERIALS AND METHODS

Due to biological characteristics and wide ecological
amplitude, in particular, significant shade tolerance in
the first years of life, common ash acts as an integral
component (as an accompanying woody plant) in many
forest associations, while forming high-productive stands
together with Quercus robur L., Carpinus betulus L., and
other forest woody plants. At the same time, unique
natural ash forests, which are mainly concentrated on
rich loamy and viscous soils, have survived only in the
Western Podillya of Ukraine, the climatic conditions of
which are most favorable for the growth and development
of this tree species.

The main algorithm for detecting and studying the
pathology of Fraxinus excelsior included certain stages:
exploration and forest pathological detailed examina-
tions by general forestry and phytopathological methods;
detailed examination and research of the affected organs,
isolation of pathogens in pure cultures; verification of the
properties of pathogens and their accurate identifica-
tion; study of antagonistic relationships in the systems
“bacterium-micromycetes” and “bacterium-bacterium”.
The influence of meteorological factors as catalysts of
the disease on F. excelsior and harmful insects has been
studied, given the trophic links between insects (as vectors)
and pathogens.

Reconnaissance and detailed forest pathological
inspections of stands with the participation of Fraxi-
nus excelsior were carried out with the establishment
of 24 trial areas (2020-2021 years) in the state enter-
prises “Chortkivske forestry”, “Ternopilske forestry”, “Bu-
chatske forestry” according to Standard of organization
of Ukraine (SOU 02.02-37-476:2006). “Trial plots forest
inventory. Method of conducting” (2007). 17 model trees
were cut down. 240 samples were taken for myco- and
microbiological studies; 110 isolates of micromycetes
and bacteria were isolated, including 37 strains of phy-
topathogenic bacteria; the study of anatomical-mor-
phological and physiological-biochemical characteris-
tics of 120 strains of bacteria; 11 species of insects of
harmful entomofauna were found. The density index for
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each species of entomofauna is set between the per-
centage of populated trees and the average number of
individuals per tree.

The number of microorganisms, depending on
functional and other characteristics, was tested by their
growth on special nutrient media (potato agar, meat pep-
tone agar, meat peptone broth, malt extract of agar, Cza-
pek medium, etc.). The pathogenic properties of the iso-
lates were shown in laboratory and field conditions by
artificial infection of vegetative and generative organs
of F. excelsior and indicator plants (Phaseolus vulgaris L.,
Nicotiana tabacum L., Kalanchoe laciniata L.) bacterial
suspension with a titer of 108-109 cellsxml*(according
to the turbidity standard). Control - sterile tap water. The
placement and size of bacterial cells, Gram staining, the
morphology of colonies of microorganisms, their bio-
logical, biochemical, and cultural properties were stud-
ied using the different methods [20]. To determine the
ability of bacterial isolates to ferment various sources
of hydrocarbons, the mineral Omelyansky medium was
used. Various organic compounds were used as sources
of carbohydrates, in particular: lactose, xylose, rhamnose,
trehalose, raffinose, L-arabinose, maltose, sorbitol, salicin,
sucrose, galactose, fructose, glycerin, mannitol, citrate, etc.

The enzymatic or oxidative pathway of glucose
assimilation was determined by the growth of microorgan-
isms on Omelyanskiy's medium under anaerobic condi-
tions undera 1 cm layer of vaseline oil. The indicator was
an aqueous solution of bromothymol blue. Milk and gela-
tin were used to detect proteolytic enzymes in bacteria.
The names of bacteria and micromycetes are given accord-
ing to the atlases-determinants of bacteria and fungi
and other specialized literature [20]. The species of phy-
tophages were determined according to the “Atlas of
insects of Ukraine”, “Keys to the insects of the European
USSR” and other determinants. Calculations and statis-
tical data processing were carried out using Microsoft Excel
computer programs.

RESULTS AND DISCUSSION

Forest pathological examination, symptoms and diagnosis
of the disease

Ash tuberculosis is one of the most dangerous diseases
of common ash, which in Ukraine has reached epiphy-
totics, especially on overgrowth origin trees. In modern
scientific literature, this disease is associated with bac-
terial cancer of ash. Cancer, as one of the types of dis-
eases, characterized by overgrowth of individual parts
of the plant as a result of hyperplasia or hypertrophy, or
both at the same time, which leads to the formation of
tumors. Now, cancer is identified with ulcers of various
shapes, highly healing or non-healing wounds, includ-
ing non-infectious (“frosty cancer”), etc. P. syringae pv.
savastanoi causes a typical tuberculosis disease, because
tuberculosis is a tumor with voids or other defects, of-
ten filled with bacterial mucus, especially in the initial
stages of pathology. These are the symptoms and inherent
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in tuberculosis. In the literature, the symptoms of tuber-
culosis are described with the final manifestation of the
pathological process. At the same time, certain symp-
tomatic differences are inherent in various stage of the
manifestation of the disease, which made it possible, with
certain conventions, to distinguish several stages (phases)
of pathology.According to the authors, this makes it pos-
sible to diagnose the affected tree in time at any stages
of the disease, with the subsequent development of ap-
propriate protective measures.

The infection of common ash begins at the age
of 2-3 years at the corresponding height of the trunk.
Infection can be both exogenous and endogenous. The
primary symptoms of tuberculosis (the so-called “scab”)
appear on young trunks with a smooth (primary) grayish-
green bark and are characterized by slight local swell-
ing of the upper layer of cells, the appearance of microc-
racks,and small elliptical soft tumors filled with an odor-
less gray sticky bacterial mass.

A narrow, shallow, oblong, straight, or tortuous
crack forms in the center of the bulge. Exudate, released
through cracks, upon drying forms a thick or thin gray
membrane, which remains on the surface of the periderm
for a long time.The rhytidoma of the affected trees in the
places of the pathological process becomes dark gray,
gradually dies off in small pieces,and disappears.Along
the perimeter of the lesion, the bast part of the trunk
turns slightly yellow or reddens. On a cut of the primary
bark, a narrow, colored, winding strip is always visible.
Over time, the affected primary bark dries up, hardens,
and cracks, but the wood is usually not exposed. The
site of the lesion seems to be overgrown, but complete
overgrowth does not occur. Therefore, local necrosis sinks
into the trunk, which leads to the formation of black, dark
brown stripes of various thickness in it, large or smaller
voids, rotten areas, in the spring-summer period are some-
times filled with a sticky bacterial exudate. Over time,
under the influence of factors favorable for the pathogen,
new lesions are formed (the so-called “spread” of the
disease) along the length and perimeter of the F. excel-
sior trunk. New foci of tuberculosis can appear in differ-
ent places of the tree without a certain relationship and
sequence (Fig. 1a).

In “real tuberculosis”, typical tuberculosis forma-
tions are formed with a subsequent increase in their size
both along the length and along the perimeter of the
trunk. Under the influence of the pathogen, a certain de-
formation of it occurs in the trunk.Necrosis at the initial
stage of the disease, especially on young ash trees and
shoots, small, ranging in size from 1 to 2-3 cm, but grow
over time, often merge, forming a straight or winding
strip of dead sapwood, time up to 0.5 m and more. The
depth of placement of various flaws in the wood usu-
ally depends on the period of infection of the tree: the
earlier the tree is infected, the deeper the wounds are
formed in the trunk. As the tree grows, the number of
defects increases in proportion to new lesions (Fig. 1b).




In addition to the trunks and branches, the caus-
ative agent of tuberculosis also affects the inflorescences
of common ash, which can potentially threaten the seed
recovery of this valuable woody plant (“deformation of
the generative organs”). Flowers affected by the caus-
ative agent of tuberculosis usually do not form single

Based on the analysis of the phytochemical com-
position of galls that form on the inflorescences of Euro-
pean ash species (F. angustifolia, F. excelsior,and F. ornus),
it is argued that the cause of their occurrence is the
insects Eriophyes fraxinivorus Felt (synonym for Aceria
fraxiniflora Felt) [8], however, so far such statements
have not been properly confirmed [18]. Galls, instead of
the usual inflorescences on common ash trees, have a
bacterial etiology associated with Pseudomonas syringae
pv.savastanoi - the causative agent of ash tuberculosis [7].
In particular, the authors found inflorescences affected
by the causative agent of tuberculosis both on trees with
tuberculous pathology and on externally healthy ones,
which indirectly testifies to Ps. syringae pv. savastanoi as
a vital obligate. The number of lesions on a tree depends
on the degree of damage and the age of the tree, but
mainly on one affected tree, dozens and even hundreds
of foci of tuberculosis can be counted. In this case, up
to 60 or more lesions can form on one running meter

Goychuk et al.

ash-keys, but accumulate around the undeveloped api-
cal bud and form small (1-2 mm in diameter), first light
pink, purple, and then dark brown tuberculous accumu-
lation of rather large sizes (sometimes up to 10 cm),
resembling bunches of grapes and remain on the tree
until spring (summer) the next year (Fig. 1c).

Figure 1. Stages of tuberculosis F. excelsior: a - “actual tuberculosis’, b - “deformation of generative organs’,
¢ - “wood defects”

of the trunk. Trunks on which single tuberculous lesions
are formed are rare. That is, if a tree is infected with a bac-
teriosis causative agent, then the disease progresses rap-
idly, often affecting the entire trunk and branches. Ash
tuberculosis is a chronic disease.

In an infected tree, wounds form across the entire
thickness of the trunk at different heights. Sometimes
there is a rupture of annual rings under the influence
of myco- and microbiota, necrotic areas spread through
several annual rings. If there are voids in the longitudi-
nal and transverse sections, it is possible to establish at
what age the tree was infected in a given section of the
trunk (Fig. 1). The causative agents of common or graded
cancers, mainly Nectria galligena Bres, are usually involved
in the formation of open ulcers. or Endoxylina stellulata
Rom. (@namorph Libertella fraxini Ogan.). And then the
disease proceeds with symptoms characteristic of these
pathogens (ulcers are formed) (Fig. 2).

e Y
Figure 2. Change of typical color and formation of open wounds (ulcers)
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Rotten areas on the ash tree trunk are formed
exclusively with mixed infection with the formation of
open ulcers with the participation of wood-destroying
and wood-coloring fungi, in particular Ascomycota, Ba-
sidiomycota and Deuteromycota.

Tuberculosis causes more economic damage than
environmental damage. Affected trees of older age groups
die off relatively rarely, but as a result of a characteristic
pathological process, wood is devalued. Affected trunks
are usually retracted into firewood. The most affected by
the causative agent of tuberculosis are sprouting ash
trees. Taking into account the biology of the pathogen
and the pathogenesis of the disease, ash trees, which at
ayoung age have at least a single, insignificant damage
to the trunks or branches, should be cut down and dis-
posed of, since under the conditions of Ukraine, against
the currently existing infectious background, to grow ash
trees with high quality wood age ripeness is problematic,
and partly impossible (for the reasons noted above).

Alone on ash trees in the fresh oak forests of West-
ern Podillya of Ukraine “ash dieback” was found, which
is considered the main pathology of ash in Eastern Eu-
rope. Symptoms of the disease appear at any age of the
plant, but young plants of Fraxinus excelsior are espe-
cially sensitive to damage. In affected plants, there is a
gradual (sometimes sudden) dying off of young plants
or individual shoots of the crown due to the formation
of local necrotic areas on the shoot (trunk). The leaves
above the lesion site wither (starting from the top), and
by the end of summer they turn black (like those burnt
by fire) and do not fall off for a long time.

Etiology and the dynamics of the development artificial
infection of the organs of Fraxinus excelsior

Anatomical, morphological, cultural, and physiological-
biochemical studies carried out in the Department of
Phytopathogenic Bacteria D.K. Zabolotny Institute of
Microbiology and Virology of the National Academy of

Sciences of Ukraine made it possible to establish that
the microbiota of tuberculous pathology of F. excelsior
is made up of bacteria of the genera Pseudomonas, Erwinia,
Xanthomonas, in particular Pseudomonas sp., P. syringae
pv. savastanoi, P. fluorescens, P. syringae, P. agglomerans
(synonyms Enterobacter herbicola, E. agglomerans, Erwinia
herbicola), E. horticola, Xanthomonas sp., as well as the
spore-bearing bacteria Bacillius sp.,which accompanied the
tuberculous pathology of F. excelsior at all its stages.
The average values of the content of bacteria isolated
from the vegetative and generative organs of F. excelsior
ranged from 1 to 168 colony-forming units (CFU). The
largest number (116,168 CFU) of bacteria was obtained
during the isolation of Ps. syringae pv. savastanoi. At the
same time, for bacteria, primarily phytopathogenic, it is
not so much their quantity that is important as their
presence. Under favorable conditions for phytopathogenic
bacteria, they can very quickly fill an ecological niche
to a threshold concentration, thereby causing even epi-
phytotics, to a certain extent, which is observed during
the mass drying of many species of both coniferous and
deciduous woody plants [7].

The only reliable way to separate pathogens from
saprotrophs is pathogenicity, that is, the ability of a microor-
ganism to infect living cells. In vivo testing of the patho-
genicity of the isolates isolated from the tuberculosis
pathology of ash was carried out by injecting a suspension
of a daily culture of microorganisms (8.6-9.97 CFUxml%)
into the trunks and by introducing a pure bacterial culture
under the bark (14.1-21, 27 CFUxml?) and a mixture of
the “Victant” preparation based on Bacillus sp. with a col-
lection strain Pseudomonas syringae pv. savastanoi work-
ing solution with a titer of 1x107 CFUxml? (Fig. 3) into
mechanical damage to the section of the trunk (cut) of
a bacterial loop previously sterilized over the flame of
an alcohol lamp. Control - sterile tap water. When carrying
out the above studies, the circadian rhythms of plant re-
sistance to bacteriosis pathogens were taken into account.

0

Figure 3. Natural tuberculosis lesions (a), artificial lesions of common ash shoots
by the Pseudomonas syringae pv. savastanoi (strain Ps) (b), control (c) and a mixture of Victant-strain Ps (d)
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Establishing the true causative agent of the disease
is significantly complicated by the wide systemic inter-
action of microorganisms with all living components of
the biogeocenosis against the background of constant
changes in environmental conditions, ecological plas-
ticity, and variability of phytopathogenic bacteria. Ob-
servation of the course of tuberculous pathology with
artificial lesions of Ps. syringae pv. savastanoi continued
for a year from the moment of infection, constantly not-
ing the dynamics and progress of this phenomenon.The
dynamics of the development of artificial infection of the
branches of Fraxinus excelsior shows that the first signs
of damage manifested themselves in the cracking of
the bark at the injection site of the bacterial suspension
already on the 15™ day of the experiment.

After 10 days, individual cracks merged into one
continuous wound, its size increased, and the destruction
of not only the surface bark but also the primary bark and
bast became noticeable. Three months after the lesion,
the upper layer of the bark separated, there was ‘exposure”
of the integumentary tissues and scarring of individual
layers. The process of development of the affected area
began to fade, but in the spring of the next year (9 months
after the defeat) the process of the development of the
disease resumed, it acquired a form typical for tubercu-
losis. Internal cracks deepened and increased in size. A
year later, symptoms of tuberculosis clearly appeared in
the affected areas.

An interesting fact is that from the affected
Ps. syringae pv. savastanoi of common ash trees isolated
Xanthomonas sp. (Strain K,), which revealed pathogenic
properties in the experiment. Now in the literature, these
bacteria are not marked as pathogens for F. excelsior (there
is only information about X. juglandis as the causative
agent of bacteriosis Juglans regia L. At the same time,
the sensitivity of F. excelsior to Xanthomonas sp.in case
of artificial infection, it testifies, on the one hand, to the
expansion of specialization, and on the other, to the insuf-
ficient study of the bacterial pathology of forest woody
plants. Now Xanthomonas sp. isolated from many agri-
cultural plants, where it causes numerous types of dis-
eases - from necrosis to burns [20].

In general, the expected susceptibility of ash to
Erwinia hoticola (strain K,), which was isolated from the
bark of tuberculosis-affected trees. This bacterial species
was first isolated from Fagus sylvatica in 1972, where it
caused a rather harmful disease known as black bacte-
riosis in woody plants. Note that this disease resembles
the “fatal disease” of ash in symptoms (now this disease,
as have already noted, is associated with micromycetes,
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in particular with Chalara fraxinea). In the course of analy-
sis of the mycobiota of common ash branches affected
by tuberculosis pathology in the entire research region
(including identified only to the level of the genus Fu-
sarium sp. and Phoma sp.), 7 genera and 10 species of
micromycetes were isolated, in particular, at different
stages of tuberculous pathology Fraxinus excelsior, iso-
lated Acremonium strictum, Cladosporium cladosporiodes,
Cylindrocarpon didymum, Fusarium sp., F. sporotrichiella,
F. heterosporum, Phoma sp., Ulocladium botrytis, etc. Usually,
samples of the affected tissues had a mixed infection,
which consider which part of the concomitant mycobiota,
however, as the cause of the mass dieback of ash trees
in the study region.

The authors isolated anamorphic micromycetes,
in particular, Fusarium sp.and bacteria Pseudomonas sy-
ringae pv.savastanoi, Erwinia horticola and Xanthomonas sp.
Artificial infection of the ash organs with micromycetes
did not lead to symptoms similar to “ash dieback”, and
infection with P. syringae pv. savastanoi caused patho-
logical processes similar to tuberculosis. In other words,
all currently known pathogens of necrotic diseases of
forest woody plants are directly involved and accelerate
the death of woody plants and organs, in particular shoots,
at later stages of pathology and are usually secondary,
although no less harmful factors.

Studies have established a direct relationship between

Pathogenesis (spread of tuberculous pathology in stands
of different ages, tree species composition and origin)

the prevalence of Fraxinus excelsior tuberculosis and its
share in stands of various age groups. With a decrease
in the proportion of ash in the stand, a decrease in the
number of infected trees by Pseudomonas syringae pv.
savastanoi. Thus, in ash stands the prevalence of tubercu-
losis was the highest for all age groups: young - 79.3%,
middle-aged - 47.8%, pre-mature stands - 42.3%. In young,
middle-aged, and mature stands with 6-9 units of Fraxinus
excelsior in the composition, the prevalence of the disease
was 41.6%, 33.6%, and 30.7%, which is 1.4-2 times less
than in “net” stands. With the share of ash in the stands
within 3-5 units, the prevalence of the disease in young,
middle-aged and mature stands was 24.2%, 20.5% and
15.8%, respectively.

At the same time, 17.6% were found in stands
with a share of F. excelsior in the composition of young,
middle-aged, and pre-mature stands; 14.8% and 9.7%
of trees affected by the tuberculosis pathogen, respec-
tively, which is 4.5; 3.2 and 4.3 times less than in “net”
stands of the respective age groups (Fig. 4).
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Figure 4. Distribution of tuberculosis in stands of different ages depending on the share
of Fraxinus excelsior in the stand

The obtained data indicate that the share of com-
mon ash in stands within the coenotic optimum (25-30%)
during the whole period of stand cultivation is one of the
important factors of induction of demutation processes
in forest biocenoses and promotes the formation of highly
productive,biologicallyresistantoak-ashstandsfromthe
point of view of activation of metabolic processes, and

increase of resistance to pathogens of infectious diseases,
in particular to ash tuberculosis. As for the decrease in
the prevalence of the disease in the stands of older age
groups (middle-aged, pre-mature) compared to the young,
it is usually directly related to economic activity. In ad-
dition,a certain number of affected trees (in young — more,
in the middle and middle-aged - less) dies naturally (Fig. 5).
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Figure 5. The spread of tuberculous pathology of ash, depending on the degree of density (),
age (b), composition (c) and origin (d)

Sprouting ash stands are characterized by reduced
resistance to the pathogen of tuberculosis. Both in the
study region and in the F. excelsior range in general, in-
cluding in Ukraine, tuberculosis has reached epiphytosis
on overgrown plants, especially at a young age (with
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a significant spread and development of tuberculosis,
such plants usually die). Given the pathogenesis of Pseu-
domonas syringae pv. savastanoi have identified three
categories of lesions of the trunk: continuous, local, and
single (focal or spotted) (Fig. 6).
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Figure 6. Distribution of tuberculosis Fraxinus excelsior in sprouting stands

A decrease in the number of affected Fraxinus
excelsior trees with age (in 2-5 (7)-year stands 80.7% of
tuberculosis-infected plants were found, in 15-20-year-
olds 67.6%, in 30-35-year stands 50.5%, at the age of
45-50 - 28.1%, at the age of 60-70 — within 20%) as-
sociate with the above factors. However, it is not about
the attenuation of the pathological process with age (be-
cause the affected Pseudomonas syringae pv. savastanoi
plant does not free itself from infection), but about the
death (albeit insignificant) of individual specimens and
the removal of diseased trees during cleaning cutting.
It should be noted that the affected plants at any age
have hidden defectives in the wood (blackening, cracks,
rotten areas with a significant spread along the trunk),
which devalues it.

Meteorological factors can be catalysts for pa-
thology in stands involving Fraxinus excelsior. Based on
the calculation of the moisture supply coefficient, have
established certain dependencies in the prevalence of
tuberculosis on air temperature and precipitation.

Phytophagous insects in the circulation of phytopathogens
Fraxinus excelsior L.

In the study area, found 11 species of phytophagous insects
of the series Coleoptera, Hemiptera, Homoptera, Diptera,
and Lepidoptera, which are directly or indirectly ecologically
and trophically related to the vegetative and reproductive
organs of Fraxinus excelsior.|n particular, Lignyodes enu-
cleator Panz. and Dasyneura fraxini Kjeff. were identified
on the generative organs of common ash. The density of
the settlement is in the range of 15-20%. The activity of
Erannis defoliaria Cl., Phytagromyza heringi Hend., Proci-
philus nidificus Loew., Psyllopsis fraxini L., Prays curtisel-
lus Don. was noted on the leaves and buds. The density
of the colonization is in the range of 5-30%.

Prays curtisellus Don., Fonscolombea fraxini Kalt.,
Nylesinus crenatus Fabr., Hylesinus frakhini Ranz., Zeuzera

pyrina L. were found on the branches and trunks. The
density of the colonization is in the range of 15-30%.
Their pronounced negative impact on producers is usu-
ally manifested as a result of stressors. These are, first
of all, synoptic anomalies, as well as various anthropo-
genic factors associated with economic activity.

Analytical analysis of the relationship between
dominant species of phytophagous insects, trophically
related to the vegetative and generative organs of Fraxi-
nus excelsior, indicates the existence of possible eco-
logical and trophic links between carpophagous insects
(including Lignyodes enucleator) and pathogens of ash tu-
berculosis as a component. Further research was aimed at
a partial experimental substantiation of this phenomenon.

The essence of scientific assumption was based
on a detailed analytical foundation of existing literature
and own research. Life strategy, biology and ecology
L. enucleator are completely transformed into a complex
biocoenotic structure of deciduous woody plants. A char-
acteristic feature of the species is the lack of cyclical
seasonal development. Its number is fully correlated with
the dynamics of seed production Fraxinus excelsior. Purely
formally, the species does not belong to phytophages.
Adults and larvae do not cause defoliation, which is why
F. excelsior and L. enucleator trees are not in antagonistic
relations.

Imago Lignyodes enucleator appears in late May.
Initially fed on buds and leaves, during additional feed-
ing damage the young seeds of Fraxinus excelsior, laying
the ovipositor in it. This period, according to the authors,
is considered critical in the genesis of F. excelsior and
interaction with the pathogen (in particular with the
causative agent of tuberculosis). It is at this time that the
primary damage to the trees occurs. This is the primary
gateway to infection.

The larvae feed on seeds until autumn, in Sep-
tember-October they gnaw small holes in the shell and
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migrate into the soil for the winter, where they hatch
in the spring. The critical period of their development
is long (8-9 months - the period of wintering and dia-
pause). As a result, during the spring reactivation their
mortality rate did not exceed 32-40%. Viability was
largely ensured by such a characteristic feature of the
species as the preparation of a specific ecological niche -
an area of soil saturated with a special organic secretion
that protects against various stressors (entomopathogens
and entomophages) - for overwintering phytophages.

It is likely that the primary lesion of Pseudomonas
syringae pv. savastanoi occurs with the participation of
Lignyodes enucleator populations. Moreover, there is every
reason to assume, which is confirmed experimentally,

that the causative agent of tuberculosis is transmitted
not only by inoculation, but also transovarially. This means
that the ovipositor of L. enucleator retain the pathogen
and that they are the cause of the primary damage to trees.

It should be noted that from the galls left on
ash-keys due to damage to their Lignyodes enucleator,
were isolated bacteria that in the experiment showed
pathogenic properties on both F. excelsior and indicator
plants. Further studies of anatomical-morphological
and physiological-biochemical properties of isolates
allowed to classify them as gray- and yellow-pigmented
species of bacteria, in particular Xantomonas sp. and
Pseudomonas sp. (Fig. 7).

Figure 7. Galls on the ash-key (left) and bacterial colonies isolated from them (right)

Therefore, the probability of insect transmission
of the bacteriosis pathogen by insects is quite signifi-
cant. It grows during the ovipositor-period of females
Lignyodes enucleator in ash-key of Fraxinus excelsior. It
should also be emphasized that bacterial phytopatho-
gens do not exhibit entomocidal properties in relation
to L. enucleator and other insects. This property was first
experimentally substantiated by us. Of course, further
special in-depth studies are needed to determine the
role and significance of phytophagous insects in the
preservation and circulation of the pathogen inoculum
in ecosystems.

Thus, studies make it possible to come to conclude
non-obvious ecological, trophic, and mechanical links
between the causative agents of tuberculosis Fraxinus
excelsior,and phytophages with a specific trophic special-
ization, in particular from carpophagus, in the accumu-
lation, preservation and transmission of the inoculum
Pseudomonas syringae pv.savastanoi in natural ecosystems.

CONCLUSIONS

The current phytosanitary condition of Fraxinus excelsior
in the forests of Ukraine is associated with a complex
of adverse abiotic and biotic factors in their systemic
interaction. Symptoms and features of the pathogene-
sis of tuberculosis Fraxinus excelsior have been studied.
There are five stages (phases) of the disease and three
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categories of trunk damage, which allows you to identify
the affected tree in time for each age group.

The microbiota of infected shoots, leaves, and buds
of dieback stands of Fraxinus excelsior is represented by
a complex of pathogenic species of the genera Pseudomonas
sp., Erwinia sp., Xanthomonas sp., Which are dispersedly
localized in the affected area. The most widespread and
harmful component of pathogenic microflora is the caus-
ative agent of tuberculosis F. excelsior, which identified
as Pseudomonas syringae pv. savastanoi. During artificial
infection, determined that P.syringae pv.savastanoi showed
high pathogenic properties on various organs of F. excel-
sior and indicator plants (Phaseolus vulgaris, Nicotiana
tabacum, Kalanchoe laciniata). F. excelsior leaves are not
sensitive to the pathogen. From the lesions of Fraxinus
excelsior, 10 species of micromycetes belonging to ana-
morphic fungi were isolated. Ulocladium botrytis is
characterized by a high colonization rate (57.1%), while
Acremonium strictum, Cylindrocarpon didymum, Fusarium
sporotrichiella, and F. heterosporum are characterized by
a low one (14.3%).

11 species of phytophagous insects (Coleoptera,
Hemiptera, Diptera, Lepidoptera) were identified and their
ecological and trophic relationships with phytopatho-
genic bacteria in the accumulation, preservation and
transmission of the inoculum Pseudomonas syringae pv.
savastanoi in forest biocenoses. The direct dependence




of the spread of tuberculosis on the proportion of ash in
the composition of stands of different age groups was
revealed. In the study region, tuberculosis reaches epiphy-
totics on the ground-ash trees, especially when young.

For the purpose of prevention and to reduce the
general infectious background, systematic monitoring
should be carried out in stands with the participation
of Fraxinus excelsior, to observe the cenotic optimum
of ash in the composition of forest stands, to prevent
thickening, to remove and dispose of young ground-ash
tree affected by Ps. syringae pv. savastanoi,and create fa-
vorable conditions for the growth and development of

Goychuk et al.

Bacillus sp. and other myco- and microorganisms with
existing antagonistic properties to phytopathogens.
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Ty6epKynbo3Ha natonoria Fraxinus Excelsior L. B YKpaiHi:
cuMnToMaTUKa, eTionoris, naTtoreHes

AHaroniit ®epoposuu loiuyk?, IBaHHa MukonaisHa Kynb6aHcbkal,
MapuHa BacunisHa LBewb?

'HauioHanbHWit yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHu
03041, syn. l[epois O6opoH#, 15, m. Kuis, YkpaiHa

[MonicbKMi HaLioHaNbHWI yHiBEpCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauif. 3Baxatoun Ha NiciBHMYY, @KONOriYHY Ta roOCNoAAPChbKy LiHHICTb AepeBOCTaHiB 3a y4acTio Fraxinus excelsior
Ta BPaxOBYKOUYM IHTEHCMBHE MOripLIEHHs iX QITOCAHITapHOro CTaHy OCTaHHIMU POKaMM, KOMMIEKCHE A0CNIOXEHHS
CMMNTOMATUKK, ETMONOTIi Ta NaToreHe3y TybepKynbo3y gceHa 3 NOAANbLLOK po3p0OKO0 eEeKTUBHMX 3aX0A,iB 3aXMUCTY,
30KpeMma i3 BUKOpUCTaHHAM BionpenapatiB Ha 6a3i Bacillus sp.Ta iHWMX MiKo- i MiIKpOOpraHi3MiB, € Hapasi 0cob6a1Bo
aKTYanbHUM HaNpPSIMKOM [OCNigKeHb. MeTa pob0oTu Nonsarae y BUABMEHHI HEraTUBHUX abioTUUHUX 1 BIOTUYHMX,
30KpeMa MapasuTapHUX, YMHHKKIB Y TybepKynbo3Hii natonorii F. excelsior. Y xoAi BUKOHAHHS AOCHIAKEHHS Oynm
BMKOPUCTAHI 3arafbHOHAYKOBI Ta crnewuianbHi (MiKkpobionoriyHi, MikonorivyHi, GiTonaTonoriyHi, eHTOMONOTIYHI Ta
NiCIBHMYO-EKONOrivHi) MeToam AOCNiAKEeHHS. AKLEHTYETbCS yBara Ha TOMY, WO NATOMOriS SCeHa 3BUYAMHOMO — SBULLE
H6araTorpaHHe 3i B3aEMOMOB'A3aHMMMN NpoLecamMmu iHheKLiMHOro Ta HeiHDEeKLIMHOIo XapakTepy, Ike B OCTaHHI POKM
npu3Beno Ao eniQiToTiMHOro BCMXaHHS i Hapa3i Ma€ TEHAEHLIO [0 3pOCTaHHS. BctaHoBnEHO, wo Ty6epkynbos sceHa
3BMYAMHOTO € HAMOINbLI NOWMPEHUM i LUKOJOYMHHMUM 3aXBOPIOBAHHSAM Yy MEXax perioHy AOCTIIKEHHS i 3aBAAE
30e6iNblWOoro eKOHOMIYHUX, HiXX eKoNoriYHnX 36uTKiB. 3 TybepKynb0o3HOI maTonorii i3onboBaHi HGakTepii pofis
Pseudomonas sp., Erwinia sp. ma Xanthomonas sp., a TaKOX MiKPOMILETH, SKi, FOIOBHUM YMHOM, 3aiMalOTb MicLe
CynyTHbOi MikobioTn. BuaineHo matb etanis ($pas) po3BMTKY TybepKynb0O3HOI MaToNorii, AKi CyTTEBO pi3HATLCS 33
CMMMTOMATUKOM. |AeHTUDIKOBAHO BUAOBUI CKNA4, WKOAOYMHHOI eHToModayHK. [Toka3aHo, Wo rigpoTepMiyHui cTpec
€ KaTanisyl4mMM YMHHUKOM enidiTOTIMHOro BCUXaHHS siCeHa 3BMYaMHOro. BuasneHa npsMa 3anexHiCTb NOWKNPEHHS
Ty6epKynbo3y Bif, YaCTKM iCEHA Y CKNAAi HacaKeHb Pi3HUX BIKOBMX rpyn. Y perioHi focnimkeHb TybepKynbo3 Aocarae
enidiToTii Ha NapocTeBUX AepeBax Fraxinus excelsior,0c061MBO MONOAOTO BiKy. BKa3yeTbCs Ha LOLLINbHICTb pO3MEXKYBaHHS
NMPUYMH | NATONOTIYHMX NPOLLECIB NOB’A3aHMX i3 TYOEPKY/IbO30M SICEHa, W6 He 3MillyBaTy KaTanisytoui XxBopoby dhakTopu
i hakTopw, siKi NpU3BOAATL A0 NOBHOI Aerpajauii AceHeBUX A4ePEBOCTAHIB

KntouoBi cnoBa: siceH 3BMYaiiHui, TyepKyib03 ICeHA, AHTAroHi3M, LUKOLOUYMHHICTb 3aXBOPHOBAHHS, 30yAHMK, CUMNTOMATUKA,
natoreHes
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INTRODUCTION

One of the main tasks in market conditions is to increase
the efficiency of the enterprise by optimizing the use of
its resources, building a promising production program.
The use of models allows to solve the issues of form-
ing the optimal production program of the enterprise,
investing in production,and also helps to carry out stra-
tegic planning of enterprise development. The successful
development of the enterprise will largely depend not
only on the marketing strategy, but also on the purchase
of the products it needs [1; 2].

The problem of inventory management today is
relevant for enterprises, which is caused by the follow-
ing reasons: inconsistency in the rhythm and continuity
of production, as well as the rhythm of production of
the supplier and consumer; discreteness of the supply
process; random fluctuations in consumption intensity
and different duration of intervals between deliveries
relative to the design level. This leads to the creation and
storage of production or inventories, which may consist
of raw materials, semi-finished products, components,
goods, waste, etc. In addition, capital can also be con-
sidered as a stock, the cost of storage of which is deter-
mined by inflation [3; 4].

When managing production or inventories, there
are two main questions: when to replenish the stock
and what should be its optimal size. Obviously, stocks
require certain costs for their storage until they are sold.
Moreover, due to the share of working capital that is
invested in stocks, the company's losses increase. There-
fore, in each case, it is important to find the optimal
cost-benefit ratio of the selected level of stocks and de-
termine which stocks are sufficient for each group of
goods or raw materials. To do this, build a mathematical
model that describes such a system.The value of inven-
tory management models lies in their accuracy, which
allows not only to reduce operating costs, but also the
cost of stockpiling.

There are different ways to manage inventory with
different business models of inventory management, as
well as types of goods and services. Each company has a
unique location, infrastructure and logistics. Therefore,
you need to find mechanisms that meet the requirements
of the enterprise, to choose special models of inventory
management to coordinate business processes. Assume
that there are expected annual raw material costs of an
enterprise. During the year, raw materials are replenished
n times in equal batches. Since the consumption of raw
materials is a random variable, in order to have enough
raw materials for each of the n time intervals, you need
to create a certain additional stock, which is called a re-
serve stock. In this case, the company creates a reserve
in a predetermined amount, and then makes regular
purchases of raw materials. Thus, when the main stock
is depleted, and the company did not have time to pur-
chase a new batch of raw materials, unforeseen needs
are covered from the reserve. Therefore, the main task is
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to determine the optimal size of the reserve. After all, it
is clear that if the company creates a large reserve, it will
cover all possible unforeseen costs of raw materials, but
in this case, the cost of storing such a reserve will be
quite large.

In practice, the calculations of the optimal size
of the reserve stock are based on some, pre-established,
probability that the demand for raw materials for a given
period of time will not exceed the existing reserve. This
probability is called the reliability factor. The risk factor
is also defined as the probability that the reserve will
be insufficient. If for some reason such a risk factor is
set, then on the basis of statistics you can simulate this
situation and determine the optimal size of the reserve.
A natural question arises: what should be the risk and,
accordingly, the reserve, so that the cost of its storage
or possible shortage was minimal.

In the last few decades, interest in procurement
and inventory theory has not diminished [5-7]. And despite
the fact that scientists have developed many methods
of inventory management and solved a large number of
related practical problems, but the question of applying
probabilistic models in conditions of uncertainty in in-
ventory management in the enterprise is still relevant.

The purpose of this study is to find the optimal
reserve stock, when the size of raw material needs is
distributed at different time intervals and by different
distributions.

The realization of this goal is achieved by solving
the following tasks: accounting for the current level of
stock in warehouses of different levels; determining the
size of the order; determining the interval between orders.

The materials of the study will be useful for further
study of the specifics of inventory management systems
and can be used in planning production costs.

LITERATURE REVIEW

To minimize the costs associated with the acquisition
and storage of stocks, determine the optimal size of the
order to replenish stocks and the time of submission of
the order to replenish stocks [8]. These problems are
solved with the help of automated inventory manage-
ment systems and with the use of economic and math-
ematical methods [9]. A large number of monographs
are devoted to this topic, among which it is possible to
note [10-12]. Here are some works that are devoted to
the tasks of inventory management, related to the use
of mathematical modeling.

In [13] calculated the efficiency of the use of inven-
tory, which helps to minimize the cost of transportation
and storage of products. The author in [14] on the ex-
ample of a study of the company with two indications
that inventory management should take measures to
implement a strategy of inventory control to optimize the
production process, inventory costs and thus increase
efficiency. In [15] considered the problem of inventory




management based on the model of mathematical pro-
gramming. J. Madhuri [16] investigated how the intro-
duction of neural networks can improve profitability by
reducing capital for inventory, forecast orders and cal-
culate the stock of products accordingly. In [17], a new
business model was proposed for a multi-stage supply
chain inventory management scheme. The aim was to
investigate the potential reduction of the overall costs of
the enterprise and, conversely, whether such an approach
can significantly improve the level of service achievable
through more efficient resource management.

In [18] five models for the problem of the number
of economic orders are considered. These models are
nonlinear functions with binary variables that are related
to the procurement strategy and are also responsible for
accepting or rejecting each strategy.

There is a number of scientific studies in the devel-
opment of various models of inventory management, as
well as their evaluation. AlL models are divided into two
main types:

 Deterministic models (built on the assumption of
the absence of uncertainty associated with demand and
replenishment [19]).

« Probabilistic models (take into account the fact that
there is always a certain degree of uncertainty associated
with the structure of demand and the time of execution
of stocks [20]).

Here are three of the most popular deterministic
models of inventory management:

1. Economic order quantity (EOQ). This inventory model
requires constant checking of inventory levels and is
reduced to the formula EOQ=2-D-S/C, where D is the
annual demand, C'is the cost of delivery, S is the cost of
the order. The FOQ model expects a consistent product
request and offers the availability of items to be replen-
ished [21-24].

2. Economic purchase quantity (EOQ). The model com-
plements the EOQ and allows you to calculate the vol-
ume of inventory production. Inventories can be managed
using the inventory turnover ratio, which establishes the
relationship between average inventories and the value
of inventories consumed or sold over a period of time [25].

3.ABCanalysis. Often used with other inventory man-
agement models, such as Just in Time (JIT). Inventories
are sorted by groups A, B, or C to determine the most
stringent control requirements with the greatest degree
of attention for the contribution of the inventory man-
agement model to the object of most interest. Thus, the
company applies a selective approach to controlling
investments in various types of stocks [26].

Deterministic calculation methods are used in the
calculation of secondary demand for materials according
to the known primary [27]. In the analytical method, the
calculation is based on the product specification [28].
The synthetic method involves calculations for each group
of parts based on the degree of their applicability at
individual levels of the hierarchy [29-31].

Kulyk et al.

The probabilistic model is based on the assump-
tion that there is some uncertainty associated with de-
mand. In this model, demand may fluctuate and may
not always be predictable. The probabilistic approach
allows to change demand and it is considered at stock
management [32; 33].

Stochastic calculation methods allow to establish
the expected need on the basis of numerical data that
characterize its changes over a period of time [34]. For
this purpose, the approximation of average values is
used (used in conditions when the demand for materials
varies by months at a stable average value), the method
of smoothing (the coefficient that is selected to minimize
the forecast error is calculated) and regression analysis
(involves the approximation of known trends in the con-
sumption of material resources using mathematical func-
tions that can be extrapolated to the future) [35; 36].

Note that the warranty stock of raw materials at
the enterprise is intended for use when [37]:

e demand exceeds the forecast;

e the relevant material is produced less than planned;

e the actual execution time of this order exceeds the
usual term.

In [38], the optimal size of the reserve stock was
found, which corresponds to the risk factor at which the
costs associated with storage and scarcity are minimal.
It should be noted that found in this work, such a coef-
ficient in practice can be quite large. But there are cases
when the risk factor will go to zero, despite the fact that
there are certain costs for the storage of such stock.

At the same time, [39] considers the problem when
the cost of raw materials in the main production is a ran-
dom variable with some intensity per hour, when the sys-
tematic supply of raw materials to some extent creates
a shortage of raw materials with constant demand in the
main market. It is assumed that the value is the optimal
value, which determines the absence of shortage and bal-
ance of raw materials, during which the total consumption
of raw materials is equal to the volume of its supply has
a gamma distribution with parameters: the volume of
raw material supply in conventional units of value and the
intensity of raw material costs per hour in conventional units
of value. The flow of events with a constant intensity of
raw material costs in conventional units of cost per hour is
considered,the random variable is the time required for the
occurrence of a given number (volume of raw material sup-
ply) of events. It is concluded that if market demand is con-
stantly declining, it is necessary to consider the assortment
component in terms of diversification of basic production.

MATERIALS AND METHODS

The study used a statistical method based on the sys-
tematization and processing of statistical data. Relative
frequency histograms are constructed for the set of ob-
served X objects. Variants (observations) from the small-
est value x . to the largest x _are divided into several
segments of equal length 4. Then calculate the sum
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of the relative frequencies of the values of the variant
of the X, which belong to each of the obtained seg-
ments. If in the k-th segment (k=1,2,...) the number of
observed variants is equal to n, then construct a rect-
angle /1, the basis of which will be the k-th segment
of length 4, and the height will be ”kn, where n is the
number observations.

Next, using the results of the constructed sample,
found point statistical estimates of the unknown pa-
rameters of the random variable X: mean and standard
deviation.

From the form of the constructed histogram make
assumptions about the law of distribution of general pop-
ulation. The hypothesis of the distribution of the gen-
eral population according to some selected criterion
is tested.

After selecting a certain agreement criterion, the
set of all its possible values is divided into two subsets
that do not intersect: one of them contains the values
of the criterion in which the main hypothesis is rejected
(critical region),and the second - in which it is accepted
(hypothesis acceptance area). To find the critical area,
you need to find the critical point K , which separates
the critical area from the area of acceptance of the hy-
pothesis. To do this, set a fairly small probability - the
level of significance of a, and then look for a critical point,
taking into account the requirement.

The following continuous distributions and the
central limit theoremwere used:

« normal distribution: The general form of its probability
density function is:

flx) = J\/lﬁ exp (_%(x ; u)z) (1)

The parameter u is the mean or expectation of
the distribution, while the parameter ¢ is its standard
deviation;

e uniform distribution: The probability density func-
tion of the continuous uniform distribution is:

fora<x <bp,

1
f(X)={b—a )

0 forx<aorx>b»b

a+b tandard deviati b—a
, standard deviation =
2V3

« erlang distribution: The probability density function
of the Erlang distribution is:

mean =

Akxk—le—lx 3
f(x;k,ﬂ)=w for x,A >0, 3)
k vk

mean = T standard deviation = R
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The central limit theorem (CLT) establishes a con-
nection between the distribution of the sum of explo-
sives and its limit form - the normal distribution. CLT
states that with a sufficiently large number of equally
distributed random variables that have the same mean u
and standard deviations o, the sum of these quantities
is approximately distributed over the normal distribution
with the parameters:

mean = ny, standard deviation = vno

The calculations were performed using the numpy library
for the Python programming language.

RESULTS AND DISCUSSION

Parameter distributions and critical regions

Determine the minimum size of the reserve required
to ensure that the probability that the reserve will be
insufficient does not exceed some value of p (usually
p<0.1). Let's make a designation: V' - the size of the de-
mand for raw materials between two consecutive pur-
chases of raw materials, S — the size of the purchasing
party of raw materials, R — the reserve of raw materials.
For a continuous production process, the values of V] S
and R must meet the conditions:

PV>S+R)=p

when probability p is the state of insufficient reserve.

The need for materials for products is calculated
in detail according to the norms for each part that is part
of the product, and for each type of material separately.

Consider the process of purchasing parts at the
enterprise “Kyiv Central Design Bureau of Valves’, where
in the production process you need to periodically pur-
chase more than 60 different parts. Without limiting the
generalities, the analysis made the purchase of a single
part, which is a necessary component in the production
process, namely “Plate XNEX 080616TR-MEQ9 F40M
(SECO 552y

Using the statistics of purchases of parts for the
period 2013-2021 [40], it is seen that the difference in
dates between two consecutive purchases of the above
part is distributed according to the normal distribution
with a sample average value - 60 days and standard
deviation - 14 days (Fig. 1). The differential function for
this distribution has the form:

f(T;60.14) = 297

1
1421
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Distribution of days between two procurement dates
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Figure 1. Histogram of relative frequencies between the dates of two consecutive purchases and the graph of the
function of a normally distributed random variable V with parameters a=60, =14

Source: authors’ elaboration

In Figure 2 shows the critical area for a normally
distributed random variable with parametersa=60, 0=14
for a=0.05, which corresponds to the value of the ran-
dom variable 7 =84 - the number of days between pur-
chases. The area of the shaded area T€(7 ; +) is equal

0.020

0.015

0.010

0.005

0.000

20 40

to the probability 0=0.05 that characterizes the state of
insufficient reserve (Fig. 2). For the production process,
this will mean that if the number of days exceeds 84,
then the probability of continuous production will be
only 0.05.

1
1
1
1
1
1

Critical region

60 80 100

Figure 2. Critical region for a normally distributed random variable T with parameters a=60, 6=14 for ¢=0.05

Source: authors’ elaboration

According to the statistics of procurement of parts
for the period 2013-2021 [40],the amount of individual
parts “Plate XNEX 080616TR-MEQ9 F40M (SECO 552)”
during each purchase is described by a uniform distribu-
tion with parameters a=10, b=40 (M(X)=25, a(X)=5\/3).

Purchases of parts take place on average every 2 places.
Thus, the differential function of the uniform distribution
has the form (Fig. 3):

1
flx) = T € [10; 40] (5)
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Distribution of the number of purchased parts

=== Distribution density
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Figure 3. Histogram of relative frequencies of volume of purchases of details and density of uniform distribution
with parameters a=10, b=40
Source: authors’ elaboration

Using the central limit theorem, it can be stated
that during the year the procurement volume of parts of
the type “Plate XNEX 080616 TR-MEQ9 F40M (SECO 552)’,
distributed according to the normal distribution with
parameters, a=6-25=150, o=\/6-5\/3=15\/2 (On average,

6 purchases are made per year). The differential function
of the normal distribution has the form (Fig. 4):

exp (_ %) (6)

1
£(S;150.15v2) = 0

===Normal distribution details, a=150, =21

-\
/
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/
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Figure 3. Histogram of relative frequencies of the volume of parts purchased for a calendar year and the graph
of the function of the normally distributed random variable S with the parameters a=150, 0=15+/2
Source: authors’ elaboration

Figure 5 shows the Gaussian curve and the crit- number of parts.The area of the shaded area forSe(O;Sp)

ical region for a normally distributed random variable
with parameters a=150, 0=15v2 for p=0.05, which cor-
responds to the value of the random variable =115 - the
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should be equal to the probability p, which is calcu-
lated by the Laplace function and characterizes the
state of insufficient reserve.
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Figure 5. Critical region for a normally distributed random variable S with parameters a=150, 0=15/2 for p=0.05

Source: authors’ elaboration

Replacement of used parts of the type “Plate
XNEX 080616TR-MEQ9 F40M (SECO 552)” with new
ones is described by Erlang distribution with parameters
k=2, 6=5 (R~T'(2;5)), which corresponds to the average
number of days - 10, with a variance - 50. The differential
Erlang distribution function has the form:

R +o0
F(R;2.5) =R - exp (_E)’ Q) =f R -exp(— R)dR (7)
0

Figure 6 shows a histogram of the relative fre-
quencies of the days of replacement of used parts and
a graph of the function distributed according to Erlang
distribution random variable R with parameters k=2, 6=5.

Distribition of days between plate replacements

Pl
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== Erlang distribution, ¢=10 days, 0=7 days

20.0 22.5 25.0 275 30.0

Figure 5. Histogram of relative frequencies of days of replacement of used parts and graph of the function of random
variable R distributed according to Erlang distribution with parameters k=2, 6=5

Source: authors’ elaboration

According to the central limit theorem, it is assumed
that during the year the amount of spent parts of the
type “Plate XNEX 080616TR-MEQ9 F40M (SECO 552),
distributed according to the normal distribution with
parameters, a=36-10=360, o=\/36-\/ 50=30\/2 (36 replace-
ment parts per year).

Figure 7 presents a histogram of the relative fre-
quencies of the volume of replacement of parts during
the calendar year and a graph of the function of the
normally distributed random variable R with parameters
a=300, =30/2.
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Normal distribition details, a=360, 0=30V2
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Figure 7. Histogram of relative frequencies of replacement volume during a calendar year and graph of the function
of a normally distributed random variable R with parameters a=300, 6=30V2

Source: authors’ elaboration

Calculate the size of the reserve of parts de-
pending on the established risk factor. Table 1 for the
different values of p shows the value of the difference
in days between parts purchases, purchase values and

parts reserves that meet the laws of distribution of ran-
dom variables T S and R with the corresponding param-
eters, as well as the critical value v, of parts demand
during production.

Table 1. Critical values days, sizes, reserves, demands (T, S, R, V)

p T S, R, v,
0.01 93 101 261 362
0.02 89 106 273 379
0.05 84 115 290 405
0.1 78 123 306 429

Source: authors’ elaboration

From Table 1 we can draw the following conclusion:
the longer the period between purchases in days T, the
smaller the value V that characterizes the process of
continuous production (if there are less than 405 parts
or the period between purchases exceeds 84 days, it
means that the probability of continuous operation is
0.05, or that with a probability of 1-0.05=0.95 it can be
argued that there will be a simple production).

Inventories are the means of production that have
arrived in the warehouses of the enterprise, and are wait-
ing to enter the production process. These stocks allow
to provide release of materials in shops and on workplaces
according to requirements of technological process. It
should be noted that the creation of stocks distracts a sig-
nificant amount of material resources. Reducing inven-
tories reduces the cost of their maintenance, reduces
costs, accelerates the turnover of working capital, which
ultimately increases profits and the feasibility of pro-
duction. Therefore, according to the authors, optimizing
the size of stocks is an important task. The reserve in
case of violations in the supply or increase in output is
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characterized by a certain value and is restored after re-
ceiving the next batch of materials. The standard of in-
surance stock of materials is determined by the interval of
backlog of deliveries or by actual data on replenishment
of stocks. Finding the size of such a reserve is an urgent
problem. The company should strive to minimize inven-
tories, but stocks of raw materials should be close to
optimal. The point of economically justified order is the
equilibrium point of the cost of purchase and storage.
For some stocks, purchase costs are negligible, and the
main burden falls on storage costs. Costs can be mini-
mized if low-cost parts are purchased in large batches
at long intervals, and expensive ones more often, but in
small batches. If the terms of placing the order satisfy
the company, the smallest number of parts is ordered at
the appointed time of submission of the request. Main-
taining inventories at a predetermined level is one way
to increase the company's profits.

Given the above research, it can be argued that one
of the main tasks is to find the optimal value for each
product, or to determine the minimum level of stocks for




continuous production. The optimal amount of reserves
should correspond to the economically optimal volume
of the purchasing party plus some guarantee stock. The
optimal volume of purchases should be equal to the
volume of stocks used in the production process for
production. When managing production or inventories,
there are two main questions: the time of renewal of in-
ventories and what should be its size. Obviously, stocks
require certain costs for their storage until they are sold.
Moreover, the company's losses increase due to the part
of working capital that is invested in stocks. Therefore,
it is important to build a mathematical model that de-
scribes the system under study, and on its basis to find
the optimal ratio between costs and benefits of the se-
lected level of stocks and determine what stocks for each
group of goods or raw materials are sufficient.

CONCLUSIONS

Thus, taking into account the degree of uncertainty as-
sociated with the structure of demand and the time of
use of stocks at the enterprise, the authors chose prob-
abilistic models that allow flexible change of simulated
demand and take this into account in forecasting. The
process of purchasing parts at enterprise “Kyiv Central
Design Bureau of Valves’ for the period 2013-2021 is

Kulyk et al.

considered, while it is proved that the difference in dates
between two regular purchases of one individual part
is distributed according to the normal distribution, and
the amount of individual parts at the time of each pur-
chase is described by a uniform distribution.

Using the central limit theorem, it is shown that
during the year the purchase volume of parts is distributed
according to the normal distribution. It is also proved
that the replacement of used parts with new ones is de-
scribed by Erlang distribution. The histogram of relative
frequencies of volume of replacement of details during
a calendar year is presented. The value of the difference
in days between the procurement of parts, the value of
purchases and the reserve of parts that correspond to
the distributions of random variables with the appro-
priate parameters, as well as the critical value of the
need for parts in the production process. This made it
possible to draw conclusions about the optimal values
of the reserve for continuous operation of production,
indicating the conditions under which downtime may
occur. Therefore, the problem of finding the optimal re-
serve stock, when the random value of the size of raw
material needs is distributed over different time inter-
vals and according to different laws, including different
from normal, may be the subject of further research.

89

REFERENCES

[1] Smith, V.L. (1961). Investment and production: A study in the theory of the capital-using enterprise. Cambridge:
Harvard University Press.

[2] Carrilo,l.E., & Franza, R.M. (2006). Investing in product development and production capabilities: The crucial
linkage between time-to-market and ramp-up time. European Journal of Operational Research, 171(2), 536-556.
doi: 10.1016/j.ejor.2004.08.040.

[3] Gilbert, RJ. (1979). Optimal depletion of an uncertain stock. The Review of Economic Studies, 46(1), 47-57.
doi: 10.2307/2297171.

[4] Ray, J.,Goswami, A., & Chaudhuri,K.S.(1998).0n an inventory model with two levels of storage and stock-dependent
demand rate. International Journal of Systems Science, 29(3), 249-254. doi: 10.1080/00207729808929518.

[5] Seigworth, GJ., & Gregg, M. (2010). An inventory of shimmers. In The affect theory reader (pp. 1-26). New York:
Duke University Press. doi: 10.1515/9780822393047-002.

[6] Wild,T.(2017). Best practice in inventory management. London: Routledge. doi: 10.4324/9781315231532.

[7] Muller, M. (2019). Essentials of inventory management. Nashville: Harper Collins Leadership.

[8] Schwartz, L.B. (Ed.). (1981). Multi-level production/inventory control systems: Theory and practice. In Studies in
the management sciences (pp. 163-193). Amsterdam: North Holland.

[9] Raymond, F.E. (1931). Quantity and economy in manufacture. Chicago: McGraw-Hill.

[10] Kampf, R., Lorincova, S., Hitka, M., & Caha,Z.(2016). The application of ABC analysis to inventories in the automatic
industry utilizing the cost saving effect. Nase More, 63(3), 120-125.

[11] Masse, P. (1959). Le choix des investissements. Paris: Dunod & Co.

[12] Taha, H.A. (2003). Operations research - An introduction (7th ed). New Jersey: Prentice Hall, Inc.

[13] Luchko, M.R., Lukanovska, I.R., & Ratynskyi, V. (2019). Modelling inventory management: Separate issues for
construction and application. International Journal of Production Management and Engineering, 7(2), 117-124.
doi: 10.4995/ijpme.2019.11435.

[14] Inegbedion, H., Eze, S., Asaleye, A., & Lawal, A. (2019). Inventory management and organisational effsciency.
The Journal of Social Sciences Research, 5(3), 756-763 doi: 10.32861/jssr.53.756.763.

[15] Buschiazzo, M., Mula, )., & Campuzano-Bolarin, F. (2020). Simulation optimization for the inventory management of
healthcare supplies. International Journal of Simulation Modelling,19(2),255-266.doi: 10.2507/1JSIMM19-2-514.

[16] Madhuri,J. (2020). Inventory management using machine learning. International Journal of Engineering Research
& Technology, 9(6), 866-869.

Scientific Horizons, 2021, Vol. 24, No. 5




90

Inventory management at the enterprise in the field of probability models

[17] Cesarelli, G. (2020). An innovative business model for a multi-echelon supply chain inventory management pattern.
Journal of Physics: Conference Series, 1828(2021), article number 012082. doi: 10.1018/1742-6596/1828/1/01/2082.

[18] Pereira, V., & Costa, H.G. (2017). A multiproduct economic order quantity model with simulated annealing
application. Journal of Modelling in Management, 4, 119-142.

[19] Gogmen, E., & Erol, R. (2019). Transportation problems for intermodal networks: Mathematical models,
exact and heuristic algorithms, and machine learning. Expert Systems with Applications, 135(6), 374-387.
doi: 10.1016/j.eswa.2019.06.023.

[20] Engebrethsen, E., & Dauzére-Péres, S. (2019). Transportation mode selection in inventory models: A literature
review. European Journal of Operational Research, 279(1), 1-25. doi: 10.1016/j.ejor.2018.11.067.

[21] Chan, S.W., Tasmin, R., Nor Aziati, A.H., Rasi, R.Z., Ismail, F.B., & Yaw, L.P. (2017). Factors influencing the
effectiveness of inventory management in manufacturing SMEs. /OP Conference Series: Materials Science and
Engineering, 226(1), article number 012024. doi: 10.1088/1757-899X/226/1/012024.

[22] Chitsaz, M., Cordeau, J.F., & Jans, R.(2019). A unified decomposition matheuristic for assembly, production, and
inventory routing. Informs Journal on Computing, 31,134-152. doi: 10.11287/ijoc.2018.0817.

[23] Huang, Q., & Wu, P. (2020). A new economic order quatitty model. Journal of Physics: Conference Series, 1670,
article number 012047. doi: 10.1088/1742-6596/1670/1/012047.

[24] Makoena, S., & Olufemi, A. (2019). Economic order quantity model for growing items with imperfect quality,
perations. Research Perspectives, 6, article number 100088. doi: 10.1016/j.0rp.2018.11.004.

[25] Beklari, A., Nikabadi, M.S., Farsijani, H., & Mohtashami, A. (2018). A hybrid algorithm for solving vendors managed
inventory (VMI) model with the goal of maximizing inventory turnover in producer warehouse. Industrial
Engineering & Management Systems, 17(3), 570-587. doi: 10.1016/j.peva.2018.07.003.

[26] De Kok, A.G., Grob, C., Laumanns, M., Minner, S., Rambau, J., & Schade, K. (2018). A typology and literature review
on stochastic multi-echelon inventory models. European Journal of Operational Research, 269(3), 955-983.
doi: 10.1016/j.ejor.2018.02.047.

[27] Jauhari, W.A,, Sianipar, M., Rosyidi, C.N., & Dwicahyani, A.R. (2018). A vendor-buyer inventory model with
imperfect production considering investment to reduce lead time variability. Cogent Engineering, 5(1),1531455.
doi: 10.1080/23311916.2018.1531455.

[28] Lin, F., & Jia, T., & Wu, F., & Yang, Z. (2019). Impacts of two-stage deterioration on an integrated inventory
model under trade credit and variable capacity utilization. European Journal of Operational Research, 272(1),
219-234 doi: 10.1016/j.ejor.2018.06.022.

[29] Baek,JW.,Bae,Y.H., Lee, HW., & Ahn, S. (2018). Continuous-type (s, Q)-inventory model with an attached M/M/1queue
and lost sales. Performance Evaluation, 125(9), 68-79. doi: 10.7232/iems.2018.17.3.570.

[30] Park,J.H.,Kim,].S., & Shin, K.Y. (2018). Inventory control model for a supply chain system with multiple types
of items and minimum order size requirements. International Transactions in Operational Research, 25(6),
1927-1946.doi: 10.1111/itor.12262.

[31] Zadjafar,M.A., & Gholamian, M.R. (2018). A sustainable inventory model by considering environmental ergonomics
and environmental pollution, case study: Pulp and paper mills. Journal of Cleaner Production, 199(20), 444-458.
doi: 10.1016/j.jclepro.2018.07.175.

[32] Duan, L., & Ventura, J.A. (2019). A dynamic supplier selection and inventory management model for a serial
supply chain with a novel supplier price break scheme and flexible time periods. European Journal of Operational
Research, 272(3), 979-998. doi: 10.1016/j.ejor.2018.07.031.

[33] Esteso, A., Alemany, M.M.E., Ortiz, A., & Peidro, D. (2018). A multi-objective model for inventory and planned
production reassignment to committed orders with homogeneity requirements. Computers & Indrustrial Engineering,
124(7), 180-194. doi: 10.1016/j.cie.2018.07.025.

[34] Gabor, A.F., Van Vianen, L.A,, Yang, G.Y., & Axsater, S. (2018). A base-stock inventory model with service
differentiation and response time guarantees. European Journal of Operational Research, 269(3), 900-908.
doi: 10.1016/j.ejor.2018.02.039.

[35] Cholodowicz, E., & Oelowski, P. (2018). Impact of control system structure and performance of inventory goods flow
system with long-variable delay. Elektronika ir Elektrotechnika, 24(1), 11-16. doi: 10.5755/j01.eie.24.1.14244.

[36] Mnikas, A.S. (2017). Interdependence among inventory types and firm performance. Operations and Supply
Chain Manag, 10(2), 63-80. doi: 10.31387/0SCM0270181.

[37] Karadag, H. (2018). Cash, receivables and inventory management practices in small enterprises: Their
associations with financial performance and competitiveness. Small Enterprise Research, 25(1), 69-89,
doi: 10.1080/13215906.2018.1428912.

[38] Poo, M.C.P, & Yip, T.L. (2019). An optimization model for container inventory management. Annals of Operations
Research, 273,433-453. doi: 10.1007/s10479-017-2708-8.

Scientific Horizons, 2021, Vol. 24, No. 5




Kulyk et al.

[39] Tarasova, EV., Moskvicheva, N.V., & Nikulina, E.N. (2019). Simulation-based improvement in the models
for tool-inventory management at manufacturing plants. Russian Engineering Research, 39(2), 160-166.
doi: 10.3103/51068798X19020102.

[40] Reports private joint stock company “Kyiv central design bureau of reinforcement construction”. (n.d.). Retrieved
from http://kckba.pat.ua/emitents/reports.

YnpaB/iiHHS 3anacaMm Ha NiANPUEMCTBI i3 3acTocyBaHHAM IMOBIpHICHUX Mofienen

AHnatoniii bopucosuu Kynuk?, KatepuHa BonogummpieHa ®okiHa-MeseHueBa?,
Hatania MerpieHa bopeubka®, Onekciit Muxaitnosuu binoycos*, CeitnaHa BonogumupisHa NMpoxopuyk*

'KMiBCbKMIA HaLiOHaNbHMI €KOHOMIYHMI YHiBEpCUTET iMeHi Baguma leTbMaHa
03057, npocn. NMepemoru, 54/1, m. Kuis, YkpaiHa

2KMiBCbKMIA HaLiOHaNIbHMI TOPrOBENbHO-EKOHOMIYHMIA YHiBEPCUTET
02156, Byn. KioTo, 19, M. KuiB, YkpaiHa

*KWiBCbKMIA HALLIOHANbHUIA YHIBEPCUTET TEXHONOTIN Ta AU3aliHY
01011, Byn. Hemmposuua-LaHueHka, 2, M. Kuig, YkpaiHa

*MixxHapoaHuit yHiBepcuTeT Bi3Hecy i npaBa
73000, Byn. 49-i [Bapgaircbkoi Aumeisii, 37-41, M. XepcoH, YkpaiHa

AHorTauis. 3 MeTol 336e3neyeHHs HenepepBHOi BUPOOHMYOIT AisNbHOCTI NiANPUEMCTBA YCiMa NOTPiIBHUMMK pecypcamu
OyLYyETbCS CMCTEMA YNpaBNiHHA BUPOOHWMYMMM 3anacaMu. MeTo LbOro AOCNiAXKEeHHS € NobyLoBa MMOBIPHOCHOT
Mozeni, Ika Moxe 6yT1 3anNponoHOBaHa Ik HOBA MOAENb iHBEHTapM3aLlii,3a LONOMOTOH SIKOi BCTAHOB/OKOTHCS B3AEMO3B'13KM
dakTopiB Nepioay Mix 3akynisnero AeTanen Ta TpMBanicTio iX NPUAATHOCTI, LWLO BNAMBAKOTb HA YNPaBAiHHSA 3anacamu.
MeToau [OCNiAXEHHS 3aCHOBAHI Ha MMOBIPHICHOMY NiAXOA4i 3 BUKOPUCTAHHAM HEMepepBHUX 3aKOHIB pO3MOAiny.
B1KOpUCTOBYHOUM CTAaTUCTUUHUI METOA, 3HAWAEHI TOUKOBI OLiIHKM AN9 A0CAIAKYBAaHMX NapaMeTpiB: CepeaHboro i
CepenHbOKBaAPATUYHOIO BifXmneHHs. [obyfoBaHi ricTorpaMm BiAHOCHMX YacTOT MiXX AaTaMM OBOX YEProBMX 3aKymok,
00cary 3aKynok AeTanelt Ta AHIB 3aMiHM BiANpaLboBaHUX AeTanei. [pointoCcTpoBaHi KpUTUYHI 061aCTi 419 AOCNIAKYBAHMX
napameTpiB. PO3paxoBaHO 3HaYeHHS Pi3HMLI B AHAX MiX 3aKynkamMu AeTanen Ta BENUYMH 3aKynokK AeTanen, gKi
BiANOBIAAOTb HOPMANbHMM 3aKOHaM PO3MOAINY BUNAAKOBUX BEIMYMH 3 BiAMOBIAHMMUM NapaMeTpamu, a TakKox
KPUTUYHI 3HaYEHHS NOTpebu B LeTansax B NpoLeci BUpobHMLTBA. 3HaNAEHO PO3Mip pe3epBy AeTanew, aKunii Bignosinae
3aKoHy po3nofiny EpnaHra, B 3aneXHOCTi Bif BCTaHOBNEHOro KoedilieHTy pu3mnky. s pisHUX 3HAYeHb LbOro
KoedilieHTY HaBeLEeHO 3HAaYEHHS Pi3HULL B AHAX MK 3aKyMKamu AeTanei, BeNMUYMH 3aKyNoK i pe3epsy AeTaneu, aki
BiZNOBifAOTb 3aKOHAM pPO3MOAiNY BUNAAKOBUX BENMUYMH, @ TAKOXK KPUTUYHE 3HAUYEHHS NOTpebu B AeTansx B NpoLeci
BMPOOHMLTBA 415 YHUKHEHHS NPOCTOH BMPOOHMLTBA. BUKOPUCTOBYOUM LLeHTpanbHy rpaHUyHy TeOpeMy, MOKa3aHo,
WO 3aKyniBenbHWI 0bcar petanei Ta obcar BignpaLboBaHMX AeTanei po3nofineHi 3a HOpManbHUM 3aKOHOM. Y
[OCNioKEHHI 3p06/1eHO BUCHOBKM, WO MMOBIPHICHWI MifXih, € OCHOBOK MPOrHO3YyBaHHS YMpaBiHHA 3anacaMu Ha
NiANPUEMCTBI, LLLO BPaXOBYE PU3MKM, MOBA3aHI 3 BU3HAYEHHSM ONTUMaNbHOi NOTpebu B CUPOBMHI Ha MiANPUEMCTBI

KntouoBi cnoBa: 3anacu, BUTpaTH, peseps, HOpManbHUIM PO3MOo4in, po3noain EpnaHra
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INTRODUCTION

The rapid growth of world trade determines one of the
most important trends in the global economy - a high
degree of foreign economic activity, increasing the vol-
ume of which allows to form an export-oriented type of
economy, which is typical of Western Europe and North
America. In this trend, the positions of other countries
are strengthening, such as China, “4 Asian Tigers”, India,
etc. In addition, foreign economic integration of devel-
oped countries in the technological process of ensuring
a high-quality structure of production in countries with
weak economies requires finding alternative scenarios
for investment development of agri-food production in
international trade relations, given competitive advan-
tages in international markets.

It should be noted that agri-food production of
countries with weak economies requires specific areas
to optimize the impact of numerous external and do-
mestic factors, including - the dynamics of increasing
world trade in agriculture and processing industry, sta-
bilization of foreign economic export potential and for-
eign investment. At the same time, taking into account
the specifics of the formation of the cost of agri-food
production, it should be noted that the conditions and
restrictions of foreign trade significantly affect the final
price of products, which determines the level of its com-
petitiveness. This requires assessing the impact of in-
ternational markets on changes in the competitiveness
of agri-food production, which differs in many groups of
indicators: prices, production volumes, export-import of
goods by country, consumption in domestic markets of
exporting and importing countries, the number of global
exporting competitors, major world importers-consum-
ers, the size of customs tariffs, the volume of quotas for
duty-free imports and temporary quotas, the volume of
stocks of exporting and importing countries, the degree
of investment development of agri-food production in
product (market) terms, the share of foreign exchange
earnings, etc.

Research of the newest problems of formation
of competitiveness of agri-food sector in the conditions
of globalization is made in the works of I. lholkin [1],
S.Kvasha, V.Vlasov and N. Kryvenko [2], A. Kliuchnyk [3],
Yu. Zaitsev [4], A. Zavhorodnii [5], Zh. Zosymova [6].
The following works are devoted to the study of the
problems of development of foreign economic activity
of agri-food enterprises: Yu. Kozak, N. Prytula and O. Yer-
makova [7], P. Leonenko and O. Cherepnina [8]. In turn,
the problems of foreign trade development, in particu-
lar agricultural products, are a priority for the following
scientists: M. Lepekha, H. Svyrydenko [9], D. Lukianenko,
A. Poruchnyk and L. Antoniuk [10], M. Makarenko [11],
M. Zos-Kior and N. Sokolova [12]. Based on the obtained
results of formation of competitiveness of agri-food sec-
tor in the conditions of globalization, a powerful school
of international economic relations was formed, where
trade relations play a special role, the research of which
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is carried out by C. Berry [13], N. Cu¢kovi¢, J. Kre3imir,
V.Vuckovic [14],). Davis and R. Gilbert [15], M. Gort [16],
. Kirzner [17], M. Moraliyska [18], M. Porter [19], M. Ra-
fat [20], D. Rodrik [21], J. Svobodova, L. Domeova and
A. Jindrova [22], W. Su, D. Zhang, C. Zhang, J. Abrham,
M. Simionescu, N. Yaroshevich and V. Guseva [23]. De-
spite the obtained scientific achievements, the doctrine
of agri-food development requires further research, elim-
inating negative crises and stimulating territorial socio-
economic growth, primarily by determining foreign eco-
nomic priorities for investment development of agri-food
production in the context of international trade relations.

The priority of our study is the implementation of
acomprehensive methodological approach to assessing
the effective diversification of investment infrastructure
of agri-food entities, which under the influence of foreign
direct investment in agribusiness determine investment
opportunities in foreign economic activity, provide for-
eign exchange earnings to the economy of the state,
activate the export potential of regional producers in
international trade markets.

MATERIALS AND METHODS

Foreign economic activity as a system of economic re-
lations, due to the movement of commodity and finan-
cial resources in the context of globalization of agri-
food production is a vector of economic development
of any country. It defines the activities of the subjects
of economic relations of the state and foreign entities
engaged in cooperation and partnership both on its own
territory and abroad. Foreign economic priorities of agri-
food production entities are often identified with the
implementation of foreign trade operations, the share of
which reaches 80% of the total volume of international
relations. International diversification, which takes place
under the influence of technological processes for com-
mercial and social purposes, enables entrepreneurs to
effectively use existing marketing levers in the domestic
market and form proposals at the global level, constantly
increase investment efficiency, increase profits, reduce
existing business risks through effective business envi-
ronment management. Thus, the effective functioning
of the economy of agricultural enterprises cannot hap-
pen without a developed system of foreign economic
relations in the agricultural sector. The inclusion of the
agri-food sector in the system of world economic pro-
cesses and the formation of effective strategies for for-
eign economic activity of agricultural enterprises has a
positive effect on the development of the agricultural
sector and contributes to increasing the technical level
of production, eliminating shortages of certain goods,
rational use of natural resources and improving the living
standards of the population [22].

The general approaches to assessing the effec-
tiveness of the strategy of diversification of investment
infrastructure of agri-food production entities (AFP) are

Scientific Horizons, 2021, Vol. 24, No. 5

93



94

Foreign-economic priorities of the development of investment infrastructure...

exports; joint venture; direct investment [2]. At the same
time, a comprehensive system for assessing the diversifi-
cation of investment infrastructure in foreign economic
activity of agricultural entities provides: 1) identifica-
tion of its strengths and weaknesses based on critical
analysis of economic effects and economic efficiency of
each type and direction of foreign economic transactions;
2) identification of development reserves and minimi-
zation of the complex of costs; 3) optimization of the
structure of foreign economic operations and increase
their efficiency.

In terms of the methodological approach to assess-
ing the effectiveness of the implementation of measures
for the development of investment infrastructure of for-
eign economic activity from foreign trade operations,
the following indicators are most often used: indicators
of full efficiency of exports and imports, as well as the
effect of their use.

Full export performance indicator [24]:

ke =2 (1)

where V- the value of exported products at foreign

trade prices or foreign exchange earnings from sales of

products on the international market; S, - the cost of

purchasing export products or the cost of purchasing

national goods for sale on the international market.
Export effect [24]:

E. =V, -5, (2)
Full import efficiency indicator [24]:
Vi
= ©)
k; S,

where V. - the value of imported products at foreign
trade prices or foreign exchange funds spent on the
purchase of imported goods; S, - the cost of purchasing
national goods similar to imported ones.

Effects from imports [24]:

E; =V =5 (4)

The implementation of foreign economic priorities
for the development of investment infrastructure (AFP) at
the regional level is diagnosed by defining a system of
quantitative and qualitative indicators, which include the
openness ratio, the index of actual comparative advan-
tage, the balance of international trade and more. The
description of the most important indicators allows:

1) to quickly and objectively form an idea of the state,
development trends and efficiency of technological pro-
cesses of AFP for the entry of products and goods on the
world market;

2) determine the level of competitiveness of agricul-
tural and food products;

3) to establish a promising commodity and geograph-
ical structure of international trade in agri-food products;
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4) identify the weaknesses and strengths of the en-
terprises of the region’s AFP as participants in foreign
economic activity [2].

To determine the level of risk of territorial orienta-
tion of export-import operations of agri-food products,
we propose to use the index of risk of geographical
diversification (IDR), which helps to determine the level
of risk of product groups in their exports and imports.
Geographical diversification of exports is the distribution
of export supplies of goods among a large number of
importing countries in order to reduce the risk of possi-
ble losses of markets, increase the efficiency of foreign
trade operations, resulting in priority conditions for in-
ternational relations, reduces the risk of export transac-
tions (connected with political, economic, legal factors),
as well as expanding opportunities to overcome negative
situations when changing market conditions [24].

In view of the above, effective geographical di-
versification of exports (imports) is associated with a
more or less even distribution of export (import) products
among a relatively large number of importing (exporting)
countries. The risk index of geographical diversification
is calculated by formula (5), [24]:

IDR = Z E, —™M/, )

where n - is the total number of importing countries
of a particular product; m - is the number of importing
countries whose exports exceed or equal to the average
value of exports formula (6), [24]:

1
E;=E, E.=E/n (6)

where 2i%1 E; - the volume of exports of certain goods
in m countries.

In turn, IDR depends on the total number of coun-
tries to which the goods are exported, the number of
countries to which exports exceed or equal to the aver-
age value, as well as the total volume of exports to these
countries. The value IDR ranges from O to 1, because [24]:

m m
ZEiszC or inSl (7)
i=1 i=1

Obviously, the smaller the number of countries
whose exports exceed £, the greater the value IDR, and
vice versa. That is, with significant volumes of exports
to a small number of countries, there is a diversification
risk,and when combined with other risks (political, eco-
nomic, etc.) poses a threat to exports of this product. If
exports are evenly distributed (i.e., with an increase in
the number of countries whose exports exceed E), the
risk of exporting a particular product decreases [24].
However, most often the efficiency of the investment
infrastructure of agri-food production entities at the




state (or regional) level is determined through the use
of a system of absolute indicators of export-import op-
erations, etc.

Methodical principles of diagnosing the state of
attracting foreign direct investment in the development
of agri-food production allows to form an export-ori-
ented type of state economy, identify the main sources of
technical equipment for agribusiness and master innova-
tive technologies, form production potential and mech-
anism for implementing strategic investment goals of the
region. Most countries with weakened economies need
to significantly increase investment in the real sector
of the economy, create an effective and adapted system
for attracting investment capital to ensure economic
growth in the regions, improve the socio-economic situ-
ation and improve the welfare of the population. It is in
the field of agri-food production that investment activity
is a source of food and economic security of the state, a
guarantor of the development of its industries in the re-
gions and the implementation of environmental princi-
ples of natural resources. Accordingly, the stabilization
of the macroeconomic situation in the country allows
not only to optimize the investment processes of agri-
food production (AFP), but also to ensure a sufficient
level of investment activity of economic entities at the
international level.

The efficiency of attracting foreign investment is
closely related to increasing the economic efficiency of
agri-food production and the assessment of international
cooperation takes into account the specific features of
this sector at the regional level, namely: the degree of
foreign investment in industries and the effectiveness
of innovative technologies to improve processing quality
and storage of agricultural products, use of resources,
saturation of the domestic market with high quality
food, creation of new jobs, increase of export potential,
establishment of economic relations between economic
entities, etc. [18].

Implementation of foreign economic priorities for
the development of investment infrastructure of agri-food
production is associated with the formation of a com-
prehensive, dynamic and structurally balanced system
that can sufficiently intensify investment processes, ensure
production and technological modernization, expand
production capacity, increase efficiency, and strengthen
competitiveness of agro-industrial production in general.
The system of investment infrastructure of agri-food
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production acquires the character of horizontal-vertical
cooperation (in the form of a “map” of institutional elements
at the intersection of planes “management levels - func-
tions”),where horizontal interaction is manifested through
the creation and coordination of institutional elements
of the system at the micro, meso, sectoral, macro and
global levels; vertical integration - the interaction of el-
ements of the system in order to implement the main
functions, which should perform a full and developed
investment infrastructure of the industry complex. At
the same time, the integrated assessment of the invest-
ment infrastructure of agri-food entities in the regions
of the country should include a set of quantitative and
qualitative indicators that determine its impact on for-
eign economic priorities of cooperation and attracting
foreign investment in the agricultural sector. Quantita-
tive indicators in their entirety are ranked according to
the level of impact on the ratio of investment resources
in the fixed capital of agri-food entities, which indicates
their investment activity, while identifying indicators
that determine its risk component [25]. The comparison
of quantitative and qualitative indicators is made using
a scale, according to which each individual indicator
receives a weighting factor according to the method
of priorities. That is, the foreign economic priorities of
agri-food production entities depending on the value
of the investment infrastructure indicator in the region
are classified as [26]: low investment infrastructure of
agri-food production entities in the region - K<0.05; below
average - 0.05<K<0.1; intermediate level - 0.1<K<0.2;
above average - 0.2<K<0.4; high - K>0.4.

It should be noted that for most agribusiness en-
tities it is important to implement investment projects.
One of the most important criteria for evaluating in-
vestment projects is the financial probability of its im-
plementation, which is characterized by the availability
of sufficient financial opportunities. To determine the
effectiveness of the project, quantitative characteris-
tics are used, which are based on individual qualitative
characteristics.

The main methods and indicators for assessing the
effectiveness of investment projects are given in (Table 1).
The choice of investment option can be made by discount-
ing future income. Entities of agri-food production, im-
plementing an investment project, evaluate it based on
a comparison of expected income and costs for the ac-
quisition and operation of such a project.
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Table 1. The main methods and indicators for evaluating the effectiveness of investment projects

Indicator Calculation algorithm Legend
Static methods in assessing the effectiveness of investment projects
Payback Period where DK, - annual income from the project for the k-th year;

=mi i n_.DK,>1
of Investments (PP) PP=min n, at which X, DK =

I- investment costs; n — the number of years of calculation

NP

Accounting Rate =T
/o X (CL+1)

of Return (ARR)

ARR

The indicator is often compared with the rate of return on
advanced capital, which is calculated by dividing the total net
profit of the enterprise by the total amount of funds advanced
to its activities (the sum of the average net balance)

Dynamic methods in assessing the effectiveness of investment projects

Present Value (PV)

If the investments related to the future
implementation of the project are carried
out in several stages (intervals — m years),
then the calculation - m years), then the
calculation NPV is as follows:

Net Present Value (NPV)

where DK - the amount of cash flow; I - the amount of
initial investment (costs); r - discount rate (rate); n- project
implementation time

Internal Rate of

Return (IRR) IRR=r, at which NPV=IRR=0

IRR>CC - the project should be accepted; IRR<CC - the project
should be rejected; IRR=CC - the project is neither profitable
nor unprofitable. Where CC - cost of capital

DKk PI>1, the project should b ted; PI<1 - to abandon it;
. Pl = ny , project should be accepted; 0 abandon it;
Profitability Index (P) (1 +7r)k PI=1, the project is neither profitable nor unprofitable
k=1
L ocC Yr_ PCp x (1+7r)"k where PC, - cash inflows in the period; OC, - cash outflow in
Mog;ﬁReedtL:?rEe(ulaéSate a+ };)k ===t 1 Ifl_ MIRR) the period (in absolute terms); r - discount rate (or cost of
k=0 capital); n - duration of the project

Discounted Payback
Period (DPP)

n _DKk

DPP=min n, at which Y3_; Py >

Under the condition of discounting, the payback period increases,
i.e., always DPP>PP. Given a low discount rate, typical of a
stable economy, the indicator improves the result by a small
amount, but at a higher discount rate changes the estimated
value of the payback period (i.e., a project acceptable by
criterion PP, may be unacceptable by criterion DPP)

Source: summarized by the authors according to data [27]

The projected income is calculated from the annual
income from the operation of capital implementations
(technologies) during their validity, while the investment
is made simultaneously. In this regard, the amount of
investment in capital implementation is determined in or-
der to obtain the required income for some time [26]. Such
calculations are called discounting of future income,
and the amount to be paid for capital investments at
present — the discounted value. The discounted value
depends on the interest rate. The discounted value (D)
for the same amount of annual income is calculated by
formula (8) [26]:

D=1 41 yx (8)
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where: O - the amount to be received by the agri-food
entity at the annual interest rate of the bank (I); x -
the number of years during which the annual income
is expected.

If the annual return on investment is different,
the size of the discounted value (Dp) is determined by
formula (9) [28]:

P S M 9
PTar arLy T arnr O
where 0, 0,, O - expected amounts of annual income,

EUR; n - the number of years during which annual income
is expected.




When making decisions about long-term invest-
ments, there is a need to predict their effectiveness. To
this end, a long-term analysis of income and expenses is
made. The methods that are taken into account in the
analysis of the diversification of investment infrastruc-
ture of the agri-food entity are divided into 2 groups. It
depends on the time factor: static (based on accounting
estimates); dynamic (based on discounted estimates). Static
methods, where cash flows that arise at different times
are considered equivalent (i.e., the concept of change
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in the value of capital over time is not used) and are
characterized by indicators: PP, ARR. Dynamic methods,
where the cash flows that appear during the project,
are reduced to an equivalent basis by discounting and
ensure the comparability of different cash flows, are
characterized by indicators: NPV, IRR, PI, DPP, MIRR. The
algorithm for calculating the level of attractiveness of
the investment infrastructure of agri-food production
entities is proposed in Figure 1.

Algorithm for calculating the level of attractiveness of investment infrastructure
of agri-food production entities

!

Determining the matrix of indicators for assessing the attractiveness of investment
infrastructure of agri-food production

U |

{

Profitability indicators

: U

Indicators of business activity

Indicators of a condition and structure of the capital

)

Return on assets;
Return on equity;
Return on sales;

Return on current assets capital

Efficiency of fixed assets;
Turnover ratio of current assets;
Coefficient of turnover of own

Coefficient of autonomy; Coefficient of
maneuverability of own capital; Provision of stocks
with own working capital; Coefficient of production

potential; Coefficient of investment; Coefficient
of coverage; The ratio of current and non-current
assets; Financial risk ratio

&l

Formation of ratings according to indicators

@

Grouping of objects of analysis by the level of attractiveness of the investment infrastructure
of agri-food production entities

il

Graphic interpretation of evaluation results

Figure 1. Algorithm for calculating the level of attractiveness of investment infrastructure
of agri-food production entities

Source: developed by the authors

The scientific society uses methods of rating
the attractiveness of the investment infrastructure of
agri-food entities, based on their financial and economic
indicators, among which are: Global 1000; Fortune 500;
Business Week 1000. These methods are used to esti-
mate the value of assets, income, quality of investment,

growth of current and non-current assets and the level
of market value of enterprises [29]. Estimation of at-
tractiveness of investment infrastructure according to
the offered algorithm is defined for subjects of agri-food
production on the basis of the analysis of the corre-
sponding groups of indicators given in (Table 2).

Table 2. Indicators of attractiveness of investment infrastructure of agri-food production entities

Indicators

Determination algorithm

Score (1 point)

Profitability indicators

Return on assets

Net profit (Loss) / Average annual value of assets

>0.14

Return on equity

Net profit (loss) / Average annual cost of equity

>0.2
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Table 2, Continued

Indicators Determination algorithm Score (1 point)
Profitability of realization Gross profit (loss) / Net income from sales Increasing
Return on working capital Net profit (loss) / Average annual value of current assets Increasing

Indicators of business activity
Efficiency of fixed assets ~ Net income from sales / Average annual value of fixed assets Increasing
Turnover ratio of current Net income from sales of products / Average annual value Increasin
assets of current assets 9
Equity turnover ratio Net income from sales / Average annual cost of capital Increasing
Indicators of the state and structure of capital
Coefficient of autonomy Equity / Balance Currency >0.5
Equity man rabili . . . .
quity rateit:)ve bility Own working capital / Equity Increasing
Provision of inventories Own working capital / Inventories Increasin
with own working capital gcap 9
Coefficient of production . .
P Current assets + Fixed assets / Balance sheet currency Increasing
potential
Investment ratio Non-current assets / Equity + Long-term liabilities 1
and collateral
Coverage ratio Current assets / Current liabilities >1
The ratio of current an
€ ratio of current and Current assets / Non-current assets
non-current assets
Financial risk ratio Liabilities / Equity >1

Source: compiled by the authors based on data [30]

Increasing the attractiveness of investment infra-
structure of AFP entities and increasing the efficiency of
their foreign economic activity depends on the acceler-
ated adaptation of domestic institutions and institutes
to market conditions and the formation of an effective,
stimulating regulatory framework for their activities in
the domestic and foreign markets. Institutional approaches
at the state level to support, stimulate and protect national
agricultural producers, form the export potential of AFP
entities, and optimize the commodity and geographical
structure of agricultural exports need to be reviewed.
Particular attention should be paid to increasing the share
of ready-to-eat products in agricultural exports. At the
same time, imports should be dominated not by food,
but by technology, modern equipment and resources

M (marketing)
S (staffing)
I (insurance)

B (banking)

MICRO LEVEL

for the organization of modern agricultural production.
We propose to introduce diagnostics of ensuring the
attractiveness of the investment infrastructure for the
development of foreign economic activity of the agri-food
production entities of the region at the regional (state),
sectoral and business levels (i.e.,at the macro,meso and
micro levels). With this in mind, for such an assessment
at the regional (state) and sectoral levels, we propose
to use integrated methods of assessment of Macro-and
MesolPFEA-analysis (macro- and meso-infrastructural
support of foreign economic activity), which allow to de-
termine the system, share value of influence and forecast
the dynamics of environmental factors, in particular: cus-
toms, consulting, legal, information-analytical, marketing,
personnel, insurance, banking, logistics (Fig. 2).

L (logistic)
C (customs)
C (consulting)
L (legal)

I (information analysis)

Figure 2. MicrolPFEA-analysis of ensuring the attractiveness of investment infrastructure for the development
of foreign economic activity of entities of agri-food production of the region

Source: developed by the authors according to data [31]
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Atthe same time,the basic elements of the devel-
opment of the investment infrastructure of the region’s
AFP entities in the implementation of foreign economic
activity should be: state admin-istration bodies (State
regional administrations, city councils, Customs of the
State Fiscal Admin-istration); financial and credit insti-
tutions, organizations, investment funds and companies
in the region; scientific and research institutions, organi-
zations; subjects of agri-food production; foreign trade
firms and intermediaries (commodity exchanges of the
agro-industrial complex), insurance institutions and orga-
nizations of the region; logistics and forwarding com-
panies; territorial bodies of the State Fiscal Service, the
Antimonopoly Committee, the Department of the State
Food and Con-sumer Service.We believe that the proposed
comprehensive methodological approach to assessing
the effectiveness of diversification of investment infra-
structure of agri-food production in foreign economic
activity, taking into account all factors and conditions of
territorial and sectoral development, should have a ba-
sic platform of the above methods, which provide the for-
mation of the analytical basis of the investment business
environment, uniting institutions, organizations and eco-
nomic entities for the sustainable development of the
agri-food sector of the regions in order to integrate it
into the international economic system for successful
business, growth of gross value added in eco-nomic areas
activities and gross domestic product of the state. This
will meet the demand for goods and services, create the

Trusova et al.

conditions for effective investment and modernization
of production, the introduction of innovative technologies.
The proposed methods are based on expert assessment
of the effectiveness of factors, is a set of quantitative
(integrated) effects due to the manifestation of certain
factors on the development of foreign economic activ-
ity of agri-food production, the relationship and inter-
dependence between which determines their priority.

RESULTS AND DISCUSSION

The modern economic complex of Ukraine consists of
socio-economic systems of the regions, each of which
has its own characteristics of composition and develop-
ment. Thus, the dynamics of the volume of export-import
operations of the Steppe zone regions, their geographical
structure allows the subjects of agri-food production to
develop promising areas of foreign trade (Fig. 3).

The total volume of foreign trade turnover of
agri-food production in the Steppe zone increased from
2011 by 41.9% to the mark of 102.3 million EUR, i.e.,
reached a maximum for the period under study, de-
spite the fact that in 2017 its regression to the mark of
73.1 million EUR was recorded. The volume of regional
agri-food exports during the study period increased
2 times to the level of 87.3 million EUR, while the level
of its growth compared to 2016 was 24.5%. This state
is marked by the trend line of the linear function, which
is described by the equation with the approximation
value R?=0.840.

120

100

y=4.9418x + 34.84
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Figure 3. Foreign trade of agri-food products of the regions of the Steppe zone
of Ukraine for 2011-2020, million EUR

Source: calculated by the authors according to data [32]

The structure of agri-food exports and imports of
the administrative regions of the Steppe zone of Ukraine
is presented in Figure 4-5. Thus, the largest volume of
agri-food production in the Steppe zone of Ukraine is
carried out by the entities of the Mykolayiv region, the
volume of which in 2020 amounted to 44.7 million EUR.

At the same time, the increase in exports against the
level of 2011 increased by 72.1%, while against 2016
it amounted to only 38.2%. The total volume of export of
agri-food products of the Mykolayiv region exceeded the
indicator of the Zaporizhzhia region on the average for
2018-2020 on 5.4%, the Kherson region - in 7.2 times.
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Figure 4. The structure of exports of agri-food products in terms of administrative regions of the Steppe zone

of Ukraine for 2011-2020, million EUR

Source: calculated by the authors according to data [32]

The volume of agri-food imports, in contrast to the
dynamics of export operations in terms of administrative
regions of the Steppe zone of Ukraine, has a negative
tendency to decrease (the average value for 2018-2020 -
14.1 million EUR).At the same time, over the last ten years
(2011-2020) its volumes have decreased by 49.8% and
in relation to the level of 2016 - by 30.7% respectively.

The leader of import operations on agricultural products
and food products is the Zaporizhzhia region, but since
2016, there has been a clear trend to slow down the
import of agri-food products by 31.5%. On average, in
2018-2020, products were imported only by 10.6 mil-
lion EUR, but this figure exceeds the total value of the
Mykolayiv and Kherson regions by 3.4 times.
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Figure 5. The structure of imports of agri-food products in terms of administrative regions of the Steppe zone
of Ukraine for 2011-2020, million EUR

Source: calculated by the authors according to data [32]

It should be noted that the specialization of agri-
food production entities in the regions of the Steppe
zone is manifested in the commaodity structure of foreign
trade operations (Fig. 6). Thus, in 2011 there was an in-
crease in exports of live animals and products of animal
origin in 2.3 times and products of plant origin - in
2.2 times. However, in 2020, exports of products under
the group “Fats and oils of animal or vegetable origin”
and “Prepared food products” fluctuated at the level
17.0% and 22.8% respectively. The growth of total agri-
food exports in the Steppe zone of Ukraine in 2020
compared to 2016 is less accelerated - only by 24.5%

Scientific Horizons, 2021, Vol. 24, No. 5

(82.7% compared to 2011). The reason for this situation
is the reduction by 25.2% the share of exports by group
of goods “Live animals, products of animal origin”.

The largest share in the structure of agri-food
exports of the Steppe zone of Ukraine is provided by the
food market of plant products,the average amount of in-
come from which for 2018-2020 amounted to 60.9 mil-
lion EUR; the group of products “Animal or vegetable fats
and oils” and “Prepared food products” provided an av-
erage of 11.8 and 7.9 million EUR respectively; export of
products “Live animals; products of animal origin” - only
1.5 million EUR, or 1.9% of the total.
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Figure 6. Export of agri-food products of economic entities of the Steppe zone of Ukraine by groups
of goods for 2011-2020, million EUR

Source: calculated by the authors according to data [32]

The largest volume of foreign direct investment
comes (FDI) to the economy of the Zaporizhzhia region,
the amount of which on average for the period 2018-
2020 amounted to 111.9 million EUR, which is 5.6-
5.8 times higher than their income to the Mykolaiyv and
Kherson regions, respectively. At the same time, since
2010 in general in the regions of the Steppe zone there

has been a trend of increasing FDI involvement within
13.7-39.8%. However, in 2020 compared to the level of
2014 there was a tendency to reduce the amount of
investment from the world (Virgin Islands, UK, Cyprus,
Monaco, the Netherlands, Germany, Panama, Singapore,
USA, France, Switzerland) by 19.5%, 18.2% and 27.8%
respectively (Fig. 7).
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Figure 7. FDI inflows from foreign economic activity of agri-food production entities into the economy of the regions
of the Steppe Zone of Ukraine for 2000-2020, million EUR

Source: calculated by the authors according to data [32]

The total amount of attracted foreign direct in-
vestment from foreign economic activity in the invest-
ment infrastructure of the agri-food production of the
Steppe zone is presented in Figure 8.

Sectoral distribution of foreign direct investment
from foreign economic activity involved in the infrastruc-
ture of agri-food production of the Steppe zone allows
to stabilize the production po-tential and increase the
investment attractiveness of agriculture, forestry and fish-
eries, ensure food, beverage and tobacco production (Fig. 9).

It should be noted that in 2020, the distribution of
foreign direct investment at the level of 5.7% provided
0.4 million EUR additional funds for the development
of agriculture, forestry and fisheries. The increase in for-
eign investment in the production of food, beverages
and tobacco to 94.3% provided 0.7 million EUR in cash
inflows to the Steppe regions. The main investor who
invests in the development of agri-food production en-
tities from foreign economic activity is Cyprus, due to
preferential taxation.
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Figure 8. Attracting FDI for the development of investment infrastructure of agri-food production entities

of the Steppe zone for 2010-2020, million EUR
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Figure 9. Sectoral distribution of FDI involved in the investment infrastructure of agri-food production
of the Steppe zone for 2010-2020, %

Source: calculated by the authors according to data [32]

The geography of sales of agri-food products of
the Steppe zone of Ukraine for the last 2010-2020 has
significantly expanded in Europe and Asia (Fig. 10-11).
Supplies to the Middle East and North Africa are rela-
tively stable; exports to Southeast Asia have increased
8 times in recent years, in the EU - in 13 times. In 2020,
compared to 2019, the leaders who increased the supply
of Ukrainian food are: Germany, where the increase was

8.2 million EUR, reaching the value of 20.5 million EUR of
imports from Ukraine; Saudi Arabia (increase 7.1 million
EUR to the amount of 18.1 million EUR); Philippines
(increase 5.5 million EUR to the amount of 9.9 million
EUR); Iraq (increase 5.2 million EUR to the amount of
10.9 million EUR); Indonesia (increase +5.0 million EUR
to the amount of 15.5 million EUR).

Figure 10. Geography of agri-food exports of the Steppe zone of Ukraine in international trade markets

Source: built by the authors according to data [33]
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To predict the size of exports of agri-food products
of the studied regions of the Steppe zone, we choose the
method of time trend. The solution to the extrapolation
problem is to find a dependence X=f{t) that describes
with sufficient accuracy the behavior of the variable X in
the past and at the same time is also defined for some

Trusova et al.

time interval in the future. The choice of the type of
function is based on a theoretical analysis of the es-
sence of the phenomenon, which studies the nature of
its dynamics. Usually, preference is given to functions
whose parameters have a clear economic meaning and
measure the absolute or relative rate of development.
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Figure 11. Geographical structure of agri-food exports to one region of the Steppe zone of Ukraine for 2014-2020, %

Source: calculated by the authors according to data [32]

When choosing the functions, the analysis of the
chain characteristics of the intensity of dynamics is used.
If the chain absolute increments are relatively stable,
do not have a clear tendency to increase or decrease,
the alignment of the series is performed on the basis
of a linear function: Y =a+bt. If the chain growth rates
are relatively stable, then the exponent Y=ab’ is the
most adequate to this type of dynamics. In these func-
tions t - is the ordinal number of the period (date), and
a - is the level of the series at t=0. The parameter b

characterizes the rate of dynamics: the average absolute
in the linear function and the average relative in the
exponent. When the characteristics of the rate of devel-
opment increase (or decrease), we use other functions
(parabola of the 2™ degree, modified exponent, etc.).
The projected size of export of production of the enti-
ties of agri-food production of the Mykolayiv region of
the Steppe zone of Ukraine for 2021-2022 is calculated
according to data of (Fig.9) and (Fig. 12).
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Figure 12. Actual dynamics of export of production of the entities of agri-food production of the Mykolayiv region
of the Steppe zone for 2010-2020, thousand EUR (t=1-10)

Source: calculated by the authors according to data [32]

The model of the linear trend of export production
volume of the entities of agri-food production of the Myko-
layiv region is equal y(t)=733.42+61.72t, thousand EUR.

Thus, the annual size of exports of agri-food products
in the region will increase by an average of 61.72 thou-
sand EUR.
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Predicted values:
y(2021)=733.42+61.72x11=1412.34 thousand EUR.
y(2022)=733.42+61.72x12=1474.06 thousand EUR.

The actual dynamics of the size of exports of prod-
ucts of agri-food production for extrapolation forecasting
of its volume in the Kherson region of the Steppe zone
of Ukraine is shown in Figure 13.

The model of the linear trend of the volume of
export of products of agri-food production of the region
is equal to y(t)=172.87+0.8861t, thousand EUR. Accord-
ingly, the annual export of agri-food products of the region
will increase by an average of 0.8861 thousand EUR.

Predicted values:
y(2021)=172.87+0.8861x11=182.617 thousand EUR.
y(2022)=172.87+0.8861x12=183.503 thousand EUR.

The actual dynamics of the size of exports of prod-
ucts of agri-food production for extrapolation forecasting
of its volume in the Zaporizhzhia region of the Steppe zone
of Ukraine is shown in Figure 14. The model of the linear

trend of the volume of export of products of agri-food
production of the region is equal to y(t)=348.79+95.045t¢,
thousand EUR. Thus, the annual size of exports of agri-
food products in the region will increase by an average
of 95.045 thousand EUR.

Predicted values:
¥(2021)=348.79+95.045x11=1394.285 thousand EUR.
¥(2022)=348.79+95.045%x12=1489.33 thousand EUR.

In general, the projected size of exports of agri-

food products of the Steppe zone in attracting foreign
investment from foreign economic activity in 2021
will provide cash inflows to the economy of the stud-
ied regions at 2989.242 thousand EUR, in 2022 - at
3146.893 thousand EUR. However, in order to further
intensify foreign economic activity for the development
of investment infrastructure of agri-food production
entities, the priority is to intensify the export potential
of the regions.
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Figure 13. The actual dynamics of exports of products of agri-food production of the Kherson region of the Steppe zone
for 2010-2020, thousand EUR (t=1-10)

Source: calculated by the authors according to data [32]
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Figure 14. The actual dynamics of exports of agricultural products of the Zaporizhzhia region of the Steppe zone
for 2010-2020, thousand EUR (t=1-10)

Source: calculated by the authors according to data [32]
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According to the developed comprehensive ap-
proach to assessing the attractiveness of investment in-
frastructure of agri-food entities of the Steppe zone, we
have calculated four scenarios of threshold parameters

Trusova et al.

for indicators that enhance foreign economic activity by
attracting foreign direct investment to the regions in the
short term, i.e., 2021-2022 (Table 2).

Table 2. Forecast parameters of indicators of attractiveness of investment infrastructure of agri-food production
entities of the Steppe zone when attracting foreign direct investment from foreign economic activity

Forecast
Indicators
2021 2022
Scenario | (Live animals, products of animal origin)
Gross value added, thousand EUR 34.0 85.5
Efficiency of fixed assets, EUR 0.41 0.62
Net profit, thousand EUR 11.0
Profitability of production, % 22.1 18.2
Scenario Il (Fats and oils of animal or vegetable origin)
Gross value added, thousand EUR 554 67.1
Efficiency of fixed assets, EUR 0.35 0.39
Net profit, thousand EUR 8.7
Profitability of production, % 154 23.8
Scenario Il (Products of vegetable origin)
Gross value added, thousand EUR 369.2 454.5
Efficiency of fixed assets, EUR 1.42 1.65
Net profit, thousand EUR 78.5 121.4
Profitability of production, % 40.3 45.6
Scenario IV (Prepared food products)

Gross value added, thousand EUR 262.9 358.2
Efficiency of fixed assets, EUR 1.82
Net profit, thousand EUR 79.0 1154
Profitability of production, % 56.1 62.2

Source: calculated by the authors

The calculations prove the feasibility of developing
the investment infrastructure of agri-food production
entities in the Steppe regions and combining them into
clusters with processing enterprises, which will improve
foreign economic activity and increase the production
and export potential of the agricultural sector.

CONCLUSIONS

Thus, the constant development of export capacity is the
main condition for the effective operation of economic
entities in the dynamic environment of the modern mar-
ket. At the same time, approaches to the development
of export potential reflect different levels: countries,
regions, industries and enterprises. Export potential at
the level of agri-food production entities, which directly
creates material goods, provides conditions for an effi-
cient process of investment operations and enables the

production of competitive products. The processes of
export-import operations are closely interconnected
and interdependent, resulting in increased efficiency of
many financial and economic indicators and profitability.
In addition, the level of providing foreign food producers
with foreign currency is growing. This, in turn, provides
further innovative development through the acquisi-
tion of modern technologies and the latest machinery
(equipment, machinery, etc.) from foreign partners. Par-
ticipation in export-import operations creates oppor-
tunities to balance the structure and range of exports
of agri-food products in the direction of increasing its
commodity form instead of materials and raw materials.

However, without significant state support of do-
mestic farmers, the implementation of these intentions
is impossible. The mechanism of state support and reg-
ulation of domestic producers, including through the
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support of export operations, should include the use  guarantor of investment security, socio-economic stability
of various forms, methods and techniques of legal and  for foreign and domestic investors.
economic nature. In this case, the state should act as a
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30BHIiLUHbOEKOHOMIUYHi NpiopUTETN PO3BUTKY iIHBECTULLINMHOI iIHPPaACTPYKTYpU
cy6’eKTiB arponpoaoBosibMOro BUpo6HULUTBA

Harania BikropisHa TpycoBa?, IBaH Bonoaumuposuu flemuenko?, Hatanis MukonaisHa KotBuubkaZ,
AHHa BikTopiBHa leBuyk?®, lennc Bonogummuposuu Epemenko?, KOpiit Onekcangposuu Mpyct!

1TaBpiiiCbKuiA AepKaBHUIM arpOTEXHONOrIYHKIA YHiIBepcUTeT iMeHi IMuTpa MoTopHoro
72312, npocn. b. XmMenbHuubKoro, 18, M. Menitononb, YkpaiHa

2E€BponeicbKkuii yHiBepcuTeT
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*BiHHMLbKMI DiHAHCOBO-EKOHOMIYHUI YHiBEPCUTET
21037, Byn. lNuporosa, 71a, M. BiHHKMUA, YKpaiHa

AHoTauif. Y CTaTTi po3MsSHYTO 30BHIiWHbOEKOHOMIYHI MPIOPUTETM PO3BUTKY IHBECTULLIMHOI iHPPACTPYKTypUu CyOEeKTIB
arponpoaoBo/bYOro BUPOOGHMLTBA YKpaiHU. PO3p061eHO KOMNNEKCHMIA METOLONMOTIYHUIA NiaXia 4O OLiHKM eeKTUBHOI
ovBepcudikaLii iHBeCTULLIMHOI iHDpacTpyKTypu CyGEeKTIB arponpoaoBoasLYoro BUpobHuMLTBa. OBrpyHTOBaHa AiarHOCTUKA
3ay4YeHHs NPSIMMUX IHO3EMHMUX iHBECTULLIM Y PO3BUTOK arponpoL0oBO/bYOr0 BUPOOHULTBA L03BONSE CHOPMYBATU
€KCMOPTHO-OPiEHTOBAHWI TUM AEPXKABHOI EKOHOMIKM, BU3SHAUMUTM OCHOBHI I)Kepesia TEXHIYHOro OCHALLLEHHS arpobi3Hecy
Ta OCBOITM iHHOBALiMHI TexHonorii, cpopMyBaTH BUPOOHMUMI MOTEHLian Ta MeXaHi3M peanisauii cTpaTeriyHmx
iHBECTULIHMX Linii. Po3pobneHo anroput™ po3paxyHKy piBHS NpMBabAMBOCTI iIHBECTULLIMHOI iIHDPACTPYKTypu CyOEKTIB
arponpoaoBo/bYOro BUPOOHMLTBA. HaBefeHO AMHAMIKY 30BHILLIHbOI TOPriBAi arponpoL0BOAbYMMMU TOBAPAMM CTEMOBOIT
30HM YKpaiHW. BU3Haua€eTbca 06CAT NPSIMUX iHO3EMHUX IHBECTULIN Bif 30BHILLHBOEKOHOMIYHOI AisSNIbHOCTI CYOEKTIB
arponpoaoBobY0oro BUpobHMLUTBA B eKOHOMIL perioHiB CTenoBoi 30HM YkpaiHu. MpeacraBneHo reorpadito ekcnopry
arponpoAoBO/bYMX TOBAPIB CTENOBOI 30HU YKPATHW Ha MXXHapOAHWX TOProBUX pUHKax. PO3paxoBaHO NPOrHO3HUM
obcsarekcnopTyarponpoaoBOIbYMXTOBAPIB Y perioHaxTa BU3HaYeHO rpaHMYHi NnapameTpy MOKa3HMKIB NpMBabnMBOCTi
iHBECTULIAHOT iHDPaCTPYKTYpU CYOEKTIB NPM 3aNy4eHHI NPSIMUX iIHO3EMHMX IHBECTULLIM i3 30BHILUHBOEKOHOMIYHMX
onepawuin
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INTRODUCTION

The challenges of globalization, vertical integration, the
pandemic, and the intensification of market competition
are becoming more and more tangible for agro-industrial
enterprises and put them in a difficult economic situation.
Modern economic events and processes carried out in the
agro-industrial complex are not within the generally
accepted theories, so they need other approaches to the
formation of new areas of economic growth with empha-
sis on improving management efficiency and meeting the
needs of the consumer market. In this case, the activities
of agro-industrial enterprises will be effective in the case
of the correct formation of the composition and structure
of their potential, which, in turn, is the object of manage-
ment, which depends not only on the amount of re-
sources involved but also on their efficiency and inter-
action. Management decisions cannot be limited to the
narrow framework of current production problems, as
the activities of enterprises should anticipate changes
that occur in the external environment to influence the
implementation of goals.

Any enterprise is focused on successful operation
in the long run.This creates the need to identify the poten-
tial, the direction of its use, adaptation to ever-changing
environmental conditions, ensuring overall management
efficiency. It is the requirements of the external environ-
ment that determine the direction of managing the po-
tential of agro-industrial enterprises as a dynamic system
consisting of local potentials: raw materials, production,
financial, labor, organizational and managerial, invest-
ment, information, infrastructure, marketing, economic
potential and domestic and non-production reserves [1].
The main component in managing the potential of the
enterprise is the availability of potential resources, the
totality and interaction of which opens up promising
opportunities to achieve management goals. The resource
component is able to contribute in the end to the imple-
mentation of the mission chosen by the enterprise and
meet the ever-changing needs of potential consumers.

The potential in various aspects and hierarchical
levels was studied by O. Hlon, V. Dubovoi [2], O. Moroz,
A. Matviichuk [3], S. Ramazanoy, V. Pripoten [4], V. Ru-
dashevskiy [5], V. Timofeeva, K. Bushuiev [6], A. Uskoy,
A.Kuzmin [7], who connected it with the welfare of the
society and with the productive potential of the nation.
The foundations of the theory of economic potential have
been formed by |. Azhaman, O. Zhydkov [8], O. Fedonin,
l. Riepina, O. Oleksiuk [9], N. Krasnokutska [10], N. Vash-
chenko [11]. The structure, relationships of the potential
of the enterprise, its competitiveness and management
system were studied by . Simenko, M. Romaniuk [12],
R. Grant [13], R. Makadok [14], E. Penrose [15], R. Amit,
PJ. Shoemaker [16], A. Voronkova [17]. Paying tribute to
previous scientific achievements, there is a need for a
systematic study of the potential of agro-industrial en-
terprises in the context of identifying its structure and
components, creating an intelligent system of automated
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management of business tools given the need to use
potential reserves and their ability to provide resource
structure of the potential in the consumer market. The
priority of study is to diagnose the model of assessing
the management potential of agro-industrial enterprises,
which based on the mathematical apparatus of fuzzy
theories allows to optimize its level in the chain of aggre-
gate components, reduce the pressure of factors limiting
the competitive position of businesses in the consumer
market.

MATERIALS AND METHODS

The potential of agro-industrial enterprises has a high
ability to adapt to changing environmental conditions,
due to: 1) constant monitoring of changing needs and
demand for goods and services, promotion and imple-
mentation of competitive ideas that best meet these needs
and demand; 2) adaptation of the production apparatus
to the most effective performance of its functions by the
enterprise. The extreme complexity is the assessment
of the degree of adaptability of the potential of the en-
terprise, as it is determined not only by internal but also
external influences. First, such influence arises from the
demand on the production of the enterprise. The vari-
ability of demand parameters is due to a set of reasons
of economic, political, demographic and socio-cultural
nature. The adaptability of the potential of the enter-
prise is also influenced by the situation in the markets
of material resources, financial markets, labor markets,
information and services [18; 19]. This means that, like
any system, the potential of the enterprise has the ultimate
ability to adapt to ever-changing production conditions
and requires minimization of the negative consequences
of changes that occur, as well as factors of “uncertainty
of the future” [20]. This determines the need to diag-
nose capacity as an economic system (ES), which begins
with the analysis, including the external and internal
environment of competitors, suppliers, customers, hu-
man resources, financial, labor and technical resources
of the enterprise.

Economic diagnostics allows identifying causal
links in management dysfunction and moving to a model
of sustainable development of the enterprise and the
effective use of its potential. Diagnosis is considered as
a reflective management technology, which in the early
stages of crisis development is the methodological basis
of the model that connects modern management and
the dynamic economic reality of the enterprise [21]. Di-
agnosis allows to determine the state of the functioning of
the control object (evaluation function); identify possible
changes in the state of the object (diagnostic function)
and anticipate possible measures to improve or restore
the state of the control entity (search function) [22]. The
objects of agro-industrial production belong to the class
of complex economic systems (ES), which in the process
of their purposeful or given functioning are in dynamics
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and prone to both controlled and uncontrolled actions.
That is, the state of ES of enterprises over time undergoes
certain changes.

The group (integrated) system (GIS) of the diag-
nostics of (ES) is offered, combining properties of the
traditional “rigid” models and algorithms which estimate
a condition of management of potential of the enter-
prises of agro-industrial production and the reasons of
disturbance of their functioning in set of uncontrolled
streams of resources with the probability of not obtaining
an effective result of their action. However, the lack of
sufficient statistics to establish objective relationships
between the values of probabilistic diagnoses determines
the heuristic description of these relationships. In gen-
eral, the model of the diagnostic object and informa-
tion transmission channels can be represented as the
following equations [23; 24]:

F(x,u,a,t) =0, y(t) = G(x,u,&,v,b,t) 1)

where x € R" - is the state vector; u € R" - control vector;
y € R™ - vector of output variables; w, v - vectors of per-
turbations and obstacles (included in equations (2-4) both
additively and multiplicatively); a, b - vectors of inde-
terminate parameters, and a(t)=0, b(t)=0; F G - some
given operators (differential, both ordinary and with par-
tial derivatives, integral, integro-differential, matrix and
the like).

If the potential of the ES consists of N resources
(elements) and each element is associated with other
(N-1) elements (integral potential of the ES), then the
maximum possible number of connections between re-
sources (elements) will look like [23; 24]:

Mipax = N(N = 1) ()

If the number of actual connections (Mf) is less
than the maximum possible (not every element is con-
nected with all other elements), then the degree of in-
tegrity (/,,) of the ES potential will be determined by
the formula (3) [23; 24]:

Intg = Mf/Mmax (-7’)

Should note, when M,=M, .1 =1,ie,ESis inte-
gral; when Mf=0, I"tg=0 - the potential of the ES is isolated.
The degree of isolation (I, ) of the potential can

be determined by the formula (4) [23; 24]:
Iisol =1- Intg (4)

In this case, if Intgzl, then I _=0; if 1ntg=o, then
=1 Thus, the potential of the ES combines the prop-
erties of integrity and isolation (1@51.0; I =1). The
rational combination of the properties of integrity and
isolation determines the possibilities of developing the
potential of the ES through its modernization. Increas-
ing the integrity of the ES potential contributes to its
efficiency, but increases the complexity of the system,
which, in turn, increases the need for resources needed
to create and operate the system.The more isolated the
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system, the more flexible and less complex it is. However,
increasing the degree of isolation, as a rule, reduces the
effectiveness of the potential of the ES. All elements
that demonstrate a high enough closeness of communi-
cation with each other and provide a certain function-
ing combination with other elements can be attributed
to the components of the potential of the ES,and all other
elements — to the elements of its external environment.
It is not necessary to reduce the formation and develop-
ment of the potential of the enterprise’s ES only to the
formation and development of its elements.

The combined functioning of heterogeneous inter-
dependent components of the potential generates quali-
tatively new functional properties of the whole, which has
no analogues in the properties of its components.

In particular, stochastic differential equations (lin-
ear or nonlinear, continuous or discrete), partial derivative
equations can be used as model (1), for example, for cases
of accounting for the territorial location of production
facilities. Models for processing and identification that can
be practically implemented have the following form [23; 24]:

x(t) = A(t,0)x + B(t, Du + W), y(t) = C(t,0) (5)
or, in the discrete case:

y(k + 1) = H(k)x(k) + V (k) (6)
x(k+1) =0k +1,k,0)x + Yk +1,K)uk) + Wk) (7)

The control condition (scheme) of diagnosis is usu-
ally a relationship of the type [25]:

nE®) <8 (8)

where u(-) - some given metric, for example, the Euclidean
norm; u € R" - control vector; 6 - the allowable threshold
value that is set; E(t) - non-viscous (deviation) or devia-
tion from the norm, or assessment of the state from the
standard, or assessment of parameters from the nominal,
or characteristics of estimates from the possible (for ex-
ample, covariance of renewal processes in the Kalman
filter). For example:

E(t) = O(y", q 1y iy )
where F - operator; k - the order of the control scheme
to be determined (or assigned). Then, provided there is
no error (flaws) E(t) will look like: E(t)=0,t=0, 1, 2,... and
equation (8) will look like this: ||E(t)||<d. We note that the
problem can be solved both in the case of deterministic
and in conditions of stochastic and multiple uncertainty.

To increase the efficiency and quality of diagnosing
the complex ES, which include agro-industrial enterprises,
it is necessary to use the subjective probability of di-
agnoses from a predetermined number of diagnoses
D,,...,.D,. Each of X, i=(1...,n), acquires a value from the
set X={x,...,.x. 1. At time ¢, the state of the object is

im,...,.Xip:

described by a feature vector [26]:

X() = [X;(), ..., X, OX:(t) = X )", m; = 1L,p;

(10)




where X (t) - is the realization of the sign X at the present
moment ¢t.

There is a need to determine the assessment of
the probability (measure of possibility) of economic di-
agnosis P _(j) [26]:

Vj =1,k:05(j) = 0a(D;/X (1))

where P_ - is a symbol of subjective probability.

To solve this problem, the representation of expert
knowledge in linguistic form is used. In this case, the
expert operates fuzzy categories, such as: “If the value X,
is very large, the probability D. - is small”. Therefore, a
linguistic approach based on fuzzy set theory can be ap-
plied to the modeling of fuzzy information [26]. In the
fuzzy algorithm of diagnosing the sign and probability
are represented by linguistic variables (LV), defined by
formula (12-13) [26]:

(Xi,Ti,Vi,Gi. Mi),i =1n (12)
(Pa, P,U,S, Q) (13)

where P, X, - the names of the corresponding LV, T,
P - the term set of variables X, and P_respectively, i.e.,
many of their linguistic meanings, which is the name of
fuzzy variables (FV) [26]:

Ay (fi = 1,p;/p; = cardT;) and B, (r = 1,m/m = cardP) (14)

(11)

with values from universal sets V. and U; . and S - syn-
tactic rules that generate names A and B, of the values
of variables X and P_; M, Q - semantic rules that allow
to convert (FV) to each new meaning. Accordingly, the
new value 4 and B_has the form (formulas (15-16) [26]:
(A Vi, Cp) i =1 (15)
(B, U,E),r=1m (16)
where 4, B, - names of FV; V, U - the same as above.
Cir = Uper,uc(V) /V and Eip, = Upey us(U)/U - (17)

Fuzzy subsets (FV) of sets V. and U, describing re-
strictions on possible values A, and B ; u. () and p; () -
are membership functions (MF) for C7 and E”. For
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example, for some block of ES of enterprises with a diag-
nostic feature {X, X,, X,, X,, X, } the following values LV

124 g Ay

are matched [26]:

Xy, Ty, [" = "], G1, My) (18)
(XZ'TZ' [" - "]'GZ'MZ) (19)
X2, Ts, [" = "], G5, Ms) (20)

where term-sets T,=...T.= {significantly increased, in-
creased, slightly increased, slightly decreased, decreased,
significantly decreased, not changed}.

Probability estimation is represented by the epon-
ymous P ,and the term set P consists of the following
linguistic values of the variable: B, - excluded, B, - al-
most unbelievable, B, - very unlikely, B, - unlikely ..., B -
absolutely accurate. Based on a set of rules, a matrix of
fuzzy relations is built [26]:

Xj' RDja orR = UxEXED Hr (X, d)/(x' d) (21)

RESULTS

The management of the potential of agro-industrial en-
terprises is dominated by the cost approach, which is
associated with the development of long-term and cur-
rent operational solutions aimed at generating revenue
and maximizing the value of the potential of agro-in-
dustrial entities [27]. The growth of the value of the
potential of the enterprise is an indicator of evaluating
the effectiveness of management staff and serves as a
generalizing indicator of management, shows the vec-
tor of its future development in the system of modern
evaluation coordinates. From the methodological point
of view, there are two interrelated, but not identical areas
of assessing the value of the potential of agro-industrial
enterprises (Fig. 1). The first direction is formed in order
to establish the balance and market value of competitive
potential using standards for valuation of property and
business. The assessment is based on three approaches:
property (cost), comparison (market) and income (per-
formance).

Directions of estimation of cost of potential of the enterprise

Form a basis of methods of estimation of property and business

Form a basis of cost-oriented management

Property (essence: no potential buyer (investor) will

pay for an object that is valued more than the cost

of creating an object that will be an exact copy or
functional analogue, has the same usefulness

v
Based on
discounted
cash flows

market with the same utility)

Comparative (essence: no potential buyer
(investor) will buy an object if its value exceeds
the cost of purchasing a similar object on the

liquidation, privatization,

Used in the purchase and sale
of property and business, its
bankruptcy of an economic entity

Income (essence: no potential buyer (investor)
will pay for the object of assessment an amount
greater than the current value of future income)

of economic entities

Based on

Used to assess the effectiveness
discounted
cash flows

of management, competitiveness,
investment attractiveness, and the
dynamics of economic development

Figure 1. Directions of assessing the value of the potential of agro-industrial enterprises

Source: compiled by the authors based on [27]
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and equal in time intervals net operating income [27;
28]. The sequence of using the method of direct capi-
talization of income for the valuation of movable and
immovable property has successive stages of determining
the value (Fig. 2).

We describe in more detail the use of performance
(income) approach, which is characterized by two methods:
a) direct capitalization of income; b) discounting cash
flows (not direct capitalization). The direct capitalization
method is used in the case of forecasting a constant value

Stage 1 || Calculation of the forecast value of gross income from ownership of the object of assessment (usually
|| one year from the date of assessment)
S Z
Stage2 || Forecasting possible losses from incomplete use of assets
]
Stage 3 || Forecasting actual gross income by reducing potential gross income by possible losses
]
Stage 4 || Forecasting operating costs, which are associated with the receipt of actual gross income
]
Stage 5 || Calculation of net operating income
JHL
Calculation of the capitalization ratio by one of the available methods under the conditions of
available information.
To calculate the capitalization rate and discount rate of the objects of evaluation, it is advisable to
carry out the following evaluation procedures:
Stage 6 - cor.np.arison of projectgd annual net operating income (rental income) and sales price (offer price)
| | for similar movable and immovable property;
| — analysis of alternatives to types of investment and identification of risks of investing in the object
of assessment compared to investments with minimal risk;
— other valuation procedures that characterize the income from invested capital and return of invested
n capital and are substantiated in the property valuation report
1C
Stage 5 Evgluation of the value of real estate as a share of the division of net operating income by capitalization
ratio

Figure 2. The sequence of using the method of direct capitalization of income for the valuation
of movable and immovable property
Source: improved by the authors based on data [28; 29]

Projected net operating income that generates
potential is different in value, volatile in revenue over a
given forecasting period over time. In this case, the cost
of reversion (income from resale - C ) implies that the po-
tential in the forecast period is able to generate income, i.e.,
to have a stable growth rate, or uniform cash income. The
cost of reversion is determined by formula (22) [28; 29]:

o _NCF@+ 1)
T

where C_ - the cost of reversion; NCF(t+1) - net cash
flow of income for the first year of the post-forecast period,;
i - discount rate; I - long-term growth rate of cash flow.

In general, the estimate of the value of potential
is determined by the sum of the current value of cash
flow and the current value of reversal according to for-
mula (23) [28; 29]:

n
Inci CVrev
Cp= ). +
P (1+1) i
1=

where C_ - the cost of competitive potential; Inc, - the
expected income from the possession of competitive

(22)

(23)
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potential for the i-th year; CV - the current cost of
reversion.

A methodical approach to establishing the value
and usefulness of the potential based on the net present
value (NPV) is proposed. It reflects the increase in the
value of the enterprise as a result of the use of potential
and is the difference between the amount of cash flows
(revenues) arising from the economic system (ES), dis-
counted to their present value and the sum of the dis-
counted value of all cash outflows [28; 29].To calculate
this indicator, formula (24) is used [29]:

(24)

where Pr, - full benefits for the year ¢; C, - full costs for
the year t; t - the corresponding year of the project (1,
2,3,...n); n - the term of use of the potential, the depth
of the horizon in years; i - discount rate (interest).

_PT'l—C1+P7”2—C2 +PT'n—Cn
C@A4Dr T @A+ A+

(25)

NPV




n n

Pry C;

= - 2
NPV Z(Hi)t Z(Hi)f (26)

r=1 r=1

In cases where the option of the potential growth
involves significant initial investment [ in resources, the
calculation NPV is carried out according to formula (27) [29]:

CF, CF, CE, CF,
-1, = -1 Z
0="ht 1+ l)t

1+0)n * a1+ i)2 (1 + )"
where CF,(cash flow) - cash flow at the end of period t.

The criterion of selection at net present value
means that the usefulness and value of the potential
are approved in the case of a positive value NPV, (i.e.,
due to the realization of the potential, the value of the
enterprise will increase). When choosing options to in-
crease the magnitude of the potential, preference is given
to those of them who have higher values of net present
value.

NPV =

The spread of the method of valuation of the de-
gree of increase in the value of potential is due to the abil-
ity to directly determine the effect. In addition, it allows
to estimate the total net benefits from several potential
options (the property of additively is given only to the
indicator of net present value). However, this indicator
does not reflect the relative degree of value increase,
the general criterion that can be used in the practice
of management decisions is the coefficient of benefit -
cost (benefit cost — B/C). It is defined as the amount of
discounted benefits divided by the amount of discounted
costs, and is calculated by formula (28) [29]:

=1 B/ + D)
t=1Ce /(L +D)F

The criterion for selecting a variant using the
cost-benefit ratio may be its value greater than or equal
to one. That is, such a potential is appropriate for use.
But if the coefficients of benefit - the costs that meet
the established requirements of two or more, then there
are difficulties in reasoning the ranking of options. Next,
because the relative values of the cost-benefit ratios are
compared, they do not reflect the value of the net bene-
fits of using the potential. Thus, the cost-benefit ratio
may be higher in an enterprise with a smaller absolute
potential. Therefore, it is proposed to use additional
calculations of the criterion NPV so as not to make the
wrong decision of the choice in choosing the best option.

Given that the enterprise has limited capital, it is
necessary to correlate the net benefit with the cost of
available capital (formula (29)) [29]:

t=1(Be — PCH/(1 + )
nCc/(L+ D)t

B/C = (28)

B/C = 29)

where PC - production and operating costs; Cc- capital
costs.

In the presence of such a coefficient, the ranking
of variants is carried out according to the largest value

Vinichenko et al.

of the coefficient (B/C) relative to the value (PC). In
addition, when there is a shortage of resources, the
cost-benefit ratio is also modified and calculated by
formula (30) [29]:

t=1(Be — C)/(A + D)
t=1 R /(LD

where R - the cost of the scarce resource.

Comparing the value of net benefits with the cost
of scarce resources, you can select the option of using
the potential for which unique resources are significant.
Thus, for enterprises of agro-industrial production the
scarce resources include foreign currency, which is a stimu-
lating factor of development. In this case, the calculation
of the ratio is equal to the ratio of net discounted costs
to foreign currency costs. Discounted cash flow takes into
account the long-term prospects of the enterprise and
the use of its potential. However, sometimes there is a
loss of usefulness for the current assessment of activi-
ties, i.e., tactical management. Therefore, preference is
given to models of “economic Value Added” (EVA), which
allows to assess the effectiveness of management de-
cisions. The indicator is an alternative to the traditional
EVA analysis. This means that only a management de-
cision that provides a greater return on potential will
be effective. Comparing the rate of return on invested
capital with the weighted average cost of capital allows
to get the value (pre-yield), which measures the level of
economic profit, while EVA reflects the absolute value
of economic profit. The positive absolute value of the
indicator EVA and its positive dynamics indicates an in-
crease in the value of the enterprise, i.e., the value of
the potential.

In modern market conditions, an important con-
dition for the functioning of the enterprise is to ensure
economic stability and efficiency of its economic system,
which is characterized by the orderliness of technical,
economic, environmental, social and scientific resources.
The economic stability of the potential of agro-industrial
enterprises primarily depends on: the stability of pro-
duction and marketing activities - the optimal range in
terms of compliance with market demands, advertising,
flexibility of partnerships, reliability of supply logistics;
financial activity — profitability of products, absolute Li-
quidity ratio, receivables, net profit (Loss); labor activity -
the number of staff, labor productivity, labor capital,
staff qualifications; innovation activity — use of modern
technologies, level of readiness of personnel for changes
at the enterprise, level of conformity of organizational
culture to innovative development of the enterprise, envi-
ronmental friendliness of technologies and equipment;
management activities — business qualities of employ-
ees in the field of management, the effectiveness of the
organizational structure of management, the creativity
of management staff.

While diagnosing the potential of agro-industrial
enterprises, it should be noted that one of the directions

B/C = (30)
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of its evaluation is expertising. Eight agricultural holdings
of Ukraine are included in the objects of assessment of
the potential of the sample of meat processing enterprises.
An integrated (group) factor indicator of enterprises has
been formed, which is calculated as the product of a para-
metric unit assessment and the rank of the analyzed syn-
thesizing factor of a meat processing enterprise (agro-
holding).The total assessment consists of integrated (group)
factor components of the potential for each of the an-
alyzed enterprises. The coefficient of economic stability
potential (FP) is taken as a unit for the enterprise that
has the highest total score for all components of the
potential. For the rest of the enterprises, it is calculated
by the ratio to the highest level of the total score of the
leading enterprise [30]. Indicators of the integrated factor,
which includes production, marketing, management,
labor, financial and innovation potential have been se-

lected. The graphic representation of the potentials is
divided into two groups of agricultural holdings: those
that are only meat processing with the purchase of raw
materials and those that are agro-industrial enterprises
with their own raw materials. Each agricultural holding
corresponds to a polygon with the corresponding cal-
culation of its area S, by formula (31) [30]:

10
1
SS; =ZisinA Xa;Xa;+1

i=1

(31)

where a, - is the value of the i-th integrated factor in-
dicator at each of the eight meat products enterprises
of agro-industrial production (agroholdings), with =8
(eight integrated factors of the enterprise potential).
The area of the polygon of agro-industrial enterprises
(agroholdings) is calculated as follows:

§8491 =1/2%0.71 X (0.67 X 0.4 + 0.4 X 0.58 + 0.58 X 0.52 + 0.52 X 0.45 + 0.45 X 0.4 + 0.46 x 0.67) = 0.55
SSag2 =1/2x0.71 x (0.68 X 0.42 + 0.42 x 0.5 + 0.5 X 0.53 + 0.53 X 0.52 + 0.52 X 0.48 + 0.48 x 0.68) = 0.57
$Sag3 =1/2%0.71 X (0.61 X 0.36 + 0.36 X 0.53 + 0.53 X 0.52 + 0.52 X 0.46 + 0.46 X 0.43 + 0.43 x 0.61) = 0.49
SSaga =1/2%0.71 X (0.68 X 0.37 + 0.37 X 0.48 + 0.48 x 0.55 + 0.55 X 0.44 + 0.44 x 0.49 + 0.49 x 0.68) = 0.53
SSags = 1/2%0.71 X (0.65 X 0.38 + 0.38 X 0.56 + 0.56 X 0.56 + 0.56 X 0.43 + 0.43 X 0.42 + 0.42 x 0.65) = 0.52
SSage = 1/2 % 0.71 X (0.67 X 0.37 + 0.37 X 0.51 + 0.51 X 0.55 + 0.55 X 0.46 + 0.46 X 0.42 + 0.42 x 0.67) = 0.51
SSag7 =1/2%0.71 X (0.63 X 0.39 + 0.39 X 0.56 + 0.56 X 0.53 + 0.53 X 0.44 + 0.44 X 0.46 + 0.46 x 0.63) = 0.53
§Sag8 = 1/2x0.71 X (0.65 X 0.41 + 0.41 X 0.51 + 0.51 X 0.56 + 0.56 X 0.5 + 0.5 x 0.46 + 0.46 x 0.65) = 0.55

Parametric results of expert assessment of the
integrated factor indicator of economic stability of the

potential of agricultural holdings of the meat-processing
unit are presented in Figure 3.

3 %&_.__.__.4 . '
0.45 : 046 044 043 046 044 0.5 —0— DPotential of the marketing
25— a———a———y— " system
. 0.53 052 055 : 055 053 0.6 —— Potential of the management
2 —p——1=8 L & = system
0.58 —#— Potential of the system of labor
1.5 : 05 0-53 =048 —0:56-1—0.51—0.56-"_0.51 resources
L. 0 096 095 0.96 Potential of the system of
1 0% 423 93 096 — 820370 0'9%*41 finance and credi}t]
Potential of the system of
0.5 innovation and development
—&— Potential of the system of
0 production and sales
SSagl SSag2 SSag3 SSag4 SSag5 SSagb6 SSag7 SSag8

Figure 3. Integral factor coefficient of economic stability of the potential of agricultural holdings
of the meat-processing unit, 2020
Source: calculated by the authors

Inaccuracies that arise because of calculations
by this method are compensated by the ability to com-
pare graph-analytical and analytical assessment of the

economic stability of the potential of the studied enter-
prises and identify their place in the level of economic
stability of the ES (Table 1).
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Table 1. Comparison of levels of economic stability of the potential of agricultural holdings of meat-processing
unit by different methods of determination

Agroholdings
(meat-processing unit)

Area of potential polygon

Assessment methods

Normalized integral coefficient

Rank correlation coefficient Rang Value Rang

Agroholding No. 1 0.546 3 0.980 3
Agroholding No. 2 0.520 6 0.958

Agroholding No. 3 0.572 1 1.0 1
Agroholding No. 4 0.554 2 0.985 2
Agroholding No. 5 0.512 7 0.951 7
Agroholding No. 6 0.527 5 0.961 5
Agroholding No. 7 0.528 4 0.963 4
Agroholding No. 8 0.492 8 0.931 8

Source: calculated by the authors

The rank correlation coefficient allowed estab-
lishing the relationship between the ranked distribution
of potentials of the studied agroholdings, which indicates
their functionality in the market environment and the
high level of economic stability of the potential of the
economic system as a whole.Agroholdings are divided into
three groups: the first group - enterprises that have the
highest level of economic stability (these are agrohold-
ings No. 3, No. 4, No. 1); the second group - enterprises
with an average level of economic stability of potential
(these are agroholdings No. 2, No. 7, No. 6); the third is
enterprises that have a low level of economic stability
of potential (these are agroholdings No. 5, No. 8). Moni-
toring the current capabilities of the components of the
potential of agroholdings involves a systematic analysis
of the level and effectiveness of the factors that shape
them. One of such directions of monitoring is the graph

analytical method of object profile formation. The profile
is defined as a graphical representation of selected in-
dicators according to certain principles. The enterprise
profile is used to assess the level of potential develop-
ment by comparing the profiles of competing enterprises
built on one evaluation field [31].

Thus, the meat-processing unit of the studied
agroholdings may worsen the economic sustainability
of economic results not only due to the shortage of cer-
tain resources, but also due to their nominal potential.
Graph analytical study of the level of use of the compo-
nents of the potential of meat-processing enterprises
showed that for each unit of use of production potential,
they spend much more resources and opportunities for
management, marketing and innovation potential and
small amounts of financial and labor resources Figure 4.

3

Innovation potential

Produc‘icion potential

Management potential 2

Labor potential

Marketing potential

Financial potential

Figure 4. Graph analytical levels of type manifestations of the potential of agroholdings
of the meat-processing unit, 2020

Source: calculated by the authors

The selected agroholdings of the meat-process-
ing unit meet the following criteria: the as-sortment
structure of trade turnover, the breadth and depth of
the product range are identical; the life cycle phase of
the entity and the main strategic development goals;

use of one-way channels of distribution and sale of prod-
ucts; availability of equal opportunities for resource po-
tential formation. It should be noted that the return on
equity is an important indicator of investment potential
of enterprises, which regulates the redistribution of cash

Scientific Horizons, 2021, Vol. 24, No. 5

115



116

Managing the potential of agro-industrial enterprises in the consumer market.

flows between production and financial potentials, given
the profitability of the economic system as a whole. So,
the coefficient of stability of economic growth, which
remains with the business entity for its development
and creation of a reserve, according to Figure. 3 had the
largest amount of equity in 2020 (almost 44%) in the
agroholding No. 8 and No. 1 - almost 34%, the smallest

one is in the agroholding No. 6 - 0.5%. Meat-processing
enterprises No. 2, No. 3, No. 5 did not direct their own
capital at all to increase their potential, which reduced
their competitive position in the con-summer market. The
financial component of the potential of agroholdings
of the meat-processing unit of Ukraine is presented in
Figure 5.

ig m Absolute liquidity ratio
0.8 m Current liquidity ratio

0.6

0.4 m Ratio of funds

0.2 Ij .

0 in _. Turnover ratio of current assets
N ™ ™ e o A &) i i
< . &o% < & < < < < Return on equity ratio
O & O N N N N N m Ratio of economic growth
Q S S 8 S 8 8 S
$ < $ $ < $ $ <
ko had ¥ od Aod Ao od Ao

Figure 5. Standardized coefficients for rating of agroholdings of meat-processing unit
of Ukraine according to their potential, 2020
Source: calculated by the authors according to data State Statistics Service of Ukraine, 2021 [32]

All elements of standardized coefficients are
squared. The obtained results are added in rows, the
square root is determined from the obtained sum.
Meat-processing enterprises, which had negative co-
efficients of return on assets and of stable economic

growth were not taken into account, i.e., had zero value.
Ratings of potential competitiveness according to the
indicators of stable financial condition of agroholdings
of meat-processing units are placed in ascending order,
due to their economic content Figure 6.

Agroholding 8 (rating I —_————

groholding 8 (rating I mRating assessment of the potential
Agroholding 7 (rating VI) - of the enterprise
Agroholding 6 (rating IV) = mRatio of economic growth
Agroholding 5 (rating VIII) e Return on equity ratio
Agroholding 4 (rating IT) & ETurnover ratio of current assets

mRat

Agroholding 3 (rating VII) Ratio of funds
Acroholdine 2 (ratine V mCurrent liquidity ratio

groholding 2 (rating V) i Absolute liquidity ratio
Agroholding 1 (rating IT) |

0.5 1.5 2

Figure 6. Rating assessment of the competitiveness of the potential of agroholdings
of the meat-processing unit of Ukraine, 2020
Source: calculated by the authors according to data State Statistics Service of Ukraine, 2021 [32]

Thus, according to the indicators of competitive-
ness assessment of the potential of agroholdings of the
meat-processing unit, the enterprise No. 1, has the high-
est rating, the second and third place belong to - No. 1
and No. 4, the agroholding No. 5 has the lowest level
of rating. In order to increase the competitive potential
and strengthen its position in the consumer market of
agro-food enterprises in the meat-processing industry,
it is necessary to develop effective management deci-
sions in the long run.
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DISCUSSION
Management of the competitive potential of agro-indus-
trial enterprises (agroholdings) is a general economic
factor of rational consumption of resources and efficient
functioning of the economic system. It is known that
even those agroholdings that have similar potentials
often differ in the results of their activities. Under these
conditions, the difference in results can be explained
only by the unequal degree of accuracy of the target
orientation of the system. That is, other things being




equal, the value of the result will be greater, if the system
of managing the competitive potential of agroholdings
of the meat-processing unit is successful.

The integration of economic processes, which en-
sures the rationality of the potential management system
of agroholdings of meat-processing complexes, reflects
the ability to streamline its components through the
internal laws of economic activity, and to reproduce its
functionality it is necessary to model the optimization
potential of the enterprise of agro-industrial production
and identify alternative ways to use it. Using a system
approach to the effectiveness of potential management
is appropriate for assessing its components. It covers
six blocks: financial, business activity, market, labor, busi-
ness process management, and innovation potential.
Each block of potential is proposed to be evaluated based
on selected indicators taking into account the weights
set by the expert.According to the adopted method [33]

Conp =

where D = - the share of export revenue of the enter-
prise in its total revenue; D - the enterprise’s share in
the domestic market; D, - the share of export revenue
of the enterprise in total export revenue by industry;
C - the coefficient of the share of material costs in the
cost of production; C - the ratio of stocks of finished
products to the average monthly volume of marketable
products.

4. Labor potential (C ) [34]:

Cpp = Cpp X 0.55 + Cppyns X 0.3 + Cje X 0.15  (35)

where C,- labor productivity ratio; C, - the coefficient
of material motivation of staff; C, - the ratio of indus-
trial production personnel with higher education to the
total number of industrial production personnel.

5.Business process management potential (C,,bpm) [34]:
(36)

Cpppm = Cre X 0.3 + Cyyyq X 0.7

CP =Cpp X 0.1+ Cppg X 0.2+ Gy X 0.3 + Cppyo14 X 0.15 + Cpppym X 0.1 + Cp; X 0.15

Thus, the efficiency of managing the potential of
agroholdings in the meat-processing industry is a complex
indicator that is calculated on the basis of a number of
individual criteria. In this case, the assessment of the
effectiveness of potential management using weights
leads the individual indicators to a comparable form,
which allows calculating the consolidated indicator.

The forecast indicators of the efficiency of po-
tential management of the investigated enterprises of
meat-processing unit are established Figure 7.

Thus, the highest efficiency of managing the po-
tential of the meat-processing industry is in the agro-
holdings No. 7 and No. 2, but the latter has less man-
agement efficiency 9%. In the agroholding No. 6 the
indicator of management efficiency is only 46.1% of
the level of the reference according to the rating of

Dyep X 0.1+ D, X 0.3 4+ Dveg X 0.25 + Cppy, X 0.1 + C, X 0.15

Vinichenko et al.

the calculation of the assessment of the effectiveness
of potential management is carried out according to the
algorithm:

1. Financial potential (C )[34]

Crp = Cry X 0.2+ Coy X 0.3 + Cyeg X 0.2 + Cper X 0.3 (32)

where G, - the coefficient of financial independence
(autonomy); C - current liquidity ratio; Cog™ the coefficient
of sustainable economic growth; €, - turnover ratio of
current assets.

2. Potential of business activity (Cpba) [34]:

Cpva = Rea X 0.15 + Ry X 0.25 + Ry X 0.3 + R, % 0.3 (33)

where R, - the ratio of total return on total assets; R -
return on equity ratio; R_- the coefficient of profitability
of sales; R - cost-effectiveness ratio.

3. Market potential (Cm,,) [34]:

(34)

where C_ - the coefficient that reflects the level of com-
puterization of production and management processes;
C,,. ~ the coefficient that reflects the presence of a
quality management system (evaluated by experts on a
scale from O to 1).

6. Innovation potential (C ) [34]:

Cpi = Cpp X 03 + Cig X 0.2+ Cypme X 0.25 + Cppq X 0.25 (37)

where C,~ the ratio of new products in the total volume
of marketable products; C, - the ratio that reflects the
share of intangible assets in the balance sheet currency;
C,.. — the coefficient of wear of machines and equipment;
Cp= the coefficient of renewal of fixed assets.

The integrated indicator of efficiency of potential
management is calculated by formula (38) [34]:

(38)

the enterprise (agroholding No. 7). The practice of inno-
vation processes in processing enterprises shows that
most of the economic benefits of the new technology
is brought by improvements made after this technology
has found commercial application. That is, the priority is
the development of innovations in the processing in-
dustry, which in turn require the introduction of new
machinery and technology in agriculture. Further sup-
porting innovations aimed at meeting the needs of the
consumer market, will attract investment. Therefore, the
innovative development of processing enterprises as
part of agroholdings is a strategic tool to increase the
efficiency of enterprise development in both domestic
and foreign markets. More clearly, the general level of
evaluation of the effectiveness of potential management
is presented in Figure 8.
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Agroholding 6
Agroholding 2
H Innovation potential
Agroholding 5 Potential of business process
. management
Agroholding 4 = Labor potential
Agroholding 7 m Market potential
m Potential of business activity
Agroholding 8 m Financial potential
Agroholding 3
Agroholding 1
00204060811.21.41.6

Figure 7. Forecast level of indicators of effective management of the potential of agroholdings
of the meat-processing unit of Ukraine

Source: calculated by the authors

Agroholding 1
0.6

Agroholding 3

Agroholding 5

Agroholding 4

Agroholding 8

~ Agroholding 7

Figure 8. Forecast integrated coefficient of effective management of the potential of agroholdings
of the meat-processing unit of Ukraine, 2020

Source: calculated by the authors

Calculations show that the competitiveness of
the potential in most of the studied agroholdings of the
meat-processing unit is average.

Thus, the constant development of competitive
potential is the main condition for the effective oper-
ation of agro-industrial enterprises in a dynamic en-
vironment of the consumer market. At the same time,
approaches to the development of competitive poten-
tial reflect different levels of its implementation. Most
agro-industrial enterprises in Ukraine, seeking to increase
competitive advantages and maintain market positions,
traditionally use the strategy of two different trends:
specialization and diversification. It is obvious that both
of them help on the one hand to concentrate the potential
of resources in the economic system, on the other — to

Scientific Horizons, 2021, Vol. 24, No. 5

expand the sphere of production due to uncertainty in
the prospects of the main business. It should be noted
that diversification and specialization have a single na-
ture — a form of enterprise response to changes in the
environment, which aims to identify those unique prop-
erties of the potential on the basis of which through
the “value chain” they can develop in the long run and
ensure their own success in creating consumer value.
Therefore, the value chain for a set of activities creates
additional consumer value of the enterprise product.
That is, as the product moves along the production line
to the final consumer, each participant in the produc-
tion process brings additional value to its value, which
reflects a set of interrelated activities and functions in
the enterprise.




CONCLUSIONS
While assessing the enterprise’s position in a competitive
environment we should pay attention to the problems
of physical and moral wear of basic and ancillary equip-
ment, partial or complete lack of sources of capital in-
vestment, the duration of the introduction of innovative
technologies, insufficient automation of manufacturing
processes, continuous growth of costs of raw materials
and also efforts at the enterprise level to carry out all
production processes. In addition, it is necessary to deter-
mine the effectiveness of the main functions and pro-
cesses in the value chain, namely: the use of procure-
ment of materials, settlements with suppliers, inventory
management, human resources and payroll, the control
of the quality of processes and products and the execution
of customer orders, how quickly the company innovates,
launches new products to the market. This practice allows

Vinichenko et al.

setting the minimum cost for the implementation of
certain processes of production and sale of certain
products.

Under conditions of high competition, the con-
sumer market requires agro-food production entities,
especially meat-processing units, to concentrate their
efforts on the stages of reproducing the components of
the potential of enterprises. Meanwhile, for the normal
functioning of the market it is necessary to implement a
rational distribution of time and resources between the
main and non-core units, or activities. Outsourcing is a
strategic alternative to deepening the specialization of
enterprises. It is a special, highly efficient form of organi-
zation of business relations between enterprises, which
creates a network system of production on strong long-
term ties of independent market participants.
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YnpasniHHA NoTeHuiaJioM arpornpoMmUCoBUX NiaNPUEMCTB
Ha CMOXXNBYOMY PUHKY

Irop IBaHOBKMuY BiHiueHko?, Cepriit MuxaiinoBuu TkaueHko?, Jlapuca MukonaisHa Kyp6aubka?,
Omutpo Bonogumuposuu Bonoeuk?, Onena KOpiieHa LLeBuyk?, HoHHa BikTopiBHa Cyp)KeHKo?

1IHINpOBCbKMIA fEPXKaBHMIA arpapHO-eKOHOMIYHMIA YHiBEpPCUTET
49600, Byn. Cepria €dppemosa, 25, M. [IHinpo, YkpaiHa

2TaBpilCbKUIA AEPXKABHMUIM arpoTEXHONOTYHMIA YHIBEpCUTET iMeHi [IMUTpa MoTopHoro
72312, npocn. b. XmMenbHuubKoro, 18, M. Menitonons, YkpaiHa

AHoTauia. Y CcTaTTi peanizoBaHO acnekTU ynpaBniHHA MOTEHLIANOM arpornpoMUCIOBUX NiANPUEMCTB HA CMOXMBYOMY
PUHKY. 3aNpONOHOBAHO KOMMAEKCHUI METOAONONYHMIA NiAXiA A0 AiarHOCTMKM MOAENI OLLIHKM YPaBAiHHS NOTEHLiN0M
arponpoMMUCIOBUX MiANPUEMCTB, LLLO HA OCHOBI MaTeEMATUYHOIO anapaTy HeYiTKUX TEeOPil AO3BONSE ONTUMI3yBaTU
ii piBeHb Y NAHLIOXKKY CYKYMHUX KOMMOHEHTIB, 3MEHLUUTU TUCK YUHHUKIB Ta OOMEXMUTU KOHKYPEHTHI no3uLii 6isHecy
Ha CNOXMBYOMY pUHKY. [loBefeHo, WO eKOHOMIYHA AiarHOCTUKA [03BOJISE BUIBUTU NPUYMHHO-HACIAKOBI 3B93KM B
yNpaBRiHCbKMX AMCHYHKLISIX Ta MepenTn A0 MOAeNi CTanoro po3BUTKY NiANPUEMCTBA Ta ePEKTUBHOIO BUKOPUCTAHHS
Moro noteHujiany. 3anponoHOBaHO rpynoBy (IHTErpoOBaHy) CUCTEMY AiarHOCTUKM EKOHOMIYHUX CUCTEM, SIKA NMOESHYE B CO6I
BJ1IACTUBOCTI TPAAMLIMHUX «KOPCTKMX» MOAENEeN Ta aNroOpuUTMIB, LLLO OLLIHIOOTb CTaH YNpaBaiHHSA arponpoOMUCIOBUMMU
NiANPUEMCTBAMMU Ta NPUYMHM iX AMCDYHKLIT y BaraTbox HEKOHTPOILOBAHUX MOTOKAX PecypciB, 3 MMOBIPHiCTO 360t0.
O6rpyHTOBAHO, WO OCHOBHOK CK/MAO0BO YMpPaB/iHHA NMOTEHLiaN0M NiANPUEMCTBA € HASIBHICTb MOTEHLIMHMX pecypcis,
CYKYMHICTb Ta B33aEMOAIA SKMX BiAKPUBAE NEPCMEKTUBHI MOXAMBOCTI AN AOCATHEHHS Linei ynpaBniHHS. BusHaveHo
HanpsiMu OLLIHKM BapTOCTi NOTeHLiany arponpoMMCIOBOro NianpueMcTBea. [poBefeHo eKCnepTHY OLiHKY iHTerpanbHOro
Koe@iLiEHTa eKOHOMIYHOI CTabiNIbHOCTI NOTeHLiany arpoXoNamHriB M'aconepepobHMX nignpueMcTs YkpaiHu. BusHaueHo
rpacdiyHo-aHaNITUYHI piBHI TMNOBMX NPOSBIB NOTEHLiany Ta Npodinto Moro CKNafoBMX Ha NiANPUEMCTBAX arpONPOMUCIOBOrO
BMPOOHULLTBA M'icONepepobHoi ranysi.Po3paxoBaHO CTaHAAPTU30BaHI KOEiLiEHTU peMTUHIYBAHHS CibCbKOrOCNoAaPChKUX
rocnoaapcTs M'aconepepobHUX NiANpUEMCTB YKpaiHu 3a iX NoTeHuianoM. BcTaHOBNIEHO MPOrHO3HMIA piBEHb MOKA3HMKIB
Ta iHTerpanbHui KoedilieHT ePeKTUBHOMO YNpaBAiHHA MOTEHLIaNOM MiANPUEMCTB arpoONpPOMMUCIOBOIO KOMMIEKCY

KntouoBi cnoBa: 3eMenbHUI Ta pecypcHUiA NOTeHLias, 3eMeNbHi BiAHOCMHM, PEHTA, BPOXaKMHiCTb, COBiBapTiCTb, foXia,
peHTabenbHicTbTpaLis
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Abstract. The present paper sets the task to consider the issues of public
financial resources consolidation in the context of disclosing tax and
budgetary policy tools to minimise disparities in the sectoral structure of
the Ukrainian economy. The relevance of the study is determined by the
topicality of the issues of consolidation and subsequent synchronisation of
the finances of public structures in order to create the necessary conditions
to minimise the differences between sectors of the Ukrainian economy.
In this context, it is extremely important to consider the issues of public
finance consolidation through the prism of disclosing the fiscal policy
tools as a means of minimising the disparities in the sectoral structure of
the Ukrainian economy. The issues of budgetary policy and the economy
of Ukraine are extremely important from the standpoint of assessing the
correctness of the chosen course of development of Ukrainian society in
general and individual sectors of the national economy in particular. The
purpose of this study is to assess the real state of the country's budgetary
policy in general and in the context of the consolidation of public finances
as a tool to minimise these disparities in particular, as well as to consider
some aspects of the current status of the Ukrainian economy. The leading
approach of the study is a combination of quantitative and qualitative analysis
of the matter at hand. The main results of the study were: an assessment of
the level of disparities in the distribution of funds from the state budget of
Ukraine for 2020; determination of the main directions for the consolidation
of public finances when planning the state budget for the current financial
year. Prospects for further research in this direction are determined by
the importance of various aspects of the distribution of public finances in
various spheres of the national economy and the need to create optimal
conditions for their proper distribution. The applied value of this study lies
in the assessment of the prospects for consolidating public finance as a tool
to minimise the disproportions in the sectoral structure of the Ukrainian
economy and the possibility of searching for and then introducing optimal
ways for a qualitative resolution of this issue
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INTRODUCTION

Today, the dynamics of the structural development of
the Ukrainian economy do not correspond to the general
patterns of structural changes occurring in the economies
of the leading world powers. It consists of an increase in
the share of high-tech manufacturing industries, telecom-
munications, financial and business services, as well as
socially oriented types of economic activity, ahead of the
development of science-oriented, high-tech industries [1].

The modern sectoral structure of the national econ-
omy of Ukraine contains a division into primary, second-
ary, and tertiary (transactional) sectors. Gross Domestic
Product has a similar sectoral structure. The establishment
of a sectoral economy is functionally linked to the develop-
ment of a new type of economy - post-industrial [2; 3].
Each sector of the economy is characterised by certain
structure, hierarchy, proportions, subsystems, as well as
economic objects. The structure of the national economy
includes a set of interchangeable sectors that create
meso-levels, meso-chains and form the macroeconomics
of Ukraine [4]. The primary sector of the Ukrainian econ-
omy covers the agricultural sector, as well as adjacent
spheres. The secondary sector includes industrial sectors:
food and pharmaceutical industries, supply of electricity,
gas, water, and construction operations. The tertiary sec-
tor of the economy includes service industries: whole-
sale and retail trade, insurance and financial activities,
transport, education, public administration, social assis-
tance, health care [4].

The qualitative characteristics of the sectoral struc-
ture of the Ukrainian economy are significantly inferior
to those of the leading European countries. Today, the qual-
ity of the structure of the Ukrainian economy is at the
level of the 1970s in countries such as the UK, Germany,
Italy, and Spain [4]. At the same time, in the conditions
of a constant rise in the cost of raw materials and energy
resources, the deterioration of the Ukrainian technological
base,and at the same time, in the presence of significant
industrial, scientific, technical, human potential, and sig-
nificant competitive advantages over other countries (fer-
tile land, favourable geographical location), minimising
the disproportions in sectoral the structure of the na-
tional economy of Ukraine should become a combined
model for the implementation of structural adjustment.
The unification of several interconnected structural flows
should become the mainstream of this process. The ac-
celerated rates of industrial development in combina-
tion with the stimulation of innovations by the state in
areas ‘critically lagging” behind post-industrial economies,
contribute to the achievement of high rates of economic
growth and competent state budget planning [5].

In the context of the aforementioned, the issues
of public finance consolidation as an effective tool for
minimising disproportions in the sectoral structure of the
national economy are of paramount importance in plan-
ning the state budget, which is the basis of the national
economy. Consolidation of public finances involves the
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combination and subsequent synchronisation of data
from reports of a group of financial structures in order to
form an accurate understanding of the financial situation
of public consolidated financial structures of various
sectors of the national economy. Consolidated financial
statements represent the most objective information
regarding investment in the activities of enterprises, as
well as their assets and the procedure for control over
them. Thus, the quality control of public finances and
the ability to influence financial policy through them is
carried out.

The national economy of any country is a complex,
consolidated system that includes social, organisational,
economic, socio-political, and other components. It is char-
acterised by the aggregate potential of natural resources,
production, labour, scientific and technical components.
In the process of development of the country's economic
system,the establishment and improvement of its national
market take place. It includes the organised functioning
of its segments: capital markets and goods, various ser-
vices, immovable property, labour resources, the stock
market, intellectual property markets, and production
assets. The national economy is undergoing constant
structural and organisational changes characteristic of
the specific features of the country's economic system,
as well as certain trends and features and patterns of
its development. Today, the sectoral structure of the
Ukrainian economy in terms of its qualitative charac-
teristics is significantly inferior to the indicators of the
economically leading countries. This is a confirmation
of the need for deep structural changes in the economy
of Ukraine. The issues of consolidation of public finance
as a tool for minimising the disproportions in the sectoral
structure of the national economy play a crucial role in
this context.

LITERATURE REVIEW

An analysis of the literature on the subject of public
finance consolidation as a tool for minimising the dispar-
ities in the sectoral structure of the national economy
demonstrates a wide range of researchers'assessments.
Assessment of various aspects of this complex issue
contributes to its comprehensive coverage and identifi-
cation of the main factors that influence the budgetary
policy of Ukraine and its economic potential.

So, [4] conducting a study of the sectoral structure
of the Ukrainian economy, note the need for structural
reform. According to the researchers, “the search for an
optimal model of sectoral structuring for national econ-
omies turns out to be impossible since scientific and
technological progress contributes to the constant im-
provement of the economic structure, the emergence
of fundamentally new types of economic activity, which
are extremely difficult to group with traditional economic
sectors” [4]. For his part, [6] analysing the current state
of the economy of modern Ukraine, notes “The national




economy existing in Ukraine today is based on the residual
phenomena of a planned economy in conjunction with
wild elements of a market economy, mostly of a criminal
nature.The sharp decline in the standard of living of the
population led to several social upheavals. The domestic
economy faces a solution to the problems of the shadow
economy and the implementation of technologies for
general sustainable development” [6].

M.V.Abazova and F.B.Tatueva [7] while research-
ing on the advantages and disadvantages of the market
economy system as a whole, noted the existence of two
main models of transformation of the planned economy
into a market economy: the model of “shock therapy”
and the model of gradual economic reform. In the first case,
there is a large-scale destruction of the state economic
sector in a short time. In the second - “the preservation
of a strong public sector for a rather long period, gradually
transferring part of its functions to the hands of private
business” [7]. At the same time, researchers note that “In
the economic literature, the market economy is defined
as ‘a system of organisation of the national economy based
on goods-money relationships, a plurality of forms of
ownership, free competition between producers and cit-
izens who own their labour force” Or as an economy,
based on “the principles of free enterprise, a variety of
forms of ownership of the means of production, mar-
ket pricing, competition, contractual relations between
business entities, limited government interference in
economic activity” [7]. Similar positions are upheld
by O.V. Savosina when she analysed the processes of
countries’ transition to a market economy [8]. According
to the researcher: “The establishment of a modern mar-
ket economy is a rather complicated matter since the
command-administrative system that has developed over
decades has to be radically transformed. The market sys-
tem operates on fundamentally different mechanisms of
economic development than the command-administra-
tive system, therefore it is impossible to form it in a short
time. It is impossible to quickly change the existing socio-
economic structure of society and transform property
relations, create a market structure and an appropriate
regulatory framework, and finally form a new worldview
among business entities” [8-10]. Thus, modern studies
state the complexity of creating a high-quality structure of
a modern market economy and the need for its formation
under the principles of reaching agreements between
business entities and preserving its sectoral structure.

At the same time, D.S. Lvoy, P.G. Porshenevsky,
and Yu.A. Chernov assessing the pace and quality of
economic transformations in Ukraine, note “.. today it
is generally accepted that in terms of the efficiency of
the country's economic development, increasing the
productivity of national capital is the main task [11].
But this task should be clarified: an increase in invest-
ment in human resources is required, the productivity
of which is the most important factor for solving the
full range of social problems” [11].In addition, the authors
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point to the urgent need to determine the key character-
istics of the formation of the country's economic strategy
in modern conditions. In their opinion, “the formation of
a true economic strategy should be determined by the
existing structure of society, as well as its prospective
economic development. From this perspective, any for-
mulation of economic and financial tasks, such as the
fight against inflation, poverty, must correspond to the
complexity of the social issues facing the country”[11; 12].

Thus, a review of the available literary sources
clearly demonstrates the diversity of opinions and as-
sessments of researchers on the issues of consolidating
public finances as an effective tool for minimising the
disparities in the national economy of Ukraine. This fact
determines the breadth of the spectrum of research and
the possibilities of forming versatile conclusions based
on their results.

MATERIALS AND METHODS

This study sets the task of investigating the issues of
public finance consolidation as a tool for minimising the
disproportions in the sectoral structure of the national
economy of Ukraine. The analysis of methods of public
finances consolidation and the possibilities of resolving
this issue within the framework of the existing sectoral
structure of the Ukrainian economy is carried out.

The methodology of research combines quantita-
tive and qualitative analysis of the matter at hand. A deep
quantitative analysis of the materials available in the
study is performed, a comparison of the budgetary pol-
icy of Ukraine and its economy with leading European
countries is carried out. For this purpose, a significant
number of papers on the issues of consolidating public
finances as a tool for minimising the disproportions of
the national economy were thoroughly examined. The
main factors influencing the observance of the proper
sequence of public finance consolidation and determining
the state of the sectoral structure of the economy are
identified. A system of correspondences between the ques-
tions stated for research and the results obtained is being
built, which contributes to a more thorough study of the
topic and obtaining final,comprehensive results. In the
course of preparing the conclusions for the present study,
a significant amount of information was taken from foreign
publications on the subject.

Moreover, a comparison of data obtained from for-
eign publications with findings of Ukrainian researchers
makes it possible to obtain a qualitative picture of the
budgetary policy of Ukraine,and compare the economic
situation in Ukraine with that of developed European
countries. This aspect seems to be extremely important
from the standpoint of forming conclusions, which objec-
tively reflect the real situation in the field of dispropor-
tions in the sectoral structure of the Ukrainian economy.
In the context of the matter in hand, the studies by dif-
ferent authors are compared and the general trends and
patterns in their views are identified regarding various
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aspects of the consolidation of public finances.Based on
the performed quantitative analysis, a qualitative analy-
sis of its findings is carried out, which is necessary for the
formation of final conclusions based on the results. Modern
methods of public finance consolidation are designed to
provide an opportunity to reduce the operating costs of
enterprises that form the basis of the functioning sec-
tors of the Ukrainian national economy. Moreover, the
disproportions in the sectoral structure of the national
economy cause a significant disparity in the functioning
of its individual industries, which has a negative impact
on the level of economic development of the country.
Consolidation of public finances requires a thorough
study, given the variety of aspects that it includes, and
the need for their consideration in order to fully under-
stand the essence of the issue. In this context, the method-
ology chosen for the study seems to be optimal for the
qualitative resolution of issues at hand, which creates
the preconditions for its subsequent use in further scien-
tific research in this direction.

RESULTS

The study of the issues of public finance consolidation as
a tool for minimising disparities in the sectoral structure
of the national economy led to the following results.
For a high-quality display of the current level of the
economic system of the state as a whole, it is necessary
to highlight the sectoral structure of the national econ-
omy by type of activity. This, in turn, helps to identify op-
portunities for the consolidation of public finances in or-
der to minimise the disparities in the sectoral structure
of the national economy. To correctly assess the level of
structural disparities in the Ukrainian economy today, it
should be analysed at the macro level. The growth rates

of individual industries and components of the national
economy are different, just as the growth rates of prices
for various resources are different. This leads to significant
dynamics of economic disparities and economic ties be-
tween individual industries.

The diagram below shows the structure of the
Ukrainian economy, taking into account the division into
primary, secondary, and tertiary economic sectors. Data
are presented as of 2018 and 2019 (Fig. 1).

As can be seen from the diagram above, at the
end of 2019, the share of the gross product in the ter-
tiary sector amounted to 33%, which is 5% more com-
pared to the year 2018. When compared with econom-
ically developed countries, this figure is significantly
less than the same indicator of their economy, which
is about 70%. The share of the secondary sector in the
economy of Ukraine at the end of 2019, amounted to
46%, which is considered a low indicator for countries
with an economy in transition, to which Ukraine can be
attributed. For comparison, the same indicator for Poland
for the same period was 52%. In general, the data pre-
sented in the diagram indicate the unevenness of the
economic structure of Ukraine and the comparative lag
of the Ukrainian economy behind the economies of more
developed European countries. Competent implementation
of public finances consolidation at various stages of
operation of sectors of the Ukrainian economy contrib-
utes to a decrease in the existing proportions between
the sectors of the economy and an overall increase in
GDP in specific economic sectors.

The diagram below shows the structure of Ukraine's
GDP by end-use category.The period from 2015 to 2019
was taken for the assessment (Fig. 2).
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Figure 1. The structure of the Ukrainian economy as of 2018 and 2019 taking into account
the division into primary, secondary, and tertiary sectors

Source: [13]
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Figure 2. Structure of Ukraine’s GDP by categories of its end use for the period from 2015 to 2019

Source: [13]

The most important feature of the country’s eco-
nomic development in the post-crisis period is a sharp
decrease in the level of gross accumulation of fixed
capital, which is much less than in the pre-crisis period.
So, at the beginning of 2008, this indicator was 26.8%,
as at the end of 2019 it has not been achieved. This
situation is not conducive to meeting the needs of eco-
nomic recovery. To further minimise such disparities, a set
of measures is required:

1. Reducing the tax burden for enterprises belonging
to the specified economic sectors.

2.Reducing the expenses of these enterprises for sec-
ondary economic needs.

3.Balancing the state policy in the budgetary sphere
at the expense of internal and external credit funds.

4. Carrying out measures to consolidate public finances
in various spheres of economic activity of the state in order
to minimise disparities in economic sectors.

Consolidation of public finances involves tracking
the flows of budget funds allocated for the practical solu-
tion of tasks related to the activities of specific sectors
of the economy. A well-built ratio of export and import
volumes in this context is of great importance for the
country's economy and its budgetary policy. The ratio of
these indicators correlates with the division of countries
into those that import capital (export) and those that
export capital (import). It is generally accepted that the
surplus of free capital should be combined with the
surplus of goods and services, which contributes to the
excess of exports over imports. At the same time, the lack
of capital, combined with a weak level of protection of the
national economy of Ukraine from external influences,
necessitates an excess of the volumes of imported goods
and services over the volume of exported goods.

In addition, the planning of the state budget of the
country involves the consolidation of funds allocated for
solving the problems of budget planning in the framework
of the implementation of specific programs of an economic
nature. In this context, the issues of budgetary policy should
be considered through the prism of organising relations
in the financial sphere at the stages of forming the budget
revenue and spending, as well as the regulation of various
spheres of interbudgetary relations.The consolidation of
public finances in matters of budgetary policy has a signif-
icant impact on the size of financial resources and their
proportions. Its centralisation is carried out by state au-
thorities while determining the structure of expenditures
and prospects for the targeted use of state budget funds
allocated for the development of the state economy.

The budgetary policy of Ukraine regulates all
relations in the financial sphere while accounting for
finances passing between enterprises, organisations, and
the state, which is facilitated by accounting for tax rev-
enues, conducting investment activities, as well as plan-
ning budget allocations in priority areas of sectoral eco-
nomic activity. In modern Ukraine, there is a purposeful
influence of the state on specific economic sectors, which
contributes to a change in the structure of government
spending, state property, and taxation, which act as in-
struments for conducting state policy. Its main parame-
ters are reflected in the state budget and are an effec-
tive tool for the distribution of public finances and their
consolidation.

Table 1 provides information on the trends in the
compliance of the state budget of Ukraine for 2020. Shown
are the planned indicators of distribution of funds, items
of income and expenses, as well as indicators of lending
and budget deficit on a monthly basis.
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Table 1. Compliance of the state budget of Ukraine for 2020 (mln. UAH)

2020 Income Expenses Crediting (bu:;el:::eﬁcit)
Planned indicators 1095580.4 1182010.4 7845.8 -94275.7
January 50968.5 66282.0 -99.6 -15213.9
February 1227734 144739.6 -395.4 -21570.4
March 211033.9 2444974 -730.8 -32732.7
April 3148473 340116.7 -961.8 -24307.5
May 388260.1 438375.7 -1334.4 -48781.4
June 519390.5 536913.5 1315.6 -18839.1
July 588456.0 636467.4 3184.3 -51195.4
August 688695.0 727004.6 28770 -41186.6
September 765108.6 843253.2 3580.8 -81725.3
October 84437.8 950842.3 3757.6 -112162.1
November - e e e
December - e e e

Source: [14]

The excess of the income over the expenses is  Table 2 presents the data on government revenues for the
called the budget surplus, while the excess of the ex-  beginning of December 2020. The same data can be pre-
penses over the income side is called the budget deficit. sented in the form of a diagram (Fig. 3).

Table 2. Revenues to the state budget of Ukraine for 2020 financial year

Date Receipt (mln. UAH)
As of 01.02.2020 50725.4
As of 02.03.2020 112632.7
As of 01.04.2020 210685.8
As of 04.05.2020 314536.0
As of 01.06.2020 388765.6
As of 01.07.2020 519451.5
As of 03.08.2020 589645.3
As of 01.09.2020 688947.3
As of 01.10.2020 764778.5
As of 02.11.2020 842564.7
As of 01.12.2020 944726.5
As of 02.12.2020 946468.4

Source: [14]
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Figure 3. Revenues to the state budget of Ukraine for 2020 financial year, mln. UAH

Source: [14]

Thus, throughout the entire 2020 financial year,
there is a progressive increase in the volume of reve-
nues to the state budget of Ukraine, which has a posi-
tive effect on the dynamics of the development of the
economic situation in the country.

The diagram below clearly demonstrates the struc-
ture of the consolidation of public finances in Ukraine
by the most significant budget sectors as of 12.01.2020.
As can be seen from the data presented, the budget-
ing and social protection spheres constitute the most

significant part of the state budget (27% of the total).
Almost 15% of the total volume of budgetary appro-
priations is allocated for national functions, 13.8% of
the total volume of the state budget is spent on inter-
budgetary transfers, 12.5% is spent on public safety and
order, 9.6% of costs are the needs of the state economy,
9.2% is allocated for the needs of the defence industry,
7.8% of the state budget is allocated for the needs of the
health care system, 4.3% for the needs of the education
system (Fig. 4).

Branches of budgeting

m General government functions
B Defence needs
® Public order and safety
= Economic sphere

Health care

Educational sphere
m Social protection and security
= Interbudgetary transfers

Other expenses

Figure 4. Consolidation of public finances in Ukraine by the most significant budget sectors as of 01.12.2020

Source: [14]

Thus, the issues of the consolidation of public
finances in Ukraine as a tool for minimising the disparities
in the sectoral structure of the country's economy as of
2020 represent a complex set of issues of an economic,
socio-political, and social nature. The full functioning
of the country's economy and the standard of living of
modern Ukrainian society depend on their timely and
competent resolution.

DISCUSSION

The complexity and volume of the set of issues related
to the consolidation of public finances as a tool to minimise
the disparities in the sectoral structure of the national
economy determines the diversity of opinions expressed
by modern researchers.

Thus,a group of authors, represented by [11] in their
studies of economic transformations in modern Ukraine,
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note the cyclical formation of successive economic sys-
tems. According to the authors, “.. the process of reno-
vation of old and establishment of new economic sys-
tems occurs at a lower cost, while “transition periods”
completely exclude the “interruptions of continuity”
caused by current economic transformations”[11]. Thus,
the fact of cyclical changes in the economy of the state
and the inconstancy of the sectors of the economy are
emphasised. In turn, [15], examining the characteristic
features of the structural imbalances in the development
of Ukraine, indicates a low level of development of the
national economy. According to the researcher, “the imbal-
ance in trade in goods on foreign markets in recent years
has caused an overall negative foreign trade balance of
Ukraine and indicates a low level of development of the
national economy” [15]. The author also notes that “the
state of the sectoral structure and qualitative parameters
of the structure indicates a low level of development
of competitive opportunities in Ukraine. “Structural im-
perfection of the economy will lead to a significant de-
crease in its competitiveness and an increase in threats
to the country's economic security in the medium term.
At the same time, the approach of the structure of the
Ukrainian economy to the structure of Poland is being
monitored, where the stage of transition to highly de-
veloped European countries has already been partially
passed” [15].

The issues of consolidation of public finances in
general and in relation to various aspects of minimis-
ing the disparities in the sectoral structure of the state
economy, in particular, are considered in the works of
foreign authors researching this issue. Thus [16], exam-
ining various aspects of changes in the Indian economy
note “..the deterioration of the base GDP growth in India
by 7.8% in 2016 is caused by the insufficient openness
of the country's economy to the processes of consolidating
public finances in certain industries and unpreparedness
to make changes in the activities of several enterprises”[16;
18].In turn, [18], in his study of public finance issues and
the specifics of their management, notes “A thorough
analysis of various aspects of the welfare of the state
economy clearly demonstrates the dependence of the
features of the course of economic processes on main-
taining the sequence of financial consolidation in the con-
text of reducing the disproportions in the functioning
of individual economic sectors” [18-20]. Thus, foreign
authors emphasise the importance of the consolidation
of public finances to reduce to the minimum indicators
of disparities in the economic development of the state.

A group of authors, represented by [4] who re-
searched in the field of the sectoral structure of the
Ukrainian economy, note the importance of competent
coverage of the issues of the sectoral structure of the
economy of any country. According to scientists and re-
searchers, “The reflection of the qualitative level of de-
velopment of the economic system as a whole is carried
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out by illuminating the sectoral structure of the national
economy by type of economic activity. An effective sec-
toral structure of the economy, which corresponds to a
socially-oriented model of a market-type economy and
is based on the use of both competitive advantages in
the world division of labour and the economic advan-
tages of international integration, is the guarantor of
the independence of any country and the guarantee of
its dynamic development” [4]. LV. Tranchenko adheres
to a similar point of view, conducting independent stud-
ies of structural changes in the Ukrainian economy [6].
According to the scientist, “.. the method of cardinal
reform, chosen to bring the economy out of the crisis,
presupposes the complete abolition of the planned econ-
omy and the establishment of an opposite policy of eco-
nomic liberalism. The previously widely used methodol-
ogy of monetarist economic policy was poorly adapted
to the conditions of the national economy. Therefore,
numerous technologies that previously gave positive
results in the conditions of the economies of Western
countries, in the conditions of the Ukrainian economy came
to nothing” [6; 21].

Thus, the opinions of researchers emphasise the
ambiguity of the matter at hand and the need for fur-
ther study. This will help to identify additional aspects
that may have an impact on the economic structure of
countries, after the preliminary planned consolidation
of public finances in them.

In this regard, the consolidation of public finances
in specific areas ensures control over their intended use
and contributes to the establishment of the necessary
conditions for minimising disparities between individ-
ual economic sectors. In general, the imbalance in the
sectoral structure of the economy is caused by a wide
range of factors. Among such factors, the uneven distri-
bution of funds from the state budget in the conditions
of uneven situations in world markets and the cyclical
nature of economic crises throughout the world in gen-
eral and individual states, in particular, are of paramount
importance. Purposeful government subsidies to specific
sectors of budget financing ensure the maintenance of
a certain level of functioning of economic structures. The
amount of allocated funds determines the nature of their
functioning and the direction of activity. In general, the
budgetary policy of Ukraine today includes a set of mea-
sures for the targeted distribution of revenues to the
state budget and competent control of their subsequent
targeted use. Consolidation of public finances plays a
primary role in this aspect. It is due to the accumulation
of the volume of money supply for targeted distribution
to specific areas of activity in the given economic sectors
that the minimisation of discrepancies between the indi-
vidual sectors of the state economy is achieved. In this
context, a great responsibility is assigned to the bodies
controlling the receipt of funds to the state budget (tax
authorities), since the quality of accounting for state




budget funds and their subsequent competent targeted
use depends on the results of their activities. In addition,
the consolidation of public finances in relation to the
activities of specific enterprises in various sectors of the
economy in crisis and post-crisis periods ensures the
safety of enterprises’ funds during periods of economic
instability for their subsequent competent target use.

CONCLUSIONS

The study of the issues of public finance consolidation as
a tool for minimising disparities in the sectoral structure
of the national economy led to the following conclusions.
The state of the economic structure of the state is deter-
mined by a wide range of factors. The most important of
such factors are: planning the state budget, clearly de-
fining the current budget, as well as identifying priori-
ties in matters of optimising finance in order to reduce
disparities in the sectoral structure of the state's economy.
The issues of consolidation of public finance, in relation
to the sectoral structure of the economy of Ukraine, are
extremely complex and involve many options for ap-
proaches to their resolution. In particular, representation
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of the current level of development of the state econ-
omy requires coverage of its sectoral structure in specific
areas of economic activity. The independence of the state
and the dynamic development of its economy are achieved
through the consistent establishment of a market-type
economy and its base involves the use of competitive
advantages in world markets, as well as the economic
advantages created by international integration activities.

In general, taking into account the factors listed
above and the existing trends, it can be concluded that
the model of the Ukrainian market economy, which has
formed today, is a synthesis of the characteristic features
of the market economy of developing countries, on the
one hand, and the preserved features of ‘oligarchic cap-
italism” on the other. The relative economic growth in
the last post-crisis years gives grounds to conclude that
the crisis of transformation of the Ukrainian economy is
over. The subsequent consolidation of public finance as
a tool for minimising the disproportions in the sectoral
structure of the country's economy should become de-
cisive in ensuring economic growth and achieving sta-
bility in the development of Ukrainian society.
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KoHconigauia aep)xaBHMUX ¢iHaHCIB K iHCTPYMEHT MiHiMi3auii aucnponopuin
y ranysesii CTpYyKTypi HalioHasIbHOi EKOHOMIKM

Onbra MukonaisHa Cokonosa?, CeitnaHa AHatoniiBHa JaueHKo?
lYHiBEpCUTET AEepXKaBHOI dicKkanbHOI Cnyx6M YkpaiHu
08205, Byn. YHiBepcuTeTCbKa, 31, M. IpniHb, YkpaiHa

2KuiBCbKMIA HaLiOHanbHUI yHiBepcuTeT iMeHi Tapaca LLleBueHka
01601, syn. Bonoanmupceka, 64/13, M. Knis, YkpaiHa

AHoTauif. Y Lt poboTi NOCTaBNEHO 3aBAAHHA PO3MSHYTU NMUTAHHA KOHCONIAALIT AepXKaBHUX QiHAHCOBMX pecypciB
Y KOHTEKCTi pO3KpUTTS iHCTPYMEHTIB NOAATKOBOI Ta 610AKETHOI MONITUKM AN MiHIMi3aL,ii AMcnponopuii y ranysesii
CTPYKTYPi YKPAiHCbKOI €KOHOMIKMW. AKTYanbHICTb AOCNIAXEHHS BU3HAYAETLCS aKTyaNbHICTIO NUTaHb KOHCoNiaauii Ta
NoAANbLWOI CMHXPOHI3aLii diHAHCIB AepXaBHUX CTPYKTYP 3 METOK CTBOPEHHSI HEOOXiOHMX YMOB ANS MiHiMi3auii
BIAMIHHOCTEN MiX rany3sMu yKpaiHCbKOi EKOHOMIKM. Y LibOMY KOHTEKCTI HaA3BMYANHO BAX/IMBUM € PO3MNL NUTaHb
KOHCONifaLii aepXKaBHUX hiHaHCIB Yepes NpU3My pO3KPUTTS IHCTPYMEHTIB iCKanbHOI NONITUKM ik 3aC0by MiHiMi3au,i
[LMCMpONOPLi y rany3eBii CTPYKTYpPi YKPaiHCbKOi eKOHOMIKM. [UTaHHS BIOMKETHOI NONITUKM Ta EKOHOMIKM YKpaiHu
€ HaA3BMYAMHO BAXXIMBMMM 3 MO3MLIN OLiIHKM NPaBUIbHOCTI 0OPaHOro KypCy po3BMUTKY YKPaiHCbKOro CycnifbCTBa
3arafioM Ta OKpPeMUX rany3en HalioHanbHOi eKOHOMIKM 30KpeMa. MeTow AaHOro AOCAIAXKEHHS € OLiHKA peanbHOro
CTaHy 6HOXKETHOI NONITUKM KPaiHM B LiNOMY Ta B KOHTEKCTI KOHCONMIAALii AepXXaBHUX QiHAHCIB SK iHCTPYMEHTY
MiHiMi3auii LMX AMCNPONOpLIM 30KpeMa, a TAaKOX PO3rnsag, AesKMX aCneKTiB Cy4aCHOro CTaHy AepXKaBHMX QiHAHCIB
YKPAiHCbKOi EKOHOMIKM. poBigHMM MiAX0A0M AOCNIAKEHHS € NOEAHAHHS KiNbKICHOMO Ta SKICHOrO aHanisy A0CAiAKyBaHOI
MaTepii. OCHOBHUMM pe3ynbTaTaMu OCNIAXKEHHS CTaNN: OLLIHKA PiBHA AMCNPONOPLIM Y pO3NOo4iNi KOLWTIB AEPXKABHOIO
6tomKeTy Ykpainu Ha 2020 pik; BU3HAYeHHS OCHOBHWMX HAMpPAMIB KOHCONiAALIT AepXKaBHUX QiHAHCIB NPU NNaHYBaHHI
[lep>XaBHOrO BHOIKeTY Ha MOTOYHMI (iHaHCOBWMIA pik. [MepcneKTMBKM NOAANbLUMX AOCAIAKEHb Y LbOMY HanNpsMKy
BM3HAYaOTbCS BAXK/IMBICTIO PiSHOMAHITHMX ACMEKTIB pO3NOAiINY AepXKaBHUX PiHAHCIB Y pi3HMX chepax HALIOHANBHOT
€KOHOMIiKM Ta HeoOXiAHICTI0O CTBOPEHHS ONTUMAabHUX YMOB A8 iX NPaBUAbHOIO po3noainy. MpuknagHa WiHHICTb
[AHOro JOCNIAXEHHS NONSraE B OLiHLI NepcnekTMB KOHconiaauii aep)KaBHMX GiHAHCIB SK IHCTPYMEHTY MiHiMi3auii
OMCNPONOpLii y rany3esii CTPYKTYPi YKPATHCbKOT EKOHOMIKM Ta MOXIMBOCTI MOLUYKY Ta MOAANbLLIOIO BPOBAOAXKEHHS
ONTUMANTbHUX WAAXIB SKICHOrO BMPIiLLEHHS LbOro NUTaHHS

KntouoBi cnoBa: KoHconifauis aepxaBHuX @iHaHCIB, HaLiOHaNbHE roCNOAapPCTBO, CEKTOP eKOHOMIKM, rany3eBa CTPyKTypa
E€KOHOMIKM, iep>XaBHI QiHaHCK, oaepXKyBay QiHaHCYBaHHS
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