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Reproductive Ability of Doe-Rabbits and Growth and Preservation
of the Offspring by Feeding Sulfur Compounds

Yaroslav Lesyk?’, Anna Dychok-Nidzelska', Oleksandr Boiko?,
Mykhailo Bashchenko?, Oleksii Honchar?
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Article’s History: Abstract. The use of organic minerals in the form of nanocompounds as
Received: 25.06.2021 a substitute for mineral inorganic salts is promising, but insufficiently
Revised: 24.07.2021 studied. Therefore, the purpose of the search was to determine the influence
Accepted: 22.08.2021 of drinking sulfur citrate and sodium sulfate 14 days before insemination

and up to 20t day of lactation on the reproductive capacity of rabbits and
Suggested Citation: the preservation of the offspring up to 40" day of life. The research was
Lesyk, Ya., Dychok-Nidzelska, A., carried out on rabbits of the second breed of Hyla breed in “Horlytsia”
Boiko, O., Bashchenko, M., & Control group were fed without restriction complete ration granular
Honchar, O. (2021). Reproductive feed with free access to water. 1st experimental group were fed with the
ability of doe-rabbits and growth ration of the control group and during the day were watered with sulfur
and preservation of the offspring citrate, at the rate of 8 pg S/kg of body weight. Il experimental group
by feeding sulfur compounds. were fed with the ration of the control group and with water was given
Scientific Horizons, 24(8), 9-14. sodium sulfate in the amount of 40 mg S/kg of body weight. Additives to

rabbits were watered 14 days before insemination and for up to 20 days
of lactation. It was found that on the first day of life of young rabbits their
number in the | and Il experimental groups was respectively higher by 8.5
and 4.2% compared to the control. The number of young rabbits at 20 and
40 days of age in the | and Il experimental groups was respectively higher
by 10.4 and 4.4% and 14.0 and 4.6% compared to the control group. The
weight of rabbits in the nest of the Il experimental group at 1, 20 and
40 days of life was respectively higher by 2.8; 6.1 and 7.0%, which is based
on the average mass of one rabbit for these periods and amounted to 1.1,
respectively; 2.7 and 4.3% compared with animals in the control group.
The average amount of milk produced by rabbits of | and Il experimental
groups was respectively higher by 10.2% and 6.6% per day and for 20 days of
the lactation period compared to the control. The preservation of rabbits
in the | and Il experimental groups was respectively higher by 6.4 and
6.4% and 3.6 and 4.4% at 20 and 40 days of life of young rabbits compared
to the control group. The results of the research indicate the possibility
of additional use in the ration of rabbits of the addition of sulfur citrate
in the amount of 8 ug S/kg of body weight to increase metabolism and
reproductive capacity during periods of increased physiological load

Keywords: nanotechnologies, lactation, body weight, bioavailability of nutrients
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INTRODUCTION

Nanotechnologies are used in the feeding of farm animals
to improve the bioavailability of nutrients in the organism,
to ensure higher taste, consistency, duration of storage
of their products [1; 2]. Nanoparticles preserve the unique
properties, resulting in significantly improved physical
and chemical properties of the used materials, including
minerals [3; 4]. Nanotechnology is used in veterinary
physiology, for reproduction and genetics of animals,
molecular and cell biology, allowing researchers to work
with biological components such as DNA, proteins or
cells in small amounts, usually nanoliters or picoliters [5].
Complex nanoprograms are used in animal nutrition sys-
tems using available tools and methods that have not
an influence on animal health and welfare. This technology
offers the best solutions for the use and production of
livestock products, which can help to reduce costs and
improve the quality of the final indicators [6]. The use
of nanotechnology is promising in agriculture and food
industry, for the diagnosis and prevention of diseases,
improving the ability of plants to absorb nutrients, etc [7].
The most important use in this field are nanomi-
nerals. They are characterised by a particle size of 1 to
100 nm. Some of them are stable at high temperature
and pressure, they are easily digested in the digestive
system [8]. This leads to better interaction with other
biologically active substances, due to the larger surface
area [9]. Some surface active nanomineraly and nano-
components can bind and remove toxins and patho-
gens [10; 11]. The researches have shown that the use
of nanominerals, such as nanoselenium, nanochrome,
nanozinc, can improve the body’s resistance to non-com-
municable diseases and the quality of their products,
this is especially true when replacing inorganic salts of
mineral elements with organic nanocompounds, which
is widely used in the diet of industrial animals [12].
Rabbits are characterised by small body size,
greater feed use, rapid growth, quality nutritious meat,
early puberty, and high genetic selection potential com-
pared to other farm animals [13].Sperm quality is the key
to successful fertilisation in breeding rabbits and an in-
dicator of the reproductive capacity of rabbits [14]. Gas-
trointestinal absorption of minerals is influenced by a
number of factors, including its chemical form: soluble
compounds (oxides, hydroxides, citrates and sulfates) are
easily absorbed, but water-insoluble compounds (sulfides)
are poorly digested. Minerals in organic forms have a more
efficient use in the organism to increase their bioavail-
ability,which leads to improved ejaculate volume, sperm
motility, and then male fertility and fertility of rabbits [15].
Several methods have been developed to get nanopar-
ticles [16], including thermal reduction, metal vapor
evaporation method, microemulsion technique, mechan-
ical grinding and chemical reduction [17]. However,
regardless of the technology of getting nanoparticles,
their advantage in use for animals has been noted,

Scientific Horizons, 2021, Vol. 24, No. 8

although there are not many such researches, especially
in rabbit breeding. We conducted research to study the
influence of nanocompounds on the organism of rab-
bits, which showed a positive influence on organism
parameters and reproductive capacity [18; 19].

The purpose of this experiment was to determine
the influence of watering sulfur citrate and sodium sulfate
14 days before insemination and for up to 20 days of
lactation on the reproductive capacity of rabbits and the
preservation of the offspring up to 40 days of life.

MATERIALS AND METHODS

The research was carried out on rabbits of the second
breed of Hyla breed in “Horlytsia” Ltd., v. Dobryany of
Gorodok district of Lviv region, who used organic and
inorganic sulfur compounds in physiologically justified
amounts in young rabbits in previous research. Females
were divided into three groups (control and two experi-
mental), 20 animals in each, selected on the principle
of analogues. Controlled rabbits of control group (K)
were fed without restriction complete ration granular
feed containing 18.5% of crude protein, 8.0% of crude
fiber, 3.0% of crude fat and 2250 ME kcal/kg with free
access to water. Animals of the | experimental group (D-1)
were fed the ration of the control group and during the
day were fed sulfur citrate, at the rate of 8 ug S/kg of
body weight. Sulfur citrate solution (1.0 g/dm?, pH 1.38)
was got from “Nanomaterials and Nanotechnologies”
Ltd., Kyiv. Females of experimental group Il (D-II) were
fed the ration of the control group and with water was
given sodium sulfate (Na,SO,) in the amount of 40 mg S/kg
of body weight. Additives to rabbits were watered 14 days
before insemination and for up to 20 days of lactation.
The experiment lasted 95 days, including the preparatory
period of 10 days, the experimental - 85 days. In the
preparatory period for 10 days from the beginning of
the research and in the experimental period for 20 days
of lactation (65 days of supplements watering) in rabbits
was determined by fertility by probing for 12 days af-
ter insemination, assessed the number and weight and
safety of young rabbits in the nest after birth and up to
40 days of age, determined the milk yield of rabbits by
the calculation method: to do this, determine the total
weight of the nest on the first day of birth and on the
20™ day of life, the difference was multiplied by 2.2 -
received the estimated amount of milk consumed by
young rabbits. It was found that per 1 g of body weight
gainis 2.2 g of milk. These methods are described in the
handbook [20]. Mathematical processing of research
results was developed statistically using the software
package Statistica 7.0 software (Stat Soft, Tulsa, USA).
Differences between values in the control and experi-
mental groups were determined using ANOVA, where
the differences were considered significant at P<0.05
(taking into account the Bonferroni error).




RESULTS AND DISCUSSION

In recent years, the reproductive capacity of rabbits on
modern industrial farms has increased due to the use
of artificial insemination, hormonal stimulation and se-
lection work. However, there are a number of problems
with the supply of minerals and energy during the first
and second lactations, which leads to a decrease in the
reproductive capacity of rabbits and culling of breeding
stock to 80% during the year. Conducting research indi-
cate the importance of providing a complete balanced
ration of minerals for young females during lactation,
which give a lot of energy to the organism for milk pro-
duction and embryo development after fertilisation and
also continue to increase body weight, which is a physi-
ological process. Therefore, the purpose of our research
was to study the influence of drinking sulfur citrate and
sodium sulfate on the reproductive capacity and milk
yield of rabbits, growth and safety of young rabbits up
to 40 days of age. The analysis of table 1 indicates that
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after insemination of rabbits in all groups, their fertility
was the same 100%. The period of pregnancy lasted an
average of 31 days, which is within the physiological
parameters for this species. Genera in rabbits took place
without complications, mainly at night, stillborn rabbits
in the nest were not detected. The use of organic and
inorganic sulfur compounds in rabbits 14 days before
insemination contributed to better fertilisation, which
affected the number of offspring in the nest. Thus, on
the first day of life of rabbits, their number in the | and
Il experimental groups was respectively higher by 8.5
and 4.2% compared to the control group. Continuations
of research indicate that this feature was noted up to
40 days of life of rabbits. In particular, the number of
rabbits at 20 and 40 days of age in the | and Il experi-
mental groups was respectively higher by 10.4 and 4.4%
and 14.0 (P <0.05) and 4.6% compared to the control

group.

Table 1. The influence of sulfur citrate and sodium sulfate on the reproductive capacity of rabbits (Mxm, n=20)

Number of born rabbits, %

Group Fertility, %

Number of rabbits in the nest

Living Dead 1 day 20 day 40 day
05, 100 100 7‘2(’—;(()).3 6.138.3 6.41%8.1
% 100 100 o8 Toa o
% 100 100 o o) loas.

Note: statistically significant differences were taken into account compared with the control group: * - P<0.05,
** - P<0.01, ™ - P<0.001; the selections were compared within one line (taking into account Bonferroni correction)

In the biosphere, the physical, chemical and bio-
logical properties of matter are determined by physi-
cochemical phenomena. However, only the size of the
substance reduces the action of these variable forces.
The size of the substance acquires new physicochemical
characteristics. Nanoparticles remain protected from
various types of bioactive agents and reactions, such
as oxidation, enzymatic or chemical interaction with
other molecules. This is due to the active component of
nanoparticles, increasing their stability. Therefore, in our
opinion, the results got may depend on the used sulfur
compound, which has unique properties in the organ-
ism that has an influence on the stimulating factors of
metabolism.

The analysis was performed on the results of
growth and development of rabbits organism showed

that the watering of sulfur compounds to rabbits of the
second round had an influence on the fetal and postem-
bryonic period of their development (Table 2). In partic-
ular, the investigated weight of rabbits that were in the
nest of the | experimental group at 1, 20 and 40 days
of their lives was respectively higher by 10.0; 20.4%
(P<0.05) and 11.9% (P<0.05) compared with the control
group. The got results correlated with the indication of
average weight of one rabbit in the nest,which on 1, 20
and 40 days exceeded 1.8; 5.2 and 6.4% (P<0.05) of rab-
bits included in the control. The weight of rabbits in the
nest of the Il experimental group at 1, 20 and 40 days of
life was respectively higher by 2.8; 6.1 and 7.0% (P<0.05),
which is justified by the average weight of one rabbit for
these periods and amounted to 1.1, respectively; 2.7 and
4.3% compared with animals in the control group.

Table 2. The influence of sulfur citrate and sodium sulfate on the growth of rabbits during lactation (M*m, n=30-34)

Mass of rabbits in the nest, g (age of life)

Average weight of one rabbit, g (age of life)

Group 1 20 1 20 40
K 418.9%25.0 2072.2¢63.2 5519.1¢38.8 60.2¢0.31 321.1%4.11 903.7+14.8
% 100 100 100 100 100 100
D-1 46112286  24958+1430° 618042160 61.3£0.29 338.05.29' 962.3£9.04
% 110.0 120.4 111.9 101.8 105.2 106.4
D-II 4310224 219958721 5909.1¢147.8 60.9t0.15 329.9+3.50 943,286
% 102.8 106.1 107.0 101.1 102.7 104.3

Note: statistically significant differences were taken into account compared with the control group: * - P<0.05,
¥ - P<0.01, " - P<0.001; the selections were compared within one line (taking into account Bonferroni correction)
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The got results may indicate that sulfur citrate in
the consumed amount, better absorbed in the digestive
tract of rabbits and young rabbits up to 40 days of age,
which contributed to better bioavailability of nutrients, in-
cluding sulfur and its positive influence on the growth
and development of young rabbits, while the watering
of sodium sulfate was marked by less pronounced in-
vestigated indicators of their organism compared with
the control. Investigations have shown that the young
rabbits of the two experimental groups had a higher nest
weight and one animal at 1, 20 and 40 days of lactation

compared to the control. Suckling rabbits have high energy
needs and are characterised by low thermal insulation
in the nest, if the temperature is low then the milk con-
sumed is not absorbed by the organism. Therefore, the
preservation and development of young rabbits in the
nest is completely related to the quantity and quality of
breast milk and offspring. The use of organic and inor-
ganic sulfur compounds in rabbits of the experimental
groups was marked by a greater amount of produced
milk (Table 3).

Table 3. Milk yield of rabbits and preservation of the offspring during watering
of sulfur citrate and sodium sulfate (M*m, n=20)

Milk production of rabbits, g

% Preservation of the offspring

Group
Per day For 20 days 20t day 40* day
K 186.1 +8.22 3723.9+190.1
% 100 100 91.3 88.2
D-1 205.3£12.5 4106.2+276.8° 97.2 93.9
% 110.2 110.2 6.4 6.4
D-1l 198.5£6.14 3970.1+123.0 94.6 92.1
% 106.6 106.6 3.6 44

Note: statistically significant differences were taken into account compared with the control group: * - P<0.05,
** - P<0.01, *** - P<0.001; the selections were compared within one line (taking into account Bonferroni correction)

In particular, the average amount of produced
milk by rabbits of experimental group | was higher by
10.2% (P <0.05) per day and for 20 days of the lactation
period compared to the control. The got results of the
research may indicate a general activating influence of
sulfur nan compounds on metabolism in the organism
and the process of metabolism in the mammary gland
of rabbits, which was more pronounced under the ac-
tion of sulfur citrate. Slightly different results were got
in rabbits of experimental group Il, which received so-
dium sulfate with water, the amount of milk secreted
per day and during 20 days of lactation was higher by
6.6% compared with the control group of animals, but
these results were unlikely. The results of the preserva-
tion of young animals during the search period (40 days
of life from birth) in the experimental groups were
slightly higher compared to the control. The research
by domestic and foreign authors have shown that the
quantity and quality of milk from rabbits has an influence
on the safety of rabbits during lactation. The results
confirming these generalisations were got due to the
conducted researches. Thus, the safety of rabbits in the
first experimental group was respectively higher by 6.4%
at 20 and 40 days of life of rabbits compared with the
control group. Watering of the inorganic sulfur compound

was marked by less pronounced results of preservation
of young animals. In particular, in the second experimen-
tal group, the survival of rabbits at 20 and 40 days of
life was respectively higher by 3.6 and 4.4% compared
with the control. The obtained results of the experiment
may indicate more pronounced correlations between
milk yield and productivity and preservation of young
rabbits in the suckling period under the action of the
organic compound sulfur citrate.

CONCLUSIONS

Rabbits watering 14 days before insemination and for
up to 20 days of lactation of sulfur citrate in the amount
of 8 ug S/g of body weight, was markedly higher (P<0.05)
number of rabbits per 40 days of life, greater weight of
the nest and one rabbit (P<0.05) for 20 and 40 days from
birth, more produced milk per day and 2 days (P<0.05)
and higher rates of preservation of 6.4% for 40 days of
life compared with the control group. The use of sodium
sulfate in the ration of rabbits in the amount of 40 mg S/kg
of body weight, contributed to higher nest weight at
40% day of age (P<0.05) and a tendency to more milk
from rabbits and retention of offspring up to 40 days of
age compared to control.
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PenpoayKTUBHa 34aTHICTb KPOIeMaTOK Ta PicT i 36epeXeHicTb MONOAHSAKY
3a BUNOIOBAHHSA CronyK cynboypy

flpocnae BacunboBuu Jlecuk!, AHHa 3iHoBiiBHa duuok-Hiasenbcbkal, Onekcanap BacunboBuu boiiko?,
Muxaiino IeaHoBuY baweHko?, Onekciit @epoposuy loHYap?
YHcTuTyT Bionorii TBapuH HauioHanbHOI akaaeMii arpapHMx Hayk YkpaiHu
79034, Byn. Bacuna Cryca, 38, M. JlbBiB, YkpaiHa

2Yepkacbka gocnifHa cTaHuis 6iopecypci HauioHanbHoi akageMmii arpapHux Hayk YKpaiHu
18036, Byn. NacTepiscbka, 76, M. Yepkacu, YkpaiHa

AHoTaLif. 33CTOCYBaHHS OpraHiYHUX MiHEPASIbHUX PEYOBUH Y BUMSAI HAHOCTONYK, K 3aMiHU MiHEPaNbHUX HEOPraHiYHMX
Conen € NepcnekKTMBHUM, afe HefoCTaTHLO BUBYEHUM. TOMY METOI JOCIMKEHHS BYN0 39CYyBaTH BNIMB BUMOIOBAHHS
cynbdypy UMTpaTy Ta cynbdaty HaTpito 3a 14 fib [0 ociMeHiHHS | ynpoaosx A0 20 fobu nakTauii Ha penpoayKTUBHY
30aTHICTb KpONIeMaToK Ta 36epexeHicTb npunnofy Ao 40 pobwu xutTa. JocnigpkeHHsS NpoBefeHi Ha KponemMaTkax
npyroro okpony nopogu Hyla y T30B «lopnuusy». KOHTponbHil rpyni 3ronoByBanv 6e3 06MexXeHHs NOBHOPALLiOHHWA
rpaHynbOBaHWi KOMBIKOPM 3 BifIbHUM JOCTYNOM 4,0 BOAM. TBapnHaMm | LocnigHoi rpynu 3rofoByBany KOPMM paLioHy
KOHTPOJIbHOI rpynu i BNpoaoBX f006uM BUunowBanu cynbdypy LMTPaT, 3 po3paxyHKy 8 MKr S/kr macu Tina. Il gocnigHin
rpyni 3ropoByBanu KOPMMU paLioHy KOHTPObHOT rpynu i 3 BOAOK 334aBanu cynbdaT HaTpito B KinbkocTi 40 mr S/kr
Macu Tina. BctaHoBneHo, Wwo Ha nepuuy foby XUTTS KponeHsT ixHe Kinbkictb y | i Il gocnioHux rpynax 6yna BignosigHo
BULLOO Ha 8,5 i 4,2 % nopiBHsHO 10 KoHTponto. KinbkicTb kponeHat Ha 20 i 40 pobu xutta y |i [l gocnigHux rpynax
6yna BignosifHO Buwot Ha 10,4 i 4,4 % Ta 14,0 i 4,6 % NOpPiBHAHO 4,0 KOHTPONbHOI rpynu. Maca KponeHaT y rHi3ai
[I pocnigHoi rpynu Ha 1, 20 i 40 pobu xuTTa Hyna BignoBigHO BUWO Ha 2,8; 6,1 i 7,0 %, WO 06rPYHTOBYETLCS
cepefHbO MACOK OLLHOMO KPONEHATU 33 BKa3aHWMM nepiofamu i ctaHoBuna BianosigHo 1,1; 2,7 i 4,3 % nopiBHAHO
3 TBapMHaMK KOHTponbHOI rpynu. CepenHs KinbKicTb NpoAyKoBaHOro Mosioka kponematok | i Il gocnigHux rpyn
6yna BignosigHo Buwot Ha 10,2 i 6,6 % 3a noby Ta 3a 20 Ai6 nakTauiiHOro nepioay NOPiBHAHO 3 KOHTPO/EM.
36epexeHictb KponeHsT y | i Il mocnigHMx rpynax 6yna BiANoOBiAHO BUWOKW Ha 6,4 1 6,4 % Ta 3,6 i 4,4 % Ha 20
i 40 nobW XWUTTA KPONEHSAT NOPIBHAHO 3 KOHTPONbHOK rpynot. OTpUMaHi pe3ynsTati AOCNIIKEHHS BKA3YyHTb Ha
nepcnekTUBY 4OAATKOBOr0 BUKOPUCTAHHS Y paLioHi KponemMaTok fA06aBkM cynbdypy UMTPaTy B KiNbKOCTI 8 MKI S/Kr
Macv Ang NiaBuULLEHHS 0OMiHY peYOBMH Ta penpoayKTUMBHOI 30aTHOCTI Y NepioA, MiABULLEHOTO (i3ioNoriYHOro HABaHTAKEHHS

KntouoBi cnoBa: HaHOTEXHONOT T, NaKTaLig, Maca Tina, 6iof0CTYMHICTb MOXMBHUX PEYOBMH
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The development of phyto- and tissue origin medicines for veterinary reproductive issues

INTRODUCTION

Modern conditions of practical veterinary medicine require
the use of effective and safe drugs [1-6]. Application
of biotechnological methods in reproductive managing
has to serve the maximum use of the reproductive po-
tential of the animals, providing in-depth knowledge of
and adherence to the biological patterns of reproduc-
tion and use of these methods in animals with optimal
health and physical condition [7-11]. In particular, such
an important technological milestone of the animal
industry as reproduction involves the use of hormonal
drugs [12-18]. However, using one or another hormonal
drug, it should be kept in mind that the action on the
female reproductive system can be shown in different
ways - depending on the source of the functional state
of the reproductive organs and the hormonal status
of the body. The wrong use of the drug, regardless of
criteria, can have negative effects [19-22]. Although
not all scientists share this perspective and didn’t find
the negative impact even of multiple uses of hormonal
drugs on sexual function, that should be associated with
the optimisation of the dose of used drugs [23-28].

Along with the already known and common medi-
cines, the search for new drugs, which are harmless for
the body and have the physiological direction of action, is
still required. In recent years, attention to the use of both
humanandveterinaryphytomedicinesincreased [29-33].
Many plants contain biologically active substances,among
which special attention should be paid to a plant hormone
that is relevant and logical for the practice of reproductive
veterinary medicine. The range of action of these sub-
stances is vast (phytoestrogens, antiestrogens, antigo-
nadotropins), which allows using them to treat animals
with different pathological processes [34-37].

Among tissue derivatives, the use of the placenta
is of the greatest interest since it is a concentrate of bio-
logically active substances - proteins, lipids, enzymes,
hormones, and many others that encourage its wide use,
in particular, in the field of reproduction of animals [38-43].

However, the problem of the use of phyto- and
tissue-derived drugs is insufficiently studied, many aspects
of their clinical use require further research, expansion
of the spectrum of used medicinal plants, study,and im-
plementation into veterinary practice.

Therefore, the purpose of this work was to develop
a comprehensive vitamin-hormone drugs based on phyto-
and tissue medicines for the treatment and prevention
of reproductive abnormalities in animals.

MATERIALS AND METHODS

The research was conducted at the Department of veter-
inary reproductive medicine and practical complex of
the animal industry and crop science of Kharkiv State
Zooveterinary Academy, control of medicines was con-
ducted in the State Institution “V. Danilevsky Institute for
Endocrine Pathology Problems of the NAMS of Ukraine”
(Kharkiv) and in State Scientific-Research Control Institute
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of Veterinary Medicinal Products and Feed Additives (Lviv),
experimental verification and approbation took place
in farms of different forms of ownership of the eastern,
central and the southern regions of Ukraine.

[3-carotene was obtained from crops that contain
a significant amount of this substance (grass meadow,
green mass of alfalfa, carrot, pumpkin) by extraction.

Total estrogens and chorionic gonadotropin were
obtained from the female placenta by extraction.

Phytoestrogens and phytoandrogens were obtained
from plants such as oregano (Origanum Vulgare), red clover,
hop, millet (bran), acorus (Acorus calamus) [44].

The content of 3-carotene in preparations was ti-
trated for calorimetry scale,and estrogen - using Kober’s
reaction (standard — ampule solution of synoestrol).

Prepared drugs were packed in bottles or vials
of dark glass with 10, 20, 50, 100 cm? of volume, sealed
with rubber or aluminum caps or plastic stoppers or
lids, and were autoclaved. They were kept in a dry, pro-
tected from light place at a temperature of 5°... 15°C for
up to 1 year.

The effectiveness of the program of complex
therapy of females for gonadopathy was determined
among 339 cows, 77 sheep, and 35 goats.

According to the comprehensive program for
the prevention of perinatal pathologies, 393 sheep
and 104 goats were treated, as well as 512 lambs and
125 goats were evaluated.

A comprehensive program of therapy for males
with reduced reproductive capacity was applied to
17 bulls, 29 boars, and 15 dogs.

Assessing the state of the structure and function
of the testes, the manifestations of conditioned and un-
conditioned reflexes, sperm quality, and its fertilising
ability, a conclusion concerning the reproductive capacity
of males is made.

RESULTS

Regarding the direction of the research and the concept
of continuity and consistency, it was logical to develop
an effective, simple, and susceptible to practice veteri-
nary medicine methods of therapy and the prevention
of disorders of reproductive function in animals. The
mechanisms of origin and development of pathologies
and disorders of the reproductive function were oblig-
atory to be encountered. Based on the information of
etiopathogenesis of disorders of reproductive function
indicators: homeostasis, reducing of the concentration
of hormones (estrogen or progesterone), changes in the
morphofunctional state of endocrine (pituitary, thyroid,
and adrenal gland) and reproductive (ovaries) organs,
the application of vitamin-hormone drugs should become
scientifically effective. Preparations in terms of patho-
genetic therapy can normalise the indices of homeostasis,
the concentration of hormones stimulates the rehabil-
itation processes in organs-regulators of reproductive




function (pituitary,adrenal,and thyroid) and reproductive
organs (ovaries), which, in turn, contributes to the nor-
malisation of follicle- and steroidogenesis, which are
prerequisite for total reproductive capability in females.

Skliarov et al.

For this purpose, vitamin-hormone preparations of phyto-
and tissue origin “Cagadin”, “Caplaestrol’, “Caplagonin” and
“Carafest” were developed. The basis of all drugs is “Caga-
din”,which is a solution of 3-carotene in oil (Table 1 and 2).

Table 1. The composition of “Cagadin” (1.0 ml)

Carotene, mg

10.0+0.75

Refined oil, ml

Upto 1.0

[-carotene contributes to the rehabilitation of the
structure and the functional state of the reproductive
organs and the regulation of reproductive function, so
the preparation “Cagadin” is intended for the prevention
and treatment of vitamin deficiency and infertility. In
particular, this preparation allows:

— to normalise the status of embryos and fetuses;
—to prevent hidden abortion (embryonal deaths),
reduce the loss of embryos in the antenatal period;

—to increase the health of the newborns with high
potential of growth;

—to increase the birth activity;

— to prevent pathological families (hypofunction of
birth activity, dystocia, litter delay);

—to increase the number of fertilised females and
the number of newborns from each female.

The preparation “Caplaestrol” is a solution of

carotenoids and total estrogen (Table 3 and 4).

Table 2. Organoleptic indexes of “‘Cagadin”

Index Characteristic and norm
Appearance Transparent oily liquid
Color From dark-yellow to brown
Smell No specific smell
Identity Corresponds

Table 3. The composition of “Caplaestrol” (1.0 ml)

Total estrogens according to RD, mg 1.00£0.05
Carotene according to RD, mg 10.0+0.75
Refined oil according to SSU 4492, cm? Upto 1.0

Estrogens optimise the development of the fe-
tus, normalise the course of pregnancy and activate
the birth activity, as well as promote the secretion of

follicle-stimulating hormone in the pituitary gland that
stimulates f folliculogenesis in the ovaries.

Table 4. Organoleptic indexes of “Caplaestrol”

Index Characteristic and norm
Appearance Transparent oily liquid
Color From dark-yellow to brown
Smell Specific
Mass fraction of carotenoids, mg/cm? 10.0£0.75
Mass fraction of total estrogens, mg/cm? 1.0+0.05

“Caplaestrol”is intended for infertility treatment,
prevention of obstetric-gynecologic pathology. In par-
ticular, the scope of use of this preparation is:

— normalisation of the development of an embryo
and a fetus;

— prevention of antenatal pathology;

— prevention of pathological birth (hypofunction,

litter delay);
—therapy of females with post-natal gonado- and
metropathies;
— improving the viability of newborns, potential of
their development.
The preparation “Caplagonin” is a solution of
[3-carotene and chorionic gonadotrophin (Table 5 and 6).
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Table 5. The composition of “Caplagonin” (1.0 ml)

Chorionic gonadotrophin, mg 15%0.5 mg
Carotene, mg 10.0%0.75
Refined oil, ml Upto 1.0

Due to the contents of the chorionic gonadotrophin  the reproductive health of females (normalise ovulation
in the composition of the preparation, it is used to enhance  as well as formation and development of yellow body).

Table 6. Organoleptic indexes of “Caplagonin”

Index Characteristic and norm
Appearance Transparent oily liquid
Color From dark-yellow to brown
Smell No specific smell
Identity Corresponds

Designed to enhance the fertility of females and  “Carafest”is an oil solution of carotenoids and phytoestro-
the reproductive ability of the males. The preparation  gens (Table 7 and 8).

Table 7. The composition of “Carafest” (1.0 ml)

Phytoestrogens according to RD, mg 1.0+0.05
Carotenoids according to RD, mg 10.0%0.75
Refined oil according to NSSU 4492, cm? Upto 1.0

“Carafest”is similar to “Caplaestrol’, however,un-  structure of the hormone B-estradiol, which allows
like the latter, it includes plant estrogens. They include  them to bind to receptors of estradiol, exhibiting hor-
phenol ring, which makes them similar to the spatial mon-Llike activity.

Table 8. Organoleptic indexes of “Carafest”

Index Characteristic and norm
Appearance Transparent oily liquid
Color From dark-yellow to brown
Smell Specific
Mass fraction of carotenoids, mg/cm? 10.0£0.75
Mass fraction of phytoestrogens, mg/cm? 1.0+0.05
Designed for infertility treatment and to prevent “Carafand” is an oil solution of carotenoids and
losses in animal reproduction. phytoandrogens (Table 9 and 10).

Table 9. The composition of “Carafand” (1.0 ml)

Phytoandrogens according to RD, mg 1.0£0.05
Carotenoids according to RD, mg 10.0%0.75
Refined oil according to NSSU 4492, cm? Upto 1.0

Table 10. Organoleptic indexes of ‘Carafand”

Index Characteristic and norm
Appearance Transparent oily liquid
Color From dark-yellow to brown
Smell Specific
Mass fraction of carotenoids, mg/cm? 10.0£0.75
Mass fraction of phytoandrogens, mg/cm? 1.0+0.05
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It is intended for the treatment and prevention of
fertility reduction in males. When applying the prepara-
tions, it is necessary to balance animal rations for protein,

Skliarov et al.

The application of preparations developed by the
authors shows high therapeutic effect, as evidenced by
the obtained data (Table 11).

calcium, phosphorus, magnesium, and microelements.

Table 11. The results of the preparation use in schemes for prevention and treatment of reproductive pathologies

Actions (therapeutic or
prophylactic)/Reproductive
pathology

Drug

Therapeutic effect

The complex therapy
program of females with
gonadopathies

“Capla-estrol”

Symptoms of estrus from the beginning of the treatment - 30.5+0.4 days for 85%
of fertilisation (cows)

“Cara-fest”

Symptoms of estrus from the beginning of the treatment - 40.5+1.05 days for 75%
of fertilisation (cows)

“Capla-estrol” +
“Capla-gonin”

Symptoms of estrus from the beginning of the treatment:
- sheep - 62.5%-76.9% for 60.0%-80.0% of fertilisation;
- goat - 57.1%-66.7% for 70%-75% of fertilisation

The complex program of
prevention of perinatal
pathologies

“Capla-estrol”

1.Clinical status and the potential of development: - reducing the number of lambs
in unsatisfactory clinical condition with low potential of development by 11.1% and
young kids by 5.4%;

- increase the number of lambs in satisfactory clinical condition with high potential
of development by 10.6% and of young kids by 8.6%.

2. Reducing morbidity:

- lambs - by 9.5%;

- young kids - by 7.4%.

3.Reducing lethality:

- lambs - by 7.5%;

- young kids - by 4.2%.

4. Prevention of intranatal pathology (genera hypofunction)

- sheep - by 13.5%;

- goat - by 14.4%.

5. Prevention of postnatal pathology:

- lambs - by 8.2%;

- goat - by 8.7%

“Cara-fest”

1. Clinical status and the potential of development: - reducing the number of lambs
of unsatisfactory clinical condition with low potential of development by 12.9% and
young kids by 5.9%;
- increase the number of lambs with satisfactory clinical condition with high
potential of development by 12.2 and young kids by 8.8%.
2.Reducing morbidity:
- lambs - by 11.1%;
- young kids - by 7.9%.
3.Reducing lethality:
- lambs - by 8.2%;
- young kids - by 5.9%.
4. Prevention of genera hypofunction:
- sheep - by 14.8%;
- goat - by 16.1%.
5. Prevention of postnatal pathology:
- lambs - by 8.8%;
- goat - by 9.7%

The complex therapy
program of males with
reduced fertile ability

“Cara-fand”

1. Improving the quality of semen:

- bitterns: increase the volume of the ejaculate - by 28.2%, mobility of spermatozoa
- by 6%, concentration - by 17.1%, moving spermatozoa in the ejaculate - by 56.8%,
spermatozoa percentage of morphological anomalies decreased in 2.2 times;

- boars: the volume of the ejaculate by 23.1%, mobility - by 16.4%, concentration -
by 4.4%, amount of moving spermatozoa in the ejaculate - by 61.3%; spermatozoa
percentage of morphological anomalies decreased in 1.2 times;

- canines: the volume of the ejaculate increased by 36.1%, mobility - by 22.8%,
concentration - by 45.1%, amount of moving spermatozoa in the ejaculate — in 2.1 times,
pathological forms of spermatozoa decreased in 1.7 times.

2. Activation of androgenesis:

- boars - in 5.5 times;

- canines - in 4.9 times
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As can be seen, the implementation of a complex
therapy program of cows with gonadopathies using
“Carafest” provides the display of symptoms of estrus
in 30.5 days with 75% of fertilisation and in 40.5 days
and 85% of fertilisation using “Caplaestrol” respectively.
The scheme of treatment of gonadopathies using “Ca-
plaestrol” and “Caplagonin” provides the display of
symptoms of estrus from the beginning of treatment
in 62.5-76.9% of the sheep and 57.1-66.7% of goats by
fertilisation of 60.0-80.0% and 70-75% respectively.

A complex program of prevention of perinatal
pathologies with the use of “Caplaestrol”allows increasing
the number of lambs in satisfactory clinical condition with
high potential of growth by 10.6% and young kids - by
8.6% and reduce the number of lambs in unsatisfac-
tory clinical condition with low potential of growth by
11.1% and kids - by 5.4%, decrease in the incidence of
the lambs by 9.5% and young kids by 7.4% and lethality
respectively by 7.5% and by 4.2%, and the number of
animals with intranatal (genera hypofunction) and
postnatal pathology 13.5% and 8.2% in sheep, 14.4%
and 8.7% in goats.

The use of “Carafest” in the complex program for
the prevention of perinatal pathologies allows increasing
the number of lambs in satisfactory clinical condition
with high growth potential by 12.2% and young kids by
8.8% and reduce the number of lambs in unsatisfactory
clinical condition with low growth potential by 12.9%
and kids by 5.9%, decrease in the incidence of the lambs
by 11.1% and young kids by 7.9% and lethality respec-
tively by 8.2% and 5.9%, and the number of animals with
intranatal (genera hypofunction) and postnatal pathol-
ogy by 14.8% and 8.8% in sheep, by 16.1% and 9.7% in
goats.

Complex therapy of males with lower reproduction
ability using “Carafand” positively influenced the sexual
reflexes and sperm quality, due to the stimulation of Ley-
dig cells by androgen-Llike substances the androgenesis
intensified: in bulls — 4.7 times, in boars in 5.5 times
and in dogs - 4.9 times; increased the volume of the
ejaculate in bulls by 28.2%, in boars by 23.1% and in
dogs by 36.1%; increased spermatozoa mobility: bulls -
6%, boars - 16.4% and dogs by 22.8% and the sperm
concentration: bulls - 17.1%, boars - 4.4% and dogs by
45.1%,; increased percentage of moving spermatozoa in the
ejaculate: bulls - 56.8%, boars - 61.3%, dogs 2.1 times;
decreased the number of spermatozoa of morphological
anomalies:bulls - 2.2 times,boars - 1.2 times and dogs -
1.72 times.

DISCUSSION

The development of phytodrugs is caused by the search
for new drugs, harmless for the body, that have the
physiological direction of action. For example, in cattle,
in many ways, this is due to requirements that impose
the milk quality, Limiting the use of antibiotics and hor-
monal drugs of synthetic origin. A significant amount
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of phytodrugs are close to the body of animals in their
chemical nature, they are easily absorbed and included
in biochemical processes. Biologically active food sup-
plements based on natural phytodrugs are most effec-
tive for increasing resistance, stabilisation of the meta-
bolic processes, and improvement of the herd. The basis
of phytotherapy is regulatory principle - support and
mobilisation of various autoprotection systems: endo-
crine,immune, the implementation of therapeutic action
of endogenous metabolites [33].

M. Kamatenesi-Mugisha and H. Oryem-Origa [45]
described 33 medicinal plants that belong to 25 families
and 30 genera and are used in traditional medicine in
Uganda for the treatment of sexual impotence and erectile
dysfunction.

C.H.Browner [46] described the medicinal plants
and related substances that are used for stimulation of
labor, regulation of fertility, and treatment of reproduc-
tive disorders in the indigenous communities of Mexico.

A.Riaz et al.[47] found the positive effects of the
drug, which is a herbal combination of Withania som-
nifera, Tribulus terrestris, Mucuna Pruriens, and Argyreia
speciosa on fertility in rats of both sexes. The results of
the research allow using herbal combinations for sexual
dysfunctions, and other disorders of fertility in human
medicine.

P.R.Dalsenter et al.[48] conducted a study on the
evaluation of the influence of water extract of Yarrow
on the reproduction ability of rats. The authors detected
a significant increase in the percentage of abnormal
spermatozoa in males that received the highest dose,
without changes of other indicators of the quality of
the sperm. The authors of the predicted estrogen/anti-
estrogen activity of Yarrow extract for the treatment of
immature rats-females that are not shown ureotrophic
effects.

B.Salgado, R.Paramo, and H. Sumano [49] informed
about successful treatment of she-dogs pyometritis using
the Chinese herbal drug yun-nan-pai-yao.

P.Amato, S. Christoph, and P.L. Mellon [50] studied
the estrogen activity of herbs as drugs for the treatment
of menopausal symptoms and found a positive effect
of dongquai and ginseng and did not establish this in
black coughing and licorice root.

E.K.Nwangwa [51] investigated the effect of etha-
nol extract of Xylopia aethiopica on reproductive status
in rats. The results showed a significant and dose-sen-
sitive reduction of morphological characteristics of the
testes and sperm parameters (amount, mobility) and a
slight decrease in the percentage of spermatozoa with
normal morphology. The author concludes that the ex-
tract may have some antieffects that can be further in-
vestigated for possible use as a male contraceptive.

The task of the research of S.Naser et al.[52] was
to determine the effects of alcohol extract of Physalis alkek-
engi on the morphostructure of testes, sperm,and hormone
levels in male mice. The extract had an antispermatogenic




action, showning a decrease in the number of sperm,
their activity,and the increase in the number of abnormal
reproductive cells, but also adversely affected the level
of testosterone, raised the level of luteinizing, and did
not change the level of follicle-stimulating hormones.
The author concluded that alcohol extract of P. alkekengi
may be helpful in the regulation of spermatogenesis and
the fertility of males.

In the work of N. Malviya et al. [53], the scientific
substantiation of the traditionally used herbal plants like
herbs aphrodisiac for the treatment of erectile dysfunc-
tion sexual disorders was considered. All investigated
plants showed significant pharmacological activity. The
author believes that herbs can be an effective aphrodi-
siac, moreover, separation and identification of active
ingredients from plants can provide dynamic changes
in the modern world.

The number of works related to the use of phy-
todrugs for the treatment and prevention of repro-
ductive pathologies of animals is limited. In particular,
N.Ju. Terenteva [54] has improved preventive measures
for postpartum pathology in high-producing dairy cows
through the use of phytodrugs and scientific justification
for their use. The effect of extracts of herbs nettle and
pastoral handbags on the contractile function of the
uterus was studied. It was found, that phytodrug of nettle
provides fast recovery of the tone of nervous-muscular
apparatus of the uterus, helps to normalise the metabo-
lism and increase the activity of the immune system of
cows and a total propagation completion of involutional
processes of reproductive organs, prevents the develop-
ment of subinvolution of the cervix and acute postpartum
endometritis, increases fertilisation, shortens the days
of infertility.

D.S.H. Habib [55] conducted an assessment of
the effectiveness of the original phytodrugs of wood
origin (based on the coniferous paw, the bark of willow,
and aspen) to stimulate the metabolism and reproduc-
tive function of cows. In the end, an effective method
of stimulation of metabolic activity and reproduction
ability of cows was designed for use in veterinary practice.
The author argues, that drugs created by nature, during
a long evolutionary development, are more easily absorbed
by the body, have softer physiological action compared
to synthetic analogs, and are stripped of their harmful
side effects.

There are many more examples of the use of drugs
with the placenta. They were used for centuries as a folk
medicine, especially in Asian countries [56]. Relative to
placenta extract, this method is based on the assumption
that the extract contains a significant number of so-called
biogenic(natural) stimulants (peptides,aminoacids,etc.),
which have the properties of growth hormone and the
ability to activate the metabolism [57]. Since the 30-ies
of the last century, methods of preparation and the sus-
pension of the placenta were introduced [58]. In the
1960s-1970s, the effectiveness of human placental drugs
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in the treatment of some forms of threatened abortion
was studied [59; 60]. The role of the placenta in main-
taining pregnancy was shown. In some works, the effec-
tiveness of placental preparations in the treatment of
climacteric symptoms was considered.

A number of placental drugs such as PDE, VCP,
PAN, “Placentin”, “Horiofag”, “Placentol”, “Umbilicen”,
“Horiocen”, “Amniocen”, “Biostimulgin”, “Neogistol” [61]
are known in veterinary medicine. It is found, that the
placental drugs in the maximum doses for experimental
animals (mice, rats, Guinea pigs, rabbits) do not cause
toxic effects and do not have side effects on the body of
the animal, even during their prolonged use [62].

A.M.Semivolos et al.[63] showed that the use of
biologically active tissue drugs is of great importance
since they allow increasing the natural resistance of the
organism of animals and normalise their reproductive
function. It was found, that the tissue drug “Placentin”, which
is a liquid substrate from the cow placenta, stimulates
peptide-forming processes, improves the morphological
composition of the blood, causing positive changes in
the dynamics of total protein and its fractions.

A.G. Narizhnyj et al. [64] when using biogenic
stimulators (PDE preparations (placenta denaturalised
emulgated) and “Horiocen”) for boars-breeders the im-
provement of qualitative and quantitative indicators of
sperm and increase in fertilisation was found. O.S. Mit-
jashova, LV. Gusev, lJu. Lebedeva [41] established that
the introduction of cattle placenta extract to firstborn
cows prior to and during calving detects modulating
effects on metabolic processes in the postnatal period.
The introduction of the placenta also causes the increase
in luteal activity of ovarian, which indicates the stimu-
lation of postnatal anestrus. According to the authors,
normalisation of the metabolic and hormonal status of
cows, obviously, is associated with increasing the repro-
ductive ability of animals and leads to a reduction in
future service periods.

0.B.Djachenko, O.I. Stadnycka, LV. Ferenc [39] ar-
gue, that the introduction of the aloe extract and dena-
turated and emulgated placenta to cows of highly-and
low-productive groups, improves the peptide-synthesis
liver function, as well as stimulates the nonspecific re-
sistance of their body, due to the activation of humoral
immunity. The content of total protein increases, mainly,
due to the albumin and y-globuline fractions. Application
of aloe extract and denaturated and emulgated placenta
to cows, in the period prior to calving, provides complete
recovery of reproductive cycles, increasing fertilisation
and reducing the service period.

In general, it should be noted, that the use of
placenta drugs with therapeutic and preventive purposes
for reproductive pathologies of animals, is limited. In
addition, the placenta is used primarily in the form of
a suspension (emulgated), whereas, drugs developed by
the authors contain its extract, which provides a specific
orientation of actions.
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CONCLUSIONS

Thus, vitamin-hormone phyto-and tissue drugs developed
by the authors are highly effective for the treatment
and prevention of reproductive pathologies of various
species of animals, providing the stimulation of repro-
ductive functions therapy for gonadopathies of females,
increasing vitality, prevention of the incidence of intra-
and postnatal and andrological pathology.

In particular, drugs “Carafest”, “Caplaestrol” and
“Caplagonin” are effective in the program of complex
therapy of cows, sheep, and goats with gonadopathies
in terms of estrus from the beginning of treatment and
fertilisation.

The use of “Caplaestrol” and “Carafest” in a com-
prehensive program for the prevention of perinatal
pathologies can improve the clinical condition and devel-
opment potential of lambs and kids, reduce their mor-
bidity and mortality, as well as the number of sheep and
goats with intranatal and postnatal pathology.

A comprehensive program of therapy for males
(bulls, boars, and dogs) to reduce the reproductive capacity
with the use of the drug “Carafand” helps to stimulate
the display of sexual reflexes and improve sperm quality.

In the future, it is planned to improve the devel-
oped drugs to provide antioxidant properties by adding
nanobiomaterials, in particular cerium dioxide and or-
thovanadates of rare-earth elements.
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Po3po6ka npenapaTiB POC/IMHHOIO Ta TKAHMHHOIO NOXOAYKEHHS
0N BeTepUHapHOi penpoaykKTronorii

MaBno MukonaitoBuu Cknsipos?, Cepriit ikoBuu MepopeHko?, CeitnaHa BanepiiBHa HaymeHko?,
Bcesonop, Iroposuu Kowepoit?, KatepuHa EBreHiBHa Menunx?

tHINPOBCbKMI fep)XaBHWIA arpapHO-EKOHOMIYHUI YHIBEpCUTET
49600, Byn. Cepriss EppemoBa, 25, M. [IHinpo, YkpaiHa

2[lepkaBHUIA BIOTEXHONOTiYHMI YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. Xapkis, YkpaiHa

AHortauis. CyyacHi yMOBM NpakTUYHOI BETEPUHAPHOI MeAMULIMHM BUMaratoTb 3aCTOCYBaHHS ePeKTUBHMX i Be3neyHnx
npenaparis. [lopsg 3 yXe BiAOMUMMU i BXXMBAHUMM NTiKapCbKMMK NpenapaTtaMu HeobXifHWIA NOLWYK HOBUX, WO €
HeLKiAMBUMUM AN OpraHi3My i MatoTb di3ionoriyHy cnpsaMoBaHicTb Aji. B ocTaHHi poku 3pocna yBara A0 BUKOPUCTaHHS
npenapaTiB pOC/MHHOIO Ta TKAHWMHHOTO NMOXOMXKEHHS, OAHAK MpobieMa iX 3aCTOCYBaHHS BMBYEHA HEAOCTATHLO —
6araTo acnekTiB iX KNiHIYHOrO BUKOPUCTAHHS BUMAratoTb MOAA/NbLLIOI PO3PODOKM, PO3LIMPEHHS CMEKTPa BUKOPUCTOBYBAHUX
NiKapCbKWX pOCMH, 0BIPYHTYBaHHS | BNPOBAaAXXEHHS y BETEPUHAPHY MPaKTUKY. ToX MeTa AaHoi poboTu nongrana y
po3pobui KOMMAEKCHUX BiTaMiHHO-TOPMOHaNbHMX NpPenapaTiB Ha OCHOBI POCIMHHUX | TKAHWMHHUX NOXIAHWX ANS
NiKyBaHHS Ta NpodinakTMku penpoayKTMBHUX NaToNOriM Y TBapuH. Ha niacrtasi AaHmx eTionatoreHesy nopylueHb
penpoayKTMBHOT MYHKLLIT MOKa3HMKIB: FOMeOCTasy, 3HMXKEHHS KOHLEHTpaLii ropMOoHiB (ecTporeHy abo nporecTepoHy),
3MiHM MOPPODYHKLOHANBbHOIO CTaHY eHAOKPUHHMX (rinodis, wuTononibHa 3an03a Ta HAAHUPHUKKM) | penpoayKTUBHUX
(REYHUMKM) OpraHiB, HAyKOBO OBIPYHTOBAHMM € 3aCTOCYBaHHS BiTaMiHHO-FOPMOHAbHMUX NpenapaTiB y BeTePUHAPHIN
MeamumHi. [penapati B NnaHi naToreHeTMYHOI Tepanii 403BONSIOTL ONTUMI3YBaTH NMOKA3HMKM rOMEOCTasy, KOHLEHTPALLO
rOPMOHIB, CTUMY/OBaTV peabiniTaLiiHi NpoLecy B opraHax-perynsropax penponyKTMBHoi GyHKLii (rinodis, HaAHUPHUKK
Ta WMTOBMAHA 3a/103a) Ta CTaTEBMX OpPraHax (SEYHMKaX), Lo, B CBOKO Yepry, CNpuse HopManisadii onikyno- i crepoigoreHesy,
AKi € NepefyMOBOI0 A4S NOBHOT penpoAyKTUBHOI 34aTHOCTI camok. Po3pobneHo BiTaMiHHO-ropMOHasbHi NpenapaTu
Ha POC/IMHHIM Ta TKAHWHHIM OCHOBI, LLO BOIOAIOTb BUCOKOI ePeKTUBHICTIO 3a NiKyBaHHS Ta NpodinakT1ku penpoayKTMBHMUX
naTonori Pi3HMX BUAIB TBApPWH, 3abe3nevyun CTUMYNALI penpoayKTMBHOI (YHKLIT (MposiB 03HaK ecTpycy)
3a Tepanii camok 3 roHagonaTtiamu («Kapadect», «Kannaectpon» Ta «KannaroHiH») i camuis (MposiB CTaTeBUX
pednekciB i AKiCTb cnepmu) 3a MNOPYLUEHHS BiATBOPHOI 34aTHOCTI («KapadaHa»), NiABULEHHS XUTTE3AATHOCTI
HOBOHApPOAXEHUX (36iNbLUEHHS KiNbKOCTI ATHAT | KO3EHAT i3 33[0BIIbHUM KNiHIYHUM CTAHOM 3 BUCOKMM NOTEHLiaNIoM
PO3BUTKY, 3HWXXEHHS X 3aXBOPIOBAHOCTI Ta IETANIbHOCTI), MONepeiKeHHS 3aXBOPIOBAHOCTI HA IHTPa- Ta MOCTHATaNIbHY
(rinodyHKLig poais, xBopobu nicnapoaosoro nepiogy) natonorito («Kapadect» Ta «Kannaectpon»)

KniouoBi cnoBa: TBapuHu, camLi, CAMKK, HOBOHAPOKEHI, peNnpOAYKTUBHI NaTONOriT, NiKyBaHHS, NpodinakT1ka
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INTRODUCTION

The exclusion zone has repeatedly suffered from large-
scale catastrophic fires, the most dangerous of which were
in 1992,2015 and 2020 [1-4]. In addition to material dam-
age and negative environmental consequences, forest
fires in the exclusion zone changed the radioecological
situation, causing repeated transfer of radionuclides [4].
Forest fires are one of the determining factors that can
increase migration processes. As a result of crown fires,
up to 80% of radiocesium can pass to the mineral part
of the soil, while normally this indicator does not exceed
40% [5]. In addition, forest fires lead to organic part of
the litter being exposed to ashing, which leads to the
destruction of the soil organo-mineral complex and the
release of mobile forms of radionuclides [6]. The fact that
forest fires cause significant changes in the course of
migration processes and the accumulation of radionu-
clides by the phytomass of stands with stable indicators
of moisture content and plant composition was also in-
dicated by O. Sungmin, X. Hou, R. Orth [7], S. Stoulos,
A. Besis, A. loannidou [8] et al. In addition, as noted by
PR.Robichaud and others, fires can enhance the processes
of their vertical migration to groundwater and then to
rivers, as well as their rise to surface layers of air with
wind erosion [9].

Forest fires cause a deep and long-term restruc-
turing of all components of ecosystems and an increase
in the variability of the structure of phytocenoses. The
spatial distribution of radioactivity and its modelling in
space has been addressed by many scientists [10-12].
Burnout of organic soil particles accumulated in the litter
and phytomass increases the content of ash elements and
mineralised nitrogen, and increases the heating of the
soil surface, etc. [13]. As a result, the course of chemical
processes in the soil changes and is accompanied by an
increase in the sod process of soil formation. This leads
to outbreaks of herbaceous vegetation. Gradually, after
the restoration of the moss cover, the podzolic cycle be-
gins to resume in the formation of the soil cover [14-17].
With the closure of the grassy tier, the microclimate
gradually stabilises, and with the closure of stands, it ac-
quires properties characteristic of forest ecosystems [18].

Statistics show that natural forests of the tem-
perate climate zone are characterised by the repetition
of large forest fires every 10-20 years [19]. This leads to
the cyclical nature of the processes of renewal of pine
stands, and, as a result, to the formation of a mosaic-step
character of stands. Mosaic burnout of the soil cover is
caused by the features of localization of combustible
materials in pre-fire ecosystems, which affects the seed
and vegetative renewal of groups of grass cover and
trees [20]. Uneven burnout is partially caused by the
formation of dead wood foci in the forest, which cause
the transition of crawling fires into crown ones. The
transition to ground fires is also caused by the accu-
mulation of coniferous daff. Given this, the probability
of crown fires in young pine plantations is higher than
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in natural forests [21]. It is especially large in dense
stands that grow without human supervision.

Many modern researchers in Ukraine and abroad
point out that high soil humidity, relative humidity and
extreme temperature anomalies lead to severe forest
fires. These figures were the cause of the largest forest
fires in 2020. At the same time, fire hazard conditions at
the time of the fire in April 2020 were higher than for
other registered major fires [1; 12; 14, 22].

The purpose of this work was an assessment of the
consequences of forest fires in 2020 using modern geoin-
formation systems and space technologies for remote
sensing of the Earth's surface on the territory of the
Chornobyl Radiation and Ecological Biosphere Reserve
and exclusion zone in the context of functional zoning
of the territory and the nature of forest vegetation, as well
as an assessment of the distribution of plant species
listed in the Red Book of Ukraine and damage to their
habitats.

MATERIALS AND METHODS

The fire area was estimated using satellite imagery data.
In addition, each of the stages of research included: field
studies of fires, aerial photography using unmanned aerial
vehicles, as well as analysis of the obtained high-res-
olution satellite images. The study covers the area af-
fected by fires in the exclusion zone and amounts to
66,222.5 hectares, including 51,806.5 hectares in the
Reserve. At the same time, ESRI’s ArcGis GIS tools were
used.

Materials from the Operational Land Imager (OLI)
and Thermal Infrared Sensor (TIRS) instrument sets in-
stalled on the Landsat-8 satellite (Geological Survey (U.S.)
were used to solve the problems of applying GIS technol-
ogies for landscape safety using remote sensing data from
the Earth’s surface. The satellite information processing
products used in this study are posted on the geological
portal of the United States Geological Survey [23; 24],
in the fire information for resource management system
(FIRMS) [25]. This method has already been used by the
authors of the article in several previous publications,
where this method of data processing was used to de-
termine the electrical conductivity of soil in the Dni-
provsko-Orilskyi Nature Reserve and in monitoring of
biodiversity in the Chornobyl Radiation-Ecological Bio-
sphere Reserve [26-28].

Indexes derived from the spectral channels of
sensors installed on Landsat-8 or Sentinel-2 (ratio of
spectral bands) satellites were used to monitor land-
scape safety [28]. Overall, the resolution of Sentinel-2
spectral channels is higher than that of Landsat-8. But
it should be noted that the Sentinel-2 satellite has been
operating in orbit since June 23,2015. Therefore, if there
is a need to obtain retrospective information about
ecosystems, it is possible to use information from the
Landsat-8 satellite (or earlier Landsat series satellites).
For current monitoring, information from the Sentinel-2
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satellite has an advantage. In addition, by combining
information from both sources, it is possible to receive
data with a higher time resolution or get scenes without
a high level of cloud cover.

The forests after fires was assessed using satel-
lite data and field trips to survey the condition forests
affected by wildfires. By comparing the NDVI vegetation
indices of 2019, 2020 and 2021, changes in the state
of vegetation cover were revealed. As a result of fire
damage, changes occur in natural complexes that af-
fect the passage of vegetation and can be detected
using satellite data. After analysing the received satellite
images, visits were made to the damaged areas in order
to validate the decryption data. These methods made it
possible to estimate the approximate area and location
of dead forests, significantly damaged swamps and fallows.

Analysis of the temporal dynamics of the normalised
fire index was the basis for determining the areas of eco-
systems affected by the pyrogenic factor and monitoring
the dynamics of ecosystem recovery after fires. Of par-
ticular importance is the multidimensional statistical
analysis of a set of indices for a single date. For example,
an analysis of the main components of the set of indi-
ces presented at the date corresponding to the highest
vegetation activity of vegetation cover will provide in-
formation about the diversity of settlements and the
state of biotic potential. Ultimately, tensor analysis of
the dynamics of a set of indices over time is a tool for
understanding the complex dynamics of ecological and
landscape systems.

RESULTS AND DISCUSSION

The largest forest fires in the history of the exclusion zone
occurred during April and May 2020. They destroyed and
damaged thousands of hectares of natural landscapes.
The most dangerous in terms of scale and consequences
were 4 foci of forest fires [29]. One of the largest occurred
on April 03, 2020, on the territory of the Drevlyansky
nature reserve, as a result of arson of dry grass by local
residents. From there, the fire spread through the ter-
ritory of the Kotovske Forestry. As a result of arson of
deadwood, the second largest fire broke out near the
territory of Dytyatkivske forestry, from where the fire
spread to the territory of the Reserve and the exclusion
zone. The causes of the third largest fire, which started
on the territory of the Paryshivske Forestry, have not yet

been determined. The fourth fire in the exclusion zone,
which was localised in the immediate vicinity of the
radioactive waste disposal zone, spread to the territory
of the Reserve as well.

The weather conditions of 2019 - early 2020 were
favourable for the occurrence of fires were, namely an
unusually warm winter and the lack of snow cover. Ac-
cording to observations by the Ukrainian Hydromete-
orological Centre (weather station Chornobyl), about
61% of the annual average rainfall and a 2.6°C increase
in the annual average air temperature were recorded in
2019. Weather conditions in the autumn-winter period
also contributed to further dehydration of ground fuel
and increased the risk of forest fires.

In all decades from November 2019 to April 2020,
higher values of the average air temperature were re-
corded compared to similar decades of previous years and,
especially, compared to the long-term norm. The lack of
precipitation also exceeded the norm by 30%. The snow-
less winter of 2019-2020 additionally contributed to a
further decrease in the humidity of the forest litter, grass
cover and topsoil. The relative humidity of the air was
also low during April 2020, while the value of this pa-
rameter varied between 20-40% during daytime hours,
with the minimum recorded value of this parameter of
16%. Such weather conditions, further complicated by
increased wind speeds, caused the rapid spread of fires
and the complexity of their elimination.

The winter-spring period of 2020 was also marked
by the excessively low water content of rivers and other
aquatic ecosystems of the exclusion zone. Low soil mois-
ture reserves in the catchments of the Pripyat River and
its tributaries, as well as a lack of snow and low cemen-
tation of the soil (freezing did not exceed 10 cm), led to
the absence of spring flooding. Given this, the conditions
for ensuring fire prevention measures were extremely
unfavourable (low humidity of floodplains and peatlands,
drying up of most fire-fighting reservoirs and other wa-
ter bodies). The low water content of the canals of the
Pripyat land reclamation system was also caused by the
fire of peatlands of the Kryva Hora-Chapaivka district.

As the authors of the article have already noted
in reports and chronicles of nature [29; 30], the largest
share of territories affected by fires are forests — 64.3%,
fallows - 21.6%, swamps - 5.7%, fires of previous years
and dead woods - 5.3% (Table 1, Fig. 1).

Table 1. Damage to the ecosystems of the exclusion zone as a result of forest fires (April 2020), ha

Land catego!
gory Total for the Reserve

Total area affected by fires, ha

Total for the radioactive waste

Total for exclusion zone, ha
management zone, ha

Forests 324131 10179.2 425923

Fallow lands, meadows 10721.8 3558.8 14280.6

Swamps 3530.5 235.6 3766.1

Burnt, dead forests 3513.6 4.6 3518.2
Free-growing forest plantations 64.9 0 64.9
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Table 1, Continued

Land catego!
gory Total for the Reserve

Total area affected by fires, ha

Total for the radioactive waste

Total for exclusion zone, ha
management zone, ha

Clearings, sighting lines 291.2 69.2 360.4
Roads 157.8 274 185.2
Firebreak 60 31.6 91.6
Water bodies 738.1 119.8 857.9
Other lands 315.5 189.8 505.3

Total 51806.5 14416 66222.5

Source: [30]

| Legend

—— Reserve borders

I Block borders
U Areas affected by fire
Functional area
| Anthropogenic lanscapes

S Bonesny L Pylve RS G METIAASA USGS

Figure 1. Spread of fires in the context of functional zoning of the Reserve

Fires on the territory of the exclusion zone in the
spring of 2020 lasted about a month, as a result of which
large areas of forest, meadow and swamp ecosystems
were damaged. Most of the damage was caused to the
forests. However, it should be noted that the degree of
damage and the ability to regenerate in tree species vary.
Among the breed composition of forests, the greatest
damage was caused to monoculture pine forests, some
of which died in the first weeks after the fire, and some
will die off in the next 2-3 years. Deciduous tree species

— Reserve borders
Block borders

[] Robinia pseudoacacia

[ Betula pendula

I Alnus glutinosa

] Salix spp.

I Quercus robur Sands

I Populus tremula
I Pinus sylvestris
[77] Other tree species
Fallows
Swamps

I Burnt, dead forests, logging sites .

have a high ability to regenerate vegetatively and began
to actively recover 1-3 months after the fire. The distri-
bution of forests by tree species in the areas affected
by the fire is shown in Figure 2. Thus, the share of scotch
pine in damaged forests was 52%, silver birch (Betula
pendula) - 35%, black alder (Alnus glutinosa) - 6.4%,com-
mon oak (Quercus robur) - 6.4% [29; 30]. According to
surveys of fires, wetlands are also characterised by the
greatest risk of death of pine forests,and in some places
birch and alder.

Figure 2. Distribution of territories affected by fires by tree species
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For a more detailed analysis of the nature of the
spread of fires in this area, a simplex graph was con-
structed (Fig. 3). The majority of forests affected by fires are
young - 37.14% and medium-aged plantings — 52.57%.
It graphically shows the ratio of three variables: the age
of the stand in years, the height (M), and the quality class
of the stand in the area of fire spread. This graph allows
assessment of the fire propagation risks in a given area

and is a tool for analysing compositional data of plant-
ing quality indicators in a three-dimensional format. As
these graphs show, under the conditions of high inten-
sity ground fire, young stands with trees whose bark is
thin and unable to protect against the effects of high tem-
peratures are most damaged. Coniferous young trees are
particularly affected.

Area, ha = 6,4673*x+5,1751*y+7,9093*z
Quality class
0.00 , 1.00

1.00

0.00

0.00
Age, years

0.75

1.00
Height, m

Figure 3. Ternary Graph of Area, ha against Age, years and Height, m and Quality class

According to the results of the previous survey,
the area of fires consist of forests - 63%, fallows — 21%,
meadows and wetlands - 7%, burnt areas of previous
years - 7%, as well as other lands - 2%. These territory
is characterised by the presence of particularly valuable
oak-hornbeam forests, West Palearctic Scots pine forests,

continental deciduous and mixed forests of pine-oak,
oak swampy forests, birch and coniferous swampy forests,
coastal willow formations, Central European tributary
ash-black alder groves, mixed oak-elm-ash forests near
large rivers, high-grass meadows, eutrophic and oligotro-
phic upland bogs.

814100y
I oyer 100 years |
[ ALt

Figure 4. Distribution of territories affected by fires by forest age

As the authors of the article previously noted in
the Chronicle of nature [30], largely damaged, as well
as partially lost, a number of rare biotopes have been
identified within the Reserve, which are of great envi-
ronmental importance and are listed in the settlements
from Resolution 4 of the Standing Committee of the Bern

Scientific Horizons, 2021, Vol. 24, No. 8

Convention (14 biotopes) [31], in the “Green Book of
Ukraine” (2009) [32]. 2 groups are significantly and mod-
erately damaged within the Reserve. At the same time,
the protected core of the Reserve has not been strongly
affected and has been preserved, which will ensure further
conservation of biodiversity and other conservation functions.
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- Aldrovanda vesiculosa - Calla palustris
- Pedicularis palustris - Stipa borysthenica

- Carex paniculata (approximate point)

- Carex umbrosa

- Juncus bulbosus (approximate point)

- Iris sibirica

- Lilium martagon

- Veratrum lobelianum (approximate point)

- Caulinia minor (approximate point)

- Najas major (approximate point)

- Cephalanthera rubra (near Dytiatky point is

- Salix lapponum (approximate point)

- Salix myrtiloides

- Salix starkeana (approximate point)

- Viola uliginosa

- Drosera rotundifolia

- Huperzia selago

- Lycopodium annotinum (approximate point)
- Salvinia natans

- Polypodium vulgare

- Matteuccia struthiopteris (approximate point) approximate)

- Botrychium multifidum (approximate point) - Dactylorhiza incarnata (approximate point)
- Ophyoglossum vulgatum - Dactylorhiza fuchsii

- Picea abies (approximate point) - Epipactis helleborine (approximate point)

- Juniperus communis - Epipactis palustris

- Goodyera repens

- Gymnadenia conopsea (approximate point)
- Hammarbya paludosa (approximate point)
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- Bromopsis benekenii (approximate point)

- Potamogeton rutilus (approximate point)

- Jovibarba globifera (approximate point)

- Sempervivum ruthenicum

- Andromeda polifolia (approximate point)

- Alisma gramineum (approximate point)

- Allium ursinum

- Sparganium minimum (approximate point)
- Zannichellia palustris (approximate point)
- Leucanthemella serotina (approximate point)
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- Silene lithuanica
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- Chenopodium acerifolium (approximate point)
- Lythrum hyssopifolia (approximate point)

- Polemonium caeruleum
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Figure 5. Distribution of plant species listed in the Red Book of Ukraine and damage
to their habitats as a result of forest fires in 2020

Among the rare and endangered species of flora
and fauna, the following were recorded here: Lilium mar-
tagon, Platanthera chlorantha, Leucanthemella serotina,
Succisella inflexa, Carex umbrosa, Lycopodium annotinum L.,
Silene lithuanica, Pulsatilla patens, Pulsatilla pratensis,
etc. [29; 30].

The authors of this article noted in our previous
reports and publications that some valuable and rare

habitats of particular conservation importance and in-
cluded in the list of habitats of Resolution 4 of the Standing
Committee of the Bern Convention have been damaged
and sometimes lost. In particular, it includes [29-31]:

e D2. 3 - transition swamps and floodplains - more
than 5 ha;

¢ D5.2 - swamps dominated by large sedges - more
than 50 ha;

Scientific Horizons, 2021, Vol. 24, No. 8
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» E 1.9 - open dry acidophilic and neutrophilic grass
groups — more than 100 ha;

e E2.2 - plain hay meadows - more than 10 ha;

e E3.4 - wet and moist eutrophic meadows - more
than 10 ha;

¢ E5.4 — moist high-grass meadows and fern edges -
more than 1 ha;

e G1.11 - riparian willow forests — more than 10 ha;

» G1.21 - floodplain periodically wet forests domi-
nated by alder (Alnus) or ash (Fraxinus) - more than 50 ha;

» G1.22 - floodplain forests dominated by oak (Quer-
cus), elm (Ulmus) and ash (Fraxinus) — more than 10 ha;

/;/%/;,///. %

2%

//é///”/f‘.' <

¢ G1.51 - sphagnum birch forests - more than 5 ha;
¢ G1.7 - thermophilic deciduous forests - more than
50 ha;
* G1.8 - acidophilic oak forests — more than 10 ha;
¢ X04 - complexes of upper swamps - more than
0.5 ha;
¢ X35 - continental sand dunes - more than 10 ha.
From plant communities that are listed in the
“Green Book of Ukraine” (2009) significantly and mod-
erately damaged within the Reserve are: Pineta (sylvestris)
juniperosa (communis) (more than 1 ha), Scheuchzeria-
Sphagnum swamps (more than 1 ha) [32].

Figure 6. Habitats protected by Resolution No. 4 of the Berne Convention, which are in danger
of destruction due to forest fires in 2020, and require special protection measures

The condition of forests after fires was assessed
using satellite data and field trips to observe the con-
dition of forests affected by wildfires. These methods

made it possible to estimate the ap-proximate area and
location of dead forests, significantly damaged swamps

and fallows (Fig. 7).

"~Legend
— Reserve borders
[ Block borders
Areas affected by fire
B Significantly damaged areas

Figure 7. Location of natural complexes significantly damaged by fires in 2020
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According to the data obtained as a result of fires
in 2020 about 25% of the territories affected by fires
have been changed. Among them, 62.2% are forests,
20.3% are fallows, 11.5% are swamps, 2.5% are burnt
and dead plantings. In addition, the fires affected grassy
and woody-shrub vegetation overgrowing roads, areas
under power lines, floodplains, reclamation canals, which
was also reflected as a result of analysis of satellite data.

Among the areas affected by fires and significantly

Fedoniuk et al.

damaged, forests, swamps and fallow areas can be con-
sidered valuable for preserving biodiversity. Burnt and
dead plantings were valuable as possible testing sites
for ecosystem restoration research and monitoring the
course of natural regener-ation processes in ecosystems.
The largest losses due to fires were among pine forests
(82.17%) and birch (13.6%). The distribution of damaged
forests by main species and their location is shown in
Figure 8.

— Reserve borders I Populus tremula

""""""" [ IBlock borders I Pinus sylvestris

2277 Aveas affected by fire I Other tree species

[ Robinia pscudoacacia [ Fallows

I Betula pendula Swamps

- osa I Burn. dead forests, logging sites,
Sands

Figure 8. Location of forests destroyed by fires and their division by main species

Young and middle-aged stands are predominant
among the dead forests (Fig. 9). The death of stands in
these forests is caused both by the influence of high
temperatures on the crown and trunk and by the burning
of root systems in the upper layers of the soil (Figs. 10-11).
In particular, in humid, damp and wet conditions on the
territory of the Reserve, the above-ground cover is often

formed with a predominance of sphagnum mosses and
sedges (especially in deciduous forests). Due to the high
levels of moisture in such areas of the forest, they form
a surface root system, which is significantly damaged
in the event of fires. This leads to the death of stands
and windthrow in them in the coming months after the
fire.

| Legend
— Reserve borders
| IBlock borders
"7 Areas affected by fire
Forest age
I under 40 years
10 41-60 years.

—161-80 years.
TI81-100 years "
I over 100 years.

1
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Figure 9. Location and distribution of forests destroyed by fires by age

the influence of pyrogenic factor is determined by the
intensity of the fire. After a ground medium-intense fire

The degree of transformation of the ground cover
in the pine and oak-pine forests of the Reserve under

Scientific Horizons, 2021, Vol. 24, No. 8
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in pine and other forests of the reserve, there is a de-
crease (up to 90%) in the species diversity of moss-Li-
chen cover. High-intensity and low-intensity fires lead
to the complete death of the moss-lichen cover. Biotic
diversity in areas affected by high-and low-intensity fires

Figure 10. Burning of living above-ground cover and litter
in the black alder forest in the TFC C,.
Photo from 29.04.2020

In dry and fresh conditions in coniferous planta-
tions on the territory of the exclusion zone high reserves
of forest litter are formed, which causes high combustion
temperatures and thermal damage to tree trunks and
crowns. Deciduous forests in these conditions are most
often young stands up to 0.6 relative density with an
admixture of Scots pine, formed naturally on former ag-
ricultural lands. Such forests are characterised by high
reserves of herbaceous plants, which leads to the rapid
passage of fires in them. However, in such stands, young
trees have thin bark that is not able to protect them
from fires.

CONCLUSIONS

Forest fires that occurred in April 2020 on the territory
of the Chornobyl Radiation and Ecological Biosphere
Reserve and the exclusion zone had catastrophic conse-
quences. More than 51,806.5 hectares of protected land
within the Chornobyl Radiation and Ecological Biosphere
Reserve and 66,222.5 hectares within the exclusion
zone were damaged by forest fires. More than 25% of
the damaged territories were significantly changed.The
causes of fires in most cases were the ignition of dry grass
as a result of arson by residents of the nearest settlements.

Many forest ecosystems affected by fires in April
2020 have a high ecological and forestry potential and,
accordingly, a high potential for natural recovery (81.6%).
In dead forests, the share with a high potential for natural
reforestation is slightly lower and amountsto 66.8%.The

is differ than in the control area, in particular, there is
a larger number of species and genera belonging to
certain communities. As example, in the areas affected by
the large fire in 2015, forest species - indicators of living
above-ground cover - are being replaced by ruderal ones.

Figure 11. Windthrow in a pine forest
after burning root systems in the TFC B..
Photo from 21.07.2020

share of forests with low natural recovery potential is
low and amounts to 1.9% and 4.8% in forests affected
by fires and dead, respectively. To preserve the landscape
diversity and mosaic of areas covered and not covered
with forest vegetation, it is impractical to conduct af-
forestation (afforestation of fal-lows) on the territory of
the reserve. In addition, fallows are an important food
base for ungulates, in particular, Przewalski’s horse, deer,
and bison.

In the pine and oak-pine forests of the reserve, the
transformation of the ground cover is determined by the
intensity of fires. Crawling medium-intensity fires of pine
and other forests cause a decrease in the species diversity
of mosses and lichens by up to 90%, while crown and high
intensity ground fires lead to its complete loss. Most
of the territory damaged by fires in 2020 on the territory
of the Reserve has a high forestry potential, and its eco-
systems are capable of self-healing, so they do not require
any forestry activities.

The losses within the reserve of rare biotopes,
which have an important environmental function and
are included in the list of settlements of Resolution 4 of
the Standing Committee of the Bern Convention (14 bio-
topes), were significant. In general, the protected core of
the Reserve has not undergone a strong transformation
and has been preserved, which will allow it to continue
to perform the functions of preserving and reproducing
biodiversity and other environmental functions.
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AHacTacia AHaTtoniisHa 3umapoeBa®?, Biktop Mukonaiioeuu Masuy?

Monicbkuii HaLioHaNbHMI yHIBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

2YopHOBUNbCbKUIA paaiaLiHO-eKonoriyHuit biocdhepHuit 3anoBigHMK
07201, Byn. TonouunHa, 28, cMT IBaHKiB, KniBcbka 0651acTb, YkpaiHa

AHoTauis. Y cTaTTi NpeacTaBieHi HACNiAKM NOXeX, Ki cTanucs Ha TepuTopii YopHOBMABbCLKOro paiaLliiHo-eKoNoriYHOro
6iochepHoro 3anosigHuka y KBiTHI 2020 poky. JocnimkeHHs NOKa3yrTb, L0 HACTIAKM LMX MOAIM Manu KatacTpodivuHmi
xapakTtep. CTaH niciB Nicns NOXeX OLiHIOBABCS 3 BUKOPUCTAHHSAM CYNYTHUKOBUX OAHWX Ta BUI3AIB 3 METOK Ornsay
CTaHy NiCiB NpOMAEHNX NOXEXAMM B HATYpi. 3aranbHa naoLa, npoiaeHa BorHeM y 4 ocepeakax,ctaHosmna 51 806,5 ra.
3aranbHa nioLwa NoXeX Ha TEPUTOPIi 30HU BiaYYXKeHHS cknagae 66 222,5 ra. Cepepn, npoiaeHUX MOXeXXamMu TEpUTOPI
3a3Hanu 3MiH 6am3bko 25 %. Onga 36epexeHHs NaHAWA(THOrO Pi3HOMAHITTS, MO3ai4HOCTI BKPUTUX | HE BKPUTUX
NiCOBOK POCAMHHICTIO AINSHOK — NPOBEEHHS NiCOPO3BEeAEHHS (3aNiCHEHHA Nepenorie) Ha TepuTopii 3anoBigHMKa
€ HepouinbHMM. Cepep, NiciB NPOMAEHMX MOXEXaMU BiNblUiCTb MAa€ BUCOKMIA €KONOrO NiCiBHUYMIA NOTeHUian Ta,
BiAMNOBIAHO, BUCOKMIA NOTEHLIAN NPUPOAHOro BifHOBNEHHS (81,6 %).Y 3arnbnumx nicax 4acTka 3 BUCOKMM MOTEHLiaIoM
NPUPOLHOro NiCOBIAHOBNEHHS Oewo MeHLWa i Cknapae 66,8 %. Yactka niciB 3 HU3bKMM NOTEHLLIaNOM NPUPOAHOIO
BIZJHOBJ/IEHHSA € HEBMCOKOH | CTaHOBWTbL 1,9 % Ta 4,8 % y nicax npoiaeHnxX Noxexamu 1a 3armbnmx BignoBiaHO. 3HAYHO
MipOI0 NMOLWKOMAKEHUMU, & NOAEKYAN 3PYUHOBAHUMMU, BUABMIMCSA HU3KA PIAKICHUX OCENULL, WO BONOAIIOTL He nuwe
BaXX/IMBMM NPUPOLOOXOPOHHWUM 3HAYEHHSM, ane i BigHeceHi lNocTinHMM KoMiTeToM bepHcbKoi KoHBeHLT (Pe3ontouis 4)
[0 0COBAMBO LLIHHUX OCeNULL, @ TaKOX «3eneHoi KHurm Ykpainu» (2009). HagMipHO MoLWKOAKEHUMK HA TepuTopii
3anoBigHuKa BigMiYeHi 2 yrpynyBaHHS. BapTo BiA3Ha4YMTM HE3HAYHE 3arafbHe MOPYLUEHHS 3an0BiAHOro S4pa AAHOMo
06ekTy Npnpoao3anoBifHoro GoHAY, WO [03BONUTb MOMY 36epernn CBi MpUpPOLOOXOPOHHMI NoTeHuian i QyHKLii
OXOpOHM Ta BiATBOPEHHS BiOpi3HOMaHITTA. binbLuicTb TepUTOpIK 3anoBigHMKA, NPOMAEHMX NOXEXAMU, MAOTb BUCOKUH
NIiCiBHWYMIA NOTEHLian Ta 34aTHI CAMOCTIMHO BifHOBUTUCS, TOMY He NOTpebyloTb BTPYYaHHS Y MPUPOAHI npouecu 3
MeTol NicoBiaHoBNEHHS. CTyniHb TpaHCchOpMaLii HAArPYHTOBOrO MOKPUBY Y COCHOBMX i AyOOBO-COCHOBMX Micax
3anoBiAHMKA Nif i€ NipOreHHOro GakTopa BU3HAYAETHCS 33 IHTEHCUBHICTIO NOXeXI. JTiICOBIAHOBNEHHS Ha AinsHKaX
3 HWU3bKUM NiCIBHUYMM NOTEHLIAIOM HEOOXiHO 34iMCHIOBATH 3 YITKUM MAaHYBAHHAM

KntouoBi cnoBa: noxexi, 30Ha BiAuy>KeHHS, 3aMN0BiAHUK, BiATBOPEHHS, OiOpi3HOMAHITTS
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Current state of pineries in Zhytomyr Polissia under the influence of environmental factors

INTRODUCTION

Climate changes in Ukraine are more intense than global
changes in the world. According to scientific research
of the Institute of Irrigated Agriculture of the National
Academy of Agrarian Sciences (NAAS) [1], the Institute
of Plant Protection of the NAAS [2] and the Institute of
Agroecology and Nature Management of the NAAS [3]
in Ukraine for 1973-2016, the average annual air tem-
perature increased by 2°C, an increase in precipitation,
which had the nature of heavy rains, as well as an in-
crease in the wind regime. Such changes adversely af-
fect both agricultural crops and woody plants.According
to literature sources, mass drying of coniferous woody
plants is observed in forest biocenoses. The causes of death
of pineries include increased anthropogenic impact on
the environment, climate changes, namely an increase
in air temperature, a decrease in precipitation [4-6]. Apart
from the weakening of woody plants, there is an increase
in foci of insect pests [7-9] and phyto-diseases [10-12].

Forest conservation is an important task because
in comparison with other natural ecosystems, forest eco-
systems are of great climate-stabilising importance and
constitute a natural framework for natural landscapes
and preserve forest biodiversity under their tent. Even
though among the main forest-forming species in Ukraine,
Scots pine is the predominant tree species and occupies
33% of the land area of the Forest Fund of Ukraine, pine
forests require conservation. Diverse scientific research
to identify the causes of forest death will contribute to
solving the issues of their restoration and multiplica-
tion [13; 14].

Since 2010, Ukraine has seen a massive withering
of numerous main forest-forming tree species - Pine
(Pinus), Oak (Quercus), spruce (Picea), Birch (Betula) and
ash (Fraxinus). A similar situation is observed on all
continents in the forest biocoenoses of the temperate
zone of the Northern Hemisphere [7-9]. The situation
is particularly catastrophic in coniferous forests. Thus,
the withering of coniferous species in North America and
Siberia totals millions of hectares. The situation is no better
in Europe, where over the past two decades there has been
a massive withering of Scots pine (Pinus sylvestris L.)
and European spruce (Picea abies (L.) H.Karst). Withering
of the main forest-forming tree species in the forests of
the Northern Hemisphere in most cases have similar signs
of the process and are caused by outbreaks of mass
reproduction, similar in biology to stem pests. For exam-
ple, North America has recently witnessed a massive
reproduction of dendrocton (Dendroctonus micans Kud),
East Asia - the Ussuri polygraph (Polygraphus proximus
Blandford),a spruce bark beetle in Europe (/ps typographus
Linnaeus) and sharp-dentated bark beetle (/ps acuminatus
Gyllenhal) [15-17]. Nematodes also cause significant
damage to pine forests [14]. Among phyto-diseases,
harmful effect is caused by a fungus from the class of
Basidiomycetes - Heterobasidion annosum (Fr.) Bref. to the
Scots Pine (Pinus sylvestris L.) [10-12]. The simultaneous
emergence of foci of shrunken tree species in many
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countries and an increase in their area indicates the global
nature of the processes. It is most probable that this is
connected with cyclical planetary processes enhanced
by anthropogenic impact and expressed in an increase
in air temperature and a decrease in precipitation in recent
decades in most of the globe [6; 18; 19].

The purpose of this study is to analyse the influence
of environmental (air temperature, humidity, precipitation,
CO, emissions, hydrothermal regime) and planetary (solar
activity) factors on the occurrence of foci of insect pests
and phyto-diseases in the Zhytomyr Polissia zone.

LITERATURE REVIEW

Various climate changes that occur in the world are plan-
etary in nature. In his study Earth Echo of Solar Storms,
which was published in 1976, Professor A.L. Chizhevsky
drew attention to the fact that there is a certain cor-
relation between the activity of the sun and the periods
of outbreaks of pandemics, epidemics, epiphytic epizootics
on Earth [20]. Italian-born microbiologist P.Faraone (1995)
drew attention to the pattern of growth of bacterial col-
onies during years of minimal solar activity [21]. Later,
Ukrainian researchers V.S. Martynyuk, N.A. Temuryants,
B.M.Vladimirsky[22]in their monograph Nature Does Not
Have Bad Weather: Space Weather in Our Lives addressed
the change in biological, social, and technological pro-
cesses impacted by solar activity. In their scientific study
The Influence of Solar Activity on the Temperature of
the Troposphere and Ocean Surface H.O. Zherebtsov,
V.A.Kovalenko, S.I. Molodykh, K.E. Kirichenko [23] noted
that the ambient temperature affects the concentration
of CO, and geomagnetic activity. P.P. Melnyk [24] in his
monograph Ecological and Economic Foundations of Na-
ture Management in Agroecosystems pointed out that
wheat yield depends on the number of sunspots. In his
scientific paper, V.B. Chernyshev drew attention to the
fact that the activity of the sun affects the vital activity
of insects [25]. Scientific publications of foreign authors
note that the activity of the sun has a direct impact on
forest fires in Southern Europe [26]. More detailed in-
formation about this correlation was published in their
papers by researchers M.M. Radovanovic, TA.M. Pavlovic¢
et al.[26].

When conducting statistical analysis, scientists
VV.Lavniy and V.H. Mazepa [27] found a direct correlation
between such indicators as solar activity and annual
winds. In their research, I. Dorotovic, J. Louzada, J. Ro-
drigues, V.Karlovsky analysed the effect of solar activity
on pine growth [28].

To date, over fifty forecasts of the 24" cycle of solar
activity have been published, which indicate the value
of the maximum Wolf number from 42 to 190 [29-31].
The change in the hydrological regime is directly re-
lated to the average annual air temperature, which has
recently increased in Ukraine by 2°C. Lately, the level of
subsurface water and the water level in reservoirs has
considerably decreased. One of the causes of climate




change is human activity, since 67% of greenhouse
gases are released into the environment through the
burning of fossil fuels and energy. To assess changes in
the hydrological regime, the Selyaninov hydrothermal
coefficient (HTC) is applied [19]. The hydrothermal hu-
midification coefficient allows identifying the humidity
of the territory and is determined by the amount of
precipitation for the period when the average daily air
temperature was above 10°C, which is the period of ac-
tive vegetation of plants. After all, moisture availability
has a direct impact on the sanitary condition of forest
stands [5; 19; 32].

Apart from anthropogenic human activity, natural
factors, such as volcanic eruptions, also have an adverse
environmental impact, and 3-4 gigatonnes per year are
released into the environment under their influence. In
natural conditions, carbon dioxide constitutes a limiting
factor in photosynthesis and not all plants can withstand
high concentrations of CO, (ten times or more). Increased
CO, concentration in the environment slows down the
growth and development of the plant and a state of
suspended animation occurs. More sensitive plants are
damaged by phyto-diseases. Furthermore, according
to scientists P.G. Guerenstein, and J.G. Hildebrand [33],
V.P. Akatov [34], A. Fangmeier [35], R.M. Srinivasa [36],
an increase in the concentration of carbon dioxide pro-
motes the reproduction of insect pests [37; 38].

MATERIALS AND METHODS

To achieve the purpose of this study, the necessary sta-
tistical information was collected, which included the
data from the Main Statistics Department of the Zhyto-
myrska Oblast, indicators of Ukrainian hydrometeoro-
logical centre and the State Agency for Forest Resources
of Ukraine (Form No. 12-F), as well as the materials pro-
vided by the S.I. Subbotin Institute of geophysics of the
National Academy of Sciences of Ukraine (NAS of Ukraine).

According to the obtained data of the Ukrainian
hydrometeorological centre, the study analysed the dy-
namics of climate change for 1961-2020, namely the
average annual air temperature, average annual relative
humidity, and average annual precipitation.

According to the provided statistical indicators of
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the State Agency for Forest Resources of Ukraine, the au-
thor of this paper analysed the dynamics of the occurrence
of insect pests and Heterobasidion annosum in pineries
of Zhytomyr Polissia for 2009-2020. The years of increase
in forest areas covered with forest vegetation damaged
by harmful entomofauna and phyto-diseases were de-
termined.

According to the materials provided by the
S.I. Subotin Institute of Geophysics of the NAS of Ukraine,
the study established periods of growth and decline of
solar activity (W number) for 2009-2020.

To establish the quantitative indicator of aridity
of the studied area, the formula of H.T. Selyaninov was
used [11]:

P
HTC = Z— 1)
0.1 X X trer>10

where Y P is the sum of precipitation for the month, in
mm; Y t is the sum of the average daily temperature
above 10°C.

According to Eq. (1), if HTC<0.4 is a very severe
drought, HTC 0.4-0.5 is a severe drought, HTC 0.6-0.7
is an average drought, HTC 0.8-0.9 is a weak drought,
HTC 1.0-1.5 is sufficiently humid, HTC 1.5 is excessively
humid.

The author of this paper established the years
of drought and humidity in the region under study for
2009-2020, and the calculated the amount of green-
house gas emissions (CO,) to the environment (according
to statistical indicators of the State Statistics Service of
Ukraine).

Mathematical and statistical processing of the
conducted research results was conducted using the data
analysis package programme Microsoft Excel.

RESULTS AND DISCUSSION

According to the data from the Ukrainian hydrometeo-
rological centre, a detailed analysis of air temperature
changes, precipitation, and relative humidity in Zhytomyr
Polissia was conducted for 1961-2020. Lately, the region
under study has seen an increase in the average annual
air temperature by 3.0°C (Fig. 1).

1990 2000 2010 2020 2030
Years

Figure 1. Changes in the average annual air temperature in Zhytomyr Polissia for 1961-2020
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This warming directly affected the relative humidity
of the air (Fig. 2), so over the past fifty-nine years, the
relative humidity of the air has decreased by 3%.
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There is also an increase in the average annual
precipitation by 2 mm (Fig. 3).

1990 2000 2010 2020 2030
Years

Figure 2. Average annual relative humidity in Zhytomyr Polissia for 1961-2020
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Figure 3. Average annual precipitation in Zhytomyr Polissia for 1961-2020

Thus, the analysis of climate indicators demon-
strated substantial climate changes in the region under
study, such climate changes have an impact on biodiversity.

Since 2009, the State Agency for Forest Resources
in Ukraine has carefully kept records of the occurrence
of insect pest foci. According to the submitted reports
of 2009-2020: Report on Forest Protection Works (Form
No. 7 F), during research, the analysis revealed that the
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greatest harmful effect to pine woods in Zhytomyr Polissia
is caused by:

- needle-eating pest — pine noctuid (Panolis flammea
Denis & Schiffermuller), pine sawfly (Diprion pini L.),
European pine sawfly (Neodiprion sertifer Geoffroy);

- other pest — pine bark bug (Aradus cinnamomeus
Panz), pine lappet (Dendrolimus pini L.), pine looper (Bupalus
piniarius L.) (Fig. 4).

1.2
mmm Panolis flammea (Denis & Schiffermuller)
1
i Neodiprion sertifer Geoffroy
0.8
Aradus cinnamomeus Panz
0.6
Dendrolimus pini L.
0.4
= Bupalus piniarius L.
0.2
=== Diprion pini L.
0

Figure 4. Dynamics of the emergence of insect pests in pineries for 2009-2020
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According to Figure 4, the greatest harmful effect
is caused to pineries by a needle-eating pest - pine sawfly
(Diprion pini L.) its largest foci were observed in 2011-2014
and amounted to 11.1 thousand hectares. Over the past

Moroz and Nykytiuk

four years, this number has decreased by almost 2 times.
Pineries of Zhytomyr Polissia occupy 59% (Fig. 5) from
other tree species, over 12 years, 20% of their area was
damaged by insect pests.

Other wood

Black alder
5%

European birch
17%

European oak
16%

species
3%

Scots pine
59%

Figure 5. Share of forest areas covered with forest vegetation by tree species in Zhytomyr Polissia

Studying the dynamics of solar activity, the Wolf
number (W number) for 2009-2020 indicated that the
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greatest solar activity was observed in 2011-2014; start-
ing from 2015, there is a decrease in the W number (Fig. 6).

2009 20102011 20122013 2014 2015 2016 2017 2018 2019 2020

Years

Figure 6. Values of the average annual W numbers for 2010-2020

Analysis of the dynamics of the W number (Fig. 6)
and the area of trees damaged by insect pests (Fig. 4),
reveals a certain pattern: during the solar activity increase
in 2011-2014, the number of damaged pineries also in-
creased, and in years of decreasing solar activity - vice
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versa. The same situation is observed upon analysing
the impact of Heterobasidion annosum (Fr)) Bref. on piner-
ies; since 2015, the area of plantings damaged by the
root sponge has decreased with a decrease in solar ac-
tivity (Fig. 7).

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Years

Figure 7. Dynamics of Heterobasidion annosum occurrence for 2009-2020
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Applying the Eq. (1) by G.T. Selyaninov, the author of
this study established the change in climate humidity in
the conditions of Zhytomyr Polissia for 2009-2020 (Fig. 8).

According to the analysis results, 2015 was de-
scribed by a year of average drought; 2009 and 2016 -
years of mild drought; 2010-2012,2018-2020 - years of
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adequate humidity; and 2013 - excessively humid year.

To find out if there is a correlation between the
W number and CO, emissions, the study analysed the
carbon dioxide emissions into the environment for
2009-2020 (Fig. 9).
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Figure 9. CO, emissions in the natural environment for 2009-2020
(According to the Main Statistics Department of Zhytomyrska Oblast)

According to the data presented in Figure 9, since
2014, the amount of CO, emissions has decreased almost
three times. To establish correlations between the area
of occurrence of insect pests and Heterobasidion anno-
sum, CO, emissions, the W number, the Selyaninov HTC

and the average annual air temperature, the average
annual relative humidity, and the average annual pre-
cipitation sum, the author of this paper applied the data
analysis package Microsoft Excel and constructed the
correlation matrix (Table 1).

Table 1. Correlation matrix of paired coefficients

Indicators

Area of trees damaged by
thousand hectares
W number

Area of trees damaged
by insect pests, thousand
hectares
Heterobasidion annosum,

humidity, %
Selyaninov

million tonnes

Average annual air
temperature, °C
Average annual

precipitation, mm
CO, emissions,

Average annual relative
Selyaninov HTC coefficient

Area of trees damaged by

insect pests, thousand hectares 1.000
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Table 1, Continued
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Area of trees damaged by
Heterobasidion annosum, 0.849 1.000
thousand hectares
W number 0.899 0.895 1.000
Average annual air -0.567  -0.539  -0.424 1.000
temperature, °C
Average annual relative 0.220 0.131 0.005 -0.643 1.000
humidity, %
verage annual precipitation, mm . . . -0. . .
A L ipitati 0.200 0.092 0.113 0.461 0.789 1.000
Selyaninov HTC coefficient 0.292 0.026 0.238 -0.343 0.563 0.586 1.000
CO, emissions, million tonnes 0.746 0.748 0.599 -0.642 0.354 0.193 0.216 1.000

The results of the analysis of indicators suggest
that the correlation is quite high (0.899; 0.895) between
the following indicators: area of trees damaged by
insect pests, area of trees damaged by Heterobasidion
annosum and Wolf number. There is also a sufficient
correlation between CO, emissions in the environment
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and the area of pineries damaged by insect pests and
Heterobasidion annosum (0.746, 0.748). High paired
correlation coefficients between solar activity and the
area of damaged pineries by biotic factors contributed
to the construction of cross-plots (Figs. 10, 11).
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Figure 10. Influence of the Wolf number on the area of woods damaged by insect pests
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Figure 11. Influence of the Wolf number on the area of woods damaged by Heterobasidion annosum
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The obtained mathematical dependences are 80%
approximated with indicators and have a sufficiently high
correlation coefficient, which allows applying empirical
equations to predict the influence of the W number on
damage to pineries by pests and forest diseases in the
conditions of Zhytomyr Polissia.

CONCLUSIONS

In the conditions of Zhytomyr Polissia, climatic changes
are observed, namely an increase in the average annual
air temperature by 3.0°C, a decrease in the average an-
nual relative humidity by 3%, and an increase in the
average annual precipitation by 2 mm. It was found out
that the greatest harmful effect of pine woods in Zhy-
tomyr polissia is caused by pine noctuid (Panolis flammea
Denis & Schiffermuller), pine sawfly (Diprion pini L.),

bark bug (Aradus cinnamomeus Panz), pine lappet (Den-
drolimus pini L), pine looper (Bupalus piniarius L.), and
among phyto-diseases, Heterobasidion annosum (Fr.) Bref.
causes significant harm.

A comprehensive analysis of various indicators
for 2010-2020 confirmed the researchers’ claims con-
cerning the influence of the Wolf number and carbon
dioxide emissions on the spread of insect pests and
phyto-disease damage to pineries in Zhytomyr Polissia.
It was established that the increase and decrease in solar
activity directly affects the growth and decrease in the
number of insect pests and phyto-diseases, respectively.
The obtained mathematical dependencies can be of
practical importance; they can be applied to predict
outbreaks of insect pests and phyto-diseases to prevent
their occurrence and predict measures to combat them.

European pine sawfly (Neodiprion sertifer Geoffroy), pine
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Current state of pineries in Zhytomyr Polissia under the influence of environmental factors

Cy4yaCcHUM CTaH COCHOBUX HacamXeHb YXutomumpcbkoro Monicca
3a BNJIMBY €KOJIOriYHMX YNHHUKIB

Bipa BacunisHa Mopo3s, lOpii AnapinoBuy Hukutiok

onicbKMii HaLWioOHaNbHWIA YHiBEpCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauis. B octaHHi poku No LinoMy CBIiTi CNOCTEPIraeTbCs MacoBe BCUXAHHA XBOMHUX nopia. Y MiBHIYHIN AMepuui
Ta CMBipy HapaxoBYETbCA MiNbMOHM rekTap BCOX/IMX HAacamKeHb, y €Bponi, 33 ocTaHHi 20 pokiB BCMXAKOTb COCHM
i annHKn. KpiMm TOro, 3Ha4HMX NOLLKOAKEHb 3aBAAIOTb AEPEBHUM POCIMHAM QITOLKiIAHUKM Ta BHITOXBOPOOU, OCKINbKM
B €BpONi OCTaHHIMW POKAMW CNOCTEPIraETbCs MAaCcoBe PO3MHOXEHHS Ips typographus Linnaeus, Ips acuminatus
Gyllenhal, y MisHiuHi AmMepuui Dendroctonus micans Kud, B CxigHin Asii Polygraphus proximus Blandford. Takox
3HaYHOI LIKOAM COCHOBMM JlicaM 3aBAatoTb HemaToam. Cepen GiToXBOpO6 WKOAOUMHHY Aito Pinus sylvestris L. 3aBaae
Heterobasidion annosum (Fr.) Bref. BUHMKHEHHS ocepeaKiB BCOXMX AEPEB Y Pi3HUX YAaCTUHAX 3€MHOI Kyi, BKA3ye
Ha rnobanbHiCTb NPOLECiB, WO MOBA3aHO 3 LMKAIYHUMMU NAAHETAPHUMUM NPOLECaMM Ta KNIMATUYUHUMM 3MiHaAMKU. Y
CTaTTi HafaHO XapaKTepUCTUKY KNiIMAaTUYHMX 3MiH y perioHi pocnigkeHb 3a nepiog 1961-2020 pp. BianosigHo
[0 NpoBeAeHOro aHanisy BusHauveHo, wo 3a nepiog 2009-2020 pp. 3HaYHOI WKOAM COCHOBMM HACALAXKEHHSIM
XXutomupcoekoro Nonicca 3aBpatoTb cepen xBoerpusyumnx — Panolis flammea Denis & Schiffermuller, Diprion pini L.,
Neodiprion sertifer Geoffroy; cepen iHWMX WKigHWKIB — Aradus cinnamomeus Panz, Dendrolimus pini L., Bupalus
piniarius L. HanbinbLy WKOAOUYMHHY Ait0 33 OCTAaHHI POKM 3aBAAE COCHOBMM HacamxeHHaM — Diprion pini L. Takox
3'9CoBaHo, Wo cepen GiTOXBOPOO COCHOBMM JlicaM 3HAYHOI WKoaM 3aBpae Heterobasidion annosum (Fr.) Bref.,
NoLIKoAXKeHa nnowa ctaHoBuTb Big 13,0-14,2 Tuc. ra. [poBeseHo rinpotepMmiyHmii aHanis 3a nepiog 2009-2020 pp.
[poaHanizoBaHO BMAMB COHAYHOI aKTUBHOCTI Ha YMCENbHICTb ITOWKIAHMKIB Ta XBOpO6. HagaHo OuUiHKY KifbKOCTI
Bukunais CO, y HaBKONMWHE NpupoaHe cepenosuule 3a nepiog 2009-2020 pp. i 3acoBaHo wo 3 2014 p. KinbKicTb
BMKUAIB Jiokcuay Byrnewto 3amMeHwmnaca 3 1,5 mnaH 1T Ha 0,6 MiH T. KopensiLiinHuiA aHani3 BCiX MOKAa3HMKIB BKa3aB Ha
BMCOKMIM B3aEMOBI/IMB MiXK M/IOLLEI MOLIKOOXEHUX AepPeB EHTOMOLLKIAHWKAMM, KOpeHeBO rybkoto, yucnom Bonbda
Ta Bukngamu CO, B noBKinng. OnepxxaHo MaTeMaTUYHi 3a/1€XHOCTI 3 METOK NPOrHO3yBaHHA BM/MBY Ynucia W Ha
MOLUKOMKEHHS COCHOBMX HAaCamKeHb WKiAHMKaMK Ta xBopobamu nicy B ymoBax XXutomupcbkoro [Moniccs

KntouoBi cnoBa: 3MiHuM KnimMaTy, QiTOLWKIAHWKM Ta XBOPOOU, BUKUAM COZ, COHSIYHA AKTUBHICTb, FApOTEPMiUHMI KoediLi€eHT,
KopensLiga, MaTeMaTUYHe MOLENOBAHHS
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indicators of potato tubers compared to the control slightly decreased,
namely dry substances and starch. On the contrary, the amount of ascorbic
acid increased, especially with top dressing with Plantafol. Varietal features
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Optimisation of nutrition of early-maturing potato varieties on drip irrigation in the South of Ukraine

INTRODUCTION

As of November 1, 2020, potato production in Ukraine
amounted to 21.7 million tons with an average yield
of tubers at the level of 10-14 t/ha. In some countries
and in some advanced farms, due to the introduction
of scientific and technological progress into production,
the productivity of this crop reaches 30-40 t/ha. Its po-
tential yield exceeds 100 t/ha, and the collection of dry
matter is up to 25 t/ha [1; 2]. That is, now in Ukraine,
the potential of biological and economic productivity
of potatoes is used only by 10-12%. The difference in
these data is because industrial production occupies
only a small part of the potato market of Ukraine. Almost
95% of the total potato volume is grown by the population
in the private sector.

According to the Ukrainian Association of potato
producers, about 3 million tons of potatoes are sold
through supermarkets per year, and the population needs
twice as much to feed - at least 6 million tons (120-
128 kg per person), part of the crop is used for animal
feed and processing. Therefore, potato cultivation is an
urgent problem aimed at expanding planting areas, in-
creasing yields due to properly selected varieties, and
applying mineral fertilisers.

Potatoes are a valuable food, technical, and fod-
der crop. The main food component of potatoes is car-
bohydrates in the form of starch. Different varieties of
potatoes contain from 17 up to 30% of dry substances
in tubers, of which 70-80% is starch and up to 3% is
protein substances. Tubers contain vitamins A, B1, B2,
PP, etc. Potatoes are an essential raw material for the
starch and alcohol industries. Tubers are used for Llive-
stock feed both in fresh and processed form, as well as
for the production of bioethanol [3-6]. Recently, on the
irrigated lands of the south of Ukraine, the technology
of growing potatoes improved by the Institute of irrigat-
ed agriculture of the National Academy of Sciences, in
which tubers are planted in pre-cut ridges, is increasingly
used. This, of course, with other elements and measures,
contributes to improving the physical condition of the
soil, warming it up faster [7].

When applying mineral fertilisers in the optimal
amount for plant nutrition, the irrigation regime be-
comes particularly important in the conditions of the
steppe zone of Ukraine. Due to the insufficient amount
of moisture for plants, an increase in potato produc-
tivity during watering is associated with optimising the
moisture supply during the growing season of the crop,
which contributes to an intensive increase in above-
ground biomass and tubers. In recent years, the area of
use of drip irrigation has been constantly growing.

The relevance of the topic of this study is deter-
mined by the fact that an important direction for accel-
erating scientific and technological progress in potato
growing is the creation and introduction into production
of highly productive varieties and hybrids adapted to the
appropriate soil and climatic conditions of the growing
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zone. For them, it is necessary to develop conditions for
the most complete disclosure of genetic potential based
on improved seed production, the development of zonal
intensive technologies, in particular fertiliser systems.

Therefore, as a result of the study, it was planned
to determine the influence of the background of nutrition
on the yield and quality of tubers of three varieties of
early ripening potatoes when grown on drip irrigation
in the conditions of the Southern steppe of Ukraine.

LITERATURE REVIEW

Each agricultural crop, and even its individual varieties
or hybrids, have certain features and requirements for
the level of nutrition, differ in the removal of nutrients
from the soil and their optimal ratio. Potatoes are quite
picky about providing the soil with nutrients. So, at the
average yield level (18.0 t/ha of tubers and 8.0 t/ha of
tops), it removes nitrogen from the soil - 95-105 kg,
phosphorus - 40-50 kg, potassium - 110-120 kg/ha. Re-
garding 1 ton of tubers, this use is 5.6, 2.2, and 6.4 kg,
respectively. Potatoes absorb the maximum amount of
phosphorus during budding and flowering, and they ab-
sorb nitrogen and potassium in the second half of the
growing season during the increased growth of tubers
and tops [8].

Potatoes also show a significant need for nutri-
tion relating to trace elements, their lack from the very
first periods of vegetation disrupts growth processes and
normal metabolism. After all, to obtain stable potato
yields with high-quality tubers, plants require not only
nitrogen, phosphorus, and potassium, but also calcium,
magnesium, iron, boron, sulfur, manganese, and other
elements. Therefore, the rate of mineral fertilisers should
be such as to ensure sufficient nutrition of potato plants
throughout the growing season [9].

In particular, to combat scab, it is advisable to
replace part of mineral fertilisers with physiologically
acidic forms (superphosphate, ammonium sulfate). In
fields where scab is very common, it is advisable to feed
potatoes with manganese sulfate or ammonium sulfate
as 60 kg/ha during mass tying of tubers [10].

The authors recommend applying 30-50 kg/ha
of magnesium and 30-60 kg/ha of sulfur to potatoes in
addition to the main fertiliser before planting or during
the growing season applying micro fertilisers by foliar
top dressing. The absorption of nutrients by plants de-
pends on the stage of crop development. So, during the
period of early spring growth, there is a need for a sig-
nificant amount of trace elements, and to achieve high
yields, it is essential to have all the nutrients available
to plants in an accessible form. Both potassium and
nitrogen are necessary for potatoes during vegetative
growth, the ovary of tubers and during tuber formation [8].

To obtain high yields of tubers, potato plants need
enhanced potassium nutrition, potassium is also vital for
the starchiness of tubers. Therefore, its consumption in




significant quantities is typical for potato culture. For the
growth of leaves, above-ground biomass, and tubers,
nitrogen application is crucial. In general, in the con-
ditions of irrigation in the south of Ukraine, nitrogen
nutrition is at the first minimum for most agricultural
crops. It is the availability of plants with this element
of nutrition that affects the level of yield and product
quality. Like potassium, a significant amount of nitrogen
is distributed from the leaves to the tubers during their
formation. For better rooting and tuber formation, pota-
toes use phosphorus in fairly large quantities, especially
at the beginning of plant growth, as well as at the end
of the growing season, for the intensity of tuber growth.
This is established on different types of soils and in many
countries [11-15].

Balanced nutrition is vital,despite the significantly
lower removal of trace elements. In the nutrition of plants,
it is necessary to adhere to their optimal content, since
they, like trace elements, are a necessary factor in ob-
taining high yields. The trace elements, boron, copper,
manganese, and zinc are the most important for pota-
toes. The importance of trace elements in the formation
of stable yield levels and their quality is determined on
many agricultural crops in the conditions of the southern
steppe zone of Ukraine [16]. The authors point out the
significant influence of trace elements in increasing
the yield of potato tubers and the main indicators of
their biochemical composition after conducting a study
in Polesie [17]. In general, the use of trace elements
for vegetable crops and potatoes significantly improves
their quality, products with a balanced diet meet the re-
quirements of environmentally friendly standards [18].

Many studies have proved that with the optimi-
sation of humidification conditions, the productivity of
any crop increases significantly under the influence of
plant nutrition. Fertilisers have the greatest impact,and
they are a decisive factor in increasing yields due to
their rational use, crop yields increase by an average
of 40-50%, and on irrigated land, they increase by 75%
or more. In addition, fertilisers significantly affect not
only the levels of potato yield but also the biochemical
composition, nutritional value, taste qualities of tubers,
their shelf life, etc. [19].

Currently, due to a sharp decrease in the number
of animals, the use of organic fertilisers has significantly
decreased, so it is necessary to search for alternative
sources of organic mass in the soil, which is determined
by many studies. For example, in the Polesie region, it was
found that the use of various crops as green manure for
potatoes is equal in efficiency to 30-40 tons of manure
per hectare [20].

Mineral fertilisers are highly expensive and should
be used with the greatest efficiency and payback. One
way may be to apply them locally. With this method of
application, it is possible to get significantly higher returns
from a significantly (halved) reduced dose of fertilisers.
Definitely, the local method of applying mineral fertilisers
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affects physiological processes from the early stages of
plant development and continues until the period of
formation of spare substances, that is, it significantly
affects the yield and the main indicators of its quality.
The high efficiency of mineral fertilisers for potatoes
has been determined by many researchers [21-24].

According to the generalised data of researchers,
the coefficient of use of nutrients by plants using the
local method of fertilisation increases in comparison
with the scattered one by 10-15% for nitrogen and po-
tassium, and by 5-10% for phosphorus.

Therefore, according to the generalisation of sci-
entific literature, it can be seen that the use of the cor-
rect system of plant nutrition (potatoes in particular)
is an extremely important element of the technology
of growing agricultural crops. The issue of the nutrient
regime optimising has become particularly significant
recently when the application of fertilisers is insufficient
and soil fertility is deteriorating [25].

MATERIALS AND METHODS

Field experiments were conducted during 2018-2020
in the Educational, Scientific and Practical Center of the
Mykolaiv National Agrarian University. The soil of the
experimental site — southern chernozem - in the arable
layer on average contained 3.02-3.21% humus, 20.7-
32.0 mg/kg of soil nitrates, 26-45 mg/kg of mobile
phosphorus,and 326-472 mg/kg of exchange potassium,
pH of water extract was 7.0-7.2.

The source of irrigation of the experimental site
was the central main channel of the Ingulets irrigation
system, the water of which was characterised by satis-
factory quality and belongs to the 2™ class regarding the
level of saltwater hazard. According to irrigation indica-
tors, the water was suitable for irrigation and would not
lead to salinisation of the soil.

The experiment scheme included the following
variants:

Factor A-Variety: 1 - Minerva; 2 - Riviera; 3 - Prada.

Factor B - nutrition variant:

1. Control - without fertilisers;

2.N,,P, K., (autumn) - background,;

3.background + NP, K, (when planting);

4.background + N,.,P, K, (when planting)+N, +Plan-
tafol, 6 kg/ha (in three top dressing with vegetative
irrigation).

The area of the experimental plot was 90 m?, the
accounting plot was 50 m2. The experiment was repeated
three times. The research was carried out in accordance
with the requirements of the research methodology [26;
27]. Agrotechnics of growing potatoes on drip irrigation,
in addition to the factors taken for study, were recom-
mended for the southern steppe zone of Ukraine [7].

The predecessor of potatoes was winter wheat. In
autumn, N,.P_ K. (2 centners/ha of nitroammofos) was

applied for the main tillage. Before planting, N,.P, K

48" 48'48
(3 centners/ha of nitroammofos) was applied according
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to the experiment scheme. The planting material was
treated with the growth stimulator Poteitin (5 ml/t) to-
gether with the mordant Commander extra (0.2 l/t) for
water consumption of 20 l/t.

Tubers were planted in late March - early April
in the ridge to a depth of 6-8 cm, the nutrition area was
70x15-20 cm.

During the growing season, starting from the be-
ginning of budding, the top dressing was carried out
with a general norm of N,, and Plantafol 20:20:20 6 kg/ha.
The specified fertiliser and Plantafol were applied three
times with an interval of 8-10 days simultaneously with
irrigation according to N, and Plantafol 2 kg/ha, re-
spectively.

In a layer of 0-20 cm, before the appearance of
sprouts on tubers, soil moisture was maintained at 70-
75% HB, and in the subsequent growing season - 80-
85% HB by drip irrigation.

The yield of alcohol and bioethanol from potato
tubers was determined by the calculation method rec-
ommended by the Institute of Potato NAAS of Ukraine
100.4 liters, and the yield of bioethanol from 1 ton of
raw materials - 100.4 liters, and the yield of absolute
alcohol from 100 kg of raw materials - potato tubers
(medium starch) - 11.2 kg.

RESULTS AND DISCUSSIONS

Field germination of tubers of the studied potato varieties
was formed at the level of 95.8-97.5%. The beginning
of budding in all variants of the experiment and in all

varieties began on the 53-59 day after planting. The
duration of the interphase budding - flowering period,
depending on the variety and background of nutrition,
ranged from 5 to 9 days. Fertilisers, regardless of the ap-
plication period, slightly restrained the onset of budding
and flowering phases - on average, for 1-2 days com-
pared to the control in all varieties. The Minerva potato
variety ripened by 4-7 days earlier than the Riviera and
Prada varieties. Fertilisation slightly affected the overall
duration of the growing season.

In 2019, all the studied potato varieties formed
the lowest yield of commercial tubers, which was caused
by the cold spring. Considering the yield within varieties,
Minerva was determined to be less productive, the yield
of its tubers on average over the years of research in
the control was 17.4 t/ha, while in the Riviera and Prada
varieties, respectively, their yields were 21.6 t/ha and
22.2 t/ha.

Theyield of potato tubers,depending on weather
conditions, the variety, and the current nutrition back-
ground, ranged from 15.7-39.0 t/ha. On average, over
the years of cultivation, the highest yield of tubers of
the studied potato varieties was formed at the level
of 30.5-35.5 t/ha when applied in autumn N,P,K_,
before planting N,P,K,, and carrying out three top
dressing N,, and Plantafol 6 kg/ha simultaneously with
fertigation, (respectively for N11 and Plantafol 2 kg/ha),
which exceeded the control without fertilisers depend-
ing on the varietal characteristics of potatoes by 13.1-
13.3 t/ha (Table 1).

Table 1.Yield of commercial tubers of potato varieties under the influence of nutrition optimisation
in research years, t/ha

Nutrition background (factor B)
e T Ly o A
fertilisers) 48 48 48 P 9) + N,
background planting) Plantafol
Minerva 179 19.8 26.9 31.2
2018 Riviera 22.0 26.5 31.9 376
Prada 22.5 27.2 32.4 379
Minerva 15.7 18.8 22.8 26.7
2019 Riviera 20.1 22.5 25.7 28.8
Prada 21.1 234 26.4 29.6
Minerva 18.5 20.0 284 33.7
2020 Riviera 22.7 28.3 33.7 38.2
Prada 22.9 28.9 344 39.0
Minerva 174 19.5 26.0 30.5
Average for 3 years Riviera 21.6 25.8 30.4 34.9
Prada 22.2 26.5 31.1 35.5
2018 yr. 2019 yr. 2020 yr.
Hip By factor A 1.3 0.8 1.1
0 By factor B 1.6 1.2 1.5
By factors AB 1.9 1.7 2.3
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The importance of nutrition optimisation in potato
productivity is clearly illustrated in Figure 1, namely, the
increase in yield of tubers from background application
of N,,P, K,, averaged 17.2% for three varieties over the
years of research, the use of NP, K, for planting on this
background fertilisers - by 43.1%, and fertilisation with

watering during the growing season (general norm N,

Gamajunova et al.

and Plantafol 6 kg/ha) provided a maximum increase in
yield by 64.7%. In general, from foliar fertilisation with
Plantafol 2 kg/ha three times during the growing season,
the yield of tubers increased by 4.4 t/ha on average
during the years of cultivation in all varieties (by 21.6%
compared to the control).

Minerva

BControl (without fertilizers)

Riviera

WAverage for power suply backgrounds

Prada

Figure 1. Influence of potato varietal characteristics and nutrition optimisation
on tuber yield (average for 2018-2020), t/ha

Of the potato varieties taken for research, the
highest level of yield in all the years of cultivation
was provided by the Prada variety. The Riviera variety
was characterised by similar yield values, and the low-
est yield of tubers in this study was provided by the
Minerva potato variety. However, all varieties reacted
significantly to the optimisation of nutrition by increas-
ing the yield of tubers. On average, for three varieties,
the maximum productivity was provided by the culti-
vation of their use for top dressing with Plantafol on
the background of NP, K, (Fig. 2). The positive effect

of growth-regulating substances containing trace ele-
ments on the yield of potato tubers was determined in
studies conducted at the Institute of irrigated agricul-
ture, that is, in the conditions of the Southern steppe
of Ukraine on drip irrigation [28-30]. Note that despite
the lowest yield of tubers, which is formed by the pota-
to variety Minerva, this variety significantly increased it
with optimisation of nutrition: the increase in all variants
of fertilisers to control in this variety was 45.4%, while
in the Riviera variety - 40.7%, and Prada - 39.6%.

Crop, t/ha

40
35

33.6

30

29.2

25

15
10 -

N,,P K, (in autumn) —

Control (without fertilizers)
background

Background + N, P, K, (when

planting)

Background + N, P, K

Figure 2. The Importance of nutrition optimisation in the productivity of potato tubers
(average by varieties for 2018-2020), t/ha
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During this period, potato producers are subject
to serious requirements regarding product quality criteria.
That is why the cultivation of potatoes, including the
quality of tubers, significantly depends on the selection
of the variety, the planting scheme, and agricultural tech-
nology, the conditions of harvesting, drying, and storage,

it is aimed at obtaining not only a high yield but also,
accordingly, high quality.

The background of nutrition, as determined by
studies, influenced the main indicators of the quality of
potato tubers (Table 2).

Table 2. Impact of nutrition optimisation on the main quality indicators of potato tubers depending
on the variety (average for 2018-2020)

Variety (factor A)
Nutrition background Minerva Riviera Prada
(factor B)
1 2 3 1 2 3 1 2 3
Control (without fertilisers 18.5 22.8 14.9 21.5 23.5 13.7 21.0 23.7 14.4
N,,P.K,, {in autumn) 18.3 23.3 14.5 21.0 24.5 134 20.8 24.7 14.2
N32P32K32 (in autumn)
+N in autumn 18.1 25.5 14.3 20.5 26.2 13.2 20.5 26.2 14.0
48 48 48 (when planting)
N}ZPZZKSZ (in autumn)
+N,.P, K 18.0 25.8 14.1 20.3 26.6 12.8 20.2 26.5 139

48" 48 "48 (when planting)

+ N,, and Plantafol, 6 kg/ha

Note: 1 - dry matter content, %; 2 - vitamin C (Ascorbic acid) content, mg%/100 g; 3 - starch content, %

The content of dry matter and starch in potato
tubers varied depending on the background of nutri-
tion (application of mineral fertilisers and top dressing
with Plantafol) and on varietal characteristics. So, for
the period of harvesting in potato tubers of the Minerva
Variety, the minimum dry matter content was determined,
in the variant without fertilisation it was 18.5%. With
an increase in the dose of mineral fertilisers, this indi-
cator decreased. Tubers of the Riviera and Prada varieties
contained more dry matter: in the control variants, they
contained 21.5 and 21.0%, respectively, and depending
on the background of nutrition, from 20.2% to 21.5%.
Similar data and their changes were obtained from
determining the quality of tubers of different potato
varieties by optimising crop nutrition, in particular us-
ing biologics [24; 25]. This is also determined by the
previous studies conducted with three varieties of sum-
mer-planted potatoes for growing on drip irrigation, as
was noted [19].

With a similar dependence, the improvement of
nutritional conditions also contributed to a decrease in
the starch content in the tubers of all the studied po-
tato varieties compared to tubers grown in the control
non-fertilised versions. That is, with an increase in the
doses of mineral fertilisers, the yield of tubers increases,
but in most cases their use leads to a decrease in the
content of dry substances and starch in tubers. The starch
content is lowest in tubers of the early maturing Riviera

Scientific Horizons, 2021, Vol. 24, No. 8

variety, and the highest one is in the Minerva variety.
It should be noted that in the tubers of potato varieties
taken for study, the content of vitamin C or ascorbic acid
did not differ significantly. Among the variants of nu-
trition backgrounds and fertiliser application methods,
the most vitamin C in potato tubers was due to the
combination of NP, K., (in autumn) + NP K, (when
planting) + 1C saltpeter + Plantafol (6 kg/ha) with ferti-
gation. The content of vitamin Cin tubers of the Minerva
variety on average for three years of cultivation was
25.8 mg%, slightly higher indicators were determined
in tubers of the Riviera and Prada varieties - 26.5 mg%
and 26.4 mg% respectively, which exceeded the content
in tubers grown without fertilisation, by 3.0, 2.9 and
2.8 mg% per raw mass respectively.

By calculation, the authors also determined the
possibility of obtaining a conditional yield of bioethanol
and alcohol from grown potato tubers in the context
of varieties and nutrition variants. For these purposes,
tubers are used if they need to be processed, as well as
in case of damage or formation of small, non-standard
ones, non-commercial tubers and the like.

The highest yield of bioethanol and alcohol from
grown potato tubers is provided by the Prada variety,
the Riviera variety is close to it in terms of indicators,
and the Minerva variety is the smallest because these
values are conditional, calculated, and depend on the
levels of the formed tuber yield (Table 3).
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Table 3. Possible conditional yield of alcohol or bioethanol
from the potato crop (average for 2018-2020), t/ha

Possible conditional yield

Nutrition background variety (factor A)
(factor B) Minerva Riviera Prada
Bioethanol Alcohol Bioethanol Alcohol Bioethanol Alcohol

Control (without fertlisers 1.75 1.95 2.17 242 2.23 2.49

N,,P..K,, (i autumn) 1.96 2.18 2.59 2.89 2.66 2.97

N3P K i st 261 291 3.05 3.40 312 3.48

48" 48 "48 (when planting)

NSZPSZKSZ (in autumn)

3.06 342 3.50 391 3.56 3.98

48" 48" "48 (when planting)

+ N,, + Plantafol, 6 kg/ha

Under the influence of optimising the nutrition
of potato plants, they increase significantly in comparison
with the control and background application under the
main tillage N,,P,,K, (autumn). To process tubers into
starch is appropriate, and it is widely used by potato
growers. Therefore, the production of large volumes
of potato tubers and their partial processing to obtain
starch, bioethanol, alcohol, chips and other products will
significantly increase the profitability of growing this
crop and its waste-free production.

CONCLUSIONS

Studies conducted on Southern chernozem with three
early maturing potato varieties grown on drip irrigation
during 2018-2020 determined that this crop responded
significantly to nutrition optimisation. The yield of tubers
under the influence of the use of mineral fertilisers in
autumn,before planting,and N,, and Plantafol 6 kg/hain top
dressing increases to 64.7%. Positively, this element

of cultivation technology affects the main indicators of
the quality of tubers, the conditional collection of bioetha-
nol and alcohol from the formed crop. The authors have
identified Prada as the most productive of the studied
varieties, the early maturing Riviera variety forms a slightly
lower yield of tubers, and the Minerva variety forms the
lowest. However, the latter potato variety is character-
ised by more favorable indicators for the starch content
in tubers.

All potato varieties taken for the study in all years
of cultivation reached the maximum yield level with the
main background application of N,,P, K, in autumn,
N,P,.K,s in spring during planting, and three top dressings
with ammonium nitrate (N,,) and Plantafol (2 kg/ha)
at intervals of 8-10 days simultaneously with water-
ing, starting from the budding phase. In these cultiva-
tion variants, with conditional processing of tubers for
bioethanol or alcohol, it is possible to get their yield up
to 3.0-3.6 and 3.4-4.0 t/ha, respectively.
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OonTuMiI3auia YXMBNEeHHA PAaHHbOCTUITIUX COPTIB KapTonni
Ha KpanJIMHHOMY 3poLUeHHi MiBaHA YKpaiHu

BaneHtuHa BacunisHa NamatoHoBa, JTlo60B puropisHa XoHeHKo,
OkcaHa WaminiiBHa IckakoBa

MuKoNaiBCbKMI HaLiOHANbHMI arpapHUin yHiBepcuTeT
54000, syn. leopria loHragse, 9, M. Mukonais, YkpaiHa

AHoTauis. KapTonns € BUK/IIOYHO BaX/IMBOKO KyNbTYpOK XapyyBaHHA HaceneHHs B YKpaiHi. [oTeHUiHi MOXANBOCTI
ii Bucoki — po 100 1/ra 6ynbb, NnpoTe cepenHs BpOXaMHiCcTb carae 14-16 1/ra. na oTpMMaHHS 3HAYHO BULLOI
NPOAYKTUBHOCTI HEODOXiAHO YAOCKOHANOBATU OCHOBHI €N1E€MEHTHN TEXHONOTIT BUPOLLYBaHHS. [0N10BHUM i3 dakTopiB
BMPOOHMLTBA KapTOM/i HAa KPanJMHHOMY 3pOLUEHHI € ONTUMIi3aLlis XMBMIEHHS POC/IMH, CaMe Lel 3axig HamMu B3STO
Ha BMBYEHHS 3 TPbOMa COPTAMM PAHHLOCTUIOI KapTonni. [ocnigkeHHIMM BCTAaHOBMEHO, WO 3abe3nevyeHHs
POC/IMH eneMeHTaMM XMBNEeHHS 3 4,O0OOPOM COPTiB A03BONSE 36iNbLUNTM NPOAYKTMBHICTb 6ynbb Ao 37-39 1/ra, abo
NiABULKTYM Ti piBeHb NOPIBHAHO 3 KOHTponeM 8o 64,7 %. BusHaueHo, WO MaKkcMMalnbHy BpOXaWnHiCcTb 3abe3nevye
OCHOBHe BHeceHHs 3 oceHi N,,P. K., nepen caminHam N, P, K, Ta nposeneHHs Tpbox MifKWMBAEHb YNPOLOBXK
BereTauii 0HOYaCcHO 3 NOJMBaMM 3araibHOK HopMoto N, i MnaHTadony 6 Kr/ra, nounHaoum 3 nodaTky byToHisauii
3 iHTepBanom 8-10 pHis. MNpu uboMy dopMytoTbcs BynbbM 3 BUCOKMMM MOKA3HUMKAMM SKOCTI — B HWUX MiCTUTLCS
[LOCTaTHS KiNIbKiCTb CyXMX peYoBUH, ackopbiHOBOI kucnotu (BiTamiHy C) i Kpoxmanto. 3a3Ha4MMo, WO 3a ONTUMiI3auii
YKMBJIEHHS BCTYN YCiX OCHOBHMX MOKa3HMKiB Oynbb kapTonni MOpiBHSHO A0 KOHTPOO, AELLO 3HUXKYBABCS, @ caMe
CyXuX peqyoBMH Ta kpoxmanto. KinbkicTb ackop6iHOBOi KMCNOTW, HaBNaku, 3pocTana W 0cobaMBO 33 MiAXKMBNEHD
MnaHTadponom. BusHaueHo i copToBi 0COBAMBOCTI WOAO BMAMBY HA AKiCTb Bynbb. 3HAYHO Ginblue CyxXmMx peyvoBUH
MicTUTbCs B 6ynbbax coptiB Pis’epa i Mpaaa, a kpoxmanto - Npaga Ta MiHepsa. [elo MeHLwe, NOPiBHAHO 3 iHWWUMMU
COpPTaMM CyX0i pe4OBMHM i aCKOPOIHOBOI KMCNOTH, BU3HAUYEHO B Bynbbax kapTonni copTy MiHepBa. 3 BUPOLLEHOTO
BpOXato Oynbb AOCNiKYBaHMX COPTIB KapToM/i 3a YMOBM iX nepepobku MoxIMBo oTpumyBatu 1o 4,0 T/ra 6ioeTaHony
4m CcnmpTy

KntouoBi cnoBa: ypoxaiHicTb, aKicTb 6ynbb kapTonni, cuctema yaobpenHs, MNMnantadon, 6ioetaHon, cnupt
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of low-value ones in feed terms Calamagrostis arundinaceae (L.) Roth and
Deschampsia caespitosa (L.) Beauv.), mixed grasses — 35-38% and unseeded
Fabaceae 5-7%.When applying a set of measures for surface improvement
of cereals and mixed grasses, low productive (within 1.95-2.15 t/ha of dry
weight) floodplain mountain meadowlands, their species composition
improved. For making P, K, the content of wild plants increased by 2-5%
Fabaceae,and N, P, K, - by 9-10% unseeded Poaceae. For haymaking use,
Poaceae with Phleum pratense L. and Festuca pratensis Huds. against the
background of making N, P, K, for sowing a mixture in the sod in the
spring, their share increased to 74%, and for multi-year use and sowing
Trifolium repens L.against the background of making P, K, the quantity of
Fabaceae increased to 44% or by 32%.The highest floral saturation (43 species
from 19 families and 93-98% from perennials) was observed in variants without
fertilization and with the introduction of P, K, for multi-year use, which
is 4-14 species more compared to haymaking use, or with the introduction
of N.,P,K,, and or with sowing a mixture of cereals on the background
of N_P, K __for haymaking use, or sowing Trifolium repens L. against the
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INTRODUCTION

One of the most important ways to improve meadowland
is to improve its surface. Among the measures of super-
ficial improvement of meadow grass stand, which can
dramatically affect its species composition when caring
for it, there is fertilization and sowing of herbs. Fertiliz-
ers can be used effectively on all types of meadowland.
Nevertheless, first, they are highly effective on sufficiently
moistened land (floodplain and low-lying Meadows,
normal land and irrigated areas of grasslands), where
valuable meadow grasses from the mesophyte group
predominate [1-2]. Regular use of fertilizers in optimal
doses and ratios that correspond to the nature of the
herbage and soil characteristics increases the share of
valuable forage species in herbage and creates reliable
conditions for maintaining high productivity of meadow-
land for many years [3-5].

Along with mineral fertilizers, organic fertilizers
are used in meadows (manure, including liquid, silt from
reservoirs, sapropels, bird droppings, peat, wastewater,
green mass of green manure, etc.), primarily on poor
low-humus soils, as well as for the purpose of their dis-
posal in Mountain Meadows where there is no arable
land [2; 6]. The response of meadow plants to mineral
fertilizers is higher than that of field crops. However,
the effectiveness of fertilizing meadow grass is largely
determined by the ratio of nutrients. On Poaceae in
herbage, a complete mineral fertilizer, then in descending
order nitrogen-potash, nitrogen-phosphorus, nitrogen,
potassium-phosphorus, potassium and phosphorus [2],
provides the greatest return.

Nitrogen fertilizers are more effective in meadows
that are better provided with moisture (lowland and
floodplain) with a predominance in herbage Poaceae
herbs. The highest reaction to the application of phos-
phorous and potash fertilizers is characterized by Faba-
ceae herbs that, with regular fertilization, last longer in
herbage [7]. Nitrogen fertilizers on legume and cereal
herbage, in contrast to Poaceae, little effective [8].When
applying nitrogen fertilizers, as you know, the growth
of Poaceae at the same time, conditions of potassium
and phosphate starvation are created for Fabaceae and
there is a displacement of them from the herbage. If
there is insufficient potassium supply, valuable grass
species fall out and species that can absorb it from
hard-to-reach forms spread [9].

In recent years, the interest of sowing herbs has
significantly increased on meadowlands of industrial
workers and scientists due to the emergence of new tech-
nical opportunities and an energy and environmental
crisis in the national economy of Ukraine [2]. It was found
that seeding Poaceae in undisturbed Meadow turf, it
does not give positive results in conditions of insufficient
supply of nitrogen to the soil. Seedlings that are provided
with nitrogen due to its fixation by nodule bacteria take
root better. Greater positive effect of seeding Fabaceae
it is manifested when the soil is sufficiently provided
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with mobile forms of phosphorus and potassium [10].
For successful sowing, it is necessary to weaken the old
coenosis and strengthen the ability of seedlings of sown
species to grow rapidly. Better results from this measure
are observed in wet growing conditions and in wetter
years, in particular in low-lying Meadows than in dry
ones [11].

Sowing a legume-cereal mixture in a degenerate
Meadow stand quickly improves the species composition
of agrocoenoses, reducing the proportion of low-value
mixed grasses in feed terms and increasing the produc-
tivity of meadowland and feed quality [12; 13]. A similar
effect on the structure of reducing coenoses is produced
by sowing a cereal mixture, but mineral nitrogen fertilizers
provide the increased and stable productivity of these
coenoses over the years. Improves the species composition
and accelerates the process of stabilization of Meadow
coenoses and sowing seeds of wild grass species, which
are collected in meadows adapted to certain conditions
with natural, but productivity remains low [14].

In the practice of onion farming, the most prom-
ising method of creating legume-cereal herbage is sow-
ing perennials Fabaceae herbs in loosened strips by
combined aggregates [15]. It was found that for seed
germination and survival of seedlings, appropriate con-
ditions are necessary, which take root better in places
with partially disturbed sod, as well as when draining
seeds using phosphorous fertilizers and inoculants. The
best results are obtained when sowing Fabaceae in a grass
stand that has no strong competitors, as well as without
the use of nitrogen fertilizers.

The analysis of literature sources on the develop-
ment and improvement of measures for surface improve-
ment of meadowlands shows that the features of trans-
formation of the species composition of phytocenoses of
floodplain mountain meadows of the Carpathians with
their surface improvement have not yet been studied.
This has become the subject of our research, which is
covered in this article.

Research purpose it consists in establishing the
features of transformation of the species composition
of phytocenoses of floodplain Meadows of the mountain
and forest belt of the Carpathians with their superficial
improvement.

MATERIALS AND METHODS

Experimental studies on the peculiarities of transfor-
mation of the species composition of phytocenoses of
Floodplain Meadows of the mountain and forest belt of
the Carpathians with their surface improvement were
carried out during 2017-2019 in the peasant economy
of V.F. Martyshchuk (P. Krasnik Verkhovinsky district,
Ivano-Frankivsk region) in the floodplain of the Black
Cheremosh river. The soil cover of the experimental site
consists of sod-brown-earth shallow underdeveloped
carbonate light loamy on alluvium calcites, middle-stony
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on the modern alluvium, which is covered with pebbles
from a depth of 0.5-1.0 m. The 0-20-cm layer of this soil
contains humus - 2.6%, alkaline hydrolyzed nitrogen -
8.4 mg/kg, mobile phosphorus - 4.3 mg/kg, exchange
potassium - 7.8 mg/kg with PH Sol.- 5.0 and ecological
and agrochemical score-16.

The study was conducted according to gener-
ally accepted methods in feed production and onion
farming [16]. The size of sown plots is 10 m?, account-
ing - 8 m2. The experiment is repeated four times. The
experiment scheme included the following options and
factors (table. 1): improvement factor: 1) no improvement,
2) P, K. 3) N, P K, 4) 15 t/ha of manure, P Ko *
seeding Trifolium repens L. 6 kg/ha for multipurpose
use and 5) N, P, K, + seeding the mixture of Poaceae
(Phleum pratense L., 6 kg / ha + Festuca pratensis Huds.,
10 kg/ha). Factor usage mode: 1) haymaking with 2 slopes
and 2) multi-slope (imitation of pasture use).

Mineral fertilizers, in doses according to the ex-
periment scheme, in particular, nitrogen in the form
of ammonium nitrate, phosphorous - granular super-
phosphate and potash - kalimagnesia, as well as litter
manure, in doses according to the experiment scheme,
were applied annually in one period in the spring su-
perficially after snowmelt. Sowing of a mixture of ce-
reals and creeping Clover according to the experiment
scheme was carried out once in the spring superficially
when laying the experiment in 2017.Mowing of grasses
for haymaking use in the first mowing was carried out
in the flowering phase of the dominant components
of the grass stand, and for multi-mowing (imitation of
pasture) and after grass for haymaking use - the height
of the grass stand is 15-20 cm.

The species composition of the meadow phyto-
cenosis on the experimental site was studied under the
influence of measures for its surface improvement by
geobotanical description of grass stands before consid-
ering the harvest according to DSTU 4687:2007 [17].
The definition of Meadow plant species and their families
was carried out in accordance with the modern nomen-
clature of taxa [18].

RESULTS AND DISCUSSION

Studies conducted by various authors have established
that surface improvement, in particular the introduction
of organic and mineral fertilizers and sowing of cere-
als and legumes of perennial grasses in the sod, has a
positive effect on the species composition of Meadow
phytocenoses, which in turn has a positive effect on the
productivity and chemical composition and nutritional
value of feed [2; 19; 20]. In particular, with the intro-
duction of nitrogen fertilizers, growth and develop-
ment improves and the number of long-term fertilizers
increases Poaceae herbs and the number of perennials
decreases Fabaceae herbs and mixed grasses in Meadow
phytocenoses. At the same time, their floral saturation
decreases. The introduction of phosphorous and potash
fertilizers, especially in years favorable for precipitation,
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leads to an increase in the meadow phytocenosis of
perennial plants. Fabaceae and reducing the number
of Poaceae.

Sowing of cultivated species adapted to certain
ecological conditions of the growing place, perennial
Fabaceae without applying nitrogen fertilizers or Poaceae
by applying these fertilizers, it increases the share of
sown species in Meadow phytocenoses. Sowing seeds
of wild species on degraded Meadow herbage adapted
to certain ecological conditions improves the species
composition and accelerates the process of its stabili-
zation [2].

The results of our research presented in the article
on the influence of surface improvement measures for
floodplain meadowlands with natural herbage of the
Black Cheremosh River in the Carpathian Mountain and
forest belt on their botanical feed composition are de-
scribed below. The original herbage before laying the
experiment was cereal-mixed with the content of wild
plants Poaceae 53-54%, mixed grasses — 39-42% and
unseeded Fabaceae 4-8%, which is clearly visible in
Figure 1 in the version without fertilizers.

For both haymaking and multi-mowing use in
the fertilizer-free version on average for 2017-2019
studies compared to the first year, the ratio between
Poaceae and mixed grasses did not change much, al-
though there was a tendency to increase Poaceae and
reduction of mixed grasses (Table 1, Fig. 1). For P, K, ,
there was an increase in the content of wild perennial
Fabaceae plants for haymaking use by 2%, and for mul-
ticut - by 5%.

For N,P,,K,, compared to P, K , during haymak-
ing use, an increase was observed in unseeded crops
of Poaceae by 9% while the content was reduced of
Fabaceae by 5% and of mixed grasses by 6%. In this
case, the multi-year use of cereals increased by 10%,
and legumes and various grasses decreased by 7 and
8%, respectively.

When applying manure in comparison with the
option without fertilizers, the changes between these
botanical groups were similar to the changes that were
observed under the action of applying N, P, K. com-
pared to making a P, K, but less pronounced (Table 1).
When applying manure in comparison with the option
without fertilizers for haymaking use, an increase was
observed in the share of unseeded crops of Poaceae by
7% when the content was reduced of Fabaceae by 2% and
of mixed grasses by 5%. For multipurpose use, Poaceae
increased by 5% in this case, and Fabaceae and mixed
grasses decreased by 1 and 4%, respectively.

Analysis of the results of sowing a mixture of Poa-
ceae herbs and Phleum pratense L. and Festuca pratensis
Huds. in the sod in spring against the background of
making NP, K. for haymaking use showed that the
greatest changes occurred with the Botanical composition
of the herbage in this case, according to the average data.
Total share Poaceae compared to making N, P, K
it increased from 67 to 74% or by 7%, and compared




to the option without fertilizers — by 17%, and mixed
grasses decreased - by 6 and 13%, respectively. As part
of the Poaceae Botanical group, the total share of sown
grasses increased to 43%, including Phleum pratense L.-
up to 19%, and Festuca pratensis Huds. - up to 24%. At
the same time, the number of unseeded Poaceae crops
decreased by 26% compared to the option with the in-
troduction of N, P, K. and by 22% compared to the
option without fertilization.

For multi-year use for sowing in the sod in spring
against the background of P, K,  Trifolium repens L.
application according to the data averaged over three
years, its share increased by 30%, and the total number
of Fabaceae increased from 12 to 44% or by 32%, and
by 37% compared to the option without fertilization.
Simultaneously, the share of Poaceae decreased by 16
and 20%, respectively, and that one of mixed grasses by
11 and 6%, respectively.

Analysis of the results of studies by year showed
that in this case, the patterns of changes that occurred
with the ratio of botanical groups of grass stands, both
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for haymaking and multi-mowing use, were mostly similar
to the results obtained on average over three years (Fig. 1).
For haymaking use in the direction from the 1% to the
3 year, there was an increase in the total share of grass
stands Poaceae and a reduction in the number of mixed
grasses by 3-9%. Against the background of making
N,,P1,K4, and for sowing the mixture Poaceae these changes
were more significant. Among the sown herbs in the variant
with sowing a mixture of cereals for three years there
was an increase in the content Phleum pratense L. and
reducing the share Festuca pratensis Huds. by 8-13%.

For multi-manual use, the largest share of Poaceae
in most options, except for the option with seeding Tri-
folium repens L., was in the second year of use. At the
same time, this year, in these variants, the lowest share
of Fabaceae in the herbage (at the level of 3-5%) was also
due to adverse weather conditions, resulted from the
lack of moisture. Meanwhile, as in the option with seeding
Trifolium repens L.in the sod, its share was stable during
all three years of research in the herbage at the level
of 37-40%.

Multipurpose use
Without fertilizers
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Figure 1. Botanical composition of the grass stand of floodplain mountain meadows depending on surface improvement
measures, 2017-2019, %
Notes: 1,2, 3 - years of use. *Components of the mixture: 1) Phleum pratense L., 6 kg/ha +2) Festuca pratensis Huds., 10 kg/ha
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Table 1. Botanical composition of the grass stand of floodplain Meadows depending
on surface improvement measures (average for 2017-2019)

Including

Options for Including .
. . Total e s Miscellaneous
improvement Total Poaceae By components Fab Trifolium herb
measures . Unseeded avaceae repens L. eros
First Second
Haymaking use
Without fertilizers 57 5 3 49 5 - 38
P.oKeo 56 5 3 48 7 - 37
NgoPsoKeo 67 6 4 57 2 - 31
N,oPs5oK¢o + Seeding
of the Poaceae 74 19 24 31 1 - 25
mixture®
Manure, 15 t/ha 64 6 4 54 3 - 33
HIP,, t/ha
Multipurpose use
Without fertilizers 58 3 5 50 7 6 35
P.oKeo 54 3 5 46 12 9 37
PoK, + seeding 38 4 6 28 44 39 18
Trifolium repens L.
NgoPsoKeo 66 6 4 56 5 3 29
Manure, 15 t/ha 63 4 6 53 6 4 31
HIP ., t/ha 3 1 1 3 2 2 2

05°

*Components of the mixture: 1) Phleum pratense L., 6 kg/ha +2) Festuca pratensis Huds., 10 kg/ha

The results of studies on the study of the floral
saturation of the meadow natural grass stand of the
floodplain in the third year of use, depending on the
measures of surface improvement for haymaking and
multi-mowing use are shown in Table 2. Their analysis
showed that among the improvement measures in the

composition of the meadow phytocenosis of the flood-
plain, the largest number of species (43) was recorded
for multi-peak use in variants without fertilization and
against the background of P which is 6 more species
than for haymaking use.

30 KGO’

Table 2. Share of components of meadow grass stand of the floodplain depending
on surface improvement measures, % (3 2019 year of use)

Haymaking use

Multipurpose use

Types W' h N60:3.0K60 : w' h Psol((jqo +
ithout seeding o ithout seeding
fertilizers PsoKeo NeoP3oKeo the Poaceae fertilizers PsoKeo Trifolium NoP3oKeo
mixture’ repens L.
Poaceae
Cynosurus cristatus L. 5 5 4 2 3 -
Festuca pratensis Huds. 3 3 4 20 5 4 6
Festuca ovina L. 3 3 3 - 8 6 5 8
Festuca rubra L. s. str. 13 13 15 10 15 14 11 18
Calamagrostis arundinaceae (L.) 4 4 6 3 . . . B
Roth
Holcus mollis L. 8 6 7 3 9 7 9
Agrostis gigantea Roth 3 3 8 7 + + -
Agrostis canina L. - - - - + 1 3
Agrostis tenuis Sibth. 1 1 - - + + - -
Elytrigia repens (L.) Nevski 5 5 7 4 5 5 - 5
Phleum pratense L. 5 4 6 25 3 3 4 6
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Table 2, Continued

Haymaking use

Multipurpose use

Types Without ’:;(ézzi%Ksoo*f. Without :e’%ﬁﬁ?:
fertilizers PsoKeo NeoPsoKeo the Poageae fertilizers PsoKeo Thjfoliugr NeoPsoKeo
mixture’ repens L.
Poa palustris L. 7 7 10 3 2 2 - 4
Poa annua L. + + - - 3 3 2 -
Briza media L. - - - - - -
Deschampsia caespitosa (L.) 4 4 1 . 5 4 7 7
Beauv.
Total types, % 60 57 71 74 57 52 35 63
Total types, pcs. 13 13 11 10 15 15 10 10
Fabaceae
Trifolium montanum L. 4 5 1 - 1 2 5 2
Trifolium pratense L. 1 3 - - 1 1 2 1
Trifolium repens L. - - - - 9 13 40 4
Total types, % 5 8 1 - 11 16 47 7
Total types, pcs. 2 2 1 - 3 3 3 3
Mixed grasses”
Arnica montana L. 3 3 3 3 3 3
Anemone nemorosa L. + + + + + +
Blechnum spicant (L.) Roth + + - - + + - -
Heracleum spondylium L. + + + + + + + +
Capsella bursajpastoris (L) 4 4 7 3 4 4 3 3
Medik.
Rhinanthus alpinus Baumag. 5 5 3 3 5 5 3 4
Rhinanthus minor L. + + - - + + - -
Campanula carpatica Jacq. + + - + + -
Ranunculus acris L. + + + + + + + +
Stellaria media (L.) Vill. + + - + + - -
Carum carvi L. + + + + + + + +
Leucanthemum vulgare Lam. 4 4 4 4 4 4 4 4
Taraxacum ofﬁ.cinale Webb. 5 5 5 4 5 5 7 5
ex Wigg
Hieracium viscidulum Tausch - - + + + +
Cirsium arvense (L.) Scop. + + +
Clinopodium vulgare L. + + - - - - - -
Potentila anserina L. 3 3 3 3 3 3 3 3
Potentila aurea L. 1 1 1 1 1 1 1 1
Potentila argentea L. 5 5 5 4 5 5 2 5
Galium aparine L. - - - - + + - -
Plantago lanceolata L. 2 2 2 + 2 2 + 2
Juncus castaneus Smith + + + +
Viola biflora L. - - - - + + - -
Equisetum sylvaticum L. - + + - -
Rumex carpaticus Zapal. 1 + + + +
Total types, % 35 35 28 23 32 32 18 30
Total types, pcs. 22 22 18 16 25 25 16 19
Cyperacea
Carex digitate L. - - - - -
Carex montana L. - - - - -
Total types, pcs. 37 37 30 26 43 43 29 32

Notes: * - mix components: 1) Phleum pratense L., 6 kg/ha +2) Festuca pratensis Huds., 10 kg/ha; ** - the amount of mixed

grasses is given together with Cyperacea

It should be noted that for making N, P, K., in
comparison with the background P, K, the floral satura-
tion of the studied coenosis decreased from 43 to 29 or

by 14 species for multi-year use and from 37 to 30 or by

7 species for haymaking use. The lowest floral saturation
was in the variants with sowing perennial grasses in
the sod. For sowing the mixture of Poaceae herbs on the
background of N, P, K, for haymaking use, the total
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number of species decreased from 30 to 26 or by 4 species,
and for sowing Trifolium repens L. for multi-year use on
the background of P, K - from 43 to 29 or for 14 types.

The floral saturation of the phytocenosis in all
variants of surface improvement was higher for multi-
year use than for haymaking.

Most of the species (25) were from the Botanical
group of mixed grasses together with Cyperacea with
the highest share of 32%, also recorded on the same
backgrounds and usage mode. Arnica montana L., Capsella
bursa-pastoris (L) Medik., Rhinanthus alpinus Baumg.,
Leucanthemum vulgare Lam., Taraxacum officinale Webb.
ex Wigg, Potentila anserina L., Potentila aurea L.,and Po-
tentila argentea L., Rumex carpaticus Zapal were among
the mixed grasses, the share of which was the largest,
namely in the range of 1-5%. The remaining species
listed in Table 2 were found singly. The modes of Use and
fertilization did not naturally affect the share of species
from the mixed grass group.

In second place on the same fertilizer options
in terms of the number of species (15) was the Botan-
ical group Poaceae with a share of 52-57% against the
background of P, K, and multi-level usage mode. Fes-
tuca rubra L. s. str. (14-15%), Holcus mollis L. and Festuca
ovina L. (6-9% each), Deschampsia caespitosa (L.) Beauv.,
Elytrigia repens (L.) Nevski, Festuca pratensis Huds., Poa
palustris L.and Poa annua L., Phleum pratense L., Cyno-
surus cristatus L. (4-5% each) occupied the largest share
among Poaceae for these options. Calamagrostis arundi-
naceae (L.) Roth, Agrostis gigantea Roth. were present for
haymaking use in the herbage with a share in the range
of 3-8%, while for multi-year use they were found

mainly singly. On the contrary, Poa annua L. more was in
the grass stand for multi-armed use. The total number
increased from 10 to 45% for sowing the mixture of
Poaceae herbs with Festuca pratensis Huds. and Phleum
pratense L. on the background of N, P, K, .

The lowest number of species (3) was from the
Fabaceae group with the highest share (47%) in the variant
with seeding Trifolium repens L. against the background
of making P, K, for multipurpose use. Against the
background of making P, K. without seeding Trifolium
repens L., the share of its wild population was 13%. Due
to seeding Trifolium repens L., its share increased by 34%
in the 3 year of use. The share of Trifolium montanum L.
was more under the haymaking regime than under the
multi-towed one.

When analyzing the distribution of components
by the life span of the meadow grass stand of the flood-
plain, it was revealed that regardless of the studied sur-
face improvement options and use modes, among all
species, most (24-37) belonged to perennials, with a share
of 93-98% of the total crop weight (Table 3). Regarding
surface improvement measures in both modes of use,
the largest number of perennials with the largest per-
centage of the total crop mass was in the version with-
out fertilizers and against the background of P, K, , and
least of all for sowing seeds Poaceae or Fabaceae grass in
the sod. With additional application of nitrogen in a dose
of N,, against the background of P, K, the number of
perennials decreased, as well as the total number of spe-
cies. The number of annuals and biennials was insignifi-
cant with fluctuations of 1-5 and 1 species, respectively,
with a share of 2-7% and 0-3% of the total crop mass.

Table 3. Distribution of meadow grassland components by life expectancy depending
on surface improvement measures, 3 2019 year of use

Number of types, pcs.

Options for improvement measures

% Of the total crop weight

o 0 Y Together o C] Y
Haymaking use
Without fertilizers 4 1 32 37 4 1 95
P.Keo 4 1 32 37 4 3 93
NeoPsoKeo 1 1 28 30 2 - 98
N¢oPsoKy, + seeding of the Poaceae mixture 1 1 24 26 3 - 97
HIP,,, t/ha
Multipurpose use
Without fertilizers 5 1 37 43 7 - 93
P.Keo 5 1 37 43 7 - 93
P,,K, + seeding Trifolium repens L. 2 1 26 29 5 - 95
NgoPsoKo 1 1 30 32 3 - 97
HIP,,, t/ha

Notes: * © - annuals; 6 - biennials; Y - perennials
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The distribution of components by meadow grass
stand families of the floodplain, depending on surface
improvement measures, is shown in Table 4. Analysis of
the results showed that 45 species of meadow plants
from 21 families were recorded in the meadow grass stand
of the floodplain with different improvement options
and different use modes. The following families rep-
resented the species that took part in the formation of
the meadow grass stand crop: Asteraceae, Araliaceae,
Fabaceae, Caryophyllaceae, Polygonaceae, Ranunculaceae,

Kurhak et al.

Poaceae, Apiaceae, Nelumbonaceae, Plantaginaceae, Scro-
phulariaceae, Rosaceae, Juncaceae, Equisetaceae, Brassi-
caceae etc. Most of the species, namely 15, belonged to
the Poaceae family. the Asteraceae family was the second
with 5 types of herbs, the Fabaceae and Rosaceae families
were on the third with 3 types of each,and the Scrophu-
lariaceae and Cyperaceae families were the fourth with
2 types of each. The remaining families were represented
by one species each.

Table 4. Distribution of components by families of meadow grass stand of the floodplain depending
on surface improvement measures, pcs. (3 year of Use 2019)

Haymaking use

Multipurpose use

- N P, oK + PoKeo * Total
Families Without N._P. K seedingof  Without seeding |\ o types
fertilizers 30760 60" 3060 the Poaceae fertilizers 307760 Trifolium 60" 307760
mixture’ repens L.

Asteraceae 3 3 5 5 5 5 5 5 5
Araliaceae 1 1 - - 1 1 - 1 1
Blechnaceae 1 1 - - 1 1 - - 1
Fabaceae 2 2 1 - 3 3 3 3 3
Caryophyllaceae 1 1 1 - - - - - 1
Polygonaceae 1 1 1 1 1 1 1 1 1
Lamiaceae 1 1 - - - - - - 1
Campanulaceae 1 1 - - 1 1 - 1 1
Ranunculaceae 1 1 1 1 1 1 1 1
Poaceae 13 13 11 10 15 15 10 10 15
Apiaceae 1 1 1 1 1 1 1 1 1
Nelumbonaceae 1 1 1 1 1 1 1 1 1
Rubiaceae 1 1 - - 1 1 - 1
Cyperaceae - - - - 2 2 - - 2
Plantaginaceae 1 1 1 1 1 1 1 1 1
Scrophulariaceae 2 2 1 1 2 2 1 1 2
Rosaceae 3 3 3 3 3 3 3 3 3
Juncaceae 1 1 1 1 1 1 1 1 1
Violaceae - - - - 1 1 - - 1
Equisetaceae 1 1 1 - 1 1 - - 1
‘igzsc’;fg;e 1 1 1 1 1 1 1 1 1
Total families 19 19 14 11 19 19 12 15 21
Total types 37 37 30 26 43 43 29 32 45

In the Poaceae family, most of the types were
for multi-year use on options without fertilizers and
against the background of P, K. .. Among the surface
improvement options, the largest number of families (19)

was observed for multi-year use on options without
fertilizers and against the background of P, K, and the
smallest (11-12) - for sowing the mixture of Poaceae

herbs on the background of N, P, K. for haymaking use
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and sowing Trifolium repens L. for multi-year use on the
background of P

30K60‘
CONCLUSIONS

Floodplain meadow phytocenoses are mainly cereals and
mixed grasses with a share of wild cereals of 57-58%
(up to 15 of them % Festuca rubra L. s. str. and 5-6% of
low-value ones in feed terms Calamagrostis arundina-
ceae (L) Roth and Deschampsia caespitosa (L.) Beauv.),
mixed grasses — 35-38% and unseeded Fabaceae 5-7%.
When applying a set of measures for surface improvement
of cereals and mixed grasses, low productive (within 1.95-
2.15 t/ha of dry weight) floodplain mountain meadow-
lands, their species composition improved. For making

For haymaking use and sowing a mixture of Poaceae
with Phleum pratense L.and Festuca pratensis Huds.against
the background of making N, P, K inthe sod in spring,
their share increased to 74 %, and to 44% or by 32% for
multi-year use and sowing Trifolium repens L. against
the background of making P quantity Fabaceae
increased.

The highest floral saturation (43 species from
19 families and 93-98% from perennials) was observed
in variants without fertilization and with the introduction
of P, K., for multi-year use, which is 4-14 species more
compared to haymaking use, or with the introduction of
N_ P, K  and/or with sowing the mixture of Poaceae herbs

60" 30 60
on the background of N, P, K, for haymaking use, or

30K6O

P..K,, the content of wild plants increased by 2-5%

Fabaceae, AN__P. K

60 30 60

sowing Trifolium repens L. against the background of

- for 9-10% of unseeded cereals. P, K, for multipurpose use.
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OnHaMika BuaoBoro ckiaay ¢itoueHosiB 3an1aBHUX ripcbKUxX nykKiB Kapnatr
3a NoBepXHEBOro iX nosinweHHa

Bonoaumup lpuroposuu Kyprak?, YnaHa MupoHisHa Kap6iscbkaZ, Hapis MukonaiBHa AcaHiwsini?,
Cepriit Mukonaitosuu Cniocap?, Muxaiino Muxaitnoeuu MrawHik!

HHL, «IHcTMTYT 3eMnepobcTBa HAAH»
08162, Byn. MawmHobyaiBHuKiIB, 2-6, cMT YabaHu, KuiBcbka 06:., YkpaiHa

MpukapnaTcbKuii HalioHanbHKUI yHiBepcuTeT iM. Bacunga CredaHuka
76018, Byn. LLieBueHka, 57, M. IBaHO-DpaHKiBCbK, YKpaiHa

AHoTauis. [poBegeHMMU AOCNILXKEHHSMU Pi3HUX aBTOPIB Po3pobieHO psa 3ax0AiB NOBEPXHEBOrO MOMIMLLEHHS
NYYHUX Yriflb Y Pi3HWUX IPYHTOBO-KNiMATUYHMX yMoBax. OA4HaK [OCNiAKeHb CTOCOBHO BUBYEHHS BM/IMBY TaKMX 3aX0AiB
NOBEPXHEBOrO MOJIMNWEHHS SIK 3aCTOCYBAHHS OPraHivyHUX | MiHepanbHUX LOOPMB Ta NiLCiBaHHS 31aKoBUX | 6060BUX
HaraTopiYHMX TPaB Yy LEePHUHY Ha AMHAMIiKY BUAOBOIO CKIaAy 3amniaBHUX MipCbKuX NykiB Kapnar e He NpoBOAMOCH,
WO MiATBEPAXYE AKTYaNbHICTb AAHOr0 AOCAIAXKEHHS. Y CTaTTi HaBeAEeHO pe3ynbTaTu TPUPIYHMX LOCNIOXKEHD,
nposeneHux Bnpososx 2017-2019 pp. y censHcbkoMy rocnopapctBi Maptuiyka B.M. (BepXx0BUMHCbKMIA paiioH
IBaHO-MpaHKiBCbKOi 06/1aCTi) 3 BUBYEHHS 0C0BAMBOCTEN TpaHChOpPMaLLii BUAOBOrO CKNaay NPUPOAHUX QiTOLLEHO3IB
3annaBHux nykis p. YopHui Yepemol ripcbko-nicoBoro noscy Kapnat nig L€l MOBEpXHEBOro iX MOMINWEHHS i3
3aCTOCYBAHHAM OpraHiYHUX i MiHepanbHUX LOOPMB Ta MiACIBaHHA 31aKOBOT CyMillli 3@ CIHOKICHOTO BUKOPUCTAHHS i
Trifolium repens L. — 32 6araToykicCHOro BUKOpUCTaHHS. BcTaHOBNEHO, WO 3annaBHi NyYHi QiTOLEHO3M € MepPEBaXHO
3/1aKOBO-Pi3HOTPAaBHMMM 3 YACTKOK AMKOPOCAUX 3NaKiB 57-58 % (3 Hux po 15 % Festuca rubra L.s.str.ino 5-6 %
ManoLiHHMX Y KOPMOBOMY BiaHoweHHi Calamagrostis arundinaceae (L.) Roth Ta Deschampsia caespitosa (L.) Beauv.),
pi3HOTpaB’s — 35-38 % Ta HecigHux Fabaceae 5-7 %. 3a 3aCTOCYBaHHS KOMMNEKCY 3aX0AiB MOBEPXHEBOrO MOAINWEHHS
3/1aKOBO-Pi3HOTPABHMUX, HU3bKOMPOAYKTUBHUX (B Mexax 1,95-2,15 1/ra cyxoi Macu) 3annaBHUX TipCbKMX TYHHUX
yrifb NOKpaLlyBaBcs iX BUAOBUI Cknag. 3a BHeceHHs P, K. Ha 2-5 % 36inbwyBaBcs BMicT aukopocnux Fabaceae, a

30 60

NoPsoK,o — Ha 9-10 % Hecianux Poaceae. 3a CiHOKICHOrO BUKOPMUCTAHHA 3a MifACiBaHHSA HABECHI B AEPHUHY CyMiLli

Poaceae 3 Phleum pratense L. i Festuca pratensis Huds. Ha doHi BHecenHsa N, P, K  uyacTka ix 36inbwmnacs oo 74 %,

a 3a baraToykicHOro BMKOpUCTaHHS i 3a nigcisanHa Trifolium repens L. Ha ¢oHi BHeceHHa P, K, kinbkictb Fabaceae
36inbwmnaca no 44 % abo Ha 32 %. Haibinbwa dhnopuctmyHa HacuyeHictsb (43 Buam 3 19 poanHu Ta Ha 93-98 %
3 GaraTopiyHuKiB) criocTepiranacs y BapiaHtax 6e3 BHeceHHA 006puB Ta 3a BHecenHsa P, K = 3a GaratoykicHoro

BUKOPUCTAHHS, L0 Ha 4—14 BMAiB Oinblue Yy NOPiBHAHHI 3 CIHOKICHUM BUKOPUCTaHHAM, abo 3 BHeceHHaM N, P. K Ta
60 30 "60

abo 3 miaciBaHHAM CyMiwwi 3nakoBux Tpas Ha @oHi N, P, K 3a ciHoKicHOro BukopuctaHHs, abo niacisanHa Trifolium
repens L. Ha @oHi P, K 3a 6aratoykiCHOro BUKOPUCTaHHs

Kntouosi cnoBa: 6060Bi, 31aKu, BUAOBUI CKNag, Ty4HWUI BITOLLEHO3, Pi3HOTPAB’sl, GIOPUCTUUHA HACUYEHICTb
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INTRODUCTION

The development of a product innovative policy at the
enterprise is one of the priority tasks for achieving the
main goal of the enterprise - to increase profits. The
definition of a product innovation strategy and ways
to develop and implement a product innovative policy
depend on many factors: the manufacturing industry,
market share, internal capabilities of the enterprise, the
level of competition, the purchasing power of potential
buyers, the life cycle of manufactured goods, etc. The
development of the company’s product innovative policy
is dynamic and requires constant monitoring of new
requirements, opportunities, and achievements in the
field of enterprise activity.

Making a decision to release a new product for
any company is difficult and quite risky. When bringing
another new product to the market, the manufacturer
believes that the novelty that the new product is en-
dowed with is sufficient for the consumer to perceive.
However, the consumer and the manufacturer may per-
ceive the novelty of a new product ambiguously, and
the result of such ambiguity is that the novelty will not
stay in the market, that is, there will be a situation of its
complete failure [1].

Today, there is no single comprehensive system
for classifying the types and levels of the novelty of
goods. Existing approaches address only some aspects
of this classification. The most universal and appropri-
ate method for developing a methodology for determin-
ing the overall level of importance of product novelty is
the classification of novelty according to its functional
orientation. Elements of classification by functional ori-
entation are covered in the studies of E.I. Nahornyi [1],
Yu.S. Shiryaeva [2], PR. Dixon [3], N.S. Kubyshyna, and
A.P. Stasevych [4], E.M. Popovych, N.S. Kubyshyna [5],
A.Lau,R.Yam, E. Tang [6], P. Sarkar, A. Chakrabarti [7].

The manufacturer expects that the level of novelty
of the product offered to the market will be evaluat-
ed by potential buyers and will lead to an increase in
sales volumes. If a product is a big seller, improving or
modifying this product is not as important for the manu-
facturer as introducing a new product or modifying and
upgrading an existing one which may lose its position.
Therefore, the identification of symptoms of possible
deterioration of the novelty of innovative products is
important for the development of the product innova-
tion range of the enterprise.

The level of market novelty is determined by the
unique properties of the product among similar prod-
ucts on the market. This is determined by the extent to
which the product has competitive advantages in the
market and how sustainable they are. Consumer novelty
is developed in the mind of the consumer and charac-
terises the measure and method of meeting one’s exist-
ing and new needs. This is determined by how much
the product characteristics meet the requirements and
needs of the consumer, and how much consumers want
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to purchase this product. However, in the scientific litera-
ture, the manufacturing, market, and consumer novelty
of products that are planned to be put on the market
are considered separately. Therefore, there is a need for
a comprehensive analysis of the importance of product
novelty from the standpoint of all three aspects: manu-
facturing; market, and consumer.

The object of research is the level of novelty of
new products that are planned to be introduced to the
market; the assessment of the importance of novelty will
help dairy enterprises substantiate the most effective
product assortment portfolio when developing a product
innovative policy.

The purpose of the study is to construct method-
ological tools for assessing the level of importance of
novelty in the context of the development of product
innovative policy on the example of dairy industry en-
terprises.

LITERATURE REVIEW

Numerous researchers from different perspectives consid-
ered the problems of the novelty of goods, the research
was aimed at determining the classification features of
new goods and types of their novelty and innovations,
the methodological foundations for the development
of a commodity innovative product range.

J-J.Lamben [8] considered in detail the issues of
industrial marketing from the standpoint of creating
value for the consumer, managing relationships with
consumers and a trademark, developing new value prop-
ositions. He considers the development of consumer value
for new products and its place in developing a product
innovative policy.

F. Kotler, G. Armstrong, D. Saunders, W. Wong [9]
to a greater extent considered the market aspect of the
development of the product innovative policy of the
enterprise. This is an issue of developing a new prod-
uct from the standpoint of ensuring its competitiveness
and substantiating the competitive strategies of the
enterprise.

G.Sun,R.Govind [10] established that the level of
product diversification in the market can cause positive
and negative effects in the company’s activities. They
considered the market aspect of product diversification
and suggested determining the level of its feasibility and
dependence on the level of market turbulence.

T. Brzeczek [11], having considered the issue of
expanding the product range, offers a methodology for
analysing the company’s product portfolio based on sales
forecasting and assessing the effectiveness of product
diversification. He established that the decision to in-
troduce a new product or discontinue it from manufactur-
ing should be grounded not by financial performance
indicators, but from the standpoint of forecasting sales
volumes. This determines the market aspect of the feasi-
bility of introducing the product to market.
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S.M. Ilyashenko [12], S.M. Illiashenko, Y.S Shypulina,
N.S. Illiashenko [13] examined the content of the prod-
uct innovative policy of the enterprise and the method-
ological basis for choosing priority areas for its develop-
ment, considering the internal and external conditions
of innovation activity at the enterprise. Special atten-
tion was paid to substantiating the modification of the
product range from the standpoint of its development
life cycle. The criteria for assessing the product range
includes the following: the level of demand, the level
of profitability, the level of risk, adaptive capabilities,
the level of competitiveness and the use of strategic
potential. These five assessment criteria cover mainly
the market and consumer aspects of introducing new
products to the market.

V.M. Kobeleyv, O.S. Proshutya [14] considered the
success factors of introducing a new product to the
market, among which the leading place is occupied by
competitive strategies.

E.l. Nagorny [15] proposed a methodology for
assessing the novelty of innovative products and prod-
ucts that have been on the market for a long time. The
proposed methodology is based on determining a set of
properties of innovative products that characterise its
radical change relative to its market counterpart.

N.S. Kubyshyna, A.P. Stasevych [4] proposed a
model for launching a new product on the market for
a milk processing enterprise based on the use of tools
for developing a product range and the concept of a new
product. In general, the proposals relate to the develop-
ment of a product and market strategy for a new product.

M. Nieto, L. Santamaria [16] noted that radical in-
novations are critical factors for product success in the
market, and the level of product innovation is consid-
ered as the level of its novelty. The authors considered
the role of a cooperative strategy, the type of partner,
and the variety of shared networks to achieve a higher
level of novelty of innovative products.

W-L. Hsieh, P. Ganotakis, M. Kafouros, Ch. Wang [17]
examined the level of innovative novelty from the stand-
point of the type and geographical location of partners,
and in the context of whether the enterprise is engaged
in open or closed innovations.

J. Qiu, X. Li, Y. Duan, M. Chen, P. Tian [18] and
R.Chan,Z.Li, D. Matsypura [19] considered the issues of
developing an assortment policy and optimising it for
trade enterprises from the standpoint of determining
its consumer value.

D. Tok, X. Chen, X-Y. Chu [20] considered the
factors that influence the consumer’s evaluation and
choice of goods, the market value of the goods.

J. Richetin, E. Demartini, A. Gaviglio, E-C. Ricci,
S. Stranieri, A. Banterle, M. Perugini [21] conducted a study
of food attributes that are important to the consumer,
focusing on various manufacturing processes labelled
as “‘conventional” or “industrial”. Thus, they considered
the value of the product in terms of its technological
capabilities.

Nevertheless, special attention should be paid to
solving the problem of determining the level of impor-
tance of the product novelty as its quantitative char-
acteristic for further use as a tool in marketing testing
of a new product and deciding whether to expand or
discontinue its manufacturing.

MATERIALS AND METHODS

To achieve the purpose set, it is proposed to rank the
product range of the enterprise that is planned to be
launched on the market, in terms of determining the
level of importance of novelty. To rank the product range
of new products, the TOPSIS (Technique for Order of
Preference by Similarity to Ideal Solution) method was
used, which is one of the numerical methods for making
multi-criteria decisions. The TOPSIS method was first
developed in 1981 by C.L. Hwang, K. Yoon [22; 23]. This
method is based on the statement that the chosen al-
ternative should be the closest to the ideal best solu-
tion and the farthest from the ideal worst solution. This
method allows comparing many alternatives based on
several criteria. TOPSIS has a simple mathematical ap-
paratus, in addition, using computer support, it is a fairly
convenient practical method. Figure 1 schematically
shows the hierarchy of the task of ranking the product
range of new products at dairy enterprises by the level
of importance of novelty for the enterprise.

Product range ranking

Manufacturing Market Consumer
novelty — C; novelty — C; novelty — Cs
>
T, T, T, T, T, T, T, T

Figure 1. Hierarchy of the task of ranking the product range of new products by the level of importance of novelty
for the development of product innovative policy

Source: created by the authors
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Table 1 shows the scale of the point assessment
of the level of the market, manufacturing, and consumer
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novelty and the characteristics of the importance of
novelty to rank the product range.

Table 1. Interpretation of the results of assessing the market, manufacturing, and consumer novelty and the overall
level of importance of product novelty in accordance with the desirability scale of E. Harrington

Novelty levels

Interval of the novelty indicator

Radical novelty (pioneer product) [0.81-1.00]
Clear, substantial novelty [0.64-0.80)
Satisfactory novelty [0.38-0.63)

Minor novelty [0.21-0.37)

Dubious novelty [0.00-0.20)

Source: built based on [24]

To develop an effective methodology for determin-
ing the level of importance of novelty, it is necessary to
perform the following tasks:

- determine novelty types;

- select determining factors for each type of novelty;

- select appropriate measurement indicators for
each type of novelty;

- define formulas for calculating the level of novelty;

- make payments;

- make the results on each type of novelty for calcu-
lating the integrated indicator consistent;

- analyse the obtained research results and develop
managerial influences regarding the work with the an-
alysed assortment.

After determining the structure of different types
of novelty for new products and establishing their main
characteristics, which are most important when introduc-
ing a new product to the market, the level of importance
of novelty by its types is determined. The desirability

scale of E. Harrington is used to rank and interpret the
indicator of the general level and individual structural
components of novelty importance (Table 1) [24]. This
scale belongs to the psychophysical ones, it is used to
establish a correspondence between physical and psy-
chological parameters.

According to the TOPSIS methodology the multi-
criteria assessment of the priorities of the importance
of identified new products occurs in the following se-
quence of stages:

First step. Development of a scale for identifying
goods by the level of importance of novelty by its indi-
vidual components (Table 2). A questionnaire was cre-
ated to assess each component of novelty. The working
group consisted of 12 experts with appropriate compe-
tencies and powers. Technologists, marketers, managers,
and specialists in various fields of activity of dairy enter-
prises took part in the survey.

Table 2. Desirability scale of E. Harrington to assess the characteristics of the importance of novelty
of new products according to the criteria for substantiating the product range

Level of importance

Characteristics of novelty importance by criteria

of novel :
velty (C,) manufacturing (C,) market (C,) consumer
The product does not have
[0.00; 0.20) Modification of the parameters the market novelty present Change in consumer habits
in competitors, demand falls
The product is not unique, some
[0.02; 0.37) Improvements and minor competitors have it Change in the level
e parameter changes in their portfolio, demand of satisfaction of a need
is stable
The product has certain Change in the way of meetin
[0.37;0.63) Substantial parameter change functional advantages over 9 3 neeg g
similar ones, demand is growing
. Qualitative transformation of The pro@uc.t differs considerably .
[0.63; 0.80) - . L from similar products on the Creation of a new need
functions and operating principle . .
market, demand is growing
The emergence of qualitatively There are no analogues of the
[0.80; 1.00] new functions and operating product on the market, yet Attraction of a new consumer

principle

demand is forecasted

Source: compiled by the authors

Scientific Horizons, 2021, Vol. 24, No. 8



70

Determination of the level of products novelty importance for developing product innovative policy

The second step. The normalisation of the matrix
of certain assessments (i.e., obtaining a dimensionless
matrix) by the formula:

x..
tij = — (1)
f=1 xizj
i = number of analysed products; i=1...n; j - the number
of criteria used to assess new products, j=1...3.

As a result of behavioural normalisation, a nor-
malised dimensionless matrix in which all values vary
from O to 1 is obtained.

The third step. Normalised assessments are
weighted according to the weight coefficients of the
criteria for the types of novelty of goods. The weight of
the assessment criteria is also determined by experts as
a result of the survey conducted.

Tij = tijWij (2)

w, = weight j - of criterion for assessing the type of
novelty of the product j=1...3.

Fourth step. Calculating the squares of distances
to T (maximum value T, by j) and Tj (minimum value T,
byj).As aresult,S+and S- is calculated for each product
according to the formulas:

St = SRy — R ®
Si = \/Z?=1(Rij —R;)? )
The fifth step. Risk rating using the formula:
ST
Ri=—" ()
PS4+ St

Similarly, a multi-criteria assessment of other
risks is conducted. The consistency of experts opinions
was checked by the concordance coefficient using the
formula:

12-¥0,d;°

m3(m3—n)—mym, T;

6)

Keon =

n
APy
- 2= )
d] S] n
Ty = Yt —t) )

where n - number of parameters studied; m — number of
experts; where L - number of groups of linked ranks;
t,— the number of linked ranks in each group.

Scientific Horizons, 2021, Vol. 24, No. 8

The statistical value of the concordance coefficient
is checked using the Pearson criterion, which is calculated
using the formula:

n 2
j=19

2

Xpo = (10)

1
m -n(n+ 1) —mZﬁlTi

Using an integral indicator of the level of novelty
of a product, arbitrary goods for various purposes can
be compared, and the level of innovative activity of the
enterprise can be determined. Yet commonly, indicators
of the level of importance of commodity, consumer and
market novelty separately are much more useful. When
developing and launching a new product on the market,
the manufacturer will use different strategies depending
on the values of these indicators.

RESULTS AND DISCUSSION

Determination of the novelty structure to assess the level
of its importance

When substantiating the range of products that are
planned to be introduced to the market, it becomes nec-
essary to assess the potential of products in terms of the
ability of the enterprise to manufacture these products,
the ability of consumers to meet their need for these
products, and the ability of the market to ensure the stra-
tegic position of products among similar products-ana-
logues of competitors.

For that purpose, it is proposed to use the level
of importance of product novelty. Therefore, it is neces-
sary to clarify the content of the concepts “level of nov-
elty” and “the importance of novelty” for new products
that are planned to be launched on the market.

Level of novelty— a measure of the difference be-
tween a new product and similar products that are al-
ready known to the market and consumers.

Development and optimisation of the product
range, determination of the location of a new product
is one of the main tasks of the company’s product inno-
vative policy. Each product group in general and each
product in particular occupy a certain place and are im-
portant for the enterprise. The Explanatory Dictionary
of the Ukrainian language edited by |.K. Bilodid defines
the term “important” as having an outstanding value;
serious [25]. For the manufacturer, all products are im-
portant, otherwise, they would have been discontinued,
each product has its own level of importance.

Product importance for an enterprise is proposed
to be defined as a measure of the importance of manu-
facturing goods in accordance with the achievement of
the main goal of the enterprise’s activity and ensuring
competitive advantages.

The level of importance of novelty for certain types
of products is often a more informative indicator for as-
sessing and making decisions about certain actions in
relation to this product.




The criteria for determining the level of impor-
tance of a product from the standpoint of an enterprise
can be the following:

e the product is a brand identity of the TM;
« share of goods in total manufacturing;

« profit from the sale of goods;

e product novelty;

« availability of raw materials;

* sales network;

* logistics network;

e market segment.

The share of each assortment group of goods
and each product separately at the enterprise is deter-
mined depending on demand, manufacturing capacity,
availability of raw materials, profit from sales and oth-
er factors. By introducing a new product to the market,
the manufacturer determines and evaluates its place in
its product range and in the market. In addition to the
presence of novelty in the product, the importance of
this novelty for the manufacturer, its compliance with
innovative development strategy, the establishment of
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its place in the market, and prospects for further activity
are crucial [26].

Importance of novelty of a new product for an en-
terprise is proposed to be defined as a measure of the
importance of the level of novelty of the product for
the development of an optimal product range in accor-
dance with the product innovative policy of the enter-
prise. The importance of the novelty of the same new
product for different enterprises may vary, depending
on the position of the enterprise in the market, on the
state of material and technical support, image, position
among competitors in the market, etc.

Analysis of researchers’ approaches to determin-
ing the importance of types of novelty has shown that
the most appropriate way to develop a methodology for
determining the overall level of novelty of a product is
to classify novelty according to its functional orienta-
tion. According to this criterion, consumer, market, and
manufacturing novelty of the product is distinguished,
the characteristics of which are shown in Table 3.

Table 3. Main characteristics of product novelty by its types

Types of novelty
Feature
Manufacturing Market Consumer
. It is determined by the share
Characterises the level of Y .
. of a new product among Characterises the measure and

use of new technologies, L . . L

a new way of organising similar products at a certain method of meeting existing
Content point in time and characterises and new consumer needs with

manufacture, and new raw
materials in the manufacture

the level of consumer
awareness about the product

a new product in comparison
with previously known ones

of goods . .
9 and its properties
The one who determines Manufacturer Manufacturer and consumer Consumer
. - appearance;
- volume of advertising ppea ’
- price;

- organisation
of manufacturing;
- raw materials
for manufacturing;
-manufacturing technology;
- external product parameters;
- manufacturing equipment

Assessment indicators

- list of trademarks, brands;
- product image;
- marketing campaign;

- consumer properties;
- level of satisfaction

) of the need;
- time and methods of .
. . . L - quality;
information dissemination;
- safety;

- share among analogue
products;
- volume and geography
of sales markets;
- emergence of the next
new product

- after-sales service;
- receptor properties (taste,
smell, touch);
- symbolic and status
characteristics;
- aesthetic qualities

Source: developed based on [6-7]

The overall novelty importance indicator should
be calculated using novelty importance indicators for
each of its types separately since in most cases they
have different values and indicate different advantages
of new products. Therefore, it is necessary to determine
the main components of a particular type of novelty,

that is, to form a structure of novelty of the product,
based on which the importance of each type of novelty
of the product will be assessed. To assess the level of
importance of the novelty of goods, the proposed criteria
for novelty by its types are presented in Figure 2.
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.....................................................

.....................................................

' Product novelty components by type

: Manufacturing novelty:

- use of new raw materials (V);
i | - change in the organisation of
' manufacturing (V);

- use of new knowledge, skills,
involvement of new staft (V,);

| - use of new equipment (V);
- use of a new technology (V)

Market novelty:

- market share among
analogue products (R, );
- time spent on the

market (R,) !

Consumer novelty: :

- hard parameters (S );
- soft parameters (S,); :

- level of satisfaction :
of the need (S.);

- the need to acquire new :
knowledge and skills (S,);
- marketing support (S,) :

Figure 2. Product novelty structure by components

Source: compiled by the authors

Hereinafter the content essence of each compo-
nent of the developed structure of product novelty by
its types with the substantiation of the selected assess-
ment criteria is considered.

Manufacturing novelty characterises the level of
technological and technical changes in the product, the
level of knowledge intensity, the need for new equipment,
and accordingly, is in direct ratio to the invested funds,
it is acquired during the manufacturing process. To un-
derstand the essence of this definition, the main stages
and components of product manufacturing need to be
considered.

Manufacturing is a set of interrelated labour and
natural processes, as a result of which raw materials
and materials are transformed into finished products. It
provides for the availability of professional knowledge
and skills and requires a complex combination of them
with decisions, actions, is the main task of management,
and an important area of investment in business, is re-
sponsible for most of the recruitment, the main means
of meeting consumer requests, and is a decisive factor in
the profitability of the enterprise and its development.
To increase the competitiveness of finished products,
the manufacturing process must add value to them.

Using a simple resource-product model, manu-
facturing is defined as a recycling process in which the
cost of manufacturing a product that consumers need is
added to the resource.

Resources for manufacturing are natural, human,
and material, used for the manufacturing of finished
products. Each of these types of resources has a certain
number of properties, and the common property of all
resources is scarcity, which results in a limited volume
of manufacturing and the desire for their best use.

Determination of manufacturing novelty is the
exclusive right of the manufacturer since only they have
complete information about all the conditions of man-
ufacturing goods, about the features of the organisation
of the manufacturing process at the enterprise, about
the manufacturing potential of the enterprise, so the
group of experts that determines manufacturing novelty
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should consist of specialists who created the product
from its idea to promotion to the market. They directly
affect the decision-making on putting new products into
the manufacturing and discontinuing the manufacturing.
To assess the manufacturing novelty of the product, the
indicators shown in Figure 2 are used, which reflect the
manufacturing potential of the enterprise for manufactur-
ing new products.

Market novelty characterises, firstly, the market
share, which is determined by the position of the product
among competitors, the marketing complex, innova-
tive methods of promotion and sale of a new product,
secondly, the time to enter the market, which includes
the speed of innovation activity, flexibility, and readapta-
tion to rapidly growing and changing consumer require-
ments.

Thus, the main indicators that characterise the
level of market novelty of a product are the time of prod-
uct entry into the market and the share of projected
sales volume (Fig. 2). The selected indicators best reflect
the advantages of this product in the market and the
opportunities to be implemented to expand the market
share. These indicators denote the level of market de-
velopment today and the possibility of its growth in the
future. Moreover, the level of influence of these indicators
correlates.

Consumer novelty characterises the product in terms
of meeting a new need or other levels of satisfaction
of the need. The rapid level of change in needs, their
growth, and insistence are the main characteristics of
the modern consumer. Accordingly, high requirements
are put forward: to the marketing complex, product po-
sitioning, the creation of such a novelty in the product
that will be perceived by the consumer. Important in this
case is the preliminary development of consumer needs
for this product and the subsequent desire to purchase
it. Definition of consumer novelty is the most complex
since each consumer subjectively perceives the level of
change in a new product and assesses those properties
of the product that cannot be measured by physical
assessments.




The problem of quantifying the size or property
of an object that is not measured in physical units was
solved by researchers in qualimetry. Notably, the issue
of a quantitative assessment of the quality level is simpler,
since certain state standards and technical conditions
for the manufacturing of each type of product are defined
by law, that is, there is a certain standard for comparison.
When determining the importance of novelty, there are
no standards or certain regulatory requirements. The object
of comparison is taken as the nearest product-analogue
or a generalising image of the most similar products
previously known to the consumer.

Regarding consumer novelty, a product can take
a considerable place among a number of analogues and
substitutes, that is, become competitive in the market,
only being of high quality, meeting certain generally
accepted quality standards. In addition, the product must
meet the obvious expectations of the consumer: techni-
cally (the type of operation), aesthetically,and pricewise.
Product quality in marketing is the level of satisfaction
of the need, solving the problems of the consumer.
Therefore, quality for the consumer can be assessed by
a number of consumer parameters of the product, which
are criteria for consumer novelty and will be used to as-
sess it (Fig. 2).

Quite important and relevant is the issue of de-
termining the level of novelty of a product, by its dif-
ferent types and by the general level of novelty, which
would allow comparing not only homogeneous goods
but also any arbitrary goods. The main reasons for the
difficulty of finding this indicator are the lack of cer-
tain legal requirements and provisions for recognising
a product as new, limited and insufficient information,
subjectivity and relativity of researchers’ estimates, and
the time of existence of the product.

Innovative support for the development of product innovative
policy of dairy industry enterprises

Dairy products are everyday goods, and an important
role for the buyer is played by their image and brand
name, habits, price level, the naturalness of components,
quality, etc. As a rule, consumers prefer dairy products
of the same brand, and for them to change their habits,
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the level of consumer novelty should be noticeable or,
with the same level of consumer properties and quality,
the price should be lower.

Innovative products are divided into “new for the
market” and “new for the enterprise”. Over the past ten
years, the food industry products in Ukraine, which are
new to the market, accounted for an average of about a
fifth of the innovative products sold [27]. Over the past
three years, the dairy industry has consistently accounted
for 11.4% of food products sold. The share of consumer
spending on dairy products was about 15.0% of total
food expenses, while the consumption of dairy products
per person was less than 50% of the scientifically based
standard [28].

The main trends in the development of dairy cat-
tle breeding and the dairy industry in Ukraine are: 1) a
decrease in milk manufacturing; 2) a decrease in milk
consumption per person; 3) an increase in the average
annual milkyield from one cow (over the past ten years -
a doubling); 4) an increase in the level of profitability;
5) a stable level of self-sufficiency in milk.

The dairy market is highly competitive and differ-
entiated, with a large number of assortment groups and
assortment items in each. There are no radically new
products. The main part of new products is modified
and upgraded analogue products, in which consumer
and/or functional properties have been changed to a cer-
tain extent.

Analysis of the innovative activity of dairy enter-
prises of Ukraine in 2015-2019 showed that the following
trends can be noted: the volume of innovative products
sold increased 1.9 times; the share of innovative dairy prod-
ucts in the entire dairy increased from 11.6% to 16.3%;
the share of innovative dairy products in the food inno-
vation industry was on average at the level of 11.4%; the
share of innovative products of the dairy industry, which
is new to the market, did not have stable dynamics, aver-
aged 20% of all innovative products; the number of in-
novatively active enterprises was in the range from 23 to
31 enterprises (of which 15 to 26 enterprises introduced
innovative products) [27]. The number of new products
per enterprise that introduced commodity innovations in
the food and dairy industries is shown in Figure 3.

8.0 7.7
7.0
6.0
5.0

4.0

2015 2016

goods in the dairy industry

goods in the food industry

«=@=The number of goods new to the market per enterprise that introduced such

=@— The number of goods new to the market per enterprise that introduced such

73
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Figure 3. The number of new products per enterprise that introduced innovations in the food and dairy industries
Source: calculated by the Author according to the State Statistics Service [27]
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Determination of the level of novelty of new prod-
ucts was conducted according to the methodology devel-
oped by the All-Union Institute of Technical Aesthetics,
which is proposed in the studies of V.F. Grinev [29],
A.N.Romanov, Y.Y. Korlyugov, S.A. Krasilnikov [30] for five

dairy industry enterprises (LLC “Lubenskyy molochnyy
zavod”, Dairy Company LLC “Galychyna”, “Fh Tetyana
2011% LLC “Yagotynsky butter plant”, LLC “Favor”). The
novelty levels and innovative changes by the dairy product
groups are shown in Table 4.

Table 4. Innovative changes in dairy products of the studied enterprises in accordance with the level of novelty

Change in product parameters according to the level of novelty

No. Subgroup name
(0%; 20) [20%; 30%) [30%; 50%) [50%; 70%]
New packaging, new
1 Milk New packaging fat content, extended - Lack of lactose
shelf life
Probiotic supplements,
2 Kefir New packaging - omega 3, new Lack of lactose
fermentation method
. New packaging,new  Addition of probiotics,
New packaging, . . -
. f fat content, addition beneficial bacteria,
3 Yogurt addition of a different - Lack of lactose
flavour of new flavour, new new fermentation
density method, new thickness
. Addition of a new McShake liquid ice
6 Ice cream New packaging -

flavour

cream

Fermented milk
products (dessert, -
drink)

Addition of a new
flavour, new packaging

~

New product ayran,
iolakton, herolakt,
biolakt, new sour

milk product

Source: compiled by the authors

During the study period, all enterprises actively
introduced new products with different levels of novelty;
products with a slight level of novelty - milk and butter
in new packaging, yoghurts with the addition of new
flavours. Most of these products were manufactured by
LLC “Galychyna” and LLC “Favor”. Products with a low
and medium level of novelty — products with the addition
of new flavours, packaging of a different level of quality
and safety, the addition of various vitamins, bacteria, new
fermentation methods, a considerable change in the
consumption period. Such products were introduced by
all the enterprises studied. Products with a high level
of novelty - products that were first manufactured at
the enterprise and given that dairy products of different
manufacturers are very similar, they can be considered
market novelty products: liquid ice cream, cream des-
serts, soft cheese, fermented dairy products for special
nutrition, sourdough, herolakt, iolakton, ayran, lactose-
free dairy products, goat’s milk products, etc. The largest
innovators in this segment were LLC “Yagotynsky butter
plant” and “Fh Tetyana 2011”. Qualitatively new products
with a high level of novelty were not introduced into
manufacturing.

Assessment of the level of importance of novelty of new
products on the example of dairy industry enterprises

Hereinafter the importance of the novelty of new products
using the TOPSIS method is considered. Criteria C,, C,,
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C, (Fig. 1) determine assessments of the importance of
the novelty of a new product for the enterprise, respec-
tively, manufacturing C, (technological change, level of
manufacturing costs, quality, cost), market C, (characteris-
tics of market attractiveness, marketing complex), and
consumer C, (development of a new need, a new level
of satisfaction of the need) changes.

At the first stage, the structure of novelty and its
main indicators were determined to assess the level of
importance of novelty of new products. The results of the
study are shown in Table 3 and Figure 2.

To determine the weight of each component
of novelty, the method of analysing the hierarchies of
T.L. Saati is used [31]. According to this method, indi-
cators for various criteria are compared using a nine-
point scale. Comparing two objects A and B for priority
or changes in a certain parameter of one of the objects,
certain levels of the studied indicators and their corre-
sponding preference ratings are highlighted (Table 5).
Comparing assessments of changes in all indicators al-
lows setting their priorities and provides them with
anumerical assessment of advantage, which is a prereg-
uisite for determining the level of novelty.

Enterprises differ in capacity, sales market priori-
ties, and product range features, so the weight of criteria
for assessing overall importance should be determined
by experts for each enterprise separately.
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Table 5. Levels and assessments of changes and advantages of A and B objects

Level of change

Advantage level

between A and B Assessment between A and B Assessment
No change 1 Equally important 1
Minor change 3 Slight advantage of A over B 3
Considerable change 5 Considerable advantage of A over B 5
A clear change 7 A clear advantage of A over B 7
A clear absolute change 9 Absolute advantage of A over B 9
Intermediate change values 2,4,6,8 Intermediate preference values 2,4,6,8

Source: [31]

The proposed methodology was tested at dairy
enterprise LLC “Favor” TM “AMA”. This is a medium-sized
dairy company that is not a market leader. The main
competitive advantage is a niche position. Most of the
products (75%) are marketed as medical products, for
special dietary nutrition and infants. The main consum-
ers are children’s educational institutions, medical and
health-improving institutions. Effective new methods
of organising product promotion are delivery of goods
to the consumer by own transport, an online store,
various promotions and gifts for the holidays. The last
year has shown the need to find new markets, as most

educational institutions were closed during quarantine
conditions. Therefore, the expansion of the delivery bound-
aries can be recommended (new consumers of health-
improving institutions), online delivery.

The company is engaged in internal research as
it has highly qualified personnel (1 professor and 2 can-
didates of technical sciences). The company uses tech-
nologies with a short (up to one day) consumption period
while preserving all the nutritional properties.

Table 6 shows the weight coefficients of individual
components for assessing the level of novelty importance
at the Favor LLC.

Table 6. Weighting factors W, to assess the importance of manufacturing (C,), market (C),
and consumer (C,) novelty of products of Favor LLC

Enterprise
Criterion C,

Weighting factors w,

Criterion C,

Coefficient of consistency

Criterion C, of expert opinions

Favor LLC 0.225

0.324

0.451 0.621

Source: compiled and calculated by the authors

The second step. The normalisation of indicators
for assessing the level of novelty importance is con-
ducted using the formula (1). The study was conducted

for 20 products of Favor LLC, the novelty characteristics
and product coding are shown in Table 7.

Table 7. Characteristics of novelty and coding of the studied types of dairy products of Favor LLC

Product code Product name

Novelty

A, “Naturel” yoghurt Natural sourdough, new packaging
A, Plain yoghurt New packaging

« ” New design, omega 3 added
Ao Omega 3" kefir to the ingredients
A “Kakao-moloko” New packaging

Fermented dairy products “Do snidanku” with

A LA LA, mushrooms, a mixture of herbs, paprika New product with new cream-based flavours
A, “Albuminnyi” cheese New product, 15 mineral elements, albumin
A, “Liubytelskyi” brine cheese with herbs New taste
A, “Krem-briule z karamelnym smakom” yogurt New taste
A, Fermented milk drink “lolakton zi steviieiu” A ne\giggﬁ:;céeczzifgi:g Siiédp?cg?;léiubsacilli,
A, “Strachatella” yogurt New flavour with the addition of chocolate powder

Ao AnAL. Cream dessert “Karamel”, “Horikhovyi”, “Vanilnyi” New product

A, “Polunytsia” cream yogurt New fat content percentage

Ao A LA, Sour-milk dessert Witggfr;iflll:\/féi\:our, chocolate flavour, New product (new starter culture and flavours)
A, “Liubytelskyi” cheese with chilli pepper New taste

Source: compiled by the authors
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The third step. Normalised and weighted assess-  value of R, by j) by formulas (3) and (4). The calculation
ments of product novelty criteria normalised by formula (2)  results are presented in Table 9. At the fifth step, new
are presented in Table 8. products are rated using formula (6). The results of

The fourth step is to calculate S+, S - squares of dis-  product rating are presented in Table 9.
tances to R’ (maximum value of R, by j) and R’ (maximum

Table 8. Normalised dimensionless assessment matrix for new products of Favor LLC according to established criteria

Assessment criteria Assessment criteria
Product code Normalised scores Weighted normalised scores
Market novelty  Manufacturing Consumer Market novelty = Manufacturing Consumer
(c) novelty (C) novelty (C,) (c) novelty (C) novelty (C,)
A, 0.123 0.214 0.151 0.040 0.048 0.068
A, 0.012 0.026 0.083 0.004 0.006 0.037
A, 0.215 0.352 0.213 0.070 0.079 0.096
A 0.312 0.213 0.322 0.101 0.048 0.145
A, 0.523 0.583 0.621 0.169 0.131 0.280
A, 0.523 0.583 0.621 0.169 0.131 0.280
A, 0.523 0.583 0.621 0.169 0.131 0.280
A, 0.465 0.634 0.532 0.151 0.143 0.240
A, 0.361 0.156 0.161 0.117 0.035 0.073
A, 0.234 0.152 0.186 0.076 0.034 0.084
A, 0.542 0.653 0.416 0.176 0.147 0.188
A, 0.398 0.227 0.226 0.090 0.051 0.102
AL 0.586 0.352 0.405 0.190 0.079 0.183
AL, 0.586 0.352 0.405 0.190 0.079 0.183
A, 0.586 0.352 0.405 0.190 0.079 0.183
A, 0.006 0.081 0.032 0.002 0.018 0.014
A, 0.520 0.452 0.345 0.168 0.102 0.156
A, 0.520 0.452 0.345 0.168 0.102 0.156
A, 0.520 0.452 0.345 0.168 0.102 0.156
A, 0.456 0.125 0.315 0.148 0.028 0.142
Weight 0.324 0.225 0.451
maximum R’ - - - 0.190 0.147 0.280
minimum R; - - - 0.002 0.006 0.014
Table 9.5+, S-, R, calculation results for ranking new products of Favor LLC
Products S+ S- R, Rank
A, 0.278 0.078 0.220 12
A, 0.337 0.023 0.064 13
A 0.230 0.129 0.359 9
AL 0.189 0.169 0.472 7
A, 0.026 0.338 0.929 1
A, 0.026 0.338 0.929 1
A, 0.026 0.338 0.929 1
A, 0.056 0.303 0.843 2
A, 0.247 0.132 0.349 10
A 0.253 0.105 0.294 11

5
o
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Table 9, Continued

Products S+ R, Rank
A, 0.094 0.283 0.752 3
A, 0.226 0132 0.369 8
Ay, 0.119 0.263 0.689 4
A, 0.119 0.263 0.689 4
A, 0119 0.263 0.689 4
A 0.350 0.012 0.034 14
A, 0.134 0.238 0.640 5
A, 0.134 0.238 0.640 5
A, 0.134 0.238 0.640 5
A 0.187 0.195 0.511 6

p<
I~

Source: calculated by the authors

Checking the consistency of experts’ opinions
on the concordance coefficient using formulas (6)-(9)
showed that K, =0.612,K, =0.621,K, =0.701 which
indicates a sufficient level of consistency of the experts’
opinions.

The importance of the concordance coefficient
was assessed by the Pearson consistency criterion using
formula (10). For market, manufacturing, and consumer

novelty, the value of the concordance coefficient is not
random, and therefore the results obtained can be used
for research.

According to the ranking, the level of novelty im-
portance was determined, and products were divided
into five groups in accordance with the Harrington scale.
Table 10 shows the importance levels of the novelty of
new products of Favor LLC.

Table 10. Average rank of novelty importance of new products of Favor LLC

Novelty importance levels

Product name

Average rank

Radical importance of novelty A LA 1.5
Substantial importance of novelty Ay Ags A 4
Satisfactory importance of novelty A LA, 6.5

Minor importance of novelty A LA LA LA LA, 10.0

Dubious importance of novelty A A 13.5

Source: calculated by the authors

The calculations made determined the product
the novelty of which is most considerable for the enter-
prise. The analysis showed that the highest, “radical”
and “substantial” importance were the products “Al-
buminnyi” cheese (A, ), fermented dairy products “Do
snidanku” with different flavours (A, ,), “lolakton zi
steviieiu” (A, ), “Desert kyslomolochnyi” with different
flavours (A, ), “Krem-deserty” with different flavours
(A,,,5)- Therefore, when developing a product innovative
policy, these products will provide the company with
the best competitive advantages. For their manufactur-
ing, the company has the appropriate manufacturing
potential and expects to increase the volume of their
manufacturing. “Kakao-moloko” (A ;) and “Liubytelskyi”
cheese with chilli peppers (A,,) had “satisfactory” im-
portance of novelty, they have a lower level of impor-
tance of novelty, but the manufacturer hopes that these
products will be perceived as new for some time, so
some marketing measures may be required to maintain
their market position and extend their life cycle. “Minor”
and “dubious” novelty values were “Omeha 3” kefir, “Liuby-

telskyi” cheese with herbs and various yoghurts (A, A, ,

A LA LA A, LA, ). Although there are many competi-
tors in the market for these products, the manufacturer
has its own consumer and expects the corresponding
volume of product sales. For such products, marketing
measures to retain customers of such products or de-
velop a strategy to withdraw them from the market and
replace them with others can be proposed.

For the studied enterprise, the most considerable
is consumer novelty, since most of the products of TM
‘AMA” are dietary, medical, and designed for consumption
in children’s institutions. Therefore, the company should
aim its efforts in the area of creating and consolidat-
ing the loyalty of its customers, considering changes in
their habits, anticipating new needs, and attracting new
consumers.

CONCLUSIONS

Testing of the proposed methodology for assessing the
level of importance of product novelty was conducted
at the milk processing enterprise Favor LLC for 20 types
of its innovative products in the context of determin-
ing their manufacturing, market, and consumer novelty.
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According to the results of the analysis, it was discov-
ered that on average, consumer novelty prevails for all
innovative products of the enterprise, market novelty is
in second place, and manufacturing novelty is in third
place. Expert assessment of the importance of these
novelty levels in the overall assessment of the impor-
tance of novelty conducted according to the method of
T.L. Saati showed a similar result.

A relatively high level of consumer novelty indi-
cates the existence of a loyal consumer of the company’s
products. Ultimately, everything is decided by the con-
sumer, while meeting their needs and preferences, which
are determined by eating habits and sometimes unstable
tastes, is a crucial goal for the development of any en-
terprise. Favor LLC primarily fosters its efforts on the
development of consumer needs. The highest consumer
level of novelty among the studied products is in fer-
mented dairy products “Do snidanku” with mushrooms,
a mixture of herbs, and paprika, and in “Albuminnyi”
cheese. These products get the highest advantage among
consumers, do not require considerable marketing and
innovation support. The company understands the tar-
get audience and knows what functional properties of
these products can ensure consumer loyalty.

The average level of importance of market novelty
for all the studied products of Favor LLC occupies the
second position after consumer novelty. Market novelty
characterises the competitive position of the company’s
products among similar ones that are represented on
the market. This is largely determined by the competitive
advantages of products, using which the company wins
in the market. Cream desserts “Karamel”, “Horikhovyi”,
and “Vanilnyi” received the highest level of importance
of market novelty. These products are considerably dif-
ferent from those offered by competitors, and therefore
create unique opportunities for the enterprise to ex-
pand market share and provide a sustainable competitive
advantage in the long term. For that purpose, it is nec-
essary to expand consumer awareness about the useful
properties of these products and form new distribution
channels.

Manufacturing novelty takes third place in terms
of the average level of importance of twenty innovative
products of Favor LLC. Manufacturing novelty reflects the

level of innovation in the manufacturing at the enterprise,
namely equipment and technological processes. Thus,
it shows how close the manufacturing process is to the
best practices of dairy manufacturing. The highest level
of importance of manufacturing novelty was given
to the fermented milk drink “lolakton zi steviieiu” and
‘Albuminnyi” cheese. For the manufacturing of these
products, the company uses advanced technologies and
modern equipment.

The generalised level of importance of the mar-
ket, manufacturing, and consumer novelty of Favor LLC
products was calculated using a multi-criteria assess-
ment of the TOPSIS method. The results of the analysis
showed that the top five included fermented milk prod-
ucts “Do snidanku” with mushrooms, a mixture of herbs,
paprika, ‘Albuminnyi” cheese, and fermented milk drink
“lolaktion zi steviieiu” These products occupy a crucial
place in the product innovative policy of the enterprise
under study. The top five outsiders included cream
yoghurt “Polunytsia”, “Naturel” yoghurt, plain yoghurt,
“Krem-briule iz karamelnym smakom”yoghurt,and “Liuby-
telskyi” brine cheese with herbs. These products require
grounded decisions regarding their manufacturing and
sale by the enterprise.

This method of assessing the level of importance
of product novelty can become a powerful tool for sub-
stantiating the product innovative policy of an enterprise.
This applies to solutions for timely delivery and decom-
missioning of products, preliminary testing of the prod-
uct before introducing it to the market. In addition, this
method allows determining the disadvantages and advan-
tages for each type of innovative product in the product
innovation portfolio of the enterprise in the context of
its manufacturing, market, and consumer novelty.

This technique can be used by enterprises of vari-
ous industries in different markets. For that reason, it is
necessary to specify indicators for assessing the market,
manufacturing, and consumer novelty which will reflect
the features of the activities of specific enterprises in
specific markets.

Further research should concern the development
of appropriate methodological recommendations for the
creation of the product range and its management based
on the assessment of the level of importance of novelty.
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Bu3Ha4YeHHSA piBHA 3HaYYyLOCTi HOBU3HU NpoAayKLuii
ana dopMyBaHHS TOBapHOi IHHOBaALUIMHOI NOMITUKMK

IpuHa BaneHTuHiBHa ®epynosal, OneHa IaHiBHa [paran?, Oner OnekciioBuy Lepemet?,
lOnia OnerieHa BacloTuHcbKa?, Anina iMutpisHa beprep?

'KMiBCbKMIA HaLiOHaNbHMI TOPrOBENbHO-EKOHOMIYHMIA YHiBEPCUTET
02156, Byn. KioTo, 19, M. KuiB, YkpaiHa

2HauioHanbHWUI YHIBEPCUTET Xap4Y0OBUX TEXHOJOTI
01033, Byn. Bonoanmupceka, 68, M. Kuis, YkpaiHa

AHoTauis. ng obrpyHTyBaHHS acOpPTUMEHTY MpOoAyKLii NiANPUEMCTBA BMHMKAE HEOOXiAHICTb OLHUTKU MOTeHLian
NpOoAyKLii 3 TOYKM 30py MOXKIMBOCTI NiANPUEMCTBA BUPOBASTM AaHy NPOAYKLiH0, MOX/IMBOCTI CMOXMBAYiB 334,0BO/LHSTH
CBOI NMoTpeby y Wik NpoAyKLii i MOXIMBOCTI PUHKY WOA0 3abe3neyeHHs cTpaTeriyHoi No3uLii NpoayKTiB cepen
QHaNoriYHMX TOBApiB-aHANOriB KOHKYPEHTIB. Y npoueci A0CNIAKEHHS BUKOPUCTOBYBABCS CTPYKTYPHO-NOMYHUM i
NMPUYNUHHO-HACNIAKOBMI METOAM aHaNi3y AN BU3HAYEHHS CTPYKTYPU HOBM3HWM TOBApiB. YNCNOBUI METOA, MPUAHATTA
6aratokpuTepianbHux piweHb TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) BukopucToByBaBcs
N9 paHXXyBaHHS TOBAPHOIO aCOPTUMEHTY HOBMX TOBapiB 3a pPiBHEM 3HAYYLLOCTI HOBU3HM. Barosi koediuieHTn okpeMmx
CKNTA0BMX ANS OLiIHKM PiBHS 3HAYYLLOCTI HOBM3HM Ha MiANPUEMCTBI BU3HAYaIMCb 3@ METOAOM aHanisy iepapxin
T.J1.Caarti.Y pocnigxkeHHi 6yno BUKOPUCTaHO KnacudikaL,ito HOBM3HM 3a ii (DYHKLIOHANbHOK CNPSIMOBAHICTHO, BiANOBIAHO
[L0 SIKOi BMAINSOTb CMOXMBYY, PUHKOBY Ta BUPOOHMYY HOBM3HY TOBapy. 3HAYYLLiCTb HOBU3HM 415 BUPOOHMKA 03HAYaE
BiANOBIAHICTb TOBApPY MOro iHHOBALLIMHIM CTpaTerii po3BUTKY, BUSHAUYEHHS MOr0 MiCLS HA PUHKY Ta NepCrnekTMB NoAaNbLLOI
LiSNbHOCTI. 3HAYYLWiCTb HOBM3HW HOBOrO TOBapy ANS NiANPUEMCTBA NPOMOHYETLCS BM3HAYATU SK Mipy BaX/IMBOCTI
piBHS HOBM3HU TOBapy A8 GOPMYyBaHHS ONTUMANLHOMO TOBAPHOrO ACOPTUMEHTY B TOBAPHIM iHHOBALiMHIN noniTUL,
nianpuemMcTea. [1ns OLiHKM PiBHA 3HAYYLLOCTI HOBM3HW TOBApPiB OyNM 3aNpoNOHOBaHI KpUTepii HOBM3HM 3a ii BUAAMMU.
3a pesynbraTaMu OOCNiOXeHHS Byno BCTaHOBMEHO, WO BUMPOOHMYA HOBM3HA XapaKTepu3ye piBeHb BUKOPUCTAHHS
HOBMX TEXHONOTIM Ha NiANPUEMCTBI, pUHKOBA — MO3MLIH0 HOBOrO TOBAPY Ha PUHKY Cepen aHanoriB, @ CNOXMBYA —
piBeHb i Cnocib 3a0BoNEHHS NOTPeb cnoxueaya. lNoganblue 4oCNiIKEHHS MA€ CTOCYBATUCh PO3POBIEHHS BiANOBIAHUX
METOAMYHUX PEKOMEHAALIN Woao GopMyBaHHS TOBAPHOIO aCOPTUMEHTY i YNPaBAiHHA HUM Ha OCHOBI MPOBEAEHOT
OLiHKM PiBHS 3HAYYLLOCTi HOBU3HM

KntouoBi cnosa: iHHOBALLii, TOBapHWUIA aCOPTUMEHT, PUHKOBA HOBM3HA, CMOXMBYA HOBM3HA, BUPOOHMYA HOBM3HA, TOBapHa
iHHOBAaUiMHa noniTMka
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INTRODUCTION

The national interests of Ukraine today require the im-
mediate development and implementation of a set of
measures to ensure the effective use of available re-
sources for economic progress, increasing and strength-
ening the defence potential (DP) and military-economic
potential (MEP) of the state. The study of the issues of
assessment and balanced development of the state’s MEP
is one of the main components of the problems of further
development of Ukraine as a whole [1-5].

Ukraine now has a significant potential for the
availability of human, labour, natural, material, energy,
technical, intellectual, scientific, production resources [6-
10], which, if used correctly, can contribute to the acceler-
ation of economic, social, and military development of
the state by creating a competitive economy [1-4]. The
national interests of Ukraine require the immediate de-
velopment and implementation of a set of measures to
ensure the effective use of available resources for the
purpose of economic progress, increasing and strengthen-
ing the defence and military-economic potential of the
state [11-13].

The study of the issues of assessment and bal-
anced development of the state’s MEP is one of the main

components of the problems of further development of
Ukraine as a whole. The concept of MEP characterises
the objectively existing maximum opportunities in the
state to meet military needs in the event of its involve-
ment in the war. In each specific case, the degree of
practical use of these opportunities, the level of their
transformation into real military-economic power are
determined by many reasons: military-political, economic
and military-technical, and so on.

There is also an opinion that the MEP of the state
can be considered part of the economic potential (EP) [7],
which reflects the military and economic capabilities
of the state, which can be aimed at meeting material
needs and completing the Armed Forces for warfare:

MEP=K -EP (1)

where MEP - military-economic potential, %; - eco-
nomic potential utilisation ratio (0<<1); EP - economic
potential, %.

That is, with this approach, the MEP is a set of
economic resources of the state (Fig. 1), which can be
allocated and used to build up the economic foundations
of the military power of the state.

MEP structure

Labour resources

Military industrial

Agriculture

Capital construction

Sector of the national

economy

Transport, communications
and other infrastructure

sectors

Strategic reserves, stocks <

Figure 1. MEP structure

The issue of ensuring a sufficient state of the MEP
of the country becomes particularly important in the
conditions of combat use of units and subunits of the
Armed Forces of Ukraine in the performance of tasks for
their intended purpose, as well as significant differences
between the needs for the development of the military
component of the state and the resources available to
meet these needs, which are actually allocated to main-
tain the military potential (MP) of the state today [1].
The lack of resources significantly depends on the ideas
formed in society, including theoretical ones, about the
role and place of the military organisation (Armed Forces
of Ukraine) in the national security system of the country,
about the objective needs and the final effectiveness of
its activities in the actual geostrategic, cultural-historical
and economic-technological conditions [3; 4; 14; 15].

One of the most important conditions for the ma-
terial support of the state population, the stability of
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the national economy, and the sufficiency of the Armed
Forces of Ukraine is the sustainable production of food
and agricultural raw materials in peacetime and wartime.
Agriculture is one of the important elements of the
economic potential of Ukraine, so its role in ensuring
a sufficient level of MEP in order to increase the protection
of the national interests of the state is quite significant,
so the study of the military-economic significance of
agriculture is given considerable attention by both the
leadership of the Armed Forces of Ukraine and the state
as a whole. For the defence of the state,a combat-ready
army, a strong rear are necessary, and for any army that
performs tasks for their intended purpose, it is necessary
to provide sufficient food for military personnel in their
places of deployment [5-6; 14; 15].

In the modern conditions of development of
Ukraine, the problem of rational use of sources of meet-
ing the needs of all sectors of the national economy is




quite acute. It is important today to have the necessary
supplies of food and raw materials and their rational
placement, maintenance and storage. Many new influ-
ences are exerted by the modern hybrid war on the ter-
ritory of Ukraine on the solution of issues of mobilisation
of sources of food supply for the army, organisation of
agricultural production and distribution of products.

Analysis of recent research and publications
shows [15-20] that in the current conditions of develop-
ment of the Armed Forces of Ukraine and the state as
a whole, taking into account the factors of the presence
of armed conflict on the territory of Ukraine and the
occupation of part of the territory, the requirements for
providing the needs of the armed forces of Ukraine with
food are sharply increasing, which in turn affects the
growth of requirements for agriculture of Ukraine in
conditions complicated by the loss of about 4% of acre-
age.Today, during the ongoing armed conflict,a number
of urgent problems arise for the agricultural sector.One of
the main problems is to meet the ever-growing needs of
the population and the Armed Forces in food products,
and industry in agricultural raw materials. This problem
is very strongly connected with the socio-economic de-
velopment of the country and the nature of the modern
war. Its successful solution provides for further improve-
ment of agricultural production and ensuring the sta-
bility of its functioning during combat operations [1; 6].

Therefore, the purpose of the study is to reveal
the main methodological aspects of the military-eco-
nomic significance of agriculture and modern problems
of military food resources in Ukraine today.

MATERIALS AND METHODS

During the research, the methods of statistical analysis
were used to collect and process the collected statis-
tical data on the dynamics of the main indicators that
characterise the development of the agro-industrial
complex of Ukraine over the years. Regression and cor-
relation analysis methods were also partially used to
study the relationships between the studied indicators
of the development of the agro-industrial complex and
defence expenditures of Ukraine for the study period.
When assessing the importance of the main compo-
nents of the military-economic potential, the method of
pairwise comparisons of these components was used.
Also, the study and construction of graphical dependen-
cies and predicted trends took place using methods of
mathematical statistics and graphical display of results.

The article used the method of an expert survey
to determine the importance of stability in the agricultural
sector and the functioning of industry for the country’s
defence capability. Using content analysis, the dynamics
of the main indicators characterising the military and
economic importance of the agro-industrial complex in
the overall national security system of the state were
highlighted, as well as indicators of the dynamics of the
share of industry, agriculture and other income in the GDP

Semenenko et al.

of Ukraine, changes in exports and imports of industrial
and agricultural products of Ukraine, GDP growth of
Ukraine and growth of defence expenditure of Ukraine.

RESULTS AND DISCUSSION

Correct identification and full satisfaction of the needs
of the population and the Armed Forces of Ukraine for
food in peacetime or wartime, and industry for raw ma-
terials has a significant impact on the development of
the military economy and the combat readiness of the
Armed Forces of Ukraine. The general need of the state
for food and agricultural raw materials in both peace-
time and wartime is determined by the need to create
reserves for the current provision of the population, the
Armed Forces of Ukraine and industry, as well as the
creation of guaranteed state reserves of food and raw
materials and established food reserves for the mobili-
sation deployment of the army.

The main factor that determines the needs of the
Armed Forces for food is their number. Over the years
of independence of Ukraine, the size of the Ukrainian
Armed Forces has changed constantly, and food needs
have changed accordingly. Historically, until the 19t cen-
tury, wars were fought by small armies and their food
needs were met mainly at the expense of accumulated
supplies in peacetime [10; 14; 19]. At the same time,
military operations did not cover a large territory, so
little human resources were diverted from agriculture,
that is, this did not have a significant impact on the
production of agricultural products. In the 19* century,
when the number of belligerent armies increased sig-
nificantly, states began to use not only accumulated
reserves to provide armies, but also widely use the requi-
sition of food from the population living in war zones.
During this period, the cost of food and uniforms for the
army accounted for 80% of all military expenses.

In the 20t century, the number of armies increased
significantly compared to the previous period, for ex-
ample, in the first World War, the Russian Army in-
creased from the initial state of 1,423 thousand people
to 15,338 thousand people at the end of the war, that
is, more than 10 times. The annual use of important
products increased from 696 thousand tons at the be-
ginning of the war (1914) to 5,668 thousand tons in
1916, that is, by 8.1 times [6]. During the Second World
War, the warring countries mobilized 1.5 times more
people in the army than in the first World War, which
in turn significantly increased the need for agricultural
products. The growth of the absolute needs of the Armed
Forces of Ukraine for food during military operations is
always accompanied by a decrease in its share in the total
amount of military expenditures. This is due to a sharp
increase in spending on weapons and military equip-
ment (WME) in the case of active hostilities [4; 20]. That
is, the wars of the twentieth century significantly in-
creased the negative impact on agriculture. The need
to withdraw significant human and material resources
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from agriculture for military needs caused an inevitable
reduction in agricultural production, which made it difficult
to solve the problems of providing food and agricultural
raw materials.

Today, in modern wars of the 21 century, such
consequences of the impact of the war on agriculture
should be especially carefully taken into account, since
the total volume of needs of the Armed Forces of Ukraine
for food, and industry for raw materials tends to increase
significantly [1-15]. Analysing the biggest wars of the
20™ century, more than 40 million tonnes of food was
used to supply the army of the USSR during the war
against Germany, which is four times the consumption
of ammunition and 2.5 times the consumption of petrol
and lubricants for the same period. In modern wars, this
ratio changes in the direction of reducing the volume
of agricultural products, because scientific and tech-
nological progress reduces the number of armies, but
increases the need for the consumption of ammunition
and material and technical means.

The modern development of the Armed Forces
of many countries of the world creates prerequisites for
the emergence of new types, branches of the armed forces,
services, and, accordingly, new contingents of military
personnel, new conditions of military service that require
changes in the structure and content of the food sup-
ply system of the armed forces. Changes that occur in
the nature and methods of conducting modern combat
operations have a significant impact on the organisation

and development of the food supply system of the armed
forces.There is a need to develop qualitatively new types
of products that should have a small mass and volume,
but a sufficiently high caloric content, and also do not
require significant cooking time, and most importantly
provide the physiological needs of military personnel
depending on their service conditions. Today, such prod-
ucts are available in almost all armies of leading coun-
tries of the world. These products are resistant to envi-
ronmental influences and have a fairly long shelf life.
Today, these are various types of completed rations and
military rations, which should be manufactured on the
scale of the Armed Forces of Ukraine by at least 100-
200 special enterprises, and in the event of war, the
number of these enterprises should be at least 1000.
That is, today it is necessary to understand the importance
of raising the requirements for mobilisation training of
the food industry, which should not only master the pro-
duction of new types of products for the armed forces
in peacetime, but also be ready to sharply increase their
production during a special period.

In general, to meet the needs of a large army;, it is
necessary to have a large amount of food, as well as ag-
ricultural raw materials for the production of uniforms,
tools and special military products. Today, hundreds of
thousands of tons of food products are used to sup-
ply the Armed Forces of Ukraine alone, and billions of
hryvnias are used to purchase, store and restore them
in strategic reserves (Tables 1-3).

Table 1. Dynamics of the main indicators that characterise the military-economic significance of the agro-industrial
complex in the general system of national security of the state (2000-2007)

No. Indicator/Year 2000 2001 2002

2003 2004 2005 2006 2007

1 | GDP (UAH billion)  175.888 211.175 234.138

277.355 357.544 457325 565.018 751.106

Share of industry

in GDP (% 235 24

24.7

247 24 26.4 27 26.6

Share of industry
in GDP
(UAH million)

41.33368 50.682 57.83209

68.50669  85.81056  120.7338  152.5549 199.794196

Share of
agriculture
in GDP (%)

155 16.1 14.5

119 11.7 10.3 8.4 72

Share of
agriculture in
GDP (UAH million)

2726264  33.99918  33.95001

33.00525  41.83265 4710448 4746151 54.079632

Share of other

services in GDP (%) 61 59.9

60.8

63.4 64.3 63.3 64.6 66.2

Other services

(UAH million) 107.2917

126.4938  142.3559

175.8431  229.9008  289.4867 365.0016 497.232172

Export of
5 agricultural 22 23 27
products (%)

28 27 28 29.7 29

Import of
6 agricultural 12 11 7
products (%)

10.2 10 9
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Table 1, Continued

No.

Indicator/Year

2000 2001 2002 2003 2004 2005 2006 2007

Total exports
(UAH million)

189096.00 208765.00 213454.00 224565.00 225676.00 227252.00 253707.00 323205.00

Total imports
(UAH million)

176544.00 207654.00 218765.00 222234.00 222345.00 223555.00 269200.00 364373.00

Export of
agricultural
products
(UAH million)

41601.12 4801595 57632.58 62878.2 60932.52  63630.56  75350.98 93729.45

Import of
agricultural
products
(UAH million)

21185.28 2284194 1531355  20001.06 17787.6 22802.61 26920 32793.57

Export of
industrial
products (%)

40 40 40 40 40 40 41 41

Import of
industrial
products (%)

70 69 69 66 66 64 63 61

Export of

industrial

products
(UAH million)

75386.27 83472.2 85597.09  90315.77  91026.95 91928.84 1029277 131501.341

10

Import of

industrial

products
(UAH million)

124286.98 142865.95 150510.32 145563.27 146080.67 143142.27 168949.92 224052.96

11

Defence
expenditure
(UAH million)

4821.6 6650.3 6035.6 5899.8 8756.4 7151.7 7604.9 8886.9

12

Expenditure for
the maintenance
of the Armed
Forces of Ukraine,
UAH billion

3519.77 4854.72 4405.99 4306.85 6392.17 5220.74 4399.7 4987.8

13

Expenditures on
food supply of
the Armed Forces,
UAH billion

1055.93 1456.42 1321.80 1292.06 1917.65 1566.22 1319.91 1496.34

Table 2. Dynamics of the main indicators that characterise the military-economic significance of the agro-industrial
complex in the general system of national security of the state (2008-2014)

No.

Indicator/Year

2008

2009 2010 2011 2012 2013 2014
1 | GDP(UAH billion)  990.819 947.042 1079.346  1299.991  1404.669  1465.198 1586.915
Share of industry
in GDP () 254 215 18.8 18.2 17.9 16.5 17.2
2
Shareofindustry )5y (oo 90361403 202.917048 236598362 251435751 24175767  272.94938
in GDP (UAH million)
Share of agriculture
in GDP (%) 76 7.8 83 8.2 7.8 8.7 10.2
3
Share of agriculture o 2,90 73900776 89585718 106599262 109564182 127472226  161.86533

in GDP (UAH million)
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Table 2, Continued
No. Indicator/Year 2008 2009 2010 2011 2012 2013 2014

Share of other
services in GDP (%) 67 70.7 729 73.6 74.3 74.8 72.6

Other services

. 663.8487  669.558694  786.843234 956.793376 1043.66907 1095.9681  1152.10029
(UAH million)

Export
5 of agricultural 32 33 34 37 34 27 28
products (%)

Import
of agricultural 9 7 8.4 8 8 8.9 9
products (%)

Total exports

S 444859.00  423564.00 549365.00  707953.00 71734700  681899.00 770121.00
(UAH million)

Total imports

T 520588.00  438860.00 580944.00  779028.00 835394.00  805662.00 834133.00
(UAH million)

Export
of agricultural
products
(UAH million)

142354.9 139776.12 186784.1 261942.61 24389798  184112.73 215633.88

Import
of agricultural
products
(UAH million)

46852.92 30720.2 48799.296 62322.24 66831.52 71703.918 75071.97

Export of industrial

roducts (%) 41 41 41 41 41 41 42

Import of industrial

products (%) 60 59 54 61 64 64 67

Export of industrial
9 products 181519.4 1733264227 2254489319 291359.743 296066.187 282234.749  319651.556
(UAH million)

Import of industrial
10 products 313498.09 25870797 316033.54  472090.97 537158.34  518040.67 555532.58
(UAH million)

Defence
11 expenditure 9130.7 9907.7 12806 12477.6 16374.7 15281.6 27363.4
(UAH million)

Expenditure for the
17 | maintenance of the ;o 73534 7005 9260.7 12096.5 124513 21802.2
Armed Forces of

Ukraine, UAH billion

Expenditures
on food supply
of the Armed Forces,
UAH billion

13 1789.95 2206.02 2101.50 2778.21 3628.95 3735.39 7194.73

Table 3. Dynamics of the main indicators that characterise the military-economic significance of the agro-industrial
complex in the general system of national security of the state (2015-2020)

No. Indicator/Year 2015 2016 2017 2018 2019 2020

1 GDP (UAH billion) 1988.544 2383.182 2908.233 3558.706 3974.564 4194.102

Share of industry

in GDP (%) 16.7 17.7 18 17.6 16.4 14.6

Share of industry

in GDP (UAH million) 332.086848 421.823214 523.48194 626.332256 651.828496 612.338892
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Table 3, Continued

No. Indicator/Year 2015 2016 2017 2018 2019 2020
Share of agriculture
in GDP (%) 121 117 10.2 10.1 9 93
3
Share of agriculture 240613824 278832294  296.639766  359.429306 35771076  390.051486
in GDP (UAH million)
Share of other services
in GDP (%) 71.2 70.6 71.8 72.3 74.6 76.1
4
Other services 1415.843328 1682526492 2088.111294 2572.944438  2965.024744 3191.711622
(UAH million)
5 Export of agrlc;iltural 37 25 28 32 35 33
products (%)
Import of agricultural
roducts (%) 9 7 8 6.7 7.2 7
Total exports 1044541.00 117462500 143023000  1608890.00 163641600  1637399.00
(UAH million)
6 Total imports 1084016.00 132312700  1618749.00 191489300  1947599.00  1681526.00
(UAH million)
Exportof agricultural - 34,502 19 9365625 4004644 514844.8 572745.6 540341.67
products (UAH million)
Import of agricultural 97561.44 92618.89 129499.92 128297831 140227128  117706.82
products (UAH million)
7 Export of industrial 43 40 42 39 46 42
products (%)
Import of industrial
8 roducts (%) 68 65 60 59 56 62
9 Export of industrial 452286.253 4745485 599266.37 622640.43 74456928  682795.383
products (UAH million)
10 Import of industrial 739298.91 857386.30 976105.65 112404219  1086760.24  1044227.65
products (UAH million)
11 | Defence expenditure 52005.2 59348.9 74346.2 97024 1066277 120374.1
(UAH million)
Expenditure for the
17 | maintenance of the 36939.8 458542 522492 66987.7 784567 81087.09
Armed Forces of Ukraine,
UAH billion
Expenditure on food
13 | supply of the Armed 13298.33 18341.68 21944.66 26795.08 34520.95 3243484
Forces, UAH billion

Tables 1-3 show the dynamics of indicators that
characterise the military-economic significance of the
agro-industrial complex in the general system of na-
tional security of the state in order to study the rela-
tionships between indicators of the components of the
economic potential of the state and military potential.
In the current conditions of Ukraine’s development, in
addition to the declining population of Ukraine, the
number of rural population is also decreasing annually

(1-3% annually from the previous year) (Fig. 2a) and
(Fig. 2b), which negatively affects the development of
Ukraine’s agricultural sector, but encourages the search
for new alternative innovative ways to replace human
labour with robotic machines. Today, the production and
use of non-food products that are made from agricultural
raw materials, namely cotton products, wool, linen fab-
rics, clothing and underwear, leather and textiles, has
significantly increased.
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

® Total population, m ™ Rural population, m

31.60 1

31.42

31.40 1

31.20 1
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

™ % of rural population to total population

a)
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Figure 2. Dynamics of a) the population of Ukraine, the rural population and b) the percentage of the rural population
from its total number

For the sustainable provision of the population
and the army with food products,and industry with food
raw materials, it is necessary to make a comprehensive
use of all food sources, namely: current production of
agricultural products; state reserves of food and agri-
cultural raw materials; food reserves that were created
in the Armed Forces of Ukraine in peacetime; commod-
ity food resources of current consumption, which are
allocated for supply to the population. These sources
are the main ones and their products make up the cen-
tralised resources of the state as a whole. Additional
sources include: production from agricultural enterprises
of the Ukrainian Ministry of Defence and subsistence
farms, as well as in the event of war in foreign territories,
trophy foodstuff etc.

Modern warfare makes significant adjustments
in the purpose of each of the sources, if the war is long-
term as in Ukraine, then food supply is of particular im-
portance in the process of preparing the Armed Forces
to perform their assigned tasks. But if a war is fought
in a short period of time with the use of weapons of
mass destruction, the current production of agricultural
products will not be essential for the conduct of hos-
tilities, because in a short-term war the main burden
of supplying the Armed Forces and the population of
the state will fall on the advance creation of state re-
serves, stocks of current consumption, and stocks cre-
ated specifically for the Armed Forces. Therefore, the
creation and maintenance of large mobilisation and state
food reserves in the required amount is an indispens-
able condition for uninterrupted supply of food to the
Armed Forces and the population, restoring losses caused
by enemy actions to provide assistance to areas of the
state affected by the war. It should be noted that without
creating the necessary state reserves (food reserves) in
advance, it is impossible to ensure a successful defence
war. The current provision of food to the population
of the country and its Armed Forces, and the industry
with the necessary agricultural raw materials, is always
planned for a year, because agriculture has a certain
cyclicity - from harvest to harvest [5; 7]. This deter-
mines the urge to have stocks that meet at least the
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annual need for food [15]. State reserves of food and
agricultural raw materials must meet the needs of the
national economy in case of emergencies (agricultural
imbalances, natural disasters, crop failures, armed con-
flicts or wars).

In the modern conditions of development of
Ukraine, when the country is in a state of long-term armed
conflict, the level of threats of a full-scale invasion of
the territory of Ukraine is more than 50% annually, the
role of state reserves has gained its significant strength.
During combat operations, the enemy can use nuclear
weapons, weapons of mass destruction, bacteriological
weapons, that is, the enemy can disable most of the
industrial enterprises, as well as food industry enter-
prises and food supplies in order to create conditions
for artificial hunger and demoralisation of the Armed
Forces. In addition, economic and transport links be-
tween different economic regions of the state may be
disrupted for a long period of time, which will signifi-
cantly complicate wide maneuvers with food and raw
materials reserves. Under these conditions, state re-
serves will play a major role in supplying the army and
population of the country, as well as the functioning
of the national economy as a whole. Depending on the
time of the outbreak of war and the nature of enemy
actions on the territory of the country, the products of
current agricultural production can be obtained only in
a year,that is, with a new crop [6-11]. Therefore, in order
to guarantee the satisfaction of the needs of the state
in the initial period of the war, it is necessary to have
state reserves of food and agricultural raw materials in
the amount of at least six months or even an annual
need [12-15; 18-20].

Most of the world’s militarised countries, such as
the United States, Germany, Russia, China, etc., pay con-
siderable attention to creating and maintaining proper
food reserves in state reserves. For example, in the United
States, the food and Agriculture Act of 1977 is still in force,
which regulates three-year programmes for creating
fixed reserve grain reserves in the amount of more than
40 million tons, which is approximately the annual de-
mand for the country’s population.




For the purpose of sustainable and continuous
support of the army at the beginning of the war, when
the rapid mobilisation of troops begins and there is
a rapid increase in their number. The Armed Forces must
have a sufficient number of operational mobilisation food
supplies. In modern conditions, when there are threats
to use nuclear weapons, weapons of mass destruction,
the importance of mobilisation reserves increases sig-
nificantly. In addition to the mobilisation deployment of
troops and their advance to operational areas, these re-
serves should ensure the restoration of costs and losses
in the first operations (combat operations), and there
should also be a reserve of food to meet the needs that
may arise as a result of the use of nuclear or bacte-
riological weapons. Today, most NATO countries have
food supplies based on the three-month need of their
armed forces. If we consider the situation in relation to
Ukraine, then today in Ukraine,food supplies should not
be less, because the intensification of armed aggres-
sion against Ukraine by Russia without the interven-
tion of Western countries or NATO member countries

Semenenko et al.

can also last from a month to three according to ex-
perts [1; 19].

Analysis of the collected statistical data on the
dynamics of the main indicators that characterise the
military-economic significance of the agro-industrial
complex in the general system of national security of
the state (Tables 1-3) and their growth over the years
(Tables 4-6) makes it possible to study the correlation
between these statistics, which in turn will allow draw-
ing conclusions about the importance of indicators of
the development of the agricultural sector in ensuring
a sufficient level of MEP of the state. Figure 3 shows
the results of assessing the dynamics of the share of in-
dustry, agriculture and other incomes in Ukraine’s GDP.
From the data obtained, it can be seen that agriculture
has adapted to operating in the conditions of the ongo-
ing armed conflict on the territory of Ukraine(the level
of change for 2014-2020 compared to the previous pe-
riod was +0.8%), while industry has suffered irreversible
losses so far and the level of decline compared to the
period before 2014 was -6.2%.

2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000

0 10 20 30 40
mShare of industry in GDP (%)

m Share of agriculture in GDP (%)

50 60 70 80 90 100
m Share of other services in GDP (%)

Figure 3. Dynamics of the share of industry, agriculture, and other incomes in GDP of Ukraine
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Table 4. Dynamics of growth according to indicators that characterise the military-economic importance
of the agro-industrial complex in the general system of national security (2000-2007)

No. Indicator/Year 2000 2001 2002 2003 2004 2005 2006 2007
1 GDP growth, % - 16.71 9.81 15.58 2243 21.82 19.06 24.78
Increase in the share of industry
in GDP (%) 2.08 2.83 0.00 2.92 9.09 2.22 1.50
2
Increase in the share of industry
in GDP (UAH million) - 18.45 12.36 15.58 20.17 28.93 20.86 23.64
Increase in Share of agriculture _ 373 11.03 -21.85 171 1359 2262 16.67
in GDP (%) . . . . . . .
3
Increase in Share of agriculture _ 19.81 014 286 2110 11.19 075 1224
in GDP (UAH million) ’ ’ ’ ’ ’ ’ ’
Increase in the? share of other sources _ 1.84 148 410 1.40 158 201 242
in GDP, %
4

Increase in the share of other sources

in GDP (UAH million) - 15.18 11.14 19.04 23.51 20.58 20.69 26.59

g | [Increasein export of agricultural - 435 1481 357 370 357 572 -241
products (%)

Increase in import of agricultural

products (%) - -9.09 -57.14 22.22 -12.50 21.57 -2.00 -11.11

Total export growth (UAH million) - 9.42 2.20 4.95 0.49 0.69 10.43 21.50

Total import growth (UAH million) - 14.98 5.08 1.56 0.05 0.54 16.96 26.12

Increase in export of agricultural

products (UAH million) - 13.36 16.69 8.34 -3.19 4.24 15.55 19.61

Increase in import of agricultural

products (UAH million) - 7.25 -49.16 23.44 -12.44 21.99 15.29 1791

7 Increase in export of industrial - 029 029 029 029 029 029  0.29
products (%)

8 Increase in import of industrial - 233 000 504 030 261 202  -2.07
products (%)

Increase in export of industrial
9 products (UAH million) 9.69 2.48 5.22 0.78 0.98 10.69 21.73

Increase in import of industrial
10 products (UAH million) 13.00 5.08 3.40 0.35 2.05 15.28 24.59

11 Increase in defence expenditure - 2750  -1018  -230 3262  -2244 596 1443
(UAH million)

Increase in expenditure for the
12 maintenance of the Armed Forces - 27.50 -10.18 -2.30 32.62 -22.44 -18.66 11.79
of Ukraine

Increase in expenditures on food
13 supply of the Armed Forces of Ukraine 27.50 10.18 2.30 32.62 22.44 18.66 11.79
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Table 5. Dynamics of growth according to indicators that characterise the military-economic importance
of the agro-industrial complex in the general system of national security (2008-2014)

No. Indicator/Year 2008 2009 2010 2011 2012 2013 2014
1 GDP growth, % 24.19 -4.62 12.26 16.97 745 4.13 767
Increase in the share of industry in GDP (%) -4.72 -18.14 -14.36 -3.30 -1.68 -8.48 4.07

2

Increase in the share of industry

in GDP (UAH million) 20.61 -23.60 -0.34 14.24 5.90 -4.00 11.43
Increase in Share of agriculture in GDP (%) 5.26 2.56 6.02 -1.22 -5.13 10.34 14.71
3 Increase in Share of agriculture
in GDP (UAH million) 28.18 -1.94 17.54 15.96 2.71 14.05 21.25
Increase in thg share of other source 119 593 302 095 0.94 067 303
in GDP, %
4
Increase in the share of other sources
in GDP (UAH million) 25.10 0.85 1491 17.76 8.32 4.77 4.87
5 Increase in export of agricultural products (%) 9.38 3.03 2.94 8.11 -8.82 -25.93 3.57
Increase in import of agricultural products (%) 0.00 -28.57 16.67 -5.00 0.00 10.11 1.11
Total export growth (UAH million) 27.35 -5.03 22.90 22.40 1.31 -5.20 11.46
Total import growth (UAH million) 30.01 -18.62 24.46 2543 6.75 -3.69 341
6
Increase in export of agricultural products
o 34.16 -1.84 25.17 28.69 -740 -32.47 14.62
(UAH million)
Increase in import of agricultural products 3,01 5357 3705 2170 675 680 449
(UAH million)
7 Increase in export of industrial products (%) 0.29 0.29 0.29 0.28 0.28 0.28 0.28

8 Increase in import of industrial products (%) -2.11 -2.15 -8.36 10.23 5.75 0.00 3.45

Increase in export of industrial products

(UAH million) 27.56 -4.73 23.12 22.62 1.59 -4.90 11.71

Increase in import of industrial products

10 (UAH million)

28.53 -21.18 18.14 33.06 12.11 -3.69 6.75

11 | Increase in defence expenditure (UAH million) 2.67 7.84 22.63 -2.63 23.80 -7.15 44.15

Increase in expenditure for the maintenance

12 of the Armed Forces of Ukraine

16.40 18.86 -4.97 24.36 23.44 2.85 42.89

Increase in expenditures on food supply

13 of the Armed Forces of Ukraine

16.40 18.86 -4.97 24.36 23.44 2.85 48.08
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Table 6. Dynamics of growth according to indicators that characterise the military-economic importance
of the agro-industrial complex in the general system of national security (2015-2020)

No. Indicator/Year 2015 2016 2017 2018 2019 2020
1 GDP growth, % 20.20 16.56 18.05 18.28 10.46 5.23
Increase in the share of industry
in GDP (%) 2.99 5.65 1.67 2.27 7.32 12.33
2
Increase in the share of industry
in GDP (UAH million) 17.81 21.27 19.42 16.42 391 6.45
Increase in Share of agriculture
in GDP (%) 15.70 -3.42 -14.71 -0.99 -12.22 3.23
3
Increase in Share of agriculture
in GDP (UAH million) 32.73 13.71 6.00 17.47 -0.48 8.29
Increase in thg share of other sources 197 -0.85 167 069 308 197
in GDP, %
4
Increase in the share of other sources
in GDP (UAH million) 18.63 15.85 19.42 18.84 13.22 7.10
5 Increase in export of agricultural 12.50 -28.00 10.71 12.50 8.57 -6.06
products (%)
Increase in import oiagrlcultural 0.00 2857 1250 -19.40 6.94 286
products (%)
Total export growth (UAH million) 26.27 11.07 17.87 11.10 1.68 0.06
6 Total import growth (UAH million) 23.05 18.07 18.26 15.47 1.68 -15.82
Increase in export of agricultural ) )
products (UAH million) 35.49 13.82 26.67 22.22 10.11 6.00
Increase in import of agricultural ) ) )
products (UAH million) 23.05 5.34 28.48 0.94 8.51 19.13
7 Increase in export of industrial 414 718 358 827 14.95 911
products (%)
8 Increase in import of industrial 235 525 746 273 520 1014
products (%)
9 Increase in export of_ln_dustnal products 2933 469 2081 3.75 16.38 9.05
(UAH million)
10 Increase in import of_ln.dustrlal products 2486 13.77 1216 13.16 343 407
(UAH million)
11 Increase in defence expenditure 47.38 1237 2017 2337 9.01 11.42
(UAH million)
Increase in expenditure for the
12 maintenance of the Armed Forces 40.98 19.44 12.24 22.00 14.62 3.24
of Ukraine
Increase in expenditures on food supply }
13 of the Armed Forces of Ukraine 45.90 27.50 16.42 18.10 22.38 6.43

Figure 4 shows the dynamics of exports and im-
ports of industrial and agricultural products in Ukraine
in the period of 2000-2020. Imports of industrial products
have a slightly declining trend (on average in 2014-2020,
the decline was 6.7% compared to the initial period),
and exports have a growing trend (changes + 2.2%).
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Imports of agricultural products remained in their posi-
tions, fluctuations did not differ significantly to 1-1.5%,
but agricultural products had a much greater dynamics
of change to 5.7% on average. A significant factor in
such fluctuations is the unstable military and political
situation both around Ukraine and within it.
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Figure 4. Dynamics of the share of industry, agriculture, and other incomes in GDP of Ukraine

Tables 4-6 and Figure 5 show the dynamics of
growth in defence expenditure, expenditure for the
maintenance of the Ukrainian Armed Forces and expen-
diture on food supply. From the data obtained, it can be
seen that these indicators are quite closely correlated
with each other. Their correlation coefficient is almost
91.4%. Such a coincidence of increases in these indicators
shows that the issue of maintenance, and especially food

supply of the Armed Forces is an integral component of
any defence budget, as well as the volume of expenses
for the maintenance of the Armed Forces is from 70
to 80% of all defence expenditures of Ukraine today,
which is a negative trend, because according to the
experience of the leading countries of the world, this
indicator should not exceed 50-60% depending on the
number of Armed Forces.
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Figure 5. Dynamics of growth in defence spending, maintenance of the Armed Forces of Ukraine and its food supply

Figure 6 shows a petal chart of changes in exports
and imports of industrial and agricultural products of
Ukraine for the period of 2000-2020 in order to form
a general idea of the priority directions of development
of the national economy of the state.

Figure 7 shows the dynamics of Ukraine’s GDP
growth and increase in defence expenditure. From the

data obtained, it can be seen that even under the influence
of significant destabilising factors, the overall dynamics
still has a very stable and steady upward trend, which
cannot be said about defence expenditure, which, even
with a significant increase during 2014-2020, is still on
a downward trend due to the impact of a number of
negative factors.
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Figure 6. Petal chart of changes in exports and imports of industrial and agricultural products of Ukraine
for the period of 2000-2020
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The analysis makes it possible to determine the
economic opportunities of the state to provide its Armed
Forces, that is: to form views on determining the share
of the country’s GDP in order to protect national inter-
ests in order to strengthen the state’s MEP; to form the
main priorities for further development of the country
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as a whole. One of the most important priorities is
and always will be the development of the country’s
agricultural sector, as the main source of ensuring the
needs of the armed forces in the nutrition of personnel,
because if there is no foodstuff, then there will be no
army, and if there is no army, then there will be no state.




Therefore, the issues of military-economic significance
of agriculture are one of the most pressing issues of the
military economy, and the formation of reserves for the
Armed Forces is the main element of effective prepa-
ration for combat operations during the defence of the
state.

Today, when determining specific volumes of mo-
bilisation and operational reserves, it is necessary to ap-
proach each strategic direction differentially in terms of
possible combat operations, taking into account its oper-
ational and strategic importance, operational capacity,
remoteness, transport links, economic development of
the region, and so on. Established food supplies, espe-
cially those found in remote areas, should have some
autonomy in their region. When accumulating reserves,
it is advisable to place the main part of them within
each strategic direction of combat operations, taking
into account the appointment of troops, that is, their
correct echelon plays an important role. According to
experience, it is advisable to have 50% directly with
the troops, while the remainder should be stored in
bases and warehouses for government use, giving the
Ukrainian Armed Forces the right to dispose of them in
the event of a transition to operations in a special pe-
riod. The storage conditions of reserves should ensure
their safety, maneuver of reserves in necessary situations,
as well as destruction in the event of a threat of capture
of this territory by the enemy.

In the event that the war continues for three
months, as is the case in Ukraine today, the current ag-
ricultural sector will be used indiscriminately to provide
the Armed Forces. But according to the experience of
the beginning of hostilities in 2015, in the first period,
the provision of the Armed forces of Ukraine was at the
expense of state reserves and food supplies. Today, the
Armed Forces of Ukraine are provided in a combined way,
that is, agricultural products of both current production
are used, and products from warehouses and reserves of
state significance are used in order to update reserves.
During a large-scale war, the main role in providing the
Armed Forces of Ukraine with food will be played by
centralised reserves of the state, but additional sources
will also be of great importance (volunteering, human-
itarian aid, etc.).

It should be understood that a stable and steady
supply of foodstuff to the army and population, and to
industry with agricultural raw materials during combat
operations,is possible onlyif maximum mobilisationand
integrated use of all sources of agricultural production
is possible.In modern conditions,the volume and rate of
overgrowth of agricultural production today do not yet
sufficiently meet the needs of the army and society. The
problem of agricultural production growth rates remains
one of the most acute economic issues in Ukraine.

The efficiency of agricultural production depends
on natural, climatic and economic factors. Ukraine has the
necessary natural and climatic factors for the effective
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development of agriculture, so for the development of
agricultural production today, economic factors (machinery,
technologies,organisation,development of the chemical
industry, etc.) and factors of external influence (loss of
part of the agricultural territory and the presence of
an armed conflict on the territory of Ukraine) have the
greatest weight. Today, the growth of the economic and
military-economic significance of the agro-industrial com-
plex (AIC) is an objective pattern in the development of
the economy of any modern state. In terms of the cost of
products produced by the agro-industrial complex and
the volume of capital investments, this complex ranks
first among other sectors of the national economy.
Today in Ukraine, the share of the agro-industrial
complex is 30-40% of all production assets, and more
than 40% of the working-age population. The final prod-
ucts of the agro-industrial complex, which are produced
from agricultural matter, make up 40-60%, including
food occupies more than 40% of these volumes. Ukraine
today occupies one of the leading positions in the export
of certain types of grain and legumes, as well as some
types of other agricultural products. It should be under-
stood that the rapid development of the agro-industrial
complex will significantly increase the economic poten-
tial of the state, which in turn will increase the military
potential, and thereby increase the level of protection
of the national interests of Ukraine. Material and hu-
man resources that are employed in the agro-industrial
complex are a significant source of increasing the mo-
bilisation capabilities of the state economy. Currently,
the military and economic opportunities of the agro-in-
dustrial complex are growing as a result of adapting
the state economy to function in the context of a long-
term armed conflict and as a result of re-targeting the
necessary capital investments in this complex.
Agriculture has a number of specific features
compared to industry. The main means of production in
agriculture is land that cannot be evacuated from threat-
ened areas,and it is also impossible to create a new one
or replace it with anything. Agriculture also differs from
other sectors of the national economy by seasonality
of production, so in a modern war, agriculture is quite
vulnerable. If military operations interfere with the im-
plementation of sowing or harvesting in the required
time frame, then this will lead to its loss or significant
deterioration in the quality of products. In turn, the crop
during the ripening period can become an object of de-
struction, that is, the active action of the enemy during
the ripening period of the crop can significantly reduce
the volume of agricultural production. At the same time,
the restoration of agriculture will require not only a lot
of effort and resources, but also a lot of time. Thus, to-
day in Ukraine there is an acute problem of preparing
agriculture for functioning in the conditions of combat
operations and the use of the Armed Forces of Ukraine
in part or in full. The preparation of agriculture for
functioning in the conditions of military operations
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(special period) largely depends on the extent to which
the task of protecting agricultural production from ene-
my weapons and other damaging factors will be solved.
Since the beginning of the war, changes in production
conditions are significant for agriculture, so it is neces-
sary to take measures in advance to reduce the vulner-
ability of agriculture and ensure its sustainable func-
tioning in different natural and climatic zones, taking
into account the economic characteristics of different
areas. The nature of these measures is determined by
the properties of the weapons that the enemy will use
and the scope of the enemy’s intentions to resolve an
armed conflict or war. It should be understood that in
a modern war, ensuring sustainable agricultural pro-
duction will be one of the most difficult problems of

the military economy, so the preparation of agriculture
should take place in peacetime and on an ongoing ba-
sis, taking into account the build-up and maintenance
of its high level during combat operations. One of the
important directions for improving the efficiency of ag-
ricultural production is to provide it with qualified la-
bour (human resources), so according to the experience
of wars, the outflow of human resources from agriculture
was 2-3 times less than from other sectors of the economy
of states that took part in armed conflicts or wars.

Figure 8 shows the results of an expert survey
conducted by the method of pairwise comparisons on
the distribution of the share of the main components in
the formation of the state’s MEP.

"%
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= Labour and mobilisation resources
= National wealth
Industry and its branches
Agriculture
= Vehicles and technical facilities
= Status and number of armaments and military equipment

= Status and size of the Armed Forces

Figure 8. Distribution of the main components of the formation of the military-economic potential of the state

From the results obtained, it can be seen that
the basis of any MEP of the state is the stability of the
functioning of industry and the agricultural sector since
this is the basis for ensuring the defence capability of
the country as a whole.

CONCLUSIONS

The successful development of the Ukrainian agro-in-
dustrial complex, taking into account the requirements
of the current war, will make it possible to provide not
only for the rapidly growing needs of the Armed Forces
and the state in food and agricultural production, but
also to accumulate sufficient state reserves to meet the
projected military requirements. This, in turn, will sig-
nificantly increase the possibilities of sustainable and

efficient functioning of agriculture, even during hostili-
ties. The realisation of these opportunities depends on
the early implementation of agreed measures to ensure
the sustainable functioning of the agricultural produc-
tion system, as well as food supply to the state and its
Armed Forces. The sustainable functioning of agricul-
ture should be understood as its ability to produce
established types of products in the required volumes
in wartime.

Early implementation of scientific measures to
ensure the sustainability of agricultural production will
certainly contribute to the preservation of this vital ele-
ment of the state’s economic potential, and therefore, it
will have a positive impact on the military capabilities
of the state during its protection.
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MeToponoriyHi acneKT BOEHHO-€KOHOMIYHOro 3Ha4YeHHS CiNTlbCbKOro rocnogapcTsea
Ta cyyacHi npo6neMun NpoaoBoNbYNX pecypciB BOEHHOIO NpU3HaUYeHHs B YKpaiHi

Oner Muxaiinosuu CemeHeHko2, IBaH KOpiitoBuu Mapko?, IpuHa MatsiiBHa YepHuwioBa?,
BikTopisa JleoHigieHa KoBepra?, PomaH Onekcanapoeuu Mekynsk?

'HauioHanbHWit aBiauiiHUit yHiBEpCUTET
03058, npocn. JTiw6bomumpa ly3apa, 1, M. Kuis, YkpaiHa

2LleHTpanbHMUiA HayKOBO-A0CAIAHWUIA IHCTUTYT 36poiHMX Cun YkpaiHu
03049, npocn. MNosiTpodnoTcbknin, 286, M. Kunis, YkpaiHa

AHoTtauis. Ha cborogHi 4ocnigXKeHH0 NMTaHb BOEHHO-EKOHOMIYHOI 3HAYMMOCTI CiNbCbKOro roCnoAapCTBa NPUAINSETHCS
3HayHa yBara gk kepiBHuuUTBOM 3C YKpaiHM Tak i fep>KaBu 3arasaom, TOMy OCHOBHOK METO CTaTTi € BUSHAYEHHS
[esKMX METOLOMONYHMX aCMEKTIB BOEHHO-EKOHOMIYHOr0 3HAaYEHHS CilbCbKOrO roCnoAapCTBa A1 3MiLlHEHHS! BOEHHO-
€KOHOMIYHOr0o NOoTeHLiany AepXaBn Ta PO3KPUTTS NpobaeMaTUKmM BUKOPUCTAHHS MPOLOBOBYMX PECYPCiB BOEHHOIO
NpU3HaYeHHs. Y CTaTTi aBTOpaMM NPOBEAEHO aHaNi3 CTaTUCTUYHMX AAHMX LWOA0 AMHAMIKM OCHOBHUX MOKA3HMKIB, WO
XapaKTepu3yTb BOEHHO-EKOHOMIYHE 3HAaYEeHHS arponpOMMCIOBOr0 KOMMIEKCY Y 3arasibHin CUCTEMI HALiOHANbHOT
6e3neku LepKaBu, a TakoX AMHAMIKM MPUPOCTY iX 33 POKaMM 3 NOAANbLIMM JOCNIIKEHHIM KOPENsALiAHUX 3BA3KiB MiXK
UMMM MOKA3HMKAMM Ta 0BOPOHHUMMK BUTpaTaMu YKpaiHM 3 MeTOK po3pob/eHHs peKOMeHAALM LWOoA0 OLHIOBAHHS
BXX/IMBOCTi MOKA3HMKIB PO3BUTKY CiNIbCbKOrOCMOAAPCbKOI rany3i y 3abe3neyeHHi AOCTaTHbOTO PiBHA BOEHHO-
€KOHOMIYHOro MoTeHLiany AepXasu. 3a 4OMNOMOrOK TaKOro aHasi3y aBTOpU CTaTTi BCTAHOBUAM EKOHOMIYHI MOXMBOCTI
[epxaeu Wwono 3abesneveHHs BnacHux 3C, copMyBanu NOrmsaM LWOAO BU3HAUYEHHS YacTku BBIT kpaiHu Ha 3axuct
HaLlioHaNbHKX iHTepeciB 3 MeTot 3MiuHeHHs BEI pepxasu, chopMyBanv OCHOBHI NPiOpUTETU NOAANBLLIOIO PO3BUTKY
KpaiHW 3aranoMm. Takox y CTaTTi METO40M eKCNEePTHOro ONMTYBAHHS HA OCHOBI MOMAPHUX NMOPIBHSHb OLLIHEHO MOKA3HUKM
BHECKY OCHOBHMX CKMQA0BMX Y 3araibHUM MOKA3HMK AOCTAaTHOCTI PiBHS BOEHHO-EKOHOMIYHOMO MOTEHLiany AepxaBu 3
METOH BM3HAUYEHHS BaXK/IMBOCTI CiNlbCbKOrOCMOAAPCHKOI rany3i y CTaHOBNEHHI LbOro NoTeHLiany. 3a pesynstatamu 6yno
BM3HAYEHO, L0 OCHOBO Oyab-akoro BEI nepxaBu € HasgBHICTb CTabiNbHOCTI PYHKLiOHYBaHHS NPOMMUCIOBOCTI Ta
CiNIbCbKOroCnoAapCbKOi ranysi, OCKiibKM Lie OCHOBA 3abe3neyeHHst 000pOHO34aTHOCTI KpaiHW B LLiNOMy. 3ibpaHi CTaTUCTUYHI
[laHi Ta OTPMMaHIi NpaKTUYHI pe3ynbTaT MOXYTb BYTM KOPUCHMMM CreLianictTaM 0O0POHHOI Ta CilbCbKOrOCnoaapChbKoi
ranysi nepykaBu, a TaKOX HayKOBLSAM 1151 NPOBELEHHS NMOAA/bLUMX AOC/IIKEHb 33 BU3HAYEHUM Y CTATTi HANpsAMOM

KntouoBi cnoBa: 36poliHi cunu, apmis, HauioHanbHa 6e3neka aepykasw, BiliHa, NPOLOBO/bYi TOBApH
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INTRODUCTION

The sustainable socio-economic development of Ukraine
depends entirely on the level of development of each
branch of the national economy as a whole,as well as its
individual infrastructure elements at the present stage.
Integration into the world and especially into the Euro-
pean economic space is a defining priority of public ad-
ministration at all levels. Thus, the stable development
of the country’s railway industry is a key prerequisite for
the overall growth of all economic and social indicators
of the country; enhancing its Ukrainian competitiveness
in foreign markets; broadening and strengthening link-
ages among economic agents; enhancing the economic
security of the state; development of foreign economic
activity to ensure the European integration vector of de-
velopment, etc. Rail transport, in fact, is the “blood circu-
latory system” of the Ukrainian economy, which imple-
ments a comprehensive influence on all aspects of the
life of the state by promoting interregional and inter-
national cultural ties, socio-economic transformations,
tourism cooperation between states, retail and whole-
sale trade, etc.[1]. But, it should be noted that today the
system of the railway industry of Ukraine does not fully
comply with the world and European standards, direc-
tives, standards, regulations, and requirements, as well
as is significantly far behind in terms of the content
of the legislative and regulatory technical base, infra-
structure component, the quality of transportation and
service services provided and other important aspects
of the effective development of the industry as a whole.
Thus, the above factors determine the relevance of the
selected topic of research on the need to systematize
the scientific, methodological and practical provision
of sustainable development of the railway industry of
Ukraine in the conditions of integration processes and
its further improvement by creating and introducing a
systematic approach to the formation of a universal and
effective system of public management of the develop-
ment of railway transport and the industry as a whole.
Public management of railway transport devel-
opment is a complex, multi-component socio-economic
system and has many unresolved problems and devel-
opment prospects. Therefore, many scientific works of
scientists and specialists of public administration, eco-
nomics,and management are devoted to this issue, such as
V.L. Dykan and H.Ye. Ostroverkh [1-3], Yu.L. Mokhova [4],
A.O.Diegtiar et al.[5; 6], H.Eitutis et al.[7],].V.Tokmakova et
al.[8],V.Hudkova and Yu. Tiutiun [9], B.Ya. Ostapiuk [10],
V.V.Matviienko [11], N.E. Avanesova et al.[12],V.Kruhlov
and D. Tereshchenko [13], I.S. Lukasevych-Krutnyk [14]
and others. But, despite the substantive and fundamental
studies carried out by these scientists, the issues of the
formation of a universal, efficient and effective system
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of public management for the railway transport devel-
opment in the changing socio-economic and political
conditions of Ukraine remain unresolved. The main pur-
pose of the article is to study methods and models of
public management of railway transport development
based on a systematic approach. To achieve this purpose,
tasks are as follows:

- to clarify the definition of the category “public
administration of railway transport”;

- to establish a universal, efficient and effective
system of public administration for the development of
railway transport;

- to identify the main elements of the system entrance;

- to analyze the main directions of implementation
and development of elements of working subsystems;

- to provide proposals on operational and strategic
directions of improvement of public management of
railway industry development.

THEORETICAL ASPECTS OF CREATING
A UNIVERSAL AND EFFECTIVE SYSTEM
OF PUBLIC MANAGEMENT OF THE RAILWAY
TRANSPORT DEVELOPMENT OF UKRAINE

Today, railway transport occupies a leading place among
key sectors of the economy in Ukraine. It is a secure link
for more than 80% of all freight and almost half of all
passenger traffic. So the defining position of the railway
transport of Ukraine is due to two interrelated factors,
namely:

- significant economic, social, and technical advan-
tages over other land, water, and air transport modes;

- the geographical position of Ukraine, through which
significant transport and economic flows pass.

In order to establish a universal and effective sys-
tem of public management of the railway transport de-
velopment of Ukraine, it should be clarified the defini-
tion of “public management of the railway transport” by
summarizing scientific works [4; 5; 7; 8] and highlight-
ing the main systemic, organizational, and managerial
problems that may prevent the continuous operation of
the system [9-11] (Fig. 1). The research carried out in
Figure 1 and the processing of scientific sources [6;
12; 15; 16] make it possible to form a universal system
of public management of the railway transport devel-
opment, the main feature of which is the presence of
four interconnected subsystem units, namely: economic
growth, the introduction of an innovative component
and an integrated information environment.

As shown in Figure 2, the system is based on
a system approach, that is, it contains all the necessary
aspects: entrance, operating subsystems, exit, external
environment, feedback, as well as the components and
elements that are included in them.

Scientific Horizons, 2021, Vol. 24, No. 8

99



100 Public management of railway transport development based on the principles of a systematic approach

PUBLIC ADMINISTRATION OF RAILWAY TRANSPORT

|

An instrument for realizing national
This is a set of tools by which the state interests, which allows in to be considered
establishes requirements for enterprises and as an element that can influence not only
citizens. It includes laws and auxiliary tools the effectiveness of economic development
created by the state and public administration but also the prerequisites for expanding
authorities cooperation between states and strengthening
integration processes

CLARIFIED AUTHOR’S DEFINITION
A set of public management actions to ensure sustainable development of the railway industry, which consists
in summarizing, systematizing, and monitoring the implementation of legislative and regulatory legal acts
in order to obtain the desired socio-economic effects and further integration into the world transport network
by constantly improving the scientific, methodological and practical aspects of organizational and managerial
support using modern innovative achievements and information technologies

Development of effective measures for
servicing of goods and passenger flows and
ensuring their movement by means of vehicles
(rolling stock) in order to achieve the desired
economic and social benefits

The process of developing a sustainable
profit goal, competitive advantage, and
long-term survival in line with the mission in
an environment that is dynamically evolving

PROBLEMS OF PUBLIC ADMINISTRATION OF RAILWAY TRANSPORT

System:
— outdated model for solving traffic
problems; . Ma_nagement: .
— legislative, which does not respond Organizational: — insufficient level of skills
to existing challenges, risks, — presence of inflexible and competegce of management
and threats; organizational structure; _ atvarious levels;
— inefficient business model of the — out-of-date model business fmeﬂicllent management
railway transport system; process organization model, of available resources,
— non-transparent tariff regulation; —no consolidated datastore — lack of effective staff
— practical lack of investment motivation system
attractiveness of the industry

Figure 1. Clarification of the category “public management of railway transport” and problems of the railway industry
Source: author’s development based on the generalization of [4, 5; 7-11]
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SYSTEM OF PUBLIC MANAGEMENT OF RAILWAY TRANSPORT DEVELOPMENT

Entrance to the system

—

System management

Challenges and priorities for the

1

Directions of railway transport

101

subjects development of the system development
B e I
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘ General organizational subsystem ‘ :
Legislative and legal [E— <: Principles
support Public railway
administration
Functions ) K :: Tools

Economic growth subsystem ‘

The objective of the subsystem: growth of railway transport performance based on efficient use
of the economic potential of the railway industry

o »: v:

Directions of improvement to improve the economic potential of railway transport in the changing
conditions of the present

Innovation component implementation subsystem ‘

The purpose of the subsystem is to create new or improve existing transport services (goods) based on
the development, implementation of progressive technological, organizational, economic, and management
solutions, commercialization of modern consumer forms |

External environment

L

Reasons for information

Directions of innovation component implementation

Integrated information environment subsystem }

The purpose of the subsystem is to create a single educational, scientific and innovative space, which
includes educational, research and production, and implementation components for economic growth and
the introduction of competitive (high-tech) services (goods) of railway transport, which will contribute
to the stability of the entire system and the possibility of its continuous development

~ ~

‘ Integrated information environment implementation directions

Exit from the system

Development of operational and strategic directions for improvement of public management
of railway industry development

Realization of measures for the implementation of proposed directions of improvement of public management
of railway industry development

Monitoring, analysis, and assessment of the impact and consequences of the measures taken to implement
the proposed directions of improving the public management of the development of the railway industry with
the subsequent response of the system to changes in the internal and external environment

Figure 2. Formation of the system of public management of railway transport development
Source: author’s development based on the generalization of [6; 12; 15; 16]
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ANALYSIS OF ELEMENTS AND
COMPONENTS OF THE ESTABLISHED
SYSTEM OF PUBLIC MANAGEMENT OF THE
RAILWAY TRANSPORT DEVELOPMENT

Therefore, in order to increase the scientific, methodolog-
ical and practical value of the established system of
public management of railway transport development,
it is necessary to analyze each element and component

of this system and provide proposals for improving
their individual components.

I. Entrance to the system is the defining manage-
ment and organizational link of the entire system and is
characterized by the presence of three elements.

1.The system control subjects can be roughly di-
vided into three hierarchical levels (Table 1).

Table 1. Subjects of public administration of the railway transport development system

No. Subject name Main tasks of the subject

1. Higher level of management
11 Cabinet of Ministers of Ukraine Manage the entire system, have broad authority, and directly and indirectly affect
1.2 Ministry of Infrastructure of Ukraine all other subsystems and system elements

II. Medium level of management

2.1 State Agency for Railway Transport

Implementation of state policy, control of equal access to infrastructure,
coordination of railway transport enterprises, registration and coordination of
the activities of carriers, operators, industrial transport, subways, etc.

29 National Transport Regulatory

Formation of an effective tariff policy in the transport services market, which

Commission belongs to the natural monopoly
2.3 State Transport Safety Authority State supervision of traffic safety, including railway transport
. R . Performs the function of analyzing each force majeure situation that led to the
2.4 Accident Investigation Commission . . .
accident and determines the ways to overcome it
I1l. Low level of management
3.1 PJSC “Ukrzaliznytsia”
32 Private carriers, railway rolling stock . . . . . .
. operators, freight forwarders Put |pto.pract|c.e 'Fhe decmons. of the higher a.nd mlddle_man.agemen'g subjec_ts,
monitoring their implementation, and transmit the received information for its
33 Non-public railway transport: industrial, subsequent processing and improvement of their activities
’ railway transport, access roads
3.4 Subway

Source: author’s development based on the generalization of [16-19]

2.The system should fulfill the following common
objectives and focus on such development priorities:

- compliance with timeliness, completeness, and
quality standards in the provision of services by railway
transport to meet the needs of the population and social
production;

- protection of the rights and freedoms of members
of the community during their service by railway transport
enterprises, as well as the focus on its safe operation and
maintenance;

- balancing the necessary rate and proportions of
the development of Ukraine’s national transport system;

- creation of a reliable system of economic security
of Ukraine, protection of legitimate interests of railway
transport enterprises and consumers of transport ser-
vices;

- creating favorable conditions for general economic
and social growth, improving the competitiveness of the

Scientific Horizons, 2021, Vol. 24, No. 8

national economy in the international market,and improv-
ing the quality of life of all segments of the population.

3.The main directions of the efficient development
of railway transport should be divided into two interre-
lated elements:

- transport policy direction (organizational and per-
sonnel; property; investment; financial and credit; tax;
tariff, etc.);

- administrative direction (administrative and leisure;
public oversight; administrative and regulatory).

Il. The common organizational subsystem is the
key link of the system and, using the following elements,
forms an effective mechanism for organizing the work
of all components and links of the system.The main ele-
ments of this subsystem include the following:

- legislative and legal support is a set of mechanisms
that are developed and operate at both the national and
international levels. They are divided into compulsory




or mandatory (national laws and regulations, treaty ob-
ligations) and voluntary (virtue covenants, codes of con-
duct, etc.) [20]. Their competent implementation should
form a legal basis that applies all other elements and
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components of the system in work;

- the set of principles, functions, and tools of the
general organizational subsystem in this study is pro-
posed to be considered as follows (Table 2).

Table 2. Principles, functions, and tools of the system of public management of railway transport development

No. Common organizational subsystem element

Main types

1 Principles

- Systematics
- Quiality of service provision
- Legal support
- Coenomic growth
- Innovation
- Informativity
- Reliability and safety
- Accessibility and financial transparency
- Competitiveness

2 Functions

- Regulatory
- Security
- Control and supervisory
- Price forming
- Integrative

3 Tools

- Economic planning and forecasting tools
- Plan adjustment tools
- Operational and strategic management accounting systems
- Generation and dissemination of knowledge
- Continuous qualification staff training
- Simulation of results
- Information technology (problem-oriented databases)

[11. Economic growth subsystem.

Today there is an urgent need to pay special at-
tention to the development of mechanisms, tools, and
directions for the economic growth of railway transport
in Ukraine. The study proposes the following areas of
improvement to increase the economic potential of rail-
way transport in the changing conditions of the present:

- general updating of the state’s transport system
for the introduction of linkages between the different
transport means, which will contribute to the socio-eco-
nomic importance of the railway industry;

- improvement of the regulatory and legal environ-
ment in the field of financial and investment support
for railway transport activities, which will create the
basis for increasing the attractiveness of the industry
among existing and potential Ukrainian and world in-
vestors and will lead Ukrainian legislation to the world
and European norms and standards;

- improvement of organizational structures and man-
agement methods will make it possible to introduce
modern management means and methods to achieve
the desired financial and economic results and increase

the economic potential of the railway industry as a whole;

- improving the system of training and education
of personnel by transforming the system of traditional
values and motivation will promote competition for pres-
tigious jobs in the railway industry, which will increase the
economic effect of the general introduction of innovations.

IV. Innovation component implementation sub-
system.

The effective functioning of the railway industry
of Ukraine takes place in difficult socio-economic con-
ditions and is impossible without the activation of its
innovative development in various directions. That is why
to get out of this difficult situation it is necessary to
introduce the systemic solution of problems of activa-
tion of innovation activity of enterprises of the railway
industry, the formation of the unified research environ-
ment, efficient technologies of development and in-
troduction of innovations, development of intellectual
capital, and improvement of quality of products [2; 21].
Figure 3 describes the main reasons for innovation in
the public management of railway transport development.
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REASONS AND DIRECTIONS OF INNOVATION IN PUBLIC MANAGEMENT
OF RAILWAY TRANSPORT DEVELOPMENT

<~

Main reasons

N

The intension of the world market with goods and
services encourages the production of creative and

high-quality goods and services to conquer new.
constantly changing consumer requirements

Ability to create a competitive advantage
for innovative goods and services

and services

Global trends towards individualization of goods >

The destructive influence of international companies
which is expressed in the outflow of personnel,
investments, and other factors

o)

,

N

Actual directions

Creation of favorable conditions for the innovative
development of the railway industry through
the introduction of effective models and methods
of public administration

; Recognition of the role of social institutions

i [ in the process of innovative development of railway
E transport is an important path in the formation

; of a socio-economic and technological paradigm

Increase competitive advantage by increasing
the introduction of new techniques, technologies,
and also methods for the provision of services
and production of goods

Figure 3. Reasons and directions of innovation in public management of railway transport development
Source: author’s development based on the generalization of [2; 3; 21]

V. Integrated information environment subsystem.
An analysis of the current state of the railway
industry of Ukraine found systemic shortcomings in the
functioning of existing information systems, which sig-
nificantly reduce the reliability and quality of informa-
tion support for the entire cycle of creating a service
(product), and therefore cause an increase in its duration
and inefficiency of management decisions. Define the main
directions of implementation of the integrated infor-
mation environment:
- adaptive railway management information system
in the changing conditions of the present;
- information system for monitoring the development

of railway transport;

- information system for planning and programming
the development of railway transport for short-term and
long-term periods;

- information system of state control over railway
transport development;

- an information system that accompanies the pro-
duction of goods and services, including innovative.

At the exit from the system of public management
of railway transport development, there are operational
and strategic directions of improvement of public man-
agement of railway industry development, see Table 3.

Table 3. Operational and strategic directions of improvement of public management of railway industry development

No. Direction

Direction characteristic

- Establishment of an effective legislative framework in accordance with international standards

Improving the
1. legislative and
regulatory framework

- Development of an improved version of the Charter of Railway Transport of Ukraine
- Ensuring financial and economic transparency of railway transport
- Approval of the Procedure for initiation, preparation, and implementation of various projects,

special attention should be paid to innovative

Complete separation of
the functions of public
2. administration from the
economic functions
of railway enterprises

- Provision of a certain capacity of the main directions of railway transport
- Control of the compatibility of railway transport with foreign countries
- Evelopment of an effective investment policy for the railway industry (including raising
funds from local budgets for investment) through the formation of a new investment support

mechanism

- Transparent tariff formation

- Introduction of tariff simplification at the borders of the state

Development and
implementation
of a new public tariff
management system

- Development of a methodology for integrated tariff management
- Introduction of progressive tariff methods
- Formation of methodology for calculation of fees for railway transport services
- Accounting of investment component in tariffs

- Creation of an automated system of corporate-state management of railway transport
(management of finance and resources, planning and implementation of cargo transportation, etc.)

Scientific Horizons, 2021, Vol. 24, No. 8




Dykan et al.

Table 3, Continued

No. Direction

Direction characteristic

Development of
a progressive approach
to the organization
and management
of passenger
transportation

- The introduction of a network of interconnected logistics centers and terminals

with extensive capabilities

- Construction of high-speed railway sections
- Acceleration of border inspection posts of Ukraine
- Enactment of international standards for the carriage of passengers
- Improvement of social passenger transport

- Application of security management system certification procedures

Introduction of a public
administration system
in the international
security

- Improvement of procedures and methods of state supervision and control of the safety
of railway transport in accordance with international standards
- Introduction of innovative security projects and programs
- Technical and technological modernization of transport
- Introduction of public-private partnerships

- Application of long-term concessional lending mechanisms

Thus, the implementation of measures to imple-
ment the proposed directions for improving public man-
agement of the development of the railway industry will
achieve the following practical results:

- to create conditions for the development of free
competition in the industry;

- to increase the competitiveness of the railway in-
dustry in Ukrainian and international markets;

- to achieve the desired indicators of railway industry
efficiency and innovation.

CONCLUSIONS

There were conducted scientific and applied studies of
the problem of the formation and implementation of
a universal, efficient and effective system of public man-
agement of the development of railway transport in
the changing socio-economic and political conditions
of Ukraine. The value of study consists in the scientific,
methodological, and practical results obtained, namely:

1.The definition of the category “public management
of railway transport” is clarified, which is considered in
the article as a set of managerial influences of the state
to ensure the sustainable development of the railway
industry, which consists in summarizing, systematizing,
and monitoring the implementation of legislative and
regulatory legal acts to obtain the desired socio-eco-
nomic effects and further integration into the world
transport network by constantly improving the scientific,
methodological and practical aspects of organizational
and managerial support using modern innovative achieve-
ments and information technologies.

2.A universal, efficient, and effective system of public
management of the development of railway transport
has been formed, containing all the necessary aspects:
entrance, working subsystems, exit, external environment,
feedback, as well as components and elements that are
part of them. The main feature of the developed sys-
tem is the presence of four interconnected subsystem
units, namely: economic growth, the introduction of an
innovative component, and an integrated information
environment.

3.The main elements of the system entrance are defined:

- system management subjects, which are divided
into three levels of management and perform interre-
lated objectives;

- general tasks, priorities of the system operation
are set out and the main directions of railway transport
development efficiency.

4. Main directions of implementation and develop-
ment of elements of working subsystems are analyzed:

- the common organizational subsystem is the key
link of the system and, using a complex of elements,
forms an effective mechanism for organizing the work
of all components and links of the system;

- is proposed a set of improvement directions to
increase the economic potential of railway transport in
the changing conditions of the present;

- the reasons and directions of innovation in the
public management of railway transport development
are identified;

- the main directions of implementation of the inte-
grated information environment have been investigated.

Proposals on operational and strategic directions of
improvement of public management of railway indus-
try development in the following areas are presented:
improvement of legislative and regulatory framework;
full separation of the functions of public administration
from the economic functions of railway enterprises; the
development and implementation of a new public tariff
management system; development of a progressive
approach to the organization and management of pas-
senger transportation and the introduction of a public
administration system in the international security. It
was concluded that the effective operation of the de-
veloped system and the successful introduction of areas
of improvement of public management for the develop-
ment of the railway industry will achieve the following
results: create conditions for the development of free
competition in the industry; increase the competitiveness
of the railway industry in Ukrainian and international
markets; achieve the desired indicators of railway industry
efficiency and innovation growth.
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Oep)XaBHe ynpaB/liHHA PO3BUTKOM 3aJ1i3HUYHOIO TPAaHCMNOPTY HAa OCHOBI
NpUHUMNIB CUCTEeMHOro nigxony

Bonoaumup JleoHinoeuu lukaHb, OneHa lpuropisHa KipaiHa, Biktopia OnekciiBHa OBYMHHiKOBa,
Hatania €ereHiBHa KanuueBa, laHHa BonoaumupieHa O6pyu

YKpaiHCbKMI AepXKaBHWIA YHIBEPCUTET 3a1i3HUYHOIO TPaHCMOpPTY
61050, marpaH ®enepbaxa, 7, M. Xapki., YkpaiHa

AHoTauif. CTaTTa NpUcBAYeHa HAayKOBO-MPUKNAAHUM AOCNILXKEHHAM npobneMu GOpMyBaHHS Ta BMPOBAAXKEHHS
YHiBepCcasnbHoi, epeKTUBHOI Ta AIEBOI CUCTEMM AEPXKABHOMO YNPABiIHHA PO3BUTKOM 3a/1i3HUYHOIO TPAHCMOPTY B MIHAMBUX
CoLianbHO-EKOHOMIYHUX | MOMITUYHMX YMOBAX YKpaiHU. YTOUHEHO BU3HAUYEHHS KaTeropii «AepXKaBHe yrnpaBiHHA
3aNi3HUYHMM TPAHCMOPTOM» Ta NPO6eMU 3ani3HUYHOI ranysi B uinomy. ChopMOBaHO yHiBepcanbHy i edeKTUBHY
CUCTEMY AEPXKABHOMO YNPaB/iHHSA PO3BUTKOM 3a/1i3HUYHOTO TPAHCMOPTY, LLLO MiCTUTb YCi HEOOXiHI acnekTu: BXia A0
cucteMu, poboui nigcmMcTemMu, BUXia, 30BHILLHE CepefoBULLLEe, 3BOPOTHUI 3B30K, @ TAKOX KOMMOHEHTV Ta eNeMEHTH,
SKi € IXHIMM YacTHamu. [loBeaeHo, Wo BXifg y CUCTEMY € BU3HAYAIbHOK YNPaBAiHCbKOK Ta OPraHi3auinHo NaHKOK
BCi€i cuctemu. MpoaHanizoBaHO OCHOBHI HaNpsiIMM BMPOBAMXKEHHS Ta PO3BUTKY €/1€MEHTIB poboumnx nigcucrem.
MNpeacraBneHo Npono3uLii WoAo onepaTUBHO-CTPATENYHMUX HAMPSMIB YAOCKOHANEHHS LEepXaBHOro ynpasiHHS
PO3BUTKOM 3a/1i3HMYHOI rany3i3a HanpsiIMamMu: yA0CKOHANIEHHS 3aKOHOLaBY0i Ta HOPMATUBHO-NPABOBOI 6a3n; NoBHe
BiJOKpPeMNEHHS QYHKLiA AepXXaBHOro yNpasiHHS Bif, EKOHOMIYHMX DYHKLIM 3a1i3HUYHMX NiIANPUEMCTB; po3pobKa
Ta BNPOBaAXEHHS HOBOI AePXKaBHOI CUCTEMM YNPaBAiHHA Tapudamu; pO3BUTOK MPOrpPecHBHOro NiAX0o4y A0 OopraHisauii
Ta YNpaBiHHS NACAKUPCbKMMM NEPEBE3EHHAMM Ta 3aNPOBAAKEHHS CUCTEMM AEPXKABHOIO YNPABAiHHA B MDKHAPOAHI
6e3newi. 3pobneHO BUCHOBOK, WO edeKkTUBHE (YHKLiOHYBaHHSI pPO3p0o6/eHOi CMCTeEMM Ta YCMillHE BMPOBAAXKEHHS
HanpsIMiB YAO0CKOHANEHHS AEPXKABHOMO YNPaBiHHA PO3BUTKOM 3ai3HUYHOI rany3i [LO3BOMUTL AOCAITU TaKMX PE3YNLTaTIB:
CTBOPUTU YMOBU A9 PO3BUTKY BiIbHOT KOHKYPEHLLi B rany3i; NigBULLEHHS KOHKYPEHTOCMPOMOXHOCTI 3aNli3HUYHOT
rany3i Ha yKpaiHCbKOMY Ta Mi>XKHAapPOAHOMY PUHKAX; JOCATTM BaXKaHUX NOKA3HMKIB eDEKTUBHOCTI 3aNi3HUYHOI ranysi
Ta iIHHOBALIMHOrO 3pOCTaHHS

KniouoBi cnoBa: niaBULLEHWUIA, yOOCKOHANEHHS YNPABAiHHSA, CUCTEMHUI NiAXi4, pO3BUTOK, IHPpaCTpyKTypa
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INTRODUCTION

In modern science and practice, public-private partner-
ship (PPP) is considered the interaction of the public
and private sectors: in a broader sense, any cooperation
in various spheres of public life, supporting society with
entrepreneurship and strengthening its social role. In
a narrower sense, PPP is a partnership in the implemen-
tation of socially important investment projects [1]. To-
day, the PPP is a recognised and proven comprehensive
mechanism of society that combines the efforts of the
state (state and local authorities) and private organisa-
tions to optimise the creation and use of infrastructure
and the provision of public services. Among the many
interpretations of public-private partnerships, one of
the most successful is the definition of the UN Economic
Commission for Europe. According to UN Commission,
PPP is an innovative long-term contract for the devel-
opment of infrastructure and public services, funded
and motivated by the private sector which is generally
owned by the state [2]. Notably, today various versions
of the English term “public-private partnership (PPP)”
are used. In Ukraine, as in most post-Soviet countries,
the term public-private partnership is used mainly in the
field of regulation and research. The term is even used
in official translations of international documents, such
as the Ukrainian version of the Green Paper on public-
private partnerships and Community law on public con-
tracts and concessions, prepared by the European Com-
mission in 2004. The Commonwealth of Independent
States Model law also uses the term “public-private
partnership”. Legislation and research also use phrases
such as “public-private partnership”,“interaction between
the state and business” [3], etc.

The study of the experience of public-private
partnership shows that its development is an objective
process that has certain traditions in many countries,
however, it intensified only recently because of the grow-
ing demand for public services and increased attention
to optimising service provision, due to the budget defi-
cit. In recent decades, PPPs have become an important
form of infrastructure projects. World practice generally
confirms the success of PPP as a tool for attracting in-
vestment to create a modern infrastructure of public
services. Moreover, the relationship between the de-
velopment level of the country and the degree of PPP
implementation can be observed [4]. The dynamics of
public-private partnership projects in the world has
a steady upward trend. Various studies consider the pos-
sibility of implementing such projects in certain areas
and certain groups of countries. The World Bank’s Pub-
lic-Private Partnership Legal Resource Centre project
mainly covers 139 countries divided into six regions:
Latin America and the Caribbean; Europe and Central
Asia; East Asia and the Pacific; South Asia; the Middle
East and North Africa; Sub-Saharan Africa [5]. Public-
private partnership is an extremely complex phenom-
enon that covers not only economic but also social and
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state-administrative relations. The fastest spread of PPP
occurs in developed countries, where there are strong
guarantees of property rights, the state does not interfere
in business without excessive force, and investors are
confident in the stability of the economy and legislation.
Regulated risk distribution is also vital [6]. The search
for new approaches to creating an effective system for
regulating public-private partnership in Ukraine is driven
by the need to ensure economic growth, including with
the reform of the existing economic model, which is char-
acterised by insufficient foreign investment, low partici-
pation in the global value chain,and market imbalance.

The purpose of this study is to examine possible
strategies for the development of public-private partner-
ships in the context of decentralisation.

MATERIALS AND METHODS

The methodological basis of the presented research is
a combination of theoretical methods. In the course of the
research, the following methods were used: information
synthesis and analysis, classification, systematisation. In
addition, in the course of the study, the scientific litera-
ture on the research subject was analysed. In particular,
articles on public-private partnership. In the context of
this study, the scientific literature on the research subject
was analysed. Methods of analysis and synthesis are used
in modern natural sciences, humanities, and social sci-
ences. These methods are characterised by special ap-
plications and modifications depending on their appli-
cation for each specific industry. Analysis and synthesis
are universal, oppositely focused ways of understanding
an object, concept,or phenomenon.Theyare used in the-
oretical research and in practice, especially in experi-
mental activities. The analysis allows obtaining knowl-
edge about individual elements of the subject in vari-
ous aspects of its existence. Synthesis shapes an idea of
the structure and properties of the system and creates
a relationship between its main characteristics. These
methods were used to define “public-private partner-
ship”. The characteristics of public-private partnerships
were considered and analysed using analysis and syn-
thesis methods. Induction is a method of cognition that is
based on a formal logical conclusion that allows drawing
a general conclusion based on individual facts. In other
words, it is the shift of thinking from individual to general.
Thus, the main characteristics of a public-private partner-
ship were determined using the induction method.
Classification is a method of combining classifica-
tion elements into classification groups. There are two
main classification methods: hierarchical and faceted.
Hierarchical classification method. This method is char-
acterised by the fact that the initial set of information
objects is gradually divided into groups (classes) of the
first level of division, then into groups of the next level,
etc. Systematisation is the process of combining vari-
ous knowledge about objects (phenomena) of objective
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reality into one scientific system that determines their
unity. Systematisation is a reflection of the material unity
of the world, and it studies the main connections between
these objects (phenomena). It is based on the classifica-
tion, analysis, and synthesis of the main properties of
a particular objective system. It is performed in the form
of corresponding logical systems - theories, hypotheses,
etc. A necessary condition for systematisation is the pro-
motion of the main idea, which can lead knowledge to
logical unity. The starting point of the systematisation
process is the adoption of certain principles that formu-
late the main idea. Systematisation is always one-sided
since logical systems cannot comprehensively reflect
the laws of objective systems. The dialectical discrepancy
between the science being focused on a comprehensive
systematisation of knowledge and the impossibility of
its implementation is solved by improving human re-
ality cognition. At the final stage of the study, scientific
literature, in particular scientific articles, was analysed.
The studies of Ukrainian and international researchers
were reviewed. In analysing the studies, certain conclu-
sions were drawn, which are presented in the final part
of the study.

RESULTS AND DISCUSSION

In recent years, the issue of public-private partnership
and its role in modernising the economy of industrial

regions have become very relevant. The introduction of
PPP is primarily related to the need to attract a consid-
erable amount of investment to finance and improve
the effectiveness of socially important projects at the
regional level. Abroad, public-private partnerships are
considered an alternative to privatisation, as such part-
nerships allow public authorities to receive funding
from the private sector without losing control of public
facilities. Most of the public-private partnership proj-
ects implemented in these countries are infrastructure
projects, the privatisation of which in many countries is
considered inappropriate for strategic reasons to prevent
socio-economic discrimination or for other reasons. At
the international level, the public-private partnership
has not been systematically interpreted. As for the Eu-
ropean Union (EU), the term “PPP” is not defined at the
community level. The European Commission, the EU’s
highest executive body, uses a relatively general inter-
pretation of public-private partnership [7]. Systemati-
sation and generalisation of existing approaches to the
interpretation of public-private partnership allows noting
that this term should be considered as a technology of
public-private interaction to effectively attract and use
financial resources and business opportunities in con-
ditions of limited investment resources. Figure 1 shows
the main specific features of public-private partnership
as an economic category [2].

Formal relations
between public and
private participants

Consolidation
of participants' assets

The relationship
between the parties
is a partnership

Features of public
private partnership

State property
as an object
of partnership

Availability of public
and private sectors

Profitable stage
in the implementation
of the PPP project

Risk sharing between
partners

Long-term relations
between the state and
the private sector

Figure 1. Key features of public-private partnership

Source: compiled by the authors

The development of legislation on public-private
partnership, or rather its forms, should be divided into
four stages [8]:
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—stage 1 - The Law of Ukraine “On Concessions”and
related draft laws;
—stage 2 - The Law of Ukraine “On Public-Private




Partnership” and numerous resolutions of the Cabinet
of Ministers of Ukraine, orders of the Ministry of eco-
nomic development and trade of Ukraine;

—stage 3 - The Law of Ukraine “On Amendments to
Certain Laws of Ukraine Concerning the Elimination of
Regulatory Barriers to the Development of Public-Private
Partnership and Investment Promotion in Ukraine”;

— stage 4 - draft law of Ukraine “On Concessions” (on
public-private partnership) [9].

During 2015-2021, researchers report positive
trends in the development of public-private partnership
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in Ukraine. Figure 2 shows the number of projects in the
public-private sector for 2015-2021.

Notably, public-private partnership projects are
mainly implemented in the field of public utilities, such
as water collection, purification, and distribution and
services in the field of collection/use and disposal of
household waste [10]. The variety of PPP forms provides
an opportunity for the widespread use of private capital
to solve many problems of local self-government in the
production of public goods and services.

189 |186| |200| |202|

Number of projects

m2015 m2016 m2017

2018 ®m2019 =2020 m2021

Figure 2. Public-private partnership for 2015-2021

Source: compiled by the authors

PPPs are used in many areas of economic activity
considering their specific characteristics: exploration and
production of mineral deposits, with the exception of
those carried out in accordance with the provisions of
production sharing agreements; production, transportation,
and supply of thermal energy, distribution and supply of
natural gas; construction and/or operation of highways,
railways, railway bridges, overpasses, tunnels, underground
passages, seaports, river ports and their infrastructure;
mechanical engineering; collection, purification, and dis-
tribution of water; health; tourism,recreation, leisure, cul-
ture, and sports; ensuring the functioning of irrigation
and drainage systems; waste management, except for
production, distribution, and supply of electricity; prop-
erty management; provision of social services, adminis-
tration of a social institution; production and implemen-
tation of energy-saving technologies, construction and
major repairs of residential buildings completely or par-
tially destroyed as a result of military operations on the
territory of the anti-terrorist operations; installation of
modular buildings and construction of temporary housing
for internally displaced persons; provision of educational
and medical services; management of architectural mon-
uments and cultural heritage [11].

Therefore, based on the above, it should be speci-
fied that the system of public-private partnership is one
of the components of the transformation of economic

relations, which improves the infrastructure of the region.
Joint work of public authorities and economic entities
reduces potentialrisks when implementing new projects
that can improve the region’s infrastructure. Public-private
partnership is primarily a mutually beneficial economic
relationship that is based on long-term projects, mini-
mises costs, increases resource efficiency, and allows
getting positive results from the implementation of
a new project. The social component of public-private
partnership is reflected in the development of regional
infrastructure with the involvement of the public in the
development of projects. The main role of the community:
to motivate local authorities; to determine the socio-
economic and socio-political conditions of the project
during the implementation of the public-private part-
nership mechanism; the community acts as the final con-
sumer of public-private partnership projects [12].

The mechanism of public-private partnership is
based on the extra-budgetary investments in various
types of infrastructure and objects of production and
non-production. The main role of public authorities is
to: develop infrastructure and ensure sustainable de-
velopment of socio-economic relations (orientation of
public authorities and the private sector to the needs of
territorial communities). The joint work of the public and
private sectors creates opportunities for the parties to
reap the benefits of innovative development and to
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participate in globalisation and integration. In modern
conditions, public-private partnership is at an early stage
of its development in Ukraine, the main obstacles are
institutional (existing political instability in Ukraine,
constant changes in the legislative framework regulating
business, low coordination of state bodies, short-term

Institutional

Political instability

Changes in legislation

Low coordination
of state bodies

Short-term
budget planning

Lack of experience and
management skills

planning budget, lack of experience, management skills,
and development of intellectual property relations) and
legal barriers (lack of standard documents, imperfect
concession legislation) [13]. The main obstacles to the
development of public-private partnership in Ukraine are
presented in Figure 3.

Lack of standard

documents

Imperfect concession
legislation

Figure 3. Negative factors affecting the development of public-private partnership in Ukraine

Source: compiled by the authors

Considering all the above, it is possible to set
the main goals of public-private partnership, which the
Ukrainian state should be aimed at. The main goals of
public-private partnership are:

— improving the legislative framework of Ukraine;
— developing common concepts;

— establishment of regional centres;

— information support from the state;

— educational support from the state;

— scientific and expert support from the state.

The introduction of a mechanism for implement-
ing forms of public-private partnership requires the
introduction of organisational, managerial, economic,
sectoral, and informational measures that will consider-
ably contribute to the development of the public-pri-
vate partnership [14]. The basis of organisational and
managerial measures is the following: the creation of
financial institutions for the development of public-
private partnership for the purpose of investing and
guaranteeing private investment; the establishment of
non-financial institutions for the development of Public-
Private Partnership; the development of the management
system; advanced training of civil servants; the intro-
duction of the issue of public-private partnership in aca-
demic training programmes for public administration and
local self-government bodies; the organisation of train-
ing, seminars, round-table conferences that could cover
the issues of public-private partnership [15]. Important
economic measures include reimbursement of the cost
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of the project, construction, modernisation, participation
in tenders; introduction of state credit mechanisms and
insurance of imports of investment equipment; provision
of state guarantees for loans; compensation for losses
caused by currency fluctuations; use of modern market
financing tools (securities); reduction of tax rates, ex-
emption from taxes and fees, deferral of certain taxes
and fees, etc.; provision of subsidies [13]. The industry
activities include the implementation of PPP pilot proj-
ects, considering the specific features of the industry;
the establishment of a programme for the PPP devel-
opment in various economic sectors; the formulation
of a package of methodological documents for the PPP
implementation in various sectors of the economy; the
development of legislative provisions for the PPP pro-
motion and support; the introduction of mixed forms
of ownership in certain sectors, cooperation between
public and private companies [11].

The basis of information activity is: popularising
the positive practice of public-private partnership in so-
ciety; creating programmes in educational institutions
to train qualified civil servants in the field of public-pri-
vate partnership; conducting an information campaign
among business representatives, informing about the
advantages of such partnership and creating an image
of the state as a bona fide partner; implementing an
information strategy, distributing brochures, attracting
partners to conferences, round tables, seminars, short-term
courses that could highlight issues of public-private




partnership; adapting international experience of suc-
cessfully implemented projects [8]. A large number of
Ukrainian and international researchers have studied
the issues of public-private partnership in Ukraine and
the world. Hereinafter some of the works that cover the
issue of public-private partnership are considered.

Ireland was late with the public-private partner-
ship since it was only introduced in 1998. Prior to the
credit crunch, Ireland followed the British model of pub-
lic-private partnerships in transport, education, hous-
ing/urban renewal, and water/sewerage. Public-private
partnerships were recently blocked during the credit
crunch and recently renewed due to a scheme to stimu-
late internal infrastructure. This article considers Ireland
as a junior participant in public-private partnerships and
the relationship between adoption models and sus-
tainability characteristics of Irish public-private part-
nerships. The article uses an analysis of documents and
previous interviews to examine the reasons for Ireland’s
interest in public-private partnerships, which cannot
be explained solely by economic considerations. It is
appropriate to consider three explanations: voluntary
adoption - when the British model has been continuously
monitored by an internal modernisation plan; forced
adoption, when public-private partnership policies are
imposed on public sector organisations; and institutional
isomorphism, where institution building and changes
in public-private partnerships are encouraged to help
public sector organisations gain institutional legitimacy.
The authors found evidence for all three models: forced
adoption has become increasingly relevant in recent years,
which may negatively affect sustainability if incentives
for voluntary adoption and institutional capacity-build-
ing are not strengthened; forced adoption, where pub-
lic-private partnership policies are imposed on public
sector organisations; institutional isomorphism, where
institutional development and changes in public-private
partnerships are encouraged to help public sector organi-
sations gain institutional legitimacy [16].

Public-private infrastructure partnerships based
on private financing are popular around the world, in-
cluding renewed interest in the United States, but their
effectiveness remains controversial. This article examines
the meaning of PPP and its success, outlines multiple
interpretations of both. The study proposes a new con-
ceptual model of the PPP phenomenon, which includes
five levels of meaning: project, implementation method,
policy,management tool,and cultural context. There are
many criteria by which the success of PPP can be esti-
mated. They are as focused on policy and management
as they are on the more conventional goals of utilitarian
policy related to project implementation or value for
money. The authors note that the government pursues
dozens of different goals, given the mixed international
results in terms of price and quality to date [17]. The
following study under review complements the develop-
ment of public-private partnership infrastructure projects,
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which are a fast-growing way to provide infrastructure
services. PPP infrastructure projects generally have a
long-life cycle, but the changes that such a project un-
dergoes at all stages of its life cycle are understudied.
This article contributes to project research as it exam-
ines the changes that the PPP infrastructure project
undergoes during its life cycle and suggests how these
changes can be managed. The study is based on a de-
tailed study of road transport PPP in California over
atwenty-year period.The study under consideration shows
that the development phases of PPP are characterised
by dramatic changes in the composition of stakeholder
networks and the use of institutional logic. First, using
social media analysis, the authors map the network of
stakeholders in the case of PPP and demonstrate how
the network of stakeholder’s changes in four stages.
Second, the authors identify how different stakeholders
use formal and informal institutional logic in their in-
teractions and demonstrate that the dominant institu-
tional logic used in PPP changes from informal to formal
over the course of the PPP life cycle. The authors also
demonstrate how this change in the dominant insti-
tutional logic of PPP corresponds to dynamism in the
stakeholder network [18].

Uncertainty about construction costs and oper-
ating income are the two main risks in public-private
partnership projects in the transport sector. This uncer-
tainty puts projects at risk of not meeting the annual
debt repayment obligations. When a project generates
insufficient cash flow to service debt in a given year, it
generally has to use short-term financing by borrowing
short-term loans [19; 20]. With revenue-related risk-
sharing mechanisms, supported projects can eliminate
unexpected interest payments. The considered article
has a twofold purpose: first, to estimate the cost of re-
financing PPP motorway projects caused by a lack of
funds; second, to critically examine the cost of the con-
ditional financial support option and compare it with
the cost of the minimum income guarantee option to
save refinancing costs for debt repayment. An integrated
real options valuation model is created, which uses the
utility method to determine the cost of technical project
risk (for example, excess construction costs) and the
risk-free pricing method to evaluate market risk (for
example, future traffic). The proposed model has good
tolerability for including various risk factors, regardless
of technical or market risks, random variables, or pro-
cesses [21-24].The proposed model helps stakeholders
better understand and measure the burden of securing
annual debt repayment in an uncertain cash flow envi-
ronment [25].

Contractual and relational practices are defined
as actions performed and reproduced due to the dual
position of actors: at the partnership level and at the
parent organisation level. In the PPP, complementarity
and contradictions between public, bureaucratic logic
and private, market logic determines the structural
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requirements for actors. Unpredictable and innovative
management methods arise from the reflexive ability
of actors to balance different requirements. This struc-
ture allows studying the complex interaction of rela-
tionships and contractual relations, illustrated by the
example of the Dutch PPP [26]. The use of public-private
partnerships (PPPs) has been steadily increasing in the
United States since the early 1990s. Considerable dif-
ferences in cost and schedules were observed in infrastruc-
ture design and construction projects. Thus, the purpose
of this article is to quantify the cost and schedule of
recently completed PPP projects in the US transpor-
tation sector and compare them with their non-PPP
counterparts. The authors C. Benitez-Avila, A. Hartmann,
G. Dewulf [26] collected and validated data from profes-
sional datasets, publicly available websites, and struc-
tured interviews with key project participants. The arti-
cle presents the results of 25 completed PPP transport
projects. All projects in the dataset were completed
between 1995 and 2013; the project cost ranged from
18 billion to 2.1 billion and amounted to about 14 billion.
According to the analysis, the average cost growth was
3.22% and the average schedule growth was 1.2%;
compared to the conventional “design-proposal-assem-
bly” offer, these results show excellent performance.
This article covers the effectiveness of PPP projects in the
US transportation sector and compares the results with
previous studies on the international PPP market [27].
Based on the regional transit case study in Denver,
Colorado, this article describes and explains the emer-
gence of global public-private infrastructure partner-
ships as a new extraterritorial mechanism for financing
and implementing transport infrastructure projects in
the major metropolitan areas of the USA. Unlike conven-
tional public-private partnerships with local financing,
the PPP includes a global (i.e., extraterritorial) consor-
tium of construction firms and private sector investors,
which enters into a long-term contract with a regional
public agency to finance, operate, maintain, and supply
strategic investments in transport infrastructure. In 2004,
voters in the Denver region approved a $ 4.7 billion
sales tax increase to fund the FasTracks programme of
the Denver Regional Transportation District. 122-mile
length of light and suburban railways along six corridors.
Due to a lack of regional funding, the Denver Regional
Transportation District subsequently signed a contract
with the public-private partnership organisation. This
contract prescribed the Eagle P3 project funding and
subsequent granting to the Airport in Denver. The au-
thors foresee a great research potential in the studies
of PPP contractual agreements, provided they consider
local control over infrastructure assets and the integrity
of supporting regional joint management agreements [28].
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CONCLUSIONS

The general trend towards decentralisation of power
and reform of local self-government means the trans-
fer of more powers to local state structures, where the
state represented by the territorial community becomes
one of the main subjects. It is proved that partnerships
between local communities and business structures,
including foreign ones, considerably expand the com-
petence of local authorities, in particular, attract in-
vestment in the development of urban infrastructure.
A public-private partnership is a set of property, finan-
cial-economic, organisational-managerial, and legal re-
lations between the state and a private partner in mod-
els of financing, ownership, and management relations.
In the course of the research, the experience of world
science in approaches to defining the public-private
partnership was summarised. Researchers are studying
key approaches to defining public-private partnerships
with international financial organisations and develop-
ment institutions. The main characteristics of PPP as an
economic category are covered based on analysis, sys-
tematisation, and generalisation of existing approaches
of world science to its interpretation. It was discovered
that a public-private partnership operates based on
a “division of property” through a voluntary exchange
of powers.

The state performs a partial transfer of property
rights (the right to receive, the right to administer, the
right to control the use of property, the right to change
the value of the contract’s capital,and the right to trans-
fer certain property rights to others). The organisation
of property relations within the framework of the PPP
is primarily focused on achieving a synergistic effect
from the cooperation of specific potentials of private
and state property. It is proved that with a considerable
delay in the introduction of public-private partnerships
in the world, this practice has now gained experience
in public-private partnerships in various sectors and
fields of activity. The experience of public-private part-
nership in the world confirms the successful practice of
introducing contractual and institutional forms of part-
nership between the state and the private sector in var-
ious sectors of the economy. The considerable develop-
ment of public-private partnership in Western countries
is due to historical features. Based on the analysis of
European experience and considering the specific features
of Ukrainian legislation, the most acceptable forms of
cooperation between the state and companies were
identified: private partnership investment agreements,
asset management agreements, leases, concessions, and
joint venture agreements.
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CTpaTerisi po3BUTKY AepP)XaBHO-NMPUBATHOIO NapTHepPCTBa
B YMOBaX rfio6asbHMUX 3MiH

BikTtopisa BaneHTMHiBHa XMypoBa, IpuHa MNaBniBHa Mukonaiuyk, KarepuHa CepriieHa KaHparypa,
KOnisa OnerieHa CunkiHa, Hina BikropiBHa CuuoBa

KniBCbKMI HaLiOHANbHWI TOProBeNbHO-E€KOHOMIYHUIA YHIBEpCUTET
02156, Byn. KioTo, 19, M. Kui, YkpaiHa

AHoTauif. Y cyyacHiv Hayui Ta NpakTULi AepXXaBHO-NpMBaTHE NAapTHEPCTBO PO3YMIETLCA SK B3AEMOLAIN AEPXKABHOMO
Ta NPMBATHOrO CEKTOPIB: Y BiNbll WKMPOKOMY CEHCI 9K Oyab-fika CiBNpaUs y pi3HMX chepax CYyCniNbHOro XuTTs,
NiATPUMKA CYCNinbCTBa NiANPUEMHULTBOM Ta MOCUIEHHS MOr0O COLianbHOI poni. AKTMBI3aLig npouecy po3BUTKY
[lep>kaBHO-NPVBATHOIO MAPTHEPCTBA 3YMOBJ/IEHA CTiIAKMM 3pOCTaHHAM NOMNUTY Ha AepaBHi NOCYrM Ta NiABULLEHOKD
yBarow WWPOKOro Kona Naen A0 ONTUMI3aLii iX HagaHHA. Ha cboroaHi AepXaBHO-NpMBATHE NMapTHEPCTBO CTaNo
BXX/IMBUM IHCTPYMEHTOM 3a/lyYeHHs iHBECTULIM AN CTBOPEHHS Cy4acHOi iHDPaCTPyKTypu AepkaBHMX nocnyr. MeTow
NpenCcTaBiEHOro AOC/IIKEHHS € BUBYEHHS MOX/IMBUX CTPATErii pO3BUTKY MybAiYHO-NPUBATHOIO MapTHEPCTBA B yMOBaX
[eueHTpanisauii. MetogonoriyHoto 633010 LOCNILXKEHHS € NOEAHAHHS TEOPETUYHMX METOAIB HAYKOBOrO Mi3HAHHS:
MeTofA CMHTEe3YyTa aHani3y iHpopMaLii,MeToa knacudikalii,MeTon cucteMaTm3auii. Takox y npoueci focniaxeHHs 6yno
NPOBELEHO aHasi3 HAYKOBOI NiTepaTypu 3 TeMaTUKK AOCNiIKEHHS. 30KpeMa, Oyno npoaHanizoBaHO HayKoBi CTaTTi
3 TEMaTUKK NyBNiYHO-NPMBATHOrO NapTHepCTBa. Y pe3ynbraTi AoCNimKeHHs Byna BU3HAYeHa 3aranbHa TeHAEHLIS 0o
[eLueHTpanisauii Bnaay 1a peopMyBaHHS MiCLLEBOrO CAaMOBPSAYBAHHS, LLIO 03HAYAE Nepefaqy aenani binbLue NOBHOBAXKEHb
MiCLLEBMM [EePXXABHWUM CTPYKTYpaM, e fepKaBa B 0CO6i TepuTopiaibHOT rpoMaam CTA€ OLHMUM i3 rONIOBHUX CyOEKTIB.
[loBeneHo, Wo napTHEPCbKi BiHOCUHM MiX MiCLLEBMMM FPOMaaMu Ta Bi3HeC-CTpyKTypaMu, y TOMY YUC/TT iIHO3EMHUMMU,
3HAYHO PO3LWMPHOKOTL KOMMETEHLi0 MiCLEBMX OpPraHiB BAagM, 30Kpema, 3asyyaroTb iHBECTULIT Y PO3BUTOK MiCbKOI
iHbpacTpykTypy. Ha OCHOBI aHani3y EBPONENCHKOro JOCBiAY Ta BPaxyBaHHS 0COBMBOCTEN YKPAiHCbKOrO 3aKOHOAABCTBA
6ynun BM3HaYeHi HaWbiNblW NPUIAHATHI GOpMKM CNiBNpaL MiX AepXKaBOK Ta KOMNAaHiAMK: iHBECTULiMHI LOroBOpK
NpUBaTHOrO MAapTHEPCTBA, AOroBip YNpaBiHHS aKTMBAMK, LOTOBIp OpeHau, KOHLLECIT Ta 4OroBip Npo CnisibHe NiAnpUEMCTBO.
MpaKTWYHa LiHHICTb NPeACTaBNeHOro JOC/IAXKEHHS NOAATAE Y TOMY, WO BUCBITIEHI pe3ynsTaTv ByayTb KOPUCHUMM Ans
yNpaBAiHLIB LepXKaBHOro Ta NPUBATHOMO CEKTOPY

KntouoBi cnoBa: KoHLIeCisl, NapTHEPCbKi BiHOCMHU, MPOEKT, MiCLIeBE CAMOBPSAYBAHHS, TepuTOpianbHa rpoMaja
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