Ministry of Education and Science of Ukraine
Mykolaiv National Agrarian University

ISSN 2313-092X
E-ISSN 2411-9199

~BiCHUK arpapHoOi HayKm Tom 25, N2 4
NMpuyopHoMop’'a

HaykoBuu »XypHAsT

Ukrainian Black Sea Region
Agrarian Science

Scientific Journal

Volume 25, No. 4

Year of establishment: 1997
Publication frequency: Four times a year

Mykolaiv
2021



DOI:10.31521/2313-092X/2021-4(112)

Recommended for printing and distribution
via the Internet by the Mykolaiv National Agrarian University
(Minutes No. 7 of November 30, 2021)

Certificate of state registration of the print media
Series: KB No. 19669-9469 PR of January 11, 2013

The journal is included in the list of professional publications of Ukraine of category "B":

Economic, technical, agricultural, veterinary sciences by specialty 051 - Economics,

071 - Accounting and taxation, 072 - Finance, banking and insurance, 073 - Management, 075 - Marketing,
076 - Entrepreneurship, trade and exchange activity, 181 - Food technologies,

183 - Environmental protection technologies, 201 - Agronomy, 202 - Protection and quarantine of plants,

204 - Technology of production and processing of livestock products, 205 - Forestry,

207 - Water bioresources and aquaculture, 208 - Agricultural engineering,
281 - Public management and administration

(Order of the Ministry of Education and Science of Ukraine of May 7, 2019 No. 612; of July 11,2019 No. 975)

The journal is presented at scientometric databases, repositories:

Google Scholar, Academic Resource Index ResearchBib, Open Academic Journals Index,
National Library of Ukraine named after V. |.Vernadskyi, JIFACTOR,

Directory of Research Journals Indexing | DRJI, Crossref, Professional Editions of Ukraine

Ukrainian Black Sea Region Agrarian Science / Ed. by V. S. Shebanin (Editor-in-Chief) et al. Mykolaiv: Mykolaiv
National Agrarian University, 2021.Vol. 25, No. 4. 109 p.

Publishing Address:

Mykolaiv National Agrarian University
54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine
tel.: +38(0512) 70-93-54
E-mail: info@bsagriculture.com.ua
www: https;//bsagriculture.com.ua/en

© Mykolaiv National Agrarian University, 2021
© Limited Liability Company “Scientific journals”, 2021



3MICT / CONTENTS

B. C. WWe6aHiH, I'. O. PeweTinos

V. Shebanin, G. Reshetilov

0. J1. PatywHa

Y. Ratushna

T. B. lopoxoBa

T. Gorokhova

L. Antypova, S. Chornyy

CMPOBMHM

H. M. lNMoBapoBa

N. Povarova

A. O. OemupoBa

A. Demydova

LIMpKyNnsSipHa €KOHOMIKA PETIOHY: TEOPETUUHMUM QCMEKT ecurreererreeeeseesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssns 4
Circular economy of the region: Theoretical aspect....... 4
0. €. Hogikos, H. B. NMoTtpueaesa, H. I'. llapara, M. M. KopxoBa, O. B. YepHoBa, M. [l. KapneHko
EpeKTUBHICTb HAaCiIHHMLUTBA B KOHTEKCTi po3BMTKY 1iBAEHHOrO perioHy YKpaiHu 14
0. Novikov, N. Potryvaieva, N. Sharata, M. Korkhova, A.Chernova, M. Karpenko
Efficiency of seed production in the context of development of the southern region of Ukraine 14
0. A. Kopmuwukin, B. B. YMaHcbKa
[ieBi iHCTpyMEHTU ynpaBAiHHA NEPCOHANOM B OPraHaX MiCLEBOMO CAMOBPALYBAHHS c.uceueueereeeeeeeesenesseasessessessessssssssnsnns 24
Yu. Kormyshkin, V. Umanska
Effective personnel management tools in local self-government bodies 24
MapKeTUHIroBi AOCNIAXEHHS KOH'IOHKTYPU PUHKY 3€pHa (HilLeBUX KYNbTyp) ... .35
Marketing research of grain market conditions (niche crops) 35
Bnnue po3BuTKy LMGPOBMX TEXHONOTIM HA NOBEAIHKY CMOXMBaYiB 45
The impact of the development of digital technologies on consuUMeEr BENAVION ... 45
J1. K. AnTtunosa, C. I'. YopHuii
3acMiveHicTb Ta NPOAYKTMBHICTb MOCIBIB COHALWHUKY Y niBaeHHoMy Cteny YKpaiHu .55
Weed control and sunflower productivity in the southern steppe Of UKIraing ... 55
C. M. boHpap, A. A. Tpy6HikoBa, O. b. Ya6aHoBa, T. €. LLlapaxmatoBa, T. B. Hepo6iiuyk
3acTocyBaHHS HaHODINbTPALIi ANS peryntoBaHHS BNACTUBOCTEN BTOPUHHMX NPOAYKTIB nepepobKu TBAPUHHOI
66

S. Bondar, A. Trubnikova, O. Chabanova, T. Sharachmatova, T. Nedobiichuk
Theuseof nanofiltrationtoregulatethe properties of secondary products of processinganimalraw materials ................ 66
Bnnaue dyHKUioHaNbHOI rofiBni MONOAHSKa KypyaT 6ponepiB MICHUX KPOCiB Ha AKiCTb | 6e3MeYHiCTb M'ACa ..., 78
The effect of functional feeding of young broiler chickens of meat crosses on the quality and safety of meat ......... 78
HocnigpkeHHs 3B’93KY MiXK KiIHETMKOK OKMCHEHHS Ta MOTipLWEHHAM CEHCOPHMX XapaKTEPUCTUK POCIMHHUX ONM ........ 89
Study of the relationship between oxidation kinetics and deterioration of sensory characteristics of vegetable oils ........ 89
C. O. Tumuyk, M. M. KyHaeHko, J1. B. BaxoHiHa, B. A. MapasaBko
AHani3 TpaHCNOpPTyBaHHA 3epHOBOT NPOAYKLLi Ha eneBaTopax . ...100
C. Tymchuk, P. Kundenko, L. Vakhonina, V. Mardziavko
Organization and management of the technological process of the elevator for improvement of quality grain

..... 100

indicators ....




UDC 332.338 Ukrainian Black Sea Region Agrarian Science
DOI: 10.31521/2313-092X/2021-4(112)-1 Vol. 25, No. 4

Circular economy of the region: theoretical aspect

V. Shebanin

Full Doctor of Technical Sciences, Professor, Academician of the National Academy of Sciences
ORCID ID: 0000-0002-0391-396X

G. Reshetilov
getter ORCID ID: 0000-0002-3691-7975

Mykolayiv National Agrarian University
54008, 9 Georgiy Gongadze Str., Mykolaiv, Ukraine

Abstract. The economy of Ukraine’s regions is based on a linear model of production and consumption. This does
not allow saving resource potential. The socio-economic paradigm of the use of resources in the state, developed
for their preservation and mutual renewal, is the circular economy. Currently, a lot of attention is focused around
the circular economy, as a new socio-economic doctrine of increasing the efficiency of resource use. The purpose
of the article is to study the tools for the implementation of the circular economy, to determine the requirements
for the transformation of the current economic system to adapt the cyclical reuse of raw materials. The method of
theoretical knowledge, generalization, analysis, synthesis, modeling was used in the research process. The article
reveals the essence of the concept of “circular economy” and offers its own definition of this concept as a way of
economic development, where the value of products, materials and resources is preserved as long as possible,
and waste is significantly reduced or even eliminated. The implementation of the circular economy model, which
is based on the R-principles of its implementation, is considered. Therefore, the regional circular economy puts
forward a more rational approach in the context of resource management. However, it also requires mass systemic
transformations in the regions. Important for the implementation of the circular economy is the creation of urgent
management conditions, as well as economic factors. It is substantiated that the main areas of development of
the circular economy of the region are construction, mobility and transportation, food, products and services. The
advantages of implementing the circular economy of the region are outlined. The scientific value of the work lies
in the improvement of the concept of circular economy by the method of its implementation in the economic
structure of a specific industry
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INTRODUCTION

The circular economy is receiving more and more at-
tention as a new socio-economic paradigm for opti-
mizing the use of resources in the country. Today, cities,
where people live, work, consume and dispose, play a
fundamental role in the country’s transition to a circu-
lar economy, as they are at the center of key decisions
that determine economic growth, social well-being
and environmental benefits. It is worth noting that it is
based not only on the diverse management of resources
and the introduction of innovative technologies in pro-
duction, but also on the rational management of waste.
At the same time, the economies of the regions are now
locked in a system that favors a linear model of produc-
tion and consumption. However, this fixation is weak-
ening under the pressure of several powerful disrup-
tive trends. We must take advantage of this favorable
alignment of economic, technological and social fac-
tors to accelerate the transition to a circular economy.
That is why the question of researching the essence of
the “circular economy”, defining its tools and models
for the national economy is gaining relevance.

The study of the problems of implementing
the basics of circular economy within the borders
of the country, region, and city is of interest to both
foreign and Ukrainian scientists. Thus, general the-
oretical issues of circular economy implementation
within the country were studied by N. Avramenko,
A. Tovstenko [1], A. Zuev [2], |. Zvarych [3], V. Loiko [4].
D. Pierce, R. Turner [5] and others. In their works,
M. Varfolomeev [6], A. Babak [7], M. Heisdorfer [8],
0. Lozo [9], O. Churikanova [10] pay special attention
to the legal regulation of relations regarding waste
management, and together with this - the problems of
their disposal and the expansion of the producer’s re-
sponsibility for waste. Scientists such as N. Boken [11],
P. Ghisellini [12], M. Guryev [13], O. Dronova [14] con-
tributed to the study of approaches to the imple-
mentation of the circular economy at the state level
and the determination of its development prospects.,
l. Kulchytska [15], I. Tymoshenko [30] and others. So-
cio-economic consequences, problems and prospects of
introducing a circular economy in regions and cities are
revealed in the works of N. Gakhovich, L. Shinkaruk [16],
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S.Miroshnychenko [17],S.Sove, S.Bernard, P.Sloan [18],
M. Pilyugin [19], K. Fletcher and others. The topic of
research in the direction of substantiating the ap-
plied aspects of the concept of circular economy de-
velopment is revealed in the works of K. Barytska [20],
T. Kvasha, O. Paladchenko [21], J. Kircherr, D. Reike,
M. Heckert [22], M. Zlotnik, O. Melnyk [23] and others.
The scientific works of T. Berger and K. Frey [24] are de-
voted to the peculiarities of the implementation of the
circular economy in industries at the regional level, es-
pecially in those where there is sufficient human capi-
tal. However, the issue of circular economy implemen-
tation at the regional level remains little researched
and requires in-depth study.

The purpose of the article is to study the theo-
retical foundations of the concept of “circular economy’,
define its models, outline the main advantages of the
circular economy at the regional level.

Circular economy as a socio-economic paradigm of
resource use

Regions should play a key role as stimulators, media-
tors and contributors to the development of the circu-
lar economy. In contrast to the traditional economy, the
circular economy is the most successful way to save
resources and materials, and therefore - the way to
constant economic growth.

There are many definitions of the circular econ-
omy. The circular economy is an economic model that
was first proposed in the mid-1960s as a means of en-
suring that the resources that enter the economy can
remain part of it for as long as possible.

In economic literature, the concept of “circu-
lar economy” was first proposed in 1990 by scientists
D. Pearce & R. Turner, who noted that the Earth is a
closed economic system in which the economy and the
environment are not characterized by linear relation-
ships, but by circular relationships. In order to achieve
a win-win situation for the economy and the environ-
ment, scientists proposed a closed cycle of materials in
the economy [5].

To begin with, we note that circularity means the
effective reuse and recycling of resources, materials

Ukrainian Black Sea Region Agrarian Science, 25(4),4-13
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and products in closed cycles. In other words, circular-
ity is an economic model that represents sustainable
development as a transition from a linear model based
on consumption and disposal to a model in which the
lifetime of products is maximized and materials and
waste are minimized. There are three different cycles
of circularity, which gradually become wider [25]:

1) closure of resource cycles, which is determined
relative to the traditional economic system;

2) slowing resource cycles and material flows due
to continued and increased use of products to main-
tain their value over time;

3) narrowing of resource cycles, which involves
more efficient use of materials, natural resources and
products in a linear system.

The circular economy can be implemented holis-
tically, but at the same time, the features of the circular
economy are at the core of every urban system [26].

According to Ukrainian scientists, in particular
VV. Loiko, the circular economy involves more careful
use of both natural resources and things that have al-
ready been created and are used in people’s daily lives.
The author believes that the transition to a circular
economy should be based on a change in production
technologies, improved use of natural resources, and a
change in the general attitude of consumers [4].

The collective of authors J. Kirchherr, D. Reike, &
M. Heckert considers the concept of “circular economy”
as an economic system based on business models
that provide for alternative reuse in order to achieve
sustainable development, environmental protection,
economic growth and social justice in the interests of
present and future generations [22].

I. Kulchytska defines the circular economy as
such, which involves the reuse of raw materials and
products, which as a result will remain in circulation
as long as possible, and their value will be maximum.
Thus, the author draws our attention to the fact that
the transition to a circular economy will ensure a re-
duction in the extraction of natural resources, a reduc-
tion in production waste and the reuse of those that
have already been created [15].

M.Heisdorfer [8] believes that the circular economy
is a regenerating system in which resource consumption,
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emissions and energy losses are minimized by closing
and reducing material and energy cycles.

It is agreed that the definition of W. Haas,
F. Krausmann, D. Wiedenhofer, M. Heinz, who consider
the circular economy a simple but convincing strategy
aimed at reducing both the consumption of raw mate-
rials and the release of waste by closing the economic
and ecological loop resource flows [27].

The analysis of scientific works on the circular
economy [1;11;24;25;27] gave us the opportunity to
form our own vision of this concept, which is that the
circular economy is a way of economic development
where the value of products, materials and resources
is preserved as much as possible longer, and waste
is significantly reduced or even eliminated. The main
purpose of which is to create new alternative economic
approaches, the task of which is to minimize the neg-
ative human impact on the environment. It offers an
alternative model where the value of products, mate-
rials and resources is preserved as long as possible,
and waste is significantly reduced or even eliminated.
Focused on “closing the loop,” the circular economy is a
practical solution to living within our planetary bound-
aries. Simply put, a circular economy is an economy in
which our consumption of resources and materials is
circular, we reuse our resources and put them back into
the economy instead of throwing them away.

In the minds of the fourth industrial revolution
(Revolution 4.0, Industry 4.0) there is a clear connec-
tion with the circular economy, which is based on the
reduction of negative human impact on the environ-
ment (climate changes, accumulation of huge amounts
of waste, depletion of natural resources, environmen-
tal degradation, etc. d.) [29].

Circular economy is based on 3R principles:

1. Reduce - reducing the use of natural resources,
increasing production efficiency;

2.Reuse - reuse of the product for its main purpose;

3.Recycle - processing of materials to obtain prod-
ucts of the same or lower quality.

Along with this, in 2018, the principles of the
circular economy were significantly expanded by the
World Economic Forum, and now we have the 10R
model, which clearly follows the continuity of the “3R



model”, which is expressed in the preservation of the
key elements of the system (Fig. 1.) [ 14; 31].

4. Refuse - refusal to produce a product for “ecolog-
ically dirty” technology, offering another product;

5. Rethink - rethinking the ways of using the prod-
uct, its exchange or joint use;

6. Repair — repair and maintenance of a defective
product with its further use;

7. Refurbish - restoration of an old product for its
further consumption;

8.Remanufacture - reprocessing and application of
a part of an old product in a new product;

Shebanin and Reshetilov

9. Repurpose - reorientation of a part of an old
product in a new product for a different purpose;

10. Recover - burning of materials with recovery of
energy lost in their production.

Therefore, most choose a simplified version of
the circular economy based on the 3-R principles, since
not every “R” is suitable for every business process and
is more manageable. Thus, the 10-R model works as fol-
lows; the higher the R-ladder, the less resource usage.

The transition from the 3-R model to the 10-R
model forces us to consciously think about the raw ma-
terials we use in the design process.

4. Refuse

6. Repair

Circular economy

-
C
1 5. Rethink
C
C

7. Refurbish

4 I
1. Reduce j
2.Reuse ]
3. Recycle j
3R-model

\ J

[ 8. Remanufacture

[ 9.Repurpose

wwgwwww/

[ 10. Recover

10R-model

- J

Figure 1. Model 10R - principles of circular economy

The circular economy is transformative, systemic
and functional. First, it involves a change in behavior
and culture towards different ways of production and
consumption, new business models and governance
under shared responsibility between levels of gov-
ernment and stakeholders (people). Second, it enables
the complementarity of water resources, waste, energy,
transport, housing and land use (policy). Thirdly, in-
formation and outflows of materials, resources and
products require a reflection of the appropriate scale
in which the circular economy is applied, as well as
functional connections between urban and rural areas
(places) [31].

Peculiarities and features of the regional circular economy
Note that the transition to a circular economy affects
various policy areas and levels of governance in the
region, ranging from mobility, agriculture, land use and
waste management, to business development and con-
sumer education, affecting participants in all sectors
of the region. After examining the academic sources,
we concluded that the circular economy of the region
is not something that any institution or company can
do alone, by its very nature, the circular economy fa-
cilitates connections between individual stakehold-
ers and sectors of the region. Thus, we draw attention
to the fact that an effective circular economy of the

Ukrainian Black Sea Region Agrarian Science, 25(4),4-13
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region will be achieved through the meeting between
bottom-up initiatives (concrete activities involving
local organizations that seek synergies with partners
at the same level or that wish to expand or diversify
their activities) and top-down approaches downward
(coordination and planning to facilitate connections
between actors at lower levels).

Before spreading to the national and interna-
tional level, the circular economy must be combined
with the development of the regional economy. Only in
the case when starting from one settlement, and then
spreading to the entire territorial community, then
to the region, and on the condition that the regions
take responsibility for the rational and efficient use of
their own resources, the circular economy will develop
properly. It is the development of the circular economy
that aims to strengthen the sustainability of the region
by limiting its dependence on the influx of resources.
Circularity of resources in the region will make it pos-
sible to optimize the use of materials and energy for
the benefit of the regional economy. The development
of the circular economy will allow the region to move
towards a more sustainable, inclusive and low-carbon
development model.

The European Union produces more than 2.5
billion tons of waste every year. It is currently updat-
ing its waste management legislation to facilitate the
transition to a more sustainable model known as the
circular economy. The European Commission’s 2016
study “Circular Economy in Europe” identified the fol-
lowing benefits of promoting the circular economy for
EU countries:

- improved security of resources and reduced de-
pendence on imports will lead to a decrease in de-
mand for primary raw materials;

- reducing the impact on the environment, includ-
ing a sharp reduction in greenhouse gas emissions;

- economic benefits, including new opportunities
for growth and innovation, as well as savings related
to increased resource efficiency;

- social benefits — from the creation of new jobs at
all skill levels to changes in consumer behavior lead-
ing to better health and safety outcomes [32].

Regions play an important role in the circular
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transition. First, they have core responsibilities in key
sectors of the circular economy, such as transport and
solid waste. Secondly, they are laboratories for inno-
vation and experimentation. Third, cities in regions
can be promoters, facilitators and facilitators of the
development of the circular economy, while bearing a
shared responsibility with national governments and
stakeholders.

In the regions, the circular economy involves a
systemic shift in which: services are provided for the
effective use of natural resources as primary materials
and optimization of their reuse; economic activities
are planned and carried out in such a way as to slowly
narrow and close the loops in value chains; the infra-
structure is designed and built to avoid linear blocking
and material waste. The main areas of development
of the circular economy of the region are construc-
tion, mobility and transportation, food, products and
services. This shows that the circular economy of the
region is possible.

Considering the huge systemic effort, the im-
plementation of the circular economy of the region
should have great advantages in order to pay for itself.

Financial support in the implementation of
the circular economy of the region can take different
forms, such as grants, loans, tax incentives or invest-
ment guarantees, offered directly by the public sector
or provided through other actors (for example, busi-
ness associations or business development agencies).

By exchanging knowledge, organizing events or
creating exchange platforms, regions can initiate and
promote the activities of other local and regional ac-
tors, such as businesses and utilities, universities and
research centers, civil organizations in the implemen-
tation of the circular economy.

In the process of research, we determined the
advantages of the circular economy of the region:

- reduces the use of non-renewable resources, sees
that the practice of reusing resources and restoring old
products (rather than throwing them away) is the norm.
This ensures that we use fewer non-renewable resources;

-reduces carbon emissions —the introduction of ma-
terial management in the circular economy (for exam-
ple, production and disposal of materials) contributes



to the reduction of up to two-thirds of greenhouse gas
emissions;

- strives for zero waste - reuse of resources and
products, leads to a zero-waste model, which in turn
benefits everyone.Zero waste means less plastic in the
ocean, less trash in our oceans and less landfill. It also
means that there is less need to mine limited resources;
instead, we reuse them;

- provides benefits to the consumer - by reusing
materials, it prevents practices such as planned obso-
lescence, meaning your products will last longer. Many
new industry types will also appear. This means that
there will be many new jobs;

- opens up new opportunities for business develop-
ment - with greater availability of work comes more op-
portunities for business (eg repairing old things, collect-
ing used resources such as clothes or electronics, etc.).

The circular economy also creates social ben-
efits, especially in low-income countries, as the inte-
gration of informal waste pickers into formal waste
collection provides job security and fair wages.

At the same time, it has become a well-known
and recognized model among companies, regions, cit-
ies and non-governmental organizations around the
world - from China and Latin America to the EU and
the USA. However, it is no less discussed that the con-
cept of circular economy has been heavily criticized by
both practitioners and researchers [18]. In this regard,
researchers [11;18;23;27;29] identified the following
shortcomings (remarks) regarding the implementation
of the concept of circular economy in the region:

e due to the widespread nature of this concept, it
is impossible to measure its impact on all areas of the
region’s economy, namely: it includes everything from
recycling systems, rental, replacement of products, ser-
vices to the development of applications for the shar-
ing economy, etc.;

e ignoring, as a rule, previously accumulated ma-
terials and resources in the region. In particular, the
circular economy boils down to the question of choos-
ing between linear and circular products and ignores
physical laws regarding the physical limitations of ma-
terials and the complexity of waste;

 enterprises develop circular activities only for a

Shebanin and Reshetilov

part of their operational activities. First, this may be
due to the difficulty of scaling up pilot projects. Sec-
ondly, it is often only a small part of the enterprise’s
activity that is based on the principles of the circular
economy, while the main activity continues as usual;

» weak knowledge about the impact of the circular
economy on the environment complicates the process
of measuring this impact, especially in the long term
and on a larger geographical scale. That is why it is
believed that the circular economy only delays, and
does not eliminate, the negative impact of the linear
economy on the environment;

e this concept has mainly a debatable nature of the
problem of resource consumption because there is no
connection with how this concept will lead to greater
social justice;

e the circular economy depoliticizes industrial and
environmental policy while strengthening market and
business power. It’s an attractive concept that promises
to be a win-win for everyone. This enables discussions
of synergies, win-wins and opportunities rather than
trade-offs, challenges and limitations.

In essence, the circular economy aims to design
the process of waste processing. In fact, the idea of a
circular economy tells us that there is no such thing as
waste. To achieve this in the production of products,
it is necessary to use durable, high-quality materials
that will be optimized for the cycle of disassembly and
reuse, which will simplify their processing, transforma-
tion or renewal in the future [14].

Therefore, the concept of the circular economy
of the region, in our opinion, should not be limited ex-
clusively to the processing of waste at the end (recy-
cling). On the contrary, it must be constantly expanded
due to the proposed innovations at all stages of the
life cycle of goods and services in combination with
the interaction between all stakeholders. At the same
time, the concept recognizes the importance of the re-
gion’s economy working efficiently at all scales - for
businesses large and small, for organizations and indi-
viduals, while creating and restoring the overall health
of the region’s ecosystem.

At its core, the circular economy draws inspira-
tion from natural systems.

Ukrainian Black Sea Region Agrarian Science, 25(4),4-13
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For the transition and development of the circu-
lar economy in the regions, it is necessary to implement
seven principles of transition, which are shown in Fig. 2.

In general, the circular economy is driven by a
natural system that seems to have been working effec-
tively for thousands of years. These principles are sim-
ple, but require a deep understanding of all parties -
governments, companies, individuals, they must work
together to make the circular economy a reality. Along
with this, the transition to circular principles calls for
regional authorities to introduce new business models,
new modes of consumer behavior and new decisions to
transform waste into resources. If we can reduce con-
gestion, eliminate waste and lower costs, higher eco-
nomic productivity and new growth will allow cities
to thrive. New business opportunities will boost skills

and jobs. Thus, the result of the circular economy of the
region will be the creation of ecocities, an ecosociety,
and in particular an ecoregion.

The transition to a circular economy requires
massive systemic changes in the region. Bringing a
true circular economy to the region will require a great
deal of effort from individuals, businesses and govern-
ments. At the regional level, the transition to a circular
economy should begin with legislative regulation, the
introduction of technologies and innovations, financ-
ing and maintenance of new standards, to the forma-
tion of the readiness of society in general to change
its habits in the direction of the wide use of circular
products, the creation of new platforms and schemes
for the interaction of producers and consumers of cir-
cular goods [11].

~
“Closed loops” ] C all materials are reused and endlessly recycled j
_
~
“Reducing emissions” ] C all energy is produced from renewable sources j
L
Innovative business all new business models are built to move from owning goods
\_ models” to using goods through services
~
“Value creation” ] C resources are used to create shared (financial and social) value j
_
( . . .
« - all products are designed in a modular and flexible manner,
Modular design . ; -
\_ and production chains ensure the adaptability of the system
[ N
“Regional indicative logistics systems are more focused on the region of service
9 reverse logistics” with reverse logistics capabilities
[ N
“Modernization of all human activity positively contributes to the development of ecosystems,
L natural systems” ecosystem services and the reconstruction of “natural”

Figure 2. Principles of the region’s transition to a circular economy

Along with this, regional authorities play an im-
portant role in launching and accelerating the transition
to a circular economy by leading by example, setting
clear framework conditions or directly supporting local

Ukrainian Black Sea Region Agrarian Science, 25(4),4-13

and regional stakeholders in a greener economy. With-
out a doubt, the circular model is the most successful
way to save resources and materials, and therefore the
way to permanent economic growth of the region.



CONCLUSIONS
The circular economy of the region offers a new, more
rational approach to handling resources, including
waste. A closed-loop economy promotes sustainable
management of natural resources and helps shape a
more sustainable, prosperous and sustainable future
for all. In order to implement the circular economy of
the region, it is necessary to ensure the necessary man-
agement conditions and existing economic conditions,
namely: updating the regulatory and legal framework;
agreed policies, informed and engaged stakeholders;
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monitoring and evaluating progress and results; clear
and reliable business incubators have been created.
Now is the time to take full advantage of the region’s
many opportunities to create a system that can work for
the economy, society and environment in the long term.

In the perspective of further research, there
are fundamental changes that go beyond the simple
‘correction” of the environmental consequences of
economic activity, to a deep rethinking of the ways of
production and consumption by society.
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INTRODUCTION

The southern region, with significant areas of fertile
black soils, remains in last place in terms of yield of
wheat and barley - the main cereals. Thus, accord-
ing to the State Statistics of Ukraine in 2020, the av-
erage yield of wheat grain in Mykolayiv region was
2.70 t/ha, barley - 2.75 t/ha, while in Vinnytsia - 4.26
and 3.91 t/ha ; Kyiv-4.28 and 3.79 t/ha; Poltava - 4.48
and 3.60 t/ha; Kharkiv - 5.05 and 4.02 t/ha;

Sumy - 5.23 and 4.15 t/ha, respectively [1]. The
main reason for this is the lack of attention to seed
development. At the same time, one of the most ef-
fective methods of increasing yields, resistance to abi-
otic and biotic environmental factors and increasing
the production of high quality grain of major cereals
in climate change is the selection of varieties and ir-
rigation, which is especially needed in the Southern
Steppe [2-5]. Timely variety replacement and renewal
allows to ensure yield growth from 0.2 to 1.0 t/ha [6].

In addition, the maximum realization of the
genetic potential of the variety is possible with strict
compliance with the technological requirements of its
cultivation. Productive varieties and conditioned seeds
of cereals are one of the key and indispensable fac-
tors influencing the intensification and expansion of
the grain production process. Achievements in breed-
ing cannot be realized without well-established seed
production, the main role of which is the accelerated
reproduction of varietal seeds, introduction into pro-
duction of new varieties, preservation of their valuable
traits and properties and genetic identity [7, 8].

Therefore, a diverse study of the adaptive char-
acteristics of new plant varieties and their seed propa-
gation is the basis for increasing production, improving
the quality of crop products, its competitiveness in do-
mestic and foreign markets. However, the presence in
the production of seeds in the southern region of more
than 140 varieties of cereals leads to complications in
seed production and is a consequence of improper im-
plementation of special and mandatory measures [7,9].
It is the post-registration study of varieties at the re-
gional level that will help producers of seed material
and commercial grain to choose the most adapted to
different agri-environmental conditions varieties and
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receive scientific and methodological support on the
technology of growing seeds of studied varieties. This
is the close cooperation of all parties interested in the
selection, use of varieties and processing of their own
seeds [10-12].

The Law of Ukraine “On Higher Education” pro-
vides ensuring an organic combination in the educa-
tional process of educational, scientific and innovative
activities, the main task of which is to acquire knowl-
edge through research and development and their
focus on creating and implementing new competitive
technologies, innovative development of society and
training of specialists of innovative type. Therefore, the
urgent direction is the study and implementation of
the most effective innovative methods of training in
the agricultural sector [13, 14].

Selection and reproduction of the highly pro-
ductive grades of the grain crops adapted to conditions
of the southern zone, their reproduction and creation
of modern seed plant on production and finishing of
seeds of modern grades of wheat and barley of winter
and spring forms on the basis of the Mykolayiv NAU
will completely provide commodity producers. highly
qualified personnel in the field of seed production and
varietal science.

Analysis of recent research and publications

Polish researcher E. Gatsek and domestic scientists
E. Radomska and N. Jakubenko [15] analyzed the
post-registration study of plant varieties in the Repub-
lic of Poland and substantiated further prospects for its
effective implementation in Ukraine.

OV. Zakharchuk [16] developed scientifically
sound proposals for the formation of a full-fledged mar-
ket of plant varieties and improve the varietal and seed
supply of the crop industry of agricultural enterprises.

A group of scientists from the Institute of Plant
Breeding. V. Yuriev NAAS of Ukraine proved that the
introduction of innovative breeding developments
will increase the special fund for the development
of science, seed and grain industries, and the rational
use of existing scientific potential, material and tech-
nical base will give impetus to commercialization of
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research, their effective introduction in domestic and
foreign markets [17].

According to research by G. Chugriy et al. [18]
identified the most adaptable to the conditions of the
Northern Steppe of Ukraine varieties of winter wheat
from different breeding centers of Ukraine. It was found
that only the complex adaptive ability of the variety to
resist negative factors in the critical phases of crop de-
velopment helps to ensure the formation of high indi-
cators of yield structure.

R. Lonescu et al. [19] proposed a new model of
management decision, which is based on the principles of
sustainable economics and offers managers the opportu-
nity to make smart decisions in socio-economic conditions
caused by climate change and the global health crisis.

Paying tribute to the scientific and practical sig-
nificance of the works of these authors on the seed
production of a new generation of varieties of cereals
in Ukraine and abroad, a number of issues are still in-
sufficiently studied.

An extremely effective measure to promote and
implement the achievements of science in production
is the formation of scientific and technological landfills
of modern varieties of innovation, adapted to environ-
mental conditions, and modern varietal technologies
for the production of high quality seeds. In this regard,
the development of technology for growing seeds of
major cereals (soft winter wheat, winter barley and
spring barley), which will be based on improved basic
technological (sowing dates and seeding rates) and
agri-environmental, ecological plasticity of the variety,
foliar nutrition, growth stimulants, etc.) elements are of
regional importance.

The aim of the article is to solve the scientific prob-
lem of seed production in the main area of grain produc-
tion - the southern region, improving the system of agri-
cultural education, in particular in training specialists in
“Seed Production”, which consists in research and devel-
opment and their focus on creating and implementing
new competitive technologies for growing seed material
of cereals and the introduction of the most effective
innovative methods of teaching disciplines “Breeding
and Seed Production”, “Seed Science” on the basis of the
Mykolaiv National Agrarian University (MNAU).
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TASKS AND METHODS OF RESEARCH

To achieve this goal it is necessary to analyze the need
to establish and operate a Center for the production of
basic and certified seeds of new varieties of basic ce-
reals in natural and artificial humidification of southern
Ukraine on the basis of the Training and Research Cen-
ter of MNAU with the participation of research institu-
tions of the National Academy of Agrarian Sciences of
Ukraine, industrial enterprises of Ukraine, members of
the Training-Research-Production Consortium (TRPC)
“Southern” the Southern

Interregional Research Center of NAAS and pro-
viding quality seeds to agricultural producers. Such
integration of science, education and production will
help improve the quality of education in the training of
specialists in “Seed Production” in “Agronomy”, provid-
ing producers with high quality seeds of new varieties
recommended for distribution in the Southern region
and providing them with scientific and practical recom-
mendations on new seed technologies..

RESEARCH RESULTS

Mykolayiv National Agrarian University, with 400 hect-
ares of modern irrigation using the latest Zimmatic
sprinklers, has created stable conditions for growing ce-
real seeds and a scientific basis for studying the adaptive
characteristics of promising varieties for irrigated lands.

To ensure the work of the Center for Seed Pro-
duction of the newest domestic varieties of grain crops
in the conditions of natural and artificial moisture in
the South of Ukraine, Mykolayiv NAU has created the
appropriate scientific infrastructure:
Training Consortium “South” institutions of higher edu-
cation and 22 industrial enterprises of Ukraine; South-
ern Interregional Research Center of NAAS, consisting
of 6 institutions of higher education, 8 research institu-
tions and 6 research farms of the southern region and
Science Park “Agroperspective”.

Long-term cooperation of the university with
breeding centers of Ukraine, growing demand among
farmers for quality seeds will ensure the success of the
project to establish a Center for Seed Production and

Research and

Circulation of the latest domestic varieties of cereals
in natural and artificial moisture in southern Ukraine.



Since 2014, the University has been carrying out
tests on more than 200 varieties of cereals of all breed-
ing centers of Ukraine and foreign originators, holding
international and all Ukrainian Field Days with the
obligatory invitation of agricultural producers in the re-
gion.According to the results of research, the Catalog of
Varieties is published annually. Recommended varieties
with high productivity potential will be fully realized
when grown under artificial and natural moisture in the
southern region.

Preparatory work on the purchase and commis-
sioning of a mobile universal cleaning machine SSC
60/10 based on Petcus P-12 for presowing preparation
of cereal seeds. The specified equipment has high man-
ufacturability:

- represented by a well-known German brand (high
quality and reliability);

- the sorting machine allows to receive seeds of
high quality (DSTU 2240-93);

- integrated pickling machine in the equipment;

- high productivity of the equipment - 25 t/h. primary
seed cleaning and 6 t/h. finishing cleaning;

- mobility (equipment mounted on a cargo trailer);

- equipment does not require design work, permits,
fixed connection to communications.

All this will contribute to the creation of the
Center for Seed Production of the newest domestic re-
gional varieties of grain crops in natural and artificial
moisture in southern Ukraine, which aims to create an
innovative environment and conditions for intensifying
innovation processes in agricultural production under
irrigation and natural moisture, growing new varieties
of cereals such lands and their rapid promotion to agri-
cultural producers, the spread and improvement of in-
novative technologies in the agricultural sector of the
Southern region.

The overall goal of the project is to develop in-
novation infrastructure, create a favorable innovation
environment, conditions for intensifying innovation
processes, rapid promotion of new breeding achieve-
ments in production, modernization of the agricultural
sector through the introduction of new advanced seed
production technologies in artificial and natural mois-
ture, increase production, sowing material of modern
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varieties of grain crops adapted to cultivation in the
conditions of climate change to meet the needs of the
region, which fully meets the objectives of the State
Development Strategy of Mykolaiv region for the period
up to 2027 from 23.12.2020 by the decision of Mykolaiv
regional council N2 2.

Much attention in the activities of the Center
will be paid to information and advisory support of the
created innovation. The results of post-registration test-
ing of newly registered varieties of soft winter wheat,
winter barley and spring barley, which differ in ecological
and genetic origin, will be of great scientific importance;
establishing the regularity of improving their sowing
qualities and yield properties of seeds by optimizing the
sowing period, seeding rate and nutrients.

As a result of this project, new experimental data
will be obtained, which will significantly increase grain
yield, quality seed yield and profitability compared to
conventional technologies, as well as provide farmers
in the Southern region with high quality seeds of newly
registered varieties for varieties and quantities.

The main activities of the project are the cre-
ation of the Innovation Landfill - a base for research to
study the adaptive characteristics of cereals and test-
ing of new varieties of breeding centers, establishing
demonstration sites, development and implementation
of innovative technologies for seed propagation under
irrigation and natural hydration.

1.The list of expected results of the project includes:

2. Creation on the basis of Mykolayiv NAU Innova-
tive landfill for production and circulation of seeds of
modern varieties of grain crops for irrigated and non-ir-
rigated lands of the South of Ukraine.

3. Development and implementation of innovative
technology for propagation of seeds of winter and
spring cereals in the conditions of artificial and natural
humidification of the South of Ukraine.

4.Holding Field Days and scientific-practical confer-
ences, publishing scientific-practical materials, Catalog
of grain varieties recommended for the conditions of
the Southern Steppe of Ukraine, providing recommen-
dations to agricultural producers.

5. Commissioning of an innovative line for finish-
ing seeds of newly registered varieties of grain crops to
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high sowing conditions in the research and production
department of the University.

6. Development of recommendations on the system
of nutrition protection of seed crops of wheat and bar-
ley of winter forms and spring barley.

7. Preparation of practical recommendations and
standards for the use of mobile universal cleaning ma-
chine SSC 60/10.

8. Development of economic and mathematical
model of the transition from conventional commodity
farming to seed production with specialization in seed
propagation of new varieties of cereals; publication of
research results in scientific journals.

The target groups of the project are agricultural

producers of the South of Ukraine, research institutions
of NAAS, breeding centers of Ukraine, members of TRPC
“Southern”, members of the Southern Interregional
Research Center of NAAS, producers of agrochemicals
and biologicals of agricultural machinery, Science Park
‘AgroUspective”. The territory covered by the project re-
sults is Mykolayiv, Kherson and Odesa oblasts.

The total estimated cost of the project for three
years of implementation is UAH 14,131.4 thousand. The
main source of project funding is UAH 12,000.0 thou-
sand - state budget funds received from the European
Union, additional source of funding UAH 2,131.4 thou-
sand - funds of the Mykolayiv National Agrarian Uni-
versity (Table 1).

Table 1. Economic efficiency of the project on creation of the center of seed-growing of the newest domestic
regionalized grades of grain crops

Indexes
1

Operational activity

2021 p. 2022 p.

Together

2 3 5

Area of winter wheat sowing, ha 200.0 200.0 200.0 X
winter barley, ha 77.0 77.0 77.0 X
Yield of winter wheat, t/ha 10.0 10.0 X
winter barley, ha 8.5 8.5 X
Gross harvest of winter wheat, t 2000,0 2000,0 4000,0
Gross harvest of winter barley, t 654.5 654.5 1309,0
Produced seeds of winter wheat, t (85%) 1700,0 1700,0 3400,0
Produced seeds of winter barley, t (85%) 556.3 556.3 1112,7
Used own seed material of winter wheat, t 45.0 0.0
Used own seed material of winter barley, t 154 0.0
Yield of grain waste, t (13% of total gross harvest) 345.1 345.1 690.2
Additional grain of entrepreneurs to be cleaned and calibrated, t 1000,0 1100,0 2100,0
Cost of winter wheat seeds (elite) for sale, thousand UAH/t (20% VAT) 10.0 10.5 X
Cost of winter barley seeds (elite) for sale, thousand UAH/t (20% VAT) 9.8 10.0 X
Cost of grain waste of wheat and barley, thousand UAH/t 3.0 3.2 X
The cost of providing services for cleaning, calibration and treatment of grain 07 0.7 X
for other producers, thousand UAH/t
Revenue from the sale of wheat seeds, thousand UAH 16550,0 17850,0 34400,0
Revenue from the sale of barley seeds, thousand UAH 5301,1 5563,3 10864,3
Revenue from sales of grain waste, thousand UAH 1035,3 1087,0 2122,3
Revenue from grain seed cleaning and calibration services, UAH thousand 700.0 770.0 1470,0
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Table 1, Continued

1

Cost of commodity wheat grain, thousand UAH/t
Cost of commodity grain of barley, thousand UAH/t
Revenue from the sale of wheat seeds as comrade. grain, thousand UAH
Revenue from the sale of barley seeds as a trade grain, thousand UAH

Additional income from the sale of grain as an elite seed of winter wheat,

thousand UAH

Additional income from the sale of grain as an elite seed of winter barley,

thousand UAH

Additional income from the sale of grain as an elite seed - total, thousand UAH

Income from services for cleaning and calibration of grain seeds and sale of

grain waste, thousand UAH

Total gross income from the operation of the seed plant, thousand UAH

Production costs - total, thousand UAH
Operating profit, thousand UAH

Discount rate (discount rate 11%)

Discounted cash flow from operating activities, UAH thousand

Investment activity
Capital investments - total, thousand UAH

including:

- Petkus P-12 mobile universal cleaning machine

Total costs, thousand UAH

Discounted cash flow from investing activities, UAH thousand

Discounted free cash flow, UAH thousand

Cumulative discounted free cash flow, UAH thousand

Net present value (NPV), thousand UAH
Internal rate of return (IRR),%
Return on investment (PI),%

Discounted payback period of DPP, years

Tax revenues to the budget for the years of proj-
ect implementation will amount to UAH 3,958.5 thou-
sand (Table 2).

The implementation of the project will con-
tribute to a significant increase in economic, social
and energy efficiency of agricultural production in the
southern region; increasing the production of high
quality seed material in conditions of natural and ar-
tificial moisture; increasing the manufacturability of
production and productivity; meeting the needs of ag-
ricultural producers in the South of Ukraine, members
of TRPC“Southern” and the Southern

2023 p. Together
4 5
5.1 5.1 X
4.5 4.5 X
10200,0 10200,0 X
2945,3 2945,3 X
6350,0 7650,0 14000,0
2355,8 2618,0 4973,8
8705,8 10268,0 18973,8
1735,3 1857,0 3592,3
10441,1 12125,0 22566,1
668.7 817.9 644.8 21314
-668.7 9623,2 11480,2 20434,7
1.00 0.90 0.81 -
-668.70 8669,51 9317,34 173182
12 000,0 0.0 0.0 12000,0
12000,0 12000,0
12668,7 817.9 644.8 141314
12000,00 0.00 0.00 12000,0
-12668,70  8669,51 931734 5318,2
-12668,70 -3999,19  5318,16 X
5318,17 X
40.5 X
144.32 X
2.6 X

Interregional Research Center NAAS in high-
quality sowing material of domestic varieties of cereals
and the needs for services for cleaning, calibration and
pre-sowing treatment of seeds of their own production;
establishment of a regional information and logistics
seed center for cooperation between grain producers
and scientific institutions.

Sustainability of the project results is ensured
due to the functioning of the Seed Production Center
for the production and circulation of the latest domes-
tic varieties of grain crops for the South of Ukraine on
the basis of the Mykolayiv National Agrarian University.
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Table 2. Receipts to the state budget from the project implementation, thousand UAH

Indexes

1

Cash proceeds, UAH thousand
Tax liability, UAH thousand
Total costs, including:
- investment costs (mobile universal cleaning machine SSC
60/10 based on Petcus P-12), thousand UAH
- project implementation costs
including:
- salary with accruals
- material costs
- serves
Tax credit, thousand UAH
Receipt of VAT in the budget, thousand UAH
Personal income tax (18%), UAH thousand
Single social contribution (22%), UAH thousand
Military fee (1.5%), thousand UAH
Total payments, thousand UAH
Budget efficiency,%

Introduction of modern irrigation on the lands
of the University for varietal testing of promising vari-
eties of grain crops created in NAAS institutions under
conditions of risky agriculture will provide the region
with high quality seeds adapted to the conditions of
the South of Ukraine, introduce the latest technologies
will provide an opportunity to increase grain yields
to 30%, provide agricultural producers in southern
Ukraine, members of TRPC “Southern” and the Southern
Interregional Research Center with modern services for
cleaning, calibration and presowing seed treatment in
accordance with DSTU 2240-93.

The multiplier effect of the project is to increase
the production of high quality sowing material of new
promising varieties of cereals for irrigated and non-ir-
rigated lands, will be provided by publishing scientific
and methodological, informational materials, publica-
tions in scientific journals and a group of agricultural
producers in the region. cultivation of seed crops of ce-
reals under irrigation of the southern region. It is also
planned to support the media and post information

Ukrainian Black Sea Region Agrarian Science, 25(4), 14-23

2021 p. 2022 p. Together
2 3 5
0.0 10441,1 12125,0 22566,1
0.0 1740,2 2020,8 3761,0
12668,7 8179 644.8 141314
12000,0 - - 12000,0
668.7 8179 644.8 2131,4
335.8 359.9 384.7 1080,4
309.3 409.3 2114 930.0
10 40 40 90.0
53.2 74.9 419 170.0
-53.2 1665,3 1978,9 3591,0
49.5 53.1 56.8 159.4
60.6 64.9 69.4 194.9
4.1 44 4.7 13.2
61.0 1787,7 2109,8 3958,5
28.0

about the project on the website of the project customer.
The results of the project will be verified through ques-
tionnaires and disseminated among other interested
agricultural producers, scientists and graduates.

Within the framework of the project implemen-
tation, monitoring of the achievement of goals is in-
troduced by comparing the actually obtained values of
indicators with their forecast values, which is conducted
every year by the Ministry of Education and Science of
Ukraine and Mykolayiv National Agrarian University.

Assessment of the achievement of project objec-
tives is based on the results of the calendar plan for
each stage of activity. A generalized evaluation of the
effectiveness of the project is conducted by the Ministry
of Education and Science of Ukraine one year after the
completion of the project. The procedure for monitor-
ing and evaluating the effectiveness of the project is
determined by the Ministry of Education and Science
of Ukraine.

The internal monitoring procedure will be carried
out according to quantitative and qualitative indicators,



provides a detailed description of the project activities
at its respective stage; identification of those respon-
sible for the task; division of responsibilities between
performers.

Information on monitoring and reporting on the
status of the project will be reflected in the documents:

- Bulletin on indicators of the state of works (to be
filled in by the customer).

- Minutes of meetings (to be filled in by the customer).

- Internal report on the status of the project (to be
filled in by the customer).

- External report on the status of the project (to be
filled in by the customer).

To ensure control in the project, the main moni-
toring and control procedures will be implemented:

- work plan control procedure;

- financial plan control procedure;
- quality control procedure;

- document control procedure.

The following project evaluation technologies

have been introduced:

- control at the end of the work (method “0-100);

- control during 50% readiness of works (method
“50-507);

- regular operational control (at regular intervals);

- expert assessment of the degree of execution of
works and readiness of the project.

In case of occurrence of unforeseen or negative
results or side effects during the project implementa-
tion, the procedure of corporate settlement is provided
in the operative way.

A separate important criterion for the internal
evaluation of the achievement of project results is the
economic efficiency of the project.

Novikov et al.

Upon completion of the project, a survey of agri-
cultural managers and specialists on the results of the
introduction into production of innovative technologies
obtained under this project for growing winter wheat
and winter barley under irrigation and in conditions of
natural moisture.

The following project evaluation technologies
have been introduced:

- control at the end of the work (method “0-100%);

- control during 50% readiness of works (method
“50-507);

- regular operational control (at regular intervals);

- expert assessment of the degree of work imple-
mentation and project readiness.

CONCLUSIONS AND PROSPECTS FOR
FURTHER RESEARCH

The development of irrigation in the South of Ukraine is
an important condition for the formation of a favorable
innovation and investment environment in the region,
the realization of the country’s agricultural potential, in-
crease agricultural production, exports and food security.

The project to establish the Center for Seed Pro-
duction of the newest domestic regional varieties of
grain crops in the conditions of natural and artificial
moisture in the South of Ukraine is aimed at develop-
ing seed growing technology for each studied variety
and innovation.

Implementation of the project on the area of 277
hectares for 2021-2023 will allow to obtain budget effi-
ciency at the level of 28% and will stimulate the develop-
ment of irrigation in Mykolayiv region, which is a guaran-
tee of high yields of major crops, stability of revenues to
the state budget and strengthening leadership the world.
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INTRODUCTION

The current large-scale administrative and territorial
reform and complex changes in the local self-govern-
ment of Ukraine require scientific research and the
development of a unified systemic vision of this pro-
cess. Management is the basis of effective functioning
of any organization, including local self-government
bodies. Achieving high results of local self-govern-
ment is impossible without the introduction of innova-
tive approaches to personnel management processes.
The potential of the used methods, methods and tools
of personnel management is practically exhausted,
therefore the search for ways to increase the efficiency
of the use of human resources is shifting to the plane
of development of innovative personnel technologies.
Therefore, the issue of introducing innovative and ef-
fective personnel management tools for local self-gov-
ernment bodies is a very relevant topic.

There are many approaches to defining the con-
cept of “personnel management”. Thus, Ya. Krushelnytska
& 0. Kyrychenko define “personnel management” as
a purposeful activity of managers and specialists re-
garding the formation and effective use of aggregate
labor potential, which includes the development of con-
cepts and strategies of personnel policy, principles and
methods, the formation of a personnel management
system to achieve goals organizations [14].

In turn, A. Mosumova [16] emphasizes that there
are no special differences in the functional processes
of personnel management in public organizations
compared to the private sector. The scientist identi-
fied the following as the main and important person-
nel management processes in public organizations:
analysis of personnel processes and their planning;
recruitment and selection of personnel; personnel ad-
aptation; evaluation and control of personnel actions,
motivation and stimulation of personnel, development
of personnel, improvement of their professional qual-
ification level; labor relations, quality of life, working
conditions; release of personnel.

According to T. Pokotylo [19], the effective for-
mation and use of the labor potential of local self-gov-
ernment bodies depends on the effectiveness of the
following principles of personnel management: system

Kormyshkin and Umanska

management of all components of the organizational
and economic mechanism of the organization’s labor
potential management; rational formation of labor po-
tential; compliance of material and non-material in-
centives to the full disclosure of labor potential to the
motives of employees; openness of information, etc.
A number of scientists emphasize the importance of
strategic personnel management. Thus, in his research,
A. Rachynskyi developed an author’s approach to stra-
tegic personnel management as a mechanism for im-
plementing structural changes in the activities of state
authorities under conditions of crisis, and also clarified
the methodological principles of the formation of a
strategic approach to personnel management in such
bodies, criteria for the development and implementa-
tion of value strategies in the activities of their person-
nel. The taxonomy of personnel management in public
bodies based on the profile of personnel managers was
presented by scientists J. Herrera, & D.M. Miller [3]. The
analysis focuses on the task environment of managers,
defined by three main elements from strategic human re-
source management research. In particular, this research
examines the level of participation of HR managers in
policy-making processes at the strategic level, vertical
and horizontal political integration, and the flexibility
of human resource managers in interpreting and imple-
menting key HR functions (i.e., recruitment, hiring, and
compensation).The results of their research yield five dif-
ferent profiles that describe different approaches to hu-
man resource management. Klingner, D.E., Nalbandian, J.,
& Llorens, J. believe that government agencies are fac-
ing pressure to become more efficient by reducing costs
and increasing productivity [4]. A critically important,
but expensive element of every organization is the staff.
In both the public and private sectors, human resource
management is an area that often receives a lot of at-
tention to improve efficiency and effectiveness.According
to J. Serrano, & M. Barba [5], the results of their research
show that local self-government bodies, which develop
methods of recruitment and selection, training, evalu-
ation and reward, taking into account the needs of spe-
cific workplaces, the potential of employees and their
activities, improve their results.
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Effective personnel management tools in local self-government bodies

The ability of local self-government bodies to
manage human resources was studied by C. Vincent,
& Stephen C. [6]. The impact of various internal and
external factors on human resource management
activities in local governments was investigated by
G.Wilson [8], D. Alao, C. Ajike, & M. Ibrahim [1].

The authors [2] emphasize that state authorities
face the challenges of demographic changes. Currently,
there is a shortage of younger workers and qualified
personnel. Therefore, the leap from rigid personnel
management to active, modern human resource man-
agement is inevitable as a central key to the long-
term success of companies. N. Havkalov is of the same
opinion [9]. The scientist believes that the essence of
personnel management in public organizations is to
ensure the optimal quantitative and qualitative com-
position of personnel, the organization of personnel
training, and the achievement of a rational degree of
personnel mobility in public organizations. We are im-
pressed by the opinion of scientists, because we are
convinced that the recruitment of younger personnel
through targeted training and personnel marketing,
the use of modern communication channels, effective
and sustainable development of personnel through
further and continuous training and systematic man-
agement can be key factors in successfully increasing
the level of attractiveness of an employer.

The literature emphasizes the key role that the
workforce plays in the operations of companies. It is
also emphasized that human resource management is
a source of competitive advantages. However, although
this topic has been widely studied in the private sec-
tor, little research has focused on public administra-
tion, particularly in local governments. To fill this gap,
this study addresses a number of theoretical issues and
practical recommendations regarding effective HR man-
agement tools in local governments. The purpose of the
article is to substantiate the theoretical provisions and
develop practical recommendations for effective person-
nel management tools in local self-government bodies.

Modern personnel management mechanisms as a guarantee of

providing territorial communities with professional personnel
In conditions of decentralization, the problem of
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providing united territorial communities with
high-quality personnel becomes especially relevant,
since their professional level is one of the prerequisites
for the successful development of the community [13].
Moreover, according to the scientists of the National
Institute of Strategic Studies, ensuring the sustainable
development of communities and regions depends not
only on the potential competitive advantages of the re-
source type (the presence of natural-resource potential
for economic development, demo-economic potential),
but also on the competitive advantages of the non-re-
source type, related, first of all, with the possibilities
of implementing innovative development factors, im-
proving human capital [12].

Personnel management in public organizations
is not only an important area of management, but also
an important tool for influencing their functioning,
taking into account the goals and principles of the
state personnel policy [14].

Local self-government bodies must always find
the most effective ways to hire, encourage, reward, re-
tain, develop and improve the skills of their employees.
This is important for the efficient, rational and coordi-
nated work of the local self-government body, which
provides high-quality and citizen-oriented services. Pe-
culiarities of personnel management in local self-gov-
ernment bodies are presented in Table. 1.

We believe that modern personnel management
has a strategic perspective that recognizes that the or-
ganization’s employees are a resource that enables the
achievement of the organization’s goals. At the heart
of personnel management, it is taken into account how
management decisions shape the effectiveness of the
workforce in a planned way and in unexpected condi-
tions. Based on this concept, we believe that the mech-
anism of personnel management is the orderly and
consistent use by local self-government bodies of a
set of methods, means and tools of influence based on
certain principles, as a result of which the realization of
goals in the field of personnel management is ensured.
The mechanism of personnel management must corre-
spond to the purpose, strategy and concept of manage-
ment, which is reflected in its components: principles,
functions, tools and methods of management.
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Table 1. Peculiarities of personnel management in local self-government bodies

Current trends in personnel management in local self-

government bodies

The lack of a single, clear system for assessing the quality
and efficiency of personnel work, the certification and control
of personnel are of a formal nature, it is mostly difficult to
compare the results of specialists

Low prestige of the work and low salary, which does not
correspond to the complexity of the work and emotional
stress

The impossibility of using financial instruments (salary
increases, bonuses) for material stimulation of personnel,
which demotivates personnel and does not contribute to the
quality of the work process.

Stereotypes and lack of purposeful work of state structures
in the direction of forming a favorable image in public
consciousness

The team of authors [24] notes that the subsys-
tems and elements of the personnel management sys-
tem of local self-government bodies include the subject
of personnel management and regulatory subsystems
(the Constitution of Ukraine, laws of Ukraine, decrees
and orders of the President of Ukraine, resolutions and
orders of the Cabinet of Ministers of Ukraine, orders of
the National civil service, acts of other state bodies),
scientific and methodical (covers all stages of train-
ing, specialization, and advanced training of civil ser-
vants and includes the National Academy of National
Statistics, a network of higher education institutions,
a professional development institute, branch institu-
tions of higher and postgraduate education licensed
to improve the qualifications of civil servants ), infor-
mational (implies the use of modern information and
communication technologies (electronic governance,
unified information computer system “Kadry”, public

Actual and unresolved problems in personnel management in
local self-government bodies

A decrease in the level of personnel management, the

appearance of disinterest of personnel in the results of their
own activities, and the appearance of corruption at various

levels of government.

Insufficient number of qualified specialists in local self-
government bodies

Development of a differentiated system of personnel
motivation by creating a bonus system that reflects
the effectiveness of their activities, providing favorable
conditions and guarantees for personnel.

Increasing the prestige of work in local self-government
bodies, introducing effective and transparent incentive
mechanisms, social protection and increasing the
responsibility of personnel

electronic services, etc.) and social and psychological
support (implements the introduction of psychological
testing in the selection process personnel for public
service, determination of training needs, etc.) person-
nel management.

A modern personnel management system and
approaches to its implementation should use the fun-
damental and latest principles of scientific manage-
ment theory. Therefore, the main task of HR managers
is the construction of a personnel management system,
which to the greatest extent allows the implementa-
tion of creative initiatives of employees at all levels of
the hierarchy. Here, an important role is given to the
methods of personnel involvement. The first stage in
the HR cycle is search and recruiting (Table 2). Recruit-
ing provides a clear understanding of the request and
the ability to provide the necessary personnel to local
self-government bodies [20].
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Table 2. Characteristics of recruiting

Features

Advantages

Disadvantages

Search for a candidate
within the organization.
This is an important
element of employee
development

Internal

Search for a candidate
for a position outside the
staff of the OMS

External

In the process of selecting employees, it is nec-
essary to understand the concepts of internal and ex-
ternal recruiting [20]. That is, you can hire people who
have already adapted to the team, or select employ-
ees from outside the territorial community. In Ukraine,
there is a high level of population mobility,and there-
fore, desired candidates for the position can change
their place of residence and move to a territorial com-
munity with a bright brand and good working condi-
tions. In this direction, it is important to cooperate
with higher education institutions when it comes to
the selection of young workers, and it is also advis-
able to specify the requirements for vacancies in a
concise style.

An important stage of recruiting is the search
for candidates. In order to expand the possibility of

A greater selection of potential
candidates, and as a result, an
opportunity to hire the person who best
meets the requirements for the position

A large amount of information about
the transferred employee, about
his professional potential (areas of
development, strengths and way of
working) A short period of adaptation of
the employee, less search effort

Lack of opportunities to compare

the employee’s potential with the

competencies of other potential
candidates

The procedure requires more effort
and is longer than internal selection,
may be associated with a higher
risk of selecting the wrong person,
in particular, in the case of a poor
selection procedure

attracting a larger number of qualified personnel and
to popularize the vacancy, it is necessary to pay at-
tention to additional places of posting the vacancy, in
particular: https://www.work.ua/, https://rabota.ua/ua,
https: //www.olx.ua/ and on the official pages of the
organization in social networks. Also, external resources
can be expanded with the help of the Employment
Center, announcements in the local newspaper, work
with specialized educational institutions.

One of the methods of personnel selection and
evaluation, which is a process of information exchange
between two parties, is an interview. And at the same
time, this is a true cross-section of human behavioral
characteristics that are manifested in working condi-
tions. We suggest using the following types of inter-
views (Table 3).

Table 3. Modern technologies of personnel recruitment methods

Characteristic

is made according to a standard model; a clear sequence of pre-prepared questions with precise

Structured interview

Ukrainian Black Sea Region Agrarian Science, 25(4), 24-34

wording; everything is important: how the candidate builds his story, how well he speaks the language,
whether he knows how to quickly switch attention; a universal method that is widely used in the
practice of selection staff
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Table 3, Continued

Characteristic

Competency interview

Stress interview

the questions are structured in such a way as to suggest an extended response; the candidate is
asked to describe one or two stories on a certain topic from past professional experience

Stressful conditions are created for the candidate, for example, inquestions are asked at a fast pace

on various topics, even too personal, the same question is repeated several times.

The candidate is asked various open-ended questions “not about him”, for example, what

Projective interview

motivates people to work effectively? An auxiliary technique for forecasting the model is quite

effectivebehavior, motivation, internal values of the candidate.

CASE interview

“Cases” can be set for creativity, the ability to think outside the box. It's convenient to assess skills,

behavior patterns, as well as complex things like learning ability, Source stability etc.

Source: [20, 24]

It is important to note that in 2021, the Gen-
eral Department for Personnel Management in the
Civil Service and Local Self-Governing Bodies of the
Ukrainian National Socialist People’s Republic of
Ukraine conducted a survey of personnel management
services regarding the need for methodological assis-
tance in human resources management. In the course
of the survey, 212 responses were received from em-
ployees of local self-government bodies, who deal
with personnel management issues. Respondents were
asked to choose from the list of issues in the field of
personnel management those for which it would be
most relevant and important for them to receive ad-
ditional information and methodical support. It is im-
portant to note that both in state bodies (87%) and in
local self-government bodies (86%), respondents con-
firmed the use of additional personnel management
methods and tools that are not directly provided for
by the law, but correspond to it. In particular, such as
adaptation, mentoring, development of organizational
culture, team building and formation of a favorable at-
mosphere in the team [18].

The need for adaptation and promotion of personnel
development in the context of increasing the efficiency of
personnel management

Newly appointed employees, as a rule, lack practical
experience of working in local self-government bodies,
which leads to a decrease in the level of productivity
and quality of performance of tasks set by the commu-
nity. Instead, it is impossible to attract highly qualified
workers with experience in local self-government po-
sitions due to the lack of financial resources to stim-
ulate their work. We believe that this problem can be
solved by qualitative and systematic adaptation of
those who work for the first time. The application of
such practices will help to quickly adapt the employee
to new working conditions, which will significantly in-
crease productivity and positively affect the function-
ing of the state body.

Adaptation of personnel is a process aimed at
the optimal entry of a new employee into the work-
force in order to increase the efficiency of his work,
both at the stage of entry and in the future [14].

Adaptation of an employee to a new situation de-
pends on various conditions of his production environ-
ment, workplace, workforce, as well as conditions that are
not directly related to them. The presence of a significant
number of such conditions leads to the existence of var-
ious types of adaptation: professional, psychophysiolog-
ical, social-psychological, organizational-administrative,
economic, sanitary-hygienic adaptation.
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The result of the adaptation process should be
not only the acquisition by the new employee of the
knowledge necessary for work, but also the creation of
a favorable moral and psychological state upon joining

the team. The employee must begin to realize himself
not as an alien body in the team, but as a full-fledged
and useful member of the team. The stages of the em-
ployee adaptation process are presented in Fig. 1.

STAGE 1 - Assessment of the level of training of a new employee involves the determination
and analysis of the employee's professional knowledge and skills.

STAGE 2 - Orientation. practical familiarization of the new employee with his duties and
requirements that the organization puts forward to him

Stage 3 - Active adaptation. It consists in adapting the new employee to his status and is
largely conditioned by his inclusion in interpersonal relations with colleagues.

STAGE 4 - Functioning. characterized by the gradual overcoming of production and
interpersonal problems and the transition to stable work.

Figure 1. Stages of the employee adaptation process

The most popular form of employee adaptation
today is the mentoring method. Mentoring is on-the-
job training aimed at the long-term acquisition and
development of professional knowledge, skills and
personal qualities of newly appointed civil servants,
necessary for the performance of official duties, and
is carried out in the form of consultations, advice and
explanations provided by a mentor established under
this person [21]. Mentoring can be established for a
duration of up to 3 months depending on the complex-
ity of the duties provided for by the position and the
level of professional competence of the newly appointed
civil servant and can take place simultaneously with the
probationary period.

The modern direction of using this method is
the use of badging. Its essence is that advice, recom-
mendations, information and feedback are transmitted
two-way, without distinguishing between “senior” and

“s

junior”, between those who teach and those who learn.

Ukrainian Black Sea Region Agrarian Science, 25(4), 24-34

Budding is often referred to as informal mentoring.
However, if mentoring is aimed at staff development,
then budding is aimed primarily at the psycho-emo-
tional support of the newcomer.

The head of the structural unit determines (on
a public basis) a “buddy” for the beginner.“Buddy” does
everything to make the newcomer comfortable. For a
buddy, there is the following algorithm for his interac-
tion with a newcomer. In the first weeks, the “buddy”
usually communicates regularly with the “newbie” to
make sure that everything is okay with him and that
he is adapting successfully. As a result, the new em-
ployee does not feel like a “stranger”, knows who to
contact with any questions, quickly integrates into the
team and gets to know the rules. This practice is com-
plemented by the experience of the state body in in-
troducing a well-planned “productive working day” for
newly appointed civil servants. As a result, on the first
day of work, the newcomer does not feel abandoned



and rationally uses working time. Communications are
being established [10].

Considering the growing role of the human
factor, one of the most important tasks of improving
personnel management is to ensure personnel devel-
opment, which implies the need to invest in personnel,
and not just to form them quantitatively according to
available jobs.We consider it expedient to increase the
professional qualification level of employees by form-
ing continuous corporate training systems. Thus, we
believe that the effectiveness of training and its im-
pact on the specific results of employees can be high

4 N

Business training
is used to develop the skills of a
small group of people with the
maximum number of practical
exercises to practice skills

- /
4 N

Problem seminars
one of the most effective collective
training programs, which are
conducted with the aim of finding
and solving a certain problem,
developing practical skills

- v
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only if there is an emphasis on the innovative activity of
those who learn, their active involvement in the train-
ing process. In this regard, the issue of corporate uni-
versities is particularly relevant.

A corporate university is a well-thought-out
system of continuous training of personnel, within
which, together with traditional methods of modern
business education, the following methods of human
resources development are used: business trainings,
coaching, problem seminars, analysis and discussion
of cases [26], the general characteristics of which are
presented on Figure 2.

4 N

Coaching
a new form of consulting support,
a means of assistance, assistance
in finding solutions for overcoming
any difficult situation.

- /
4 N

Case studies
interactive technology for short-
term training based on business

situations.

. /

E-learning
mass method of distance learning.
in the form of e-books, video
lessons, computer exercises

Figure 2. Modern methods of personnel development

E-learning should be highlighted among the
modern methods of personnel development for local
self-government bodies. E-learning is a fast and effec-
tive way of obtaining knowledge necessary for work,
which involves the intensive implementation of video,
audio, multimedia, computer simulations and their
combinations [26]. The use of E-learning is possible
with the help of an educational platform in the field
of professional training of civil servants, heads of local
state administrations, their first deputies and deputies,

officials of local self-government - Knowledge Man-
agement (https://pdp.nacs.gov.ua/). The advantages of
using E-learning for local self-government bodies are
the following:

« professional development, provision of valuable,
highly specialized knowledge takes place without sep-
arating employees from the main workplace;

e choosing an e-learning system allows you to opti-
mize financial costs for personnel education;

« electronic education provides an opportunity for

Ukrainian Black Sea Region Agrarian Science, 25(4), 24-34
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individual classes, independent study of the material
to the required extent;

e during the training process, participants can con-
sult with business trainers and coaches online.

We are convinced that the high-quality imple-
mentation of the E-learning system in the activities of
local self-government bodies will allow us to achieve
high results of productive activity, to solve the issue of
improving the qualifications and educational and in-
tellectual level of human resources.

CONCLUSIONS

It was determined that effective personnel manage-
ment is the key to the success of every organization,
local self-government in particular. Each community
has appropriate teams of professionals who work on
the development of territories, but many territorial
communities lack such people. The methods proposed
by us have been integrated into the public service from
business and are already widely used in the field of
personnel management. By understanding and using
modern approaches to the selection, attraction and

training of personnel, local self-government bodies
will be able to work more effectively in this direction.

It is substantiated that for the purpose of ef-
fective personnel management, it is worth starting to
pay attention to such an approach to managing the
development of human resources as the formation of
continuous corporate training systems. Yes, we believe
that the effectiveness of training and its impact on the
specific results of employees can be high only if there
is an emphasis on the innovative activity of those who
are studying, their active involvement in the training
process. We singled out E-learning among the modern
methods of staff development of local self-government
bodies. The use of E-learning is possible with the help
of an educational platform in the field of professional
training of civil servants, heads of local state admin-
istrations, their first deputies and deputies, officials of
local self-government - Knowledge Management. Thus,
the proposed tools allow local self-government bodies
to increase the efficiency of human resource manage-
ment, which will contribute to the economic growth of
the territorial community as a whole.
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MMKONaiBCbKMIM HALLIOHANbHMIA arpapHuiA YHiBepCuTeT

AHoTauiq. Y cTaTTi LOCNiAXKEHO CYTHICTb YPaBAiHHSA NEPCOHANOM B OpraHax MiCLLeBOro CAaMOBPSAYBAHHS, SIKa NONATae
B 3abe3neyeHHi ONTMMANbHOrO KifbKiCHO-SKICHOTO CKfafly, OpraHisauii niaBuuieHHs KBanidikauii nepcoHany,
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Abstract. The grain market has absolute priority compared to other options for establishing economic relations,
because the market system naturally combines the interests of consumers and producers of grain crops, in economic
terms it is interesting for producers to meet the needs of buyers in bread products, which are reflected in significant
demand. Ukraine has a huge potential for leadership in the world ranking of grain production and has tendencies
to further strengthen its own positions on the international market, but it needs to improve technologies in this
direction, as well as study the problems of the world grain market and justify algorithms for solving them at the
national level. The purpose of the article is to determine trends in the grain market of Ukraine over the past five
years and identify the most profitable crops for cultivation. During the research, the method of system analysis,
generalization, induction, deduction, modeling and planning was applied. It has been established that the grain
market has undeniable advantages compared to other forms of organization of economic relations. Trends to a
significant decrease in the price policy on the market of grain and oilseed crops during 2016-2018 were revealed,
and the transition from classic and traditional grain crops to legumes became characteristic of 2019-2020, which
took place under the influence of a number of factors, including the increase in demand for leguminous crops,
profitable relevance of leguminous crops, positive impact on soil cover. The prospects for the cultivation of niche
crops are outlined, and the existing situation on the grain market and the situation of niche crops are highlighted.
The segmentation of operators of the crop market was made regarding the production of niche crops. The practical
value of the work consists in determining the further development strategy of the field of grain production in Ukraine

Keywords: marketing, price, sales prospects, infrastructure, global export

INTRODUCTION

The implementation of logistic approaches to increase
the dynamics of international grain trade is becom-
ing more relevant at the current stage of any coun-
try, as well as for the development of the Ukrainian
economy, which specializes in this field. The dynamics
of grain production is increasing every year. It is also
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necessary to realize that the grain can be of different
quality and, as a result, have a different intended use.
Thus, forecasts have been made that “over the next 10
years, Ukraine will continue to improve its position
on the world grain market and, potentially, enter the
top 5 grain exporting countries, increasing its share to
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14% [1]. This is stated in the forecast of the Organiza-
tion for Economic Cooperation and Development and
the World Food Organization. It is expected that the
tendency to increase grain production will continue on
the world market”[1]. Given the increase in yield, world
production will increase by 375 million tons and ex-
ceed 3 billion tons, in particular, wheat production will
increase by 86 million tons to 839 million tons. At the
same time, the forecast is based on the current grain
market situation, including niche crops in Ukraine.
Therefore, we consider the issue of studying the devel-
opment trends of the domestic market of niche crops
to be relevant and important.

In the scientific literature, we find the work of
modern authors who turned their research into the field
of studying, substantiating and forecasting the grain
market situation, in particular niche crops in Ukraine.
In particular, T. Artyukh studied the marketing aspects
of ensuring the activities of agricultural enterprises
producing vegetable products [2]. While R. Buryak car-
ried out a marketing research of crop production mar-
kets [3].In the scientific works of V.Vlasyuk,A.Maksyuta,
and S. Povazhnyuk, the trend of economic revival due
to the industrial development of Ukraine is traced [4].
Instead, |. Demchak, O. Mytchenok, and G. Trofimova
studied the foreign trade turnover of agricultural prod-
ucts [5]. Features of conducting marketing research by
Ukrainian agribusiness subjects in modern conditions
are reflected in the works of O. Yerankin [6]. T. Il.chenko
identified the prospects of marketing research in the
agricultural market of Ukraine [7]. In turn, M. Ilchuk,
I. Konoval, O. Baranovska, and V. Yevtushenko traced
the genesis of the development of the grain market
in Ukraine and its stabilization factors [8]. In the con-
clusions of V. Mesel-Veselyak, potential opportunities
for grain production in Ukraine were revealed [9]. The
conclusions of V. Osetsky regarding innovative indus-
trialization in the agro-industrial complex seem inter-
esting [10]. Y. Kindzersky singled out the determinants
of deindustrialization in the world and in Ukraine [11].
Modern research by scientists is related to the study
of the effectiveness of the functioning of agricultural
enterprises on the grain market: scientific foundations,
state, prospects (M. Lyshenko [12]), substantiation of
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the scientific foundations of the development of the
economy of Ukraine and certain countries of the world
(A. Popova, O. Lohonya [ 13]), marketing studies of grain
market conditions (D.Semenda, O. Semenda [14]). However,
the problem of studying the marketing of niche crops on
the grain market of Ukraine remains insufficiently stud-
ied. Therefore, the purpose of the article is marketing
research of the grain market situation in the context of
the development of the market of niche crops in Ukraine.

Prospects of the cereal market in the context of the form of
organization of economic relations

The study of open data [15;16;17;18;19] regarding the
market conditions of niche crops makes it possible to high-
light several trends in its development over the past ten
years. Let’s consider the singled out factors in more detail.

The grain market has undeniable advantages
compared to other forms of organization of economic
relations, since the market mechanism naturally con-
nects the interests of grain producers and its consumers,
sellers and buyers, without orders and commands, ma-
terially interests producers in meeting the population’s
needs for bread products, which are expressed through
demand. Under the influence of market processes, there
is a natural selection of those producers who are able
to effectively produce, promote, exchange, and consume
bread products at equilibrium prices. The following eco-
nomic characteristics are used to analyze and assess the
state of the grain industry in Ukraine: “market size; market
growth rates (%); industry life cycle stages; the structure of
competition, the number of consumers and their financial
capabilities; pace of technological changes and product
innovations; the volume of investments and innovations;
average industry profit” [13].

According to the USDA, ranking 8th in the rank-
ing of world grain producers with a share of 3.3-3.5%,
Ukraine provides almost 15% of global export needs
and in 2019/20 took an honorable second place in the
ranking of world exporters. As of November 30, 2020,
the total gross collection of Ukrainian agricultural
producers for the main crops reached 80.9 million
tons, and work was carried out on 23.8 hectares. How-
ever, such record yield indicators were not achieved
immediately. According to D. Semenda: “..the grain
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market of Ukraine is one of the main segments of the
agro-food market, the state of which determines the
food security of the country.”

It should be noted that the forecast regarding

the supply and demand balance of grain and legumi-

nous crops in 2020/2021 was successful (Table 1).

Table 1. Forecast regarding the supply and demand balance of grain and leguminous crops 2020/2021

including crops
Grains in total,
thousands of

tons others,

wheat,

barley,
thousand tons

corn,

thousand tons thousand tons thousand tons

Offer of grain 72907 26398 8269 35154 3086
Production 68163 25096 7772 33089 2206
Transitional residues 4486 1288 467 2029 702
Imports 258 14 30 36 178

The need to use 68725 24898 7769 33654 2404

Internal consumption 20811 7398 3937 7582 1894
Export 47914 17500 3832 26072 510
Expected balances 4182 1500 500 1500 682

Source: summarized by the author based on data [15]

At the same time, researchers are now empha-
sizing the significant prospective opportunities of the
agricultural sector of Ukraine for the cultivation of
niche crops. Cultures that “are not characteristic of the
agro-industrial complex of Ukraine and therefore are
not grown much” are usually called niche crops [12].
Among such crops, according to T. lichenko [7], “there
are often those that are in great demand on the mar-
kets of other countries and are expensive at the same
time. Thanks to this, if the business is effectively orga-
nized, the production of niche crops will be character-
ized by increased profitability” [8].

At the same time, when a profitable niche crop
becomes known in broad farming circles, it often ceases
to be a niche crop and quickly loses its market appeal.
In particular, we are talking about spelled. When the
profitability of its cultivation was mentioned at the
“Million from a Hectare” conference, the following year,

Ukrainian farmers were able to send so much spelled
to the European market that its price immediately
dropped three times. Therefore, niche crops should not
be considered an agricultural Klondike today.

The question arises: which agricultural crops in
Ukraine are now gradually leaving the niche category.
We consider soybeans and rapeseed as such, which,
thanks to their higher margins compared to, for exam-
ple, traditional corn and sunflower, are grown today
not only by small farmers, but also by large agricultural
companies. Peas and lentils can also be included here -
their crops are increasing every year. On the contrary,
the areas sown under mustard are decreasing. The sor-
ghum niche is also expanding rapidly. Experts predict
an increase in the medium-term perspective of sor-
ghum sowing areas from the current 40,000 hectares
to 1.5 million hectares, and in particularly arid regions
of Ukraine, sorghum may well replace corn [18].
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Outlining the listed prospects for the cultiva-
tion of niche crops, we consider it necessary to high-
light the current situation on the grain market and the
conjuncture of niche crops.

Current situation on the cereal market

Thus, Ukraine is one of the top three countries in the
world for exporting sunflower oil. In 2018, sunflower
was grown on 23% of all sown land in Ukraine. Other
oil crops occupied much smaller relative areas: soy-
beans - 8%, rape — 3%. Such an imbalance in favor of
one oil crop is explained by the very high profitability
of sunflower, which is 60-80%.In 2016, the export duty

on sunflower seeds was reduced to 10%, for example
in 1999 the export duty was 23%. At that time, the pur-
pose of the high duty on grain was to stimulate the
domestic production of sunflower oil, not the export
of raw materials. However, the decrease in the export
duty caused an increase in the profitability of the sale
of sunflower seeds, and as a result, an increase in the
cultivation of sunflower on Ukrainian lands. Table 2
shows the dynamics of cultivated areas, production
and yield of sunflower in 2016-2020. Within the frame-
work of the study, it was considered appropriate to an-
alyze the sunflower market, because this fragment has
not been studied.

Table 2. Dynamics of sown areas, production and yield of sunflower in 2016-2020

Year Sown areas, thousand ha
2016 6086.7
2017 6033.7
2018 6117.1
2019 6514.8
2020 6812.2

Production, thousand tons.

Yield, tons/ha

13629.9 224
12235.5 20.2
14165.2 23.0
13998.2 23.8
14452.2 24.3

Source: summarized by the author based on data [15;16,17;18;19]

So, as can be seen from the data in Table 2,
sunflower production decreased in 2017, which can
be explained by a decrease in the area allocated for
sunflower sowing, but since 2017, sunflower produc-
tion has increased by approximately 15% and in 2018

amounted to 14.2 million tons. In the following years,
a similar trend was observed in sunflower cultivation.
Constantly growing demand for soybean products
and soybean oil,increased exports forced Ukrainian produc-
ers to increase capacity for soybean production (Table 3).

Table 3. Dynamics of sown areas, production and productivity of soybeans in 2016-2020

Sown areas, thousand ha

2016 1859.4
2017 1999.8
2018 1716.2
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Production, thousand tons.

Yield, tons/ha

4277.0 23.0
3899.8 19.7
4460.8 25.8
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Sown areas, thousand ha

Production, thousand tons.

Table 3, Continued

Yield, tons/ha

2019 1889.2

2020 2010.8

4296.0 24.0

4836.2 26.4

Source: summarized by the author based on data [15;16,17;18;19]

Compared to 2016, soybean acreage decreased
slightly by 8%, but soybean production increased by 4%
due to increased yields and capacity expansion. Soybean
production in Ukraine decreased in 2017, which was as-
sociated with a decrease in production due to weather
conditions and a reduction in the export of this product
due to competition in foreign markets. In 2018, soybean
production increased by 14%, which was caused by an in-
crease in the export of this product. Production increased
due to the increase in production capacity. The drought
in Argentina led to an increase in world prices and had a
positive effect on the marginality of soybean processing
in Ukraine. Over the past two years, soybean cultivation
has increased due to the use of modern technologies.

Despite the fact that the main solution for in-
creasing production in Ukraine is to increase the area

of sowing, the yield of soybeans has increased by 12%
since 2016 and in 2020 amounted to 26.4 quintals
from 1 hectare of land.

Historically, cereals (corn, wheat) and oil crops
(sunflower) were most often grown in Ukraine. In re-
cent years, the market price for this raw material has
started to decrease, and the costs of cultivation and
production are increasing. In search of higher earnings
and reduction of cultivation costs, Ukrainian farmers
began to grow leguminous crops, which are non-tradi-
tional for Ukrainian land.

The largest part of the sown areas is occupied
by peas - about %, in second place — beans and already
lentils, chickpeas, mung beans, lupins and others. In
the Table 4 demonstrates the dynamics of the produc-
tion of lequmes in Ukraine in 2016-2020.

Table 4. Dynamics of sown areas, production and yield of legumes in 2016-2020

Sown areas, thousand ha

Production, thousand tons.

Yield, tons/ha

2016 320.6
2017 506.3
2018 565.4
2019 598.6
2020 602.3

876.6 27.3
12387.9 24.6
9445.9 17.2
14582.3 26.9
14985.6 27.1

Source: summarized by the author based on data [15;16,17;18;19]

Despite the fact that the area of sowing and
production of legumes has been constantly growing
since 2016, this part of the market remains a niche
for Ukraine. Demand on the international market for
legumes significantly exceeds supply. Since 2016, the
number of areas under leguminous crops has increased

by 76% and amounted to 565.4 thousand hectares. The
area sown under peas has increased significantly. Since
2016, the area has increased by 73%, and in 2017 it
amounted to 415.8 thousand hectares.
However,despite the constant growth of the area
sown under legumes, production in 2018 compared
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to 2016 increased by only 8%, and if compared with
2017, it fell by 29%. This dynamic occurred due to the
low yield in 2018. According to the State Committee
of Statistics, “..in 2016, leguminous crops entered the
TOP-5 most profitable agricultural products. They pro-
vided manufacturers with more than 76% profitability.
In 2017, the situation only improved. Ukraine took third
place in the world in terms of pea production, and the
total volume of leguminous production in Ukraine
was 1.2 million tons, which is one and a half times
more than in 2016. The dynamic development of the
leguminous industry in Ukraine is also evidenced by
the fact that another six years therefore, these crops
were grown only in the south and center of the country,
and in 2018, farmers from Polissia and other northern
zones joined the cultivation of legumes” [1].

Since 2016, the yield has decreased by 37% and
in 2018 it was 17.2 quintals from 1 hectare. There are
many factors for the development and market entry
of legumes, the main ones are the huge sales market,
the popularization of a healthy lifestyle in the world,
the transition of the majority from eating meat to soy
products,the growth of the population in Muslim coun-
tries, where most people cannot afford purchase, such
an expensive product as meat, and completely replace
it with soy products, as well as, which is important in
agrarian business, the ability of legumes to revive the
fertility of the land.

According to modern researchers,"...leguminous
crops are the only crops that can provide a continuous
supply to the food market of deficient protein, which
is similar to animal protein in its amino acid compo-
sition” [7]. But even such a replacement does not sat-
isfy the needs of humanity. “Manufacturers, who are
focused on intensive technologies, strive to create a
larger quantity of the product, and hardly pay atten-
tion to quality indicators. Therefore, the study of the
optimal combination of technological methods of crop
cultivation, which will ensure the formation of a high
yield and quality, is relevant and timely” [11].

The presence of a large amount of protein in
the grain is the main value of leguminous crops. This,
according to T. Ilchenko, “..shapes the value of the
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product in terms of taste, technological and economic in-
dicators” [7]. From the entire variety of lequmes, prom-
ising and interesting for cultivation in Ukraine, accord-
ing to the scientist, can be:

- “Peanuts - the oil of which is used in the con-
fectionery, canning, oil and fat industry. Groundnut
stalks and leaves are good fodder for cattle. The yield
per hectare is from 1.1 to 2.3 t/ha of beans and 2.5-
4.5 t/ha of hay. On irrigation - up to 4.2 t/ha of beans
and 5.5 t/ha of hay.

- Cowpea - it is grown on an industrial scale in
Mexico, Colombia, China, Japan and in relatively small
quantities in the USA-as a vegetable, grain, fodder and
cider plant.

- Astragalus - has a huge potential as a fodder, me-
dicinal, honey and energy crop. Contains: 3.1% ash res-
idues, 9% sugars, 18.6% dry matter. The average yield
of above-ground mass of individual types of astragalus
can reach 107 t/ha.

- Beans - which is the most cultivated represen-
tative of the legume family. Beans contain proteins
(25-35%), carbohydrates, nitrogenous substances, fla-
vonoids, sterols and organic acids, as well as vitamins
B6,B5, B1, C.

- Galega (goat field) is both a fodder, medicinal, and
honey crop. And another good option for improving
soil fertility. Galega can leave behind in the soil from
400 to 600 kg of nitrogen per year” [7].

Ukraine owns a fourth part of all sunflower areas
in the world, and grows a third part of the world crop.
Over the past decade, the oil-fat complex of Ukraine
has been characterized by steady growth in the pro-
duction of vegetable oils.

“The
V. Vlasyuk [4], stimulates the expansion of produc-
tion capacities, which strengthens the export capa-

influx of investments, according to

bilities of domestic manufacturers and contributes to
strengthening their positions in global trade” [4]. In
2017, the capacity of the oilseeds market decreased by
13% due to high demand in foreign markets. In 2018,
the increase in capacity is due to the increase in prices
on the domestic market. The outlined trend was also
observed in 2020 (Table 5).
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Table 5. Market capacity of oilseeds and legumes in 2020, excluding soybeans and sunflowers, thousand tons

(o]]1 Legumes Soybeans Sunflower

Production, thousand tons 21439.7 14985.6 4836.2 14452.2
Export, thousand tons 47839 9863.7 2456.1 61.2
Import, thousand tons 82.25 0.01 5.3 29.9

Market capacity, thousand tons 16738.2 14685.2 2489.1 14236.7

Source: summarized by the author based on data [15;16,17,;18;19]

Sunflower occupies 84.5% of the entire Ukrainian the share of other lequme crops on the market is insignif-

market of oil crops. The remaining 3% was distributed be- icant. Ukraine is one of the leaders in the world export of
tween peanuts, linseed, rapeseed and other oil crops. The grain and oil crops. Most of the largest agricultural hold-
legume market in Ukraine is 81% represented by peas, ings in the country work with these crops (Table 6).

Table 6. Segmentation of crop market operators by crops (by production)

Name of Company

Technical Vegetable
UkrLandFarming + + + +
Kernel +
Agroprosperis +
Myronivski khlebo product +
Astarte + + +
Mriya Agroholding + + +
Ukrprominvest-AGRO +
IMC + + + +
AGROTON + +
AgroGeneration + +
Agroholding 2012 + + +
Agress + + ¥
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Name of Company

Harvest +

Tas Agro +

Agrarian system technologii +
Nibulon +

Svarog West Group +
Privat-AgroHolding +

Dawn +

UkrAgroCom and Hermes-Trading &

Table 6, Continued
Crops
Beans

Technical Vegetable

+ +
+ +
+ + +

Source: summarized by the author based on data [15; 16; 17; 18; 19]

Based on the segmentation by species, 19 of the
top 20 companies in the crop market cover the grain
crops segment, almost 50 percent of the companies
cover the oil crops market. The least amount is in the
field of leguminous crops, they are grown by only 3
agricultural holdings out of 20.

The largest amount of land owned by holdings
included in the TOP 20 is located in Vinnytsia region,
10 out of 20 enterprises were located in this region,
Zhytomyr and Kyiv regions, with 8 out of 20 agricultural
holdings, are in second place in terms of the concen-
tration of crop market operators. Cultivation of pulses
is profitable for export-oriented enterprises, since
the outlined crops have a large margin compared to
crops of the oil family or cereals. A big jump in exports
between 2016 and 2017 occurred as a result of the
fact that in 2017 Ukraine began to export non-dried
peas, until 2017 all peas were exported under the VED
code - dried. Since 2017, the export of grain legumes
has fallen by 15%, this trend is related to their low har-
vest in 2018.

In 2018, most legumes were exported to Spain
and India - 81.36 thousand tons and 54.1 thousand
tons, respectively. The export of other leguminous
crops, except for peas, is very insignificant, so it can be
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assumed that Ukraine exports only peas from legumes
to the international market. The next most popular
leguminous crop, beans, was exported in 2018 in the
amount of 0.02 thousand tons.

Traditionally, Ukraine is one of the leading ex-
porters in the sunflower market, primarily due to the
appropriate climate and soil. The decrease in export
duties to 10% had a positive effect on the dynamics of
the export of oil crops. Sunflower seeds accounted for
only 1% of the total export of oilseeds, as a large part
of sunflower seeds is used to make sunflower oil. The
largest amount of sunflower seeds was sent to Turkey
and Italy. Turkey accounted for 41% of Ukraine’s total
export of sunflower seeds, followed by Italy with 17%.
A small share of the export of oil crops was linseed and
peanut, 0.14 and 0.02 thousand tons, respectively. In
total, 12.9 thousand tons of flax seeds were exported
from Ukraine, the most to Bangladesh and Poland, 1.6
and 1.4 thousand tons, respectively.

Among all oil crops, peanuts are grown in much
smaller quantities, unlike other groups. Its exports
amounted to only 23.1 tons, of which 23 tons were ex-
ported to Kazakhstan. In 2018, 2,440.6 thousand tons
of rapeseed were exported from Ukraine, most of them
to Germany and Belgium. Soybeans were exported the



most to Turkey (853 thousand tons) and to Belarus
(355 thousand tons), which accounted for 38 and 20%
of the total export of soybeans from Ukraine. In 2016-
2020, the import of legumes in Ukraine increased by
33% and amounted to 0.01 thousand tons in 2020.
Beans account for most imports from other countries.
The import of oilseeds in Ukraine from other countries
has decreased, and since 2016 it has increased by 21%,
most of the oilseeds we import are peanuts, which are
not a traditional crop for Ukrainian lands.

Among legumes, the most common imported
crop is beans, its share is 86% of the total amount of
imports of legumes, the second most popular is peas,
its share is 14%, and a very small part of other, less pop-
ular, lequminous crops (lentils, chickpeas , mung bean)
they were imported only 0.01 tons during 2020. Canada
is one of the largest players in the market of lequmes
in the world and ranks first in the import of legumes
to Ukraine. It accounts for 44% of all Ukrainian imports
of legumes in 2020. In second place in the import of
legumes to Ukraine is Kyrgyzstan, which accounts for
19% of the import of leguminous crops. Egypt, Turkey
and Guatemala are also among the TOP-5 countries of
bean importers.

CONCLUSIONS

Historically, Ukraine is a country in which crop pro-
duction plays a major role in GDP. The main reasons
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for this trend are a favorable climate and suitable soil.
Ukraine is the leader in the export of grain and oil
crops. The main trend of the crop market was price re-
duction in 2016-2018, the price of grain and oil crops
fell by almost half. On the other hand, one of the trends
of the Ukrainian market in 2019-2020 was the tran-
sition from traditional grain crops to legumes, which
was influenced by several factors:

« high profitability of leguminous crops;

e demand for legumes on international markets
(transition to healthy food, since legumes are a source
of high-quality protein, and the cheapness of legumes
compared to meat)

¢ having the ability to restore soil fertility, legumes
have a positive effect on land cover.

Leguminous crops, which are not traditional for
our country, are a niche industry for Ukrainian enter-
prises. Of all the various groups, Ukraine grows only
peas and some beans. There is a huge potential for
the development of this type of crops and access to
the market with such rare and currently popular le-
guminous crops as chickpeas and Llentils, mung bean.
However, for Ukraine, the task of changing productivity
indicators is a priority. While today, global agricultural
holdings direct technical and human resources to the
production of defined niche crops. Prospects for further
research consist in forecasting the economic indicators
of the export of niche crops for the next five years.
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INTRODUCTION

The popularization and development of digital tech-
nologies, the use of the Internet, social networks, and
mobile applications have become part of the everyday
life of billions of people. For example, the current rate
of Internet use among adults is around 87% and closer
to 100% for demographic groups such as adults with
higher education and higher income. Young people -
the next generation of mass consumers - have the
same high levels. In the UK, for example, the number
of hours adults spend online has more than doubled
over the past decade and now averages 20.5 hours per
week [1; 2].In Ukraine, this figure is 18.3 hours per week.
Part of this growth is fueled by social media: worldwide,
more than 2 billion people now use social media, with
Facebook alone having about 1 billion daily active users.

Social media has been largely implemented as
an effective mechanism that advances the marketing
objectives and strategies of firms, especially in aspects
related to customer engagement, customer relation-
ship management and communications. Internet strat-
egies have developed rapidly over the past decade. In
response to modern challenges, users have adapted
their behavior on the Internet. These changes have
led to the development of new user habits and be-
haviors in a digital environment that is increasingly
characterized by personalized strategies to attract new
consumers. Therefore, research on consumer behavior
should be aimed at studying and analyzing consumer
behavior in the digital environment. The researches of
L. Ziaran, K. Antonil, O. Lakatsi, O. Merlo, A. Yesingerich,
L. Sandys are devoted to the processes of development
of digital technologies.. The theoretical and method-
ological foundations of the formation of the interac-
tion of the subjects of the consumer market in the
conditions of the digital transformation of the eco-
nomic systems of Ukraine are highlighted in the stud-
ies of 0. Baranova, A. Dzyubinoi, K. Kopets, G. Dzyubinoi,
N. Kraus, O. Sienkovych and others. It should be noted
that most of the research is focused on digital consumer
behavior issues. However, the impact of digital tech-
nologies on consumer behavior needs further research,
especially given the ever-changing nature of social
media and mobile environments in which consumers
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of different companies are and interact. This article
summarizes current facts and events regarding the
development of the impact of digital technologies on
interaction with consumers and organizations, based
on research on consumer behavior and psychology.

The purpose of the article is to analyze, system-
atize, and justify the relevance of the processes of dig-
ital transformation of business entities, the impact of
digital technologies on changing consumer behavior,
and the formation of recommendations for business
interaction with consumers in the field of digital tech-
nology development in all spheres of society.

Analysis of factors that determine the purchasing behavior
of users in the digital segment

Data generated by users as a result of their activities
on their social media profiles, websites, digital plat-
forms or interactions with multimedia elements that
belong to companies’ digital marketing strategies cre-
ate data points that contain important information
about demographics, geographic data, interests or life-
style habits of users. All this data must be analyzed
by companies in order to properly segment advertising
and propose digital segmentation strategies that can
adapt to user behavior in this digital ecosystem [3].

Based on the analysis of such data and the be-
havior of Internet users, companies are increasingly
trying to understand the factors that influence users’
online decision-making. These factors can be deter-
mined by users’ online exposure, feedback or opinions,
personal experiences of close friends, and a host of
other factors and interactions that can occur in digital
environments such as social media.

Additionally, there is evidence that customer
journeys are changing over time as customer behavior
is increasingly influenced by digital advertising and the
ease of shopping in a digital environment. The ease of
use of e-commerce websites has changed dramatically
over the past decade. In this context, it becomes im-
perative to know how these changes in user behavior
should be adapted - both from the point of view of
the users themselves, i.e. taking into account factors
related to the privacy and processing of their data, and



from the point of view of companies that must adapt
your digital strategies to capture and generate leads to
retain customers online.

Accordingly, the role of factors such as user-gen-
erated content and digital word-of-mouth has been
extensively explored in the literature. With regard to
user-generated content, companies can use this type
of content to understand the underlying concerns of
users and to analyze their comments, opinions, at-
titudes or any other online activity. This type of con-
tent is publicly generated by users and is free of bias
caused by companies.

Analyzing such content allows companies to
better understand trends in user communities that fo-
cus on the company’s products and services. By follow-
ing this line of research, companies can identify user
communities and find thought leaders within them
who can become influencers (and thus help companies
promote their products and services). Likewise, in re-
cent years, digital word-of-mouth has become one of
the main strategies for both attracting and retaining
users. Users feel comfortable using social networks
and their profiles on multimedia platforms to create
videos, music or any other type of multimedia content.

In these ecosystems, users are influenced by
increased followers or increased involvement in user
communities. The opinions of other users - for exam-
ple expressed through reviews and comments - also
play a fundamental role in decision-making.From the
point of view of companies, it is necessary to develop
a strategy to create positive opinions about products
and services on the Internet, so that users can deter-
mine a positive reputation for the company and its
products on the Internet.

In this context, the study aimed to investigate
the factors that influence user behavior in the digital
age, with a particular emphasis on the main digital
marketing techniques used to promote different types
of content published by online users.

A study of consumer purchasing behavior in
restaurants through social media analysis found that
the restaurant industry and social media have seen an
increase in the generation of digital data and pub-
licly available information in recent years. Based on
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the results, it can be argued that social media can in-
fluence consumers’ pre-purchase behavior and online
purchase decisions.

Focusing on the Ukrainian restaurant indus-
try, particularly the food sector, the application of the
digital word-of-mouth concept and its relationship to
social media and online marketing communities was
explored. In particular, it was interesting to determine
whether greater access to information and an online
ordering system could stimulate consumer purchasing
behavior.

The author conducted a study using the PLS-
SEM analysis methodology, 270 consumers of the
restaurant sector were selected for data analysis
during three months (September-November 2021), the
research indicates that the application of the concept
of digital word of mouth transmission, social media ad-
vertising and online ordering systems are central fac-
tors that determine the purchasing behavior of users.
At the same time, it was found that the opinions of
other Internet users do not have a significant impact
on users’ purchase decisions in the restaurant and lei-
sure sector.

This data suggests that companies should focus
on monitoring and managing the opinions and reviews
that users make online about their products, taking into
account the specific industry in which they operate. In
other words, it is not enough to have a well-designed
digital platform, the product or service itself must also
provide touch points with the user.

So, although negative opinions and comments
from users can significantly affect the strategy of on-
line companies, a well-designed digital platform is not
the key to increasing purchases, these actions do not
affect the behavior of users before purchase, but in-
fluence the opinion of users about the process of pur-
chasing a product.

A.Reyes-Menendez and others. [4] argue that to
study user behavior online, companies should adapt
their strategies to include mobile applications. Mobile
applications, understood as a new channel of commu-
nication and sales, have forced many users and con-
sumers to change their behavior in the digital ecosys-
tem, as the mobile phone is a new means of purchase.
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According to the research of the previously
named author and his team, the differences between
the answers to the questionnaire and the eye tracking
analysis,when the respondents saw for themselves the
stimuli and motivation presented in the questionnaire,
were determined.

The results of this study demonstrate that it is
possible to predict user responses simply by observing
the items in the questionnaire. The results of this study
can be used in mobile applications to improve both the
design of such applications and the user experience.

Implications are presented, focusing on mea-
suring the relevance that a biometric approach has for
analyzing user behavior for the creation or design of
future mobile applications. The results of this study
highlight the importance of avoiding distractions in
ecosystems where there is a lot of “noise”to implement
marketing strategies when we are moving around us-
ing mobile phones, for example.
published by the
A. Reyes-Menendez [4] & J. Saura [5] can help to im-
prove aspects of navigation related to visualization

The results authors

and user concentration, as well as provide a deeper
understanding of how users browse the Internet and
how to change user behavior. The iconographic and vi-
sual elements identified in this study can inform com-
panies’identity strategies and guide the design of their
social media platforms and profiles.

The importance of new sharing economy plat-
forms should also be considered and analyzed. These
platforms are focused on understanding and influenc-
ing user behavior. There are various digital strategies
to attract and retain users who like such platforms. In
their study, Polanco-Diges & Debasa [6] analyze the
strategies, methods and tactics implemented on shar-
ing economy platforms and derive added value from
the analysis of user-generated data.

The authors show that sharing economy plat-
forms influence online user behavior and explain how
digital platforms link the supply and demand of in-
ternet users. Likewise, these types of platforms offer
transactions related to the purchase and rental of real
estate, as well as collaborative ways to build relation-
ships online. Using such platforms, brands can create
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experiences to create consumer trust and an emotional
connection between users and companies.

In an effort to understand how users develop
their behavior and actions online, Polanco-Diges &
Debasa [6] review a total of 13 relevant articles on the
collaborative economy and digital marketing. Based on
the results of the review, eight digital marketing strat-
egies were identified, namely:

- user experience;

- marketing in search engines;

- SEO (search optimization);

- SMM (marketing in social networks);

- Freemium strategies;

- content marketing;

- CRM (Customer Relationship Management) or in-
fluence marketing.

The authors also identify and analyze 12 key
factors needed to understand user behavior on sharing
economy platforms.

In addition, using an exploratory approach,
Muniesa & Giménez [7] investigate digital marketing
strategies in the fashion industry and measure their
effectiveness. This study also analyzes how fashion
brands use digital media and social media to retain
their consumers.

The authors point out that companies should
create quality content to identify and analyze specific
audiences. Millennials are the most active generation
in fashion, so fashion brands must use digital media
and social media to retain their consumers. An effec-
tive digital strategy often used in the fashion industry
is influencer marketing.

Through influencers in the fashion sector,
brands try to change the way users think about their
products and services. Through the content that influ-
encers share through digital channels, brands build
trust among consumers.

In their study, Muniesa & Giménez [7] reviewed
atotal of 11 articles on digital marketing in the fashion
industry focusing on user behavior online. The authors
explore different options for developing digital mar-
keting strategies that focus on user loyalty, investing
in influencers and other digital strategies to increase
engagement.



Based on the results of the study, Muniesa &
Giménez [7] argue that one of the ways to effectively
convey a message from a brand to its customers is
through creativity. Creativity increases brand aware-
ness, so communication should be spontaneous and
through appropriate channels.

According to Muniesa & Giménez [7], the most
frequently used tools in the fashion sector to retain
users and influence their online behavior are SEO and
SEM, as well as channels such as Instagram, Facebook
and Twitter. The authors also highlight the importance
of information systems such as CRM to manage cus-
tomer data, the use of QR codes to convey to users
the channels through which companies develop their
strategies, and the analysis of big data to understand
how users create content.

In recent years, the topic of how the social me-
dia environment affects consumer behavior is still rel-
evant. We can observe how different informational and
social characteristics of the social environment, such as
the influence of other consumers’ opinions or choices
(such as bidding on online auctions), or even the lives
of friends through social networks, can influence sub-
sequent behavior.

Scientists have investigated how people re-
spond to how Facebook use affects their self-control.
They found that when in contact with their closest
friends on Facebook, consumers subsequently demon-
strated lower levels of self-control when choosing, for
example, a healthy lifestyle (choosing a healthier food
instead of an unhealthy option) [1; 2; 6].

However, this was only for people who knew
their closest friends on Facebook. Consumer behavior
in mobile settings is becoming increasingly important
as consumers use mobile devices more often. This is
especially interesting in the context of shopping. Re-
searchers have analyzed how consumers respond to
mobile offers in brick-and-mortar stores, finding that
mobile coupons can influence consumer journeys. In
an online store, consumers focus on shopping on mo-
bile devices (such as tablets) and, in particular, how
touching products (rather than clicking on them) can
increase their sense of belonging. This is an interesting
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research topic because the study of how consumers
physically interact with mobile devices and how this
affects decision-making is poorly defined.

Social media can strategically improve two-way
communication between firms and customers and,
consequently, connect more customers to organiza-
tions. This fact becomes another possibility to what can
already be done through social media business, namely
social media represents content that is published visually,
verbally or textually, or using a combination of text, vi-
sual and verbal content. In various contexts, firms have
looked forward to using social media in many aspects
of their customer interactions, such as facilitating in-
formation retrieval, interactivity, promotion, and im-
proving customer purchasing behavior.

People are showing themselves more and more
in social networks. This is done for many purposes,
including their role as consumers as they search for
information about products, buy and consume them,
and communicate with others about their experiences.
Marketers have responded to these fundamental shifts
by increasing their use of digital marketing channels.
In fact, in 2019, about a third of global ad spending
was on digital channels. Thus, consumer marketing is
beginning to focus on the digital environment, espe-
cially on social media and mobile devices.

Consumers rely on information from social
sources. Image language in online surveys positively
influenced consumer attitudes and hedonic product
choices. T. Kumar et al. [8] reviewed explanatory lan-
guage in online surveys, finding that what consumers
attribute to actions or responses influenced perceived
usefulness. Consequently, businesses with small re-
sources and personnel must develop quickly, imple-
ment new marketing channels and skills, and be in-
novative in order to continue to function effectively.
T. Kumar [8] investigated that the use of softening vo-
cabulary in expressing negative thoughts increases the
trust and attractiveness of the consumer.

J. Saura [5] considered two types of neutral lan-
guage, mixed (positive and negative) and indifferent,
showing that neutral language enhances the direct effect
of positive and negative affect on purchase when mixed.
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Development and rapid growth of the social network market
Another important topic that has recently begun to
be researched is the difference between online and
offline so-called “word of mouth” [4]. Online word of
mouth is determined by the social and functional char-
acteristics of a brand, while offline is determined by

the emotional characteristics of a brand based on a
large set of brand data.

The number of users of social networks is grow-
ing every day. Compared to 2016, the number of Inter-
net users worldwide increased by more than 1.5 bil-
lion, or 52% in five years. (Fig. 1).
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Figure 1. Growth dynamics of the Internet audience from 2016 to 2021

Source: built by the author based on data [9]

According to the International Telecommunica-
tion Union, it took 16 years to reach the first billion
Internet users. The second billion joined the network
in just 6 years. Today, the Internet is growing at a rate
of 1 billion new users in 2.7 years. The dynamics of
the growth of the audience of social networks over
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the past 5 years is even more impressive than the data
on the use of the Internet for the same period - since
2016, the total number of users of social networks in
the world has almost doubled. The indicator for 2021
is 4.62 billion users of social networks — 2 billion more
than in January 2016 (Fig. 2).
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Figure 2. Growth dynamics of social networks from 2016 to 2021.

Source: built by the author based on data [10]

This year, the amount of time people spend on
social media has increased again, albeit slightly. The
Digital 2022 Global Overview Report reports that to-
day the average user (globally) spends 2 hours and
16 minutes on social platforms every day, up from 2
hours and 15 minutes in 2018. That’s about a third of
all internet time and a seventh of total waking time.
It is worth noting that the amount of time spent on
social networks varies significantly between cultures -
in Japan, for example, Internet users spend only 36
minutes a day on social networks. On the other side of
the spectrum are Filipinos, who (like last year) are the
most active on social media platforms. This year, the
average for the Philippines is 4 hours 12 minutes, up
15 minutes per day (6%) from last year.

The global social networking market is valued
at USD 192.950 billion in 2019 and is projected to
grow at a CAGR of 25.38% to reach a market size of
USD 939.679 billion by 2026.

The market for social media platforms is grow-
ing exponentially. The increase in demand is not only
from millennials, but also due to significant adoption
by all age groups. In addition, the use of social media
platforms has grown significantly due to demand from

companies that also use the platforms for marketing
purposes. InJune 2020 alone, one app in the Apple App
Store (LINE) generated $6.78 million in global app rev-
enue. The main factors expected to drive the growth of
social media are increasingly recognized as a platform
that helps drive search keywords to company websites,
resulting in increased website traffic and brand pop-
ularity/exposure. The proliferation of smartphones is
also playing an important role in the growth of the
market. Social media apps designed for smartphones
regularly track activity and make social media market-
ing even more relevant.

In addition, the exponential rate of data gener-
ated from social media platforms has led companies to
make marketing and customer-related decisions based
on customer data. The analytics performed with the
help of these online platforms are considered to be an
important business and marketing tool in today’s busi-
ness scenario. To gain real-world insights into consumer
perceptions and improve their services and product
portfolios, companies around the world are using so-
cial media analytics. Rising popularity of social media
platforms by various end users for multiple purposes
is expected to drive the market over the next 5 years.

Ukrainian Black Sea Region Agrarian Science, 25(4), 45-54



52

The impact of the development of digital technologies on consumer behavior

For example, according to Facebook, it had 1,562 mil-
lion daily active users as of the first quarter of 2019.
Twitter claims that 500 million tweets are sent every
day and that 9% more people are using Twitter every
day, resuming the growth of social media penetration
globally.

It should be determined that the increase in
available electronic devices connected to the Internet,
smartphones, phones and tablets, leads to an increase
in the time spent on websites and social networks.

The emergence of COVID-19 has had a diverse
impact on the global social media market. The market
was heavily impacted during the first few months as
businesses were disrupted by the lockdowns imposed
by governments around the world. Measures taken by
national governments to contain the spread of the infec-
tion have led to a decrease in economic activity and re-
strictions on the movement of goods and services with
countries that are in a state of quarantine. Although
e-commerce businesses operating only through social
media platforms were negatively affected, the overall
use of such platforms increased significantly during
this period. According to the Digital 2022 Global Over-
view Report, 43% of consumers spent more time on
these platforms, 54% watched more shows and movies
on streaming services [10]. It should be noted that the
many new digital behaviors that people have adopted
during the quarantine restrictions have led to a signifi-
cant increase in a variety of digital activities.

N2 n/n  Name of the social network platform
1 TikTok
2 Facebook
3 Linkedin
4 Twitter
5 YouTube
6 Instagram
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Table 1. Average revenue per user and number of users of the top 10 largest social networks in the world in 2021

Average revenue per user, USD USA

The growth of the market for social media plat-
forms is helping to increase the number of e-commerce
platforms that use these platforms for various purposes.
Average revenue per user - ARPU (Average Revenue per
User) is one of the most important indicators for large
social media companies such as Facebook, Instagram,
Twitter and TikTok. ARPU is how much revenue a com-
pany makes per user and is an important measure of
how successful a business is, especially when it comes
to leading social media sites.

In Tab. 1 presents the average revenue per user
of the world’s largest social networking platforms.

Analyzing the information, we can say that,
firstly, such an amount of investment indicates that
these are not fleeting investments, and secondly, many
people want to promote their product or service on a
social network that they like, this is confirmed by psy-
cho-emotional communication in tongue The purpose
of advertising is to win the market through brand loy-
alty. Consequently, companies around the world are
increasingly investing in social media marketing to
achieve business goals. Also, if the company wants to
enter completely different markets, for example, Spain,
it can advertise in the country’s popular social network,
thereby effectively presenting its products to the tar-
get audience. If the goal of the business is to attract
as many customers as possible, a presence on social
networks is necessary. Social media marketing is the
most economical way to advertise any product.

Number of social network users, billion
people

46.86 0.732
30.75 2.8
25.97 0.310
9.39 0.396
8.64 23
5.28 13
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Name of the social network platform

Average revenue per user, USD USA

Table 1, Continued

Number of social network users, billion

7 Pinterest
8 WhatsApp
9 Snapchat
10 Reddit

Source: built by the author based on data [10]

CONCLUSIONS

The article provides an in-depth overview of user be-
havior in the digital age. Through the use of different
methodologies, the contributions to this topic aim to
understand how users behave online. It is important to
point out that online user behavior is related to the ac-
tions users take through the digital channels in which
they invest their time. The results of the research in this
article show that the actions of online users depend on
the field of operation. Pre-purchase and post-purchase
user behavior, as well as user engagement and user in-
teraction in online communities, are important factors
to understand in this ecosystem.

Social media advertising, while not without its
drawbacks, is an effective way to build brand loyalty
in the digital economy, especially since it allows busi-
nesses to interact directly with potential customers
on a regular basis. The demand in social networks is
significantly expanding due to the information field
of people and enterprises, the costs of searching, ex-
changing and storing information are reduced, the role
of information as a resource in the economic manage-
ment system is strengthened, which helps the enter-
prise to reach a larger number of consumers, increase

people
3.69 0.459
2.75 2
1.73 0.528
0.49 0.430

the amount of income and increase competitiveness.
The use of marketing technologies allows for the pro-
motion and realization of joint resources of enterprises,
including goods and services, and to choose effective
methods of promotion of each product separately. It
also contributes to increasing the efficiency of their ac-
tivities. Using social media in marketing builds brand
loyalty directly and on a regular basis to interact with
potential customers in the digital economy, so many
companies understand the importance and necessity
of using social media in marketing.

Data management and protection are the main
issues that companies need to adequately address so
that users feel safe when browsing digital platforms.

Future research will need to analyze how users
make decisions online, as well as which digital market-
ing methods are perceived as safer by users.
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Abstract. The results of research on the growth and development of sunflower plants in the period of formation of
its productivity in the southern steppe of Ukraine, depending on the methods of basic tillage and the degree of weeding
agrophytocenosis. The effectiveness of chemical weeding with the herbicide Euro-Lightning® Plus crops of sunflower,
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INTRODUCTION

It is well known that sunflower (Helianthus annuus L.)
is one of the main technical oilseeds in Ukraine. It is
able to provide the population with important food-
stuffs, the livestock industry with highly nutritious fod-
der, in particular cake and the processing industry with
raw materials. In our country, the share of sunflower oil
is 98% of total production of this product. Currently,
Helianthus annuus L. remains highly liquid, the most
profitable crop in the agricultural sector [1, 2, 3].

According to Oleksandr Maslak [4], the high
price of sunflower seeds and an attractive level of prof-
itability (up to 90%) will encourage farmers to grow
this oilseed crop.
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At the same time, according to the State Statis-
tics Service of Ukraine on the main economic results
of agricultural enterprises in agriculture, the level of
profitability of sunflower seeds in 1990 was 236.5%,
but in 2020 it has decreased significantly and did not
exceed 39.4% [5].

According to scientists [6], in the steppe of
Ukraine, the part of sunflower in the structure of crop
rotation should not exceed 20%.

Currently, the area under sunflowers is growing
every year. Thus, according to the State Statistics Ser-
vice of Ukraine, it was covered on an area of 6457.2
thousand hectares in 2020 in Ukraine. Gross collection
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was concentrated at 13,110.4 thousand tons. 2.02 tons
of seeds were obtained from 1 hectare of harvested area.

During the period from 2000 to 2020, the sown
area of this oilseed crop in the Mykolaiv region in-
creased from 235.1 thousand hectares to 513.0 thou-
sand hectares, i.e. 2.2 times and their portion in the
total sown area in 2020 (1564.8 thousand hectares)
reached to 32.8%, which, of course, negatively affects
soil fertility. During the study period (2000-2020) in
the Kherson region there was an increase in the area
under sunflower from 177.6 to 335.3 thousand hect-
ares,i.e. 1.9 times.Farms in the Odessa region are char-
acterized by a slightly smaller increase in the area of
this highly liquid oilseed plant. Areas under sunflower
in this southern region have increased over the past
21 years from 265.8 to 356.6 thousand hectares, i.e. by
34.2% [7].

At the same time, it should be noted that the
yield of sunflower in the South of Ukraine is quite low.
Thus, in Mykolaiv region in 2000 1.07 t/ha were har-
vested,in 2010 - 1.48 t/ha, in 2020 - 1.35 t/ha seeds [8].

Therefore, the increase in gross seed yield is
achieved by increasing the sown area, i.e. in an exten-
sive way. As a result, crop rotations are disturbed.

At the same time, hybrids have appeared on
the seed market that can provide much higher yields.
There is a need to improve the technology of their
cultivation, in particular to control the level of weed-
iness of crops.

Under the conditions of the energy crisis, as a
result because of the high level of fuel costs, it is nec-
essary to explore different methods of basic tillage and
their impact on crop litter and sunflower productivity
and determine a more efficient resource-saving mea-
sure of autumn tillage.

Analysis of recent research and publications

A number of scientific works have been devoted to the
ways to reduce weed infestation in the formation of
the productivity of sunflower agrophytocenoses.

I. Tkalich and others [6] consider the basic till-
age for sunflower to be one of the most important fac-
tors in increasing the productivity of this oilseed crop.
This is due to the fact that it preserves the reserves
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of productive moisture, improves the microbiological
condition of the soil and controls the level of weeds,
which is essential part in modern technologies for the
production of sunflower seeds.

According to M.Popova,V.Balduev, O.Borisyuk[9],
Orobanche cumana Wallr. causes significant damage to
sunflower plants, because its seeds can be stored in
the arable soil layer for a long time. According to the
results of many years of research by scientists of the
Mykolaiv State Agricultural Research Station (now the
State Institution “Mykolaiv State Agricultural Research
Station of the Institute of Irrigated Agriculture NAAS
of Ukraine”), shows that the return of sunflower to the
previous place in crop rotation after 10, 6 and 4 years
2,12 and 38 pieces/m?, respectively, and the yield of
sunflower seeds of 2.01; 1.33 and 1.11 t/ha, respec-
tively, i.e. the more insects there is, the lower the crop
productivity.

In the eastern part of the Forest-Steppe of
Ukraine, sunflower agrophytocenoses, located in a
9-field steam-grain-row crop rotation after spring
grain crops, were weeded by 42 species of weeds and
contaminants, including blue mice, common mouse,
white quince, common squirrel, black nightshade, gar-
den purslane, ragweed, bitter mustard, pink thistle,
birch. The largest number of weeds and pests in sun-
flower crops were counted on the background without
fertilizers for plowing and in areas of organicmineral
intensive background (manure aftereffect, 30 t/ha +
N30P30K30, chiseling). Due to the application of the
herbicide system, the dominance and subdominance
of some species of undesirable plants have changed
significantly over the years of research. Scientists [10]
claim that in the abovementioned zone the better way
of basic tillage under sunflower should be plowing,
against the background of which the weediness of
crops under study was reduced compared to free till-
age (chiseling).

Common weeds include ragweed. According to
K.Saenko [11], for the formation of 1 ton of dry matter,
this plant removes from the soil 15.5 kg of nitrogen,
1.5 kg of phosphorus, in addition, consumes about 950
tons of water. Fields littered with ragweed deteriorate
the quality of field work, in particular during shelf



tillage and harvesting. To limit the harmfulness of rag-
weed, you can use more than 50 herbicides, for which
one it is very sensitive.

According to N.V.Markova [12],herbicides reduce
the degree of weeding of crops Helianthus annuus L.,
and in combination with agronomic measures have a
positive effect on the preservation of productive mois-
ture in the soil. In the research areas where herbicides
were used, the moisture was actually used by sunflower
plants. Weed-protected crops produced higher yields.

0.0. Onishchenko [13] reports that according to
the scientists from the Institute of Oilseeds of NAAS
of Ukraine (D.I. Nikitchina, A.l. Polyakova, 1.V. Aksonov),
biometric indicators, as well as the highest seed yield
at the level 3.45 t/ha was obtained for plowing to a
depth of 20-22 cm, and for tillage to the same depth -
0.24 t/ha less. However, according to its three-year
data, the yield of sunflower seeds during deep loos-
ening of the soil increased by 5.0 c/ha compared to
plowing. The methods of tillage they studied in the
experiment on the southern black soils had different
effects on the reserve of productive moisture in the
rootcontaining layer of the soil. They found that this
indicator during sowing of sunflower against the back-
ground of plowing was lower by 8% compared to deep
loosening of the soil. Due to the improvement of soil
moisture supply of the experimental plot, sunflower
seedlings appeared 2 days earlier, compared to plow-
ing. This pattern was observed throughout the growing
season of cultivated plants.

In  the experiments of M. Berezhnyak,
E.Berezhnyak [14] determined that flat-cut (shelfless)
and chisel tillage had a positive effect on the agro-
physical parameters of black soils with different parti-
cle size distribution. Due to the use of these methods
of basic tillage, the yield of corn grain was slightly in-
creased compared to the use of traditional plowing.

A. Melnyk and S. Govorun [15] found that the
highest level of yielding on black soils of typical low-hu-
mus, in the north-eastern leftbank Forest-Steppe of
Ukraine, is formed by sunflower (3.14 t/ha) after steam-
ing. The minimum yield was obtained after corn for si-
lage (2.46 t/ha).

Studies by A. Babenko [16], conducted in the
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right-bank Forest-Steppe of Ukraine, found that weeds
significantly constrain the increase in sunflower pro-
ductivity. She claims that weed vegetation remains the
most potential factor in the deterioration of growth
and development of crops, because in its crops there
are 40 to 80 species of weeds, of which 8-16 are the
most harmful and dangerous, especially in the first
60 days after appearance of sunflower seedlings. It is
proved that the decrease in its yield ranges from 11%
if weeds litter the crops within 20 days after germina-
tion, to 41% if unwanted plants grew in crops 60 days
after germination, i.e.+ the shorter the period of weeds
in sunflower crops, the higher its seed yield and the
better - the quality of oil.

A.Ostapko [17] also insists that the main reason
for the decrease in sunflower yield is the increase in
weediness of its crops.

The aim of the study was to determine the
impact of the methods of basic tillage and herbicide
Euro-Lightning® Plus on crop weeds and the forma-
tion of productivity of Pioner P64LP130 (P64LP130)
sunflower hybrid in the south of Ukraine.

MATERIALS AND METHODS

Studies to determine the productivity of sunflower,
to identify the most effective method of basic tillage
in non-irrigated agrophytocenoses of arid conditions,
were conducted in southern Ukraine (a branch of the
Mykolaiv National Agrarian University). The relief of
the soil under the experiment was flat. Soil - southern
black soils are residual weakly saline, heavy loam on
the carbonate scaffold. The content of humus accord-
ing to Turin (in a layer of 0-30 cm) - 2.9%. The reaction
of the soil solution is close to neutral: the pH of the
salt extract is 6.6-6.8.100 g of soil contains an average
of 1.2 mg of nitrates, 8.5 mg of mobile phosphorus and
18 mg of exchangeable potassium.

The densityofthe soil layer 0-60cmis 1.25 g/cm?,
HB - 23.5%, wilting humidity — 11.4%. Groundwater lies
deeper than 20 m and does not affect the process of
soil formation. An average of 400 mm of precipitation
falls per year, and the hydrothermal coefficient is 0.7-
0.8. The average height of snow cover is 6-8 cm, and
the average reserves of productive moisture in the soil
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layer 0-100 cm in spring are 130 mm. Pioner P64LP130
sunflower hybrid was used in the experiments. First (in
2019) they set up a production experiment in which,
against the background of plowing, chemical weeding
of crops with the herbicide Euro-Lightning® Plus was
carried out. The uncultivated part of the area (0.2 ha) in
2 repetitions was taken for controlling. During 2020-
2021, a field experiment was established, adding to
the scheme, in addition to plowing, two other methods
of shelfless basic tillage: deep and shallow.

The sown area of the plot was 100 m?, the ac-
counted area was 50 m2 It was Repeated three times.
Predecessor is winter wheat.

Sunflowers were sown in 2020 in the third de-
cade of April,and in 2021 - in the first decade of May
in a wide row (70 cm). Pre-emergence and post-emer-
gence harrowing and row spacing have also been used
to improve phytosanitary conditions, including the
destruction of weeds in the white thread phase, also
used pre-emergence and post-emergence harrowing
and loosening between rows.

In general, the technology of sunflower seed
production was generally accepted for the zone, except
for the studied factors. According to the scheme of the
experiment, plowing was carried out to a depth of 28-
30 cm with a plow PLN-435 with plowshares, tillage
to a depth of 28-30 cm - cultivator-flat cutter-deep
cultivator KPG2-150, and shallow tillage to a depth of
12-14 cm - KPE-3.8.

Spraying of plants was carried out once in the
morning until 11 oclock at an air temperature of 19-20°C
in calm, windless weather. Herbicide Euro-Lightning®
Plus was applied with a knapsack sprayer according
to the manufacturer’s recommendations (consumption
rate for sunflower - 2.0 l/ha). Its active ingredients are
as follows: imazamox (16.5 g/l) + imazapyr (7.5 g/l). The
chemical group of DR is imidazolinones. Formulation -
in the form of soluble concentrate (RC).

Weather conditions during the sunflower grow-
ing season in 2020 were drier than in 2021.

Weed counts of crops of the studied crop were
performed quantitatively (30 days after sunflower sow-
ing) and quantitatively by weight before harvesting
according to generally accepted methods [18].
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They set up experiments and conducted obser-
vations and records taking into account generally ac-
cepted methods in crop production [19, 20].

Processing of the received information and
results of the research was carried out by means of
software packages: Microsoft Excel, Agrostat New [21].
Presenting main material. Weather conditions are one
of the decisive factors in the formation of productivity
of both cultivated plants and the weed component of
the agrophytocenosis. During May-September 2020,
181 mm of precipitation and rain fall, which is 78 mm
less than norm. At the same time, during this period
in 2021, 266 mm of precipitation fell, i.e. crops were
moistened almost at the level of the average long-
term, more precisely 8 mm more than norm.

It was found that under drier conditions in 2020
the water consumption coefficient of sunflower in-
creased, especially when growing on the background
of shallow shelf-free basic tillage and herbicide-free
technology (1506 m3/t) compared to 2021 (1096 m3/t).
The consumption of moisture by crops for the forma-
tion of the unit of yield (in our case per 1 ton of sun-
flower seeds with the appropriate amount of accumu-
lated aboveground biomass) is reduced by applying
the herbicide, in particular Euro-Lighting® Plus. This
is due to the decrease in the crops of the studied crop
of competitive plants, weeds. On average, in two years
of determining the coefficient of water consumption
of sunflower, the highest index was for its cultivation
against the background of shallow shelf-free basic till-
age and herbicidefree technology - 1301 m?/t. During
chemical weeding of crops, moisture is used more
sparingly for the formation of sunflower seeds, espe-
cially against the background of deep shelfless main
tillage - 836 m3/t (Fig. 1).

It should be noted that due to the reduction of
weeds in the crop, the coefficient of water consumption
for sunflower seed production on the background of
shallow shelf-free basic tillage decreased by 407 m3/,
i.e. 1.5 times, and on the background of plowing slightly
less - 1.4 times, because with the shelf tillage of unde-
sirable for sunflower concurrent plants came down less.

Weeds inhibit the linear growth of sunflower
plants in height.
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On average, during two years of research, the plowing to a depth of 28-30 cm this sunflower on the
free, basic tillage and herbicide-free technology, background of shallow tillage-indicator increased by
height of plants was 139 cm for growing while for 6 cm (Fig. 2).

M without herbicide-control [ Euro-Lightning® Plus
1222
1200 - 1135
1000 -
800
600 -
400 -
200 -
0
Plowmg to a depth of Shelfless tillage to a Shallow tillage to a
28-30 cm depth of 28-30 cm depth of 12-14 cm

Figure 1. The coefficient of water consumption of sunflower depending on the methods basic tillage
and herbicide Euro-lightning® Plus (average for 2020-2021), m3/t

200
150
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50

Plowing to a depth of
28-30 cm Shelfless tillage to a

depth of 28-30 cm

Shallow tillage to a
depth of 12-14 cm

M without herbicide-control [ Euro-Lightning® Plus

Figure 2. The height of sunflower plants, depending on the main methods tillage and herbicide Euro-lightning® Plus
(average for 2020-2021), cm
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The highest sunflower plants were noted in the
areas practically free of weeds, with chemical weeding
of crops against the background of deep (28-30 cm)
shelfless main tillage - 179 cm.

Weather conditions also significantly affect this
indicator. Thus, under drier conditions during the grow-
ing season in 2020, the height of plants ranged from
123-130 cm (in areas not protected from weeds by her-
bicides) to 146-151 cm - in the options of chemical
weeding. The amplitude of fluctuations in the height
of the plants of the studied culture in 2021 was char-
acterized by values from 155-159 cm to 170-179 cm,
respectively.

An identical conclusion was made by
D. Bozhko [22], for research at the Central Ukrainian
National Technical University. It was found that with
the application of soil herbicides, the height of plants
was higher against the control variant. For example,
in the phase of basket formation the height of control
plants was 103.5 cm, and in the variants with the use
of herbicides it was higher by 3.0-7.5 cm. Almost the
same pattern was observed in the phase of full ma-
turity (increase 3.0-6.5 c¢cm), which was due to better
conditions for growth and development of crop plants
in weedprotected agrophytocenoses. The author states
that the basic mass of weeds consume significantly
more nutrients than cultivated plants, and therefore
crop losses due to weed infestation can be significant.

We found that weeds in the initial period of
growth in sunflower crops were represented by 64% of
annual plants. The main ones were late spring (about
49%). Perennial weeds, primarily root weeds, played a
smaller share in the structure of the weed phytocenosis.

During the years of research, the fields intended
for sunflower sowing were practically littered with
weeds of dicotyledonous species. Among the juve-
niles, Amaranthus retroflexus L., Chenopodium album L.,
Sinapis arvensis L., and Matricaria perforate Merat
were found. The largest was in the crops of ragweed
(Ambrosia artemisiifolia L.). This weed is a quarantine.
Perennial mallards were mainly represented by field
birch (Convolvulus arvensis L.) and field thistle (Cirsium
arvensis L.). Yellow thistle (Sonchus arvensis L.) was

Ukrainian Black Sea Region Agrarian Science, 25(4), 55-65

also found. Of the cereal species, a small proportion
in the structure of undesirable plants belonged to the
creeping wheatgrass (Elytrigia repens L.) — a weed from
the group of perennials: crus-galli L.

It has been established that,on average over two
years, the weeding of sunflower crops by the herbicide
Euro-Lightning® Plus is more effective in controlling
weeds in all the studied methods of basic tillage.

A much larger number of weeds littered the
sunflower agrophytocenosis with leafless loosening
both to a depth of 12-14 cm (189 pieces/m?) and to a
depth of 28-30 cm (186 pieces/m?), while during plow-
ing this figure was 13-16 pieces/m? (7.0-8.5%) less and
amounted to 173 pieces/m? (Table 1).

When counting 30 days after germination,
there were only 14 units/m? of undesirable plants in
the crops for plowing in areas treated with the herbi-
cide Euro-Lightning® Plus. Against the background of
shelfless cultivation to a depth of 28-30 cm and the
application of herbicides, the number of weeds has be-
come even smaller - 12 pieces/m2. The percentage re-
duction in the number of weeds in the above methods
of tillage under the action of herbicides was 91.9 and
93.5%, respectively.

The number of weeds in the period of harvesting
sunflower seeds by herbicide-free technology, on average
on all backgrounds of tillage, was 144 pieces/m2 Due to
the spraying of crops with the herbicide Euro-Lightning®
Plus, this indicator decreased by 89.6%.

No significant toxic effect on the plants of the
studied crop was detected, although initially there was
a slight suppression of sunflower, which lasted several
days. Slightly less toxicity of the drug was observed in
cereals.

A.l.Babenko [16] claims that in agriculture, veg-
etable growing, horticulture due to weeds does not get
25-30% of the crop,and in many cases the loss reaches
50% or more. She suggests that weed damage to sun-
flowers should be considered from two perspectives:
the effect on sunflower yields than weeds. There is an
inverse linear dependence between crop weeds and
crop seed yields, which increases as weeds increase,
especially the weight of unwanted plants.
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Table 1. Weediness of sunflower crops depending on the methods of basic tillage and herbicide EuroLightning® Plus
(average for 2020-2021)

Plowing to depth 28-30 cm

Indications
without

herbicide -
control

EuroLighting®
Plus

Number of weeds
30 days after
germination,

pcs/m?

173 14

Number of weeds
in seed collection
period,
pcs/m?

136 15

Weed reduction,

% to control v S

Dry mass of weeds
during the period of
seed collection,
g/m

449 62

Biological

efficiency,% g e

It is worth noting that according to the results
of our research, the dry weight of weeds under con-
trol was 449 g/m2 Due to herbicide spraying, this
indicator decreased by 86.2%. Higher biological effi-
ciency (87.4%) was shown by the herbicide Euro-Light-
ning® Plus in the model of sunflower seed production
against the background of deep shelfless cultivation
(28-30 cm).

It is clear that the presence of weeds in crops
limits the ability of agricultural plants to realize their
genetic potential for high yields. Thus, when studying
the influence of different methods of basic tillage un-
der alfalfa seeds, it was found that no significant differ-
ence was found between them. At the same time, with
non-shelf loosening of the soil to a depth of 1214 cm,
the total energy consumption for this agricultural event
is reduced by 226.7% compared to deep plowing [23].
The density of the soil, on which the yield significantly
depends, for all studied methods of basic tillage was

without
herbicide -
control

Policeless tillage to
depth 28-30 cm

Shallow shelf-free tillage to a
depth of 12-14 cm

without
herbicide -
control

EuroLighting®
Plus

EuroLighting®
Plus

186 12 189 15

145 14 151 17
0 90.3 0 88.8

469 59 487 63
0 874 0 87.1

at the level of optimal values (1.1-1.3 g/cm?®) [24]. Crop
productivity decreases significantly when grown in
years with insufficient moisture.

Moderately warm weather in April 2019 with
sufficient moisture (45.6 mm at 25 mm) was favorable
for the initial growth and development of the studied
crop. In June and August, 63.9 and 44.7 mm as norm
fell at 54 and 42 mm, respectively, which had a positive
effect on sunflower productivity.

During the growing season of sunflower plants
in the production experiment, the crops were heavily
weeded, so chemical weeding against the background
of deep autumn plowing was used to control unwanted
plants. The results showed the high effectiveness of the
chemical method of plant protection against weeds.

It was found that due to spraying crops with
Euro-Lightning® Plus herbicide, seed yield increased
in 2019 by 0.51 t/ha compared to the control, which
was 20.8%. (Table 2).

Ukrainian Black Sea Region Agrarian Science, 25(4), 55-65

61



Weed control and sunflower productivity in the southern steppe of Ukraine

Yield, t/ha

Variant

Without herbicide - control 2.35

Without herbicide - control 2.96

As already mentioned, 2020 was characterized
by drier conditions during the growing season, which
affected the yield of sunflower. It ranged from 1.70 t/ha
(in areas without herbicide application on the back-
ground of shallow tillage) to 2.83 t/ha (for chemical
weeding of herbicide crops on the background of deep
tillage) (Table 3).

A similar pattern between the options was ob-
served in 2021. It should be noted that the average
yield in the experiment in 2020 was 2.31 t/ha, i.e. it
was lower by 0.99 t/ha compared to more moisture
provided in 2021.

We have found, on average, two years of ac-
counting, that the production of sunflower seeds on
the background of deep plowing is more efficient with
herbicide-free technology. Yields in the plots of this
variant reached 2.50 t/ha, while deep shelfless loos-
ening (tillage) of the soil was 2.33 t/ha, and shallow

Table 2. Yield of sunflower seeds depending on spraying of crops with herbicide Euro-lightning® Plus in 2019, t/ha

% to control

0.61 26.0

no-tillage - only 2.21 t/ha of sunflower seeds. It should
be emphasized that the difference in yield was signif-
icant.

A more effective model was the cultivation of
sunflowers using the chemical method of weed control
against the background of deep shelfless loosening
(cultivation) of the soil. The yield reached the level of
3.36 t/ha, i.e. 1.03 t/ha more seeds were formed com-
pared to the control crop (without herbicides).

Significant increase in yield due to the chem-
ical weeding of crops was also obtained against the
background of plowing (0.78 t/ha) and shallow till-
age - 0.93 t/ha of seeds. Proper weed control has also
increased oil yield.

It was found that the main share of influence
on the formation of sunflower productivity in the ex-
periment belongs to factor B (herbicide application)
94.5% - in 2020. Almost the same (94.7%) was in 2021.

Table 3. Yield of sunflower seeds depending on the methods of basic tillage
and herbicide Euro-lightning® Plus, t/ha

Average for *to

two years control

Metho.ds of basic Herbicide
tillage
(factor A) (factor B)
Without herbicide - 502
control
Plowing to depth
Without herbicide - 185
Policeless control
tillage to depth
28-30 cm i
Euro-Lighting 583

Plus
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297 2.5 0
3.76 3.28 0.78
2.81 2.33 0
3.88 3.36 1.03
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Methods of basic Herbicide

(factor B)

tillage
(factor A)

Table 3, Continued

Average for *to

two years control

Without herbicide -

Shallow shelf-free control 17
tillage
to a depth

of 12-14 cm Euro-Lighting®

2.65
Plus

Average in the experiment 2.31
NIRO5, t/ha Factor A 0.02
Factor B 0.03
Combined factors A and B 0.06

CONCLUSIONS

The growth and development of sunflower plants de-
pends on the degree of weed infestation, which ulti-
mately affects its productivity. The coefficient of wa-
ter consumption of sunflower was the highest for its
cultivation against the background of shallow shelf-
free basic tillage and herbicide-free technology -
1301 m?3/t. During chemical weeding of crops, moisture
is used more sparingly for seed formation, especially
against the background of deep shelfless main till-
age - 836 m/t.

The highest sunflower plants were noted for
chemical weeding of crops on the background of deep
(28-30 cm) shelfless tillage — 179 cm, and the smallest -
for sunflower cultivation on the background of shallow
shelfless tillage and herbicide-free technology - 139 cm,
while plowing on depth of 28-30 cm, this indicator in-
creased by 6 cm.

During plowing for the period of sunflower
harvest, the dry weight of weeds under control was

2.72 221 0
3.63 3.14 0.93
3.30 2.80 -
0.10 0.05

0.02 0.03

0.08 0.06

449 g/m?. Due to herbicide spraying, this indicator de-
creased by 86.2%. The herbicide Euro-Lightning® Plus
showed higher biological efficiency (87.4%) for seed
production against the background of deep tillage.

Seed vyields are also significantly affected by
weather conditions during the growing season of the
crop, the methods of basic tillage. More efficient (with
herbicide-free technology) is the production of sun-
flower seeds against the background of deep plow-
ing, as the yield reached 2.50 t/ha, while deep tillage
was 2.33 t/ha, and shallow tillage - only 2.21 t/ha of
sunflower seeds. Sunflower weed control was more ef-
fective with deep weedless tillage. The yield reached
the level of 3.36 t/ha, i.e. 1.03 t/ha more seeds were
formed compared to the control crop (without herbi-
cides). A significant increase in yield due to the chem-
ical weeding of crops was also obtained against the
background of plowing (0.78 t/ha) and shallow tillage
(0.93 t/ha of seeds).
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Abstract. The problem of processing secondary material resources of the dairy industry,in particular buttermilk, is closely
related to environmental issues. Nanofiltration is an energy-saving alternative to demineralization by ion exchange and
electrodialysis. The purpose of the article is to study the membrane concentration process using nanofiltration flat
membranes of the OPMN-P and OPMN-K brands for ultrafiltration of buttermilk. In order to achieve the set goal, two
brands of nanofiltration membranes were tested during the experiment. The experimental study of the NF-UV process of
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study of membrane regeneration processes. The practical significance of the work lies in helping to solve environmental
problems through the use of the nanofiltration method, which has a number of advantages over other processing
mechanisms. In addition, such a process will make it possible to obtain new valuable liquids that can be used during the
production of a number of dairy products, in particular lactose-free
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INTRODUCTION

Effective processing of raw materials, in particular
dairy, remains an important problem of the food in-
dustry to this day. In recent years, special attention has
been paid to secondary material resources and waste.
Among them, whey and buttermilk are of great impor-
tance [1-3].This is related not only to economic indica-
tors, but also to environmental problems. The chemical
composition of these liquids defines them as an excep-
tionally favorable environment for the development of
microorganisms. This fact causes an increase in indica-
tors of wastewater pollution of dairy enterprises [4;5].
Ukrainian and international legislation in the field of
environmental protection regularly increases regula-
tory requirements for the discharge of wastewater into
natural reservoirs. This approach to the problem is an
additional incentive for the relevant enterprises to find
and implement modern technologies for the utiliza-
tion of whey and buttermilk [6; 7].

Membrane technologies significantly help to
solve this problem. The use of membrane processes in
various combinations allows highly efficient process-
ing of milk processing waste. This is explained by low
energy consumption and the ability to preserve valu-
able biological properties of the main components of
the chemical composition [7-9].

However, in this case, there is a problem of
disposal of secondary streams formed as a result of
membrane concentration or purification. This usually
applies mostly to permeates. They are used worse than
concentrates.

The dairy industry today remains the main one
among the food industries in terms of the use of mem-
brane equipment and technologies. First of all, this
applies to ultrafiltration. Taking into account the large
volumes of milk processing in this way, the importance
of this problem also for ecology becomes clear. Ad-
ditionally, along with ultrafiltration, reverse osmosis,
microfiltration, and nanofiltration have recently been
actively used.

Among the processes of utilization of whey and
buttermilk, the removal of lactose and mineral sub-
stances is developed most intensively. This is explained
by the significant need for these types of raw materials
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as a basis for lactose-free products. Many types of ice
cream, frozen desserts, dry drinks, bakery products, food
additives require whey and buttermilk with a reduced
concentration of salts. Traditionally, demineralization
is carried out by concentration and electrodialysis or
ion exchange. In any case, the energy and equipment
costs are quite significant. Recently, membrane tech-
nologies have become a profitable alternative to these
processes [10-12]. Membranes are successfully used
not only in the dairy industry, but also in other indus-
tries for the concentration and purification of liquids. It
is believed that, in the future, membrane technologies
will maintain the trend of rapid growth in utilization
due to low energy consumption, relative simplicity of
hardware design, convenience of automatic control
and management, etc. [13-15]. The minimum impact
on the natural value of the composition of raw materi-
als is also important.

Nanofiltration (NF) is a unique membrane pro-
cess. It allows you to separate low-molecular organic
and inorganic compounds. The basis of NF is many, in-
cluding electrical and Donnan effects. The nature of
the NF process depends significantly on the properties
of the membranes and the filtering object [16; 17].

The presented work is a logical continuation of
early research [8]. The main attention is paid to the
application of NF membranes for the treatment of UV
oil permeate. This product is obtained by ultrafiltration
of raw materials during concentration. Ultrafiltration
permeate is used extremely inefficiently today. The
volumes of accumulation of this valuable raw mate-
rial are quite significant. The problem of disposal of
the specified liquid is significant due to the significant
risk of discharge of wastewater contaminated with
permeate components. In this case, the burden on the
environment is a valid argument when planning the
implementation of dairy by-product processing tech-
nologies. Nanofiltration has significant advantages
over other treatment methods. In addition to solving
environmental problems, this process can allow ob-
taining new valuable liquids that will be widely used
in the production of a number of special dairy prod-
ucts, for example, lactose-free.
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LITERARY REVIEW

A number of publications [18-20] previously estab-
lished a clear dependence of NF on the processing
method, parameters, chemical composition of raw ma-
terials and properties of NF membranes. For example,
the authors [18] investigated a significant effect in the
combination of NF and diafiltration using NF mem-
branes of the roll type DS-5DL (GE-Osmonics). In this
case, the UV permeate of the serum was the object of
research. Special attention was paid to the main depen-
dencies during demineralization of lactose solution.

The paper [19] indicated the hydrophilicity of
NF membranes as an important factor in the process.
The authors of the work [20] established that with NF
a gel layer is formed on the membrane surface and
the concentration of dissolved substances, especially
lactose, increases. It is indicated in the work that about
1% of lactose passes into the NF permeate.

The removal of mineral substances during the
processing of various dairy products was studied by
scientists [21]. They achieved 27...36% removal of the
mineral component depending on the degree of con-
centration of UV permeates of milk and serum.

In the publication [22] NF was used to obtain
solutions rich in lactose. For membranes of type NFT
50 and HR95PP, better results were obtained at a pres-
sure value of 3 MPa, when 80% of water was removed
from the serum.

Mineral substances and lactic acid served as
an object of attention in NF in the work [23]. The re-
searchers achieved a significant degree of acid reten-
tion. In addition to NF, diafiltration (DF) was used in
this case. This technique made it possible to remove
30...71% of mineral salts from the original solution.

The production of many dairy products requires
a low lactose content. Buttermilk-based products are
no exception. Special attention to the nutrition of peo-
ple with lactose intolerance is the main factor of inten-
sive search in this direction due to the steady progress
of this disease [24-26]. When removing lactose from
buttermilk, a good effect is achieved by UV concentra-
tion and DF. Using water as a solvent for DF is a fairly
simple solution. However, in this case, there are losses
of balanced low molecular weight milk. A successful
replacement of water in DF is NF permeate, which is
obtained by appropriate UV treatment of the permeate
of the oil pan [8].

Large-scale implementation of this phenom-
enon in the practice of processing secondary milk
streams requires data confirming this possibility. It
is necessary to know the performance of the studied
membranes, which determines the economic indicators
of the nanofiltration treatment process. The depen-
dence of productivity on various factors of membrane
treatment is of great importance. These indicators are of
decisive importance when deciding the feasibility of im-
plementing membrane technologies in the utilization of
secondary material resources of the dairy industry.

That is why the study of the main dependences
of NF-UV of oilseed oil permeate is the focus of this
work. In addition, there is very little published data on
this topic in the available sources.

MATERIALS AND METHODS

The permeate of the ultrafiltration of the buttermilk
served as the object of research. Its composition is de-
scribed in detail in [8] and presented in Table 1.

Table 1. Chemical composition of products of membrane processing of oil pan

Index
Mass fraction of protein, %
Mass fraction of fat, %

Mass fraction of lactose, %

Ukrainian Black Sea Region Agrarian Science, 25(4), 66-77

Fresh buttermilk UF retentant FK=3  UF permeat FK=3

3.2 9.61 0.11
0.4 1.21 -
4.5 4.54 4.48
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Index

The mass fraction of mineral substances, %

Source: author’s development

Determination of constituent components in this
work was carried out: mass fraction of lactose according
to [27], content of mineral substances, mass fractions of
fat and protein according to [28]. The obtained quality
indicators clearly confirm the high value of the oil pan.

Nanofiltration membranes. In the experiments,
two brands of nanofiltration membranes were test-
ed, which are manufactured in series by the company

Fresh buttermilk

Table 1, Continued

UF retentant FK=3  UF permeat FK=3

0.7 0.94 0.7

“Vladipor” (Volodymyr, Russia). The characteristics of
the membranes are given in table. 2. Membranes have
high resistance to oxidants. The working pH range is
2...12. Membranes withstand a concentration of active
chlorine of at least 1 mg/L. This allows for highly effec-
tive regeneration and disinfection. Organic compounds
with a molecular weight of more than 100 D are re-
tained highly efficiently.

Table 2. Properties of “Vliadipor” nanofiltration membranes

Researched conditions

Selectivity, % Productivity, I/m2-h

OPMN-P

OPMN-P

Source: author’s development

NANOFILTRATION TREATMENT

Experimental studies of the NF-UV process of oil pan
permeate were carried out in laboratory conditions at

0.15% solution NaCL, 25°C, p=15 atm

0.15% solution NaCL, 25°C, p=15 atm.

30 140

60...70 1400

the installation, the photo of which is shown in Fig. 1.
The schematic diagram of the laboratory installation is
shown in Fig. 2.

Figure 1. Laboratory installation FT-01

Ukrainian Black Sea Region Agrarian Science, 25(4), 66-77
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CO2

y
f
¢

Figure 2. Schematic diagram of the laboratory installation
Notes: 1 - container with pressure gauge; 2 - thermostat; 3 - pump; 4 a, b, c - manometers; 5 - counter (rotameter);
6 - membrane module; 7 - measuring capacity; 8 - valve; 9 - cylinder with CO,

Source: author’s development

The membrane module of the installation con-
tains 6 elements of the same type, one of which is
shown in the photo (Fig. 3). The design feature of the
presented elements is the spiral channels, which allow
the liquid flow to be transferred to the turbulent mode
at relatively low flow velocities. This contributes to the
mixing of the liquid layer in the space above the mem-
brane surface. This design of the module is extremely
important in the sense of preventing the formation of

deposits on the membrane surface and eliminating the
negative effect of concentration polarization. Mem-
brane elements are made of high-quality structural
plastic mass. They have high resistance to pressure and
high temperatures and are resistant to corrosion un-
der the influence of aggressive reagents. The incoming
liquid flow is directed tangentially, which additionally
contributes to the turbulent regime of the flow over
the membrane surface.

Figure 3. Membrane module of the installation

Ukrainian Black Sea Region Agrarian Science, 25(4), 66-77



The plant works in flow mode through mem-
brane elements and a membrane module. This re-
gime has a beneficial effect on the mass transfer of
dissolved compounds across the membrane surface. In
this way, the accumulation of compounds trapped by
the membrane in a thin layer of liquid above the sur-
face of the membrane is eliminated. That is why there
are additional positive conditions for increasing the
specific productivity of membranes. When the unit is
operating, the permeate from container 1 of the closed
UV type is fed into the membrane module 6 using a
high-pressure gear pump 3. Additional pressure in the
unit is created by supplying compressed CO, from the
cylinder. This method of liquid processing allows to ob-
tain a greater value of the driving force of the process,
which is inhibited by the technical limitations of the
pump of the installation and the power of its engine.

The NF permeate is taken into measuring tank 7
to measure the performance of the process. The work-
ing pressure is monitored at the inlet and outlet of the
membrane module using manometers 4 a,b and is de-
termined by the formula:

P =222 MPa 1)

where P, P, are the fluid pressure at the inlet and out-
let of the module, respectively, MPa. Concentrate flow
rates are controlled by a meter.

A periodic mode of concentration was imple-
mented in the installation. In this way, after UV con-
centration, the permeate was sent to the output tank
1 through the valve 8. The flow rate in the system was
regulated by setting the valve in a certain position and
closing the “by-pass” channel provided in the pump.

The flow rate was calculated using the expression:
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V=2 u/c )

where Q is the volume flow rate of the concen-
trate, m3/s; S is the cross-sectional area of the inter-
membrane channel, m2. The necessary filtration tem-
perature was set with the help of a thermostat, which
controlled the degree of heating of the electric heat
exchanger.

After a certain time, the concentration factor

was determined by the expression:

FK = Z—i,L (3)
where V,, V, are the volumes of the initial liquid and
concentrate, liters.

The volume of the concentrate was determined
by the equation:

V= Vg — Vp:L (4)

where VID is the permeate volume, L.
Selectivity was determined in NF permeate
samples for each membrane:

o= (1- z—z) « 100% (5)

where C, C, are the concentrations of components in
permeate and concentrate, respectively, g/l.

RESULTS AND DISCUSSION

Specific performance of membranes. The NF process
was carried out at different operating parameters of
pressure, temperature and flow rate. The obtained re-
sults are shown in Fig.4 a, b, c and Fig. 5.
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Figure 4. Effect of temperature on membrane performance
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Figure 5. Effect of flow rate on the specific performance of membranes

In all cases, the same trend was investigated:
with increasing pressure and temperature, the specific
performance of the membranes increased. However,
when the value of 1.5 MPa was exceeded, this growth
became less pronounced. This phenomenon can be
explained by the formation of a dense layer on the

Ukrainian Black Sea Region Agrarian Science, 25(4), 66-77

separating surface of the membranes. It is called mud
polarization of the membrane. This phenomenon oc-
curs due to exceeding a certain limit of solubility of
the compound. Intensive transfer of the solvent (wa-
ter) through the distribution layer of the membrane
leads to an increase in the concentration of dissolved



compounds and the formation of a precipitate in the form
of a thin, uniform layer on the membrane. It mostly con-
tains proteins that were not separated from the butter-
milk in the UV process and got into the UV permeate.
The phenomenon of concentration polarization also has
a certain influence on the performance of membranes
by nanopermeate. It occurs near the membrane surface
due to the accumulation of molecules and ions. Mole-
cules and ions of the same charge begin to repel each
other, which prevents the transfer of solvent and dis-
solved compounds that pass through the membrane.
In this zone, intensive transfer of solvent molecules
through the membrane takes place. It is because of this
that the concentration of proteins increases, their ag-
gregation, and a thin layer of gel is formed. Together,
these phenomena add up to additional resistance and
impair mass transfer through the membrane. In each of
the experiments, the indicators of the specific produc-
tivity of the membranes of the OPMN-P brand were sig-
nificant in comparison with the OPMN-K brand.

The increase in the performance of the mem-
branes when the oil pan is heated can be explained
by the decrease in the viscosity of the solution. In this
case, there are better conditions for liquid circulation,
increasing flow speed and its turbulence. Accordingly,
under such conditions, liquid layers are better mixed.
This weakens the phenomenon of concentration polar-
ization and the formation of a gel layer. In this case, the
increase in the flow of the solvent through the mem-
brane is investigated.

It is interesting that increasing the temperature
of the oil pan from 30 to 40°C did not cause a signifi-
cant increase in the performance of the membranes for
any pressure. Temperatures higher than 40°C were not
used in the experiments due to the threat of denatur-
ation of the remaining proteins after UV treatment. De-
natured proteins are known to form a dense layer on
the membrane more intensively. This phenomenon can
be explained by the irreversible loss of higher forms of
spatial organization of the molecule by denatured pro-
teins. As a result, the loss of protein solubility and the
formation of sediment on the surface of the membrane.
Therefore, for further experiments, a temperature of
40°C was chosen as the optimal temperature in terms
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of productivity and energy savings. In addition, there
were manufacturer’s temperature limitations for the
membranes. For these conditions, the effects of the
flow rate on the specific productivity were investigat-
ed. The results were obtained (Fig. 5), which prove that
in the range of speeds of 0.5...1.5 m/s the increase
in productivity was noticeable. The highest result of
15% was achieved at a flow rate over the membrane
surface of 1.5 m/s. This tendency was later much less
pronounced. It is possible that at higher speeds the in-
crease in productivity would be more significant. The
technical capabilities of the experiments did not al-
low to fully investigate this effect. Perhaps this would
cause additional energy costs, which would have a
negative impact on the overall economic indicators of
the NF process.

The change in the specific performance of the
membranes with the treatment time is an important
indicator that is needed to estimate the total mem-
brane filtration area of a certain volume of liquid.
Without this indicator, it is impossible to determine the
economic feasibility of introducing the nanofiltration
process into the practice of processing secondary raw
materials. The change in specific productivity is crucial
when choosing a membrane plant and regeneration
methods. The necessary results are presented in Fig. 6.

The dynamics of the process is reflected by the
increase in the oil concentration factor. This indicator
was calculated according to the decrease in the vol-
ume of the concentrate. It shows how much the vol-
ume of the original liquid has decreased compared
to the initial value. In the range of FC changes from
0.5 to 2.0, the decrease in the specific productivity of
both brands of membranes was quite significant (by
60% of the initial). It is interesting that at FC values
greater than 1.0, the studied membranes showed al-
most the same performance. This can be explained
by the significant increase in the osmotic pressure of
the NF concentrate and the thickening of the mem-
brane structure due to the prolonged exposure to high
operating pressure. Osmotic pressure, as is known,
is a function of the concentration of certain soluble
compounds. In this case, this indicator is affected by
dissolved compounds retained by the nanofiltration
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membrane (lactose and part of mineral salts). The com-
pact structure of the membrane mechanically prevents
the transfer of molecules through the membrane due
to the reduction in the diameter of the holes. In this
state, probably, the main role in the separation of the
components of the oil pan is played by the secondary
membrane, which was formed due to the phenomenon
of gel polarization. It has slightly different properties
from the main membrane, which adds some complexity

28
26
24
22
20
18
16
14
12
10
0 0.5

G,\m h

— OPMN-P membrane
- OPMN-K membrane

to the process of transferring molecules and causes un-
predictable results.

Such a phenomenon is known for flat mem-
branes that are constructively placed on a support in
“plate and frame” type installations. When using a dif-
ferent type of membrane, for example, a tubular or roll
membrane, the indicated effect might be less import-
ant. Additional research in this direction has certain
interest and prospects.

1 1.5 2

Concentration factor

Figure 6. Influence of the concentration factor on the specific performance of membranes

MEMBRANE SELECTIVITY

There were certain changes in the selectivity of mem-
branes in the process of NF treatment of buttermilk
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established in a series of subsequent experiments.
Their results are shown in Fig.7
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Figure 7. Influence of the concentration factor on the selectivity of the membrane
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Similar effects of lactose retention were studied
for both brands of membranes. At first, the selectivity
increased, and then decreased. This phenomenon was
more pronounced for the OPMN-K membrane. in our
opinion, the obtained results can be explained from
the standpoint of the theory of membrane filtration.
With the growth of FC, the structure of the membranes
is compacted over time, which causes a corresponding
decrease in the diameter and volume of the pores. This
gives, to a certain extent, an increase in the effect of
lactose retention. In the future, some increase in the
presence of lactose in the NF permeate due to the lack
of an ideal structure of the membrane in relation to
the diameter of the holes is investigated. This is ex-
plained by certain defects in the formation of mem-
brane surfaces in industrial conditions. For example, it
is impossible to achieve the same shape and diameter
of the membrane pores over the entire surface of the
polymer used for the manufacture of membranes. De-
formation of the membrane under pressure also makes
adjustments to the pore volume of the semipermeable
membrane.

CONCLUSIONS

The NF process is an effective means of processing the
UV permeate of buttermilk to obtain a NF permeate
with a minimum lactose content.

In order to establish the main dependencies
of NF processing of this valuable secondary product
of milk processing, flat membranes of OPMN-P and

Bondar et al.

OPMN-K brands were investigated in the concentra-
tion mode.

It was established that the specific productivity
of membranes is significantly affected by temperature,
pressure, flow rate and liquid concentration factor. The
best results for the investigated process were determined
in the conditions of laboratory experiments: pressure
2.0 MPa, temperature 40°C, flow speed about 1.5 m/s. the
studied membranes revealed minor discrepancies in the
main indicators characterizing the performance of the
process. Taking into account the best indicators of the
lactose retention effect, it is possible to recommend the
OPMN-P membrane (¢p=99%) for the practical purpose of
removing lactose from the UV permeate of the butter-
milk. The productivity of this membrane is 11...28 |/m2h.
depending on the concentration factor.

Further research in this direction will be con-
ducted using industrial roll elements for NF and com-
parative characteristics of different manufacturers of
membranes and membrane elements.

The work also did not investigate the important
problem of membrane regeneration. The choice of the
method of regeneration and the establishment of the
main parameters of this process is a separate import-
ant link of research in membrane technologies. Large-
scale implementation of NF, of course, requires an as-
sessment of this important factor, which significantly
affects the economic efficiency of the process. For ex-
ample, it affects the operating time of the membranes,
the duration of the technological work cycle, etc.
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Abstract. Food security, providing the population of the country with high-quality food is essential. aspects
of the economic situation of Ukraine. Therefore, the poultry industry is one of the priority suppliers of high-
quality animal protein, it is considered the most capable of modernizing production processes and attracting
innovative solutions developed by scientists. The purpose of the article is to find out the effect of functional
poultry feeding on the chemical and morphological composition of broiler chicken carcasses and their parts,
meat quality indicators. In order to achieve the specified goal, a comprehensive evaluation of the meat of broiler
chickens, grown using functional feeding, without the additional use of hormonal drugs and antibiotic substances
contained in traditional compound feed for chickens, was carried out. Data on the functional and technological
properties of meat, chemical composition, microbiological well-being of raw materials and morphological features
of cartridge carcasses are provided. The conducted studies showed compliance of the quality of the meat with the
requirements of the standard and confirmed its safety for consumption. It was found that the proposed tool for
influencing the functional and technological properties of poultry meat, i.e., the use of phosphate when feeding
poultry, is not only effective for poultry health, but also has a positive effect on its preservation. This fact was
confirmed with the help of microbiological studies. The results of physico-chemical and sensory studies showed
that the metabolic processes in the body of birds are able to utilize phosphates and transform the quality with
a significant improvement of indicators. The practical significance of the work lies in the fact that the aspect of
biomodification of meat raw materials and its purpose will continue to be relevant for implementation both for
producers of meat products and for producers of animal products

Keywords: functional poultry feeding, quality of poultry meat, functional and technological properties, quality and
safety of poultry meat

INTRODUCTION

A key aspect that affects the general economic situa- safe food [1]. In this context, poultry farming in Ukraine
tion of Ukraine is the quality of life of its citizens, in- is an important supplier of high-quality animal protein,
cluding the resolution of issues of ensuring food secu- which is able to solve the problem of protein hunger

rity and providing the population with high-quality and and provide not only Ukrainians, but also residents of
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other countries who suffer from a lack of protein in
the diet. Poultry farming, as one of the branches of
agricultural production, being science-intensive, ma-
terial-intensive and energy-intensive, like all branches
of agriculture, but, unlike others, is the most easily
amenable to the modernization of production processes
and the introduction of innovative developments by
scientists. The poultry processing industry is a complex
system that depends on a well-organized traceability
system that ensures the quality of the final product at
all stages of production, starting with rearing. The final
products of this industry are meat, slaughter and pro-
cessing products, down and feathers, as well as hatch-
ing and edible eggs. During 2000-2019, drastic changes
took place in the meat market. If in 2000 the basis of
production was beef and veal, which occupied a stable
share of 45.4%, then in 2019 it decreased by almost
three times. The share of pork production in vertically
integrated companies also decreased.

Resource-saving technologies of the poultry
processing industry provide for comprehensive pro-
cessing of poultry and maximum full use of all its
products. The preservation and rational involvement
of poultry meat in food technologies due to the in-
troduction of methods of deep industrial processing
in order to obtain a wide range of products for var-
ious purposes is an urgent nationwide problem. One
of the types of raw materials for the meat processing
industry, which is quite widely used due to high man-
ufacturability, a significant amount of protein, and low
cost, is mechanically deboned poultry meat. Another
promising direction of the use of raw materials of the
poultry processing industry is the creation of protein
and protein-collagen additives for use in the nutrition
of athletes and military personnel, which are subject
to preliminary processing and allow long-term storage
with low humidity. [2-4].

The problem of the development of the poultry
industry occupies a leading place in the works of do-
mestic scientists. The following authors paid attention
to the mentioned problem: M.V. Zubets, S.V. Merzlov,
PT. Sabluk, I.I. Vinichenko and many others. In their
works, they studied the trends in the development
and functioning of poultry farming in Ukraine and the
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possibilities of increasing the productivity of the spec-
ified industry. However, despite the significant number
of publications and taking into account the rapid de-
velopment of poultry farming in a changing market en-
vironment, it is necessary to continue researching the
specifics and features of the functioning of enterprises
in this industry in order to identify reserves and find
ways to increase its efficiency [9; 10].

Research results indicate that many factors af-
fect the quality and safety of chicken meat, taste prop-
erties and its chemical composition:

* hereditary (species, breed, line, cross),gender and age;

e proper sanitary and hygienic condition of poultry
houses, equipment, inventory;

¢ zoohygienic parameters of the microclimate (venti-
lation, lighting, temperature and humidity regimes, etc.);

e compliance of building materials, compliance
with requirements for design, location and construc-
tion of the poultry house;

e availability of walking platforms, insolation and
exercise of birds;

® action of stress factors,

e effectiveness of disinfection, disinsection, derati-
zation;

e quality and quantity of litter;

* balanced diet, frequency of feeding and watering,
quality of fodder;

e use of prophylactic or therapeutic drugs, etc. [2].

As researches of recent years have shown, of the
large number of factors affecting the yield and quality
of raw meat from broiler chicken carcasses, the influ-
ence of feeding factors on meat yield, morphological
structure, and energy value is of particular interest,
which in turn depend on the technological schemes
of processing and rolling of carcasses and on the
principles of sorting individual parts during their pro-
cessing [6]. Modern economic conditions dictate new
approaches to the improvement of the technology of
deep processing of poultry, especially regarding the
development of scientifically based output standards
and the determination of objective characteristics of
the meat merits of cartridge carcasses and their ana-
tomical parts, which ensures rational use and effective
price policy of production.
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All over the world, great attention is paid to the
principles of processing and deboning of broiler chicken
carcasses, while, along with the differences caused by
national characteristics of meat consumption and the
range of products, in each country there are general
rules that provide for the selection of the best meat
from carcasses and their parts from the energy value
and development of muscle, fat and connective tissues
for sale in natural form. The rest of the raw materi-
als with lower nutritional characteristics are used for
further industrial processing and production of various
semi-finished products, sausage and culinary products
and canned food. A more detailed study of the compo-
sition and properties of the meat of broiler chickens, as
well as the establishment of output standards for the
processing and deboning of carcasses and their ana-
tomical parts, with the justification of objective quality
criteria, will allow rational use of meat resources in the
production of poultry products and scientific arguments
for differentiated pricing enterprise strategy [11-13].

By its composition, the meat of broiler chickens
is a high-quality, protein-rich product with a lower en-
ergy value, compared to pork and beef. For many years,
experts have been studying the chemical and morpho-
logical composition of cartridge carcasses and their
parts, taking into account mainly the fattening of the
bird (first, second grades and industrial processing).

However, with the same fattening, the weight
of cartridge carcasses (the main characteristic of the
breed) can differ significantly, and, therefore, the meat
qualities of the carcasses and their parts will also dif-
fer. Some authors use a qualitative protein index to
characterize meat raw materials, which is determined
by the ratio of the proportion of complete proteins to
incomplete proteins, while others use the pure protein
index, which is determined as the difference between
the amount of common and connective tissue proteins.

Among the most important aspects of a healthy
diet, nutritionists include reducing the amount of fat
consumed by a person [14-16]. It is considered appro-
priate to reduce the fat content of the cartridge carcass
without reducing the amount of intramuscular fat. It
should be a method of calculating the “leanness” of
meat, which will allow you to calculate not the value

Ukrainian Black Sea Region Agrarian Science, 25(4), 78-88

of the mass of a separate cut or part of the carcass,
but the value of its lean part (or protein), as well as
determine the technological advantage of using this
raw material. It should be noted that until now, the
quality index of meat (the “fat: protein” ratio) was used
to characterize the quality of meat and meat products,
taking the 1:1 ratio as a benchmark. The effectiveness
of the use of meat raw materials is largely influenced
not only by the meat quality of an individual cartridge
carcass, but also by its parts, which have different en-
ergy value and economic significance [17].

The purpose of the article is to determine the
influence of functional poultry feeding on the morpho-
logical and chemical composition of broiler chicken car-
casses and their parts, meat quality indices. To achieve
the goal, a pathomorphological evaluation of the car-
casses of broiler chickens was carried out and the mor-
phological and chemical composition of the carcasses
and their parts, as well as the content of proteins, fat
and dry matter were determined. The work was carried
out in 2019 in the laboratory conditions of the Odesa
National Academy of Food Technologies and at the en-
terprise of the industry, namely — on the basis of the
agricultural production enterprise “NIKAGROSTAR”.

MATERIALS AND METHODS
The research was conducted in a farm that specializes
in production, including chicken. An experimental site
for growing broiler chickens was created. The chickens
of the research and experimental groups were planted
separately, in specially equipped territories, but at the
same time they were raised in close proximity to the
main stock. The experiment was organized in such a
way that it was possible to determine the direct influ-
ence of feeding and drinking, under the same stress
factors, under the same temperature conditions, light-
ing conditions, and so on. As a functional component,
a mixture of phosphates was used for drinking broiler
chickens (hereinafter referred to as the Experimental
sample). So, in the first enclosure there were control
chickens that received a diet without additives and
drinking was carried out without phosphates, and in
the second - chickens received a diet and drinking was
carried out with phosphates. Control of zootechnical



indicators was carried out every decade according to
generally accepted methods [7]. The indicators of the
dynamics of body weight gains and livestock conserva-
tion were studied.

The composition, properties and quality of ex-
perimental samples of cartridge carcasses and their
parts were examined according to the following indica-
tors: mass of individual weight categories of cartridge
carcasses and their parts; morphological composition
of carcasses and their parts; physico-chemical studies -
mass fraction of moisture - SSTU I1SO 1442:2005; mass
fraction of fat - SSTU ISO 1443:2005; mass fraction
of protein - SSTU 25011-81; bacteriological exam-
ination of muscle tissue and parenchymal organs was
carried out according to SSTU 7702.2-74, KMAFAnM -
SSTU 7702.2.1-95, and the presence of pathogenic and
opportunistic microorganisms - SSTU 7702.2.3-93. To-
gether with bacterioscopy of smears-imprints, cultures
were carried out on liquid and dense nutrient media.
Biometric evaluation was carried out using methods
of mathematical analysis and statistical processing [8].

After slaughter, the bird was evaluated by the
appearance of the carcass, the location of fat, the
slaughter yield, the ratio of edible and inedible parts
was determined; muscle-bone index (MBI) - the ra-
tio of muscle mass to bone mass; meat quality index
(MQI) - the ratio of the mass of muscle tissue with skin
to the mass of bone; the part index (Pl) is the ratio of
the mass of the part to the bone mass, and the meat
quality index (F/Pr) is the ratio of “fat: protein”.

At the first stage of scientific research, patho-
morphological studies of the internal organs of the
bird were carried out: experimental and control.

RESULTS AND DISCUSSION
As a result of the evaluation of experimental birds, the
following was determined. The total weight is 1488 g.
The weight of the carcass without internal organs
is 1226 g. The pectoral muscles are well developed,
the consistency is elastic, the fossa is quickly leveled
when pressed. The color of the muscles is beige with
a brown tint. The thickness in the area of the middle
third of the muscles is 4 cm. Liver: weight 32 g, the sur-
face is smooth and shiny, the color is light brown, the
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parenchyma is light brown, fine-grained. Gallbladder is
significantly full. Kidneys: dark red color, soft texture,
dark red parenchyma, juicy. The total weight is 10 g.
Spleen: the surface is smooth and shiny, 1.4 cm in di-
ameter, the color is brown with a brown tint, the pa-
renchyma is fine-grained and homogeneous. Lungs are
red in color, soft consistency, fine-grained red paren-
chyma, total weight - 5 g. Sternum with pectoral mus-
cles weight - 272 g. Heart - weight 10 g. The surface
is smooth and shiny, the myocardium is structured, red
in color, the cavities are empty. Gastrointestinal tract:
the mucous membrane of the esophagus is pale pink
in color. The goitre is moderately filled, the contents
are mushy, light brown in color. Glandular stomach:
mucous pale pink. Muscle belly: the cuticle peels off
easily, the muscle layer is red, structured. Small intes-
tine: the mucous membrane is pale pink, contains a
small amount of food masses. Large intestine: contains
a small amount of feces, the mucous membrane is pale
pink. The total weight of the intestine is 160 g. No sys-
temic pathology was detected.

Evaluation of the control sample of poultry gave
the following results. The weight of the carcass with-
out internal organs is 1306 g. The pectoral muscles
are satisfactorily developed. In the area of the middle
third of the sternum (keel), there are small point hem-
orrhages, the consistency is flaccid, the color is beige
with a bluish tint, the thickness of the middle third is
3.4 cm. The sternum with the pectoral muscles weighs
258 g. The liver weighs 40 g., the surface is smooth
and shiny, the color is dark brown with a brown tint, the
consistency is soft, the parenchyma is medium-grained,
brown in color. The lungs are red in color, soft in con-
sistency, dark red parenchyma, foamy liquid is released
when pressed. The total weight is 10 g. The kidneys
are dark red, the consistency is soft, the total weight
is 12 g, the parenchyma is dark red, granular. Spleen:
size, length 1.7 cm, surface smooth and shiny, consis-
tency soft, parenchyma dark red juicy. Heart: weight
16 g, epicardium smooth and shiny, myocardium red,
structured, empty cavities. Gastrointestinal tract: the
goitre is significantly filled with mushy gray-green
contents. Glandular stomach: the mucous membrane
is pale, the muscular stomach is moderately filled with
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food masses, the cuticle separates with some difficulty.
The muscle layer is fine-grained. Small intestine: the
mucous membrane is red in some areas, dark red spots
in some areas. The large intestine is significantly filled
with fecal masses. The total weight of the intestine is
154 g. Table 1 shows the comparative results of the
weight of the internal organs of the birds of the exper-
imental and control groups.

Based on the obtained data, it can be concluded
that the control sample of poultry developed catarrhal
enteritis against the background of the absence of pre-
ventive measures to ensure the health of the poultry in
the diet, unlike the experimental sample.

In order to carry out further evaluation of the raw
materials, the cartridge carcasses of the experimental

and control batches and their parts were used. The
processing of pellet carcasses of broiler chickens of
different weight groups (from 600 to 1800 g, with an
interval between groups of 200 g) was carried out
in laboratory conditions with the selection of wings
along the shoulder-scapular joints, femurs along the
hip joint,and the chest along the line of the ribs. If nec-
essary, the wing was divided by joints into three com-
ponent parts, and the thigh - into two (shin and thigh).
The back obtained after processing could be divided
into front and back parts along the line of connection
of the corresponding vertebrae. Carcasses of chickens
of the parent flock of the meat breed weighing up to
3000 g were processed and collapsed according to a
similar scheme.

Table 1. Results of pathomorphological studies M*m, n=7

Experiment Control

Total weight 1488 gr 0.5
Carcass 122gr 82%+*0.8
Sternum +m 272 gr 18%*0.8
Pectoral muscles 4cm 0.3
Liver 32gr*0.5
Kidneys 10 gr 0.5
Lungs 5gr #0.5
Heart 10 gr 0.5
Spleen 1.4 cm £0.5
Intestines 160 gr 0.5

Selected parts were manually deboned with an-
atomical removal of bones, the weight of muscle and
bone tissue, as well as skin was determined by weigh-
ing, the morphological and chemical composition of
the obtained parts and whole carcasses was studied.
The results of the experiment show that with an in-
crease in the weight condition of the bird, the yield of
carcass parts is almost linear, with the exception of the
yield of meat and skin in carcasses weighing from 600
to 1,200 g and the yield of bones in carcasses weighing
from 1,800 to 3,000 g: in these cases, deviation from
linear dependence. The data obtained in the experi-
ment provide a generalized description of the yields
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Total weight 1660 gr 0.5
Carcass 1306 gr 78%*0.9
Sternum +m 258 gr 15%+0.8
Pectoral muscles 3.4 cm #0.3
Liver 40 gr 0.5
Kidneys 12 gr 0.5
Lungs 10 gr 0.5
Heart 16 gr +0.5
Spleen 1.7 cm 0.5
Intestines 154 gr #0.5

of carcass parts and their morphological components,
which is the basis for calculating the quality indices of
cartridge carcasses and their parts after determining
the chemical composition. The chemical composition
(content of moisture, fat, protein and ash) of each part
was determined separately for muscle tissue, skin and
bone. At the same time, some tolerances were made,
in particular, indicators of the chemical composition of
the skin of whole dressed carcasses were determined
by the arithmetic mean value. For example, in weight
categories from 600 to 1,200 g, the moisture content
was 60.0%, fat - 22.2%, protein — 17.3% and ash — 0.5%;
for groups from 1,200 to 1600 g - 58.1, respectively;



24.7;16.7 and 0.5%; from 1,600 to 1,800 g and above -
56.2; 28.0; 15.3 and 0.5%. As the weight of the carcass
increased, the amount of fat in the skin increased. Ab-
dominal fat was separated from the carcass separately
and taken into account when determining the quality
indices of the cartridge carcass.

The chemical composition of the bone was
determined for each part separately and the average
arithmetic values of the indicators, equal for all weight
groups of the treated poultry carcasses, were found.
Data on the morphological and chemical composition,
the content of connective tissue in dressed carcasses
and their parts, as well as on individual quality indi-
ces, show that with an increase in the weight condition
of dressed carcasses, the mass fractions of individual
parts increase in the following sequence: wings, then
the dorsal and thoracic parts and itself a large share is
made up of the thigh. However, the highest values of
the meat-bone index and meat quality index for thighs

Parts of the carcass Morphol?gical Moisture, %
composition
Lump
Muscles 20.0 76.0
Muscles and skin 23.0 73.0
Muscles and bones 26.1 719

Table 2. Morphological and chemical composition of the cartridge carcass and its parts, M*m, n=7

Povarova

were obtained only in the weight category of dressed
carcasses weighing 600 g.

The intensity of the development of muscle tis-
sue and pulp, as well as the content of pure protein, is
always higher in the chest; these indicators increase
until the mass of the cartridge carcass reaches 1200 g,
then the rate decreases slightly due to the growth of
skin and bone particles.

The morphological and chemical composition
of the carcass and its parts on the example of broiler
chickens weighing 1200 g, presented in Tables 2 and 3,
allows you to objectively characterize the yield of poul-
try meat and the possible profit of the enterprise. This
approach was used to determine the ratios of dressed
carcasses of chickens, chickens and broiler chickens of
different weight groups weighing from 600 to 1,800 g
(with an interval between groups of 200 g), chickens of
the parent flock of meat breed weighing up to 3,000 g
and other types of poultry .

Fat,% Protein%  Ash, % annective Pure protein,
tissue, % %
4.5 19.6 0.9 1.9 90.3
7.0 19.2 0.9 2.3 88.2
74 18.5 2.2 3.0 82.9

Chicken breast

Muscles 20.7 71.0

Muscles and skin 231 69.1
Lump (Muscles and bones) 33.0 67.2
Muscles 5.1 68.3

Muscles and skin 8.3 64.3

Wing (Muscles and bones) 121 64.3
Muscles 11.0 68.0

Muscles (Muscles and bones) 18.1 63.5
Back (Muscles and bones) 25.0 62.4

111 16.9 1.0 3.5 79.4
131 16.9 0.9 3.7 77.9
134 16.2 3.2 4.9 69.8
13.2 17.0 1.5 31 81.8
17.7 16.8 0.5 3.8 77.3
14.8 16.1 4.8 5.6 65.5
19.9 10.6 1.5 34 67.9
221 134 1.0 4.1 69.2
20.8 13.1 3.7 5.2 60.5
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Pure protein,

%

Parts of the carcass Morphol?qlcal Moisture, % Fat,% Protein%  Ash, % annect:,ve
composition tissue, %
Carcass

Muscles 57.0 716 10.6 16.8 1.0 2.6

Flesh (muscles and skin) of the
. . 74.0 68.3 14.0 16.8 0.9 3.2

carcass without abdominal fat

Abdominal fat 5.0 8.4 90.0 1.5 0.1 -

Flesh (muscles and skin) of the

) . 80.1 64.7 18.6 15.9 0.8 3.0
carcass with abdominal fat

Carcass without skin 79.0 65.7 16.1 15.1 3.7 4.0
Carcass 98.0 64.0 17.6 15.4 3.0 41

Table 3. Indices of the meat quality of the patra carcass and its parts M*m, n=7
Part of the carcass MBI IMB IP
Chicken breast
Muscles 7.90
Muscles and skin 9.05
Muscles and bones 10.05
Lump
Muscles 3.68
Muscles and skin 4.32
Lump (Muscles and bones) 5.33
Wing
Muscles 1.14
Muscles and skin 1.90
Wing (Muscles and bones) 2.90
Back
Muscles 2.00
Muscles (Muscles and bones) 3.68
Back (Muscles and bones) 4.68
Carcass
Muscles 3.20

Flesh (muscles and skin) of the carcass 451
without abdominal fat '

Abdominal fat

Flesh (muscles and skin) of the carcass 4.45
with abdominal fat ’

Carcass without skin 5.51
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84.6

80.6

80.6

73.2
70.7

A/C

0.23
0.37
0.40

0.65
0.78
0.82

0.78
1.06
0.92

1.88
1.65
1.59

0.63

0.55

0.78

1.06

0.80
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In the production of poultry meat, there is a
problem of obtaining raw materials with high humid-
ity and low functional and technological properties,
which can cause the production of low-quality prod-
ucts with the use of a large number of additives, which
will affect its safety [18; 19]. Thus, at the first stage, the
mass fraction of moisture, protein and dry matter in
the control and experimental samples was determined.
The results of the research are shown in Fig. 1.

According to the results of the conducted re-
search and comparison of the control and experimen-
tal samples, it was determined that a greater amount
of moisture was obtained in the meat of chickens from
the control group, which is an undesirable factor, be-
cause such meat has a shorter shelf life and corre-
sponds to the indicators of “immature” meat.

On the one hand, this is explained by the fact
that the growing period was 42...45 days, this particular

90
80 76.8

73.79

70
60
50
40

30
20
10

Moisture, %

W Control

Dry matter, %

period is used for industrial growing in contrast to the
home or organic growing method, which ensures eco-
nomic efficiency and profitability of production with
the minimum possible growing period at the enter-
prise,and is explained by the use phosphates, which are
able to retain moisture, but in this case it should be in-
vestigated in which form the moisture is, in a chemical
form or in a physical form.For this purpose, studies were
conducted on the definition of VZZ and VUZ.

In previous studies, the amount of protein in dif-
ferent parts of the carcass was determined, in this ex-
periment, the average value of protein and dry matter
of the carcass of the control and experimental samples
was calculated and determined. The amount of protein
practically did not differ and is 0.72%. Based on the
above, it is expedient to evaluate individual parts and
determine directions of use, taking into account such
characteristics.

25.83
21.01 21.72

Protein, %

W Experiment

Figure 1. Chemical composition of muscle tissue of experimental chickens

Determination of the mass fraction of fat showed
the result presented in fig. 2 and is 2.01% in the experi-
mental group, and 1.04% in the control group. Based on
the fact that the duration of cultivation is 42-45 days,
the amount of fat depends on the stage of physiological

development and during this period it was incomplete.
On the one hand, a small increase in the amount of
fat leads to improved taste characteristics during heat
treatment, on the other hand, such an increase will not
lead to a deterioration in quality characteristics.
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2.5 -

1.5 1

0.5 1

Mass fraction, %

2.01
[l Control

[ Experiment

Figure 2. Determination of the mass fraction of fat in the muscles of experimental chickens

In the production of poultry meat, special atten-
tion is paid to microbiological indicators, on the basis
of which it is possible to predict the behavior during

further processing and storage [20; 21]. The results are
shown in Table 4.

Table 4. Microbiological parameters of experimental samples

Indicator

Pathogenic microorganisms, salmonella, CFU

KMAFANM, lg CFU/g

Research groups

Control Not identified 3,54 £ 0,04
Experiment Not identified 3,03+0,02
Limit value Not more 5

Based on the results of the sensory assessment,
it was established that the test and control samples
have a light color - for the fillet part, and a pale pink
color - for the thighs and other parts with a higher
myoglobin content. The surface of both samples is
evenly covered with a thin layer of adipose tissue,

Appearance

Juiciness

Consistency

which indicates that the chicken can be classified as
1 fattening category. From the side of the abdominal
cavity - the color is pale pink, the blood vessels are
not enlarged, there are no hemorrhages. The smell is
characteristic of this type of meat and category. The
results are shown in Figure 3.

—o— Control

—=— Experiment

Color

Taste

Smell, aroma

Figure 3. Profilogram of meat samples of broiler chickens depending on the form of feeding
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A study on determining the taste and aroma
profile of different parts of chicken was conducted by a
group of experts and it was determined that the chick-
ens of the experimental group had a more pronounced
taste and aroma, namely: for pectoral muscles - 4.8
versus 4.4 in the control sample; for the femoral part -
4.6 versus 4.3 for the control group. The results are
correlated with the fact that the experimental sample
had a higher amount of moisture, which in turn was
a consequence of the higher juiciness of the sample
compared to the control one. The results of the cook-
ing test established that the broth met the parameters
of the State Food and Drug Administration, namely, it
was transparent, aromatic and without sediment in the
form of flakes, without extraneous aroma.

Therefore, the addition of phosphates to the
ration of drinking water contributes to obtaining a
high-quality product with functional and technological
properties.

CONCLUSIONS
The issue of intra-life modification of meat raw ma-
terials and its directed use was and will be relevant

Povarova

both among producers of livestock products and for
producers of sausage and meat products. This is ex-
plained by the fact that currently the quality of meat
raw materials according to autolysis indicators has cer-
tain defects, for example, low moisture-binding capacity
or a high amount of moisture that does not meet the
requirements of DSTU. As a result of the conducted re-
search, it was established that the proposed method of
influencing the functional and technological properties
of poultry meat, namely the use of phosphates in the
process of watering poultry, is effective not only in re-
lation to the health of the bird, but is able to positively
affect its preservation, which is confirmed by microbi-
ological data of research The results of physico-chem-
ical and organoleptic studies indicate that metabolic
processes in the bird’s body allow phosphates to be
utilized and quality to be modified with a significant
improvement in performance.

As can be seen from research, a healthy bird
gives high productivity, and drinking in the specified
way ensures high taste qualities of meat. At the same
time, all of the above contributes to increasing the nu-
tritional value of broiler meat.
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BnnuB pyHKUiOHaNbHOI roaiBni MonoagHsKa KypyaT 6ponepiB M'ACHUX
KpociB Ha sIKicTb i 6e3neyYHicTb M’'dca

H. M. MoBaposa
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Opecbka HauioHanbHa akafeMmis XapyoBUX TEXHOMOFIN

AHortauja. CratTa npucBsYeHa KOMMEKCHIM OUiHLi Mdca KypyaT-OpoinepiB, BMPOLWEHUX 3 BMKOPUCTAHHSAM
(YHKLiIOHaNbHOIro rofyBaHHs, 6e3 [404aTKOBOrO BMKOPUCTAHHS FOPMOHA/IbHUX MpenapaTtiB Ta aHTUMBIOTUYHMX
PEYOBUH, LLIO MICTATbCS B TPAAMLIMHMX KOMBiKOpMax ans Kyp4at. HaBeaeHo AaHi Npo @yHKLiOHANIbHO-TEXHOMOTIYHI
B/JIACTMBOCTI MCa, XiMIYHUI CKNnag, MikpobionoriuyHuii [o6po6yT cMpoBUHM Ta MOPdONOTiYHi 0COBIMBOCTI MATPaHMUX
Tywok. [poBeneHi foCnigKeHHS NoKa3anu BiANOBIAHICTb SKOCTI M'ica BMMOraM CTaHAAPTY Ta MiATBEpAMAN MOro
6e3neky AN BXMUBAHHS
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Abstract. The oil and fat industry is a branch whose development is rapidly gaining momentum in the food industry
of Ukraine. However, it is currently facing new challenges that require solutions at the expense of both increasing
production volumes and finding new mechanisms for technological solutions. The purpose of the article is to
establish the relationship between the appearance of rancidity in vegetable oils and the composition of the main
oxidation products in them - hydroperoxides and aldehydes, that is, to find a way to predict the moment of rancidity
of oils using the peroxide number and/or anisidine number. A tasting commission consisting of 10 people was
formed to carry out the organoleptic evaluation of vegetable oils for the appearance of bitterness. A sensory panel
with a scale of taste variation was developed to study the nuances of bitterness. Oil samples for the experiment
were placed in transparent glass (Petri dish). The article examines the possibility of predicting the appearance of
rancidity by the main indicators of oil oxidation - peroxide and anisidine numbers. During oxidation at 28°C and
access to oxygen, the oils accumulated significant amounts of hydroperoxides (up to 160-180 mmol1/20/kg), but
there was no feeling of rancidity. It has been proven that the moment of deterioration of organoleptic indicators of
oils can be predicted based on the kinetics of oil oxidation based on the data of anisidine numbers. The practical
value of the research is to contribute to the transformation and improvement of the products of the oil and fat
industry, including through awareness of the changes that occur in fats during their extraction, processing and
storage

Keywords: oxidation, rancidity, vegetable oils, anisidine number, aldehydes, peroxide number, hydroperoxides

INTRODUCTION

Currently, the oil and fat industry faces fundamentally
new tasks that are solved not only by increasing pro-
duction volumes, but also require qualitatively new ap-
proaches and new technological solutions. The main
task can be called the production of high-quality and
safe products. Accomplishing these tasks requires a
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deep understanding of the changes that occur in fats
during their extraction, processing and storage.

One of the main problems of deterioration of
the quality and safety of fats is their ability to undergo
oxidative deterioration [1]. This problem is also related
to the appearance of the so-called rancidity in fats that

Demydova, A. (2021). Study of the relationship between oxidation kinetics and deterioration of sensory characteristics
of vegetable oils. Ukrainian Black Sea Region Agrarian Science, 25(4), 89-99.
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have been oxidized for some time. Primary oxidation
products - hydroperoxides do not make a negative
contribution to changing the taste and smell of oils [2],
but their transformation products - secondary oxida-
tion products, including aldehydes, ketones, spits, oxy-
acids, epoxy compounds, etc., have a specific taste and
aroma of their own [3] . Odorous (aromatic) compounds
should be distinguished from volatile compounds, be-
cause the latter are not always characterized by their
own specific smell. Food products of various types
have about 12,000 volatile compounds, but only about
5% of them play a significant role in the formation of
the aroma of these products [4]. They can be perceived
by the human olfactory system if present in concentra-
tions exceeding their odor threshold.

Degradation of edible oil by oxidation during
extraction, processing, storage, and use has long been
recognized as a major problem in the edible oil indus-
try [5]. Oxidation of cooking oil leads to undesirable
taste, smell, loss of nutrients and formation of toxic
compounds. These toxic compounds cause mutations,
aging, stroke, emphysema, heart disease and cancer in
the human body [6]. A particularly low odor threshold
is characteristic of aldehydes, they are the main sec-
ondary oxidation products for vegetable oils presented
on the Ukrainian market - sunflower, soybean, rape-
seed, linseed [7]. Differences in the volatile substances
of edible oils lead to the characteristic taste and smell
of oils and differ significantly depending on the fatty

. Threshold of
Volatile compound perception,
(ROAV) ng/L Soybean
1 2 3
Pentanol 38 115
Hexanol 51 Ll
Heptanol 48 35
Octanol 9.3 41
Nonanol 12 100
Decanol 4.3 ek
2- butanol 350 -

(E)-2-pentenol 1500 -
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Table 1. Main volatile vegetable oils and their perception thresholds

acid composition and other characteristics inherent in
different oils. Essential polyunsaturated fatty acids are
particularly susceptible to oxidation, and their pres-
ence in food products is associated with reduced shelf
life and changes in their sensory perception [8;9]. At
low temperatures, peroxides break down with the for-
mation of secondary oxidation products slowly, and
there may be a correlation between their content and
the appearance of a feeling of bitterness. Most second-
ary products have a low molecular weight and are vol-
atile [10].

These molecules form the aroma of oils and
can be identified using solid-phase microextraction
combined with gas chromatography and mass spec-
trometry (HS-SPME/GC-MS) [11-13]. It should be re-
membered that the method is not exhaustive, that is,
it does not reflect the actual composition of volatile
compounds in a certain product, but their relative con-
tribution. Provides important information regarding
the presence of odorants. Determining the content of
volatiles in fats is a difficult task due to their low con-
centrations, the simultaneous presence of compounds
in ppm (10-6%) and ppb (10-9%) concentrations, and
the fact that odorant molecules belong to different
chemical classes and are characterized by a wide range
of molecular weights [14].

Data on the main odorous vegetable oils, in-
cluding those formed in the oxidation process, are
given in the table. 1.

Content in oxidized oil, ng/L

Sensory characteristics

Linseed Rapeseed
4 5 6

1.96 1.98 Spicy, almondy, malty

23.7 10.17 Grassy
0,84 Rancid, greasy, citrusy
42.8 40.37 Soapy, green, oily, fresh
100 100 Soapy, green, oily, fresh
40.75 171 Floral, orange peel,
soapy, greasy, green, fresh
0.6 0.11 Spicy
Strawberry, fruity,

0.14 0.13 apple
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Table 1, Continued

Content in oxidized oil, ng/L

Sensory characteristics

) Threshold of
Volatile compound perception,
(ROAV) ng/L Soybean
1 2 3
(E)-2-heptenol 88 3.6
(E)-2-octanol 20 4.6
(E)-2-decanol 3,2 10.3
Benzaldehyde 186 1.8
1-heptanol 3590 0.11
1-hexanol 360 =
1-ocanol 73 0.52
Acetic acid 1384 =
Hexanoic acid 3000 -
Neanoeva acid 12 10.96
Dodecanese 5300 -
D-nimMoHeH 718 2.75

Source: Adapted from [15]

All volatile substances are characterized by dif-
ferent perception thresholds. Aldehydes are the main
volatile components of most vegetable oils [16]. Ac-
cording to the data in the table. 1, octanal, nonanal,
decanal, (E)-2-decanal, nonanoic acid exert the great-
est main influence on the feeling of rancidity of veg-
etable oils. Thus, mainly aldehydes affect the specific
taste and aroma of various oils, as well as the change
in their sensory characteristics as a result of oxida-
tion [17]. The low level of hexanal (approximately
5 ng mL-1) as a result of its low perception threshold
is easily distinguished by smell [18].

Among the other volatiles of sunflower oil,
which are present in noticeable quantities, are alco-
hols, hydrocarbons, acids and ketones. Alcohols are
usually formed as a result of the decomposition of
unsaturated fatty acids [16]. 1-octen-3-ol is the main
alcohol of sunflower oil. However, in general, alcohols
are characterized by high perception thresholds, it is
unlikely that they significantly affect the sensory char-
acteristics of the oil [19]. Unsaturated alcohols have a
lower odor threshold compared to saturated alcohols
and, thus, their contribution to the organoleptic prop-
erties of oils is greater [20].

Ketones are formed as a result of the enzymatic

Linseed Rapeseed
4 5 6
1.2 2.46 Greasy, soapy, almond, fatty
- nd Green, nutty, fatty
242 Orange
2.65 1.91 Almond, burnt sugar
0.05 nd balsamic
0.5 nd Green, floral
0.53 Chemical, metallic, annealed
0.26 nd Sour
0.11 0.02 Sour, cheesy
- 9.35 Green, fat
0.15 0.064 Gasoline
1.06 0.38 Lemon, orange

decomposition of polyunsaturated fatty acids during
the degradation of amino acids or the Maillard reac-
tion. The content of ketones increases in the process
of oxidation [8]. For fats, autoxidation and photooxy-
genation, which are caused by the presence of oxygen
in the air, are practically inevitable [21]. Fats always
contain a certain amount of hydroperoxides (already
in the composition of oilseeds), which are susceptible
to decomposition into secondary oxidation products,
including at the stage of extracting oil from seeds, for
example, when obtaining the pulp before pressing, etc.

The term “rancidity” is used to characterize two
different processes: oxidative rancidity caused by the
formation of lipid oxidation products and hydrolytic
rancidity caused by lipid hydrolysis [22]. Oxidative ran-
cidity occurs in fats and oils that contain almost no
water [21].

There is quite a lot of data on the relation-
ship between rancidity and the content of oxidation
products [23; 24]. The impact on organoleptics of the
low-temperature oxidation process has not been suf-
ficiently studied due to its duration and the greater
complexity of such studies. The main volatile oxidizing
compounds formed during oil storage at ambient tem-
perature are partially different from those formed at
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high temperatures [25]. The purpose of the research is
to establish a connection between the formation of a
feeling of rancidity in vegetable oils and the content of
the main oxidation products in them - hydroperoxides
and aldehydes, that is, the search for the possibility,
using the indicators of peroxide number and/or anisi-
dine number, to predict the moment of rancidity of oils.

MATERIALS AND METHODS

The most widespread in Ukraine oils belonging to dif-
ferent fatty acid types were chosen as the object of the
study, and thus, they can differ significantly in terms of
oxidation kinetics and the time of rancidity. The fol-
lowing oils were studied and the initial amount of ox-
idation initiators - hydroperoxides (value of peroxide
number — PM) was determined: unrefined sunflower oil
(DSTU 4492:2005),PM=1.7 mmol 1/20/kg, unrefined corn
oil (DSTU 8808:2003) PM=1.4 mmol 1/20/kg, unrefined
rapeseed oil (DSTU 8175:2015), PM=1.5 mmol 1/20/kg.

The anisidine number was studied according
to DSTU ISO 6885-2002. The peroxide number was
studied according to DSTU 4570:2006. The fatty acid
composition of oils was studied by gas-liquid chroma-
tography according to DSTU I1SO 5509-2002.

To conduct an organoleptic evaluation of veg-
etable oils in order to determine the appearance of a
feeling of bitterness, a tasting commission was formed
in the number of 10 people (5 men, 5 women, aged 23-
60 years), voluntarily included in the group. Commis-
sion members underwent at least 10 hours of training
to determine variations in organoleptic changes in the
process of oil oxidation. A sensory panel was devel-
oped to investigate the nuances of rancidity: “rancid”
was defined as associated with the aroma of long-
life fats with soapy-metallic aromas (minimum fried

potato chips, maximum linseed oil stored for 1 month
with access to oxygen). A 5-point scale was used, with
a variation of 1 — absent (characteristic of sunflower or
other oil without extraneous odors and a taste of bit-
terness), 2 without extraneous odors, satisfactory taste,
but slight bitterness, 3 - slightly sour smell and taste,
4 - sour smell and taste with notes of oxidized oil, 5 -
the strongest (oxidized, musty smell of oxidized oil or
olive oil). The first manifestations of bitterness were
understood to mean “2” on the scale. Oil samples (fresh
without rancidity and those stored for different times)
were placed in a transparent glass (Petri dish), closed
before serving and marked with coded numbers. The
samples were kept at room temperature and analyzed
in daylight. Samples were randomized and tested on
different days.

RESULTS AND DISCUSSION
The most destructive, from the point of view of oxi-
dation, lipids are unsaturated fatty acid components.
For example, the rate of self-oxidation of oleic, linole-
ic and linoleic methyl esters is 1:40:100 [26]. Linoleic
acid is an important precursor of volatile compounds
in edible oils and is readily oxidized to form hexanal,
pentanal, heptanal, and trans-2-heptenal. Oleic acid
is also an important precursor for the oxidation of
volatile compounds, especially nonanal and octane
compounds. The rate of oxidative degradation of lin-
oleic acid is faster than that of linoleic acid and oleic
acid, and linolenic acid is an important source of trans,
trans-2.4-heptadienal, and trans-2-hexenal in the oxi-
dation products of edible oils [27]. Thus, for the correct
interpretation of the obtained data on the rancidity of
oils, it is necessary to establish their fatty acid compo-
sition. The results of the research are given in Table. 2.

Table 2. Fatty acid composition of the studied oils

Fatty acid, %

Soybean 4.5 34
Corn 73 5.3
Linseed 5.9 3.8
Sunflower 6.2 3.5
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Table 2, Continued

Fatty acid, %

Rapeseed 3.8 1.2

Unrefined sunflower and linseed oil contain the
maximum number of unsaturated fatty acids among
the studied oils - sunflower oil linoleic, linseed oil -
linolenic (Table 2).

In order to establish the influence of the number
of hydroperoxides on the organoleptic parameters of oils,
the kinetics of the accumulation of peroxide number in the

200 T
180 T
160 1
140 1
120
100 +
80 +
60 +
40 +
20 L

peroxide number, mmol1/20/kg

2=
C 18

67.2 18.7 8.3 0.8

samples under conditions of access to oxygen at a storage
temperature of 28°C were studied. Measurement of hy-
droperoxides is a general assessment for determining the
oxidation status of oils [28], and significantly more cor-
rect results are obtained at low oxidation temperatures.
On Fig. 1 shows the graph of the kinetics of oil oxidation
according to the change in the peroxide value (PH).

—— Soybean
Linseed
—— Rapeseed
— Sunflower
—— Corn

f f {
100 120 140 160

Duration, day

Figure 1. Kinetics of oil oxidation according to the change in peroxide values
(under conditions of air oxygen access, storage temperature 28°C)

A correlation was observed between the rate of
oxidation and the content of unsaturated fatty acids
(see Table 2 and Fig. 1). Linseed oil accumulates hy-
droperoxides the fastest, corn and soybean oil the
least, which is connected not only with the high con-
tent of linoleic acid (soybean oil), linoleic and oleic
acids (corn oil), but also with the naturally high content

The first signes of bitterness

PM, mmol1/20/kg

Soybean 78
Corn 79
Linseed 45

Table 3. The relationship between the amount of hydroperoxides and the formation of the rancid feeling of oils

Storage time, days

of antioxidants in these oils.

During the study of the kinetics of oxidation
of oils based on the values of peroxide numbers, the
organoleptic commission established changes in the
smell and taste of oils and looked for the first mani-
festations of the feeling of bitterness. The results are
shown in Table. 3.

Significant changes in taste and smell
PM, mmol1/20/kg
161 120

Storage time, days

120 50
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The first signes of bitterness

PM, mmol1/20/kg
Sunflower 65

Rapeseed 18

In our opinion, no correlation was found be-
tween the values of the peroxide number and the on-
set of rancidity of oils. Even with high values of perox-
ide values, the oils did not have a characteristic rancid
smell (soybean, rapeseed oil, etc.), and linseed oil with
low values of peroxide values already significantly
changed the sensory characteristics - the feeling of
rancidity was intense (see Table 3). At the selected
research temperature (28°C), when oxygen is present
in the oils, significant amounts of hydroperoxides ac-
cumulate (more than 100 mmol1/20/kg), which is a
rather rare condition for oils. In most cases, during the
processing or use of oils, high temperatures are used,
which leads to the rapid destruction of hydroperoxides
with the formation of other oxidation products [29].
In the case of low-temperature oxidation, it is conve-
nient to monitor the effect of hydroperoxides on the
formation of the feeling of bitterness. Thus, soybean oil
did not significantly change its taste and smell, despite

25
20
15
10

anisidine number

0 20 40

Storage time, days

Table 3, Continued

Significant changes in taste and smell

PM, mmol1/20/kg
90 150
59 20

Storage time, days

the high concentration of hydroperoxides (more than
150 mmol1/20/kg). These data coincide with the re-
sults of other studies [15].

To establish the influence of the number of oxi-
dation products on the feeling of rancidity, the kinetics
of changes in the anisidine number (AN) of oils were
studied, the results are shown in fig. 2-6. AC is a mea-
sure of the content of secondary oxidation products, such
as aldehydes, a-alkenals and B-alkenals and all com-
pounds that can react with p-anisidine [30]. Those alde-
hydes that affect the result of AH are not volatile, but have
an average and higher molecular weight. However, edible
oils are considered acceptable for consumption when the
pH is below 10 [31]. This indicates the almost absence of
non-volatile aldehydes [32]. Therefore, it would be rea-
sonable to find out how the AP values are correlated with
the organoleptic evaluation data (when low-molecular
volatile aldehydes appear in amounts above the recogni-
tion threshold and a feeling of bitterness appears).

80 100 120

oxidation time, day

Figure 2. Kinetics of sunflower oil oxidation according to the change in anisidine numbers (under conditions of air oxy-
gen access, storage temperature 28°C)

The period of induction of sunflower oil ox-
idation according to ACh data is 70 days. The first
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manifestations of bitterness were noticed at AX=8.88
after 80 days of oxidation.
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30
25
20
15
10

anisidine number

0 5 10 15 20

oxidation time, day

Figure 3. Kinetics of oxidation of linseed oil according to the change in anisidine numbers
(under conditions of air oxygen access, storage temperature 28°C)

The induction period of linseed oil oxidation ac- of rancidity were noticed at AX=6.51 after 7 days of
cording to ACh data is 6 days. The first manifestations oxidation.

35
30
25
20
15
10

anisidine number

oxidation time, day

Figure 4. Kinetics of rapeseed oil oxidation according to the change in anisidine numbers
(under conditions of air oxygen access, storage temperature 28°C)

The period of induction of rapeseed oil ox- manifestations of bitterness were observed at AX=7.43
idation according to ACh data is 18 days. The first after 20 days of oxidation

20
15
10

anisidine number

0 20 40 60 80 100 120 140
oxidation time, day

Figure 5. Kinetics of oxidation of corn oil according to the change of anisidine numbers
(under conditions of air oxygen access, storage temperature 28°C)
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The period of induction of rapeseed oil ox-
idation according to ACh data is 98 days. The first

16
14
12
10

anisidine number

O N M O ®

0 50

manifestations of bitterness were observed at AX=8.48
after 110 days of oxidation.

100 150

oxidation time, day

Figure 6. Soybean oil oxidation kinetics according to the change in anisidine numbers
(under conditions of air oxygen access, storage temperature 28°C)

The period of induction of rapeseed oil oxidation
according to ACh data is 120 days. The first manifesta-
tions of rancidity were noticed at AX=10.59 after 150
days of oxidation. No significant bitterness was detected
during the investigated time interval (170 days).

A correlation is observed between the moment
of exit from the induction period according to the data
of anisidine numbers and the beginning of rancidity
of all the studied oils. The period of induction of oils
according to the anisidine number ends before the
deterioration of taste and smell begins (see Fig. 2-6,

Table 4). For example, for sunflower oil, the first man-
ifestations of rancidity appeared after 80 days of stor-
age (Table 4), its induction period (Fig. 2) was 70 days.

It should also be noted that according to the
degree of oxidation resistance, based on the change in
the peroxide and anisidine numbers, the oils can be ar-
ranged in the following series (as stability decreases):
soybean oil>corn oil>rapeseed oil>sunflower oil>lin-
seed oil. There is a correlation between the oxidative
instability of oils and their content of unsaturated fatty
acids.

Table 4. The relationship between the value of the anisidine number and the deterioration of the sensory
characteristics of the studied oils

The first signes of bitterness

AP, y.o0.

Sunflower 8.88
Soybean 10.59
Rapeseed 743
Corn 8.48
Linseed 6.51

It should be noted that in all samples there is no
sharp increase in AC, which is associated with the low
temperature of oil storage and the absence of rapid
destruction of peroxides (Fig. 2).
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Storage time, days

Significant changes in taste and smell

AP, y.o0. Storage time, days
21.42 120

26.87 50

14.53 150

24.25 16

At the end of the studied oxidation interval,
the number of aldehydes decreases (Fig. 2-6), which
is probably related to their transformation into other
oxidation products.



CONCLUSIONS

According to the set goal, the article investigates the
relationship between the formation of the feeling of
rancidity in vegetable oils and their content of the main
oxidation products — hydroperoxides and aldehydes.

The level of oxidation of fats and oils, as well
as the accompanying formation of off-flavors, is ulti-
mately assessed by the senses. However, sensory eval-
uations are resource-intensive and cumbersome to
perform (need to create tasting panels to rule out sub-
jective errors, etc.). To avoid these drawbacks, an array
of chemical tests is often used to monitor the progress
of lipid oxidation. These include peroxide content (PC),
anisidine value (AC), iodine value (IV), thiobarbituric
acid (TBA) value, and levels of conjugated dienes (CD)

Demydova

and hexanal (Hex) produced during oxidation. In order
to reduce the number of necessary studies for predict-
ing the moment of the formation of the feeling of ran-
cidity, the article establishes a correlation between the
kinetics of oxidation of oils according to peroxide and
anisidine numbers and the moment of deterioration of
their organoleptic indicators. It has been proven that
the content of hydroperoxides does not affect the for-
mation of the feeling of bitterness - even with high per-
oxide numbers of the studied oils, they did not change
their organoleptic characteristics. It has been proven
that using the kinetics of the change in the anisidine
number, it is possible to predict the moment of rancid-
ity of oils. Bitterness occurs after exiting the induction-
period according to the kinetics of anisidine numbers.
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Oocnip)keHHS 3B'A3KY Mi)XX KIHETUKOIO OKUCHEHHS Ta
noripweHHSAM CeHCOPHUX XapaKTepPUCTUK POCTUMHHUX OJ1iN

A.O. lemupoBa
KaHonpaT TexHiyHmi Hayk, goueHT, ORCID ID: 0000-0002-4714-3450

HauioHanbHMI TEXHIYHUI YHIBEPCUTET «XapKiBCbKUIM NONITEXHIYHUI IHCTUTYT»

AHoTauijg. Y cTatTi ocnigkeHo MOXIMBICTb nepenbavyeHHs MosiBM BigyyTTs 3ripKHEHHS 33 OCHOBHMMM MOKAa3HMKaMu
OKMCHEHOCTI 0fli — NEPOKCUAHUMM Ta AHI3MAMHOBUMK Ymcnamu. ig yac okncHeHHs npu 28°C Ta 4OCTyNi KUCHIO onil
HaKOMMUyBanu CyTTEBI KinbKOCTi rigponepokcunis (ao 160-180 mmonb1/20/kr), 0foHaK He 39BNSNIOCh BiAYYTTS 3ripKHEHHS.
[loBeneHo, Lo Mo KiHETULLi OKUCHEHHS Of1iF 33 AaHUMM aHI3iAMHOBUX YMCEN MOX/IMBO NepeadaYeHHS MOMEHTY MOTipLUEHHS
OPraHONENTUYHMX NOKA3HMKIB ONilA
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INTRODUCTION

The current situation of elevator complexes is un-
satisfactory, both in terms of storage infrastructure,
in which more than 40% need adapted for storage
and transportation of grain in warehouses [1], and in
terms of technology, in which elevator lines are pro-
vided with obsolete equipment that requires repair or
outdated method of organizing the management of
equipment to ensure the transportation of grain prod-
ucts.From this situation it becomes obvious that there
is a shortage of capacity of technological lines of the
elevator complex.

Modern methods of ensuring the transportation
of grain products in the elevator complex is based on
industrial controllers compatible with personal com-
puters, electronic computers and software, which to-
gether create an automated process control system [2].
Compared with relay control systems for grain trans-
portation routes, the automated system is complex,
which is characterized by the presence of a common
functional purpose in all elements of the system, the
systemic nature of the implemented algorithms for in-
formation exchange and processing; the presence of
functional subsystems [3].The main advantage of us-
ing these components in the enterprise is the ability to
develop new advanced technological systems and cre-
ate new more efficient technological processes [4], but
the organizational and functional structure of elevator
complexes remains unchanged, and hence the quality
of technological process of grain transportation. does
not change [5]. Due to the fact that volumes and needs
are always increasing, the question arises in improving
the efficiency of processes under the same conditions
with possible small changes associated with modern-
ization, optimization and other improvements.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS
The introduction of an automated system in the ele-

vator control process can be performed on the basis of
the old relay control system, replacing old relay con-
trols with modern microprocessor controllers, sensors
and leaving the original automation elements (mag-
netic starters), using the already established cable line
system [6].

Tymchuk et al.

The main advantage of the automated system
is the automation of the process of laying the route of
transportation of products through the elevator com-
plex, which is not only easier several times, but also
becomes more efficient and productive. The elevator
can work simultaneously with several technological
operations, which will form 6-7 routes, during which 2
crops are accepted, 2 are shipped and 2 are transported for
drying [3]. This increases not only productivity, but also
the rational use of all equipment, which also reduces
energy consumption. Indicators of energy consumption
of the processing process per ton of grain in the eleva-
tor with an automated control system is —= 7 kW, com-
pared with the outdated control method - 12 kW [7].
The new possibility of paving the route also affects the
speed of loading vehicles with products. For example,
the loading speed of a car with an automated control
system is 10-15 minutes, compared to outdated control
methods, from 40 to 120 minutes [8].

The use of automated control of equipment
and automation elements gives this system the op-
portunity to increase profits by generating additional
profits or equalize the quality of the grain batch for
export, by drawing up the necessary terms of reference
and changes in the control program for grain routes [9].
In order to generate profit, it is necessary that the grain
be of the required export quality, and for this it is often
necessary to artificially mix different batches. With the
help of an automated control system to equalize the
quality of grain for export has become more efficient -
90% of the total volume, compared to previous eleva-
tor control systems in which this opportunity was only
30% [10]. An automated system that provides control
of the technological process in the elevator, is a com-
plex system and belongs to the class of complex func-
tional systems. This system is characterized by a large
number of electronic elements that are united by a
common goal, the systematic implementation of algo-
rithms for exchanging and processing information, has
a large number of functional subsystems. Considering
the process control systems at the elevator, it is seen
that the modern development of automated control
systems is based on the use of serial basic controllers,
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sensors that can be combined with personal comput-
ers and software controllers with system programming
support, which allows you to create an efficient system
control [3].

Since the process of managing the technologi-
cal process of the elevator is continuously linked to the
process of moving grain products, providing transport
routes, we provide the technological process of process-
ing grain products, the quality of which also depends on
the correct route of movement, so this process is one
factor in achieving efficient production process.

The aim of the article is to evaluate the auto-
mated control system of the elevator complex in order
to determine promising ways to improve the quality
of grain products in terms of automation of the tech-
nological process and methods of its organization and

PRESENTING MAIN MATERIAL
In practice, the provision of process control, namely the
provision of control of technological routes of trans-
portation can be provided in several ways. The first is
based on special software that communicates with sen-
sors and actuators using a personal computer [11,12].
This method has a low cost of technical means and has
a sufficient level of unification of the technological pro-
cess, in comparison with relay control systems or the
use of special equipment controllers.This method of
transport route management has the ability to change
and make any changes to the transport route of the
operator on the workplace, without the involvement
of specialists and service personnel, which is typical
for the scheme of partial remote control (Fig. 1). This
scheme is based on the hardware algorithm for im-
plementing the process of control of the technological

management. process of processing at the elevator complex [13].
< LZS
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i LKZ
Measuring level
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Lz o
— .
Measuring
v v instruments PA, PW
. A
Telephone radio Electrical devices of
communication automation elements
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¥
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Figure 1. Scheme of partial remote control: LKZ - line of control of loading of the equipment;

LZS - the line of the return alarm system; L
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However, the cost of this system still remains
high due to the cost of software and its maintenance,
which leads to the next negative factor - the need
for highly qualified professionals and the probable

PC operator + SCADA

dependence of the customer on them [13-15]. To en-
sure the solution of the problem of elevator automa-
tion, the following structural scheme of enterprise
management is used (Fig. 2).

Shield with prodrammable
logic controller

frTrTrTRTTTETET I PTIT T pI T

S

Data collection and control
devices

\4

A

A\

Sensors alarms, control posts

! P
| m: |eo
. mg, foe

ED equipment

\4

I

i

A\

S

Noria ED current sensors .

ED equipment

4]

\

il

devices

Data collection and control

ED equipment

I

\4

L,

il

Figure 2. Block diagram of the automated process control system at the elevator

All equipment of the elevator automation sys-
tem can be divided into groups, the combination of
which in turn leads to the appearance of the main
units that provide remote control. The modular-block
principle of construction allows you to easily upgrade
the system and, if necessary, add new elements to it,
gradually covering additional areas of production [16].
Equipment groups include: sensors and alarms for in-
formation collection; starting and regulating equip-
ment; devices for remote data collection and equip-
ment control; programmable logic controller and
system-SCADA. The block diagram (Fig. 3) shows the

main control units, control board, board with program-
mable logic controller, operator’s workplace based on
SCADA-system. This distribution of roles between the
elements of the automation system increases the pro-
ductivity and reliability of the system in comparison
with classical elevator control solutions [17].

The power control board (control panel) con-
tains starting control equipment, current sensors
and controller modules, so-called remote collection
and control devices. He is responsible for the supply
of electricity to the electric motors of the equipment,
protection of equipment from overloads and short
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circuits; electrical circuit interlocks; reception of input
signals from sensors; ensuring the possibility of local
equipment management.

The board with the programmable logic control-
ler (PLC) provides control of the equipment of a power
board by means of the digital interface.lt plays a major
role in providing automation in the elevator system.He
is responsible for the main part of the algorithms for
control and protection of equipment.

The use of PLC and power shield is responsible
for performing many operations, namely [17,18]:

- blocking the possibility of including transport
equipment by the operator in the wrong sequence;

- automatic sequential switching on of equipment with
time delays to reduce the shock load on the power plant;

- automated supply of grain in the tank of the grain
dryer;

-protection of technological and auxiliary equip-
ment from inadmissible operating modes;

- emergency alarm system in case of malfunction of
technological and auxiliary equipment;

- emergency alarm system in case of malfunction of
automation equipment;

- automatic stop of a stream at filling of capacity of
storage of grain;

- automatic delayed stop of the transport equipment
of the route after the cessation of product supply in order
to remove grain residues from conveyors and burrows;

- the emergency warning alarm system on granary
about remote start of the transport equipment.

The SCADA system is a common system used
in automated control processes, so complex and large
systems, such as used to control power plants, and
smaller ones are used for industrial automation, this
system can also be adapted to other processes. The
main advantage of this system is the awareness of
the operator, it can provide the necessary information,
which is collected throughout the production in real
time [19,20].

In [13-16] were analyzed and described an au-
tomated control system using the SCADA system to
perform the process of controlling transport routes,
and presented control algorithms in the form of a sys-
tem of equations, as the SCADA system is a container of
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various functional elements responsible for perform-
ing relevant tasks.Performing their management and
using their initial data on the results of the techno-
logical process, as well as the possibility of synchronous
exchange of information data with electronic resources
(archives, databases), it creates efficient operation
and a high level of unification of automated control
system [19].SCADA is a software system that is pro-
grammed in a specific programming language for the
elevator complex, ie it prescribes the entire technolog-
ical process of grain processing and ensuring the con-
trol process occurs by using control signal algorithms
for logic controllers of the system.As in software-based
control, the SCADA system also makes it possible to
route and change the transport route at the operator’s
command, without handing it to programmers during
the process.However, as in the first case, this system
has a high cost both in the process of installation and
maintenance, so it is mainly used in newly built ele-
vator complexes, but this system is still widely used.
The application of this method of providing transport
routes for the movement of grain products, although fa-
cilitated in operational terms for operator work, but in
technological terms, this possibility is a complex process
that involves the interaction of many elements of the
control system.The process of routing on the elevator
complex by the SCADA system is performed by dividing
the entire technological process into functional groups
that have appropriate control algorithms. The process of
moving the grain flow can be divided into the following
groups, which perform the control process [13]:

- the first functional group is the transport mech-
anisms: conveyors, conveyors, norias, which first of all
move the grain to the front or back, but to ensure this
process, the system must take into account the control
of condition, overload, speed, direction of transport,
while receiving information about the state previous
mechanism;

- the second group includes granaries: bunkers
and silos, which provide the technological process
by opening and closing latches, but to ensure a given
operation, the system also takes into account the in-
formation about the level of storage, the position of
latches and the state of the previous mechanism;



- the third group of elements includes guides that
move only forward or backward, but as in previous
groups to perform their functional purpose, the system
takes into account the position of the guides, informa-
tion about the level of filling and operation of the pre-
vious mechanism;

- the last group is the unloading cart which carries
out movement in front and back and at achievement of
the necessary place opens or closes the valve.

These conditions are used to control the transport
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and technological routes of the elevator, based on the
SCADA system, which are prescribed by modern gen-
eral programming languages in the form of systems
of logical equations that form a signal to control the
elements or all equipment of each group.

The internal structure of the automated system,
as mentioned earlier, consists of subsystems that are com-
bined for one purpose, so this route management system
consists of subsystems, which are presented in Fig. 3,
the functions of which follow from their name [21].

A

Subsystem for

Status control, start and

Operator - the formation of » stop operation of the
transportation routes route
v
Automatic control
of equipment
v i condition
Information

subsystem Y

Equipment,

Sensor  <—| actuators of <
mechanisms

Fig. 3. The structure of management of transport and technological routes of the elevator

Considering this system, we can say that all the
above subsystems are interconnected and form a sin-
gle functional system, but before its formation, each
subsystem is developed as a separate functional unit,
which allows alternate and phased implementation of
systems in the elevator control process [1]. Also, based
on the specified structure of the control circuit,you can
pay attention to the fact that the control process takes
place in automatic and automated mode at the same
time, where automatic control is carried out by trans-
ferring functional data between subsystems: automatic
control of the condition of the equipment, executive
elements of mechanisms and sensors, thus opera-
tions are provided: transfer and reading of the infor-
mation of a condition and position of the equipment;

preventing the stoppage of the transportation process
due to an unplanned situation, due to the functional
processes of the security system; transmission of start
and stop commands; recording information on the
course of the technological process. And automated
control is involving subsystems of formation and con-
trol of the transport route and the operator through
the above subsystems, while providing the process of
forming commands to start and stop the Considering
the structure of the system of transport route, indicat-
ing the start and end automated control of transporta-
tion routes, point of the route, the ability to adjust and
you can see the algorithm of the process of change
the route [2,13]. laying the route, which is presented
in Fig. 4.
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Fig. 4. Algorithm for laying the transport route at the command of the operator

From this algorithm and the structure of the
automated control system follows one of the main
conditions for routing and operation of the control
system, which is the need to program each control de-
vice equipment separately (troughs, conveyors, valves,
valves and silos) and all control sequences, engineers
program and describe all possible routes using and
taking into account all the mechanisms that may be in-
volved during transportation [22]. With the operator’s
command, the construction of the transportation route
is performed by selecting the first free route from the
pre-programmed, and performing all accompanying
operations. Based on this condition, to build alterna-
tive routes, engineers also need to program alternative
transportation routes that are needed during emer-
gencies, because the programmable transportation
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system is not designed for reconfiguration during
management. Examining the automated route and its
management process, it can be noted that the problem
of choosing and building a grain transportation route
compared to the previous century is solved, but no one
paid attention to the quality of these routes in terms of
efficiency, productivity and economy.

Considering modern methods of managing the
technological process of transporting products at the
elevator, we can say that the means of implementing
the technological process are divided into the first and
second class of tasks, which in the first case are imple-
mented through the use and implementation of soft-
ware 1C, and in the second case with more complex
and modern SCADA system, which can also be used in
the first case.The implementation of the tasks of the



second class is carried out with the help of special
equipment, which requires information and character-
istics of the technological process and scope [21].

Today, the tasks posed by the technological
process of the elevator are performed by systems that
specify standard and nonstandard tools. These tools
operate locally and form a single automated manage-
ment system that reduces or fully compensates for
the shortcomings of these tools, thus increasing the
efficiency of the management process. The modern
method of laying and ensuring the process of transpor-
tation of grain products through the elevator is based
on standard and non-standard means of ensuring the
technological process. As a result, the control system is
characterized by the presence of actuators and equip-
ment for transportation and electronic equipment:sen-
sors, programmable controllers, software with support
for programming - SCADA systems, etc. [3], however,
paying attention to the modern organization and func-
tional structure of the elevator complex, it becomes
clear that the automated system remains unchanged,
and therefore the quality of control of the technolog-
ical process of transportation of grain products also
does not change [5].

Improvements in technological processes at el-
evator complexes, in recent years, have been carried
out by solving and improving certain tasks of the auto-
mated system.Such tasks include the processes of im-
proving the quality of grain, using methods of cleaning,
drying and storage, in which some progress has been
made, through full automation of these processes,
namely the use of additional elements that monitor
product parameters during processing and parameters
of the process, humidity, etc.), providing information to
the operator, reducing the probability of its error [24].
Steps have also been taken to improve the process con-
trol of equipment used in the process, and many other
improvements have been made that have improved
the conditions for the tasks of the automated elevator
control system, but there are still some problems that
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are still unsolved. In the current elevator complexes
and their control systems, the issue of routing remains
open, or rather the process of forming the grain transpor-
tation route, as the modern automated control system
does not meet all modern conditions required of the
elevator complex [23,24]. This results in the unsolved
problem of managing transportation at the reception
and shipment of grain, which consists in confusing the
route due to human intervention and maintaining the
required performance at high elevator capacity and the
flow of incoming products.

CONCLUSIONS

Automated elevator control system, which covers many
functions to ensure the technological process, insuf-
ficiently implements the task of laying the route of
transportation of grain products, which leads to losses in
economic and quality areas of production. The trans-
portation process is the result of automatic selec-
tion from the database of the first free route, which
was preprogrammed by the engineer without taking
into account certain criteria. Due to the fact that all
constructed routes will not take into account certain
conditions and requirements that would ensure the
improvement of indicators, these conditions should
be the criteria for optimization. Algorithms for con-
structing a transportation route are not optimal for the
technological process, as they do not take into account
certain criteria that would help them improve the
transportation process (minimum energy consumption,
transportation efficiency, route length, transportation
time, grain quality (minimize loss and combat), equip-
ment condition, etc. .).

As a result, the system does not provide a ra-
tional and productive transportation route in terms
of productivity and quality. The problem of improving
control algorithms in the direction of optimization of
technological processes of the elevator taking into ac-
count many criteria is relevant, the solution of which
will improve the quality of grain products.
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AHoTauif. Y cTaTTi BUCBIT/IEHO pe3ynbTaTi aHani3y TpPaHCMOPTHO-TEXHOMOTIYHNUX JIiHIM Ha eneBaTopi, Ki 3abe3neyeHi
aBTOMaTM30BaHOK CUCTEMOK YNPaBNiHHS LN BU3HAYEHHS NEepCnekTUBHUX HANpsSMKIiB MiABULLEHHS SKOCTi 3epHa,
3 TOYKM 30pYy OpraHi3alii TexHoMoriYHoro npouecy. NpoaHani3oBaHO CTPYKTYPHY CXEMY YMpPaBAiHHSA Ta afirOpUTM
NPOKNafAaHHA MapLIpyTy pyXy 3epHa 3a 3afaHWMM KoopAMHaTaMu. BU3HaueHo ofMH i3 HanpsAMKIB NiABULLEHHS Ta
BAOCKOHA/NIEHHS TEXHONONYHOrO NPOLLeCy Ha eneBaTopi, SKU NONAra€e y BAOCKOHANEHHI aNrOpUTMIB KepyBaHHA 8
HanpsAMKy ONTMMi3aLii TEXHONOrYHMX NPOLLECiB eneBaTopa 3a 6aratbMa KpuUTepiaMu (MiHiManbHe eHEProCnoXMBaHHS,
MiHiManbHa 60poTbba 3epHa, MiHiMaNbHWUIA Yac TPAHCMOPTYBAHHSY), MOKA3HMKM KOCTI NPOAYKLi

KntouyoBi cnoBa: TpaHCNOPTHO-TEXHOMOTIYHA NiHis, cuctemMa SCADA, gKicTb 3epHOBOI NpoayKLii, Kputepii onTuMizadii,
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