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THEORY OF PROJECT PREPARATION OF AGROENGINEERS ON THE BASIS
OF SCIENTIFIC WORK ON THE DEVELOPMENT OF AGRICULTURAL
MACHINERY
Candidate of Technical Sciences, Associate Professor Viktor Pryshliak
Ukraine, Vinnytsia National Agricultural University
viktor.prishlyak@i.ua
Summary. The conducted scientific researches on the theory of project preparation of agroengineers are based on scientific
research on agricultural engineering which were based on regulatory documents, including the Law of Ukraine "On Higher Education",
which states that the educational process is an intellectual, educational and scientific activity, which is being carried out in institutions of
higher education through a system of scientific and methodological and pedagogical activities. The study of the influence of cross-cutting,
scientifically substantiated sequencing and step-by-step pedagogical technology of training on the formation of readiness for future activities
of future specialists in agroengineering was conducted. In a scientifically substantiated system of cross-cutting design of technical means of
mechanization, the key stage is the implementation of a professionally relevant for agroengineer coursework on agricultural machines,
which students perform at the 3rd year of study at the university. In these scientific studies, the readiness of a future specialist in
agroengineering to design and research activities was assessed by motivational-value, cognitive-educational and activity-practical criteria.
KEYWORDS: PROJECT TRAINING, PROJECT ACTIVITY, TOTAL AMOUNT OF KNOWLEDGE, FUTURE AGRICULTURAL
ENGINEER, THEORY, AGRICULTURAL MACHINERY.
Introduction.
The Law of Ukraine "On Higher Education" (Article 47)
states that the educational process is an intellectual, creative activity
in the field of higher education and science, which is being
implemented in institutions of higher education (IHE) through a
system of scientific and methodological and pedagogical activities
[1] . The training of future agroengineers in IHE is based on the
formation of professional competences in a harmoniously developed
personality capable of solving the tasks of production activity. The
educational process in IHE is carried out in the following forms
(Article 50 [1]): training sessions, independent work, practical
training, control activities. The main types of training in agricultural
institutions of higher education (AIHE), as well as in others, are:
lectures, laboratory and practical classes, consultations. The main
participants of the educational process are the scientific and
pedagogical workers and the applicants of higher education.
According to the Law of Ukraine "On Higher Education", scientific
and pedagogical workers are those who, in their main place of work,
conduct educational, methodological, scientific, technical and
organizational activities. In their professional activity, the scientificpedagogical staff of the AIHE chooses methods and means of
training aimed at ensuring the high quality of training of
agroengineering specialists. Scientific and pedagogical workers are
obliged to provide teaching of disciplines at a high scientific and
theoretical level, to conduct scientific activities in the IHE. Students
who study in IHE have the right to participate in research,
development and scientific works, scientific conferences,
symposiums, exhibitions, competitions, publish their works in
Ukraine and abroad [1]. Scientific, scientific and technical and
innovative activities are a necessary and integral part of educational
activity. The subjects of scientific and technological innovation
activity are scientific-pedagogical workers of IHE, employees of
enterprises that cooperate with educational institutions and, of
course, students. The main purpose of scientific and technical
activity is to obtain competitive innovative results of theoretical and
experimental research and development aimed at the creation and
introduction into the educational process and production of new
technologies, machines and equipment for agricultural production,
training of specialists in accordance with socio-economic needs.
Prerequisites and means for solving the problem.
New standards for higher education include significant
changes in the objectives and tasks of training agroengineering
specialists. In this context, the design training of future specialists in
agroengineering has a dominant role. In [2] presents basic
components forming readiness for project activities by an
agroengineer as a specialist who has combined skills in physics and
mathematics, general and special units and general and professional
competence who should have bachelor specialty 208
"Agroengineering." For example: to design equipment and
equipment for production areas, agricultural machines, their knots,

mechanisms, various connections; carry out standard design
calculations of knots and machine parts and non-standard
equipment; rational assembly of machine aggregates in existing
production lines of plant production and livestock production; to
determine the technical condition of tractors, cars and aggregates of
complex equipment [2], to optimize transport processes, etc. There
are also [2] presented the results of studies on the role of physical
and mathematical education to the general and professional
competencies of future agroengineers and impact of educational
activities of teachers preparing students for the project.
General questions of the theory of design training were
studied by: Bryukhanova N.O. [3], Kolesnikova I.A [4],
Gorchakova-Sibirskaya M.P. [4], Nychkalo N.G. [5], Skyba M.E.
[5], Anishchenko O.V. [5] and others. The theory, methodology and
practice of design training for agroengineering, including in view of
the design of agricultural machinery, were studied and investigated
by: Bendera I.M. [6, 7, 8], Duganets V.I. [9], Pryshliak V.M. [2, 10]
and others. Also, to the questions of improving the methodology of
preparing future engineers are devoted the works of A. Asherova, O.
Kovalenko, M. Lazareva, D. Chernilevskogo, P. Yakovyshina, and
the methodological aspects of the future of agroengineering have
been reflected in the scientific researches of I. Buzika, A. Demina,
S. Daukilasa, A. Esaulova, P. Luzana, V. Manka, I. Palamara, S.
Pastushenko, V. Yaroshenko, transformation of independent
educational activity into readiness for professional self-development
by means of technologies of personally oriented education - is
reflected in the monograph Bondar M.N, Zhuravsky L.M.
Ostapenko E.O., Pryshliak V.M, Kutsenko A.G. [11].
Solution of the examined problem.
The theory of project preparation for agroengineering is based on
scientific research on agricultural engineering and it involves crosscutting of knowledge, scientifically based sequencing and step-bystep achievement of the goal. At the final stage of training in the
Agricultural Institution of Higher Education for agroengineers, it is
very important the implementation and successful defense of the
diploma project. It is important that the graduation project is related
to real agricultural production. This would ensure the introduction of
the latest developments in technological processes, and it would
promote the development of the agro-industrial complex and
increase the welfare of people.
Growth of the gross collection of grain, root crops,
vegetables, fruits, berries and other types of agricultural products is
possible only on the basis of intensification of agro-industrial
production, what is meant by the growth of volumes of harvest as a
result of more productive use of cultivated land due to the
application of new high-tech equipment and competitive
technologies, that is, obtaining from the same areas more products,
of better quality and with less costs production resources. Intensive
crop growing technologies are based on the industrialization of
production, a solid technical basis. Industrialization involves
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masses, specialization, cooperation, rhythm, standardization,
complex mechanization, electrification and automation of
production.
The level of mechanization of production processes in
agriculture in Ukraine is on average 80 ... 85%. It is especially low
in horticulture, vegetable growing, household management. In
addition to the insufficient level of mechanization in crop
production, it is necessary to indicate low performance indicators of
technical means. Thus, the coefficient of readiness of the means of
mechanization of domestic production is on average 0,87 ... 0,92,
and the coefficient of their use varies from 0,4 to 0,6. In fact, the
period of operation of individual machines in crop production before
carrying out repair works is 1.4 ... 1.5 times lower than normative.
The low level of reliability of equipment for the mechanization of
plant growing is due not only to its structural imperfection, but also
to the technology of manufacturing machines, the correctness of
their operation. Therefore, the development and production of
competitive technical equipment for agricultural enterprises,
especially the level of mechanization is low, the scientific training
of agro-engineering specialists is still an unresolved problem and
requires profound fundamental research.
In a scientifically based system of cross-cutting design of
technical means of mechanization, the key stage is the
implementation of a professionally meaningful agroengineer course
project on agricultural machines, which students perform at the 3rd
year of studies at the university. In these research studies, the
readiness of a future specialist in agroengineering to design and
research should be evaluated by motivational, cognitive, cognitive,
and operational-practical criteria, although some scholars use other.
By studying the main tasks of the future specialists in
agroengineering, one can conclude that the highly professional and
competent performance of their production functions requires a
creative, creative approach, and professional activity can bring
significant results only if it closely cooperates with science and
widespread use of its results.
It is known that designing is one of the leading forms of
human creative activity. As a rule agroengineering designing
involves the creation of a new agricultural object with predefined
parameters. It is based on forecasting, planning, research, scientific
and technical developments, decision-making, which are reflected in
the design documentation, models, laboratory facilities, designs of
agricultural machines. Agrotechnical designing is a special type of
project activity, as it touches on very changeable soil-climatic and
weather conditions, not always sufficiently developed infrastructure
and service and storage of agricultural machinery. Today,
agrotechnical design is defined as a creative, labor-intensive and
science-intensive process, the result of which is an individual or
team project that is created by a person or a creative team for
themselves or custom and implemented in real agricultural
production.
Some scientists define agrotechnical design at the same time
and as a goal and as a means that performs certain functions and
roles in the professional activity of a specialist in agroengineering.
Designing activates development of creative abilities of
agroengineering, promotes realization of individual personal
approach to project activity, allows to take into account the actual
needs of agricultural production and the ability and competence of a
trained specialist. Designing at the stage of preparation of
agroengineering activates the formation of his/her agrotechnical
thinking, promotes the practical development of design and research
skills, ensuring the improvement of intellectual culture and
professional competence of a specialist.
In defining the essence of the design and research activities
in general and the development of a specific project of agrotechnical
innovation in the context of this scientific work, they adhered to the
fact that scientific activity is a creative process of joint operation of
two or more subjects aimed at finding a solution to the actual
problem or problem, in the course of which a new technology or
agricultural machine is being developed on the basis of costeconomic values and conclusions of agrotechnical practice. As a
subject of design and research, a specialist in agroengineering must

be able to: analyze the initial data and identify the need for carrying
out design and research activities for the implementation of
agrotechnical innovations, to be able to formulate design and
research tasks, plan research, carry out design and research, evaluate
the results of the researches.
Readiness for design and development is considered a
complex of qualities of a person, necessary for him to perform the
functions of the subject of this activity. An analysis of literary
sources has shown that the approaches to the choice of criteria for
evaluation by researchers are different. For example, some
distinguish four groups of important professional qualities of a
specialist or components of his readiness for productive activities,
namely: motivational, cognitive, indicative and operational. We
chose three, which combine many related criteria. We will partially
analyze some of them.
Participation of a student in research activity, along with
other factors, contributes to the development of the motivational
component of forming the readiness of a future specialist to perform
production design functions. If, as a result of the respondents
'survey, it turns out that scientific activity on the development of
agricultural machinery does not make sense, that is, participation in
it is not perceived significantly, weighty, attractive to the individual,
it means that so far it has not been possible to interest the admiration
of students' science and need to look at the pedagogical techniques
and methods that would eliminate such a disadvantage.
Indicators of the level of motivational-value criterion of
readiness are: interest in learning methods and activity of
participation in design and research activities, independence in
choice and persistence in overcoming difficulties in solving design
and research problems, activity in self-development, aspiration to
learn, mastering more than predicted by the training programs.
The cognitive-educational component of the readiness of an
agroengineering specialist to perform design functions is a set of
knowledge, concepts, skills and competences that are necessary for
a specialist to set and solve design and research tasks in their
professional activities. Indicators of the level of cognitiveeducational readiness for design and research activities are:
understanding of the role and importance of resolving design and
research tasks in the professional activities of a specialist in agroengineering; knowledge of the types of design and research tasks of
the agro-industrial complex, which are solved by experts in AI in
their professional activities and methods and methods for their
solution; knowledge of requirements for research projects and
programs; knowledge of methods for solving design and research
problems and the conditions of their application.
The operational and practical criterion of mastering the
design-oriented technology of agroengineering training, forming its
readiness for the project activity is characterized by the presence of
students with the general special training in the design of
agricultural machinery and other professional competencies for the
implementation of general engineering and special functions of
technical activities in the agro-industrial complex. The operational
and practical criterion of the professional design competences of the
future agroengineer reflects, first of all, the ability to perform
calculations based on the methodologies of higher mathematics,
general engineering disciplines such as theoretical mechanics,
mechanics of materials and constructions, the basics of engineering
methods of calculations for durability and stiffness, theory and
calculation of agricultural machines. That is, the level of
development of activity-practical criterion evaluates the readiness of
the future specialist to conduct analytical, general engineering and
special (professional) calculations and, in general, to perform the
functions of the project activity.
Important in the formation of readiness for project activities
of the agroengineer are learning the basics of calculating design and
construction mechanization for crop improvement and
modernization of both the business and the factory facilities.
Therefore, the typical curriculum for the training of agroengineers is
provided for the completion of course work on discipline
"Agricultural Machines" [12]. In general, coursework consists of a
settlement and explanatory note and a graphic part. It is believed
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that course work is executed at a high level if it uses the basic
provisions of the methodology of scientific research in the field of
mechanization of agricultural production. The results of the
conducted research showed that the implementation of this work
contributed to consolidating, deepening and generalizing the
knowledge of students from agricultural machines and general
technical disciplines. The feature of this course work is that the
student independently on the basis of the identified drawbacks of the
implementation of technological processes of plant growing
improves existing or developing of a new machine or technical
device. To do this, he studies the accumulated historical experience
of designing technical means of mechanization on the theme of
course work. During the work the design of the working bodies,
systems, mechanisms of the drive and control is developed, the main
dimensions of the details under which the drawing is executed are
calculated.

Fig. 1. Algorithm of through system of course designing of
agricultural machines
As we see from Fig. 1 settlement and explanatory note of the
course work on agricultural machines contains: title page, content,
introduction, the main part (5 - 7 chapters), conclusions and
recommendations, list of sources used, annexes [12]. The bulk of the
course work consists of sections, divisions, items, and, possibly,
sub-items. The sections of the main part include: analysis of
economic activity, review of literature on the topic and the choice of
development directions, theoretical analysis and presentation of
research results, justification of the structural and technological
parameters of the proposed design, calculation of nodes and parts
for durability, peculiarities of machine operation under extreme
conditions, possibility for a further development of a laboratory test
bench or device, a feasibility study. At the end of each section are
formulated concise conclusions.
The introduction substantiates the relevance of the topic, the
purpose and objectives of a course work.

The first chapter reveals the technology of growing
agricultural products, the state and efficiency of the use of technical
means of mechanization for the type of a farm chosen by the
student.
The second section presents the results of the patent search
and review of literary sources, which describe the design schemes of
machines, implements or devices, and proposes a schematic diagram
of the machine being developed, its structure, principle of operation,
adjustment, etc. [12].
For example, we present the elements of the developed basic
scheme of a 4-row potato harvesting combine (Fig. 2), which
consists of a platform 1, a disk 2, a main elevator 3, a conveying
screw 4, an elevator 5, a removable conveyor 6, an intermediate
conveyor 7, potato separator 9, canvas 10, bucket conveyor 11,
bunker 12.
The work of the potato harvester is carried out as follows.
During the movement of the aggregate in the field on which the
potato pods were previously cut and, in the presence of weeds, the
lumber-tree 1 cuts the layer of soil of the four adjacent rows, and the
trench disks 2 cut off the bubbling zone on both sides. The cut and
buried layer rises, and enters the main elevator 3, which is
distributed along its canvas.

Fig. 2.Functional scheme of the combine:
1  laity; 2  disk; 3  main elevator; 4  narrowing auger; 5  the
second elevator; 6  a transport carrier; 7  an intermediate
conveyor; 8  bitter; 9  separator of potatoes (a rare-rod
conveyor); 10  canvas; 11  bucket conveyor; 12  bunker
A part of the soil is sifted in the intervals between the
conveyor belts, and the remaining non-silt soil, and the potatoes are
directed to the screws 4 (right and left), which shift the mass to the
central part of the combine to transfer it to the second elevator 5. On
the latter, there is further separation of soil. Then the potatoes,
potato admixture and soil are fed by the elevator 5 to the flat-bottom
conveyor, where the mass is stratified into two streams: one stream
is just potatoes, and the second one is potatoes with potato
admixture.
The remaining potatoes and soil pass through the bars of the
belt conveyor 9 to the intermediate conveyor 7, and the potatoes
admixture with unbroken potatoes hang on the bars. Then they
admire the top with a clamping cloth 10 and the potatoes admixture,
when in contact with the bobbin bars, is torn off. The potatoes are
deposited by the separator 9 on the harvested field behind the
combine, and the separated potato admixture falls on the finger
gauge 8, rolls over to the horizontal part of the bulk conveyor 11 and
enters the hopper 12.
The presence of a bunker 12 with a capacity of up to 2 tons
allows it to be used in conjunction with all modes of transport. This
combine is unified on the main elements of the power equipment
and chassis with the Don-1500 combine harvester.
The second section (subsection 2.2.) also provides an
analysis of literary sources on general engineering disciplines, the
theory, calculation and design of agricultural machines, etc., that is,
those literary sources that make it possible to establish the kinematic
and dynamic characteristics of the performance of the technological
process and the functioning of the machine, to justify structural and
technological parameters of the technical means being developed,
perform engineering calculations of parts, assemblies, units and
mechanisms of development. In addition, there are noted prominent
scientists who have made a significant contribution to the

147

fundamental and applied sciences, the important literary sources
developed by the student are presented for this work. Also analyzed
algorithms of calculation, classical and applied methods for
determining the parameters of machine working machines,
mathematical models and analytical dependencies, published results
of theoretical and experimental studies of scientists. Many of the
students identified and analyzed material can use in their course
work.
First of all, students are studying the fundamental work on
which the modern dynamics of machine-tractor aggregates is based.
These works are by Goryachkin V.P., Vasilenko P.M. [13],
Artobolevskii I.I., Zhyligovsky V.A., Matsepuro M.E., Sablikova
M.V., Lurie A.B., Litoshneva N.M., Turbina B.I., Pogoreliya L.B.,
Listopada G.E., and many other scientists. Then you can study
applied research, similar to the theme of course work, for example
[14].
As a result of theoretical research in the scientific direction
in accordance with the theme of the course work, analytical
dependencies and other results are established that will enable to
perform a kinematic and dynamic analysis of the technological
process and the functioning of the machine, to determine the design
and technological parameters of the development.
In order to develop the motivational-value, cognitiveeducational and activity-practical components of readiness for the
project activity and the successful completion of the course work,
students use the positive potential of interdisciplinary connections,
which ensures the comprehensiveness, integrity and continuity of
the student's project activity with minimal time and significance of
the result. Students are encouraged to work on both domestic and
international scientific literary sources, for example [15, 16], where
they can familiarize themselves with the peculiarities of the use of
equipment, stands, devices, equipment which is used for
experimental research.
In the third section are presented the mechanic-technological
preconditions for the development of the design, which reflect the
physical and mechanical conditions of the object, with which the
working bodies of the machine interact, as well as the agrotechnical
requirements for them. Here also theoretical studies are carried out
on the basis of analytical dependencies, formulas, systems of
equations, as a result of which numerical values or the nature of
changes in velocities, accelerations, forces, capacities, etc. may be
determined, which may be necessary for determining the design and
technological parameters of the development, the calculation of
nodes and details on strength, analysis of the work of a technical
tool in difficult conditions, etc. [12].
In the fourth section of the course work, constructive
parameters are calculated and substantiated, that is, those which are
laid down in the design of the machine and are unchanged during
the execution of its technological processes, as well as technological
parameters, which vary according to the conditions and modes of
operation of the machine. On the basis of the constructive and
technological parameters which are obtained, assembly drawings of
assemblies, machines and, accordingly, work drawings of parts
(detailing) are carried out. Some technological design parameters
can be presented on the assembly drawing in the technical
specification.
In the fifth section of the course work students use the
knowledge acquired by them in the mechanics of materials and
structures, parts of machines, hoists and vehicles, and count several
parts, mechanisms or systems. For example, they can calculate the
bolt, pin, welded joints, determine the diameter of the shaft, build a
diagram of forces, twists or bending moments, choose a bearing,
calculate the pass, chain transmission or hydrostatic system, etc. The
resulting numerical data will also be used by students under the time
of execution of the graphic part of the course work [17, 18].
In the sixth section the scheme of the drive of the working
bodies is chosen, the kinematic and energy calculations of the
device and the unit are carried out. It should be guided by the
scheme of a prototype of a known design, which is produced by
industry and the machine itself is presented on the farm. For the
energy calculation of the initial data is given the data of

technological and kinematic calculations, on the basis of which is
being determined the load factor of the engine, the required capacity
for the implementation of the technological process and the
operation of the machine.
In the seventh section students give a technical and
economic assessment of the work, as well as may present other
specific features of the design of the development and
implementation of the technological process.
The settlement and explanatory note is concluded with
conclusions and recommendations, which give answers to the tasks
set forth in the introduction. It is advisable to reflect on the scientific
novelty and the practical significance of the results obtained, to
summarize and to indicate at what level it is performed and the
results of scientific research are executed. Also, recommendations
are made for their use or introduction into production or information
on the practical application of the results obtained, if any.
The graphic part of the course work on agricultural
machines consists of 2 sheets of A1 format. As a rule, on page 1 the
prefabricated drawing of a machine or a node is developed, which is
developed in this course work. On sheet 2 is presented the drawing
of details. A specification, which is an appendix to course work, is
being developed in the assembly drawing. The specification must
contain the name and designation of all component parts that are
part of the product (machine, knot), which is shown in the drawing
[12].
If a student is engaged in research work in a group of
scientific and technical creativity or in a student design bureau, he
produces an advanced metal construction or has a printed paper or a
patent, then in this case machine-building shafts can be replaced
with graphs, nomograms, design diagrams of the machine, schemes
of calculation models, results of calculations of constructive and
kinematic parameters of working bodies, as well as technological
and other parameters of the investigated process.
Consequently, a pedagogical system, based on the
fundamental theoretical principles of design training of
agroengineers in higher education institutions, is being developed,
which form the readiness of a future specialist for a project activity
in production. The success of preparation depends to a large extent
on the student's academic activity during the course of study, which
is expedient to perform on a cross-cutting basis, that is, in stages,
starting from the first year. Course work on the discipline
"Agricultural Machines" is the first large, creative work that reveals
the motivational-value, cognitive-educational and activity-practical
components of forming the readiness for the project activity of a
future specialist. In case of the successful completion of the course
work, the student will easily complete the diploma project and will
be able to successfully study in the magistracy, and then, if desired,
in the postgraduate study course.
Results and discussion.
Innovative system of scientific and methodological
developments in the form of textbooks, manuals, monographs,
programs and other didactic materials, and improved pedagogical
technology of training, based on the progressive, phased
development of readiness of the future specialist to the project
activity, provide a comprehensive, complex formation of
professional competencies of agroengineering in accordance with
the normative and legal provision of educational process. The
scientific work of students is very important here based on the
development and modernization of agricultural machinery. The first
voluminous creative work of a student at AIHE is the course work
on the discipline "Agricultural Machines". Its successful
implementation is a solid ground for effective and effective graduate
design.
Conclusion.
The obtained results of the conducted research give grounds
to conclude that an effective process of preparing readiness for the
future activities of future specialists in agroengineering is possible
on the basis of cross-cutting innovation training technologies in
accordance with the training program. The developed theoretical
principles of project preparation of agroengineers on the basis of
scientific research on the development of agricultural machinery
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reflect the priority and strategic directions of the development of the
didactics of the educational process. Selected criteria for assessing
the efficiency and quality of the developed innovative teaching
technology - such as motivational-value, cognitive-educational and
activity-practical systematically and comprehensively diagnose the
process of project preparation of agroengineering. Coursework on
agricultural machines largely reflects the student's academic work at
AIHE. It also has a practical orientation, since during its
implementation students are encouraged to conduct an analysis of
economic activity, identify the disadvantages of performing
technological processes and calculate and design a machine that
would eliminate them.
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Abstract: The objective of this work was to measure the effects of different tillage methods on weeds population in second crop corn. The
field experiment was conducted at the research area of Dicle University in 2014, Diyarbakır province, southeastern part of Turkey. The
treatment was lay out at the randomized complete blocks design with three times replication. In this study, different six tillage method were
applied (one conventional tillage (CT) – four conservation tillage (RT) and no-till (NT)). According to results, there were found significant
difference among treatments. The lowest values of weeds were recorded in the CT, while the highest values of weeds were noted in RT1and
NT tillage methods. There was found more density the speices of Xanthium strumarium subsp., Solanum nigrum L., Euphorbia helioscopia
L., Convolvulus arvensis L. and Sorghum halepense (L.) Pers. than other weed species .As a result, we can consider reduce tillage methods
for mechanical weed control for corn production.
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evident, they may also lead to environmental contamination, human
health problems, and soil erosion.

1. Introduction
Maize (Zea mays, L.) is an important cereal crop in the
worldwide. it contains about 72% starch, 10% protein, 4.8% oil,
8.5% fiber, 3% sugar and 17% ash. Due to higher yield potential,
short growing period, high value for food, forage and feed for
livestock, poultry and a cheaper source of raw material for agrobased industry, it is increasingly gaining an important position in
the cropping system (Saif et al. 2003).

Conversely, proper tillage can lead to better spatial distribution
of roots, improving the nutrient and water uptakes, hence improved
productivity and there are evidences of weed control positively
affecting the yield (Singh and Malhi, 2006; Nakamoto et al., 2006).
Conventional tillage was obtained significantly different compared
with no-tillage in yield of soybean (Öztürk and Söğüt 2016).
Similar results were observed by Sessiz at al. (2010) for corn.

The choices relating to tillage methods are strongly affected by
the other components of the cropping system. Thus, the selection of
tillage method is very important for cultivation (Sornpoon and
Jayasuriya, 2013). It is carried out mainly to loosen the upper layer
of soil, to mix the soil with fertilizer and organic residues, to control
weeds, and to create a suitable seedbed for germination and plant
growth (Rasmussen, 1999). Good soil management program
protects the soil from water and wind erosion, provides a good,
weed-free seedbed for planting, destroys hardpans or compacted
layers that may limit root development, and allows maintenance or
even an increase of organic matter (Wright et al., 2008).

In recent years in Turkey, especially due to introduction of
agricultural irrigation in Southeastern Anatolian region has lead to a
dramatic increase in irrigating farming and thus second crop
farming have gained importance. Especially, second crop corn
production is increasing in this region. For this reduced tillage
system gained an import for weed control in corn production.
The aim of the study was to compare the effect of six different
tillage methods for weed density on the maize for weed density in
southeastern part of Turkey.

2. Materials and Methods

To increase production and reduce production cost in soil
tillage operations, reduced tillage and direct seeding system is of
great importance. Appropriate tillage and sowing technique can
reduce factors that impede seedling emergence reduce energy and
labor cost, and control weeds. Especially reduce tillage system are
used for weed control. However, tillage systems are location
specific; their success depends on soil, climate and local practices
(Ozpinar and Cay, 2006).
Modern weed control method has played a major role in the
productivity of cropping System. Herbicides are important tools for
weed control and have improved production efficiency and
facilitated reduced tillage production systems. Because of their
effectiveness, herbicides and tillage are the dominant practices in
many production systems. While the efficacy of these practices is

The field experiment was conducted during the summer of 2014 at
the experimental area of Agricultural Faculty at Dicle University,
Diyarbakir Province (latitude 37°53´N and longitude 40°16´E, 680
m altitude), Turkey. In this study, Corn seeds, hybrid Agro May,
Bora was used as second crop. The analysis of soil in experimental
area were determined as 71.1% (clayey), 1.25% (organic matter),
1.63 kg da-1 (phosphorus), 13.02% (calcareous), saltless and midalcali (pH 7.73) in laboratory of GAPUTAEM (GAP International
Agricultural Research and Training Center, Diyarbakır). The
average weather conditions such as annual temperatures, relative
humidity, and rainfall are summarized in Table 1.

Table 1. Monthly means of temperature, humidity and rainfall

Avrg. Humidity (%)
Max. Temp. (0C)
Min. Temp. (0C)
Avrg. Temp. (0C)
Tot. Rainfal. (mm)

1
82.1
9.2
-1.0
3.4
43.0

2
53.6
16.8
4.9
5.4
17.0

3
68.3
22.0
6.9
10.8
60.6

4
63.0
19.6
6.4
14.7
39.9

5
53.7
26.3
16.3
19.7
48.8

The average temperature in June-December period was
conducted 26.280C, average moisture was 33.98% and average
rainfall 16.72 mm. Tillage treatments in 2014 consisted of six

Months
6
7
29.6
22.4
31.6
42.0
18.0
26.4
26.5
31.5
21.4
0.6

8
21.5
42.1
25.8
31.1
0.0

9
35.5
31.3
16.5
24.8
27.4

10
60.9
30.0
10.5
17.5
34.2

11
70.2
19.7
4.7
8.5
97.6

12
87.9
16.0
-3.6
6.6
73.4

tillage methods that are described in Table 2. The specification of
the tools used in experiments are given in Table 3.
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Table 2. Soil tillage methods utilized in experiments
Tillage Methods
Tools
Conventional Tillage (CT)
Plough + Disk harrow + Float + Direct seeding machine
Reduced Tillage (RT1)
Disc harrow + Float + Direct seeding machine
Reduced Tillage (RT2)
Stripe tiller by rotary + Float + Direct seeding machıne
Reduced Tillage (RT3)
Cultivator + Float + Ridge tillage + Direct seeding machine
Reduced Tillage (RT4)
Cultivator + Float + Direct seeding machine
No-Till (NT)
Seeding by direct drill
Table 3. The specification of the tools used in experiment.
Working depth
Tools
Type
(cm)
Moaldbord plough
Four bottom
30-35
Heavy disk harrow
24 Disk-tandem
15
Cultivator
11 Sweeps
15
Rotary tillage
Four row
12
Ridge tool
Float
Direct planter
Four row
4-6

Working width
(m)
1.42
2.5
3.10
2.8
0.7
2.9
2.8

Working sped
(m/s)
0.50
0.45
0.45
0.45
0.40
0.60
0.40

Data was subjected to an analysis of variance (ANOVA) using a
statistical software package (JMP version 5.0.1a). Least significant
difference (Tukey’s HSD test) was used to compare treatment
means at P<0.05.

Experimental field were design after lentil harvesting as 18
plots with each measuring 12 m x 6 m (Figure 1).. Before sowing,
the experiment area was irrigated eight hours with sprinkler
irrigation system. After irrigation, soil tillage operations were made
and after soil tillage applications, seed planting was performed by
pneumatic planter with an inter row spacing of 0.7 m distance on 23
June 2014. Massey Ferguson tractor was used in the experiments.
During the soil tillage treatments, tractor travel speed was changed
depend on used tools.

3. Results and Discussion
The average values of weeds are given in Table 4. According to
analysis of Variance and Duncan’s test results, there were found
more density the species of Xanthium strumarium subsp., Solanum
nigrum L., Euphorbia helioscopia L., Convolvulus arvensis L. and
Sorghum halepense (L.) Pers. than other weeds species.
Table 4. Analysis of variance (mean square) for weeds population
First Count
Second Count
VK
DF
F Ration
F Ration
Applications
*
5
14.02
8.28*
tillage methods
Replication
2
2.79
1.81
CV
14.10
16.80
*P< 0.05

As it can be seen from Table 4 and Figure 2, both the first and
second count, significant differences were found among the tillage
methods on weeds population the lowest weed were observed in
CT. The other hand the maximum values were observed in RT1
and NT systems. Weed density was found between 35.3-80 (plant
m-2) at the first count. While the highest values of weed density was
found in NT methods as 80 (plant m-2), the lowest value was
determined in CT methods as 35.3 (plant m-2) at first count (Table
4). The other hand, the highest values of weed density was found in
NT methods 110 (plants m-2) at the second count. The lowest values
of weed density was obtained in CT methods 44.6 (plants m-2).

Fi

Fig. 1. The view of experimental area during the growing.

After emergence of plants, the weeds were counted two times;
the first weed count was made 30 days after sowing. Just the first
count of weeds, all of the weeds in plots was manually removed by
worker. The second count of plants was made after 30 days of the
first count. Plants count each plot of 3 replicates 1 m2 frame
randomly discarded and the according to plants species have been
counted in the remaining frame. No herbicide was applied to the
field both before and after tillage. The treatment was lay out at the
randomized complete blocks design with three times replication.
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Table 5. Tillage treatment and weeds population
Weed Population
Practies
First Count
Second Count
CT
35.3 e
44.6 e
RT1
71.2 ab
89.3 b
RT2
41.6 de
62.6 d
RT3
50.6 cd
73.6 cd
RT4
63.0 bc
77.6 bc
NT
80.0 a
110.0 a
LSD
14.6
13.2
CT: Conventional Tillage RT: Reduce Tillage NT: No-Tillage

Weed Density (plant m-2 )

120

bc

100

b

40

ab

bc

c
60

a

bc

a

80

cd

bc

de

e

20
0
CT

RT1

RT2

RT3

RT4

NT

Practies
First Count

Second Count

Fig. 2. Weed density (plant m-2)

The weed populations were found more in second count than
the first count. However, both the first count and the second count,
the maximum values were observed in NT treatment. The lowest
values were obtained in CT Tillage methods in second count
(Figure 1). According to second count of weed density was obtained
highest values in no-tillage and reduced tillage than conventional
tillage methods. Xanthium strumarium L. is one of the most
prevalent and competitive weeds in the field area (Snipes et al.
1982) and it is listed among the most common troublesome weeds
in plant grown in the region (Dowler 1995; Royal et al. 1997). Çelik
and Altıkat (2006) reported that weed population is higher about 3040% in conventional tillage system than reduced tillage method.
Gürsoy et al. (2014) also reported that No-till planting resulted in
the highest weed biomass.

4. Conclusion
The weeds are so many problems for yield and yield component
on corn production. In this study, significant differences were found
between tillage systems. The lowest weed densities were observed
in conventional tillage (CT), while the maximum weeds were
obtained RT1 and NT. From these results, it can also be concluded
that conventional tillage method was beneficial and useful in
reducing of weeds population in second crop corn production. To
reduce production cost and chemical application, we must consider
alternative cultural practices. Especially mechanical tools may be
useful for weed control.
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MULTIVARIATE ANALYZING AND ARTIFICIAL NEURAL NETWORKS
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Abstract: This study aimed to predict the protein content(PC) and canopy spectra in winter wheat were measured based on field test. Key
spectral bands were chosen by principal component analysis (PCA) method, and the predicted models were built by Partial Least Squares
Regression (PLSR) and Artificial Neural Network (ANN). The performance of the feed forward and cascade forward ANNs was compared
with those of PLS regression models using root mean square error (R 𝑀𝑆𝐸) and the correlation coefficient (𝑅2). The finest consequence by
CFBP was related to topology of 8-8-1 with Levenberg-Marquardt (LM) algorithm, threshold function of TANSIG-TANSIG-PURELIN and
the initial strategy. This arrangement output was R𝑀𝑆𝐸=0.0289 and 𝑅2=0.9881 at 14 epochs. The consequences of estimate for correlation
values of PLSR model was 0.9783. The results of prediction for the two models were in order of ANN > PLSR with correlation values of
0.9881 and 0.9783, respectively. Therefore, NIRS shows the potential for predicting protein content with accuracies suitable for process
control.

KEYWORDS: PROTEIN CONTENT, MULTIVARIATE ANALYZIN, NEURAL NETWORKS, WINTER WHEAT
five smoothing points and polynomial order of 2, were also
performed. For prediction of PC, nonlinear models are extra
appropriate because of suppleness and nonlinear behavior of natural
crops. Furthermore, numerous making procedures include with
fluctuations in procedure circumstances and depend on the ability
and knowledge of operators. So, artificial neural network (ANN)
models recently have obtained motion for modeling and control
processes. ANN models are known as fine tools for dynamic
modeling since they do not need parameters of physical models
[11]. Such models are capable to learn the explanation of problems
from a set of experiential data, and to use compound systems with
nonlinearities and interplay among decision variables [12]. ANN
models can be categorized into two groups: supervised networks
and unsupervised networks. Supervised networks require a training
algorithm and a training data anthology to regulate the connection
weights, while unsupervised networks can adjust weights by
themselves to attain the essential consequences without using any
training algorithm. Supervised networks are mainly applied for
grouping, estimate, and function approximation processes.
Unsupervised networks are appropriate for clustering of patterns.

1. Introduction
The protein content in winter wheat is essential for safety of society
[1,23]. Precise and suitable prediction of the PC of winter wheat can
aid agriculturists create correct choices about manure application,
winter wheat diversity choice, and crop assortment [2, 24]. There
are typical calculation techniques for protein parameter [2]. These
techniques are usually hard and lengthy, and cannot be applied to
quickly calculate quality features. NIRS method is to acquisition
correlation between spectral features by creating the model between
the reference values and spectral data [20]. As a non-destructive
technique that protects the sample's integrity and provides the
calculation of a great number of characteristics applying an only
sample also reduces the price of typical examinations [3], it has
been a replacement to typical chemical methods and extensively
applied in food investigations [4,5]. In the quantitative analysis,
choice of modeling techniques performs a vital role as diverse
arranger will generate diverse results when they act on the similar
datasets. PLSR is a usual technique that has some relation to PCA,
put in spectroscopy [6], and has as well as generated considerable
consequences. N. Shetty et al. [7] applied NIRS mixed with PLSR
technique to estimate amount of fructan in vegetables, and acquired
a model with extremely estimation capability, root mean square
error of prediction (RMSEP) and R2 were 1.13 and 0.93
respectively. Millar established NIRS standardizations using NIR
spectra from U.K. and French winter wheat and displayed
possibilities for guessing protein and moisture amount, water
absorption, and flour color, but had negligible consequences when
trying to guess loaf volume and crumb grain score [8]. Y. Liu et al.
[9] demonstrated PLSR to be a high potent instrument for the
calculation of soluble solid content of orange, the technique
terminated in correlation coefficient, RMSEP, average difference
between predicted and measured values of 0.90, 0.68° Brix and
0.16° Brix, respectively. Sissons et al [10] applied NIR spectra from
grain to guess seed, flour, and dough features. Their consequences
displayed possibilities for classification samples into little, average,
and great groups for check weight, thousand kernel weights,
semolina yield, semolina yellow color, semolina browning, grain
hardness, and cooked pasta firmness. To evaluate the procedures
presented in this paper, the relationship between protein chemical
content and spectral data in winter wheat samples was studied using
the PLS multivariable regression modeling. For this goal, firstly,
outlier samples were recognized and removed in terms of spectral
data using the PCA technique. standard normal variate (SNV) were
used to correct both multiplicative and additive effects of the
spectra. To rise the spectral resolution, first and second derivatives
of the spectra (D1, D2) based on the Savitzky–Golay algorithm with

2. Materials and Methods
2.1. Experimental field
In order to obtain actual data, an experimental winter wheat field
was cultivated with a conventional variety in three consecutive
years. A Dimensions of this field were 40 m x 120 m. The field was
divided into 8 areas (blocks). Reflectance data by using a
Spectroradiometer (Field Spec 3) during of growth season, and
protein content of wheat grain was measured after harvesting from
target points as reference area which was randomly set in the field.

2.2. Spectroradiometer
In this study a high-resolution spectroradiometer, FieldSpec®3
(FS3) (Analytical Spectral Devices, Inc., USA) was used to take the
spectral data. FS3 is a hyper spectral sensor designed to collect data
on solar radiance, irradiance, and reflectance. It can measure the
spectral reflectivity within the range of 350 nm to 2500 nm with
sampling intervals of 1.4 nm and 2 nm in the ranges of 350-1050
nm and 1000-2500 nm, respectively (2150 wavelengths in total).

2.3. Protein Determination
The protein content was measured by Kjeldahl technique according
to the relevant standard of GB/T 5009.5-1985. The protein for 40
rows of winter wheat samples which ranged from 9.4395% to
16.9796% had representative significance for this study.
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2.4. Data analysis
Before creating the grouping models, outliers which having a
harmful effect on modelling [13] were discovered and deleted. for
this purpose, the spectral variation of all the samples was evaluated
using PCA and the outlier samples were calculated as the points
outside the normal range of variability in the PCA scores plot [21].
After eliminating the outliers (4 samples), all the 36 remnant
samples were prepared in order of their protein content. Then, 25%
of the samples was selected for the external validation set, and 75%
of the samples were selected for the calibration set. After key
spectral bands were chosen by the PCA technique, the anticipated
models were constructed by PLSR model. For PLSR model, spectra
were imported into Unscramble x10 software (CAMO, Oslo,
Norway). The accuracy of regression model was evaluated by root
mean square error and correlation coefficient (R2). R2 changes from
0 to 1, and the closer it is to 1, the superior the model influence,
while the model's performance will be better when the RMSE closer
to 0. These indices were applied to assess the ability of the model in
predicting samples, intended as the reliability of the quality
parameters estimation [22].

2.5. Artificial neural networks modeling
The topology of the developed ANN is shown in Fig. 1. The ANN
model was implemented using neural network toolbox of Matlab
software. The network was simulated based on a multi-layer feedforward and cascade forward algorithm. The variables of
wavelengths were contemplated as the inputs (first four principal
components scores were put as input variables), whereas one
parameter of protein was applied as the outputs. The number of
neurons in the primary and second hidden layers varied from 2 to
15. Each data set was divided into two groups, consisting of 70 %
for training and 30 % for test. In this paper, the total data of

wavelengths from 350-1350 nm for artificial neural networks were
used.
In this study, to gain the best network, several numbers of
multilayer feed-forward back propagation (FFBP) and cascade
forward back propagation (CFBP) were made and tested with
different number of hidden layers (1 and 2) and neurons. Two types
of multilayer perceptron (MLP), namely feed forward back
propagation (FFBP) and cascade forward back propagation (CFBP)
were applied to prediction the winter wheat’s protein. Two learning
algorithms of BFGS Quasi-Newton and Levenberg-Marquardt (LM)
were also applied for finalization of ANN models. FFBP and CFBP
include of one input layer, one or two hidden layers and one output
layer [19]. For training this structure, the back propagation (BP)
algorithm was used. In the informing process, the weight
coefficients were restructured with learning rules. During network
training, calculations were managed from input toward output
layers of the network and error values were propagated to previous
layers. CFBP is similar to FFBP in weights updating, but the
important diversity between these networks is in the relationship
between neurons [15]. Three transfer functions, defined in the next
equations, were engaged to reach the enhanced network
arrangement [16, 17]:
𝑌𝑗 = 𝑋𝑗
(PURELIN)
(1)
2
Yj =
(TANSIG)
(2)
Yj =

(1 + exp (2X j )) − 1
1
1+exp 
(−X j )

(LOGSIG)

(3)

where 𝑋𝑗 is computed as follow:
𝑋𝑗 = 𝑚
(4)
𝑖=1 𝑊𝑖𝑗 ∗ 𝑌𝑖 + 𝑏𝑗
where 𝑚 is the number of output layer neurons, 𝑊𝑖𝑗 is the weight of
between ith and jth layers, 𝑌𝑖 is the jth output neuron, 𝑋𝑗 is the jth input
neuron, 𝑏𝑗 is the bias of jth neuron for FFBP and CFBP networks.

Fig. 1: Selected ANN structure with two hidden layers.
technique was applied to decrease main input factors dimension.
The number of variables can be decreased by eliminating the lowerlevel components without any important damage of information
included in the raw data set by PCA. After principal components
were chosen by PCA, the anticipated model was constructed by
partial least squares regression (PLSR) technique. For this purpose,
various preprocessing methods include standard normal variate
(SNV), first and second derivatives of the spectra (D1, D2) based
on the Savitzky–Golay algorithm and their combinations were used.
In order to investigate the effect of these different methods on the
accuracy of the developed models, a multivariate modeling for
spectra was performed without any pre-processing. After
development of PLS models, the evaluation of the models was done
by a full cross-validation method.

3. Result and Discussion
3.1. PLSR model results
The canopy in winter wheat showed a diverse raw reflectance in the
520–680 nm and 720–1000 nm spectral regions (Fig. 2). For a crop
canopy, reflectance is little amid the 480- and 680- nm state because
of the powerful absorption by chlorophylls and other pigments, but
is high in the near infrared state because of the microcellular
constructions in leaf material and canopy constructions [18]. In this
paper, our consequences presented that there were two clear band
ranges amid 520–680 nm and 720–1000 nm detected (Fig. 2). Alike
consequences were informed in earlier papers [19]. Since
unnecessary spectral bands and noise interference influence
accuracy of regression model, principal component analysis (PCA)
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Fig. 2: Spectral reflectance of canopy in winter wheat changing with wavelength
In order to determine the best predictive model of protein,
regression coefficients and standard error predictions of models
were calculated and compared. In order to more study the
characteristics of uncertain samples and specify whether they were
outlier samples, the effect of each of them on the efficiency of the
model were investigated. For this purpose, initially, the result of
model removing any one uncertain sample with that of no removing

were compared (Table 1). The amounts of R2 were 0.9773, 0.9746,
0.9808, and 0.9828 respectively after removing No. 7, No. 15, No.
24 and No. 39 respectively, each was higher than the R 2 (0.9735)
which flowed from the state of no removing; moreover, contrasted
to the RMSE (0.2384) attained in the case of no-removing, the
RMSE amounts decreased to 0.2194, 0.2223, 0.2010, 0.1899,
respectively.

Table 1 The effects of No. 7, No. 15, No. 24 and No. 39 samples on models.
Deleted samples
R2
RMSE
No deleting
0.9735
0.2384
No. 7
0.9773
0.2194
No. 15
0.9746
0.2223
No. 24
0.9808
0.2010
No. 39
0.9828
0.1899
No. 24, No. 39
0.9877
0.1590
No. 15, No. 39
0.9835
0.1856
No. 15, No. 24
0.9827
0.1905
No. 7, No. 39
0.9857
0.1726
No. 7, No. 24
0.9838
0.1845
No. 7, No. 15
0.9782
0.2155
No. 7, No. 15, No. 39
0.9861
0.1704
No. 7, No. 15, No. 24
0.9854
0.1746
No. 7, No. 24, No. 39
0.9896
0.1458
No. 15, No. 24, No. 39
0.9889
0.1501
No. 7, No. 15, No. 24, No. 39
0.9907
0.1374
As said before, S-G, SNV, D1, D2, and different compositions of
them were used to process the main data and the assessment
elements of relative PLSR models under diverse pre-processing in
this paper are shown in Table 2. The PLSR models for PC
designation displayed in Table 3 had R2 values 0.9587–0.9783 and
the confine of RMSE values were 0.4333 to 0.1457. Investigating
the consequences attained from all the pre-processing procedures,

the usage of the SG+D1+SNV formed outstanding consequences
where the RMSE value reduced importantly in contrast with the
direct regression model on raw spectra, which decreased from
0.2670 to 0.1457. In the similar instance, the R 2 was 0.9783, where
the number of PLSR components was five. Fig. 3 displays the
investigational data of PC against the anticipated values of PC.

Table 2: Prediction results for protein content in wheat using different pre-processing methods.
Pre-treatments
R2
RMSE
The number of components
Raw
0.9724
0.2670
7
D1
0.9688
0.3185
5
D2
0.9664
0.3488
5
SNV
0.9589
0.4304
6
S-G
0.9723
0.2676
7
D1+SNV
0.9782
0.1486
5
D2+SNV
0.9726
0.2637
4
S-G+SNV
0.9587
0.4333
6
S-G+D1
0.9694
0.3120
5
S-G+D2
0.9704
0.2957
8
S-G+D1+SNV
0.9783
0.1457
5
S-G+D2+SNV
0.9750
0.2206
4
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3.2. Artificial Neural Network Results
In the training process, the data were applied to calculate the best
number of hidden layers and neurons per hidden layer to supply the
finest consequences. ANN structures were tested by 1 and 2 hidden
layers with 2–15 neurons per each hidden layer. The models error
was calculated after each simulation. To study the influence of
diverse threshold functions on FFBP and CFBP outputs, two
strategies of similar and various threshold functions for all of the
layers were used. The predicted PC has shown in Table 3. Both
strategies, also learning algorithms of LM and BFGS, were applied
for training of FFBP and CFBP networks. Some topologies were
chosen as the finest consequences from each network, threshold
function and training algorithms. Consequences of model’s
performance indices (𝑅2 and R𝑀𝑆𝐸) for all randomly chosen
datasets based on testing are shown in Table 3.

Fig. 3: Predicted values of PC against experimental values for
testing data set.

Table 3: Best selected topologies including training algorithm, different layers and neurons for FFBP and CFBP for PC.
Network
Training
Threshold function
Number of
RMSE
R2
Epoch
algorithm
layers and
neurons
FFBP
TANSIG-TANSIG-TANSIG
5-5-1
0.0385
0.9785
10
LM
LOGSIG-TANSIG-TANSIG
10-5-1
0.0298
0.9879
9
BFG
TANSIG-TANSIG-TANSIG
5-5-1
0.0374
0.9810
10
TANSIG-TANSIG-PURLIN
8-8-1
0.0342
0.9838
10
CFBP
TANSIG-TANSIG-TANSIG
10-10-1
0.0361
0.9828
12
LM
TANSIG-TANSIG-PURLIN
8-8-1
0.0289
0.9881
14
BFG
TANSIG-TANSIG-TANSIG
5-5-1
0.0319
0.9874
10
TANSIG-LOGSIG-PURLIN
15-10-1
0.0322
0.9862
12
The finest consequences attained by feed forward back propagation
(FFBP) in prediction of PC was related to 10-5-1 topology and
LOGSIG-TANSIG-TANSIG threshold function with LM algorithm
in the initial strategy. This structure produced R𝑀𝑆𝐸=0.0298 and
𝑅2=0.9879 with 9 epochs. The finest consequence for the next
strategy of FFBP with BFG algorithm was assigned to 8-8-1
topology and threshold functions of TANSIG-TANSIG-PURELIN.
This structure created RMSE=0.0342 and R2=0.9838 for PC. The
finest consequence by CFBP was related to topology of 8-8-1 with
LM algorithm, threshold function of TANSIG-TANSIG-PURELIN
and the initial strategy. This arrangement output was R𝑀𝑆𝐸=0.0289
and 𝑅2=0.9881 at 14 epochs. CFBP with the second strategy, BFG
algorithm, topology of 5-5-1 and threshold functions of TANSIGTANSIG-TANSIG introduced the output of R𝑀𝑆𝐸=0.0319 and
𝑅2=0.9874. Fig. 4 displays the investigational data of PC against the
anticipated values PC.

0.1457. In the similar instance, the R2 was 0.9783, where the
number of PLSR components was five. Also eliminating 4 variables
gave us the best result. The finest consequences attained by feed
forward back propagation (FFBP) in prediction of PC was related to
10-5-1 topology and LOGSIG-TANSIG-TANSIG threshold
function with LM algorithm in the initial strategy. This structure
produced R𝑀𝑆𝐸=0.0298 and 𝑅2=0.9879 with 9 epochs. The finest
consequence by CFBP was related to topology of 8-8-1 with LM
algorithm, threshold function of TANSIG-TANSIG-PURELIN and
the initial strategy. This arrangement output was R𝑀𝑆𝐸=0.0289 and
𝑅2=0.9881 at 14 epochs. According to the results, it was found that
using different models of artificial neural network provides better
results in predicting the amount of winter wheat protein in
comparison with partial least squares regression model. Generally,
this study has importantly enhanced the predictive efficiency of the
model by enhancing data analysis techniques, which enhanced a
non-damaging, rapid, and accurate technique for online calculation
of PC in winter wheat.
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Abstract: Present study aims to investigate the effectiveness of using water-soluble polymers as a protective coating
and rate of influence of additional seed coat on the germination and emergence of seeds. There have been conducted series of
experiments using aqueous solutions of high molecular weight polyethylene glycol at a concentration of 0.1 and 0, 05% for the
preparation of polymeric coatings of varying thickness. The research have been performed in laboratory and field conditions.
There have been reported values for air and soil temperature, soil humidity and precipitation during the investigation period as
major factors affecting seed germination.
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1. Introduction
Sowing of corn seeds is done during the
spring months when the weather conditions are
changing and often unfavourable. The period when
there are optimal meteorological conditions, which
are also appropriate for preserving the vitality of
seeds, i.e. temperatures over 8⁰С and humidity of 1316%, is too short. When sowing is done at
temperatures lower than 8 оС and high humidity,
there is a risk of sowing failure.
To initiate the process of germination, the
seeds need to be hydrated. They are located in the
soil, so the degree of hydration will depend on the
soil water potential. In real conditions, hydration is
caused by the difference between water content in the
seed and in the soil. [7].
For each crop there is a certain critical
humidity of the soil. For corn this value is 30%, for
wheat 40%, and for soybeans - 50%. The amount of
water received by the plant is rather small, but it is
enough to initiate the process [1].
Temperature is equally important for seed
germination and the course of bio-chemical processes
in germ cell development. The optimal temperature is
between 15-30⁰С. It can be a factor for plant death as
well because with long periods of low temperatures
the germ could freeze and die [2].
Germination processes can be delayed for a
certain period after sowing until weather conditions
become normal in late spring and germination can be
stable. In other words, the process of germination can
be possible only after temperatures remain high for a
long period and the chance of germ freezing becomes
minimal.

This effect can be achieved through
additional seed protection by an organic polymer.
Applied as a thin layer on the seed surface, the
polymer provides additional seed protection and
possibility to delay germination until certain
parameters of the environment become available.
Besides, additional biological protection substances,
as well as seed germ nutrients have been added.
Requirements for protective coatings
Protective coatings for such activities have to meet a
number of requirements like: [8]:
 Water solubility – this is a necessary
condition for providing free access to water,
needed for the bio-chemical processes in the
course of germination. For this purpose, a
certain hydrophobicity of the coatings at low
temperatures is required so that germination
can be delayed until normal environmental
parameters have been reached;
 biodegradability – the coating used does not
cause soil contamination and does not
reduce soil fertility;
 good seed aeration and hydration – to
provide free access to oxygen, which is a
necessary condition to ensure the process of
breathing and the normal bio-chemical
processes in the course of germ
development;
 cost-effective and affordable – the low price
allows for economic efficiency and justifies
the additional treatment of seeds with
protective coatings;
 easy application – an important condition
for efficient application of the polymer
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coating, the thickness and quality of the
coating;
to be non-toxic – does not contaminate the
environment, the soil and does not endanger
the health of those who work with it.

biodegradable and non-toxic, water-soluble and easy
to apply on seeds [5,6].
Polyvinyl alcohol – water-soluble polymer
of the vinyl alcohol (fig.2b). In pharmaceuticals it is
used as a thickener and adhesive material, and in
food industry – as emulsifier. Concerning its use as
protective seed coating, its properties are similar to
those of polyethylene glycol.
Polyacrylamides – water-soluble polymers
based on acrylamide (fig. 2b). It is used for
purification of drinking water, as a coagulate and
flocculant, due to its tendency to form a gel. It is nontoxic and biodegradable like the above-mentioned
polymers [3].

2. Preconditions and means for resolving
the problem
Types of polymers used for seed coatings
The plant cell possesses a natural
exoskeleton, based on cellulose. That is why, one of
the potential organic polymers could be cellulose
derivative
[4].
Example:
methylcellulose,
ethylcellulose, etc. Those polymers have mesh
structure of cellulose fibres and like the cellulose of
the plant cell wall, fig. 1, they provide access to water
and oxygen and are biodegradable. They are watersoluble and could be applied on the seed surface.

Principle of action of seed protection coatings
What all polymers reviewed have in common is that
they possess hydrophobic “tail”, which is a long
polymer chain of monomers and hydrophilic “head”,
which is a polar group at both ends of the polymer
chain. The schematic structure is shown on fig. 3. On
contact with the polar molecule of water, a process of
swelling is observed, which slows the transfer of
water molecules to the seed coating. Increasing the
temperature accelerates the process of water diffusion
through the polymer coating.

Fig. 1 Structural formula of methylcellulose

Generally, cellulose is non-toxic. Example:
methylcellulose is used as a stabiliser, which
preserves the viscosity and consistency of the
nutrients.
Versions of some artificial polymers are possible:
polyethylene
glycols,
polyvinyl
alcohol,
polyacrylamide [5].

А)

Б)

Hydrophobic "tail"

Hydrophilic "head"

В)
Water
molecule

Fig.2 Artificial water-soluble polymers: А)
polyethylene glycol; B) polyvinyl alcohol; C)
polyacrylamide

Fig.3. Molecule structure of water-soluble
polymers and mechanism of water molecule diffusion
through them

Polyethylene glycol is a water-soluble
polymer of the ethylene glycol (fig.2а). It is used in
food industry and pharmaceuticals for improving the
solubility of some substances as a suspending agent,
carrier and humidifier. It is not so easily dissolved in
water and initially it swells. In general, it meets most
of the requirements: it is relatively inexpensive,

Spreading the polymer coating over the seeds
For this purpose different apparatuses and techniques
are used, which guarantee the different thickness of
seed coatings. The main processes are wetting with
polymer solution, followed by drying. Usually the
two processes run parallel to each other in drum
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draining apparatuses. A diagram of this type of
apparatus is shown on fig.4

reducing the harmful effect of rival plants and
pathogenic bacteria.
The choice of polymer coating composition
is determined to a great extent by the type of seeds,
the composition of soils and the expected climatic
conditions, with one of the main factors being the
economic efficiency.

3. Results and discussion
Empirical research
For determining the efficiency of using
water-soluble polymers as protective coatings and the
extent to which they influence plant germination and
sprouting, a series of experiments have been
conducted, using water solutions of polyethylene
glycol of high molecular weight with concentration
0,1 and 0,05% to obtain polymer coatings with
different thickness.
The experiments conducted in laboratory
and field conditions have the nature of multifactorial
regression analysis. Air temperature in the period
14.12.2017 to 08.03.2018 changed from -8 оС to 14
о
С.

Fig. 4 Apparatus for seed coating
The principle of action is as follows: The seeds are
placed in the drum (3). Through the air duct (1) air is
fed after initially being heated by the heater (2) into
the drum with the seeds. From the tank (7), equipped
with a mechanical stirrer, a solution of the polymer
used for seed coating is fed. Through the pump (8),
the solution is pressurized разтворът се подава под
налягане към to the nozzles for fine spraying (5) and
is sprayed into the drum. Under the effect of the hot
air, the polymer solvent, which is most often water,
evaporates and is taken out through the air duct (6).
The quality of the coating produced through this
method depends on the following factors:
 composition,
concentration
and
viscosity of the polymer solution used;
 mode of even spraying of the solution
through the nozzles;
 optimal drum rotation speed;
 optimal temperature and quantity of the
air fed.
As a result of the polymer coating applied,
seeds that are resistant to unfavourable sowing
conditions are obtained, which is achieved through a
certain delay of germination until favourable soil and
climatic conditions have been reached.
Since the polymer coating provides a
“protective capsule” for the seed, different substances
are often added to it, which aid the development of
the germ additionally. These are artificial bacterial
fertilizers, completing the mineral soil content;
pesticides and bactericides, which contribute to

50,0

Air temperature, оС

14.12.
21.12.
28.12.
04.01.
11.01.
18.01.
25.01.
01.02.
08.02.
15.02.
22.02.
01.03.
08.03.

0,0
-50,0
Fig.5. Change of air temperature in the surroundings
of Ruse in the period 14.12.2017 – 08.03.2018
Generally, this period is not suitable for
sowing of any spring crop, but it is appropriate for
studying the polymer properties, in terms of duration
of the period for seed protection. The soil
temperature in such relatively warm winter is under
the critical 8оС, when the seeds get activated and
germinate, fig.6.
Soil temperature, оС
10,0
5,0
14.12.
19.12.
24.12.
29.12.
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23.01.
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0,0

Fig. 6. Change of soil temperature in the period
under study
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standard methodology. The seed germination from
the samples and the control group correspond to the
germination value of the farmer – over 96%.

The third factor, soil humidity, is
appropriate for such research because it exceeds the
normal values of 14-16%, required for seed
germination and there will be no situation when the
seeds will experience water stress, fig. 7.
Soil humidity, %

14.12.
21.12.
28.12.
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11.01.
18.01.
25.01.
01.02.
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15.02.
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01.03.
08.03.

30,0
20,0
10,0
0,0

Fig. 7. Soil humidity during the period under study

Fig. 9. State of protected seeds 20 days after sowing,
in laboratory conditions

Even in winter precipitation is irregular and the sum
total is below the normal one, which is required for
storing water at 0,80 m, fig. 8.
Precipitation, mm
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11.01.
18.01.
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15.02.
22.02.
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08.03.

0,0
Fig.10. State of protected seeds 20 days after sowing,
in field conditions

Fig. 8. Precipitation during the period under study
For conducting the regression analysis, the
following controllable factors have been included:
soil temperature x_1, absolute soil humidity x_2 and
polymer concentration x_3. It is known that a
multitude of factors, hard to define, have an impact
on the nature of phenomena in the process of seed
germination, but the three selected ones are crucial
for the solution of the assignment set.
The aim of the experiments conducted is to
check the possibility of controlling the germination
process of corn seeds. In this sense, the seed
germination, determined in % - Y, is the parameter of
optimisation.
From the test results it was determined that the
average seed germination is 99%, which is close to
97% germination of the control seeds, based on

Fig.11.
Chamber
with
controllable
parameters of heat, light and humidity of
soil and air
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4.

4. Conclusion
The following conclusions were drawn from the
experiment:
1.
Polyethylene glycol does not reduce the
possibilities for seed germination and is not a limiting
factor in the germ development.
2.
Seeds covered by polyethylene glycol do not
sprout at temperatures under 8⁰С in either of the
solution concentrations, irrespective of the soil
humidity. This allows the seeds to remain at rest until
stabilization of average monthly temperatures above
8⁰С, thus reducing the chances for freezing.
3.
Additional research is needed to establish
the exact temperature at which the seeds coated by
polyethylene glycol germinate.
It is important to note that fresh solutions of
polyethylene glycol were used for the experiment and
the seeds stayed at different temperatures within a
week.
The subsequent experiments under the same
scheme with a polymer, which has stayed for two
months at direct sunlight and temperatures of 3035⁰С, led to lack of germination and aborting of the
seed germs, most probably due to suffocation
because of a change of the polymer’s molecular
mass, and/or other changes in the polyethylene
glycol.
When the stay was longer than a month, in
conditions of high humidity, even at low
temperatures there was germination and freezing of
seeds, which also poses a number of questions,
concerning the exploitation of the polymer coating
used.
The questions to be resolved are the following:
1. What is the optimal concentration of the
polymer, which can be used without injuring
the germ while at the same time delaying its
development in unfavourable conditions?
The optimal thickness of the coating should
be determined as well.
2. How long and under what conditions can the
polymer be stored without changing its
properties?
3. How long and under what humidity does the
polymer delay seed germination? The
answer to this question can help to
determine the optimal period for preparation
of seeds and sowing.

5.

How long can the seeds treated by the
polymer be stored before sowing and under
what conditions (temperature, humidity,
light, etc.)?
How does soil microflora affect the polymer
coating?
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Abstract: The object of the paper is the solid water. The water is a model pollution with calcium dichloride. We used complexonometric
method to determine the hardness. We have analysed the amount of softener influencing the hardness of the water, which is used to
decontaminate humans.
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1. Introduction.
The one of the basic parameter is a water hardness. The water
hardness must be less than 12 mg-eq/l according to [1]. In the
Bulgarian army for sanitary decontamination we are use DDA-3
and Sanijet C. 921 [3]. Hardness is most commonly expressed as
milligrams of calcium carbonate equivalent per liter. Water
containing calcium carbonate at concentrations below 60 mg/l is
generally considered as soft; 60-120 mg/l, moderately hard; 120180 mg/l, hard; and more than 180 mg/l, very hard [4]. Although
hardness is caused by cations, it may also be discussed in terms of
carbonate (temporary) and non-carbonate (permanent) hardness.
Limescale builds up as soon as hard water flows through a pipe.
Calcium in untreated water crystallizes into a sticky structure (1).
These crystals adhere to each other, adhere to surfaces and
immediately produce solid scale deposits that have a very
destructive effect. Scale also particularly forms in warm areas such
as on heating elements. The hotter the surfaces, the more scale will
develop. On Fig. 1 there are different hardness water areas in
Bulgaria.

The purpose of this paper is study on quantitative impact of
Na2CO3.

2. Measurement Methodology and Results.
Sodium carbonate, Na2CO3, is also known as washing soda. It
can remove temporary and permanent hardness from water. Sodium
carbonate is soluble but calcium carbonate and magnesium
carbonate are insoluble.
The carbonate ions from sodium carbonate react with the
calcium and magnesium ions in the water to produce insoluble
precipitates. For example:
calcium ions + sodium carbonate → calcium carbonate +
sodium ions
Ca+(aq) + Na2CO3(aq) → CaCO3(s) + 2Na+(aq)
The water is softened because it no longer contains dissolved
calcium ions and magnesium ions. It will form lather more easily
with soap.
Commercial water softeners often use ion exchange resins.
These substances are usually made into beads, which are packed
into cylinders called ion exchange columns. These can be built into
machines, or plumbed into water systems to continuously soften the
water. The resin beads have sodium ions attached to them. As the
hard water passes through the column, the calcium and magnesium
ions swap places with the sodium ions.
The calcium and magnesium ions are left attached to the beads,
while the water leaving the column contains more sodium ions. The
hard water is softened because it no longer contains calcium or
magnesium ions. Some ion exchange resins use hydrogen ions
instead of sodium ions.

Fig. 1 Hardness water in Republic of Bulgaria. [2]

The water which we use for sanitary decontamination solution it
enters the machines through a tank including another fluid-storing
machine. Water softening is convenient to do before entering the
decontamination machine, i. e. in the tank or by another machine for
purification and softening.
The damaging effect that hard water can have means that it may
be beneficial to soften the water. Methods for softening hard water
involve the removal of calcium ions and magnesium ions from the
water.

About 11.3 million tons of Na2CO3 are produced annuallyand it
is a cheap chemical agent. Sodium carbonate is a fairly strong, nonvolatile base which is used in the manufacture of glass (55%), paper
(5%), soap, and many other chemicals (25%). Sodium carbonate is
also called soda ash and washing soda. Sodium carbonate is used in
laundry detergents as a softening agent. The carbonate ions from
dissolved sodium carbonate precipitate magnesium and calcium
ions from hard water.
In our experiment we used a chemical method, because it will
be practical convenient in sanitary decontamination. The softening
water to mix we can use a circulating pump on another chemical
machine, for example ARS-14. The chemical method for water
softening with Na2CO3 we called regenerative method. The
chemical process on water softening we show on the next
paragraph:

In [6-11] there are many methods for softening hard water, from
which are conclusion:


Chemical Precipitation;



Nanofiltration (Membrane Filtration);



Ca(HCO3) + Na2CO3 → Ca CO3 + 2 NaHCO3

Chemical Exchange;

Mg (HCO3) + Na2CO3 → Mg CO3 + 2 NaHCO3



Electromagnetic method.

CaCl2 + Na2 CO3 → CaCO3 +NaCl
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MgCl2 + Na2 CO3 → MgCO3 +NaCl
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Fig. 2 Dependence of hardness on quantity Na2CO3

3. Conclusion
1) The optimal amount of Na2CO3 for water hardness in
sanitary decontamination is concentrate range 0,5-25%.
2) The Na2CO3 better than 2% is not appropriate as it does not
affect the further reduction of hardness.
3) The experimental data can be processed by software, a
regression equation can be obtained that can be used to calculate the
amount of Na2CO3 to soften water.
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Abstract. In the paper, the current situation in the production of crop growing by-products in Ukraine is examined. The potential output of
crop growing by-products in various regions of Ukraine, part of which could be allocated for energy production, is determined. The fuel
properties of the main types of biomass are presented. The state-of-the-art approaches to the use of straw and plant residues in agriculture
are analysed. The possible ways of utilising straw and plant residues in crop growing for maintaining and regenerating the fertility of soils,
in livestock husbandry as bedding and a supplement to coarse fodders and in heat power industry as an energy source for the production of
thermal power are established. The state-of-the-art technologies and machinery for the rational use of straw and plant residues are
described. The need for additional research into what plant residues and what quantities of them can be reasonably used for the fertilisation
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varieties, the development of weeds, the management of the soil’s nitrogen status under different soil and climate conditions.
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1. Introduction
The crop growing production process ends, as a rule, with the
harvesting of the main product, while the by-products – the straw of
spiked cereals and grain legumes, the stalks of corn, sunflower,
rape, the tops of sugar beet etc. – are either gathered as an
additional product and used for production purposes or shredded,
distributed over the surface of the field and mixed with the upper
layer of soil with the use of disk stubble ploughs or ploughed in into
the soil to a certain depth during the tilling operations.
The output of crop growing by-products in Ukraine amounts to
over 80 million tons per annum, in some years it reaches up to 100
million tons. The bulk of these products is the straw of spiked
cereals and grain legumes with an annual production volume of
45…50 million tons. Traditionally, the straw of cereal crops has
always been used for heating the houses, feeding the cattle, as
bedding and in the construction of houses and household
outbuildings. Therefore, it has been carefully collected and stored.
The stalks of corn, sunflower, the straw of rape and other plants
have been used mostly for heating, the tops of sugar beet – for
feeding the animal stock.
It is to be noted that the process of gathering and storing crop
growing by-products is rather resource intensive and involves a
whole park of agricultural machinery used for various operations.
For example, the labour inputs in the gathering and stacking of
straw is 2…3 times higher and the fuel consumption is 1.2…1.5
times higher than in the harvesting of grain. That is why farm
managers are in constant search for the ways of utilising more
efficiently and at less cost the straw and other plant residues.

2. Preconditions and means for resolving the
problem
In the worldwide practice, the straw and other residues of
agricultural plants are used primarily:
– in crop growing for maintaining and regenerating the fertility
of soils,
– in livestock husbandry as bedding and a supplement to
coarse fodders,
– in heat power industry as an energy source for the production
of thermal power.
On a smaller scale, straw is used for the production of
mushroom cultivation substrates, in arts and crafts etc.
Each of the above-listed main areas of utilisation for straw and
plant residues has its own advantages and deficiencies, followers
and opponents. The majority of scientists, especially those in the
domains of soil sciences and agronomy, believe that straw and plant
residues must be employed for maintaining and regenerating the
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fertility of soils. A number scientists and experts take into
consideration the problems with hydrocarbon energy products and
opine that straw is a promising source of energy and its use for the
production of thermal power must be actively promoted. There is a
conservative scientific community with ideas about the utilisation of
straw in livestock husbandry. The advocates of each of these
standpoints bring weighty arguments in favour of their outlook and,
under specific real working conditions, it is sometimes difficult to
make a right decision about employing one or another of them.
The solution is that each of the proposed approaches is used,
where it is most needed and taking into account the specific
conditions, in which it will be most efficient. For example, if the
farm unit does not work with livestock production or holds a limited
number of livestock, the manure output is small or absent, then
certainly the straw must for its most part be used for maintaining
and regenerating the fertility of soils. Because, in the absence of
natural fertilisers, there is virtually no other source of replenishment
of the soils’ organic component. Meanwhile, if the farm unit under
consideration is an animal production unit, which has manure in
abundance, the use of straw as a fuel for heat generation is totally
justified. Thus, the selection of the approach to the rational use of
straw and plant residues has to be based on the principle of
economic and operating practicality.

3. Results and discussion
In the following pages, the most widespread approaches to the
use of the straw of spiked cereals are given consideration. For
example, the use of the straw and plant residues of agricultural
plants as a fertiliser is especially popular in the countries with a
developed agricultural industry. Recently, this approach has been
gaining acceptance in Ukraine as well. The main reason for that is
the current situation, when the livestock numbers are significantly
reduced and the input of organic and mineral fertilisers into the soil
is limited. Thus, the most acceptable way to maintain the humus
content at a relatively satisfactory level, prevent the degradation and
promote the fertility of soils is to utilise the after-harvesting plant
residues of field crops, first of all, the straw of winter crops as
organic fertilisers.
According to the data of the NSC “O.N. Sokolovsky Institute
of Soil Sciences and Agricultural Chemistry”, the current rate of the
annual loss of humus in Ukraine is up to 0.5 tons per hectare of
plough land. At the same time, it is possible to return to soil through
the use of straw and plant residues 15…20 kg of nitrogen, 8…10 kg
of phosphorus and 30…40 kg of potassium per hectare as well as
some important secondary fertilizer components, such as boron,
copper, manganese, molybdenum, zinc and cobalt.

By using 17…20 million tons of straw as organic fertiliser, it is
possible to achieve annual savings of over 100 thousand tons of
nitrogen, 70 thousand tons of phosphorus and 250 thousand tons of
potassium. The listed figures prove that straw is a valuable organic
amendment; indeed, in humus equivalent one ton of straw can
replace 2.5…2.8 tons of bedding manure.
That said, it is worthwhile to say that the straw just introduced
into the soil is not yet an organic fertiliser in a literal sense, it will
become such only later, after the humification process is complete
and the straw has lost its ability to produce a depressive effect on
the subsequent agricultural crop. For that to happen, it is necessary
to create certain conditions, as the microorganisms that decompose
organic compounds belong to the aerobic group, therefore, the straw
humification process can be intensified by the sufficient aeration
and moistening of the soil. Thus, it is better to plough in the
shredded straw into broken humid soil. The length of a straw shred
may not exceed 10 cm. This requirement is applicable also to the
other plant residues allocated for the use as organic fertilisers. In
order to cancel the depressive effect of straw on the growth and
development of the plants of the subsequent crop, it is necessary to
input at least 10…12 kg of the primary nutrient of ammoniumbased nitrogen fertilisers in each ton of straw prior to ploughing it in
into the soil. If the above-mentioned conditions are met, in 6…8
months 40…50% of the straw deposited in the soil will undergo
humification and become an organic fertiliser. The remainder of the
straw will turn into a fertiliser a little later.
Taking into account the described situation, straw is usually
introduced into the soil as a fertiliser for spring crops, because the
sowing is preferably carried out only in 6…8 months after
ploughing in the straw into the soil.
Technically and economically, the most rational process layout
for the use of straw as a fertiliser comprises its shredding during the
main product harvesting followed by the introduction of a nitrogen
fertiliser and the ploughing in of the straw into the soil. For that
purpose, the grain harvesters have to be equipped with multipurpose shredding machines, which will shred the straw and
uniformly spread it over the surface of the field within the working
width of the header. Other layouts are less efficient, but in real
working conditions their implementation as often as not is
stipulated by the specific circumstances.
In summer 2016, it so happened that the rains caused delays in
the grain harvesting operations, the standing crop was beaten down,
weeds came up, which led to the growing loss of the harvest.
Taking into account these circumstances as well as the high price of
fuel and high rate of wear-and-tear in the complete harvester fleet,
part of the grain producers were bound to gather only the grain
component of the harvest, while the straw was left in the field in
windrows. In addition, the imported grain harvesters operated in
many farm units were not equipped with straw shredders.
As a result, the condition of many fields after the harvesting of
early cereal crops virtually prohibited the ploughing in of the straw
into the soil and the performance of the main soil cultivation
without undertaking additional operations.
The question was raised: how can the straw lying in the fields
in windrows be shredded, uniformly spread over the surface of the
field, mixed with soil with the following main soil cultivation in
those fields? In the case under consideration, the most reasonable
way to shred the straw was to apply the plant residue shredder PR4.5 and IRP-5.4 with the vertical line of rotation of the tools and the
shredders PP-2, PN-2.0 and PN-4.0 with the horizontal line of
rotation, or shredders manufactured by the foreign companies
“KUHN”, “SHULTE” and other.
Sometimes farmers use heavy disk harrows of the BPRR-4.2
and BPRR-6.5 types instead of plant residue shredders for
shredding straw in windrows, after which the surface of the field is
cultivated with the use of heavy cultivators of the KPE-3.8 type.
But in that case, it is to be taken into account that the quality of
straw shredding will be much lower, not to mention the uneven
distribution of the straw over the area.
For the shredding of the stalks of the corn harvested for grain,
OAO “Kherson Machine-Building Plant” offer the KMS-6 header
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for the KZS-9-1 “Slavutich”, Don-1500, “Yenisey-960” grain
harvesters and the KKP-2S trailing corn harvester, for the shredding
of the stalks of sunflower simultaneously with the harvesting of the
seeds they offer the PZS-8 header that can be ganged up with all
models of grain harvesters available in the Ukrainian market.
The straw or other plant residues shredded and spread over the
surface of the field must be ploughed in into the soil not later than
two days after the addition of nitrogen fertilisers. In order to mix the
shredded straw and plant residues with the soil and plough them in
into the soil, heavy disk harrows of domestic or foreign
manufacturers are generally used. The best results are provided by
the disk harrows with the combined operation of disc tools and
cylindrical compactors.
The second main trend in the efficient utilisation of straw is its
application in livestock husbandry. In the previous years the straw
of cereal crops was used in this sector as a coarse fodder and for
bedding. Mechanical, chemical, thermal, thermochemical,
biological, barothermal and other methods of improving the
nutritional value of straw were used in the preparation of it for
feeding. For that purpose, various straw choppers, metering bins,
mixing machines, steamers etc. had been developed, but the desired
effect from feeding straw to animals had not been achieved. The
main conclusion from that is that for high-performance animals
straw is a fodder of little value and it is only reasonable to use it as a
supplement, which in certain feeding diets can satisfy the demand
of the livestock for fibre. In livestock farming, it is practical to use
straw first of all as the bedding that is most suitable for providing
the comfortable housing conditions for the animals and production
of organic fertilisers.
According to the data of the Institute of Livestock Husbandry
of the NAAS, the daily demand for bedding straw varies from 2 to 8
kg per cow, depending on the type of housing and the livestock
production rate. At such straw consumption rates, in dairy farms it
is possible to obtain daily 40…50 kg of organic fertilisers per
capita; high-performance farms can have even higher outputs.
Lately, in developed economy countries the use of straw and
plant residues for energy production purposes has been gaining
popularity. This trend in energy industry is developing most
actively in Denmark, Sweden and the majority of the Central
European countries. In their economies, 5 to 20 per cent of all straw
is used for energy-related purposes every year.
Considering the growing prices of fossil fuels and the
dependency of our country on their import, the utilisation of crop
growing by-products, in particular, straw for energy production
purposes is a promising trend. Ukraine already has certain
experience in the utilisation of straw for thermal power production.
Thus, at the moment, 16 heat-generating systems operate in rural
areas, which consume about 10.5 thousand tons of straw and
generate over 1.5 million kWh of thermal energy.
According to the preliminary estimates, there are possibilities
in Ukraine to utilise annually up to 10 million tons of the straw of
cereals and about 7 million tons of the straw of rape, which can
reduce the demand for fossil fuels in the heating energy generation
sector by almost 4 million tons.
Nevertheless, it is worth mentioning that the agricultural
biomass used as a fuel has a number of distinctive features, which
make it different from the energy resources conventionally used for
heating. The most important fuel technology property of the
biomass used as a solid biofuel is its heat generation capacity,
which depends on many factors, such as: genetic traits of the energy
plants, environmental effects, storage conditions, moisture content
etc. Table 1 lists the average heat generation capacities of various
agricultural energy feedstocks (which previously were classified as
the waste products of the agricultural industry) at a moisture content
of 20%.
The present-day consumers of fuels tend to favour, as regards
the technology and engineering, concentrated non-renewable
sources of energy. Raising the level of the energy self-sufficiency of
the agricultural industry through the use of straw will require
considerable capital investments.

Table 1. Average heat generation capacity of energy
feedstocks

Pattern IV for compacting plant residues into bricks or pellets
can involve Pattern I, where the initially shredded biomass is
transferred by heavy trailers to the place of combustion, finally
disintegrated, finally dried and compacted with the use of ram, ringroll or screw press.
It is to be noted that the use of straw is economically viable
with the short distances of carriage from the production site to the
utilisation site. Thus, the economically rational distance for the
carriage of shredded straw at a haulage rate of about 1 dollar∙(t∙km)1
may not exceed 100 km. Under the same conditions, the
economically viable distance for the carriage of straw in round bales
can be 2…2.5 times greater, the carriage of straw in bricks – 5…6
times greater. The said difference between the economically
acceptable carriage distances results from the different costs of
carriage. Thus, the cost of carriage of loose shredded straw under
current economic conditions can be around 7.5 hryvnias a ton to a
distance of 1 km, straw in round bales – 0.3 dollar∙(t·km)-1, straw in
bricks – 0.1…0.2 dollar∙(t·km)-1. The mentioned limit values are
based on the fact that the cost of the heat generated by burning
straw is within a range of 20…23 UAH∙ha-1 and is equal to the cost
of the heat generated by burning own natural gas.
As is obvious from the data on the production and utilisation of
straw obtained in the scientific establishments and research and
development farm units of the National Academy of Agricultural
Sciences of Ukraine (Table 2) in the last three years, considerable
amounts of straw can be used for energy production purposes. If the
stalks of corn, sunflower and rape are added, it becomes apparent
that there are reserves for thermal energy generation.

Heat generation capacity
(MJ∙kg-1)
Straw of cereal crops
10.5
Stalks of corn
12.5
Branches of fruit trees
10.5
Stalks of sunflower
12.5
Grapevine
14.2
In Ukraine, straw burning heat generators with air as the heat
transfer medium are produced. They can be ganged up with drying
installations and used for heating greenhouses and industrial
premises (heat generators of the TGS type manufactured by OAO
“BRIG”, Nikolayev Region). The range of heat generating units
includes also hot-water boilers for heating industrial premises and
social and cultural facilities (boilers of the RAU type manufactured
by OAO “PIVDENTEPLOENERGOMASH”, Rovno Region, under
the licence the Danish “PASSOT ENERGI”), waste heat boilers for
burning the woodworking waste (waste heat boilers of the TGU
type manufactured by AO “MACKAGROTEKH”, Kiev Region,
and of the “DRAKON” type manufactured by OOO “UKRAINIAN
TECHNOLOGICAL SYSTEMS”, Ternopol Region). Another trend
in the utilisation of straw as an energy vector is its burning in the
compacted form of pellets and bricks, which makes the combustion
process slower (5-6 times comparing to the pulverised noncompacted bulk) and more controlled with respect to the emission
of volatile compounds and combustion gas into the atmosphere.
Moreover, with this approach positive preconditions arise for the
improvement of the specific energy content of the plant feedstock
through its mixing with more calorific waste products generated
during the processing of agricultural stock, for example, extraction
cakes, press cakes, ballast products from the production of
vegetable oils as well as peat and coal dust. In view of the fact that
the Ukrainian industry has opened up the production of press and
special process equipment (“PRESMASH” Works, IvanoFrankovsk, ZAO “CHERKASELEVATORMASH”, Cherkassy), it
becomes possible to initiate the pilot projects of mini-plants for the
production of bricks or pellets of enriched biomass fuel with a heat
generation capacity of 18 to 30 MJ∙kg-1 right at the place of stock
storage and its sale with insignificant transport costs.
In the NSC “IMESKH” of the NAAS, four main patterns of
combining the machinery and equipment for the procurement of
plant residues and production of biomass fuel from them have been
determined.
Pattern І follows the sequence developed earlier in “IMESKH”
and most widely used in its time: from the harvester with a
shredding attachment, the shredded straw is unloaded into trailing
bogies of the 2PTS-887A type (its Ukrainian equivalent, mod.
8545-45) and transferred by a 1.4 Class tractor (MTZ, PMZ) to the
place of storage, where it is disintegrated in the disintegrator of the
IGK-30B type (Ukrainian equivalent IUF-10) before feeding it into
the heat generating unit.
Pattern ІІ suggests compacting the whole or partially shredded
straw arranged in large stacks by a baling machine of the PRF or PT
type (manufactured by OAO “IRPINMASH”) into square or round
bales, which are loaded by a PF-0.5 loader in the carrier vehicles (a
heavy trailer or a truck with a trailer of the KAMAZ-53208 or
MAZ-Super type) and transported to the place of storage or
combustion. It is also reasonable to utilise in the carriage of round
bales the 1PTSM-9 trailer retrofitted in DPDG “STEPNOYE”,
Poltava Region, which is capable of transporting simultaneously 9
round bales of straw and unloading them with own means at the
place of storage or combustion.
Pattern ІІІ is applicable mainly to the procurement of afterharvesting residues (stalks) of corn, sunflower, sorghum: the stalk
mass is shredded with the use of the grass-mowing machine of the
“ROS-2” type (manufactured by “BILOTCERKIVSILMASH”),
arranged in windrows, compacted with the use of the abovementioned baling machines and delivered to the place of
combustion following Pattern ІІ.
Description of feedstock

Table 2. Data on production and utilisation of straw of early
cereal crops in different years from scientific establishments and
research and development farm units under NAAS
Production
and utilisation
of straw
(thousand
tons)
Production
Demand for
fodder
and
bedding for
livestock
Utilisation as
organic
fertiliser
Free balance

2007

2010

2017

420.0
86.0

675.0
85.0

524.0
84.0

126.0

203.0

157.0

208.0

387.0

283.0

Hence, it is possible to state that the machinery of the domestic
and foreign manufacture available in the Ukrainian market is quite
sufficient for the gathering, storage and preparation of straw in
round bales, packs, bricks, pellets or unprocessed form. At the same
time, the equipment for the preparation of biomass for combustion
and heat generation needs improvement with due with provision for
the specific factors in the consumption of thermal energy produced
from biomass.

4. Conclusions
With reference to the above-said, taking into account the
current trends in the utilisation of straw and other plant residues,
there is urgent necessity of additional research into what plant
residues and what quantities of them can be reasonably used for the
fertilisation of soils, taking into account the saturation of the crop
rotation systems with cereal crops, the limitation of the
phytopathogenic load on grain varieties, the development of weeds,
the management of the soil’s nitrogen status under different soil and
climate conditions. The accumulated knowledge and field
experience in the utilisation of crop growing by-products as organic
fertilisers have to be taken into account under specific farming
conditions.
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Abstract: The development of agricultural service co-operatives in Ukraine is one of the priority directions of the state agricultural
policy. The cooperation of small and medium-sized agricultural producers in the dairy, horticulture, vegetable and grain sectors is the key to
not only economic, but also social development of rural areas. Increasing the competitiveness of farmers involves significant investments
into infrastructure and technology, while the cooperative model enables farmers to receive high-quality technical and logistic services at
affordable prices and with affordable start-up investments.
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However, the threshold capabilities connected, in this case with
the investment into equipment (Table 1).

1. Introduction
Service co-operatives is one of the target group for Ukrainian
government’s support program in Agriculture (Concept of the
Government, 2017). Moreover, 1 billion UAH will be addressed to
farmers and cooperatives in 2018 (Cabinet of Ministers’ of Ukraine
Decree, 2018). Additionally, international projects in Ukraine
supported by FAO, Canadian Government and other international
organizations push the co-operatives development as the main
stimulator of revitalizing rural territories and increasing
competitiveness of small farmers (FAO Regional Office for Europe
and Central Asia, 2017).
As a result, 2 069 co-operatives were registered in Ukraine by
the official statistic, on January 1, 2018 (AgroPortal, 2018). Among
them 996 co-operatives are production and 1073 service ones.
Therefore, only a half of the registered service co-operatives is
active.
Despite all the theoretical evidence of the benefits of
cooperation for farmers, there are not so many examples of
successful cooperation in Ukraine.
The aim of the research was to study the factors that stimulate
and restrict the development of agricultural service co-operatives in
Ukraine.

Table 1: Threshold resources and competencies for threshold
capabilities of the service co-operatives in dairy and grain sector
Co-operative

Dairy

Keys of
success to
enter the
market

The research was conducted using data of the State Statistics
Service of Ukraine, information of the official Government reports,
regulations. The research was conducted in the framework of
Ukrainian Storage and Marketing Co-operatives Project (20162017) and Ukraine Dairy Business Development Project (2017).
The methods of research include survey, interview, and work in
focus groups during training and strategy sessions with the
members of two grain and five milk co-operatives – participants of
the projects.
The results of the research were analyzed with the strategical
management approach through the “threshold/unique resources and
threshold/core competencies” for service co-operatives, to indicate
those of them, which can create capabilities for competitive
advantages for a long time perspectives.

3. Results and Discussion
The main types of services for members had been identified
before the threshold and competitive capabilities of cooperatives
were analyzed.
The best type of service to attract members for participation in
economic activity of the grain co-operative with the minimum risks
for the members and without additional investment (only entrance
fee) is economic effect of cost saving due joint purchases. For small
grain farmers discount of inputs price can be the crucial motivation
to use co-operative service.
For dairy farmers joint purchases are not so important as joint
selling – service of collecting, cooling and marketing of milk.
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Competencies
 Technical skills in
collecting and
analyzing milk
quality (trained staff
and members);
 Management and
accounting skills;
 Members’
responsibility for the
quality and volume
of milk
 Investment into equipment  Responsibility and
and logistic
confidence
 Working capital to pay in
advance for inputs by the
wholesale prices;
 Manager and accountant

Grain

2. Materials and Methods

Resources
 Stationary milk coolers;
 Milk tanks (automobiles);
 Milk quality analyzers
(Eco-milk);
 Milk collectors;
 Administration staff
(manager and accountant)

Keys of
success to
enter the
market

 Skills and knowledge
in negotiation with
suppliers;
 Management and
accounting skills in
co-operatives
identity;
 Members
responsibility for the
volume of purchase

 Responsibility and confidence

Therefore, at the first stage of the life cycle, dairy co-operatives
are more sensitive and they strongly need to be supported to invest
into equipment and to enter the market. In modern history of
Ukrainian co-operatives development, the first dairy co-operatives
were initiated and supported by milk processors (DANONE
Ecosystem Fund, 2010-2016).
The next level of services was considered in the process of
identification of competitive advantages for grain and dairy cooperatives:
income growth for the grain farmer due the facilities of the
co-operative elevator;
access to the short-term financial resources by the low
price for family dairy farms reconstruction and building;
professional consulting (in agronomy, farm management,
accounting);
education and training for members, board members,
managers and employees – business skills and ethic
development;
advocacy and lobby of farmers’ interests at the local and
state level; pushing changes in legislation (Table 2).

Table 2: Resources and Competencies to create competitive
advantages for grain and dairy co-operatives
Co-operative



Dairy



Keys of
success for a
long-term
period





Grain




Keys of
success for a
long term
period






Unique resources
Dairy Management
System and Milk
Laboratory;
Demonstration
(education) Farm;
Found of
entrepreneurship
development;
International projects’
resources;
System of milk
collecting according
with the standards of
safety and quality
Milk quality, safety and
volume

References

Core competencies
 High skilled crises
managers at the Coop
Union level
(negotiation with milk
processors, logistic,
technical service);
 Educated Boards,
managers, accountants;
 Partnership of dairy cooperatives and joint
strategy for the Union

CABINET OF MINISTERS OF UKRAINE DECREE from
February 7, 2018, No. 106. Kiev. On approval of the procedure for
using funds provided in the state budget for financial support to the
development of farms. // https://www.kmu.gov.ua/ua/npas/prozatverdzhennya-poryadku-vi. Access date: 20.03.2018 (UA).
CONCEPT of the Government about development of farms and
agricultural
cooperatives
for
2018-2020.
http://zakon2.rada.gov.ua/laws/show/ru/664-2017-%D1%80#n8.
Access date: 20.03.2018 (UA).
FAO Regional Office for Europe and Central Asia. FAO
bolsters agricultural cooperatives in eastern Ukraine. //
http://www.fao.org/europe/news/detail-news/en/c/885601/. Access
date: 20.03.2018.

 Service quality and
efficiency
 Communication;
 Transparency
Co-operative elevator;
 Professional logistic
Certified Laboratory of
and marketing;
the grain quality;
 Educated Boards,
Railway facilities (in the
managers, accountants
project);
International project’s
support;
Gender Fund.
Members’ investment;
 Service quality and
Network of co-operative
efficiency
elevator;
 Communication;
Processing facilities
 Transparency Service
quality and efficiency

AgroPortal. Ministry of agricultural policy and food: from 1000
co-operatives
works
only
a
half.
//
http://agroportal.ua/ua/news/ukraina/minagroprod-iz-tysyachikooperativov-realno-rabotaet-vsego-polovina/.
Access
date:
29.05.2018 (UA).
Ukraine
Grain
Cooperative
Project.
//
https://www.facebook.com/GrainProject/. Access date: 20.03.2018.
Ukraine
Dairy
Business
Development
Project.
//
http://www.dsks.org.ua/projects/rozvytok-molochnogo-biznesu-vukrayini/. Access date: 20.05.2018 (UA).
Project “Development of dairy co-operatives in Ukraine (20102016), financially supported by Fund DANONE Ecosystem
(France).
//
http://www.dsks.org.ua/projects/rozvytokmolocharskyx-kooperatyviv-v-ukrayini/. Access date: 20.05.2018
(UA).

4. Conclusions
Agricultural service co-operatives in Ukraine operates in the
condition of strong competition in grain and dairy sector. To enter
the market and develop the competitive advantages both investment
and education are strongly need.
For dairy co-operatives, competitive advantages can be
achievable at the second level of cooperation – at co-operative
Union. There are only some Co-operative Unions in Ukraine, and in
our opinion, it is the main reason why 50% of service co-operatives
are not active now. Primary investment into equipment supported
by government or international project will not provide the longterm result without education and network development. Quality
and safety of milk collecting, cooling and selling, good governance
and management, transparency – these core competencies are the
keys of success.
Grain co-operatives do not need unique resources to start the
economic activity. Nevertheless, investment into infrastructure
development (elevator, railway facilities, processing equipment) is
the challenge for grain co-operatives. Government has not included
grain co-operatives as beneficiaries of support to buy equipment
and machinery. Only members’ investment can push the grain cooperative development. Education and training, communication and
sharing the best co-operatives’ practice and business model can
stimulate the cooperative development at the grain farming.
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IRRIGATION REGIMES AND YIELD OF BERRIES IN DRIP IRRIGATION
CONDITIONS AND WATER DEFICIT
R. Kireva, M. Mihov Institute for Soil Science, Agrotechnology and Plant Protection "N. Pushkarov, Sofia
Email: r.kireva@abv.bg
Summary: The increasing water deficit requires studies to optimize irrigation regimes and water-saving technologies to achieve economy of
irrigation water at an acceptable yield level.
In order to establish the irrigation regime in the field of "Chelopechene" Experimental Field, Sofia, there have been researches, examining
different regimes - from full satisfaction of the daily needs of culture for water to irrigation with reduced by 20% and 40% water application
rates.
On average, over the survey period, the highest yields were obtained with the irrigated wit 100% water applicatipn rate. Reducing the
irrigation rate leads to a corresponding reduction in yields and affects the quality of production. The application of regimes of irrigation
with reduced iwater applicatipn rates is recommended only in the case of water deficiency.
KEY WORDS: DRIP IRRIGATION, IRRIGATION REGIMEN, BERRY CROPS, YIELD, RASPBERRIES, STRAWBERRIES, EXPERIMENT

1.Introduction
Climate change due to global warming has a significant impact on
water resources, including groundwater and surface water (Ziad
A.M. and S.A. Jamous, 2010). The periods of drought vary with
duration and time of manifestation.
The aggravated conditions in agriculture as a result of climate
change necessitate the use of appropriate systems and technologies
for growing and irrigating agricultural crops, taking into account
soil, climate and new economic conditions. Under the new
conditions of agricultural development, water appears to be a
limiting factor and becomes extremely important from an
environmental and economic point of view. It is also a decisive
factor for showing the maximum productive capacity of agricultural
crops with the optimal supply of plants with water.
Micro-irrigation in these crops is increasingly used, due to the
possibility of effective control of processes in the irrigation system
and in the irrigated plantation (Bucks et al., 1982). This method
fully complies with the requirements for sustainable agriculture and
organic fruit production, incl. ensures high yields and quality of
production, reduces unwanted side effects. (Branson et al., 1981).
Currently drip irrigation is a proven water-saving technology that
meets the requirements for sustainable agriculture and protection of
water resources and the environment, which has its place in hydroameliorative practice (Petkov, Pl., Etc. 2007).
The aim of the study is to determine the influence of irrigation on
the yield of berry crops, optimal water supply and water deficit

2.Materials and methods
For three years, studies have been conducted to establish the
dripping regime with regard to the amount of water supplied, the
irrigation period, the irrigation rate, and the yields obtained. The
researches were conducted in the experimental base of ISSAPP
"N.Pushkarov", district "Chelopechene" for years with various
meteorological conditions with basic berry crops - raspberries and
strawberries on open areas.
Irrigation variants have been tested at a presumptive humidity of 80
÷ 85% of the total Polish moisture content and watering irrigation
rates of satisfying 60 to 100% of the water requirements. The
irrigation is carried out with a Drospach Drop System, which best
meets the biological features of the crops studied.
The feature of drip irrigation is that the irrigation rate is not the
same as other irrigation technologies. A reduction is made at the
expense of the not watered area. For this purpose, the formula of
(Frecman, B., Carzoli, 1980) was used, taking into account the
cropping patterns of the test crops.
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The soil is a leavened Leptosols, medium heavy in mechanical
composition with a maximum field moisture content of 0 ÷ 0,60 m 22,1% of the weight of the absolutely dry soil and a dry soil density
of 1,47 g / cm3. Suitable for growing berry crops.

3.Results and discussions
Based on the amount and distribution of precipitation during the
April-September vegetation period, the conditions during the
individual years are characterized by variety and extreme
manifestation. Regarding the amount of precipitated rainfall during
the growing season of raspberries 1999 and 2001, they are
characterized as wet and moderately humid with a factor of rainfall
of 19.2% and 33% and 2000 as very dry with a guarantee of 98.6 %.
Years of the Polish experiment with Polka strawberries are
characterized as very dry with a factor of rainfall from 80.75%
(2013) to 86.9% (2012). The lowest rainfall fell in 2011 (244 mm)
and 2012. (245 mm), and in 2013 (260 mm).
The precipitation during the growing season of the cultivated crops
is unevenly distributed in the different periods, which led to the
realization of a different number of irrigation. The crop yields
obtained over the years with the different humidity ratios (rainfall
factor availability) show the impact of drip irrigation on the yields
obtained.
The results show that optimum yields of raspberries and high
quality strawberries are obtained at a pre-humid soil moisture
between 80 and 85% of the total water holding capacity (WHC) and
a 100% water application rate. In the case of 18 irrigations and 324
mm irrigation rate, a yield of Raspberry Raspberry - 10 780 kg / ha
(Table 1 and Figure 1) was obtained on average over the period of
the survey. The reduction in the irrigation arte by 20 and 40% has
led to a reduction in yields of 11 and 22%.
Raspberries and strawberries have different growing seasons, which
has influenced the number of irrigations and the size of irrigation
regulations. In the cultivation of "Polka" variety strawberries in
open areas, 8 numbers of irrigations and irrigation rate of 136 mm
were produced yield of 15,180 kg / ha during the study period
(Table 1 and Figure 1), followed by variant with 20% reduction of
the water application rate - 1142 kg / dka. The lowest yields were
obtained with the 40% reduction of the water application rate - 935
kg / dka. Lowering the irrigation rate by 20% resulted in a 25%
reduction in yields compared to the 100% realization of irrigated
rate. This irrigation regime can be used in the event of an
occurrence of water deficit, where the yields obtained are
satisfactory. Reducing the irrigation rate by 40% has led to a more
drastic reduction in yields of 40%, due to the very dry and hot years
of field experiments.

Crops varieties

Raspberry variety "Lyulin"
Strawberry variety "Polka"
Raspberry variety "Lyulin"
Strawberry variety "Polka"
Raspberry variety "Lyulin"
Strawberry variety "Polka"

Table 1: Irrigation regime and yields in berry crops with average drip irrigation during the study period.
water application
Number of
Irrigation rate,
yield,
rate,
irrigations
mm
kg/ha
mm
100% water application rate
18
18
324
10 780
8
17
136
15 180
80% water application rate
18
14
252
9 630
8
14
112
11 420
60% water application rate
18
11
198
8 350
8
10
80
9 350

Fig. 1. Yields of berries in irrigation rates of 60%, 80% and 100%
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4. Conclusion
1. Research conducted with berry crops in the area of the Sofia field
shows that, when maintaining asoil moisture before issigation of 80
÷ 85% of WHC, high yields are obtained with good quality
indicators.
2. From the applied irrigation regimes in the studied crops, on
average during the study period, optimal yields are obtained at
100% realization of the water application rate.
3. The reduction of the water application rates by 20% and 40%
leads to lower economic results for both crops. In case of water
deficit, it is recommended to apply irrigation regime with a 20%
reduction of water application rates, where the yields are
satisfactory in both studied crops.
4. The results of the field experiments can be used in the design and
operation of irrigation systems as well as in determining the
economic effect of drip irrigation
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Abstract: The aim of this article is to describe the general methodology of earthquake early warning systems. The common disaster
monitoring system was analyzed, and the construction system of disaster information management system was discussed particularly. This
paper addresses traditional views of early warning systems and what is needed to turn them into efficient, people-centred systems.
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to actively involve the communities at risk, facilitate public
education and awareness of risks, effectively disseminate alerts
and warnings and ensure there is constant state of preparedness
[5]. A complete and effective early warning system supports four
main functions: risk knowledge, monitoring and warning;
dissemination and communication; and a response capability.
Risk knowledge involves systematically collecting data and
undertaking risk assessments of predefined hazards and
vulnerabilities. It should answer questions like: Are the hazards
and the vulnerabilities well known? What are the patterns and
trends in these factors? Are risk maps and data widely available?
Monitoring and warning involves a study of the factors that
indicate a disaster is imminent, as well as the methods used to
detect these factors. The questions to be answered are: Are the
right parameters being monitored? Is there a sound scientific
basis for making forecasts? Can accurate and timely warnings be
generated?
Dissemination
and
communication
concerns
communicating the risk information and warnings to reach those
in danger in a way that is clear and understandable. The questions
of this part are: Do warnings reach all of those at risk? Are the
risks and the warnings understood? Is the warning information
clear and useable?
Response capability requires the building of national and
community response plan, testing of the plan, and the promotion
of readiness to ensure that people know how to respond to
warnings. And the questions that this part should answer are
these: Are response plans up to date and tested? Are local
capacities and knowledge made use of? Are people prepared and
ready to react to warnings?
Putting it all together Good early warning systems have
strong linkages between the four elements. The major players
concerned with the different elements meet regularly to ensure
they understand all of the other components and what other
parties need from them. Risk scenarios are constructed and
reviewed. Specific responsibilities throughout the chain are
agreed and implemented. Past events are studied and
improvements are made to the early warning system. Manuals
and procedures are agreed and published. Communities are
consulted and information is disseminated. Operational
procedures such as evacuations are practiced and tested. Behind
all of these activities lies a solid base of political support, laws
and regulations, institutional responsibility, and trained people.
Early warning systems are established and supported as a matter
of policy. Preparedness to respond is engrained in society.
An early warning system can be implemented as a chain of
information communication systems and comprises sensors,
event detection, decision support, and message broker
subsystems. They work together to forecast and signal
disturbances that adversely affect the stability of the physical
world, providing time for the response system to prepare for the
adverse event and to minimize its impact.
An early warning system is more than a warning system,
which is simply a means by which an alert can be disseminated to
the public.

1. Introduction
The ground motion of an earthquake resembles thunder in a
sense. A person who witnesses bright lightning in the night sky
prepares himself or herself for the thunder that is anticipated to
follow. This time lag results from the velocity difference between
light and sound. In the case of an earthquake, the velocity
difference between the primary wave (P-wave) and the secondary
wave (S-wave; generally, the S-wave has a larger amplitude than
the P-wave, and, in the case of a nearby earthquake, the peak
ground motion (principal motion) often arrives immediately after
the S-wave) generates a time allowance which enables a person
to start preparing for the principal motion as soon as he or she
detects the preceding P-wave. Moreover, by installing
seismographs near the source and analyzing the P-wave data
detected by the seismographs, it will be possible to give warnings
to distant locations before the P-wave arrives at those locations.
If an advance warning of ground motion can be given effectively,
the number of casualties from collapse of buildings and other
earthquake damages could possibly be reduced. Even when the
ground motion is not so strong, such warning could contribute to
reducing economic losses through automatic shutdown of
machines. Furthermore, system development related to such
warnings may create new business opportunities. The idea of a
system for advance warning of ground motion, which was
considered to be promising in various aspects as explained above,
already existed from long ago. However, in order to actually
build such a system, an appropriate observation network, analysis
system, and communication system would essentially be
required.
Because of the extreme complexity involved in the
earthquake processes, reliable earthquake prediction is not
currently possible. Present technological advances in seismic
instrumentation and in digital communication and processing
permit the implementation of a real-time earthquake monitoring
system. From the point of view of seismic hazards mitigation,
earthquake early warning (EEW) is becoming a practical tool to
reduce the loss caused by a damaging earthquake.
Earthquake early warning is the rapid detection of
earthquakes, real-time assessment of the shaking hazard, and
notification of people prior to shaking [5]. Warning times range
from a few seconds to a few minutes depending on your location
and how big the earthquake is. The further you are away from the
epicenter, the more warning time. The bigger the earthquake, the
stronger the shaking at greater distances. An early warning
should tell you how strong the shaking will be at your location,
and how long until that shaking starts (the warning time).

2. Basics of early warning systems.
Early warning is a major element of disaster risk reduction.
It prevents loss of life and reduces the economic and material
impact of disasters. To be effective, early warning systems need
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Developing and implementing an effective early warning
system requires the contribution and coordination of a diverse
range of individuals and groups. The following list provides a
brief explanation of the types of organizations and groups that
should be involved in early warning systems and their functions
and responsibilities.
Communities, particularly those most vulnerable, are
fundamental to people-centered early warning systems. They
should be actively involved in all aspects of the establishment
and operation of early warning systems; be aware of the hazards
and potential impacts to which they are exposed; and be able to
take actions to minimize the threat of loss or damage.
Local governments, like communities and individuals, are
at the centre of effective early warning systems. They should be
empowered by national governments, have considerable
knowledge of the hazards to which their communities are
exposed and be actively involved in the design and maintenance
of early warning systems. They must understand advisory
information received and be able to advice, instruct and engage
the local population in a manner that increases public safety and
reduces the possible loss of resources on which the community
depends.
National governments are responsible for high-level
policies and frameworks that facilitate early warning and for the
technical systems that predict and issue national hazard warnings.
National governments should interact with regional and
international governments and agencies to strengthen early
warning capacities and ensure that warnings and related
responses are directed towards the most vulnerable populations.
The provision of support to local communities and governments
to develop operational capabilities is also an essential function.
Regional institutions and organizations play a role in
providing specialized knowledge and advice which supports
national efforts to develop and sustain early warning capabilities
in countries that share a common geographical environment. In
addition, they encourage linkages with international
organizations and facilitate effective early warning practices
among adjacent countries.
International
bodies
can
provide
international
coordination, standardization, and support for national early
warning activities and foster the exchange of data and knowledge
between individual countries and regions. Support may include
the provision of advisory information, technical assistance, and
policy and organizational support necessary to aid the
development and operational capabilities of national authorities
or agencies.
Non-governmental organizations play a role in raising
awareness among individuals, communities and organizations
involved in early warning, particularly at the community level.
They can also assist with implementing early warning systems
and in preparing communities for natural disasters. In addition,
they can play an important advocacy role to help ensure that early
warning stays on the agenda of government policy makers.
The private sector has a diverse role to play in early
warning, including developing early warning capabilities in their
own organizations. The media plays a vital role in improving the
disaster consciousness of the general population and
disseminating early warnings. The private sector also has a large
untapped potential to help provide skilled services in form of
technical manpower, know-how or donations (in-kind and cash)
of goods or services.
The science and academic community has a critical role
in providing specialized scientific and technical input to assist
governments and communities in developing early warning
systems. Their expertise is central to analyzing natural hazard
risks facing communities, supporting the design of scientific and
systematic monitoring and warning services, supporting data
exchange, translating scientific or technical information into
comprehensible messages, and to the dissemination of
understandable warnings to those at risk.

If disasters arise from the concatenation of multiple factors,
natural and social, then in principle at least, an early warning
system should address all of the factors relevant to the particular
risk. From this perspective it is desirable to monitor and provide
early warning and foresight not only on the short-term
precipitating hazards and geophysical conditions but also on the
relevant longer-term factors such as declining environmental
state, risk-raising development practices and projects, riskaltering policy changes, the status of social communications and
capacities, trends in food markets, settlement trends and
migration, conflict and health status. This involves a wide range
of time frames, and diverse methodologies for monitoring and
forecasting [4]. Extending this line of thinking, one can argue
that the citizen and the public risk manager is not so concerned
with the specifics of particular hazards, but rather the package of
risks faced and how to mitigate and prepare for them. This
implies that an approach that addresses all relevant hazards in an
integrated fashion, and not as separate unconnected systems, is
more appropriate to the management of natural risks. Such a
„multi-hazard‟ or „all-hazard‟ approach should provide synergies
and cost-efficiencies, e.g. in data gathering and processing and in
public preparedness efforts, and should assist in sustaining
warning capabilities for the more infrequent hazards, such as
tsunamis.

3.In common about earthquake warning system
An earthquake
warning
system is
a
system
of accelerometers, seismometers, communication, computers, and
alarms that is devised for regional notification of a
substantial earthquake while it is in progress. This is not the same
asearthquake prediction, which is currently incapable of
producing decisive event warnings.
Earthquake early warning systems (EEWS) use earthquake
science and the technology of monitoring systems to alert devices
and people when shaking waves generated by an earthquake are
expected to arrive at their location. The seconds to minutes of
advance warning can allow people and systems to take actions to
protect life and property from destructive shaking.1
Even a few seconds of warning can enable protective
actions such as:
 Public: Citizens, including schoolchildren, drop, cover,
and hold on; turn off stoves, safely stop vehicles.
 Businesses: Personnel move to safe locations,
automated systems ensure elevators doors open, production lines
are shut down, sensitive equipment is placed in a safe mode.
 Medical services: Surgeons, dentists, and others stop
delicate procedures.
 Emergency responders: Open firehouse doors,
personnel prepare and prioritize response decisions.
 Power infrastructure: Protect power stations and grid
facilities from strong shaking.

1

http://earthquake.usgs.gov/research/earlywarning/
[Looked at 11.05.2017].
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Figure 1 Extend of Earthquake early warning.
EEW systems are currently operating in several countries,
and others are building them. Since 2006 the USGS has been
working to develop EEW for the United States, with the help of
several cooperating organizations including the California
Geological Survey (CGS), the California Institute of Technology
(Caltech), the California Office of Emergency Services
(CalOES), the Moore Foundation, the University of California,
Berkeley, the University of Washington, and the University of
Oregon [13]. The goal is to create and operate an EEW system
for the highest risk areas of the United States beginning with the
West Coast states: California, Washington, and Oregon.
A demonstration EEW system called ShakeAlert began
sending test notifications to selected users in California in
January 2012 [1]. The system detects earthquakes using
the California Integrated Seismic Network (CISN), an existing
network of about 400 high-quality ground motion sensors. CISN
is a partnership between the USGS, State of California, Caltech,
and University of California, Berkeley, and is one of seven
regional networks that make up the Advanced National Seismic
System (ANSS).
In February of 2016 the USGS, along with its partners,
rolled-out the next-generation ShakeAlert early warning test
system in California. This “production prototype” has been
designed for redundant, reliable operations. The system includes
geographically distributed servers, and allows for automatic failover if connection is lost. This next-generation system will not
yet support public warnings but will allow selected early adopters
to develop and deploy pilot implementations that take protective
actions triggered by the ShakeAlert warnings in areas with
sufficient coverage - Figure 2. The USGS has published
an Implementation Plan with the steps needed to complete the
system and begin issuing public alerts. 2

Figure 2 Importance of shake alert.

4.Mode of operation EEWS
Earthquake early warning systems like ShakeAlert work
because the warning message can be transmitted almost
instantaneously, whereas the shaking waves from the earthquake
travel through the shallow layers of the Earth at speeds of one to
a few kilometers per second (0.5 to 3 miles per second). Figure 3
shows how such a system would operate. When an earthquake
occurs, both compressional (P) waves and transverse (S) waves
radiate outward from the epicenter. The P wave, which travels
fastest, trips sensors placed in the landscape, causing alert signals
to be sent ahead, giving people and automated electronic systems
some time (seconds to minutes) to take precautionary actions
before damage can begin with the arrival of the slower but
stronger S waves and later-arriving surface waves. Computers
and mobile phones receiving the alert message calculate the
expected arrival time and intensity of shaking at your location.3

Figure 3 Earthquake early warning basics.
2

3

http://earthquake.usgs.gov/research/earlywarning/
[Looked at 11.05.2017].

http://earthquake.usgs.gov/research/earlywarning/
[Looked at: 11.05.2017]
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We use this to estimate the anticipated ground shaking
across the region to be affected. The method can provide warning
before the S-wave, which brings the strong shaking that usually
causes most of the damage, arrives.4 It is important to know that
all earthqueakes radiate two types of waves: P-waves move
quickly through the crust, about 20 times the speed of sound.
They are very weak, however, and you can only feel them for
earthquakes that are very strong or very close by. They don„t
cause any damage. S-waves move at about half the speed of Pwaves, but carry most of the shaking evergy of an earthquake and
cause the most damage. 5

5.Conclusion
1. Natural hazards have been increasing and their damage
is more severe, because most of the disasters occur in poor
regions, where infrastructure is not established enough to be safer
from natural disasters. Thus, the loss of property and people‟s
lives are also more severe than in a developed country.
2. There is a wide range of variety of natural hazards, so
early warning systems have to be developed always, trying to
readjust to the region and countries economic or geographical
situation.
3. To make early warning system effective and efficient,
the whole system that is made of a lot of variables, starting from
personal information of a person to national government. Every
aspect of the system has to contribute it‟s part for the system to
be efficient.
4. There are many practical examples where people see
the importance of early warning systems, especially in
endangered regions, and they establish and develop early warning
systems the most.
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Figure 4 Earthquake Waves.
EEWS also have one big minuse – blind zone. Eartquake
warnings are a race between the electronic warning signals and
the S-waves of an eartquake. The S-waves of an eartquake
emanate from the epicenter at over 2 miles per second. So every
second that the warning is delayed means that several more
square miles feel the shaking. If the signal gets to a user before
the shaking begins, that user gets some benefit over what would
be possible with a seismic switch, or simply by feeling the
shaking if the shaking gets to the user before the signal does [6],
then no eartquake warning is provided. This race heavily favors
the eartquake near the epicenter, where the seismic waves are felt
within a few seconds of the start of the quake. This area near the
epicenter is often called the „blind zone“. It can encompass
hundreds of square miles in which nobody gets an earthquake
warning. The blind zone is a feature of every other networked
earthquake warning system, the QuakeGurad earthquake system
has no Blind Zone, because of a hybrid approach that uses a
network of standalone earthquake warning stations.
Even with the inevitable time sinks, the method can provide
warning before the arrival of the S-wave, which brings the strong
shaking that usually causes most of the damage. Similar EEW
systems are already in place, or are being developed, throughout
the world. Warning systems currently exist in Japan, USA
Taiwan, Mexico, Turkey and Romania.6
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SILENT ROAD CLOTHING. LABORATORY STUDIES
PhD student, Ursanu Ovidiu,
Faculty of Constructions and Installations, Iaşi,Romania

Abstract: Studies have shown that noise pollution is a very harmful form of pollution for human health and also for labor efficiency. The
noise pollution is mainly due to traffic that may be the form of road traffic, rail traffic or air traffic. As the noise pollution, caused by the
circulation of vehicles on road clothing, has increased substantially due to the increase of the fleet of vehicles in Romania, I tried at the
Road Research Station at the Faculty of Civil Engineering of Iaşi to determine the noise produced by road traffic on different types of
bituminous clothing. The goal is to get bituminous clothing that emits as little noise as possible and satisfies the conditions of resistance in
exploitation.
Measurements will be made with special sonometers in different situations, which will give a realistic look at the operating conditions at
different vehicle speeds and under certain weather conditions (clear, rain, etc.). After analyzing the noise level of each required embroidery,
I will try to develop a mineral skeleton that will represent the base of an asphalt mix. Moreover, the asphalt mix will be as silent as possible
and the physico-mechanical and the dynamic characteristics will fit within the limits of the current standards.

keywords: noise pollution,bituminous clothing,sonometers,asphalt mix

1.Introduction

2.The curent situation

Following studies in recent years, it has been found
that noise pollution is a form of pollution that is very damaging to
human health and also for work efficiency. The noise pollution is
mainly due to:
 Road traffic;
 Rail traffic;
 Air traffic;
Worldwide, road traffic is the second form of pollution,
after atmospheric pollution. In that circumstance, it is important to
study these forms of noise pollution that affect residents not only
during the day but also during the night.

In the past decades, traffic noise was not a form of
pollution because the number of cars passing through cities was
very low. With the increase in the number of vehicles, the noise
pollution caused by them also increased. As noise pollution has
risen globally, it has been taken into consideration the proper mean
of reducing it and one of these main sources is by reducing the road
traffic.
The main source of noise produced by the road traffic
is due to the wheel contact with the rolling coat. In the attempt of
reducing the noise emission by making asphalt and to make it as
quiet as possible, it is necessary to investigate and identify the
mineral skeletons to satisfy them.
One of the particle sizes ranges used in the western
countries for low-noise clothing is shown in the figure below.

Fig. 1 Example of a Particle size area for silent clothin.
physico-mechanical and dynamic characteristics, provided in
current standards.

3.Solution of the examined problem
Within the Road Research Station at the Faculty of Civil
Engineering and Installations in Iasi, we have tried to develop
certain recipes of asphalt mixtures that once used in operation have
they are able to emit as little noise as possible, but also to satisfy the
Table 1 Particle sizes composition of the mixture.
Aggregate mix
Natural
31,5 25 20
16
12,5
aggregates
%
Chippings
16-20 mm
Chippings
53,00
51,8
8-16 mm
Chippings
20,00
20,0
4-8 mm

4.Results and discussion
One of the mixes studied is a mix of SMA 16.
Below is presented the study curve of the mix.
Past on sieve,%:

8

4

2

1

0,63

0,20

0,125

0,10

0,063

-

-

-

-

-

-

-

-

-

3,1

-

-

-

-

-

-

-

-

20,0

3,5

0,2

-

-

-

-

-

-

177

Crushed sand. 20,00
0-4 mm
Filler
7,00
Aggregate
mix curve

-

-

-

20,0

-

20,0

19,8

16,5

13,1

-

-

5,3

-

3,7

-

-

-

7,0

-

7,0

7,0

7,0

7,0

-

-

6,4

-

5,3

-

-

100

98,8

-

50,1

30,3

23,7

20,1

-

-

11,7

-

9,0

Noise measurements were made in the station on a track with SMA 16 mixed with fiber. At the road station of the Faculty of Civil
Engineering and Engineering in Iasi, measurements were made on the noise produced by a two-pivot tire-arm installation on the MAS 16
runway shown above.
The projected system reproduces the standard axle (115 KN) and provides bituminous clothing to measure the sound level emitted by the
contact between the wheel and the garment.

Fig. 2 Installation scheme.
The measurements were made with a CEM DT-8852 type Sound Level Meter fixed at a height of 1.2 m on a metal tripod.

Fig. 3 Sound Level Mete.
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Measurements were made on dry and wet track assumptions.

Fig. 4. Noise Measurement.
The following measurements were made:
Table 2. Noise measurements in different assumptions.
Sound level recorded dB (A)

Observations

Measurement hypothesis
Minimum

Maximum

Average

41.3±1.4

43.7±1.4

42.2±1.4

Full silence

Just the background noise in the hall
69.8±1.4

71.4±1.4

70.5±1.4

70.8±1.4

74.9±1.4

72.5±1.4

70.2±1.4

75.6±1.4

72.8±1.4

Engine operation
On the move
While walking (but wet track)

Only drive motors turned on without
turning the arms
In normal operatio, 25km /h
Wet track

Measurements have been made on certain streets with this type of SMA 16 mix but also on the streets with other types of clothing, making a
comparison between noise emissions.

Fig 5 Noise measurements on a street with SMA 16 clothing.
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It can be seen, from the chart, that the maximum recorded level is 83.1 dBA, the minimum of 42.3 dBA and the average level of 60.62 dBA.

Fig. 6. Noise measurements on a street with BA 16 clothing (classic).
It can be seen from the chart, that the maximum recorded level is
87.6 dBA, the minimum of 50.2 dBA and the average level of
65.31 dBA.
From the comparative analysis of the two measurements, it can
be seen that SMA 16 type asphalt is much quieter.

of a mineral skeleton that satisfies both the stability and strength
conditions of the asphalt mix but also the emission capacity to
reduce of noise.
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5.Conclusion
The research has shown that SMA 16 mixes are much quieter
than asphalt concrete. A special importance is the identification
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NUCLEAR WEAPONS IN NATO
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Abstract: The main types of weapons in the nuclear artillery are shown. The main types of used controlled and unmanaged ballistic
missiles manufactured mainly in the United States have been explored. It shows the application of ballistic and winged missiles and their
role in the theater of warfare.
Keywords: : nuclear weapons, Russia, USA, NATO, development, intercontinental ballistic missiles, nuclear craft,

directed warheads, the United States voluntarily opts out of its
missiles of this type. This happens on the one hand because of their
high value and on the other hand because of the scandal that shows
that for almost four years (1984-1988) their missiles lacked a
management system (a navigation system - AIRS guidance systems.
On top of that, the rocket maker has tried to hide the delay in
delivery, just as the Cold War is about to end.
Injirlik base in Turkey
The Turkish authorities have made it clear they can easily get to
nuclear weapons
A quarter of all Nuclear Weapons are stored in the Inzhirlik
base.

1. Introduction
Nuclear weapons are one of the most terrible inventions of
humanity. Their destructive power is so powerful that they are able
to compare everything with their land on the ground. Many of them
are used for test purposes, but nevertheless bring irreversible
environmental consequences. Others serve as a means of resolving
armed conflicts.
Earth's surface can create radioisotopes decay but compared to
other naturally occurring radionuclides is extremely low and not
particularly important [1].

2. Nuclear Weapons Development in the United
States
The American land-based intercontinental ballistic missiles
have stopped their development in the 70s of the twentieth century.
The only type of ground-based intercontinental ballistic missile
that the United States has on arms is the LGM-30G "Minnet III".
Each rocket carries a W87 nuclear power head up to three hundred
kilotonnes (although it can carry up to three nuclear warheads). The
last rocket of this type was produced in 1978, which means that the
"youngest" among them is 38 years old. Rockets have been
upgraded many times since then, and the intention is to be used by
2030.
The United States' new intercontinental ballistic missile system,
known as the Ground-Based Strategic Deterrent (GBSD), or a
ground based ground based nuclear deterrent system, seems to have
frozen in its debating phase. The United States Air Force has
requested $ 62.3 billion for the development and production of new
missiles and hopes for $ 113.9 million in 2017. The White House,
however, does not support this request. This idea actually has a lot
of opponents. Development is essentially postponed by one year,
and what will happen next with the Air Force plan depends largely
on the outcome of the forthcoming presidential elections in 2016.
It is worth mentioning that the United States government
intends to spend a remarkably large amount on nuclear weapons some $ 348 billion by 2024, with 26 billion of them destined to
produce intercontinental ballistic missiles. And 26 billion dollars
are not enough to build a ground based ground based nuclear
disarmament system (GBSD). Actual costs may also be higher,
given how long the US has not produced new ground-based
intercontinental ballistic missiles. The latest type of LGM118A
missile was installed in 1986. Until 2005, however, the United
States unilaterally removed from combat duty and decommissioned
all fifty such missiles, although it can safely be said that the
LGM118A "Pijayper" is an advanced model compared to the LGM30G "Miniaturn III", because it is capable of carrying up to 10
warheads. In spite of the failure of the START 2 Starter Arms
Treaty, which prohibits the use of missiles carrying several self-
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Even if they are damaged, they can be used to radioactive
contamination of a huge perimeter. This is in the capabilities of not
only the people of Erdogan or the conquerors, but also IDIs,
because jihadists are able to make a heavy blow to the country.
A quarter of all NATO Nuclear Weapons are stored at the
Indirlik base in Turkey. Around 50 B-61 fusion aircrafts are kept in
the complex, which was blocked by Regep Erdogan's loyal forces
after quelling the coup attempt.
The commander of the base was arrested, the power shut off,
the entry and exit of people and cars - forbidden. No planes landed.
Different explanations have emerged that the US military at Indirlik
did not allow the take-off of fighters to help the government; that so
blackmails Washington to surrender the opposition cleric Gulen.

2.1. Development of US Nuclear Weapons
In any case, the Turkish authorities have made it clear that they
can easily reach the nuclear weapons if they so wish. Something he
would have known in the US for 50 years, writes New Yorker,
quoted by BiTiVi.
The Injirlik base became the core of NATO after Turkey joined
Turkey in 1952, and hundreds of US nuclear weapons were
deployed very quickly. Technically, they are assigned to US
officers, but de facto in all of Western Europe and the Balkans,
local armed forces have full control over them.
In 1960, US senators were surprised to discover that Germanstyle airplanes with German pilots carry atomic bombs, and Italian
plans operate with missiles with warheads. Two years later, during
the Cuban crisis, analysts in Washington came to the worrying
conclusion that Turkey could use part of the NATO Nuclear
Arsenal on its territory in the USSR and the Warsaw Pact countries
(read: etc.).
The atomic bombs are equipped with special coded mechanisms
that do not allow unauthorized access. But it is obvious to all that
overcoming them is a matter of time. That is why, on the eve of the
1974 invasion of Cyprus, NATO withdraws its unconventional
weapons from Greece, and those in Turkey are sabotaged.

Nowadays there is no need for atomic bombs - ballistic missiles
are much more effective, but B-61 remains in Indirlik as NATO's
political gesture towards Turkey.
Even if they are damaged, they can be used to radioactive
contamination of a huge perimeter. This is in the hands not only of
the people of Erdogan or the hijackers - the base is a hundred
kilometers from the Syrian border, and the IDI's attacks on Turkish
territory show that jihadists are capable of making a heavy blow to
the country.
Today, Indirlik has electricity, and airplanes take off. It is not
clear, however, when the nuclear threat will leave the base in our
southern neighbor.
NATO has defined the UN's ban on nuclear weapons as
"unrealistic," the Daily Star said.
From there, they believe that there is a risk in such a solution. In
particular, the possibility of a response from the international
community to a possible nuclear threat from North Korea is being
considered.
The agreement was adopted by the United Nations in July.
However, it was not supported by any of the nine nuclear states.
According to NATO, such a solution "neglects the dangers in
the midst of increasing tensions in the world". From there, they note
that such an agreement can not engage any of the countries
possessing nuclear weapons. It is also said that such agreements
create conditions for division in a situation where unity is more
necessary than ever.
US President Donald Trump's administration plans to remove
restrictions on the use of nuclear weapons. The government also
plans to develop new nuclear warheads with less explosive force for
Trident missiles.
This was announced by John Wolftal, former US President
Barack Obama's advisor on arms control and non-proliferation,
wrote the Guardian.
Trump abandoned nuclear disarmament and undertook an
aggressive policy.
Washington is considering increasing its nuclear arsenal and
reducing conditions.
Walsthal has seen a draft of a document reviewing the policy.
According to him, the new Nuclear Posture Review (NPR),
prepared by the Pentagon, provides for a modified version of the
Trident-launched D5 missiles in the part where the warhead is. The
aim is, in the words of the expert, to keep Russia from using tactical
warheads in a conflict in Eastern Europe.
The new nuclear policy is considerably more aggressive than
the Obama administration, which sought to reduce the role of
nuclear weapons as part of the US defense.
Supporters of the increase in arms control are concerned that the
new proposal allows more frequent use of smaller "usable" nuclear
weapons, which they believe will make nuclear war more likely.
The nuclear power review also expands the circumstances in
which the United States can use its nuclear arsenal, including in
response to a non-nuclear attack involving many victims or
targeting critical infrastructure or command and control nuclear
facilities.
The nuclear power review, the first for the past 8 years, is
expected to be published after Trump's State of the Union speech at
the end of January.
Wolfsthal added that the final draft of the review states that the
United States will begin work on the reintroduction of sea-based
nuclear missile launchers in response to new ground-based missile
launchers of Russia which, according to Washington, are in
violation of the Eutrophication Treaty of mid-range missiles from
1987.
In his words, the previous drafts of the review were even more
aggressive.
American atom bombs will be located in Europe, writes Russian
edition Pravda (pravda.ru), according to which bombs "intended for
Russia".
The new B61-12 atomic bomb, which the US is about to send to
Italy, Germany, Belgium, the Netherlands and possibly other
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countries, is in the final stage of preparation, writes "Pravda", citing
information from a general in the US Air Force.
General Jack Wynstein, Nuclear Operations, said at a
symposium to senior officers and leaders of the US Military
Industrial Complex that "the program is going very well," and 26
engineering, design and flight tests have already been carried out on
the B61-12.
The program envisages the production of about 500 such
nuclear bombs after 2020, with the project costing about 10 billion
dollars.
The B61-12 has completely new qualities compared to the
current B61 variant located in Italy.
There are four choices of nuclear capability, a flight system that
allows precision targeting, the ability to penetrate into bunkers even
through reinforced concrete and explode in depth.
The B61-12 nuclear bomb and the F-35 bomber that Italy will
receive from the US are part of a "bomb parcel," which means.
Italy will be exposed to a number of dangers.
as the future base of the US nuclear strategy against Russia and
other countries, voltairenet.org says, quoting the Italian edition Il
Manifesto.
There is only one way Italy can avoid this - by asking the US,
on the basis of the Non-Proliferation Treaty, to remove all nuclear
weapons from Italian territory; by refusing to provide pilots and
bombers for a Pentagon nuclear attack within NATO; with leaving
the NATO Planning Group; and sticking to the UN Convention on
the Prohibition of Nuclear Weapons, says Il Manifesto.
US military prepares the European armed forces to use tactical
nuclear weapons against Russia. This was stated by Russian Foreign
Minister Sergei Lavrov at the Geneva Conference on Disarmament,
TASS reported.
"Nuclear disarmament is hampered by the retention of US nonstrategic nuclear weapons in Europe, accompanied by the
destabilizing practice of" Joint Nuclear Weapons. "In the
framework of these Nuclear Non-Proliferation Treaty Nuclear NonProliferation Treaty, non-nuclear Nato members are involved in the
planning of use of US non-strategic nuclear munitions and are
attracted to their habits, and everyone must understand that the US
military itself is preparing the armed forces of the countries from
Europe to using tactical nuclear weapons against Russia, "Lavrov
said.
"Russia does not have a tactical nuclear weapon, it does not
work for it." We have focused the ammunition we have on central
storage bases on our national territory, "the minister said.
"In these conditions, the availability of ready-to-use tactical
nuclear weapons in the United States is not just a Cold War remnant
but a very aggressive position," Lavrov added.
He expressed the hope that European citizens would be able to
say firmly "no" to the deployment of weapons of mass destruction
on their territory belonging to the only country that had already
used this weapon against the population of Hiroshima and
Nagasaki.
Lavrov also said that Russia has cut its nuclear arsenal by more
than 85 percent compared to the amount it had at the height of the
Cold War. He added that this was in line with the Treaty on
measures to further reduce and curb strategic offensive weapons.
The minister said the US had decided to keep a significant
number of missiles in violation of the agreement, Reuters reported.
Lavrov also accused the US of seeking to create a biosafety
structure under Washington's control, TASS reported.
"We should not forget the threat of biological weapons, capable
through its lethal impact to surpass all known ways of destroying
man," warned Lavrov. He said that due to the US position, the
development of a mechanism to verify the implementation of the
Biological and Toxin Weapons Convention is blocked.
Moscow also condemned the Pentagon nuclear report. The
Russian Ministry of Foreign Affairs has accused the United States
of incitement to war and will take "necessary measures" to ensure
Russian security. "The confrontational and anti-Russian nature of
this document is visible at first reading," Moscow said. Foreign

Minister Sergei Lavrov expressed "deep disappointment" with the
content of the document.
The new US nuclear policy is moving mankind to annihilation,
Iranian Foreign Minister Mohammad Javad Zarif warned, quoted by
news agencies. He made his comment after the Pentagon released a
report summarizing the conclusions of the review of the new
nuclear doctrine of the United States. It says that Iran is capable of
developing nuclear weapons within a year after state leadership
takes the appropriate decision. The document also states that the
United States should have a larger arsenal of smaller nuclear
weapons to act as a "more credible" deterrent against a threat,
especially coming from Russia.
"The US Nuclear Weapons Review reflects a greater reliance on
nuclear weapons in violation of the International Nuclear NonProliferation Treaty, which draws mankind to annihilation," Iranian
Mohammad Zarif's No. 1 diplomat No 1 has written in his twitter
account. According to him, the same impulse has led Washington to
question the nuclear deal with Iran in 2015, which US President
Donald Trump insists on being reconsidered. "Americans
shamelessly threaten Russia with a new atomic weapon," said
Iranian President Hassan Ruhani, quoted by the agencies. "The
same people who supposedly believe that the use of weapons of
mass destruction is a crime against humanity ... are talking about
new weapons that threaten or use against rivals," he added.
China also criticized the Pentagon report and urged the United
States to abandon its Cold War mentality, the BBC said. "The state,
which owns the world's largest nuclear arsenal, has to take the
initiative to follow the trend rather than oppose it," the Beijing
defense ministry said in a statement. In its paper, the United States
accuses China of "expanding its already significant nuclear
powers". Beijing has defended its policy by declaring that it will
"resolutely stick to peaceful development and conduct a national
policy that is defensive in its nature."

2.2. Nuclear Weapons in 2017

Communist North so far. By comparison, the Hiroshima bomb in
1945 was 15 kilotonnes.

2.3. The 10 most powerful nuclear weapons in the
world
2.3.1. Little boy 14-16 kilotonnes
"Multigan" is the code name of the uranium bomb, developed
by the US Army, within the Manhattan Project. This is the first
nuclear bomb to be used as a weapon and thrown over the Japanese
city of Hiroshima on August 6, 1945. The bomb blows about 600
meters above the city center and causes a heat wave that reaches
4000 degrees Celsius in a radius of about 5 kilometers. About
78,000 people die. By the end of 1945, the number of perished
people had reached about 140,000 out of a total of 350,000
inhabitants.
2.3.2. Fat Man 21 kilotons
Three days after the bombing of Hiroshima, on August 9, 1945,
the United States launched another Japanese city, Nagasaki, the
"Debelaka" bomb. It is the second of the two nuclear bombs (the
other is "Multigan") used in military operations and its detonation is
the third man-made nuclear explosion. The bomb killed some
39,000 people in the area, another 25,000 were injured. By the end
of 1945, the number of deaths due to radiation exposure exceeded
70,000. On 15 August 1945, Japan capitulated, ending the Second
World War.
2.3.3. Gadget 21 kilotons
The first nuclear bomb in nuclear history. The very first
explosion of atomic weapons goes under the code name "Trinity".
On the morning of July 16, 1945, the first trial of a plutonium bomb
was carried out at Alamogordo, located about 100 km from the city
of New Mexico. The explosion was heard in a radius of 160 km.
The mushroom formed rose at a height of 11 km, and high levels of
radiation were measured within a radius of 190 km from the
epicenter of the blast. This explosion marks the beginning of the
atomic era in human history.
2.3.4. Baker 21 kilotons
One of the three atomic bombs that had to participate in
Operation Crossroads in 1946. Nuclear experiments within the
operation were conducted by the United States in the Pacific Ocean.
The aim of the trials is to identify the effects of the use of atomic
bombs against ships. Three bombs are planned to be exploded but
only two were blown - on July 1 and 25, and the third attempt was
canceled after it was found that the radioactive contamination of the
bombed ships could not be removed. Bikini Island, near the
coastline of which the test was carried out, becomes unfit for living.
2.3.5. Ray 955 kilotonnes
This is the most powerful nuclear bomb, tested in 1971 by
France. The shell, with a capacity of 955 kilotonnes of trotyl
equivalent, was blasted into the Murwuruo nuclear power plant.
Until 1998, more than 200 shells were tested on this polygon.

Figure 1: Nuclear Weapons in 2017

2.3.6. Castle Romeo 11 megatonnes

On the night of 8 September 916, 2016 (North Korea), North
Korea performed its fifth nuclear experiment. He was convicted by
a number of countries, including South Korea, the United States,
Japan and France. The experience caused an artificial earthquake
with a force of more than 5 on the Richter scale.
"Our Nuclear Weapons scientists have conducted a nuclear
explosion test to test the power of a developed nuclear warhead," a
TV spokesman said.
According to Pyongyang, the experience has not caused any
leakage of radioactivity and there is no danger to the environment.
The official explanation for the test is that the country is opposed to
American hostility.
South Korea believes the nuclear bomb was about 10 kilotonnes
in power. In this case, this is the most powerful test of the

The "Romeo Castle" fern test was approved for March 27, 1954.
During the test, the United States replicated one of the most
powerful nuclear explosions with a hydrogen bomb. The experience
was conducted on a barge in the open ocean, near the Marshall
Islands, but still at a sufficient distance from them, as there was a
fear that the bomb would take care of everything around. The power
of the explosion was 11 megaton, instead of the expected 4
megatonnes, which is explained by the quality of the fusion fuel.
2.3.7. Ivy Mike 12 megatonnes
The hydrogen bomb was blasted on November 1, 1952, on an
island in the Pacific Ocean during a nuclear test in the United
States. The resulting nuclear cloud has reached a height of 37 km,
with a sponge diameter of 160 km. Bomb power is calculated on 12

183

megaton trolley equivalents. Capacity sufficient to completely
destroy the small islet where the experiment took place. In his place
remained only a crater with a diameter of 3 km and a depth of 80
meters.

3.Conclusions:
1. In the development of nuclear weapons in the US, according
to publicly known facts, this century is underestimated of their
importance as a deterrent. If at the end of the last century the US
played a major role in the development of this kind of armament,
then in this century they have relinquished this role of Russia.
2. From the analysis of the largest nuclear bombs, it appears that
the United States has played an important role in the development
of this weapon, thanks to the international staff of the scientists who
worked on the US nuclear program.
3. The administration of US President Donald Trump, in my
opinion, reevaluated his vision in this area and re-examined his
campaign promises under the pressure of the US militarymanufacturing complex. The United States is trying to play a
leading role in solving the hot nuclear disputes in the world.

2.3.8. Castle Yankee 13.5 megatonnes
The second most powerful nuclear experience in the United
States. As with Castle Romeo, the scientists' initial expectations
were that the bomb would be 10 megaton trolley equivalents. It
turned out that the nuclear explosion was much stronger and
reached 13.5 megatonnes. This leads to serious damage to some of
the equipment, and some of the observers have received average
burns. After the blast, the height of the nuclear sponge reached 40
km and the "hat" 160 km. After 4 days, the radiation cloud reached
Mexico, which is 11,000 km from the operation site.
2.3.9. Castle Bravo 15 megatonnes
On March 1, 1954, at the Bikini Atoll in the Pacific Ocean, the
first hydrogen bomb was exploded under the code name Castle
Bravo. The explosion is America's most powerful nuclear
explosion. The bomb proves to be much more powerful than
expected and causes ubiquitous radioactive contamination. Among
those affected by radioactive contamination are 23 Japanese
morassians on a fishing vessel that has fallen into the polluted area.
In 1968, the United States announced Bikini as inhabitable, and in
the early 1970s, as part of the experiment, invited a small group of
local residents to return to their homes. In 1978, residents were
evacuated once a team of French scientists identified dangerous
levels of strontium-90 in their bodies. The US offers $ 150 million
as compensation for damages caused by their nuclear program.
2.3.10. King Bomb 58 megatonnes
King Bomb is the name of a Russian hydrogen bomb, the most
powerful nuclear weapon ever created and blasted during nuclear
tests. On Oct. 30, 1961, the bomb was parachute across the New
Earth Island. The explosion created a pressure of 1 million
atmospheres, and the air temperature reached 10 million degrees.
The fireball during the blast has a radius of 4.6 km and the sponge
has a height of 67 km. Light radiation could cause third-degree
burning in a 100-kilometer diameter. The blast blast waves the
globe three times. There is no trace of buildings or living on the
island where the test is conducted, absolutely everything is
compared to the earth.
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crust, the animals and the plants that inhabit these layers are
polluted.
The importance of these new human-induced problems arising
from radioactive contamination requires the emergence of many
new sciences that integrate and investigate various aspects of
contaminants with radio-nuclides, emerging and emerging new
disciplines and approaches. Scientists and experts from many
countries and non-governmental organizations have made enormous
efforts to limit the consequences of nuclear tests and accidents.
Even before the creation of the atomic bomb and the emergence
of the nuclear industry, the pollution of the environment with
radioactive substances began. The harmful impact of radiation on
living organisms and humans was not known at first, and its
discoverers were one of the first victims. At the dawn of the nuclear
age, as with almost all major discoveries, the public did not have the
necessary information about this activity because of the secrecy of
nuclear production, and it was not possible to accurately assess the
impact and magnitude of that pollution.
Nowadays, modern biotechnologies have been developed in a
number of countries where, with the help of special algae, uranium
is extracted and concentrated in their biomass and thus water is
cleansed.
The first serious environmental and soil pollution caused by
human activity is that in Japan, dated August 6-9, 1945. Above the
Japanese cities of Hiroshima and Nagasaki, with no special military
necessity, the Americans throw the first atomic bombs in the history
of mankind. Previously, a nuclear experience has been made in the
Nevada desert, for which there is hardly any information in the
public domain. The era of the atomic race began, including the
former USSR, France, Britain, etc., and the number of nuclear states
today is over 20.
Of course, the pollution of the environment and the soil with
radioactive substances is also increasing with the emergence of the
nuclear industry. This was not known at first, and there was a lack
of reliable information on the negative impact of radiation on the
environment and humans due to insufficient theoretical and field
studies and the secrecy of production, was not an opportunity to
accurately assess the amount of this pollution, environmental and
social damages caused by it.
For a long time, due to lack of information, it was considered to
be relatively limited, local and not very dangerous. Later it was
found that the various stages of production of uranium fuel (open or
closed mines, hydrometallurgical production and uranium
concentration, purification, enrichment, etc.) is possible to "enrich"
the environment with uranium radionuclides and especially with
radon (radon-222). The waste from the major hydrometallurgical
plants was first discharged without purification and sufficient
additional treatment in the nearest water bodies and, when irrigated,
polluted the agricultural areas and the plants grown on them. Only
about 50 years ago it is recommended that uranium-contaminated
and other radioactive products lead to the agricultural areas and the
plants grown on them. Only about 50 years ago it is recommended
that uranium-contaminated and other radioactive products lead to

1. Introduction
Radioactivity is one of the greatest discoveries in the newest
history of mankind. In 1896, shortly after the discovery of X-rays,
the great French physicist Henri Becquerel, studying the
phosphorescent properties of various chemical compounds, began
an experiment with potassium uranium sulphate. The essence of the
experience was that, after exposure to daylight, the mineral, well
wrapped in light-tight black dense paper, was inspected a little later
if it phosphorescent. The astonishment was great when the
silhouette of the mineral emerged under the influence of strong
radiation with great penetrating ability on the photoemulsion. Thus,
the presence of new urinary bears called Becquerel was found. The
phenomenon itself is called after several years by the Polish
physicist and chemist Maria Curie radioactivity.
This new discovery quickly finds application and the first
devices that use these beams for visualization and diagnostics are
created, which leads to the rapid development of medical research.
Subsequently, in the early twentieth century, in the troubled years
characterized by numerous regional conflicts that led to the First
World War, advanced and modernized X-ray apparatus led to
increased accuracy of diagnostic activity and allowed to save
hundreds of lives among the warring and peaceful population.
At the same time, X-rays and radioactive beams are also a
serious environmental pollutant with an extremely strong impact on
the vital and physiological activity of humans and other living
organisms, ranging from positive stimulation to killing, depending
on the dose absorbed.
All of this is all the cause of the perturbation of the various
natural and anthropogenic, terrestrial and cosmic sources of
ionizing radiation, ie. in particular in the natural and manufac- tured
environment. Ionization beams accompany the life of the planet in
various areas of concern at all stages of the world. They are an
integral part of our existence because, as we all know, the largest
source of light and heat in our universe is the sun, and there is a
continuous thermonuclear process and we reach the gamma rays
that determine the natural radioactive background in the Earth's
atmosphere.

2. Development of radiation protection
2.1. State of Radiation Safety
Immediately before and during the Second World War,
laboratories at various points of the planet were working extremely
hard on artificial radioactivity and its use for military purposes. For
the first time in the world, the United States, Russia (former USSR),
France, the United Kingdom, China, and other nuclear weapons
have been expanding their efforts in the field of nuclear power and
atomic endeavors. the problem of contamination of the soil is
warranted. Slow over-the-air explosion produces products that
protect against pollution, droughts, infestations, living, animal, food
products, and so on. Similarly, in the case of underwater and
underground nuclear experiments, the water, the earth's surface
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the cultivation of special crops that can extract and concentrate
uranium and purify water, and indirectly protect the soil from
radioactive contamination.
Of course, the most radioactive contamination of the
environment and soil after the Chernobyl accident, Ukraine (former
Soviet Union) on 26.04.1986, Trimail Island - USA - 1976;
Fukushima, Japan - March 2011 and other minor nuclear accidents
and accidents.
Local pollution of the environment and soil was also described
in Spain in 1966, as a result of a collision in the air of a nuclearcarrying aircraft with a tanker. Radioactive substances from the
unexploded nuclear device were scattered over an area of several
thousand hectares. 990 tonnes of soil was buried and buried in
tombs for radioactive substances in South Carolina, USA. These
and a number of other known and unknown cases indicate that in
the current armament, despite the high degree of certainty, the risk
of nuclear pollution in vast territories actually exists, even in
relatively peaceful times and quiet regions.

Students have previously studied the principle of obtaining and
impacting ionizing radiation in the disciplines "Nuclear Physics",
"Metrology of Ionizing Radiation" and "Dosimetry", and are
familiar with the physical foundations of these rays and their impact
on man and living nature. Due to the specificity of the university,
this problem has been partially addressed in other disciplines as
well. Greater attention is paid to the assessment of the actual
situation when changing the radiation background as a result of an
accident or accident mainly in the NPP.
In our MРEI, the discipline "Radiation Safety" is studied by the
students in the Department of Engineering Ecology and Safety at
the fourth degree of baccalaureate. Here the class is 48 hours, of
which 40 lectures and 8 exercises. From the point of view of the
priority training in the institute, the course starts from the basics of
obtaining the ionizing radiation, because the students have not
previously undergone other similar disciplines. Their knowledge is
based on what has been learned in the Physics course in the first and
second courses. The content of the program is aimed at the students'
acquisition of knowledge, skills and habits at the level necessary to
carry out activities related to the use of atomic energy in accordance
with the requirements of the controlling state authorities
Rosophenadzoror and Rostehnadzor. The whole course is also
divided into two modules - radiation safety and radiation control.
Both the theoretical foundations of the questions and the practical
actions required in the respective enterprises or organizations are
presented.
In both universities, the main normative acts to be met by
ionizing radiation activities in Bulgaria and Russia are considered in
the course and the international legislation in the field under
consideration is also considered. Despite the differences in some
regulations, there is generally a great deal of proximity in the basic
regulations in both countries. This can not be otherwise, because
this activity of mankind can not be seen in isolation in any country,
and the actions taken must be coherent. It is important to mention
that Bulgaria is subordinate to the IAEA branch with the Moscow
Center in the International Agency for the Use of Atomic Energy
for Peaceful Purposes, and for any change in the radiation situation
we report to the IAEA the Russian capital. In both curricula, an
appropriate place is given to national legislation in the field of
radiation safety and radiation control, broken down through the
specif The main objectives for both programs have many common
points and can be formulated as acquiring knowledge about the
organization of the production radiation monitoring, the fulfillment
of the requirements for radiation safety in the nuclear power plants
and in the enterprises and organizations using sources of ionizing
radiation, the study of the regulatory and the technical
documentation and regulatory requirements for handling radioactive
substances, radioactive waste. Obtaining skills for working with
dosimetric and radiometric equipment and measuring instruments
and assessment of the current radiation situation are among the
tasks assigned to the training.
In each of the courses, the use of nuclear energy is studied
according to the country's economy. Bulgaria focuses on nuclear
power plants and military applications, while in Russia, the use of
nuclear submarines, atomic ice breakers, uranium processing plants,
underground experiments, other types of nuclear reactors, and other
applications of nuclear energy in the Russian economy are being
explored in Russia. The use of nuclear energy in Russia is on a
much wider scale and therefore the applications involved are in
large volumes and scale.
The primary objective of the discipline at the NII MEI is to
increase the students' ability to apply their knowledge to predict the
radiation situation in order to ensure the safe and efficient
performance of work with sources of ionizing radiation. It is
achieved by:
1. Definition of the scope of work on the organization of
industrial radiation monitoring of a predetermined facility or plant.
2. Development of activities and events in the event of an
emergency in an enterprise.

2.2. Study of radiation safety
In the aftermath of the major accidents in Chernobyl and later in
Fukushima, more attention has been paid to the need to train
specialists whose main task is preventive action to prevent radiation
accidents and mitigate the consequences of their eventual
occurrence. Increasing influence is being given to the prevention of
work with sources of ionizing radiation in more and more sectors of
the economy, healthcare and related activities. A special place is
also devoted to possible terrorist acts in which sources of ionizing
radiation and various radioactive isotopes can also be used. This
would affect all inhabitants of a region, continent or larger territory
of our planet without being interested in nationality, religion,
gender, race or other distinctive features of people.
From this point of view, in many military, specialized, technical
or other higher education institutions, the study of radiation
protection is considered as a discipline or as a module of discipline.
One-sidedly, the particular higher education institution respects the
content of the studied material with its specificity and with the
specialties under which it teaches. The content of the course
includes the basics of ionizing radiation for the relevant area of the
economy, which are in accordance with the knowledge of the
students. Preventive measures and the mechanism of action to
prevent incidents and what should be done to reduce the effects of
exposure are also studied.
Because of the autonomy of higher education institutions, each
has the right to determine independently the content of curricula in
different curricula. That is why the paradoxical situation sometimes
leads to the trainees of the same specialty, to study fundamentally
different things on the same or similar discipline of the curriculum
of the same accredited specialty.
I will study and compare the curricula for the subject of
radiation protection at the National Military University "Vasil
Levski", Veliko Tarnovo, Bulgaria and the National Research
Institute "Moscow Energy Institute", Moscow, Russian Federation.
Although the two universities train specialists in different
specialties and work on their own curricula that meet the
requirements of Bulgaria and Russia, there are common moments in
the training in this field. This must be because the problem of
protection against ionizing radiation is the same in all parts of the
world, and humanity is responsible for both the state of the radiation
background at that moment and how we will leave our planet to
future generations. Just radiation protection is viewed from a
different angle and is broken through the prism of the specifics of
the training in different specialties and the application of the
prepared staff for the respective branch of the economy.
In the NMU "V. Levski "course is taught in 4 years at the
Bachelor's degree in the specialty" Protection of the population
from disasters, accidents and catastrophes "with 60 lessons of
lessons, 24 of which are lectures and 36 exercises. The subject
"Radiation accidents and radiation protection" is studied in 7
semesters of students and students of this specialty only. It is made
up of 2 modules: Radiation accidents and radiation protection.
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3. To be able to draw up a management plan for the state of
radiation safety in an enterprise, to specify the rights and
responsibilities of those responsible.
4. Develop a justification as well as a list of specifications and
technical, managerial and methodological documents and
instructions necessary for organizing radiation safety at the plant.
The aims of the course "Radiation Accidents and Radiation
Protection" are similar in the "B. Levski ", because of the character
of the university, the students should also recognize the need for
knowledge on the basic principles of radiation protection and the
peculiarities of the damaging factors of the radiation accidents
necessary to protect the population and economy of the country.
During the training at both universities attention is paid to the
complicated international environment and the presence of many
terrorist organizations in all parts of the world. This can not be
bypassed by our two countries, and a brief overview of the possible
terrorist attacks with radioactive materials and their consequences
for humanity is made in the disciplines under consideration.
Although this aspect of the development of the world over the last
decade has been seen in a small volume.ics of the training in the
respective majors.
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3.Conclusions:
1. Radiation safety training is necessary in view of the current
international environment. Upon passing, learners acquire basic
knowledge, skills and habits for action in changing the radiation
environment as a result of an accident, accident, terrorist act or
otherwise.
2. The training at the "Vasil Levski" National Military
University and the NRU "Moscow Power Engineering Institute"is
carried out according to established programs, in compliance with
the specifics of the educational institution and the curricula. There
are many common points in the curricula and, to a great extent, they
overlap, taking into account the current requirements and
regulations in Bulgaria and Russia.
3. After passing the course, students acquire skills and
knowledge to study the radiation situation, handle basic dosimetric
quantities and can independently assess the radiation situation.
4. It is possible to cooperate between the two universities and to
improve teachers in close disciplines by exchanging and jointly
developing programs in close learning disciplines.

187

