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FEATURES OF DESIGNING DISTANCE COURSE FOR BLENDED LEARNING
ОСОБЕННОСТИ ПРОЕКТИРОВАНИЯ ДИСТАНЦИОННЫХ КУРСОВ ДЛЯ СМЕШАННОГО
ОБУЧЕНИЯ
Assoc. Prof., PhD Tkachuk H.1, Assoc. Prof., PhD Stecenko N.2, Assoc. Prof., PhD Stecenko V.3
Department of Physics, Mathematics and Informatics 1,3,
Social and Psychological Education Department 2
Pavlo Tychyna Uman State Pedagogical University, Uman, Ukraine1,2,3
e-mail: galanet82@gmail.com
Abstract: The transience and volatility of the modern world are main drivers of the constant changes in the requirements for training of the
future specialists. The process of introducing new information technologies into the educational process doesn’t stop and requires modern
solutions in methodological training systems. In particular, an integral component of the modern education is the introduction of distance
learning courses both in the course of full-time and distance education. As for organization of the distance learning, the distance course
becomes not only a source of knowledge, but also serves as a means of communication with the teacher and classmates at a distance. In fulltime education, the distance course serves to support the learning process, because of being an effective means of organizing independent
work and access to educational materials.
KEYWORDS: blended learning, distance course, distance education, web applications, web programming.
large amount of information at classroom hours, application of
information technologies contributes to rapid and high-quality
mastering of knowledge (combination of traditional and computerbased learning). Using technologies of distance learning enables
student to receive high-quality study materials in a short period of
time, to have feedback from the teacher, and for the teacher - to
evaluate objectively students’ work by means of expanding the
forms of evaluation (tests, questionnaires, essays, reports, etc.), to
increase the productivity of independent work, to organize various
types of activities by means of remote technologies (forums,
conferences, webinars, chats, etc.).
However, the traditional education shouldn’t be excluded
from this system since it possesses a very important benefit – a
direct contact with the student. None of the technologies delivers
this feature since both the e-learning as well as distance and mobile
ones make this contact indirectly via the computer tools. In this
case, the substitution of personal communication by electronic tools
takes place depriving the student of the possibility to form a culture
of "live" communication, which is an important professional
competence of any specialist.

1. Introduction.
The transience and volatility of the modern world are main
drivers of the constant changes in the requirements for training of
the future specialists. The process of introducing new information
technologies into the educational process doesn’t stop and requires
modern solutions and development of the in methodological
systems of learning. In particular, an integral component of the
modern education is the introduction of distance learning courses
both in the course of full-time and distance education. In the process
of organization of the distance learning, the distance course
becomes not only a source of knowledge, but also serves as a means
of communication with the teacher and classmates at a distance. In
the process of organization of the full-time education the distance
course serves as a platform for organizing independent work and
giving access to educational materials.
Though the problem of designing distant courses is not a
new one but it still remains relevant enough. This is especially true
concerning introduction of a new learning technology - mixed
learning, as far as it involves a combination of various modern
forms and methods, among which the distance learning
technologies occupy a considerable role.

3. The solution of the problem.
A precondition for appearance of the mixed form of
learning is the development of e-learning, introduction of the
distance courses and mobile learning devices (Table 1) [3, p.10].
Mixed form of learning combines benefits of the traditional and elearning (including distance and mobile ones) and provides the
opportunity to use a wide range of effective learning tools.
Table 1. Development of e-learning
Pedagogical
Year
Technology
method
1980
Multimedia resources
1993
Web
Distance courses
1994
Educational objects
on the basis of
1995
LMS Blackboard, Moodle,
behaviorism and
Sakai
cognitivism
1998
Mobile devices
1999
Educational design
2000
Gaming technologies
2001
Open educational resources
Distance courses
2004
Social media web 2.0
based on
constructivism
2005
Virtual worlds
2007
E-books and smart devices
2008
сМООС
Distance courses
2010
Educational analytics
based on
connectvism
2011
xMOOC
In the current conditions, the introduction of distance
courses based on the concept of connectivism involves the
following principles [5]:

2. Preconditions and means for resolving the
problem.
The problem of designing and implementing distance
learning courses and distance learning at higher education
institutions has been reflected in the works of the following national
scholars:
V. Yu. Bykov,
Yu. V. Goroshko,
M. I. Zhaldak,
T. V. Kapustin, V. I. Klochko, T. G. Kramarenko, T. V. Krylova,
V. N. Kukharenko, K. L. Bugaychuk, N. V. Morse, S. A. Rakov,
Yu. S. Ramsky,
S. A. Semerikov,
E. M. Smirnova-Trybulska,
A. V. Spivakovsky, Yu. V. Trius, V. I. Shavalova, S. V. Shokalyuk,
as well as foreign ones: T. Anderson, J. Martinez, A. KukulskaHulme, J. Traxler, T. Karsenti, R. Ferguson.
Analysis of the above-mentioned works allowed us to
conclude that one of the effective ways of solving the problem of
the quality of training specialists is the introduction of information
and communication technologies (ICTs) into the education process,
in particular, technologies and tools for electronic, distance and
mobile learning are becoming topical. The combination of these
technologies and their application in the educational process
generates a new form of organization of educational activities mixed learning, which becomes a promising direction of
development of the methodological teaching systems.
Mixed learning allows to solve most of the problems that
existed in the traditional education and in the process of
organization of e-learning, distance learning and mobile learning,
since it combines benefits of each of the technologies. For instance,
if in the traditional teaching process it is very difficult to absorb a
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- learning is the process of forming a network of
specialized units and sources of information (units may be
presented by people, organizations, libraries, websites, books,
magazines, databases, any source of information and knowledge);
- knowledge is in the network;
- knowledge can exist beyond the person, and technologies
contribute to learning;
- ability to learn new – bigger accumulated knowledge;
- ability to expand and develop - much more important
accumulation;
- learning and cognition are ongoing - it's always a process
and never a state;
- key competency - the ability to see connections and the
reasons between branches of knowledge, concepts and ideas;
- timeliness and urgency are necessary features of modern
education;
- learning is always a choice and making decision.
Consequently, learning based on connectivism is an active
process, which can be supported from the outside on the basis of the
integration of information sources. This combination allows to
develop and form a higher level of understanding.
Nowadays there exist such distance learning platforms
(models) as xMOOC and cMOOC - mass open online courses
(Table 2).
MOOC (massive open online course) – is a kind of online
course in which a large number of participants can take part, while
providing free, open access to all materials via the Internet.
Recently, even a special term appeared - "Professor of the Mass
Open Online Course" or "Professor 2.0" [1].
Table 2. Comparison of xMOOC and cMOOC models
xMOOC
cMOOC
More traditional
A model based on
distance learning
personal learning
organization model that
environments and
Concept
focuses on the
networks involves
academic approach to
active
learning (Coursera,
communication
edX, Udacity)
between participants.
Cognitive-behavioral
Approach
Connectivist
and constructive
Are defined by the
Goals of
Are defined by the
teacher
learning
listener
Pedagogical theories
Computer science and
Sciences to be
and humanitarian
engineering disciplines
studied
disciplines
A large amount of
information that does
Educational
Clearly structured
not have a clear
materials
structure
Is
created
and
Is duplicated
Knowledge
generated
There are no observers
A large number of
Participants
practically
participants
Teacher performs his
Teachers perform
Teacher’s role
role
different roles
Constant control by the
Absence of any
Control
teacher
control
Openness to
personalize learning,
Courses are open to
Openness of the
dialogue,
everyone
course
discussions,
conversations
Private initiative of
Are
supported
by
Support
individual members
prestigious universities
of the pedagogical

community
Well-funded
Financing
Not funded
Employees
Developers
Volunteers
The xMOOC model is supported in classical universities
and focuses on the academic approach to material mastering.
The content of the courses is developed by professional
teachers and experts in a certain subject area, the courses take place
according to a strict curriculum and include specific tasks that
involve the certification of participants and the assessment of their
knowledge level. As the examples of this model may be cited
Coursera (Stanford University and 13 other universities), edX (MIT,
Berkley and Harvard), Udacity (Stanford University) projects that
began their work in 2012 and function up to now.
The cMOOC model is based upon communication of the
participants and discussing topics. cMOOC courses use the theory
of connective knowledge (connective knowledge). This theory is
based on the fact that learning takes place in a group of people
connected via network who actively communicate and use blogs,
wikis, and social networks to find knowledge. The main task of
cMOOC participants is to search and submit of educational material
through various forms and tools. Thus, the content of the
connectivism course is presented and created both by the teacher
and the students. S. Downs distinguishes four types of activities of
the course participants: aggregation, remix, reuse and distribution
[2].
In our opinion, the educational process in the classical
university can be carried out taking into account two models.
However, it is still recommended to choose xMOOC as the basic
model, since it provides a clear curriculum, a goal, which is set by
the teacher, an automated student monitoring system, etc. That is,
such a model is organically combined with the traditional system of
training.
The principles of the connectivism, inherent to the cMOOC
model, can be set as a basis in the various activities of students in
the distance course [4]:
- cooperation: the course offers links to various educational
resources necessary for processing and further discussion. Students
choose only those materials that are necessary for them at a
particular time while studying a particular topic. The learning
process in cooperation provides the student with an opportunity to
get a general idea of the relevant section of the course;
- remix: the course materials are organically interconnected,
so that the student, after working over the educational materials,
should discuss the knowledge received on the webinars and on the
forum, share the content with the other people;
- re-profiling: the main goal of the course is to help the
participant acquire the knowledge necessary for him in further
activities. And this is the most complicated part of the learning
process, since the student starts learning not from scratch (the term
"re-profiling" is used in the course, instead of "creation"), but
analyzes the acquired knowledge and synthesizes his understanding
of the educational material. The open course teaches how to read,
understand and work with the content of other people and how to
create his own new understanding. The course, as a rule, provides
with the tools that can be used to create your own content;
- message: the task of the teacher is to organize interaction
with the other students in this particular learning process. But the
student can work independently without discussing the problems of
the course in the group.
We developed and implemented in the educational process
distance course "Technologies of web-applications development"
(Fig. 1), which is based on the xMOOC model, but the elements of
the connectivism approach are also present. In particular, on the
stages of mastering the educational material and in the process of
performing practical tasks.
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The course is implemented in the process of preparing
students of the educational degree "Bachelor" in such specialties as

view. In order to summarize the course material students are offered
questions for discussions, the answers to which are impossible to

Fig.1. Main page of the distance course "Technologies of web-applications development"
014.09 (Computer Science), 6.040302 Informatics. 120 hours are
find in the textbooks. For instance, the question "Which approach to
envisaged for mastering of the discipline which is studied (4 credits
web programming should be used when creating an educational
ECTS), that in the mode of mixed training are to be spent in 10
site?" . To do this, students have to analyze educational websites,
study weeks, with a following weekly load for the student – 4 hours
highlight their features, distinguish them from the other sites and
for classroom work, 8 hours for independent work. The main goal
explain the use of one or another approach. The discussion of the
of the distance course is to help students create skills for developing
questions takes place at the class and outside the classroom at the
web applications for using server scripts and tools for processing
forum, which is also in the distance course.
databases based on modern instrumental tools.
To consolidate the knowledge gained, students are
There have also been identified professional competencies
encouraged to create a map of mind by means of any of online or
that students will posess at the end of the course:
local knowledge map editors - MindMeister, Bubbl.us, Xmind, etc.
- demonstrate knowledge about the basic approaches to
(Fig. 2).
developing client and server parts of web applications;
- use advantages of the MVC model for developing web
applications;
- be able to use code editors;
- be able to install and use integrated development
environments (IDEs);
- have skills of working with a web server (WAMP);
- be able to use HTML, DHTML and CSS descriptors to
create a web application layout;
- demonstrate advanced programming language in PHP;
- create interfaces for interaction of web applications with
DBMS;
- be able to solve typical tasks on web programming.
The competencies, acquired by the students, are expected to
Fig.2. An example of a mind map "The concept of a frame"
be demonstrated in the course of performing the following tasks:
Mental maps are used as a kind of psychological toolkit,
participation in discussions using active learning methods;
used for self-examination, thinking, cognition, for solving current
demonstration of personal mind map for each topic; performing and
problems, drawing up plans, dealing with deep mental processes
defense of practical works on web programming; testing (current,
and helping to study complex phenomenon or process. Knowledge
final); performing of an individual educational and research task;
maps help to analyze and structure large amounts of information as
credit.
well as to recognize or memorize it.
Since the distance course is divided into weeks, the
The final stage in reinforcement
of the theoretical
corresponding activities are planned for each week. For example,
provisions is testing. For each topic, 10 test questions are offered,
students are offered to get acquainted with the first and second
which include different types of tests (Multiple Choice, Short
topics during the first week. For this purpose the theoretical
Answer, Questions like "Correct / Wrong", Numeric, etc.). The test
material is presented in the form of short video lecture (10-15 min.),
can be taken unlimited number of times, the main purpose is to
text and presentation. It is important to note that the video lecture
consolidate knowledge. The necessary option in the test settings
offers a brief overview of the theoretical information on the topic,
must be a passing grade. That is, in order to proceed to studying
while it is deeper presented in the text. For visibility and better
next topic, the student must score a certain number of points while
understanding of the main provisions, presentation is used.
passing the test.
They are also supplemented by elements based on the
Theoretical issues have no practical tasks, and only the
connectivism approach. In particular, the list of additional resources
introduction
of active learning methods can "enliven" the course of
is offered in which the topic is presented from different points of
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study, therefore the process of talking over and discussion is an
obligatory element. Such activities are carried out in direct contact
with students both in the audience and beyond. In particular, extracurricular work can take place in frames of a webinar organized by
a teacher and scheduled for a certain time.
Unlike traditional classroom lessons, the webinar requires
special organizational arrangements. These activities include
preparation and organization of the workplace, sending invitations
for the webinar, placing announcements on the webinar, conducting
a test webinar for the prevention of technical problems, developing
and downloading materials for conducting a webinar (presentation,
questionnaires, forms, etc.), etc.
After studying each topic students are also invited to go
through an anonymous poll "How well did you understand the
topic?". This poll is not rated, it can only be seen by the teacher.
The purpose of the survey is improvement of the distance course in
the future, as the students' answers allow us to understand how
quickly and effectively one can study and understand the provided
training material.
Questions are formed according to the psychometric Likert
scale, which provides 5 gradations of answers: 1) is completely
unclear; 2) it is not clear; 3) difficult to answer; 4) it is clear; 5)
absolutely everything is clear. This grading from a minimum to a
maximum allows to reflect the degree of confidence in one’s
knowledge and own feelings.

High

Sufficient

Initial

5. Conclusion.

To discover the effectiveness of introducing a distance
course in the educational process we conducted a study, based on
comparison of the levels of students’ academic achievements. The
study involved 32 students of Pavlo Tychyna Uman State
Pedagogical University of the Department of Physics, Mathematics
and Informatics of the specialty "Informatics" and was divided into
groups - control (15 persons) and experimental (16 persons).
The first knowledge assessment revealed almost equal
levels of student performance in both groups. In particular, in the
control group (blue in the diagram), 10% of students have a high
level, in the experimental group (yellow in the diagram) - 12%. The
average level for the control group was 35%, while for the
experimental group it was 37%. The indicators of a sufficient level
are also different, for the control - 47, for the experimental - 45.
Initial level: in control - 8%, in experimental - 6% (fig. 3).

Average

Sufficient

The combination of different studying technologies enables
students to intensify their activities, to intensify their mental
activity, to promote the development of creative thinking, to form
teamwork skills. The combination in the distance course
"Technologies of web-applications development" of the xMOOC
and cMOOC models gives a positive result and forms students'
active learning skills, using external resources, in talkings and
discussions. The implementation of such a distance course allows to
expand the range of educational opportunities, interaction and
communication, creating conditions and revealing the prospects for
learning and implementing in practice new forms and methods of
study.

4. Results and problem discussion.

High

Average

Fig.4. Levels of educational achievements after the
experiment
The given research results allow us to conclude that the
introduction of a distance course and the organization of the
relevant activities have a positive effect on the quality of the
specialist's training. Applied methods and teaching tools transform a
passive student who perceives the educational material at the
surface level into an active participant of the learning process, who
is deeply studying the material and obtaining new knowledge
through active mental activity.
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Initial

Fig. 3. Levels of educational achievements before the
experiment
The next stage was to introduce a distance course and
methods of active training in the experimental group, while in the
control group training was carried out traditionally.
After implementing all the necessary elements of learning,
we conducted the last (knowledge) assessment of student
performance in both groups. The results of the second assessment
show that the level of educational achievements of the control group
students haven’t changed practically, whereas in the experimental
group a significant increase may be observed. In particular, it is
possible to note a high increase for the average level of educational
achievements in the experimental group, the indicator showed
growth of 8%, whereas in the control group only 1%. It is also
worth noting that there was a decrease in the number of students
with an initial level of academic achievements, the indicator
decreased by 3% for the experimental group and by only 1% in the
control group (fig. 4).
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ALCOHOLIC FERMENTATION ANALYSIS WITH YOUNG RESEARCHERS IN
PRIMARY SCHOOL ANKARAN
Božič A.
Elementary school and Kindergarten Ankaran
E-mail: rlv.boz@gmail.com
Abstract: Research in primary school has recently become a hot topic and is gaining a foremost position among the educational goals
and objectives in primary education.
Thus a responsible contemporary teacher of a natural science subject enables the student to get to know research work, which means
that he or she guides them – through quality mentoring – through the methodology of writing a research paper, which is basically the same
at all levels of the educational system, differing only in the complexity of the set research problem. At the same time, a teacher mentor should
find pleasure in doing research work with their students, and regard that as an opportunity to make their work more interesting and to
enhance their own knowledge. At our primary school we decided to actively integrate students into research work. The article presents a
research assignment in which students in the final year of primary school (age 14-15) researched the question of what happens to apple juice
of different sorts of apples before and after alcoholic fermentation. We tried to find out whether the sort of apples and the amount of sugar in
apple juice affect the process of alcoholic fermentation. During experimental work, we took notes and gathered data on the amount of sugar
in juice and the temperature changes that occur during alcoholic fermentation, which we measured by using a Vernier interface.

Keywords: RESEARCH ASSIGNMENT IN PRIMARY SCHOOL, ALCOHOLIC FERMENTATION, EXPERIMENTAL WORK

well-equipped natural sciences study, or, even better, a laboratory
with the required equipment and water and electricity access.

1. Introduction
Scientific research is defined as diverse pathways in which
scientists study nature and natural phenomena and suggest different
explanations on the basis of gathered evidence. Scientific research
that pertains to the "natural sciences" lessons includes activities
through which students develop their knowledge and begin to grasp
scientific concepts and the way scientists approach nature. Doing
scientific research is an effective way of getting to understand
natural sciences concepts. Using strategies of scientific research,
students learn to pose research questions and to use evidence to
form answers to the questions set, to carry out practical research, to
gather data from different sources, to derive explanations from data,
and to present and defend their conclusions.

2. Research assignment on alcoholic fermentation
as an example of using scientific research in primary
school
The writing of a research assignment enables students to do
independent research into the links between different phenomena, to
form hypotheses and to test them by doing experiments, which the
student plans and carries out on his or her own. Students who
attended the school’s Chemistry Club decided that they would
investigate what happens to apple juice made from different apple
sorts before and after alcoholic fermentation. They decided to focus
on apples because at the time of their research it was not the grapes
season. They tackled the question whether alcoholic fermentation is
different for different sorts of apples. While doing research, they
collected different types of data: temperature, sugar content, and the
quantity of different juices before, during and after alcoholic
fermentation.

In the process we need to help students to learn how to
recognise and set appropriate questions which one can answer with
the help of "scientific" research; to plan and direct research towards
gathering evidence needed to answer different questions; to use the
right equipment and tools for analysis and explanation of data; to
make inferences and to think critically, to base their explanations on
solid evidence and to deliver and defend their results in front of
their peers and others.

1. INTRODUCTION
1.1 Objectives

This is why a natural sciences teacher needs to ensure lessons
that set as a priority the observation and collection of evidence,
conducted either indoors, in laboratory, or in the field. Thus
teachers can inspire students to develop a special relationship
towards scientific thinking and natural sciences. At the same time
we need to make certain that students can perform laboratory
analyses in a safe environment.

Alcoholic fermentation is a process that changes glucose into
ethanol in the presence of yeasts, which contain various enzymes
that enable this process.
Instead of using grapes we chose apples because they also
contain a lot of sugar.
The students posed the following questions:

Laboratory tests should help students develop a growing
understanding of the complexity and uncertainty of empirical work
as well as their ability to calibrate laboratory equipment and to
remedy any problems with it. Students need to cope with measuring
mistakes and need to be able to connect, explain and present the
gained results.

1. How much does the temperature rise during alcoholic
fermentation?
2. How does the amount of sugar affect the process of alcoholic
fermentation?
3. How does the amount of sugar in juice change during the
process (what is the difference in the amount before and after
fermentation)?

When students progress to a higher year, they are expected to
improve their ability to effectively cooperate with other people
when carrying out complex tasks and to share work on a common
task, to take over different roles in different stages of research, to
contribute their own ideas and to respond to others’ ideas.

1.2 Hypotheses
Students formed the following hypotheses:

Moreover, it is significant that we find appropriate space in the
classroom where we can easily conduct laboratory work. In
elementary school, this is a classroom with enough working space
and mobile desks with a flat surface and chairs as well as access to
water and electricity. At the same time, school needs to provide a

HYPOTHESIS 1:
Different sorts of apples have different amounts of sugar.
HYPOTHESIS 2:
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The amount of sugar in juice is different before and after
alcoholic fermentation.

3.1 Laboratory equipment
For one experiment we needed:

HYPOTHESIS 3:
















The temperature rises during the process of alcoholic
fermentation.
HYPOTHESIS 4:
Alcoholic fermentation leads to the creation of carbon dioxide.
HYPOTHESIS 5:
The higher the sugar content in juice, the higher the maximum
temperature during fermentation.
2. THEORETICAL PART
2.1 What is alcoholic fermentation?
Ethanol fermentation is one of anaerobic metabolic processes
that begins with glucose and finishes when glucose turns into CO2
and ethanol.

C6H12O6

→

2C2H6O +

2CO2

glucose

→

ethanol +

carbon dioxide

a beaker holding 1000 ml;
a test tube;
a measuring cylinder;
a glass rod;
a sieve;
a knife;
gauze;
a grater;
rubber, glass tubes;
Erlenmayer flasks;
a plastic bottle cap with two holes;
a kitchen board;
a thermos bottle;
plastic bottles.
3.2 Measuring instruments








Alcoholic fermentation is a process which changes glucose into
ethanol in the presence of yeast, which contains various enzymes
that enable this transformation. Beside ethanol fermentation, there
are two more types of fermentation: lactic acid fermentation
(lactose changes into lactic acid and carbon dioxide with the help of
bacteria) and acetic acid fermentation (fructose changes into carbon
dioxide and acetic acid with the help of bacteria).

a laboratory balance
a portable refractometer ATAGO
a Vernier interface
Vernier temperature sensors
alcohol thermometer
a computer and the programme Logger Lite for
measurement capture
3.3 Apple sorts

We chose five apple sorts for the experiment with ethanol
fermentation:







2.2 Yeasts
Yeasts are microscopically small, normally single-cell proper
funghi. The cells of some kinds of yeasts group together and form
compact branched chains (pseudomycelia). If any kind of yeast
forms a proper mycelium, it appears in this form for only a short
time, usually in extraordinary circumstances. Singular, separate
cells or cells associated in small groups are thus a characteristic,
dominant or even the only form for yeasts.

GOLDEN DELICIOUS
GRANY SMITH
FUJI
KIKU
PINK LADY
3. 4 Work procedure

Yeasts are widely spread in nature. The main reservoir of yeasts
is the soil, where they also spend the winter. The essential part
played by yeasts in nature is that they, together with other
heterotopic microorganisms, take part in the decomposition and
mineralization of organic material. For humans, yeasts are
especially important in terms of economy. According to A. Roseu,
yeasts are ideal industrial microorganisms because they are vital,
they are not attacked by phages, they are undemanding as regards
their food, they grow and reproduce very quickly, and we can
separate them from the substrate.

3.4.1. Preparing limewater
First we prepared limewater. We added 300 ml of water into an
Erlenmayer flask and 2 spoons of calcium oxide. We let this
solution rest overnight. Next day we poured the clear liquid that
formed above the sediment into another Erlenmayer flask. It was
this solution that we used in further experiments.
3.4.2 Experiment with alcoholic fermentation
Each sort of apples was first weighed; we made sure that we
had approximately 1 kg of each sort of apples at our disposal. We
washed the apples with water and dried them with paper towels. We
finely grated them and then ground them with an immersion
blender. The apples’ mass lessened in the process, since we
removed the useless parts.

3. EXPERIMENTAL PART
For the purposes of our research assignment we used the
following methods:




the overview of relevant literature;
laboratory work.
We gathered the majority of literature at the Srečko Vilhar
Central Library in Koper, while also finding some things of interest
on the Internet.

We squeezed the apple purée into juice lump by lump; we
needed a lot of physical strength to do that.



After collecting all literature we came up with the concept of
our research. Our essential research method was laboratory work.
We precisely determined the experimental procedure and prepared
the laboratory equipment.




We decided that we would do our laboratory work at school, in
Chemistry room.
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50 ml of the thus obtained apple juice was mixed with 21 g
of yeast. The mixture was then heated up to the temperature
of 30°C.
We added 300 ml of the leftover juice to this mixture. We
stirred everything and poured it into the thermos.
We connected the thermos, the Vernier temperature
sensor, the Vernier interface and a laptop. We took great
care that the thermos bottle caps were properly sealed so
that the air from the outside would not enter thermos
bottles.

8




In Diagram 1 the results are presented in the form of columns
with a dependence between the quantity of juice and the apple sort.

The carbon dioxide that formed during fermentation was
channelled off into limewater, which became hazy. This is
how we proved the presence of this gas.
The interface took temperature every minute. It read out
temperature for 24 hours.

Dependence of juice quantity on the
apple sort (mL/1kg apple)

The whole apparatus for alcoholic fermentation is shown in the
picture below.

Apple sort
Diagram 1: Dependence of juice quantity on the apple sort
The results show that the greatest amount of juice was squeezed
from the Fuji apples (829 ml) while the least juice came from the
Kiku apple sort (720 ml).

4.2 The
fermentation

Image 1: The apparatus for alcoholic fermentation
3.4.3 Determining the sugar content

maximum

temperature

during

alcoholic

The maximum temperature reached
during fermentation

We determined the amount of sugar in apple juice before and
after fermentation by using a portable manual refractometer.
Refractometer is a standard device for establishing the sugar
levels in professional wine-making. Substances dissolved in a liquid
affect the diffraction of light which travels through solutions. The
higher the concentration of sugar in a sample, the more diffracted
the light and the more visible the cross-hair between the dark and
the light field.

Apple sort

Before the measurements we checked the precision of the
refractometer’s cross-hair by using distilled water with 20 °C. On
the prism we dropped 2-3 drops of water and noticed that there were
no bubbles. We shut the lid and looked through the eye-piece
towards the light. The line between the dark and the light field was
passing through the zero, which meant that the calibration of the
device was successful.

Diagram 2 : The maximum temperature reached during
fermentation
We can see from Diagram 2 that the juice from the Golden
Delicious reached the highest temperature during fermentation,
which was 40,2 °C, while the lowest temperature was reached
during the fermentation of juice made from the Pink Lady apples,
which was 36 °C.

The procedure was then repeated using our samples. We read
the sugar content, expressed as sucrose’s percentage by mass, on the
left scale.

4.3 Temperature changes during alcoholic fermentation
During alcoholic fermentation, we observed the following
temperature changes between the initial and maximum
temperatures, as shown in Diagram 3.

Temperature changes
during fermentation

Apple sort

Image 2: Measuring sugar with a refractometer
4. RESULTS

Diagram 3: Temperature changes during fermentation

4.1 The quantity of juice squeezed from 1 kg of apples

Diagram 3 shows that the temperature differences during
fermentation are very similar, independent of the apple sort. The
largest difference was observed during the fermentation of the Pink

One of the measured experimental values was the amount of
juice we got from 1 kg of apples.
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Lady juice (12 °C) and the smallest during the fermentation of the
juice made from the Fuji apples (9,8 °C).

Diagram 4.5.3: The KIKU apple sort, 5.3.2012

4.4 The sugar content in particular apple sorts
The following quantities of sugar were measured in particular
sorts of apple juice before and after fermentation – the measured
values of sucrose in particular sorts of apples are captured in
Diagram 4.

The sucrose content in particular sorts of
juices before and after fermentation

Diagram 4.5.4: The PINK LADY apple sort, 5.3.2012
Apple sort
Diagram 4: The sucrose content in particular sorts of
juices before and after fermentation
Diagram 4 shows that the concentration of sucrose dropped
after alcoholic fermentation. At the beginning, the Golden Delicious
apples had the least sugar, while the Kiku apples had the most. The
greatest difference in the sucrose content before and after
fermentation was discovered in the Grany Smith apple sort.
4.5 Diagrams of temperature changes during alcoholic
fermentation
Diagram 4.5.5: The GOLDEN DELICIOUS apple sort,
16.3.2012

Below there are charts that represent the changing temperature
of apple juice during fermentation. The charts were made with the
programme Logger Lite, with the help of Vernier interface and a
temperature sensor.
Diagram 4.5.1: The FUJI apple sort, 13.2.2012

5. DISCUSSION AND CONCLUSION
The experiments done have lead to the following conclusions:
5.1 By using a refractometer we determined different sugar
contents in different sorts of apples (for example: the Kiku apples
contain 14.1 % of sucrose before fermentation, while the Golden
Delicious apples contain 9.1 %), which confirmed our first
hypothesis, namely that different sorts of apples have different
amounts of sugar. The sugar content also affects the taste of a
particular sort of apples - its sweetness.

Diagram 4.5.2: The GRANY SMITH apple sort, 16.2.2012

5.2 The juice’s sugar content dropped during fermentation
(example: the Grany Smith apples contain 12.8 % of sucrose before
alcoholic fermentation and only 4.9 % after it), which confirmed
our second hypothesis, namely that the amount of sugar present in
juice is different before and after alcoholic fermentation. This is
due to the fact that sugar turns into other substances during
fermentation.
5.3 Temperature rose during alcoholic fermentation, with one
sort of apples even reaching 40 ºC (example: the Golden Delicious
apples heated up to 40.2 ºC, while the Pink Lady apples reached 36
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ºC maximum), which is why we could also confirm the third
hypothesis, namely that the temperature rises during the process of
alcoholic fermentation. Alcoholic fermentation is an exothermic
process.
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3. Conclusions
While writing a research paper, pupils gain an abundance of
new knowledge and skills. The use of laboratory equipment and
experimental work meant for them extending and deepening their
knowledge of chemistry and biology. Research assignments provide
individuals with a chance to develop their potentials, interests and
their particular talents. They represent an ideal opportunity for
personalization, which essentially means that we adapt our teaching
to an individual student. Research allows students to direct their
interest and learning. Of course the mentor’s support and
consultation are indispensable.
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THE LAST 3 YEARS AND PROSPECTS FOR THE FUTURE
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Chief Assistant Professor PhD eng. Dolchinkov N. T.,
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Abstract: The competition for applied electronics has been organized for 3 years by the National Academy of Music "Vasil Levski" with
the cooperation of the trading company "Elimex". In the first year it took place only in Veliko Tarnovo, in the second was held except in
Veliko Tarnovo and in our faculties in Shumen and Dolna Mitropoliya. This year we have 6 races, including representatives from the BBU,
Gabrovo and Varna. Each year the quality of the participants is also improved.
Keywords: control monitoring, radiation control, radiological risk, radionuclides, radiometric measurements, gamma background

implies greater autonomy, responsibility and self-discipline. At the
age of exit from puberty, maturation and self-decision, they are
entering a new stage in their development as a person, person, and
professional. This is most difficult for students in the first course,
which is a course of adaptation to a new world and way of life.

1. Introduction
Physics as a fundamental science studies the law of nature and
is at the core of the technical sciences. Over the past 100 years, the
role of engineering science has become indisputable. Ever since
Aristotle's time, physicists have discovered laws, explained facts,
created patterns to describe patterns of processes running around us
and the universe. Fruit of physical thought is the international
projects Dubna and Cern and the discoveries that are taking place in
them. A striking example of the continued development of physics
is the gravitational waves reported in February this year. They are
space-time waves that occur when massive bodies accelerate in
space, for example a pair of neutron stars, white dwarfs or black
holes circling one another. Albert Einstein first predicted the
existence of these waves in 1916 on the basis of his General
Relativity Theory. But a century has not yet been directly observed.
In order to respond to the stormy development of science, modern
engineers must have in-depth knowledge not only in physics but
also in other technical sciences such as Mechanics, Compromit,
Fluid Mechanics, Thermodynamics, Electrical Engineering ","
Nuclear Physics "and others.
In the last decades, the education system is experiencing a
serious crisis and is in constant reform. Curriculum programs and
educational standards are constantly changing, and this is
accompanied by a reduction in the quality of education. Currently,
the majority of university graduates do not continue to develop in
the specialty studied - they either work in another field or work in
positions that do not require higher education. At present, higher
education institutions are hostages of their students because money
comes with the student and he knows that. This has a negative
impact on the level of education and the quality of the trained
specialists, which inevitably affects their future realization. In order
to overcome these negatives, it is necessary to find non-traditional
ways of transmitting the information in order to reach the students
as fully as possible.
Another problem is the abdication of the state from higher
education. There are no uniform educational requirements. Even
less than the sanitary minimum is the lesson in the natural sciences
and science, which also includes physics. The link between
secondary and tertiary education is broken and in some areas higher
education has become a hostage to poorly planned and completed
work in the middle stage of education. In many cases, basic habits,
skills and knowledge are lacking in the Bachelor's degree.
Under the conditions mentioned above, the students and
students who have been trained in technical specialties at the "Vasil
Levski" National Technical University have to work. They
experience a transition period, switching from one type of training
that is typical of the middle class to another learning mode that

2. History of the race
2.1. 2015/2016

In the middle of April 2016, I held an Indoor University
competition "Best physicist - practitioner" in two rounds on 12 and
14.04.2016 together with the Elimex chain. In the first round of 56
participants, they decided to use a practical test with 30 questions
from the practical application of knowledge in physics and
gravitational disciplines. The top 12 players who scored the highest
score qualified for the second round. There, classed cadets produced
an electronic circuit pattern "American Police Chees" for 1
astronomical hour. Here, besides the fact that the model has to work
for the set time, the correct handling of the various instruments and
instruments and the observance of the safety measures was also
assessed. Through this competition we strive to learn the interesting
and practical aspects of physics. A significant proportion of
university students and students have not graduated from vocational
high schools, lacking the necessary technical knowledge and skills,
and this was perhaps one of the first encounters for working with
real tools and tools. Some of them will be future engineers, and this
will be one of the first steps in building them as specialists, even
though they are outside the curricula they are training for. The
competition has caused many tremors and excitement in the
participants, as well as topics for conversations and noble disputes
between them. There were also those who regretted their refusal to
take part in the final round because they had not taken a soldering
iron before.
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2.2. 2016/2017

3.Conclusions:

In the last school year I changed the form of the competition in
Applied Electronics. Unlike the last school year, it is held in 2
rounds - a faculty round and a general university circle. In the first
round, held on 04.04. in Veliko Tarnovo, 06.04. in Shumen and on
12.04. there were 12 students from each faculty in Dolna
Mitropoliya. To allow for this round, select among those willing to
participate by solving a theoretical test. The first 3 of each faculty
qualified for the final stage, which took place on 10.05.2017 in
Veliko Tarnovo.

1. There is 137Cs in the nettle sample taken after the Chernobyl NPP
accident. This conclusion is experimental proof that the apparatus
used is working normally and can determine qualitatively 137Cs.
2. No samples of radioactive isotopes were found in the
measurements carried out on samples taken from the area of
Yovkovtsi dam.
3. The deviations observed in some graphs are within the
permissible error of the SCC-256/91 spectrometer.
4. Qualitative environmental monitoring of the environment in the
area of "Yovkovtsi" dam is carried out by the Regional Inspectorate
of Environment and Waters - Veliko Tarnovo.

4.Literature:
1.
Долчинков Н. Т. Организиране на мероприятия в НВУ
„Васил Левски“, целящи популяризирането на физиката,
Сборник доклади на СУБ, клон Велико Търново, 2016;
2. Долчинков Н. Т. Популяризиране на физиката в НВУ „Васил
Левски“
през 2016 година чрез организиране на
представителни неформални мероприятия, XLIV конференция
на СФБ, Ямбол, 2016;
3. Долчинков Н. Т. Извънаудиторната работа с обучаемите
като място за изява на възможностите им, НВУ „Васил Левски“
Велико Търново, 2017
In this way, I extended the circle of participants by giving more
students and students the opportunity to express themselves and to
show and perfect their abilities. This is the first race of this format,
which is organized at our university. After the fictitious circles, he
expressed his satisfaction with the organization and the opportunity
for expression of the talented youngsters.

2.3. 2017/2018
The national interuniversity competition between the students
and the students of applied physics in 2017/2018 was held in two
rounds in April with the sponsorship of the trading company
"Elimex". It was held in each of our faculties, the Higher Technical
University of Veliko Tarnovo, TU-Gabrovo and TU-Varna. In the
first round there were 12 contestants who worked out a practical
model. The first two of each of our faculties together with the first
two of the NAVY Vaptsarov, TU-Gabrovo and TU-Varna ranked
for the final national competition, which we will host on 10 May
2018
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APPLICATION OF CALCIUM HYDROXIDE IN DECONTAMINATION OF
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Abstract: Calcium hydroxide is an inorganic compound used for many purposes. Calcium hydroxide is relatively soluble in water. It
partially dissolves in water to produce a solution called limewater, which is a moderate base. Limewater or aq. Ca(OH) 2 reacts with acids to
form salts. As the calcium hydroxide is easy accessible, cheap and has the possibility to neutralize inorganic acids can be successfully used
in their decontamination. This paper presents analyzes the decontaminating properties of calcium hydroxide.
KEYWORDS: DECONTAMINATION, CALCIUM HYDROXIDE

economical, but also offers other advantages. Lime is the
neutralizing agent of choice in almost all applications. Lime
sludge’s are heavy, low volume, easy to handle, and easy to clarify.
Most metals contained in the sludge are insoluble and will not
readily leach into the environment. Finally, lime is the low cost
reagent in terms of neutralizing value. [5, 7]

1. Introduction
Large quantities of chemicals are also stored/ processed in
industries that are located in densely populated areas. Inappropriate
and haphazard construction and the spill of awareness and
preparedness on the part of the community further enhance their
vulnerability. The potential of heavy losses and adverse
consequences on the environment due to a chemical accident calls
for further improvement of safety measures in all
processes/procedures and the adoption of appropriate methods for
handling toxic industrial chemicals. An industrial accident is a
sudden technological breakdown of machinery, equipment and
aggregates, accompanied by stopping or seriously disrupting the
process, building demolitions, fires, environmental pollution,
destruction, sacrifice or life threats; the health of the population.

Calcium hydroxide is relatively soluble in water. It partially
dissolves in water to produce a solution called limewater, which is a
moderate base. Limewater or aq. Ca(OH)2 reacts with acids to form
salts, and it can attack some metals such as aluminum. Limewater
readily reacts with carbon dioxide to form calcium carbonate, a
useful process called carbonatation:
Ca(OH)2+ CO2→ CaCO3+ H2O
Ca(OH)2 may use to decontamination to inorganic acids such as:

In the chemical industry, poisoning accidents lead to human
injury and destruction of machinery and equipment. These
industrial accidents are often accompanied by explosions of
enormous destructive power and fires leading to large material
losses and air pollution of entire areas with industrial poisonous
substances.

Ca(OH)2 + 2HCl → CaCl2 + 2H2O
H2SO4 + Ca(OH)2 = CaSO4 + H2O
Ca(OH)2 + HNO3 = Ca(NO3)2 + H2O
In the case of accidents with toxic industrial chemicals, we have
limited time to estimate the appropriate decontaminant and its
concentration. When there is a chemical incident involving a spill of
inorganic acid when transporting, the rules it must be a plate with a
type of substance and its concentration and quantity. The same
applies to toxic materials that we are stored. In order to achieve
economics with the use of a decontaminant including calcium
hydroxide, we can use Henderson-Hasselbalch equation. The
Henderson-Hasselbalch equation relates pH, pKa, and molar
concentration (concentration in units of moles per liter).

Inorganic acids and bases are often transported and stored
industrial materials which used in our industry. They are substances
that cause burns when they fall on the skin of a human and also a
source of poisonous gases. The more frequent and dangerous
accident occurs when transporting acids because they are in a liquid
state. In the history of our country, the last accidents of rail
transport are spill acids are at Smyadovo Station (2015), place next
to Kaspichan (2009). Rapid action taken to eradicate consequences
of an acid leakage would lead to less damage to the people and the
environment.

The Henderson-Hasselbalch approximation allows us one method to
approximate the pH of a buffer solution. The basic equation is as
follows:

2. Decontamination of Acids

A 

The action after acid spill, neutralization is surely one of the most
significant, since it allows buffering the acid spill to a pH which is
not environmentally-threatening.

(1)

The purpose of the article is to justify an effective and cheap
decontaminant in the disposal of inorganic acids and a way of
calculating its concentration.

Where: Ka is the dissociation constant of the weak acid,
pKa=logKa, and [HA] and [A] are the molarities of the weak acid
and its conjugate base.

Neutralization of acidic waste streams involves raising the pH,
usually by adding an alkaline chemical, such as lime. There are
several other chemicals that can also be used, but due to cost,
handling problems, high total dissolved solids in the effluent, or
mobility of heavy metals in the sludge, lime is the neutralizing
material of choice. As highlighted in [4-6], when considering the
cost of neutralizing agents and alkali requirements, lime is the most
cost-effective option to neutralize acids. Factors to consider when
choosing a neutralizing material include the cost of the material, the
amount of sludge produced, the handling characteristics of the
sludge, and the resulting quality of the effluent. Lime is most

The Henderson–Hasselbalch equation is, of course, the mass action
expression cast in logarithmic format, and rescue teams have
wondered if the thought of taking the logarithm of both sides of an
expression should warrant immortalization of these two
scientists.[3]
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For a weak acid HA and its conjugate base A−:
(2)

HA+H2O⇋H++A−

which has an acid ionization constant Ka. The HendersonHasselbalch approximation is derived from this acid ionization
constant. [8]

Ka 
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2. Fusi L., Monti A., Farina A., Primicerio M., Mathematical
Model for Calcium Carbonate Acid Mine Drainage Reaction: a
Multiple Time Scale Approach, Rend. Lincei Mat. pg. 1-24. 2013.
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4. Hairston, D., Acid Neutralizers. Calm the Wastewaters.
Chemical Engineering. 1996.
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5. Acid Neutralization with Lime. National Lime Association,
Bulletin No. 216. 1995.

Equation (6) is formulated in terms of equilibrium concentrations in
solution. Since HA is a weak acid and weakly dissociates and we
can introduce two approximations:
(7)

HA  HA

i

1. Fusi L., Monti A., Primicerio M., Determining calcium
carbonate neutralization kinetics from experimental laboratory data,
J. Math. Chem. pg. 2492-2511. 2012.

H A 
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The Henderson–Hasselbalch equation may use in the same an base
ionization constant Kb. Kb and Ka are table coefficients from
chemical books.

3. Conclusion
In the case of chemical incidents involving spillage of inorganic
acids, it is appropriate to use calcium hydroxide. The report is
grounded in its use as a cheap and readily available reagent. In the
decontamination of inorganic acids of which we know the species
and concentration, we can calculate the concentration of calcium
hydroxide by using Henderson-Hasselbalch equation.
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1. Introduction

Friedrichs’ model and which in the case of Sturm-Liouville
operator coincides with classical notion of Weyl function.
The objective of this paper is:
To generalize the notion of Weil’s function in case of
nonselfadjoint Fridrihs’ model, using the so-called branching of the
resolvent. In the particular case of the Sturm-Liouville to get
classical Weyl function (Sturm-Liouville previously included in the
Friedrihs’ model).

In classical case the Weil function is defined by connection
between solutions the equations with equal boundary conditions.
We suggest another approach in this paper. We will be able
differentiate the solutions of the equations depending on the
character of their properties of the analyticity. F

2. Statement of the problem
The problem is to give the notion of Weyl function for

3. Branching resolvent function and Weil function
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H  L2 (0, ),     0 . Suppose that interval [0,  )

T : H  H,

D(T )  H .

Denote

T  T   

1

coincides with continuous spectrum of some operator

. Bilinear form of resolvent

  [0, ) .
Suppose that there exists linear space

T  , 




over axis

Denote by

  H,   H

0, . Suppose that T :   

h  H

for

   \ [0, )

a , b , r   are some functionals in H

 ,  





element in

B :   

is analytic function if



admits analytic prolongation

and that the multiplicity of continuous spectrum of

analytic on

and

T  , ,

such that form

T  , 

T

is

m  1.

H ,    : dist  ,[0, )   ,   0.

Let

is some operator.

Definition 1. We say that the element h ,    \ [0, ) separates the branching of resolvent T ,    \ [0, ) if

  

T    , b  h  B  ,   ,    \ [0, ),
where the functions

 , b  and B ,   

We say that scalar functions

M  ,    \ [0, )

h ,   m a ,   r  , ,


where functions

(a , )

and

We define

m  ,   0.

.

separates the branching of

h ,

if

  ,    \ [0, ),

(3)

r  ,  are analytic in  . The fuction m  is called Weyl functions of the operator T.

In other words, the branching of resolvent

m  .

are analytic in

(2)

T

T  ,   lim
T i  , ,
0

is given by the element

 ,  

Further we suppose about T that there exist the elements

h

, and the branching of

h

is given by scalar function

and by analogy we define the elements

(4)

 

Lemma 1. The functionals a(  ),(b(  )) in (2)-(3) are eigenfunctionals of operator T , T *

  0,  of continuous spectrum.

corresponding to the point

DT   DT1  and T1  T ,   DT  .
4. Analysis Definition of the maximal operator Tmax
Definition 2. An extension Tmax  T is called maximal operator for T :
T1  T

is called extension of

T

and the functions

 ,    , such that

T  ,   T  ,   0 ,   0 .
The sense of the functionals a  , b  is given by following Lemma.

Some operator

h 

if
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Tmax

   and every value   0
   f   ,   0 ,   

and if

f  

1) if for every element

too. We introduce the operator

there exists unique solution of the equation
(5)

Tmax,  :   

as follows

Tmax,    Tmax      f ,   0
1

2) if solution

Tmax, 

f

admits analytic prolongation

in the domain



such that

f  DTmax 

and

Tmax    f   ,

   . Denote Tmax,    f , then
Tmax   Tmax,     ,    ,   
Obviously,

Tmax,  :    .

5. Functional c  and branching T
Definition 3. Denote by c  the functional on DTmax  defined by the condition

  c e  DT  ,   DTmax  .

(8)

Theorem 1. Let Tmax  T is maximal operator according to Def. 2. Then the resolvent of T admits the separating of branching

T    , b h  Tmax,   ,    \ 0,  ,

(9)

 , b   cT

(10)

where



max, 



,

and the element

h  e  T Tmax   e

(11)

Tmax , namely
  h  0 , ch   1,

is eigenvector of

Tmax

   \ 0,  .

(12)

Remark 1. The Weyl function exits if operator Tmax exists.
Let

H  L2 0,  ,    

prolongation

  ,     i

maximal domain of definition
operators. The operator

1



.

Denote by

in the domain

DS .

Let

G

,   H

the subspace of the functions

 (see Def. 1). Denote by S : H  H

is some Hilbert space and

V  A B,
*

   ,

which admite analytic

S     ,   0 with
A, B : H  G are bounded integral

the operator

where

   

T  S  V , V  A* B, DT   DS , R A* , R B*  

(13)

S max (see Def 2 and calculus in (12)- (14), where
  
     
1
S   
   

. This decomposition
 
 
 

is called Friedrichs’ model. Let us obtain an other definition of maximal operator

T  S ).

If

S  S    ,   0,  ,
1

then

coincides with (15), therefore

S max,    

     
.
 

(14)

Definition 4. Domain of definition:

DSmax     H : c  :     c  H 

(15)

and maximal operator

Smax         c ,   0.

(16)

 1 
Definition 5. Let ,1 is the functional on DS max   DS   
 defined by the relations

 ,1  Nlim
 ,1N  , 1N x    0,N  x ,


  DS  ,

 1 
,1  1 .
 1 

And 

  1

(17)
(18)
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A: H  H

If

 f , A1   A * f ,1 ,

 A * f ,1  C

is bounded operator and

f

f H ,

,

f H .

then we define the element

A 1

by the relation

(19)





Theorem 2. Denote N    1  BS max,  A* N*    1  ASmax,  B* (see (22)). If the conditions

BS max,  A*

G

 1,

hold then operator

ASmax,  B*



G

 

1,

(20)

 has maximal operator
 B A

T  S  A* B T *  S  B* A

T 

Tmax  S max  A* B

*

max

 S max

*

(21)

The inverse operator

Tmax,   Tmax     Smax,   Smax,  A* N   BS max, 
1

1

(22)

exists and the relations (6)-(7) hold.
Analitic prolongation of (22) gives:

Tmax,    Smax,    Smax,  A* N   BS max, 
1

If

T  S  A* B

and the operator

.

(23)

K    1  BS A* ,   0,  is invertible, then:
K    1  BS A*

T   1  T   S   S A* K  1 BS  ,
The equation

Tmax   h

S   h

 Vh  ch   0 T   h  ch 1 h  ch T 1

gives:

(see (21), (16) and (23)) becomes (see Def 5)

,

In view of (12), we hold

T*

0



,

.

ch   1 , so h  T 1 . Therefore, the decomposition (9) of the resolvent for the operators T







T   , b T 1  Tmax,   , T *     , a T *  1  T * max,  

.

and

(24)

Theorem 3. Let T  S  A* B (see(21)), then the conditions (20) are sufficient for existence Weyl function m  of the
operator

T

(see Def.1). If the conditions (20) hold , then

m   T 1,1,    \ [0,  .

Proof According to Theorem2 there exist operators

T 
*

max, 

.

Tmax

and

(25)

T 
*

max

.

According to Def 2 (see(7)-(8)) we define operators

Using Theorem 1 and Definition 5, we obtain the relations (24), where the element

T  . Finally,

h ,   T 1,   1, T      , a 1, T  1  1, T 




*



*





and in view of Definition 1, we have the relation (25), where

*

max, 

h  T 1

Tmax ,

separates the branching of



  

m   1, T *  1  T 1,1.

Theorem 3 is proved.
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Abstract: The multi-mission altimeter data for the Sea Level Anomaly (SLA), processed and distributed by Copernicus Marine Environment
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intensification of the Batumy anticyclonic eddy and the negative SLA near the Caucasus coast.
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period there have been many missions (mentioned above) and they
all have been homogenized with respect to a reference mission
which is currently OSTM/Jason-2. The spatial resolution is 0.125º /
0.125º (about 10 km) and the time resolution is daily. The maps are
calculated with all the satellites available (up to 4 satellites) for
each date. The standart corrections have been made and data have
been filtered from small scale signals [5].

1. Introduction
The Black sea upper level circulation has been a subject of
investigation of many studies and has been estimated by different
methods. It is characterized by a basin-wide cyclonic boundary gyre
known as Rim Current. Within this current, two or more smaller
cyclonic cells are formed. They are usually referred as eastern and
western gyres. The Rim current is quasi-geostrophic as it engages
the surface and several hundred meters water column. In addition to
the principal Rim Current, the Black Sea circulation system
contains many mesoscale eddies, meanders and filaments spread
over the basin. The Rim Current separates the cyclonically
dominated inner zone from the anticyclonically dominated coastal
area [1, 2]. The Danube, Constanta, Kaliakra, Bosphorus, Sakarya,
Sinop, Kizilirmak, Batumi, Sukhumi, Caucasus, Kerch, Crimea,
Sevastopol eddies reside on the coastal side of the Rim Current
zone.

For pressure and wind fields we used the ERA-Interim reanalize
processed by ECMWF. The data covers the period 1993-2015 year.
The spatial resolution is 0.75º / 0.75º (about 80 km). [6, 7]

3. Seasonal variations of upper layer circulation
The seasons are considered as follows: winter – January, February,
March; spring – April, May, June; summer – July, August,
September; winter – October, November, December. The seasonal
averaged maps of the sea level anomaly (SLA) and streamlines of
the geostrophic velocity anomalies are given in Fig. 1. In winter
there are negative anomalies in the inner region of the Rim Current
and positive ones during the summer. Consequently there is an
intensifying of the cyclonic circulation during the winter and easing
during the summer. The winter and summer Black Sea circulation
show similar patterns of currents with opposite sign: cyclonic
direction of the Rim current, Batumi eddy and Kerch eddy in winter
and opposite direction in summer. The transition between these two
states begins with an appearance of weak negative anomaly near the
Georgian coast, which grows and pushes the positive anomaly in
northwestern direction and replaces it growing further. Similar
processes are observed also in the Western basin in the region of
the Sevastopol eddy, but less intense. The most prominent feature
in the seasonal averaged SLA maps is the triple structure (tripole) in
the eastern Black sea basin, involving the Batumi eddy in the
easternmost end. It changes the sign from the warm to the cold part
of the year. During the months December to March Batumi eddy is
identified by a negative (cyclonic anomaly). During the warm part
of the year (June to September) the Batumi eddy presents a positive
(anticyclonic) anomaly. This is valid for the tripole, changing
periodically the sign along the coast in the north-western direction.
The transition occurs in April-May when the weak positive
anomaly replaces the negative one and moves the whole structure
northwestward. Similar transition with opposite sign happens in the
autumn (October-November).

The surface circulation in the Black sea reveals seasonal and
interanual variability [2,3,4]. In our previous work [3] we
investigated the seasonal variations of the sea level anomaly along
the eastern Black Sea coast and found that a tripole structure with
Batumi eddy in the easternmost end exists and changes the anomaly
sign seasonally. The objective in this study is to relate the processes
occurring in the sea with the atmospheric circulation. Such a
relation is identified by other authors: in the study [4] ERA-40 data
are used for the first months of the seasons (January, April, July and
October). According to their results there are two basic patterns of
sea level pressure field: one for the winter-spring and the other for
the summer-autumn. We use the seasonal averaged atmospheric
pressure, winds and the wind rotation.

2. Data used in the study
To study the circulation of the Black sea we used altimeter data
reprocessed by Copernicus Marine Environment Monitoring
Service (CMEMS) downloaded from http://marine.copernicus.eu.
This product is processed by the SL-TAC multimission altimeter
data processing system. It processes data from all altimeter
missions: Jason-3, Sentinel-3A, HY-2A, Saral/AltiKa, Cryosat-2,
Jason-2, Jason-1, T/P, ENVISAT, GFO, ERS1/2. It includes
gridded sea surface height anomalies and derived geostrophic
current velocities anomalies. The anomalies have been taken with
respect to the 20-year means (1993-2012). The used data covers the
period from January 1993 to December 2015. During this 23-year
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Fig.1. Seasonal maps of the sea level anomaly and the streamlines of the derived geostrophic velocity for the period 1993-2015

over the easternmost regions is observed, and along the south coast
the wind is from west or southwest. During summer and spring this
swirl is not present, and the wind along the south coast is northwest.
The eastern basin is surrounded by high mountains of the Caucasus
and the Anatolian Plate. Thus the northwest wind is trapped in the
eastern basin.
In order to show better this atmospheric circulation feature we give
in Fig. 3 the seasonal wind curl. The winter and autumn maps show
stronger cyclonic curl in the Black Sea inner part which explains
the winter Rim current intensification. Over the Western basin in
winter and autumn the wind curl is cyclonic, and in the other part of
the year it is predominantly anticyclonic. Regarding the Eastern
basin it is evident that the wind rotation the Eastern Black Sea is
always positive (cyclonic) over the central part and negative
(anticyclonic) in the south, however there are changes from season
to season. In summer the cyclonic area is extended towards
northeastern continent and presents the maximal value up to +25 х
10-6 s-1. On the contrary, the southernmost part is occupied by a
large anticyclonic wind curl of about -10 х 10-6 s-1. This
configuration could explain the eastern dipole in the sea:
intensification of the Batumy anticyclonic eddy and the negative
SLA near Caucasus coast. This anticyclonic area weakens in the
other seasons.
The comparison of the Fig. 1 and Fig. 3 leads to the conclusion that
some characteristics of the seasonal sea circulation could be
explained by the atmospheric factors, but not the whole observed
picture.

4. Investigation on the atmospheric circulation over
the Black sea
Noting the significant seasonal variability in the Black Sea
circulation a question arises whether it is related to the seasonal
variations in the atmospheric circulation in the region. The data for
the atmosphere circulation is taken from the ERA-Interim
meteorological reanalysis and include the mean sea level pressure
and surface winds.
The 2D fields of the mean sea level pressure are averaged over the
seasons in the same way as for the SLA and the obtained maps are
shown in Fig. 2. Two basic configurations could be identified –
autumn-winter and spring-summer configurations. The autumnwinter pattern is characterized by a depression situated over the
central part of the sea. During the spring the configuration of the
pressure field changes: the depression moves to the east. In the
summer months over the western part of the Black sea an
anticyclonic field forms, but over the Eastern Black Sea and
Caucasus Mountain there is a deep depression. This depression is
intense and stronger than in any other season. However, the
comparison between Fig. 1 and Fig. 2 shows not much similarity
bringing to the conclusion that the pressure variability is not the
main factor explaining the seasonal variations of the marine eastern
basin circulation.
In Fig. 2 we show also the seasonal averaged wind fields.
Comparing the seasons the most pronounced difference is along the
south coast in the eastern basin. In winter and autumn a wind swirl
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Fig. 2. Seasonal maps of the mean sea level pressure and surface winds during the period 1993–2015.

Fig. 3. Seasonal maps of wind curl [10-6 s-1] during the period 1993-2015 years.
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5. Conclusions

6. References

The Black Sea circulation exhibits seasonal variability which have
been a subject of many studies. Our previous studies has found the
existence of triple structure (tripole) in the Sea Level Anomaly
(SLA) in the Eastern Black Sea basin, involving the Batumi eddy in
the easternmost end, which changes the anomaly sign seasonally.
During the cold part of the year (December to March) Batumi eddy
presents negative (cyclonic) anomaly; and in the warm part (June to
September) – positive (anticyclonic) anomaly. To investigate this
we used altimetry data from Copernicus Marine Environment
Monitoring Service (CMEMS). It includes gridded sea surface
height anomalies and derived geostrophic current velocities
anomalies. The used data covers the period from January 1993 to
December 2015. The daily maps are averaged to obtain seasonal
mean maps of SLA and streamlines of derived geostrophic velocity.
Further we examined the seasonal variations in the atmospheric
circulation in the region with a goal to find a relation. The data for
the atmosphere circulation have been taken from the ERA-Interim
meteorological reanalysis and include the mean sea level pressure
and surface winds. It covers the same period as the altimeter data.
We obtained seasonal maps of pressure, wind field and wind curl.
The autumn and winter maps reveal stronger cyclonic curl in the
Black Sea inner part which explains the winter Rim current
intensification. The spring and summer maps show different
behavior of wind curl in the two parts of the Black sea. Over the
Western basin the wind curl becomes predominantly anticyclonic.
Over the Eastern basin the most notable feature is positive
(cyclonic) wind curl over the central part and negative
(anticyclonic) in the southernmost end. In summer the cyclonic area
is extended over northeastern coast and has its largest values. The
anticyclonic area becomes more intensive, larger and covers the
region of Batumy eddy. This configuration could explain the
eastern dipole in the sea: spring-summer intensification of the
Batumy anticyclonic eddy and the negative SLA near Caucasus
coast. This anticyclonic area weakens in the other seasons.
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(such as high vacuum conditions, own external atmosphere, collisions with particles, solar electromagnetic radiation, solar wind,
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the samples and the box were returned to the Earth for future
research.

1. Introduction
Aluminium-based alloys are very important structural
engineering materials widely employed in the aerospace industry.
The production and widespread use of aluminium (Al) and Al alloys
continues to grow, largely due to the excellent combination of its
properties: relatively low cost; good strength/density ratio; good
plasticity and mechanical properties; ease of assembly; low neutron
absorption; low gamma heating due to the low-density; to a certain
extent good corrosion resistance; possibility of thermal processing
and loading to a relatively high stress level; it is one of the most
easily produced of all high-quality materials, resulting in lower
production and maintenance costs. Severe operating conditions in
air and space often limit the possibility of using these alloys directly
without protection for long periods of time. Therefore, in order to
reduce the influence of adverse environmental space conditions and
for successful use in aerospace industry, these metals and their
alloys require special surface preparation, namely deposition of
different types of coatings on their surfaces. Nowadays there is a
tremendous interest in extremely stable in space environment Al
alloys coatings materials. In the literature and industry there are
sufficient data for such coatings, but electroless nickel coatings find
the most extensive application [1]. The unique combination of
electroless nickel coating properties and electroless composite
nickel coating, such as price, thickness, hardness, corrosion
resistance and wear resistance, lubrication, connectivity and
evenness of the coating, regardless of the substrate geometry make
it ideal for wide applications in many different industries. Today,
these coatings are firmly established as functional coatings in
aerospace industry.

In this paper we present the analysis of the different aspects of
the space environment and their effect on the properties of
materials, which are located or are mounted on the body of the ISS.

2. Conditions around and on the body of the ISS
The International Space Station is an artificial satellite, flying in
low Earth orbit. The height of the ISS orbit varies with an altitude
of between 320 and 435 km. It completes 15.7 orbits per day. The
ISS consists of many components such as pressurized modules,
external trusses, solar arrays, and other components. The ISS is
affected by a whole complex of factors of the space environment [614]: deep vacuum, corpuscular and electromagnetic radiation of
various types, meteoroids, magnetic and gravitational fields, that is,
different kinds of matter, weightlessness, etc. In ISS, the
temperature of the side exposed to the Sun can reach about 150C,
while the side in the dark space is in absolute cold – minus 157C.

2.1. Impact of vacuum on materials
Vacuum is the state of a gas at a pressure below atmospheric
pressure. Air pressure in the Earth's atmosphere decreases with an
increase in height according to a law close to exponential. We are
interested in the parameters of the atmosphere at those altitudes
where the ISS can function for a long time (see above) [6-9]. In
Table 1 [6] are shown the values of pressure, density and air
temperature, as well as in the Earth's atmosphere, for the altitudes of
interest to us. Note that the temperature given here in the fourth
column characterizes only the kinetic energy of the gas particles and
does not have a direct effect on the temperature of the surface of the
ISS because of the extreme sparseness of the medium. A vacuum at
altitudes of 320-4350 km can be characterized as high. But we are
distracted from the complex character of the cosmic medium and
will take into account only its rarefaction, that is, that it is primarily
a cosmic vacuum. In a vacuum, any material emits gases and vapors
adsorbed on the surface and located (absorbed) in the bulk of the
material. In the latter case, the process of gas evolution is preceded
by the diffusion of atoms and molecules of gases to the surface.
Similarly, evaporation from materials of various impurities and
additives occurs. Finally, evaporation (sublimation) of the base
material occurs from the surface.

Therefore, in order to reduce the impact of severe space
conditions and prevent from them, we must study and know how
outer space conditions influence the properties of Al alloys together
with their coatings. One of the motivations for this study is the
previous experience and participation in the project “Solid state
sensors for extra-atmospheric astronomy” and in the international
outer space experiment “Obstanovka” (carried out in the Russian
sector of the International Space Station (ISS)). The aim
“Obstanovka” was to investigate the two and a half years influence
of outer real space environment on the properties of: (a) the Al alloy
B95 with additions of tungsten and nanodiamonds (ND) [2,3] and
(b) the box, on which were mounted the samples of the so modified
B95 alloy, which was coated by a bilayer composite electroless Ni
coating (Ni/(Ni+ND)) to improve the surface characteristics of the
box Al alloy [4,5]. After this exposure to the outer space influence,

The evaporation rate is characterized by the mass of a substance
evaporating per unit time from a unit surface of the material. This
rate increases with increasing the surface temperature; it also
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depends on the conditions for removing vapors from the surface: the
lower the vapor pressure above the surface relative to the saturated
vapor pressure of the evaporating substance, the higher the
evaporation rate.
It is clear that for use on open surfaces of the ISS, materials
with a low evaporation rate should be chosen at the temperature to
which they can be heated in outer space conditions. For example,
the thickness of a plate made of cadmium or zinc is reduced by
evaporation in vacuum by approximately 0.1 mm per year already
at a temperature of 100-150°C, which is quite real on the surface of
the ISS due to heating by solar radiation. To obtain the same
thickness reduction for a plate made of Al, copper or nickel, the
plate needs to be heated to 750-1000°C, and at 100-150°C these
materials practically do not evaporate.
Table 1: Change in the parameters of the Earth's atmosphere with altitude
[6].
He
Concentration
Pressure,
Density,
Temperature,
ight,
of particles,
Pa
g/cm3
K
km
cm-3
300
1,0.10–5
2,5.10–14
1500
8,0.108
500
4,0.10–7
3,0.10–16
1600
2,5.107

pressure of the solar wind, the pressure of light, electrostatic and
electromagnetic, as well as gravitational forces. The ISS is flying in
low orbits (300-500 km.), therefore the aerodynamics inhibition of
OEA particles dominates. In the presence of aerodynamic braking, a
significant part of the clouds of ejected wear products of the ISS
will accompany the object for long distances. However, on the
density distribution of OEA directly near the ISS, the main impact
is expiration mass from the ISS.
The sediment of OEA products consists mainly of organic
substances with a high molecular weight. The sources of such
substances on the ISS are engine fuel products, paints, electrical
insulating materials, rubber, etc. Solar ultraviolet radiation
contributes to fixing the settled particles on the surface, under the
action of which many organic molecules are polymerized.
The transport of pollutants is carried out mainly as a direct
result of the direct flow of particles from the sources to different
parts of the surface of the space vehicle (ISS). With a high density
of OEA, a certain fraction of the particles can get to the surface
after collisions with other particles in the gas cloud, i.e. changing
the original direction of motion. The transfer of charged OEA
particles is affected by electric and magnetic fields near the ISS,
creating additional conditions for the entry of pollutants on its
surface that are out of sight from the point of emission of particles.

For actual construction materials, the loss of mass due to
evaporation in space vacuum is usually so insignificant that it is not
necessary to take into account the reduction in the thickness of the
material layers, except for the cases of special very thin films and
coatings, as well as for the operation of materials at high
temperatures. However, this does not mean that staying in a vacuum
passes without a trace for materials.

The model of external pollution of ISS (as well as any
spacecraft) is based on the fact that all process is a simple classical
transfer of masses into specialized conditions. Chemical analysis of
polluting precipitation on samples (as Al alloys under
consideration), placed on the outer surfaces of ISS in outer space,
gives possibility to determine the ways and means of transporting
pollutants materials, and mechanisms of their deposition.

The processes of gas evolution and sublimation substantially
change the state of the surface and near-surface layers of materials
by removing absorbed gases from the surface and from the volume,
breaking up the oxide films on the surface, removing impurities,
creating microroughness on the surface as a result of uneven
evaporation, etc. All this leads to change of mechanical, optical and
electrophysical characteristics of materials. And in this sense it is
really possible to talk about the impact of the cosmic vacuum "emptiness" - on structural materials. And now we turn to another
problem, directly related to the work of ISS (or any spacecraft) in a
vacuum.

The gas deposition on surfaces is determined by its pressure and
coefficient of accommodation of a given gas by the surfaces of the
ISS. The settling of charged or polarized particles on the conducting
surfaces of the ISS differs from their settling on dielectric surfaces
(portholes, lenses, thermoregulating coatings) due to the influence
of electrostatic forces.
To reduce the negative impact of OEA on materials, the
elements and components of on-board equipment on the outside of
the ISS, certain measures are being taken to clean the contaminated
surfaces (see [6,9]).

2.2. Own external atmosphere (OEA)
The processes of gas evolution and sublimation of materials in a
vacuum lead to the formation of a gas cloud near the ISS, which is
affected by gravitational forces, light pressure, aerodynamic braking
forces, etc. This cloud, which also includes solid particles that
detach from the surface of the ISS, exhaust products engines, gases
and solid particles that fall into outer space from internal
compartments due to leakage, during sluicing, etc., it is customary
to call that outer atmosphere of the ISS “own external atmosphere”
(OEA). Part of the gas particles of OEA is excited and ionized by
solar ultraviolet radiation and corpuscular streams, just as it occurs
in the Earth's atmosphere.

2.3. Collisions with particles
Considering the behavior of materials in the cosmic vacuum and
the effect of OEA on the materials of ISS, we have mainly taken
into account only the thermal motion of atoms and molecules. In the
upper atmosphere of the Earth, at altitudes of 300 km, at a
temperature (1 - 2).103K, the average thermal energy of atoms and
molecules is 0.1 ± 0.3 eV. However, relative to the satellite, which
is moving at a speed of about 8 km/s, the kinetic energy of the
particles of the oncoming gas flow reaches 5 - 10 eV (depending on
the mass of the particles). As was experimentally established, in the
ionospheric plasma the surface of the satellite acquires a negative
potential of 0.1 - 5 V. The kinetic energy of the positive ions
bombarding the surface increases by an amount corresponding to
this potential.

Due to the presence of OEA, the pressure in the immediate
vicinity of the ISS can significantly (sometimes by several orders of
magnitude) exceed the pressure in the surrounding outer space.
Besides ions, atoms and molecules of OEA, depositing on external
surfaces of ISS, greatly change the physical properties of the latter.

In addition, it must be taken into account that the ions in the
upper atmosphere possess the potential energy expended for their
ionization. For the components of the atmosphere, this energy lies
in the range 10 - 20 eV. In addition, some of the neutral and charged
particles can be in an excited state, that is, they can have potential
excitation energy. As a result, the energy transferred to the ISS
surface by one particle of the oncoming gas flow can reach 10 - 25
eV. Since the threshold energies of such processes as chemical
reactions, dissociation, ionization, recombination, etc., lie in the
interval 0.5-30 eV, different physicochemical processes occur on
the outer surface of the ISS (space vehicle, spacecraft or satellite)
under the action of neutral and charged particles of the upper
atmosphere.

In order to quantify the effect of impurities on the
characteristics of metal alloys (including Al alloys), it is necessary
to know the thickness of the deposited film, its composition and
structure, the refractive index, and other parameters. Experimental
study of the processes of deposition of impurities on various
materials, as well as the study of the formed films, is among the
important tasks of space materials science. The effect of OEA on
materials and elements of equipment is mainly reduced to the
following effect: surface contamination with precipitated OEA
products. The particles of the OEA of ISS are acted upon by
aerospace inhibition forces the residual atmosphere of the Earth, the
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The impacts of neutral particles mainly affect the atoms and
molecules of the adsorbed gas on the surface of the spacecraft by
knocking them off the surface. The particle desorption of the
surface of the spacecraft is also facilitated by heating the surface
with an oncoming gas flow. They contribute to the heat of the
material and the chemical reactions that occur on the surface with
the release of heat. Unfortunately, the quantitative characteristics of
such space flight reactions are known to be inaccurate so far, which
makes it difficult to perform estimates.

destruction of matter - the breaking of molecular bonds. Most
susceptible to this effect are the organic compounds.
The maximum wavelengths at which radiation causes the
destruction of materials lie about 400 nm, i.e. near the shortwavelength boundary of the visible range. When the transition to
the region of smaller wavelengths, in the ultraviolet range of the
spectrum, the destructive effect of radiation on materials increases
in accordance with the increase in the quantum energy, but with a
decrease in the wavelength, the radiation intensity in the solar
spectrum decreases sharply (see Table 2). Therefore, the integral
effect of solar ultraviolet radiation on materials decreases in the
short-wave part of the spectrum, and the effect of solar X-ray
radiation on materials can practically be neglected.

Some chemical reactions on the surface go with the release of
energy in the form of light radiation - this is the so-called
chemiluminescence. One of the interesting mechanisms of
chemiluminescence in orbital flight is the deactivation of excited
particles of the upper atmosphere on the surface of the
ISS/spacecraft. It is estimated that during solar flares, when the
concentration of particles in the excited state increases sharply in
the upper atmosphere, the luminescence due to this mechanism can
create noticeable interference to the optical instruments of the
spacecraft. The normal functioning of the on-board optical
instruments can also be disturbed by the painting of the near-surface
layer of optical materials under the influence of the oncoming gas
flow.
With increasing altitude of the orbit, the density of the
oncoming gas flow falls. Nevertheless, since the prospective thinfilm constructions under development need to function in space for
10 to 20 years, the phenomenon of atomization of materials by
particles of the upper atmosphere, like the phenomenon of
evaporation of materials in a vacuum, can not be ignored in the
design of such structures.

2.4. Solar electromagnetic radiation
On the surface of the ISS facing the Sun, in the vicinity of the
Earth, on 1 m2, every second is delivered about 1400 J of energy,
transferred by solar electromagnetic radiation [6,11,13]. In other
words, the solar energy flux density is 1.4 kW / m2. And about 9%
of the energy in the solar spectrum is due to ultraviolet radiation
with wavelengths from 100 to 400 nm. The remaining energy is
divided approximately equally between the visible (400 - 760 nm)
and infrared (760 - 5000 nm) regions of the spectrum. More detailed
picture of the energy distribution in the solar spectrum is given in
Table 2, in which the absolute and relative values of the energy flux
density are given for different spectral intervals, as well as the
energy values of the radiation quanta.

201
193
250

14,3
13,8
17,9

400 – 760
Infrared radiation
760 – 1000
1000 – 3000
3000 – 5000

644

46,1

3,1
– 2,5
2,5 – 2,1
2,1 – 1,6
3,1 – 1,6

241
357
21

17,3
25,6
1,5

1,6 – 1,2
1,2 – 0,4
0,4 – 0,2

760 – 5000

619

44,4

1,6 – 0,2

The Earth also sends a heat flow to the surface of the spacecraft,
which is due to the partial reflection of solar radiation and the
thermal radiation of our planet. At low orbits, the density of this
heat flux can reach 35-40% of the flux density of direct solar
radiation, but with increasing altitude, it falls rapidly. The heat
fluxes arriving on the ISS from other sources (stars, corpuscular
radiations, etc.) can practically be neglected.
Up to a temperature of 4K, the surface of the ISS would cool if
there is no inflow of heat to it from external sources, the main one
being the Sun, and from sources of thermal energy onboard the ISS.
The latter include special heating devices, various equipment,
correction and orientation engines, crew life support systems and
the crew itself. In the absence of heating by solar radiation, it is
necessary to have a powerful power source onboard to ensure a
normal thermal regime of the ISS (after all, without lighting, solar
cells cease to function). In addition, measures should be taken to
reduce the heat removal from the inside of the spacecraft to the
surface. For this purpose, the body of ISS can be coated with a socalled screen-vacuum heat insulation consisting of many layers of
metallized polymer film. During the hours when the rays of the Sun
warmed the surface of the ISS one has to solve the opposite
problem - to protect the device from overheating. This task, which
is common to all spacecraft, is sometimes more complicated than
protection from hypothermia. The processes of absorption and
dissipation of heat by the ISS is achieved by increasing the degree
of blackness of the surface and reducing the absorption coefficient.
To ensure such conditions, thin layers of materials with the
necessary characteristics - thermoregulatory coatings - are applied
to the surface of the ISS and to various devices located outside the
ISS compartment. Various paints, enamels, metallized polymer
films, etc., are used as thermoregulatory coatings. All these coatings
not only protect ISS from different temperatures, but also contribute
to OEA. The deterioration in the properties of the thermoregulatory
coatings is caused by the solar wind and under the action of solar
ultraviolet radiation.

Table 2: Energy distribution in the spectrum of solar radiation [6].
Density of
Wavelength
Share of
Quantum
energy flow, W
interval, nm
total flow,%
energy, eV
/ m2
Ultraviolet radiation
10 - 225
0,4
0,03
124 – 5,5
225 - 300
17
1,2
5,5 – 4,1
300 - 400
109
7,8
4,1 – 3,1
10 - 400
126
9.0
124 - 3.1
Visible radiation
400 - 500
500 - 600
600 - 760

The Sun supplies the ISS with electricity, feeding solar panels.
In space, the heat exchange between bodies occurs by radiation, the
transfer of heat due to convection and thermal conductivity is
negligible. In the conditions of cosmic vacuum, the impacts of gas
particles on the ISS surface are too rare. It is for this reason that the
surrounding gas can not heat the ISS, although the temperature of
the gas itself, as we know (see Table 1. [6]), is quite high. As noted
earlier, the ISS motion in the upper atmosphere of the Earth leads to
aerodynamic heating of its surface. But even at an altitude of 200
km the heat flux entering the spacecraft due to aerodynamic heating
is much less than the heat flux of solar radiation.

2.5. Solar wind
A solar wind is a stream of plasma continuously flowing into
interplanetary space from the outer, fully ionized gas shell of the
Sun - the crown. The solar wind plasma, consisting mainly of
protons and electrons, moves in the vicinity of the Earth at a speed
of 320-400 km/s [6,13,14]. The kinetic energy of the protons at this
speed is 600-800 eV, and the electron energy is only 0.3-0.4 eV,
since the electron mass is almost 2000 times smaller than the proton
mass. Due to the chaotic thermal motion in the plasma, the true

In the infrared and visible ranges, the energy of individual
quanta is too small for radiation to have a direct physicochemical
effect on matter. The emission of these spectral regions, which is
often called thermal, affects the materials and elements of the
spacecraft equipment only by heating. As the wavelength decreases,
the energy of the radiation quanta increases and the situation
changes. The energy of quanta can become sufficient for the
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mechanical properties of materials, and consequently, the
performance characteristics of the elements made of them.
Semiconductor, optical, dielectric and polymeric materials widely
used in space technology are particularly sensitive to radiation.
Metals are less sensitive to the effects of radiation.

energy of the electrons of the solar wind is several times higher, but
nevertheless they do not have any noticeable effect on the materials
of the space vehicle. The main influencing factor of the solar wind
is the proton flux. During flares on the Sun, the speed of the solar
wind can increase to 1000 km/s, with correspondingly increasing
proton energy and the density of their flow. The effect of solar wind
protons on materials is reduced to the following main effects:
sputtering and creation of radiation structure defects in the nearsurface layer due to the introduction of protons and the
"displacement" of the atoms of matter.

3. Conclusion
The primary role in the implementation of space projects is to
ensure the long-term trouble-free operation of materials and
elements of equipment in a space environment. The achievements
of space materials science are a solid foundation for solving these
tasks. We briefly examined here some of the problems and tasks
that space materials science is dealing with - such as the behavior of
materials in high vacuum conditions, the degradation of materials
on the surface of ISS and equipment elements, etc.[6-14]. But there
are still problems such as the electrification of satellites, the work of
materials in the atmosphere of heavy nuclei, the surface potential of
the ISS, etc, which will be the subject of our next, second part of
this study.

Thus, we have become acquainted with the effect on materials
and equipment of ISS of two factors in outer space created by the
Sun: electromagnetic radiation and solar wind. During the
outbreaks, the Sun emits solar cosmic rays (SCR), mainly proton
fluxes with energies from 1 to 104 MeV. The energy of protons
SCR, as we see, many times exceeds the energy of protons of the
solar wind.
Other cosmic fluxes of high-energy particles are also presented in
outer space. With increasing particle energy, the depth of their
penetration into the thickness of the material increases. Particles of
high energy can penetrate the shell of the ISS and pose a danger to
the crew and equipment located in the inner compartments.
Therefore, the study of the radiation situation in space and the
effects of corpuscular radiation of different species on living
organisms and the most diverse materials and elements of
equipment occupies one of the central places in space physics,
space biology and medicine and, of course, in space materials
science. Charged high energy particles are often called penetrating
corpuscular radiation, or penetrating radiation.
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Table 3: High energy particles in outer space [6].
Type of
Energy of
Density of a
corpuscular
Composition
particles,
stream of
radiation
MeV
particles, m-2.s-1
1 – 30
3.1010
Radiation
Protons
>
30
2.108
belt of the
Earth:
0,05 – 05
2.1012
Electrons
interior
> 0,5
5.1010
Radiation
Protons
> 0,1
1.1012
belt of the
0,05 – 1,5
2.1011
Earth:
Electrons
> 1,5
1.109
external
Solar
Protons
1 – 104
107 – 108
cosmic rays
Protons
3.104
103 – 1014
Helium nuclei
3.103
for all
Light nuclei (Z* = 3 - 5)
5.101
groups of
Galactic
Average nuclei (Z = 6 - 9)
2.102
nuclei
cosmic rays
Heavy nuclei (Z = 10 - 30)
4.101
* Z - number of the element in the periodic system of
Mendeleev
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Abstract: Currently, most employers ignore the fact that colors affect the behavior and thinking of employees in the work process.
Workers are austere, colors, and they are places where employees only routinely perform tasks. In such an environment, employees can not
feel good, do the best they can and work safely. It is important for employers to realize that by creating suitable working conditions they will
help their employees to better manage their job tasks. Their performance will improve, they will work safely and significantly help in the
development of society. The article deals with experiments that deal with the performance of test people who perform specific activities with
different color backgrounds. This section evaluates the measured values and determines which colors affect the lowest performance, which
colors are disturbing and cause many mistakes, human workplace problems, which can lead to arguments or even aggression. But also
which colors can help achieve the highest efficiency that positively affect staff performance, support thinking and develop creativity, improve
relationships and create a comfortable atmosphere.
Keywords: SAFETY, PERFORMANCE, INFLUENCE OF THE COLOURS, WORKPLACE

1. Introduction
Workplace injury and illness account for a substantial source of
sickness and disability burden in working-age populations. (Lay,
2010). People spend a significant part of a day at the working place
and for delivering the best possible performance it is necessary to
feel nice, to be all right, not to be distracted, not to feel disturbed or
negative. It is colours that have the essential influence on all of
these factors. It matters in what kind of environment the employee
Works (Gilks, 2010). Studies and different surveys and researches
proved that not all colours are suitable for each kind of work. If the
emloyees should perform their best, it is necessary to adjust their
working environment, including choosing the most suitable colour
combination. The article deals with an experiment which looks at
performance of the tested people doing particular activities with an
influence of different colour backgrounds. This part evaluates the
measured values and defines which colours influence the lowest
performance, which colours are disturbing and cause making a lot
of mistakes, interpersonal problems at the working place, which can
result in arguments or even aggression. But also, which colours can
help reach the highest effectivity, which positively influence the
performance of the employees, support thinking and develop
creativity, improve the relationships and create a pleasant
atmosphere.

2. Working environment
Working space and its surroundings influence potential or current
employees. It influences the performance to a great degree, number
of mistakes made, it reduces or minimalizes extreme workload,
exhaustion, illnesses and work injuries. Design, structure, suitable
ergonomic conditions, safety management and health protection
system are listed among the most important factors that make the
company development possible. Management trends highlight
international standards, sucha s quality management system, safety
and health protection or environment protection (Hrehová, 2011).
Space, where machinery, devices, different tools, objects designed
for performing the tasks of employees are placed, is called a work
space. It can be a space where production or administrative
activities are performed. Employees are integrated into a particular
working environment on basis of their abilities and skills. It
comprises of different factors of social, material and general
conditions for work activities (Pikala, 1976).
One of the key factors when choosing a job is the working
environment. Its positive or negative factors influence the
behaviour, mood but most of all, people´s health and work. (Oravec,
2007). That is why it is extremely essential that the emloyers design
and create a suitable atmosphere and space for work for all

subordinates in their company and also aim at suitable physical,
organisational, hygienic, aesthetic, socio-psychological conditions
and also safety and health protection conditions (Hrehová, 2011).
Working environment influences people by its factors:
 physical: microclimatic conditions, radiation, air
temperature, relative humidity, ventilation, lighting, noise,
vibration, colour design of the environment,
 chemical: cigarette smoke, formaldehyds, volatile
substances, biocides and other gaseous matters,
 biological: insects, viruses, bacteria, fungi, biological
alergens etc.
 socio-psychological: motivation to work, kind of work,
way of work organisation, relationships at work,
communication (Hrehová, 2011).
Eventhough people feel and evaluate well-being in a complex way,
they use individual senses so specifically that we can distinguish
different kinds of well-being:
 sound (acoustic) – set limits for noise expositions for
particular activities are not exceeded,
 optical – includes the illimunation of the surface, quality
of illumination (blinding glare, stability, regularity),
phototrophic influences (encouragement or attenuation),
artistic aesthetic feeling, especially that of colour design,
 thermal – influenced by heating and ventilation, airconditioning and air humidity,
 clean air – elimination of intensive odours, smells, dust,
pathogenic germs, cigarette smoke, sweat,
 psychological – dependant on factors: physical health,
physical or intelectual performance and social
relationships (Hrehová, 2011).
When choosing a colour, it is necessary to take into account
especially sex and age of the workers, temperature of the
environment, possibilities of lighting, whether it is artificial lighting
or natural light, the size of working zones as well as the kind of
work in question (Hrehová, 2011).
Meanings of choosing a colour:
Functional meaning – this means using colours for fast orientation
of an employee in the working space and for reliable handling of the
necessary operations. It also contributes to creation of working
atmosphere needed for performing the work.
Safety meaning – in the area of safety and health protection it is
applied in form of colour markings, where blue colour means an
order, yellow signals warning, red represents prohibition or danger
and green colour marks escape ways.

115

Aesthetic meaning – colour desing of the working space contributes
to creating working comfort for the empoyees.
Economic meaning – productivity is increased and number of
injuries decreased. Some surveys show performance increase of 25
%. Sometimes, even higher numbers are listed. The fact is, that this
influence exists and demonstartes itself (Berry, 1998) .

Warm colours in the right half are suitable for smaller spaces, they
will make them look bigger and give them more light. They create
a pleasant and optimum atmosphere for higher work performance of
the employees.
Cold colours in the left half of the circle are suitable for large areas
which we do not need to make optically bigger. They support
positive thinking and creativity of the employees. They will
stimulate a sense of authority, seriousness, inteligence and
development of the company, organisation or firm (www.suvke.sk).

3. Legal framework of the European Union related
to factors at work
Given safety regulations, rules and principles must be followed
during working activites, occupations or jobs. What results from the
legal regulations is (see Table 1), that one of the basic obligations of
the employers is to protect and maintain good health condition of
their employees, make prevention measurements regularly, so that
there are no accidents at work and health deterioration and jobrelated illnesses do not occur. All working individuals have a right
to know all the risks which can endanger them during performing of
their work and must attend the necessary trainings.

Colour models
Colour model describes primary colours and schemes of mixing
these colours to the final colour. Colour in the nature is a mixture of
light of different wavelenghts and various colour models try to
imitate the colour in the best possible way. We use models that are
a suitable compromise between accuracy of the colour image and
complexity of the particular model (Kvasňovský, 2010).
RGB colour model

Table 1: Regal regulations of the EU related to factors at work

It is a model in which each colour is created with a proportion of
red (R), green (G) and blue (B) colour. These colours are primary
for RGB model. Colours are mixed additively in this model. By
adding a particular element a lighter colour is created. If all of them
are added, white colour comes out. A combination of green and
blue makes turquoise (cyan – C), red and blue make purple
(magenta – M). And last but not least, if green and red are mixed
yellow comes out (yellow – Y). This means that by combination of
the basic colours of RGB additive mixing, basic colours for
opposite subtractional mixing CMY are created, see Fig. 2. RGB
model is used for televisions, monitors and screens. The screen of
the televisions comprises of densely squashed red, green and blue
points (www.suvke.sk).

Directive EÚ
89/391/EHS
European framework directive about implementation of measurements to
support the improvement of safety and health protection of the
employees at work.
The aim of the dierctive is to set an equal level of safety and health
protection for all emploees. It guarantees the minimal requirements for
safety and health protection in the whole Europe (Council Directive,
89/391/EEC).
2003/10/ES
Directive about minimal health and safety requirements regarding the
risks resulting from exposing employees to physical influences (noise).
The aim is to decrease the risks resulting from exposition of employees
to noise (Directive, 2003/10/EC).

Table 2: Colours

4. Theory of colours
The word colour has many definitions. From the physical point
of view, colour is a visible area of the electromagnetic radiation
with wavelenghts of 380 – 730 nm, see picture no. 2. If a ray of
particular wavelenght falls onto the eye, it causes a stimulus in it on
basis of which a perception of colour is created in brain
(Kvasňovský, 2010).
Cells in retina are receptors of light which change light signal
into perception in neurons and are called rod cells and cone cells.
Rod cells are responsible for perception of light and cone cells for
distinguishing of colours (Woodson, 1992).
Blue, green and red are the primary, or basic colours. Some
authors list yellow to the primary colours as well. If we mix two
primary colours, we get a secundary colour. Tercial colour is
created by mixing primary and secondary colours. It is suitable to
combine all primary, secondary and tercial colours with neutral
colours like white, black, grey and beige (www.suvke.sk).
Color scale divides colours to:
 warm colours, which are in the right half of the colour circle,
 cold colours, which are in the left half of the circle, (see Fig. 1).

Fig 1: Colour circle (www.suvke.sk)
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Fig 2: GB model (www.suvke.sk)

CMY/CMYK Colour model
With this colour model, each colour can be created by
a proportion of turquoise (cyan – C), pink (magenta – M), yellow
(yellow - Y). These colours are the basis for CMYK model. The
colours come from reflected light and are mixed substractively. By
adding a particular element, we get a darker colour. If all are added,
black comes out. This kind of mixing is used in painting. It is
suitable to use this model for printing purposes but from practical
reasons it is necessary to include black colour (black - K), that is
CMYK (Kvasňovský, 2010).

6. Aims, construction and preparation of an
experiment

Fig 3: CMYK model (www.suvke.sk)

5. Material and methods
Many studies dealt and deal with a question of how colours
affect the working environment.
A study of how a colour can have a positive effect on
someone´s psychic, which is not that known, is called “pink prison
experiment” and is from the late seventies of the 20th century.
According to the study, the prisoners in Seattle and Washington
were placed in bright pink cells where they showed less agressive
behaviour and characteristics. This result was accepted and quickly
spread to many prisons in the USA and Canada. But when the same
experiment was repeated several years later by a researcher from
Canadian university, it did not have the same result. The new
conclusion was that the change of colour generates less aggressive
effects (www.informedesing.org).
Nancy Kwallek, a researcher from Texas University tested the
influence of colours on the productivity of employees. A chosen
group of people was to solve a given task in three different rooms
which were painted with different colours. The first room was
paited white, second red and third was cyan. The tested employees
were divided into two groups on basis of the results of the
experiment. The first group comprised of so called high-screeners,
which means highly resistant employees and the second group
comprised of so called low-screeners, employees of low resistance.
Colour did not have and influence on the first group. The second
group was significantly affected by colours. The first group, the
high-screeners, did not have any problem with dealing with the task
in the red room. The second group was disturbed by the red colour.
Both groups made the biggest number of errors in the white room.
Best results were reached in the cyan room by both groups
(www.informedesing.org).
The newest studies by Konica Minolta proved that blue colour
can partially negatively influence the mood.
Table 3: Influence of colours research (Hrehová, 2011)
Colour
Positives
Negatives
Positive
mood
of
the Employees
had
a
employees working in the blue negative perception of
Blue
environment was 72% lower to their work and leisure
those of different colour.
time proportion (64%).
85% of the interviewed listed
that they feel more energy and
No significantly negative
can focus on work better.
Yellow
effects of this colour
Psychological well-being of
were proved.
employees working in yellow
environment was 72% higher.
Employees felt more motivated
by their colleagues (58%),
Some listed that they felt
Red
managers (43%) and feedback
irritated in a red office.
(30%). It is suitable for team
work.
A
majority
of
It is an ideal choice for a
responderts (52%) had a
Grey
administrative
or
office
lower performance. It is
environment.
boring and inexpressive.
Perception of motivation in a It gives an impression of
form of financial reward and a meeting room and
Black
professional growth was 40% respondents felt strict
higher.
and relentless.

The aim of the experiment is to find out how certain chosen
colours affect the person´s performance during their working
activity.
A group of chosen individuals was asked to reach the highest
possible score while playing an online game. Before starting the
game, a respondent looks at a chosen colour for a period of 60
seconds. After this period is over, the game starts. During playing
the game, the participant observes the chosen colour.
A group of 20 participants was chosen for the experiment. It is
a group of homogenous age (20-25 year-olds). Each person was
informed in detail about the course of the experiment.
The experiment took place in a room where all participants had
equal conditions for making the experiment.
The temperature in the room was 22°C. They also had adequate
lighting. Each participant was wearing a so called eliminator on
their eyes, through which they could only see the monitor.
In the beginning of the article, the characteristics of particular
colours are described. As red, green, blue, white, orange/yellow and
black colour have significant characteristics, they are the subject of
the experiment.
Schematic representation of the experiment
The picture (see Fig. 4) shows the preparation, implementation
and evaluation of the experiment.

Fig 4: Schematic Picture of the experiment
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colour backgrounds (X). The file is divided into groups according to
individual factors and it is tested whether the measured differences
in score among the colours are only a coincidence or whether they
are also statistically relevant. If the average of the groups is
significantly different, the factor is statistically significant. That
means that the variable X (score) really depends on the factor
(colour). If it is proved that average scores among individual
colours are significatnly different, it is necessary to find out
between which colours are the differences the biggest. Post hoc
analysis is used for it. There is a wide range of Post hoc tests but in
this case, Tukey´s test is suitable. The subject-matter of the test is
comparison of all possible pairs of colours and substantial
differences analysis (Markechová, 2011).
So that we can use the analysis of dispersion, we need to meet
the following conditions:
 the measured file must come from normal division
(Shapiro-Wilk’s test of normality),
 the same measured file must meet the homogenity of
dispersion (Cochran’s test)
Proving or denying of conditions needed for fulfiling analysis of
dispersion
Shapiro-Wilk’s test was used for proving the conditions of
normality. For correct condition check, i tis necessary to set suitable
hypothesis H0 and H1.

Fig 5: Red background

Reached score with particular colour backgrounds
In table 4, a reached score of twenty students is listed. They
played the chosen game with a white, red, blue, green and
yellow backgroung.
Table 4: Reached score
White
Student 1
5478
Student 2
7742
Student 3
4638
Student 4
3490
Student 5
3404
Student 6
4661
Student 7
4830
Student 8
5014
Student 9
4386
Student 10
3792
Student 11
4383
Student 12
4180
Student 13
7754
Student 14
5622
Student 15
5292
Student 16
3686
Student 17
5715
Student 18
7777
Student 19
4787
Student 20
6758

Black
4698
6159
4197
5233
4616
4788
7646
5285
4880
4096
4753
4845
6920
6473
6692
5644
5375
5445
4657
5651

Red
5420
7218
4655
5786
5588
4472
7626
6537
6344
6274
5429
6882
6754
6595
5779
6190
5782
6213
4277
6601

Blue
6544
7053
6281
6454
6245
5928
6878
5844
6829
6340
7262
4817
6876
5885
8455
6676
5428
8016
5623
7566

Green
8136
6494
6935
6935
6428
6294
7010
6603
6669
7823
4131
6391
7702
6083
7470
6039
6872
6990
6034
6228

Yellow
5661
7461
6523
6523
5624
6792
7491
7276
5935
6065
6894
7217
6868
6908
7553
6376
5356
6360
5992
7802

Hypothesis statement:
 H0: The measured scores of the tested participants come
from normal division.
 H1: The measured scores of the tested participants do not
come from normal division.
In tab. 5 to tab. 10 measured values are compared according to
relevant test formula using Excel programe and table critical values
at significance level of α = 0,01 a n=20 (file extent, number of
tested participants).
(1)
where:
W – counted value according to tested characteristics for counting
normality
Wα(n) - table critical value for Shapiro-Wilk´s test of normality
α - the level of significance
n - file extent
Table 5: Normality test for white colour

7. Analysis and experiment evaluation

Shapiro-Wilk’s test

Risks are omnipresent in most human activities. Risk analysis
helps to establish the level of risk of a given situation, and to
determine if the risk is acceptable, tolerable or unaceptable.
(Tchiehe, 2017). After realisation of the experiment and collection
of data and reached scores of the tested students, an evaluation
follows. A right choice of suitable analysis is important for
evaluating of the measured figures. It is also necessary to set
hypothesis which will be tested by a suitable analysis. Statistical
analysis will prove or deny whether there are differences in the
reached score among the various colour backgrounds. If it is
proved, then it will be necessary to find out which colours have the
biggest difference. By proving the differences among the reached
scores with individual colour backgrounds, we can assume that
colours can influence performance of employees at work.

White
background

Measured
value W
according to
formula (5)

Table
critical
value
W0,01 (20)

0,893

0,868

Hypothesis H0 is not
valid, if
W ≤ W0,01 (20)
(the calculated value is
smaller or the same as
the table critical value)
The equasion not
proved, H0 denied,
measured score values
with white background
come from normal
division. Condition
fulfilled.

Table 6: Normality test for black colour
Shapiro-Wilk’s test

Method ANOVA was chosen for evaluation of the
experiment. All statistical counting were realised in Excel 2007 Microsoft Office.

Black
background

We call method ANOVA an analysis of dispersion. It looks at
relation between interval variable Y (reached score) and one or
more nominal variables X, these are factors (individual colour
backgrounds). (Knežo, 2011). It is necessary to find out whether the
reached scores of tested persons (Y) is in relation to individual

Measured
value W
according to
formula (5)

0,928
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Table
critical
value
W0,01 (20)

0,868

Hypothesis H0 is not
valid, if
W ≤ W0,01 (20)
(the calculated value is
smaller or the same as
the table critical value)
The equasion not
proved, H0 denied,
measured score values
with black background
come from normal
division. Condition
fulfilled.

cα(k, n-1) - table critical value for Cochran´s test
α - the level of significance
n - file extent

Table 7: Normality test for red colour
Shapiro-Wilk’s test

Red
background

Measured
value W
according to
formula (5)

Table
critical
value
W0,01 (20)

0,967

0,868

Hypothesis H0 is
not valid, if
W ≤ W0,01 (20)
(the calculated value is
smaller or the same as
the table critical value)
The equasion not
proved, H0 denied,
measured score values
with red background
come from normal
division. Condition
fulfilled.

Table 11: Homogenity test
Cochran’s test
Measured value
C according to
formula (6)

0,33

Table critical
value
C0,01 (6,19)

0,36

Table 8: Normality test for blue colour
Shapiro-Wilk’s test

Blue
background

Measured
value W
according to
formula (5)

0,987

Table
critical
value
W0,01 (20)

0,868

Hypothesis H0 is not
valid, if
W ≤ W0,01 (20)
(the calculated value is
smaller or the same as
the table critical value)
The equasion not
proved, H0 denied,
measured score values
with blue background
come from normal
division. Condition
fulfilled.

Table 11., proves that the second condition was fulfilled, too. That
means it is possible to do analysis of dispersion ANOVA.
Use of ANOVA method
The aim of the method is to prove or deny whether individual
colour backgrounds have an effect on the reached score of the tested
participants.
Hypothesis statement:
 H0: Differences among measured scores among various
colours are coincidental (colours do not have an influence
on the score).
 H1: Differences among measured scores and various
colours are statistically significant (colours do have an
influence on the score).

Table 9: Normality test for green colour
Shapiro-Wilk’s test

Green
background

Measured
value W
according to
formula (5)

0,902

Table
critical
value
W0,01 (20)

0,868

Hypothesis H0 is not
valid, if
W ≤ W0,01 (20)
(the calculated value is
smaller or the same as
the table critical value)
The equasion not
proved, H0 denied,
measured score values
with green background
come from normal
division. Condition
fulfilled.

(3)
where
F – measured value according to the tested characteristics
F › F1-α (k-1,n-k) - table critical value for ANOVA
α - the level of significance
n - file extent
k - number of classes
Table 12: Analysis of colour influence
ANOVA

Table 10: Normality test for yellow colour
Shapiro-Wilk’s test

Yellow
background

Measured
value W
according to
formula (5)

0,952

Table
critical
value
W0,01 (20)

0,868

Hypothesis H0 is not valid,
if
C ≤ C0,01 (6,19)
(the calculated value is the
greater or the same as the table
critical value)
The equasion not proved, H0
denied, readings scores in all
color requested meets the
requirements of homogenity.

Measured value
F according to
formula (7)

Hypothesis H0 is
not valid, if
W ≤ W0,01 (20)
(the calculated value is
smaller or the same as
the table critical value)
The equasion not
proved, H0 denied,
measured score values
with yellow
background come from
normal division.
Condition fulfilled.

8,795

F0,01 (5,14)

3,182

Hypothesis H0 is not valid,
if
F ≤ F0,99 (5,14)
(the calculated value is the
greater as the table critical
value)
The equasion not proved,
H0 denied, readings scores in
colored backgrounds they are
statistically significant, the
colors affect the score obtained
by the test subjects .

It is clear from Tab. 12, that statistical analysis proved influence of
individual colour backgrounds, which were set during the
realisation of the experiment, on the reached score of the students. It
is necessary to find out where the difference in colour sticks out the
most, that is compare all possible pairs of colours by using Post hoc
analysis.

From table 5 – 10, i tis clear that the first condition for all measured
values of the colour backgrounds was fullfiled.
For proving the homogenity condition, we used Cochran’s test. For
correct condition check, i tis necessary to set suitable hypothesis H0
and H1.
Hypothesis statement:
 H0: The measured scores of the tested participants fulfill
the condition of homogenity.
 H1: The measured scores of the tested participants do not
fulfill the condition of homogenity.
(2)
where:
C - value measured according to tested characteristics for counting
homogenity
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Conclusion
In relation between colour, performance and safety at the working
place, we can define colour as danger. That means its features can
potentially cause undesired effect or event in case of wrong choice.
Initiator of this event could be stress, tiredness, and unfavourable
working conditions, especially insufficient lighting of the working
place. If colour design of the working place is wrong and initiators
are not avoided, an undesired event can occur. This could result in
performance decline, health deterioration of the employee, injury or
property damage.
The objective of the experiment is to show that colours have an
ability to influence employees when performing their work.

An article was elaborated within VEGA 1/0121/18
Development of methods for implementing and verifying a
comprehensive security solution in Smart Factory as part
of Industry Strategy 4.0

Fig. 6: Graphical Picture of average scores for individual colours
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Table 13: Post hoc analysis check
Tukey’s test

Colour pair compared

Measured value
T according to
formula (8)

Hypothesis H0 is not valid, if
Table critical value
T > ty (6,120-6)
t0,99 (6,120-6)
Counted value is higher than table critical value

White

Black

1,074

4,87

Not valid, H0 denied. There is not a significant difference in score between these colours.

White

Red

3,924

4,87

Not valid, H0 denied. There is not a significant difference in score between these colours.

White

Blue

6,361

4,87

Valid, H0 denied. There is a significant difference in score between these colours.

White

Yellow

6,493

4,87

Valid, H0 denied. There is a significant difference in score between these colours.

White

Green

6,773

4,87

Valid, H0 denied. There is a significant difference in score between these colours.

Black

Red

2,849

4,87

Not valid, H0 denied. There is not a significant difference in score between these colours.

Black

Blue

5,286

4,87

Valid, H0 denied. There is a significant difference in score between these colours.

Black

Green

5,698

4,87

Valid, H0 denied. There is a significant difference in score between these colours.

Black

Yellow

5,419

4,87

Valid, H0 denied. There is a significant difference in score between these colours.

Blue

Green

0,412

4,87

Not valid, H0 denied. There is not a significant difference in score between these colours.

Blue

Yellow

0,132

4,87

Not valid, H0 denied. There is not a significant difference in score between these colours.

Green

Yellow

0,280

4,87

Not valid, H0 denied. There is not a significant difference in score between these colours.

Red

Blue

2,437

4,87

Not valid, H0 denied. There is not a significant difference in score between these colours.

Red

Green

2,849

4,87

Not valid, H0 denied. There is not a significant difference in score between these colours.

Red

Yellow

2,569

4,87

Not valid, H0 denied. There is not a significant difference in score between these colours.
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Abstract: Georgia proposes to supply Caspian liquefied gas to the European market via the alternative route - by building a terminal for
exporting liquefied gas on the Black Sea coast. Compressed gas will be delivered from Georgia to the Romanian port of Constanta on tank
vessels.
Kazakhstan regards this route as an option of delivery of liquefied gas to the world market.
Turkmenistan is also studying options for exporting liquefied gas through Azerbaijan and Georgia.
To participate in the project as a vendor, Turkmenistan could supply liquefied gas by the Caspian sea to Azerbaijan for its further transit
through Georgia to Europe.
KEY WORDS: KULEVI TERMINAL; BLECK SEA PORTS; MARITIME TRANSPORT.

1.Introduction
The government of Georgia proposes to supply Azerbaijani
gas to the European market via the alternative route – through the
construction of a terminal on the Black Sea coast for exporting
liquefied natural gas.
Azerbaijan and Romania signed an agreement on the
exporting liquefied gas to Europe across the Black Sea, and in order to
implement this project, it is necessary to construct a plant for the
compression of natural gas in Georgia, and Georgia is interested in
becoming a part of a new transport corridor. The delivery of natural
gas from Azerbaijan for the compression can be carried out through
the South Caucasus gas pipeline, through which gas is currently being
transported to the north of Georgia. There must be constructed a gas
compression plant with an initial capacity of 5-10 billion cubic meters
[1].
According to data from the Ministry of Energy of Georgia,
compressed gas will be delivered from Georgia to the Romanian port
of Constanta by tankers, and the Romgaz company is already working
on the creation of a receiving terminal. At present, the project is at the
initial stage. Official negotiations and development of a feasibility
study still lie ahead. In the future, this route will be used by other
suppliers from the Caspian basin, including Turkmenistan, which
exports mainly through the territory of Russia. In this case, the
capacity of the plant should be brought to 15-20 billion cubic meters.
At the same time, liquefied gas can also be exported from Romania to
other countries.

Fig.1. A route for the transportation of liquefied natural gas from
Azerbaijan to Romania and further.
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Azerbaijan is interested in supplying compressed gas to
Europe, since it does not require transit costs and SOCAR (the State
Oil Company of Azerbaijan) already owns the Kulevi terminal on the
Black Sea coast in Georgia. Recently, during a visit of the
Azerbaijani delegation to Romania, the Ministry of Industry and
Energy of Azerbaijan and the Ministry of Economy, Energy and
Tourism of Bulgaria signed a memorandum of cooperation in the field
of energy. Some directions were taken as a basis, one of which is
transportation of liquefied natural gas from Azerbaijan to the
Bulgarian port of Varna.
If this project would be rational, the Azerbaijani side will
construct a terminal for liquefied gas in the Georgian port of Kulevi.

2. Preconditions and means for resolving the
problem
According to SOCAR, in January 2017, Azerbaijan
exported 8,876 tons of liquefied gas - 25.5 times more than in the
same period last year. In 2016, Azerbaijan exported 58.843 thousand
tons of liquefied gas. Liquefied gas in Azerbaijan is produced at the H.
Aliyev Baku Oil Refinery and at the Azerbaijani Gas Processing Plant
[2].
Bulgaria confirms its deep interest in the implementation of
the Southern Gas Corridor (SGC) project, designed to transport
Azerbaijani gas to Europe.
Last year, Ukraine imported 740 tons of propane-butane
mixture from Azerbaijan. Prior to this, Azerbaijani liquefied gas was
not delivered to Ukraine.
The first importers were the companies "Nadezhda" and
SOCAR Energy Ukraine, which contracted respectively 530 and 210
tons of propane-butane mixture.
Liquefied petrol gas (LPG) was imported in Ukraine by rail
from the City Gas terminal, which is located in the free economic
zone of the Romanian port of Galati. In turn, the propane-butane
mixture was delivered to the terminal in Romania by tanker from the
Black Sea port of Batumi. According to the latest data, Kazakhstan
allowed for the possibility of transit of its liquefied gas through the
territory of Azerbaijan. Kazakhstan offered Azerbaijan to explore the
idea of creating transit opportunities for the transportation of
Kazakhstani liquefied and compressed natural gas through the Caspian
and the territory of Azerbaijan and further to the global market.

The Southern Gas Corridor (SGC) is a project designed to
expand the South Caucasus Gas Pipeline (Baku-Tbilisi-Erzurum), as
well as to construct the TANAP gas pipeline in Turkey and extend it
through Europe. The estimated length of the pipeline is 3500 km.
It is expected that the SGC will increase security of gas
supply to Europe by reducing the share of Russia as a gas supplier,
and by excluding Ukraine as a gas transit State. The declared cost of
the project is about $ 45 billion.
In 2018, the first phase of the Southern Gas Corridor with
the final destination in the EU zone will be launched. This event, in
addition to Turkmenistan, was very interested for Kazakhstan. At a
recent meeting of the intergovernmental commission, the Minister of
Energy of Kazakhstan said that Astana is exploring the possibility of
supplying its gas through the territories of Azerbaijan and Georgia to
the global markets, including shipments of liquefied form by tankers
[3].

Further, from the Georgian ports, containers will be
delivered by sea to Romania or other countries of the Black Sea basin.
The same scheme can be applied to the other Turkmen goods that can
be transported by containers.
Earlier, Turkmenistan had expressed interest in the AGRI
gas pipeline project (Azerbaijan-Georgia-Romania Interconnector)
(AGRI), which provides for Caspian liquefied gas supplies gas
through the Black Sea coast of Georgia to Romania. The project is
inherently suited under transporting Azerbaijani natural gas through
the gas pipelines to the Black Sea coast of Georgia, where this gas will
be liquefied at a special terminal, after which tankers will be delivered
to the terminal in Romania.
Further, liquefied gas will be brought into the state of
natural gas, and using the gas infrastructure existing in the country, it
will be directed to the needs of Romania and other European
countries. To participate in the project, Turkmenistan as a supplier
could supply liquefied gas through the Caspian Sea to Azerbaijan for
its further transit to Europe [5].

In 2017, Kazakhstan extracted 50 billion cubic meters of
natural gas, and further growth is expected. In connection with plans
to increase gas production, Kazakhstan regards Azerbaijan as one of
the options for delivering liquefied gas to the world market. Together
with Azerbaijan, a working group is being formed on this issue, whose
experts will analyze in the next few months how competitive is this
project.
As part of the implementation of this idea, Kazakhstan is
exploring the possibility of constructing a liquefied gas plant in the
west of the country. In the State Oil Company of Azerbaijan, the idea
of Kazakhstan on transit of liquefied and compressed natural gas
through the territory of Azerbaijan has been accepted for
consideration. The SOCAR notes that, at present, they do not have
required infrastructure, and it is also necessary to think over the
logistical aspects of transit [4].
Turkmenistan is also exploring the possibility of exporting
liquefied gas through the territories of Azerbaijan and Georgia.
Currently, the issue of supplies of Turkmen liquefied natural gas to
Europe through the Romanian port of Constanta (Black Sea region) is
being under consideration. It is planned that liquefied natural gas will
be delivered in special containers by the ships of maritime merchant
fleet of Turkmenistan to the port of Baku, and then - to the ports of
Batumi or Poti (Georgia, Black Sea region), by rail (Fig. 2).

3. Conclusion
But the most important thing in implementing the idea of
transporting gas from Central Asia to the EU, is that infrastructure for
exporting the large quantities of Caspian gas to the global markets has
already been built on the territory of Azerbaijan. Now we can safely
say that starting from 2020, the first Caspian gas will be transported to
the European markets, and then the process of stage-by-stage
expansion of this gas main line will evolve in the future. That is why
the countries having sufficient volumes to supply gas to the external
markets, as well as planning to export it in the future, for example,
Israel and Iraq, have begun to consider the possibility of joining to
"Southern Gas Corridor".
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Fig. 2. A route for the transportation of liquefied and pressurized
natural gas from Kzakhstan and Turkmenistan to Europe.
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Abstract: The present article presents in detail the concept of ports connectivity of the ro-ro shipping networks in the Black Sea region.
The existing ro-ro services in the region are studied in terms of transportation availability, frequency and capacity. A set of port connectivity
indices is applied for measuring the interconnections between the ports in the region via ro-ro services. The results demonstrate that the roro shipping network in the region has a potential for development and despite the low cargo volumes, low level of capacity utilization and
lack of efficient hinterland connections of ports.
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1. Introduction
Short sea shipping in the European Union has been a focus of
extensive studies during the last three decades. The quality of
European shipping network is being measured by specific
indicators. There are several main measures describing
transportation networks, mainly its connectivity and network’s port
accessibility. It is assumed that networks connectivity shows
whether all nodes are reachable from a certain port. The
connectivity studies of ro-ro shipping in Europe has not drawn
much attention. Connectivity of ports in ro-ro shipping networks is
highly relevant as a lot of ports set forth objectives for expansion
against the underdeveloped road infrastructure in the hinterland.
Due to this reason, Black Sea ports operators strive to increase the
volumes of ro-ro shipments as a tool for expanding their market
coverage. In order to achieve a larger market share of ro-ro
shipments more efficient connectivity between ports is needed. The
latter is feasible in case the connections with the hinterland are
developed. In view of the latter, the development and application of
port connectivity indicators within the European ro-ro shipping
network allows for evaluation of the ro-ro network quality.
The present study presents in detail the concept of ports
connectivity in ro-ro shipping networks. The applied indicators
measure the port performance and the links between the ports in the
region. The ports connectivity indicators within the ro-ro shipping
network is evaluated and presented on a comparative basis for each
country in the region. The results show that the application of such
measurement tools help to outline the strengths and weaknesses of
the ro-ro shipping networks within the region.

for development of European transport corridors and the existing
form of cooperation between the ports. Last but not least, hinterland
connections also matter as these ensure for sustainable and reliable
hinterland transport. Higher density of ro-ro shipping networks
ensures for minimum transshipments and higher capacity
utilization. The service quality is backed up by increased number of
sailings, higher turnaround time at ports and higher reliability of
services.

Figure 1. Short Sea Sipping in EU in 2016 [11]

2. Ro-ro shipping in the Black Sea region – issues
and challenges
Being part of the European short sea shipping network, ro-ro
transportation has attracted considerable attention for the last
several decades. The network design is affected by the port
operators’ strategies, demand for ro-ro transportation and
availability of ro-ro vessels. Due to this each port location is
determined by the intensity of cargo flows between the ports in the
region. The structure of the ro-ro shipping network, the number of
service providers and the service frequency are dependent on the
status of ports’ development and respective cargo volumes. These
factors will affect the carrying capacity of the ships employed,
number of ports in the service and the schedule. On the other hand,
restructuring of ports to specialize in ro-ro shipments will depend
on the hinterland access to/from the ports, available port
superstructure and infrastructure and the geographical position of
the port. Policy issues concern mainly the issues related to cabotage
transportation in the form of restrictions (for example, cabotage
transportation can be carried out by vessel flying the national flag
only), customs formalities for exports and imports of cargo, policies
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Figure 1 present the volumes of different types of cargoes
carried during 2016 via short sea shipping in the EU. Short sea
shipping of liquid bulk cargoes prevailed for all the regions during
the period - over 64 % of total short sea shipping of goods in the
Black Sea [11]. Containerized cargoes accounted for only 5 % of
the short sea shipping in the Black Sea, likewise cargoes transported
in ro-ro shipments accounted for less than 2% in the Black Sea
region.
Unlike the generally adopted perception, short sea shipping has
certain disadvantages as compared with road transportation. It is
necessary that the efficiency and service quality of short sea
shipping is improved as well as the port infrastructure. The latter
objectives should include: integration into multimodal transport
chains or networks, stimulation of new maritime transport
technologies, removal of administrative barriers, creation of reliable
market data on existing land transportation that could be used for
decision making, integration of border crossing systems, automation
of customs and immigration security systems [8]. The advantages of
short sea shipping as compared with land transport are:
- higher energy efficiency and environmental performance;
- favorable geographical location of the ports in the region;

Table 1. Ro-ro operators in the Black Sea region in 2016 [6]

- enhanced regional development for some of the countries;
- benefits for the ports development and expansion;

Ro-ro operator

- carrying capacity increase for vessels flying the national flag
(cabotage shipping).
As concerns ro-ro transportation in the region there several
fallbacks. The frequency and scheduling of services depends mainly
on the available for transportation cargo volumes and thus there are
imbalances between front hauls and back hauls within the network.
There is also the problem with inefficient integration with other
modes of transport mainly due to the underdeveloped road structure.
The latter impedes the integration of ro-ro shipping into the
intermodal supply chains. It should also be noted that ro-ro vessels
employed in the region are not of high service speed that leads to
longer voyage duration and schedule irregularities. As concerns the
marketing of this type of shipments, it should be noted that it is
difficult to compete with containerized cargoes freight levels.
Figure 2 presents the presently available ro-ro lines in the region,
serviced by several operators.

Routes

Akdeniz Ro-Ro (Turkey)

Eregli-Chernomorsk
Samsun - Novorossiysk
Samsun - Gelenzhik
Samsun-Tuapse

Anrusstrans (Russia)

Kavkaz - Krym
Kavkaz-Varna

Type of
service

ro-ro

ro-pax

PB Management (Bulgaria) Bourgas - Batumi - Novorossiysk

ro-pax

S tena S eaLines (Turkey)

Chernomorsk - Haydarpasa

ro-pax

Ukrferry (Ukraine)

Chernomorks - Varna
Chernomorks - Poti
Chernomorsk - Batumi
Varna - Batumi
Chernomorsk - Haydarpasa

ro-pax

Other parameters are to be taken into consideration as well.
These include the integration of ro-ro shipping into the existing
intermodal chains (for example transport corridors IV and VII of the
EU network), selection of optimal routes, the time needed for the
trucks and rail wagons to reach the ports or the final destination
from the port. As for the ports in the area there are certain problems
that are to be overcome: inefficient port infrastructure; lack of
efficient connections with the hinterland and the potential delays in
ports due to that; considerable differences in port charges that result
in different disbursement accounts for the ships, etc. Therefore, roro operators must focus on the following strategic objectives –
increase frequency and reliability of services, enhance service
quality and achieve cost efficiency via increase of capacity
utilization.
Figure 2. Ro-ro shipping network in the Black Sea region in 2016 [6]

3. Measuring ports connectivity of ro-ro shipping
networks in the Black Sea region

As explained above there are frequency imbalances and
variability of market shares among the main ro-ro operators and
routes. In addition, shipping companies are faced with the issue of
capacity underutilization and therefore general approaches are to be
applied for each route/destination. Higher frequency can increase
the income and decrease the unit costs by allocating fixed costs to a
greater number of departures [7]. Most of the ro-ro operators
maintain weekly departures from starting port and only a few
maintain departures twice of thrice weekly. One of the methods to
increase frequency of service is to include more vessel but the latter
would involve considerable investments in assets which could not
be paid-off given the low cargo volumes. Presently for all routes
low frequency and low extent of capacity utilization are present. We
should also consider the seasonal fluctuations in demand whereas
cargo volumes will be imbalanced during winter and late autumn
periods also due to unfavorable weather conditions. The optimal
level of capacity utilization is directly related with the price levels
whereas the pressure to reduce the prices for transportation would
potentially increase the capacity utilization. Given the high level of
competition between ro-ro companies, it is highly unrealistic that
potential clients will be able to differentiate between companies on
the basis of price other than the routes directions. Another issue is
the routes’ diversification which is unattainable for most of the
companies due to lack of sufficient cargo volumes and lower
frequencies of service. There is also the problem of insufficient
statistics to evaluate both the market shares and levels of capacity
utilization of the ro-ro operators in the region. Table 1 presents the
currently operating ro-ro companies in the Black sea region
providing regular ro-ro services for trucks, rail wagons and
passengers.

Ro-ro connectivity measures the extent of the ports in the
network being connected to each other [2]. The data used for this
study have been collected from the companies’ websites as
concerns routes, vessels and schedules and refer to year 2018 [9,10,
12,13,14]. It is assumed that the websites of the ro-ro operators
present accurate data as concerns timetables, vessels’ types and
capacity and routes (Table 1). The study uses the following data,
providing the variables needed: travel time, frequency of service,
level of interconnectivity and the number of service operators. As
concerns frequency of service this represents the number of sailings
from the first port every week (officially published timetable of
departures and arrival from/at each port).
In this part of the study we apply a method to measure the ports
connectivity of the ports within the ro-ro shipping network. It is
important, therefore, to establish the components of the connectivity
indicators and how the indicator is calculated [4].
Unlike the feeder networks of containerized cargoes there is
almost no transshipments in ro-ro shipping which is due to the
shorter distances and the direct interrelation between transportation
prices (freight) and time. Therefore, all connections between the
ports in the ro-ro network are direct and are taken into account for
the evaluation of the ro-ro network connectivity and calculation of
connectivity indices.
For the evaluation of the connectivity of the ro-ro network in
the Black Sea region we apply the beta index and gamma index
measures developed by [1, 4, 5]. The first index evaluates the
number of connections for each port being a quotient (Formula 1):
β=L/n

Another issue is related with the national jurisdictions as the
companies are based in countries with different national legislation.

where
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(1)

L = number of links for each port;
n = number of ports in the country, servicing ro-ro shipments.
Gamma index is an aggregate value showing the level of
connectivity of the network being the ratio between the number of
actual links and the maximum number of potential links [5].
Gamma index is expressed by Formula 2:
γ = L / [n*(n -1)]

(2)

In addition, on the basis of the data available, for each ro-ro
operator in the region we have collected the following data
presented in Table 2. The number of links presented for each
country are based on one-way directions only.
Table 2. Number of nodes and links of the Black Sea region ro-ro
shipping network [company web sites]

Country
Georgia

Number of nodes
per country (n)
2

Figure 4. Gamma index for each country in the region [own calculation]

Gamma indices for Bulgaria and Georgia are at the same level
for the described network, while for Russia and Turkey it is about
five times lower mainly due to bigger number of ports and links. An
interesting observation is the gamma index for Ukraine, presented
in this network by only one port but with five links, which clearly
denotes that there is a need for inclusion of other nodes in the
network to improve the country’s ro-ro connectivity.

Number of links
(L)
5

Bulgaria

2

5

Turkey

4

6

Ukraine

1

5

Russia

4

7

The applied indices can be used for measuring the connectivity
of various types of transportation networks. For the calculation of
the indices the following limitations have been applied [3]:
- ro-ro service is considered as regular transportation linking a
certain set of ports in the region;

Ports connectivity in the region can contribute to the increase of
cargo flows and ports throughput. On the other hand, it is proved
that higher connectivity leads to decreased costs of trade flows
between the region and other regions in Asia and Europe. The
higher the number of ro-ro connections, the higher the share of short
sea transportation in intermodal chain. It should be also noted that
the hinterland connections are a vital element of the network in
terms of increasing the quality of port services.
Ports connectivity in the modern ro-ro network in the Black Sea
region is also related to the overall performance of the regional
ports. It promotes intermodal connectivity of the port being
considered as a key element of supply chains. Ro-ro transport and
increased ports connectivity should promote quality customs
formalities to ensure for faster turnover of goods and transfers from
and to the ports. On the other hand, higher levels of port
connectivity will decrease road congestions due to modal shift to roro shipments.

- ro-ro services considered have a minimum of weekly
departure from the first port in the service;
- several of the ro-ro operators are servicing same ports and
nevertheless these are considered as separate ro-ro services;
- intra-national services are considered only in cases where
same is part of an international (regional) ro-ro service.

Ports connectivity of the ro-ro shipping network can be
analyzed also on a comparative basis with adjacent regions (for
example the EU Mediterranean region) or with a group of ports. As
leading indicators, the average values of the indices should be taken
into account to achieve realistic comparison of the ro-ro
connectivity of several regions.

4. Conclusion
The present paper has presented a study on the applicability of
port connectivity indices to Black Sea ro-ro shipping network. Port
connectivity is a valuable tool for policy makers and ro-ro operators
as it provides guidelines for the development of this network
feature.

Figure 3. Beta index for each country in the region [own calculation]

As shown in Figure 3, Bulgaria and Georgia have an equal beta
index at 2.5 having two ports each and 5 links respectively. As for
Turkey, the beta index is at value 1.5 having four ports and six links
within the network. Ukraine is present with only one port in the
network (Chernomorsk) and five links thus having beta index equal
to 5. Russia is relatively well presented with four ports and seven
links leading to beta index of 1.75.
As explained above, gamma index represents the ratio between
the number of actual inks and the maximum number of potential
links [5]. Figure 4 present the gamma index for the ro-ro network in
the Black Sea region evaluated on the basis of available data.
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The applied indices are similar to the already developed by
UNCTAD liner shipping connectivity index (LSCI) related to liner
shipping (containerized cargoes). However, unlike container liner
shipping, ro-ro shipping does not involve transshipments and ro-ro
services are direct services [4]. The main reason behind this type of
transportation via short sea routes is the carriage of goods that are of
high value and are time-sensitive. Over 50% of the ro-ro operators
in the Black Sea region offer service both for freight (trucks and rail
wagons) and for passengers. The application of the beta and gamma
indices to measure the port connectivity of the ro-ro transportation
in the Black Sea region show that the port of Batumi, Georgia is the
port with most connections in the region. The latter is due to its
connections with ports in Bulgaria, Russia and Ukraine. We proved
that the port of Chernomosk has the highest link quality which is

due to the high frequency of ro-ro services. The potential topics for
further research should include: adding additional variables for
development of more complicated indicators to measure ro-ro
connectivity of ports based on frequencies and number of service
providers, expanding the application of port connectivity indices to
include the available links with dry ports in the hinterland and
analysis on the issue whether ro-ro connectivity indices influence
the trade volumes and trade flows.
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people amount to ½ of the total number of officially registered
workers in the developed countries. This is not only a grave loss of
labour potential, but may, at a certain moment, act as a clockwork
mechanism bomb in the development of social and political
processes in any country.

1. Introduction
Poverty, social exclusion, employment structure and
unemployment are among the most serious problems facing
Bulgarian economy in the aftermath of the global financial and
economic crisis. Globalization, the stage of economic development
and the dynamics of technologies pose new demands to individuals’
lifestyle and position at work. Changes occur in the job
opportunities, new skills are needed, flexible employment policies
are introduced and stress levels in the workplace are high. The risks
and benefits that come with the new situations seem to be unevenly
distributed – a large proportion of the population is facing the risk
of difficult adjustment to the labour market or ending up
unemployed and relying on social security benefits. The existence
of a large number of people excluded from the labour market is a
significant challenge for the social cohesion within the European
Union. The longer the period a person is unemployed, the greater
the likelihood of this person ending up in poverty and social
exclusion because of the inability to provide sufficient amount of
goods and services.

Increased unemployment results in a fall of incomes for many
households. Consequently, they are threatened by poverty and rising
debts. Loss of earnings reduces consumption. Shocks sustained by
household income reduce expenses in a way that only increases the
likelihood of vulnerability and further shocks. At the same time, due
to the crisis of workers losing their job, it becomes even more
difficult to find a new one and return to employment.
Bulgaria as many other developing countries encounters
difficulties to create good quality and conditions of working places
in public and private sector. “A well-functioning labor market is an
essential ingredient for developing a sound investment-climate and
can play a critical role in stimulating growth and poverty reduction”
[Amjad 2005: 146].

According to the International Labour Organization,
unemployed are all persons aged 15 – 74, who were not employed
over the period surveyed, but were actively looking for work and
are ready to start work immediately or in two weeks’ time. Labour
legislation in some countries of the EU (Spain, Italy, The UK)
defines this age from 16 to 74 years old [International Labour
Organization 1982: 12].
A person who has remained outside the field of paid
employment is not always classified as unemployed. It is possible
that such a situation is his/ her own choice. Therefore we should
distinguish between unemployed and economically inactive people.
Economically inactive are the persons, who are at the legally
defined working age but are, for various reasons, not looking for a
job. Unemployed are those individuals at the legally defined age,
who are able to work but have not been contractually employed, do
not earn an income, have been registered in the regional branches of
the Employment Agency, are willing to work and are actively job
searching. Thus only people of the second category are beneficiaries
of the social security system.
The proposed thesis of actively looking for a job seems to
emphasize the contrast between two statuses – activity and desire to
work. And it is in exactly this contrast that the main weakness of
unemployment statistics lies. Many of the people who wish to get a
job but for one reason or another do not seem to demonstrate an
active position, are excluded from the category of the unemployed.
They all add up to the category of the “discouraged workers”. The
meaning of this notion is essential to the state of a country’s
economic and social problems. According to some estimates, those

The unemployment is a guaranteed social risk. As an
objectively arising condition, it is an important criterion for the
living standard of a particular society. High levels of unemployment
may define a grave social problem. The unemployment affects not
only the individual person but also a large number of people and in
the cases like this it is could be defined as a mass unemployment.
On a larger scale, it is could be characterized not only by a loss of
human potential but also by deteriorating of the public health and
social climate of a country or a given community.

2. Employment, Social Exclusion and Poverty
Alleviation
Social exclusion is multidimensional, as it covers the working
poor, unemployment, access to education, information, childcare,
and health care institutions, living conditions, as well as social
participation. Social exclusion is a multi-layer notion in as much as
the reasons for social exclusion can be examined at a national,
community, household or individual level.
The European Union ”and the national governments of Member
States work closely together to provide a coordinated response to
the issues of poverty and social exclusion, some of which are
detailed later in this” [Eurostat 2010: 1] publication.
The negative impacts on the social sphere do not just amount to
the reduced income and consumption that unemployment imposes
upon the unemployed and their families. The existence of social
exclusion is a sure sign that the economy underperforms, does not
ensure good use of resources and the GDP produced is below its
potential size. The dependencies between unemployment levels and
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the GDP produced are described by Okun’s Law (OL; [Okun
1962]). According to this law, there is an inverse relationship
between the changes in unemployment levels and the real gross
domestic product of a country. OL is important from a theoretical
and empirical point of view. Theoretically, Okun’s law, along with
Phillips curve is a key component to devising the aggregate supply
curve” [Velev 2017: 40]. From an empirical view point Okun’s
quotient is a useful tool for developing, applying and forecasting the
results of the macroeconomic policies carried out [Harris,
Silverstone 2001].

Table 1: Bulgaria’s indicators of the Europe 2020 strategy for
smart, sustainable and inclusive growth. *Note: The overall EU
target is to lift at least 20 million people out of risk of poverty or
social exclusion by 2020 with 2008 as a baseline year (see
conclusions of European Council 17 June 2010) [European Council
2010: 12].
Indicator

Unit

Reference period
2008

2016

Target

2017

2020

75% of the population aged 20-64 should be employed

Other authors attribute negative demographic consequences to
migration, population aging, labor force productivity and economic
growth. They summarize that “determination of the labor
productivity and economic effects of the young population
migration that occurred in the European Union as a result of the
idea that the employment and salary facilities in the other European
countries are better…Population aging and demographic
transformation at the global and national level, economic, social,
demographic and so on. Causing various problems to occur”
[Terziev, Can 2018: 446].

Employment rate age group
20-64

% of
population
aged 20-64

70.7

67.1

71.3

76

The share of early school leavers should be under 10% and at
least 40% of 30-34 years old should have completed a tertiary or
equivalent education

As long as poverty and social exclusion exist, we cannot claim
that any social assistance system operates effectively. Obviously,
the pace of social reforms and the timing of their implementation
must be in line with the possible increase in economic growth.
Given the economic growth, it will be possible to implement
reforms fast. In the absence of real economic growth, rapid social
reform cannot be carried out, which is related to future negative
consequences for society.
A proper understanding and managing of the dynamics of
demographic processes is essential for the efficiency of the public
sector and the social assistance in particular. The negative effects of
the increasing income inequality are many. Therefore, it is of
particular importance these effects not only to be defined but also
limited. A serious political attention is needed in this direction
through consistent and well thought out public action combined
with the collective support of the whole society. Some alternative
forms of reducing poverty and social exclusion other than the social
protection of the public system can be described in further studies.

Early
leavers from
education
and training

% of
population
aged 18-24

14.8

13.8

13.2

11

Tertiary
educational
attainment

% of
population
aged 30-34

27.1

33.8

33.1

36

Poverty should be reduced by lifting at least 20 million people
out of the risk of poverty or social exclusion in the EU-27

Some of the social dimensions in Bulgaria show a high degree
of income differentiation. Despite the priority targets set with the
Europe 2020 strategy and the affect of the social policy, public
social transfers are failing to reduce poverty, social exclusion and
unemployment [European Federation for Elevator Small and
Medium-sized Enterprises 2018].
“Combating poverty and social exclusion is an important
subject of the Lisbon Strategy, which represents the vision of a
socially cohesive, economically prosperous and competitive
European Union. This is reaffirmed in the Europe 2020 strategy
where employment is again considered the best protection against
poverty. Therefore, in recent decades, measures in the European
Union have been aimed at ensuring full employment for all those
willing and able to work” [Blagoycheva 2016: 5-6]. Table 1
outlines the indicators of the Europe 2020 strategy for smart,
sustainable and inclusive growth in EU-28.

People at
risk of
poverty or
social
exclusion

Cumulative
difference
from 2008
in thousand

0

-439

-531

-260

People
living in
households
with very
low work
intensity

Thousand

470

607

618

:

People at
risk of
poverty after
social
transfers

Thousand

1632

1586

1639

:

People
severely
materially
deprived

Thousand

3151

2468

2285

:

Source: Eurostat

In view of the upcoming 2020, Bulgaria reports progress in the
major macroeconomic indicators as shown in Table 1. In the years
to come, we shall see reports on the direction of the government
policy concerning the objectives set by Europe 2020 Strategy.
Therefore, one of the main objectives of the macroeconomic
policies carried out is reducing the rates of unemployment, poverty
and social exclusion at a national level and across the regions of the
country.
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The poverty trap indicator ranks Bulgaria on the 9th position
among the 28 member states of the EU (Figure 1). In Eurostat data
for 2015 no value is found for Cyprus, so the country has been
excluded from this research.

Table 2: Number and relative share of the persons in the
poverty trap
Year
of the
study
Reference
year of
the
income
Poverty
line –
average
monthly
amount
(BGN)
Number
of
people
below
the
poverty
line (in
thousands)
Relative
number
of poor
people
(%
of the
population )

2011

2012

2013

2014

2015

2016

2017

2010

2011

2012

2013

2014

2015

2016

273.3

283.8

279.7

285.9

323.8

300

308.
17

1672

1559

1528

1578

1586

1639

1639

22.2

21.2

21

21.8

22

22.9

22.9

Source: Eurostat

Source: NSI

Fig. 1 Unemployment trap in EU28 in 2015. ( %)

Referring to the date in Table 2, it becomes clear that in the
period 2010 – 2013 there was a decrease in the relative share of the
persons entrapped by poverty, while their number increased in the
years after 2014. In 2015, the poverty line decreased by 5.06%
compared to 2014 and the relative share of the poor population
increased by 0.9%. The public social assistance system is essential
to reducing poverty. Data for 2016 show that "if income from
pensions is included in household income but other social transfers
(benefits, social and family allowances and supplements) are
excluded, the poverty level rises from 22.9 to 27.9%. Respectively,
when pensions and other social transfers are excluded, the poverty
level increases to 45.5% or 22.9 percentage points” [Национален
статистически институт 2017: 1].

For Bulgaria in particular, the unemployment trap value in 2016
is 81,61. It has stayed unchanged since 2011 (Figure 2). This means
that for the period 2011-2015 in a state of employment (and at a
potential level of earnings equal to that of before becoming
unemployed) a person would earn additional income of only
18,39% of his/her gross wages, compared to the income she/he
receives as unemployed [Institute for Market Economics 2015: 8].
( %)

From the view point of their usefulness for the economy, the
basic value of unemployment benefits is measured by decreased
incentives to work, resulting from the moral hazard. It causes a
lower-than–optimal intensity of job searching [Mortensen 1977],
unemployment trap and inactivity connected with the tax and
insurance systems [Carone, et al. 2003]. The unemployment trap
(UT) visualizes to what extent a person receiving unemployment
benefits is financially stimulated to look for another job. In
particular, the unemployment trap reveals the percentage of gross
income that is withheld when a person returns to employment,
because of the loss of the unemployment benefits and tax and social
security contributions deducted from his/her wages [Aleksiev
2015].
Source: Eurostat

UT is calculated with the formula (1):

Fig. 2 Unemployment trap in Bulgaria for the period 2005 – 2015
(1)

As income taxation in Bulgaria is proportionate (10% of gross
wages after deductions for social security) the unemployment trap
in this country will affect a large proportion of the employed
individuals equally, irrespective of their income levels.

UT (%) = 100*(1-((NEI-NUI)/(GW)), (NSI 2018 b)

Where NEI stands for net employment income (NEI), NUI is net
unemployment income and GW ‒ gross wages.
NEI is calculated by deducting the social security and tax
payments due from the individual’s wages. NUI equals 60% of a
person’s gross insurable earnings, on which contributions have been
made over the last 24 months.

Nevertheless, some of the peculiarities of the Bulgarian social
security system and those of the economy in general, may have a
different effect on the size of the real unemployment trap in this
country when calculating UT is individualized. The differences
result from an individual’s eligibility for various social benefits and
allowances, depending on the type of household, the social security
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burden which individuals pay depending on the category of labour
they fall in and their year of birth. When calculating social security
burden for Bulgaria, the National Statistical Institute (NSI) uses the
1
contribution for the prevailing 3rd category of labour .

It is necessary to promote the role of entrepreneurs in creating
jobs and welfare in the public administration circles of every
member state in the EU.

In this connection, the dependence of benefits is associated with
the length of the period they are received and the ever more
declining probability of finding a job throughout the period of
unemployment. To reduce the risk of moral hazard and the
unemployment trap, it is necessary to limit the size and/or the
period of paying unemployment benefits and to adjust national level
of contributions, in order to avoid the constant transfer payments.
However, these measures are unacceptable. The reason is they will
decrease the stabilizing effects of the system.
The conflict can be alleviated by linking certain elements of
social security during unemployment (such as benefit rate
depending on the wages, length and access to benefits) with the
business cycle (economic volatility in production and employment).
Benefits should be more generous when unemployment is high,
while the opposite should be the case when unemployment is low.

In 2011, European Commission adopted Youth Opportunities
Initiative which is a result of particular extended effects of the Great
Recession and economic crisis in 2008. “According to it EU
encouraged the actions of its Member States to increase youth EU
Structural Funds were mobilised to increase support for youth and
financial resources for policy measures and investment projects are
now being funded. Both the European Council and the European
Parliament have since re-emphasised the crucial importance and
urgency of addressing youth unemployment, highlighting the
potential for initiatives on youth guarantees and on a quality
framework for traineeships” [European Commission 2012: 2]. In
2012 European Commission adopted a 'Rethinking Education'
social package2.
“Young people face numerous problems on their way from
education to work. In many countries, ineffective labour market
regulation or poorly functioning institutions make it more difficult
for young people to find a stable job. Too many are left without
help if they drop out of school or have difficulty finding a job. More
favourable labour market outcomes can be observed in countries
where a higher proportion of students undertake quality traineeships
or work placements as part of initial education and training or in
countries with well-established apprenticeship systems” [Ibid: 3].

3. The Opportunities of Active Employment
Measures in Bulgaria
The active policy is aimed at boosting employment and
generating sustainable economic growth. Influences on job
searching aim to preserve the existing employment and create new
one through entrepreneurship, through flexible strategies, export of
labour, more sheltered working conditions for people with lasting
disabilities, or by means of devising a number of generally useful
activities, with the active financial participation of the government.

There is a discrepancy between job suppliers and job seekers.
One of the main reasons for that is the wrong qualification, or the
so-called skill gap. Many young workers and employees are over
qualified for the position they manage to find, but at the same time
the likelihood of young people having the necessary skills for
exactly this position (degree of matching) is lower than that of older
workers and employees.

The impact over the lasting supply of labour (L) is connected
with the introduction of flexible programs for qualification and requalification of L, training to ensure fast adaptation to the labour
market as well as motivation to seek employment; creating
prerequisites for development and financial support for individual’s
entrepreneurial ideas.

Fearing the end of the period they are entitled to unemployment
benefits, some unemployed may accept a lower-skilled job. But it is
impossible for unqualified people to hold positions requiring
specific competences. Therefore, the right to receive benefits could
be tied to the requirement to raise the candidate’s qualification or
the need to re-qualify. Of course, here the government should also
intervene, through regulations and measures concerning education
from the earliest years at school. Also important are the programs
paying subsidies to employers who provide employment and/or
requalification to their staff. The European Social Fund resources,
as well as other funds and programs can also be used. We cannot
underestimate the role of the Employment Agency as an
intermediary and consultant. What is needed is the joint efforts of
the government and the various institutions to build new employee
characteristics to match the new reality, and namely education,
flexibility and mobility.

The development of the economy which is recovering from the
global crisis, and the normalization across financial markets are all
preconditions for rising incomes. European directives regarding free
movement of people and capital within the Union are expected to
bring about increased competition not only in business, but among
individuals looking for and finding a job. Adjustment of the social
security practices will be necessary towards the requirements for
flexible employment, caused by the challenges the labour market
faces. These factors will necessitate the personal responsibility
concerning social security. At the same time, the already established
regulatory base will bring about accelerated formation of the private
social insurance institutions necessary.
Having in mind the large numbers of unemployed in Europe,
certain schemes must be implemented to support entrepreneurship,
in order to encourage the setting up of one’s own business as a
means of leaving the army of unemployed. There are very few
schemes for business development that are designed especially for
young unemployed people.
Special attention should be paid to unemployed persons in
general. In particular, to those who already possess the skills and
competences which, after a period of business training and
mentorship, can be transferred into performing entrepreneurial
activity as self-employed persons. Under the conditions of the
current economic crisis new and young enterprises are a key
element in restoring European economy, as well as creating a large
number of jobs. There are well known problems associated with the
low share of new businesses, the high percentage of enterprises
going into and out of business and the poor growth of European
companies.

Despite the differences in the implemented public policies
concerning employment, they all prioritize the same vulnerable
groups. These are the long-term unemployed and the young, who
are neither working, nor studying, nor in an apprenticeship scheme.
To resolve individual cases and overcome the barriers to joining the
labour market, authorized persons perform coordination between
various institutions – social, health and educational. In view of
improving a larger number of people’s access to integrated services
for returning to or joining the labour market, the services are
provided according to the individual needs of the people belonging
to the vulnerable groups.

2

1
In Bulgaria the contribution in the ”Unemployment” fund is 1% of
the insured person’s gross earnings.
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COM (2012) 669 of 20 November 2012. The Council Conclusions
on European cooperation in education and training ('ET 2020')
(2009/C 119/02 of 28 May 2009) and the EU Strategy for Youth
(COM (2009) 200 of 27 April 2009) also provide relevant
frameworks for concerted European efforts in education, training
and youth employment.

Institute for Market Economics (2015). Kapan na
bezrabotitsata i stimulite za rabota v Bulgaria. Sofia:
Institute for Market Economics. (in Bulgarian)

In addition to decreasing regional disproportions of Bulgarian
labour market, in 2017 a new measure was implemented, aiming to
encourage unemployed individuals, including young people from
specialized institution, or young people using the social services in
resident communities who have completed their education. Such
people can find employment in a place located more than 50km
away from their current residence. Persons who start work under
this measure are reimbursed with expenses made on crèche and
nursery school fees, rent, Internet [Employment Agency 2018].

[Viewed on: 20.05.2018] Available online at:
https://bednostbg.info/var/docs/reports/UnemPloyment_T
rap_IME_2015.pdf
4.

In 2017 there continue the incentives for opening apprenticeship
jobs (dual system of education) for a period of up to 36 months.
Also since 2017 the encouraging measure of “green jobs” has been
uninterruptedly implemented. This measure is formulated in the
Employment Promotion Act. On the one hand the measure supports
job openings that contribute for environment protection, and on the
other, it provides employment to individuals who have been out of
work for more than 6 months. Other considerable opportunities for
generating “green” employment are provided by investment in
activities associated with the sustainable management of the water
sector and waste disposal, as well as prevention of flood and
landslide risk, assessment and protection of biological diversity and
eco-systems and energy efficiency.

Ministerski savet. (2018). Zakon za nasarchavane na
zaetostta, Obn., DV, br. 112 ot 29.12.2001 g., v sila ot
1.01.2002 g., Ciela Normi. Aktualna kam DV. br. 24 ot
16.03.2018 g. (in Bulgarian).
5.

[Viewed on: 10.05.2018] Available online at:
http://www.nsi.bg/bg/content/15263/%D0%BF%D1%80
%D0%B5%D1%81%D1%81%D1%8A%D0%BE%D0%
B1%D1%89%D0%B5%D0%BD%D0%B8%D0%B5/%D
0%B8%D0%BD%D0%B4%D0%B8%D0%BA%D0%B0
%D1%82%D0%BE%D1%80%D0%B8%D0%B7%D0%B0%D0%B1%D0%B5%D0%B4%D0%BD%D0%BE%D1
%81%D1%82-%D0%B8%D1%81%D0%BE%D1%86%D0%B8%D0%B0%D0%
BB%D0%BD%D0%BE%D0%B2%D0%BA%D0%BB%D1%8E%D1%87%D0%
B2%D0%B0%D0%BD%D0%B5%D0%BF%D1%80%D0%B5%D0%B7-2016%D0%B3%D0%BE%D0%B4%D0%B8%D0%BD%D0
%B0

Based on the research we have carried out, we can reach the
conclusion that the longer individuals are out of work, but can avail
themselves of guaranteed financial compensation, the more
discouraged they are from actively looking for a job and joining the
labour market. This situation causes difficulties in achieving the
objectives set in a number of national and international documents
aiming to increase employment in the EU, even in the aftermath of
the global economic crisis.
Finding the optimal balance between the policies that formulate
the incentives for the unemployed, the economically inactive and
those who work for a very low payment, the so-called working
poor, is one of the key challenges in ensuring the sustainability and
efficiency of the social system. At the same time, it is possible, by
means of this balance to create conditions for a long-term inclusion
of some of the most vulnerable social groups in the labour market.
In particular, this is a possible option for reducing poverty and
social exclusion in compliance with Europe 2020 strategy for smart,
sustainable and inclusive growth.
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Abstract: Without claiming to be exhaustive, this paper aims at analyzing the tools of alternative (Track II and III diplomacy) for conflict
resolution and crisis management. In order to maximize the gains from private diplomacy, the EU should take into account what Track II
and III diplomacy has done so far to help solve conflicts, why it is need and how it can best be used.
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opinion, organize human and material resources in ways that
might help resolve their conflict” 8 Montville emphasized that
Track Two Diplomacy is not a substitute for Track One
Diplomacy, but compensates for the constraints imposed on
leaders by their people’s psychological expectations. Most
important, Track Two Diplomacy is intended to provide a bridge
or complement official Track One negotiations . Examples of
Track Two organisations are Search for Common Ground, West
African Network for Peacebuilding (WANEP), European Centre
for Conflict Prevention (ECCP), and many others.

1. Introduction
Diplomacy in its multilayered meaning represents a formulation
and implementation of foreign politics, technique of foreign
politics, international negotiations and professional activity,
which is being performed by the diplomats 1 Diplomacy can be
simply defined as a primary method with which foreign politics
is realized and as normal means of communication in
international relations 2. In representation of one of the authors
»the (foreign) politics is a formulation and a direction; and the
diplomacy a communication and realization. Diplomacy is
responsible for managing the relations between countries and
countries and other actors through the assistance of advice,
design and realization of foreign politics, coordinating and
ensuring specific and wide interests 3. A diplomatic activity is
meant for advancement of national interests with practices of
persuasion 4.

Track III, finally, consists in people-to-people interactions at the
grassroots level to encourage interaction and understanding
between communities through meetings, media exposure,
political and legal advocacy for marginalised people and
communities

2. Discussion

Track One Diplomacy or Official Diplomacy has a long history
whose roots lie in the remote history of humankind. De
Magalhaes (1988) describes Official Diplomacy as, “[a]n
instrument of foreign policy for the establishment and
development of contacts between the governments of different
states through the use ofintermediaries mutually recognized by
the respective parties” 5. The most important feature that
distinguishes Track One diplomacy from all other forms of
diplomacy is its formal application at the state-to-state level. It
follows a certain protocol to which every state is a signatory.
Track One Diplomacy is usually considered to be the primary
peacemaking tool of a state’s foreign policy. It is carried out by
diplomats, high-ranking government officials, and heads of states
and is aimed at influencing the structures of political power. Also
included among the Track One players are the United Nations,
the Vatican, and regional economic and political groupings such
as the European Union, the Arab League, the African Union
(AU), the Organization of American States (OAS), and many
others. Negotiation is sometimes used as a synonym for Official
Diplomacy, whereas in fact it is simply a conflict resolution
process used by all those mentioned above to resolve conflicts
Traditional diplomacy or Track One Diplomacy has for a long
time been complemented by another form of diplomacy called
Track Two Diplomacy 6. Like many other conflict resolution
theorists and practitioners worried about the failures of Track
One Diplomacy, Montville coined the phrase ‘Track Two
Diplomacy’ 7 defines Track Two Diplomacy as, “unofficial,
informal interaction between members of adversary groups or
nations that aim to develop strategies, to influence public

While the practice of private diplomacy (or Track II diplomacy)
is not new, it seems to be blossoming with the EU appointing a
growing number of envoys and representatives. One of the
reasons could be the resurfacing of conflicts that are often intrarather than inter-state, whose victims are mainly civilians and
which are waged with unconventional weapons and methods,
including terrorism.
One argument for private diplomacy is that independent, actors
can successfully complement or replace governments and
international organisations when these (because of restrictive
mandates, bureaucracy, or shrinking budgets) are prevented from
taking part actively in crisis management and conflict resolution.
A second argument is that traditional diplomatic instruments of
negotiation, mediation and conflict management have proved to
be ineffective, calling for new approaches. Some actors in need
of mediation would be more inclined to trust a private diplomat
(a small ‘entity’) rather than a state actor, especially when
needing a rapid and swift intervention. Diplomatic missions, an
asset to Track One Diplomacy, are normally closed down at the
peak of conflicts between countries “thereby reducing
communication when it is needed most”. 9
The actors in private diplomacy are private people who are often
experienced mediators and negotiators, such as former heads of
state or government, who often act through non-state groups,
such as think-tanks, non-governmental organisations (NGOs), the
private sector or religious organisations.
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representatives from civil society, and thus have the potential to
impact Track I.5-, II-and III-level mediation 13. For example,
within the format of ‘Incidence Prevention and Response
Mechanism (IPRM)’ the EU Monitoring Mission in Georgia

NGOs provide early warnings of impending conflicts and often
act as information brokers and mediators or facilitators of official
or unofficial negotiations. Some are deeply immersed in conflict
prevention, crisis management and conflict resolution at the
grassroots level, working for and with local populations, bringing
relevant information to civil servants who spend most of their
time analysing information in Brussels.

(EUMM) was tasked to host meetings to discuss the security
situation at the border between South Ossetia and Abkhazia with
Georgia, attended by relevant authorities from all parties, in order
to mitigate future security clashes. Hence, the EUMM was
effectively engaged in dispute resolution
Finally, EU Delegations in conflict-affected third countries
maintain a permanent dialogue with local stakeholders. In
Yemen, until the 2015 crisis, EU in-country delegates have been
“facilitating events and meetings of the conflict parties at the
Delegation facilities in Sana’a, which they understood as
opportunities to listen and to understand their views and
demands.
In so doing, they offered an informal setting for
discussion...These events did not act upon a formal mandate but
helped to establish communication between the disputants, which
can be situated in the realm of dialogue” 14

The complex institutional set-up of the EU could benefit from the
use of parallel diplomatic efforts. The current approach of
European diplomacy is multi-dimensional, involving the Council
of Ministers, the European Commission, the European Parliament
and the EU presidency. If decisions are taken through this
complicated diplomatic machinery, they could actually have a
strong impact on third countries. But more often than not, such a
heavy decision-making structure hampers rather than facilitates
crisis management and too often it does not produce quick
results.
There is currently a large number of hot conflicts across the
world. The Council has nine special representatives at its
disposal. The Commission has two. EU Special Representatives
(EUSRs) perform essential third-party roles in crisis regions. They
are classified as Track 1.5 facilitators since only few EUSRs have
been clearly mandated to “mediate” 10. Nevertheless, they
“provide a direct communications channel and can act as
mediators and facilitators with actors with whom the EU cannot
deal through official channels” (MediatEUr 2012, 3). Several
EUSRs have actually benefited from the constructive ambiguity
in the formulation of their mandate (MediatEUr 2012), as it has
provided them with considerable leeway in the conduct of their
diplomatic activities, including the facilitation of formal and
informal dialogue encounters.

3. Conclusion
The EU could unlock the enormous potential of networks active
in the field of crisis management, conflict resolution and postconflict rehabilitation. In addition, the Conflict Prevention
Partnership, a co-operative effort by think-tanks and NGOs active
in the field of peace-building, is a first step towards establishing a
partnershipwith the Commission that focuses on real added value,
beyond the traditional seminars and information-related
activities. In order to maximise the gains from private diplomacy,
the EU should assess what

In the countries under study in this research, several EUSRs were
explicitly appointed to assist international mediation efforts. The
position of EUSR for the Crisis in Georgia was established in
2008 to prepare international talks and increase the visibility of
the EU’s role in the peace process 11The current office holder
(EU Special Representative for the South Caucasus and the crisis
in Georgia) has a broader mandate to “contribute to a peaceful
settlement of conflicts in the region, including the crisis in
Georgia and the Nagorno-Karabakh conflict”, notably by cochairing the Geneva International Discussions on the
consequences of the 2008 conflict in Georgia (Council of the
European Union 2014). The EUSR for the Sahel is also mandated
among many other tasks to “contribute to regional and
international efforts to facilitate the resolution of the [Mali]
crisis, in particular the implementation of the roadmap for the
political transition, a free and transparent electoral process and a
credible national inclusive dialogue” (Council of the European
Union 2013).

Track II-and III diplomacy has done so far to help solve conflicts,
why it is needed and how it can best be used. Such insights will
help the EU devise a strategy for private diplomacy and improve
its capacity to solve crises.
REFERENCES:

1
Nicholson, Harold Diplomacy. Washington: Institute for the
Study of Diplomacy, Georgetown University 1988/1939 pp.3-5

Vukadinovic, Radovan Diplomacija. Strategija političnih
pogajanj (Diplomacy. Strategy of Political Negotations).
Ljubljana: Arah Consulting 1994 p.109

2

3

Barston, R.P.: Modern Diplomacy. London, New York:
Longman Barston 1988 p.1

The senior staff of CSDP missions is also well placed to perform
Track II facilitation functions. These missions, which usually
intervene in post-war contexts with a security enhancement
mandate, are designed to conduct activities “conducive to
achieving political settlement, to implementing the provisions of
a peace agreement or to sustaining confidence in the peace
process” 12. Therefore, while they are not mandated to directly
engage in Track I mediation, CSDN mission staff have constant
working relationships with government officials and

4

Smith, Reinventing Diplomacy: A Virtual Necessity. Virtual
Diplomacy SeriesWashington 1999 p.3
Magalhaẽs, C. J. The pure concept of diplomacy New York:
Greenwood Press 1988 p.17

5

6

Montville, J Track Two Diplomacy The Arrow and the Olive
Branch: A case for Track Two Diplomacy. In, Volkan M.D., J.

135

Montville, & D. A. Julius (Eds.), The Psychodynamics of
International Relations:Vol. 2. Unofficial diplomacy at work
Massachusetts: Lexington Books . 1991 pp.161-175.
7

Volkan, Montville. Official and unofficial diplomacy: An
overview. In V. D. Volkan M.D., J. Montville, & D. A. Julius
(Eds.), The Psychodynamics of International Relations: Vol. 2.
Unofficial diplomacy at work). Massachusetts: Lexington Books.
1991 pp.1-16

8

Ibid , p. 162.

9

Ziegler, W.D. War, Peace, and International Politics 1984 p.

27
10

Davis, L. EU Foreign Policy, Transitional Justice and
Mediation: Principle, policy and practise. London: Routledge
2014 p.23

11

Ibid, p.24

12
Gourlay, C.. Mediation and Dialogue as Tools for EU CSDP
Missions. Initiative for Peacebuilding.
http://www.initiativeforpeacebuilding.eu/pdf/1210MedCSDP.pdf
2010 p.14
13

Ibid, p.15

14

Girke, N. A matter of balance: the European Union as a
mediator in Yemen. European Security. 24 (4) 2015 p.9.

136

AN ATTEMPT TO PROBLEMATIZE VALUES
Assoc. Prof. Dr Veselin Bosakov,
Institute for the Study of Societies and Knowledge – BAS, Sofia,
vesobos@abv.bg
Abstract: Values are the principle of human existence. They are its proto-principle. Human life runs its course within a world of values, is
guided and made meaningful by values. Political action, as a kind of social action, is guided by meaning and – directly or indirectly – by
values. The cardinal function of values is to legitimate the social and political (individual and/or group) actions. The devaluation of values
leads to a crisis of society, the only solution to which is a revaluation of values. And because – not being subject to natural causality – values
are a matter of choice, when they are imposed and coercively required of people, they cannot result in the good, and their devaluation
becomes inevitable. Devalued values break down the immune system of a person, a group, a society. The disregard for politics as a value is a
symptom of a severely ailing society. Overall, researches on values have revealed a tendency to moral degradation and a shortage of social
and political values. Sociologists explain this negative trend with reference to the preceding period that had abruptly placed whole
generations of people socialized in one type of society – the Socialist one – into a new reality that required a radical elimination of the
conflict areas in their now compromised past socialization. A clarification of the interconnection between attitudes and values such as justice,
family, work, politics, etc., gives answers to the question as to how far these values are a resource for meaningful construction and/or
consolidation of community ties. The extent to which values are accepted by the community as reference points for personal and social
realization depends on the interiorization of supra-individual norms and values. Only a person who has interiorized these norms and values
– not as imposed coercively from outside but as his/her own – may simultaneously live in society and be “free” of society. Individualization
is the basic characteristic of a healthy society. The individualization in question must not consist of individualism, atomization, and/or
highlighting the Self, but should involve a collective and normative style of life. In that case, it may alleviate the contrast between desired
values that underlie the actual conduct of people, and the desirable values that are related to the normative requirements of society.
Keywords: values, norms, relations, attitudes, legitimacy, power, hierarchy, interests, social action

1. Instead of an introduction: The essence of
values as satisfying ideals, goals and
interests

phenomenon, аn attribute, that is necessary to people or to an
individual for the satisfaction of their needs; it is also defined as
ideas and incentives serving as norms, ideals, goals and interests.
Value is immanent to social activity and psychological behavior.

A deeper understanding (and proper scientific
explanation!) of a given phenomenon would be impossible without
its problematization. This is achieved by asking the question as to
how the object of study is possible – in this case, “how are values
are possible” The answer to this question sheds light on the
direction of analysis and provides a framework for the arguments by
which we seek to justify the view that diversity is a fundamental
value and a basic principle requiring mutual recognition, the
equality and equal value of knowledge, skills and attitudes in social
co-participation with that which is different.

2. Instead of a presentation: Theoretical
perspectives on values
Values are stable convictions that from a personal or
social viewpoint, a certain mode of conduct or ultimate goal is
preferable to another (contrary) goal or mode of conduct. Value
may be viewed by researchers as:





The radically distinct feature of human reality is that it is
defined by relationships based on meaning and value-based
attitudes within an infinity of world events that are, in themselves,
meaningless (Weber 1998). According to Weber, the values in
effect within a society or a social group are a factor determining the
social and political behavior of the individual. Of course, this factor
is a specific product of culture. In the theoretical aspect, we may
approach values in an axiological or a sociological perspective.
They may be related to the comprehension and explanation of
everyday life, the social system, individual and group social action,
to interests, the conscious response of people, their inclinations
when defining the situation, to choice, observation and assessment
of the culturally determined facts that surround people.

An ideal benchmark;
A standard of evaluation;
A basis for life activities;
A motive for activity.

In the socio-cultural context, the foremost role of values is their
regulatory or sanctioning role as a mechanism for encouraging
permitted behavior or punishing the prohibited. Regardless of the
variety of their formulations, different scholars agree with this, such
as Goren (Goren 2005), Moscovici, Mendras (Мендрас 2002), etc.

There exists a great variety of divisions, classifications,
and divisions into types, of values. We refer to positive and
negative values, relative and absolute values, value judgments vs.
facts, study based on values vs. study free of values. In other words,
the presence and impact of values is perceptible in practically all
social and psychological phenomena. The whole variety of objects
of human activity, of natural phenomena and social relationships,
including knowledge and creativity resulting from activity, may
acquire the quality of “objects of value” or become objects of value
relationships. This means they are evaluated as good/bad, true/false,
correct/incorrect, beautiful/ugly, permitted/forbidden and/or
just/unjust. A value is most often defined as the essence of an object,
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The means and criteria, on the basis of which the
procedures are for evaluating the respective phenomena are
established, are fixed in social consciousness and culture as
“subjective values” (definitions and assessments, imperatives or
prohibitions, goals and projects appearing in the form of normative
representations) that are important as reference points for human
activity. “Object” and “subjective” values are like the two poles of
human value attitudes toward the world. According to Milton
Rokeach, a leading researcher in this field, values are “abstract
ideals, positive or negative, not tied to any specific object or
situation, representing a person's beliefs about modes of conduct
and ideal terminal goals.” Also, a value system “is an enduring
organization of beliefs concerning preferable modes of conduct or
end-states [which] exists along a continuum of relative importance”
(Rokeach 1973). Rokeach divides values into two basic types
according to whether they are connected to the individual’s goals or
to the means used to achieve those goals. He designates them

The different categories of values form two orders of

respectively as terminal (end) and instrumental values. Terminal
values refer to the meaning of existence, and they are the values a
person would like to achieve in his/her life. Instrumental values are
alternative modes of conduct or means by which we achieve
terminal goals. Terminal values are situated in two subgroups –
social and personal, while instrumental values are divided into
moral and competence values.

values:

Unlike Rokeach, Inglehart does not analyze the
mechanisms whereby personal value systems change; he assumes a
values system is relatively stable for a mature person. Instead, he
analyzes the economic and technological development of societies,
together with the processes of modernization and democratization,
through the prism of two bipolar dimensions of culture: survival vs.
self-expression, and traditional vs. secular rational authority. The
first dimension refers to the essential opposition of material vs.
post-material values. The dominant needs in materialistic societies
are survival, security and material prosperity, while postmaterialistic societies display a growing interest in personal and
political freedom, independence, and self-expression, tolerance in
interpersonal communication, group affiliation, wellbeing expressed
in improved quality of life and environmental protection.
The second dimension for measuring cross-cultural
diversity refers to people’s attitude towards authority. Strongly
featured in traditional societies are spiritual and religious beliefs,
the prevailing assumption that men should play a leading role in
economic and political life, the relatively small tolerance for
abortions and divorce. Secularist societies tend towards the opposite
views (Inglehart 1990, 1997; Inglehart, Baker 2000).
Another study classifies values under the following types:
theoretical (related to discovering the truth by means of a critical
and rational approach), economic (aimed at the useful and practical),
esthetical, social, political, religious. In the framework of this
general typology, knowledge and creativity are part of the
theoretical values, but their formats may enter into other types of
values as well, such as economic, esthetical, etc. (Allport 1983).
Hofstede’s “cultural onion” model depicts culture as a a
multi-layered onion, where values are at the core of culture, and
rituals, heroes and symbols represent its outer layers (the last three
are defined as practices). In the course of social evolution, practices
change with comparative ease. Values are divided into desired and
desirable. The former are those that may be important or
unimportant, preferable or not preferable, and attractive or
unattractive to people, and are linked to the individual’s actual
conduct, while the desirable are related to the normative
requirements of society. Hofstede uses factor analysis to define five
basic dimensions of national culture, two of which, in my opinion,
have especially strong explanatory power for Bulgarian society:
Individualism - Collectivism
This dimension refers to relationships between the
individual and the group or community. In individualistic societies,
the interest of the individual dominates over the interests of the
group to which he/she belongs. The individual strives for personal
success, self-realization and self-esteem, and the actualization of
his/her individuality. By contrast, in collectivist societies the
interests of the group and the feeling of belonging to the group are
of priority importance over the interests of the individual.
Masculinity – Femininity
According to the masculinity-femininity index introduced
by Hofstede, societies are differentiated according to their
predominant value orientation into “masculine” (competitive,
assertive, aimed at achievement and material success) and
“feminine” (marked to a higher degree by caring for quality of life,
modesty). Masculine cultures display a clear differentiation of
gender roles, while in feminine cultures, a person’s sex and social
roles may cross boundaries – both men and women may be
ambitious and/or modest, competitive and/or caring (Hofstede
1980).

First order – “Others and the Self” (development, a
ranking
from
“Self”
to
“Others”):
security, conformism, tradition, benevolence, universalism. The
values in this group characterize the individual’s relation to
environmental factors external to him/her.
Second order – “Self and Others” (development, ranking
from
“others”
to
“Self”):
self-orientation, stimulation, hedonism, achievement, power. These
values are related to the self-orientation in the individual.
According to Abraham Maslow, the potential of human
nature lies in the being- values of experience (B-values), which
break through the individual’s need-based relation to the world.
Marlow has defined the values typical for self-actualizing persons
not on the basis of single terms but by expanding prototypes into
orders of associated terms (Maslow 1968). The values presented in
these orders reflect the needs, motivation and ultimate goals of
being. They are largely abstract and ultimate, and primarily
comprise the terminal (in Rokeach’s terms) values. Maslow’s Bvalues are viewed as mutually complementary elements of a single
whole, and they express with greater precision the value nature of
knowledge and creativity (Todorova 2012).
Values are an important category for the research fields of
various scientific disciplines. Among their multiple dimensions, the
most fundamental is that values provide an axiological basis for any
cognitive process and contain the system of criteria for assessing
objects, acts, people, and events. As generalized standards, values
are accepted as “criteria that individuals use to choose and justify
actions and to assess people (including themselves) and events”
(Schwartz 1992). Despite the wide agreement as to the key role of
values in society, there is no similar consensus regarding the
meaning of the term not only across the social sciences but even
within their separate disciplines (Van Deth, Scarbrough 1995). Here
are some more examples. In sociological literature, the phrase
“norms and values” is usually attached to explanations of human
behavior in such a way as to suggest a self-evident process by
which social structures regulate the actions of the individual. Here,
sociologists often show an uncertain understanding of the nature of
the concept, assigning it to a wide range of social phenomena; even
more often, they overlook values as something that is too subjective
and difficult to measure empirically (Hitlin, Piliavin 2004). At a
very early stage of research, some authors noted the tendency for
the term to be used indiscriminately to describe any general model,
situation or aspect of human conduct, society, culture, the physical
environment or the mutual relations between these (Folsom, 1937).
Unfortunately, greater clarity on the concept has not been achieved
over time. During the 1970s, a meta-analysis of over 4,000
publications discussing values has found approximately 180
different definitions used (Van Deth, Scarbrough 1995). The main
obstacles to the study of values are that:
 They cannot be directly observed;
 The existing theories are not able to convincingly explain
how values shape conduct;
 The behavior-based argumentations are not convincing, as
the process of generation of values is unknown;
 There are considerable difficulties in measuring values
(Hechter et al. 1993);
 Values are often confused with other social-psychological
phenomena (attitudes, traits, norms, needs, etc.);
 The content of values is characterized by historical and
cultural variablity, and sociologists must not assume
historically variable phenomena to be primordial human
characteristics (Hitlin, Piliavin 2004).
Conclusion: First, values are a priori categories. They should be
thought of not as empirical concepts formulated on the basis of
experience, but as theoretical constructions which cannot be given a
strict verbal definition. Consequently, values cannot be observed
directly but only indirectly, in terms of attitudes and conduct that
are their empirical manifestation. Second, values are manifest
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through action, but are not a component of that action – they must
become linked to a wide range of ideas, beliefs, concepts, and
understandings before displaying their effect on action. In other
words, values are built into ways of thinking, speaking, acting,
assessments, decisions, relations, etc. We can conceptualize values
as separate from those things, but we cannot reach them outside
their location in other things. Thus, values cannot be studied
independently, because they are not independent things (Van Deth,
Scarbrough 1995).
In a general perspective, the characteristics that can be
assigned to values are:







Values are convictions inseparably linked to affect and
emotions;
They are desired goals that motivate action;
Unlike norms and attitudes, which usually refer to
concrete action, objects and situations, values are transsituational and abstract;
Values function as standards or criteria. They guide the
choice or assessment of action, policies, people, and
events;
They are ranked by order of importance and form a
hierarchical system of value priorities, which also
distinguishes them from norms and attitudes;
The relative importance of separate values guides action.
Each attitude or way of conduct usually influences more
than one value.

As mentioned above, values cannot be studied
independently, because they are not independent things. Values
share some common conceptual characteristics with attitudes and
ideologies:
All three are evaluative – they express a positive or
negative attitude towards an object;
All three are subjective – they reflect the way in which a
given individual understands the surrounding world, but
do not necessarily show what that world really is;
All three may exist at a conscious and subconscious level
– in some cases they may enter the field of attention, in
other cases, not;
Neither of the three may exist separately from the others.
For instance, a person’s ideology influences his/her
values, which shape his/her attitudes, and vice versa,
attitudes may influence values, which in turn influence
ideologies. Thus, there are two-way cause and effect
relations connecting them (Maio et al. 2006).
o

o
o
o

o

There are also differences between the three:
First, they differ in their levels of abstraction. While
values are generalized conceptions focused entirely on
abstract ideals, (for instance, liberty, solidarity, equality),
attitudes are “groupings of several convictions around a
specific object or situation” (Rokeach 1973). Ideologies,
for their part, are more abstract than values. For instance,
the liberal ideology may encompass the values of freedom
and solidarity together with negative attitudes to
censorship and the restriction of social expenditures;
Unlike
attitudes,
values
and
ideologies
are
normative/prescriptive in character (Feather 1995; Maio,
Olson 1998);
While values and ideologies uphold standards, attitudes
reflect multiple, in many cases changing, opinions (Spates
1983);
While the number of separate attitudes is practically
unlimited (inasmuch as they are focused on concrete
objects or situations), values are fewer in number.
Ideologies, for their part, being broader in scope than
values, are even fewer than values;
Values and ideologies are considered relatively stable.
This quality is necessary in order for them to provide
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sustainable standards for evaluation. Value priorities may
change slowly over the course of time in order to
correspond to a changing environment but they must be
sufficiently inert to ensure stability of assessments and
conduct (Feldman 2003).
Two main approaches to the study of the structure of
values may be distinguished:
1. Enumerating a theoretically limited number of
values;
2. Categorizing these values under separate types.
The first approach is based on the assumption that, unlike attitudes,
which are practically countless, values are much fewer in number.
The most frequently used and cited are the value listings by
Rokeach – 36 items (Rokeach, 1973) and Schwartz 10 items
(Schwartz, 1992) and 19 items (Schwartz, 2017).
Schwartz groups ten values categories into four supergroupings of values:
Self-transcendence (universalism and benevolence),
which emphasizes the recognition of others as equals and
the care for their well-being;
Self-enhancement (power and achievement), in which the
emphasis is on personal success and domination over
others;
Openness to change (self-direction and stimulation),
where the emphasis is on independent thought and action
and a positive attitude to change;
Conservation (security, conformation and tradition), with
an emphasis on exercising self-restriction to preserve the
status quo.
These four types, in turn, form two bipolar dimensions,
which serve to describe the conflictive relations between
them. The first dimension, self-transcendence vs. selfenhancement, characterizes the relation of the individual
towards others. Here, the values focused on recognition of
others as equals and the care for their well-being are
opposed to values stressing personal success and
domination over others.
The second dimension, openness to change vs.
conservation, describes the attitude of the individual towards risk. It
opposes the values of independent thinking and action and the
desire for changes to the values of self-restriction, maintaining
traditions, and stability (Schwartz 1992, 1994, 2007; Schwartz,
Sagiv 1995).

3. Instead of a conclusion:
recognition of values

Mutual

A main goal of the European Union is to promote values
such as tolerance, respect and understanding for multicultural
differences, human dignity, freedom, democracy, equality, rule of
law and respect for human rights. These general goals are
complemented by the promotion of social justice, respect for
otherness, and the acceptance of the high value of difference,
together with the fight against social exclusion and discrimination.
In modern multicultural societies, democratic political culture must
not stop at the boundaries of ethno-cultural and religious
differences. The sustainable integration within society is impossible
without trust, tolerance and mutual recognition of culturalesthetical, ethno-cultural, ideological and/or religious values. It is
inadmissible to permit assimilation tendencies at the level of
political culture, or tendencies towards differentiation, at the level
of ethno-religious everyday life. A minimal condition for public
mutual understanding is the possibility for on-going translation that
would enable the building of a common language for the (political)
value system. There must also be a certain amount of shared
knowledge in history that might nourish collective (political)
identity. Here, socialization, education, and knowledge have an
important role to play.

4. REFERENCES
Weber, M. 1998. Meaning and Value. Sofia: Kritika i humanizm
Publishers (in Bulgarian) [Смисъл и ценност. София: ИК
„Критика и хуманизъм”].

Schwartz, S.H. 2017. The refined theory of basic values. In: S.
Roccas, L. Sagiv (еds.), Values and Behavior: Taking a CrossCultural
Perspective.
Boston:
Springer.

Mendras, H. 2002. Elements of Sociology. Sofia “Kama” Publishers
(in Bulgarian) [Елементи на социологията. София: „Кама”].

Schwartz, S.H. 2007. Value orientations: Measurement, antecedents
and consequences across nations. In: R. Jowell et al. (еds.),
Measuring Attitudes Cross-Nationally: Lessons from the European
Social
Survey.
pages
169-203,
London:
Sage.

Todorova, B. 2012. Values and the Value System of the Individual
as Factors of Knowledge and Creativity. Scientific Works of Ruse
University 2012, volume 51, series 6.2 (in Bulgarian) [Ценности
и ценностна система на индивида като фактори за познание и
творчество. Научни трудове на русенския университет 2012,
том 51, серия 6.2.].

Schwartz, S. H., Sagiv, L. 1995. Identifying culture-specifics in the
content and structure of values. Journal of Cross-Cultural
Psychology,
26,
pages
92-116.

Allport, G. 1983. Becoming: Basic Considerations for a Psychology
of
Personality.
New

Schwartz, S.H. 1994. Are there universal aspects in the structure
and contents of human values? Journal of Social Issues, 50, pages
19-45.

Haven: Yale University Press.
Feather, N. T. 1995. Values, valences, and choice: The influence of
values on the perceived attractiveness and choice of alternatives.
Journal of Personality and Social Psychology, 68, pages 11351151.

Schwartz, S.H. 1992. “Universals in the content and structure of
values: Theoretical advances and empirical tests in 20 countries”. In:
M. P. Zanna (ed.). 1992. Advances in Experimental Social
Psychology, Vol. 25, pages 1-65, New York: Academic Press.
Spates, J. 1983. The Sociology of Values. Annual Review of
Sociology. 9: pages 27-49.
Van
Deth, J., Scarbrough, E., 1995. The Impact of Values: Beliefs in
Government. Vol. 4. Oxford: Oxford University Press.

Feldman S. 2003. Values, ideology, and structure of political
attitudes. In: D. Sears, L. Huddy, R. Jervis (eds.), Oxford Handbook
of Political Psychology. pages 477-508. New York: Oxford
University Press.
Folsom, J. K. 1937. Changing Values in Sex and Family Relations.
American Sociological Review 2: pages 717-726.
Goren, P. 2005. Party identification and core political values.
American Journal of Political Sciences, Volume 49, Issue 4, pages
881-896.
Hechter, M, Nadel,
L, Michod, R.E.(eds.) 1993. The Origin of Values. New York: De
Gruyter. Hitlin, S., Piliavin, J. 2004. Values: reviving a dormant
concept. Annual Review of Sociology. 30: pages 359-393.
Hofstede, G. 1980. Culture’s Consequences: International
Differences in Work-Related Values. Beverly Hills: Sage.
Inglehart, R., Baker, W.E. 2000. Modernization, cultural change,
and the persistence of traditional values. American Sociological
Review, 65, pages 19-51.
Inglehart, R. 1997. Modernization and Postmodernization: Cultural,
Economic, and Political Change in 43 Societies. Princeton:
Princeton University Press.
Inglehart, R. 1990. Cultural Shift in Advanced Industrial Societies.
Princeton: Princeton University Press.
Maio, G.R., Olson, J. M., Bernard, M.M., Luke, M.A. 2006.
Ideologies, Values, Attitudes and Behavior. In: Delamater J. (ed.)
Handbook of Social Psychology. Handbook of Sociology and Social
Research. Boston: Springer.
Maio, G. R., Olson, J. M. 1998. Values as truisms: Evidence and
implications. Journal of Personality and Social Psychology, 74,
pages 294-311.
Maslow, A. 1968. Toward a Psychology of Being (2nd ed.). New
York: Van Nostrand.
Rokeach, M. 1973. The Nature of Human Values. New York: Free
Press.

140

CURRENT MARITIME PIRACY PRACTICES AND ANTI-PIRACY PROTECTION
Assistant-Professor Dr. Eng. Adelina Tumbarska
Institute of Metal Science, Equipment and Technologies with Hydro- and Aerodynamics Center ”Acad. A. Balevski”,
at the Bulgarian Academy of Sciences (IMSETHAC – BAS), Sofia, Bulgaria
E-mail: y.toumbarski@ims.bas.bg

Abstract: The threat of maritime piracy has not disappeared with the decline in Somali piracy since 2011-2012. Piracy has surged in
other regions and now the tactic is to kidnap the crew for ransom. Although at present many ships employ self-defense measures, pirate
attacks become more sophisticated and demonstrate a remarkable degree of success. Considering the presence and the evolution of this
threat, the improvement of anti-piracy protection of vessels is increasingly important. The purpose of this survey is to track the evolution of
pirate practices (character of attacks, targets, tactics, weapons and equipment), along with the evolution of anti-piracy measures, within the
period 2008-2017.
KEYWORDS: MARITIME CRIME, MARITIME PIRACY, PROTECTION OF SHIPS, NON-LETHAL WEAPONS (NLWs)

quickly as possible. Many of these attacks involve violence as the
pirates need unobstructed withdrawal to repaint the abducted ship or
unload the cargo. Such offence is profitable, but in general difficult.
Most attacks target slow-moving tankers and cargo vessels and take
several days until the cargo is unloaded. Kidnapping for ransom
includes hijacking of crew and vessel and, although the most
profitable, is a high risk undertaking. It is usually a continuous
operation, since ransom negotiations last for months. Subject of
attacks are any kind of vessels. Kidnappings are usually free of
violence since it is in the pirates’ interest to keep hostages alive.
Both hijacking and kidnapping are based on careful preparation,
intelligence, shore support, financing and other logistics, often with
assistance from corrupt officials. The execution of the abduction
itself is also a complex task whose implementation requires
coordination, modern means of communication and heavy weapons
to overcome the resistance of the crew. [4]

Introduction
The escalation of maritime crime as a modern transnational
threat in 21st century is a cause of serious concern due to significant
economical and human cost of this phenomenon. Increasing number
of attacks on vessels in several regions gave reason piracy to be
identified as a new dimension of the organized crime and as an
international problem whose solution requires a pragmatic approach
involving military and non-military options.
An unprecedented growth of pirate attacks off the coasts of
Somalia and the Gulf of Aden was registered in 2009-2011. This
necessitated the formation of multinational naval forces to patrol
within the region. “The noteworthy efforts of the European Union’s
Operation Atalanta, NATO’s Operation Ocean Shield, and Combined Task Force 151 were a major reason why piracy in the Gulf of
Aden nearly disappeared over the past five years”. [1] As a result of
international efforts, as well as improved anti-piracy measures, the
number of Somali piracy acts dramatically decreased since 2011.
This affected the world statistics of incidents which marked in 2017
the lowest value for 20 years. However, the threat has not
disappeared with the decline in Somali piracy - statistics show
increased activity in some regions, with a boom of kidnapping crew
for ransom, since 2016. Considering the presence and the evolution
of this threat, which could push up global levels of maritime crime,
the importance of security measures remains relevant.

The types of attacks against vessels in the period 2008-2017,
and their proportions in 2017, are shown in Fig.1.

This study is an extension of a previous survey from 2013 [2]
covering the period 2008-2012, when the highest piracy activity
was recorded. It aims to track the evolution of pirate practices,
along with this of anti-piracy measures, over the next 5 years to the
present. The statistical data used are taken from the annual piracy
and armed robbery reports of the International Maritime Bureau
(IMB) in the period 2008-2017 - [3].

Character of pirate attacks in the period 2008-2017
The piracy can be defined as an act of boarding any vessel with
intent to commit theft or any other crime, and with intent or
capacity to use force in furtherance of that act. Two sub-sets of
maritime crime exist: armed robbery at sea, occurring within a
nation’s territorial sea, and piracy, which takes place in waters
beyond territorial sea. The term “piracy” encompasses two distinct
sorts of offences: hijacking, where the aim of the attack is to steal a
maritime vessel and/or its cargo; and kidnapping, where the vessel
and crew are held in captivity until a ransom is paid. Maritime
robbery is the predominant type of maritime crime. Its’ targets are
all kinds of vessels, usually while on anchor or in a dock. The
attacks are mostly improvised and involve intimidation to unarmed
crew rather than real violence. Hijacking is aimed to steal the vessel
and/or the cargo. In such cases crew of the target vessel rather than
being the object of the attack, is an obstacle, to be removed as
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to pay a ransom, pirates can easily find a yacht buyer on the black
market. Attacks on trawlers and longlines that are mainly used for
fishing are a medium risk operation. In some cases, fishermen have
a fierce resistance, making it difficult for pirates to board the ship.
Trawlers are rarely hijacked for goods, but such ships are sold
easily or can be turned into “mother ships” to support pirates'
activities. These vessels are small and do not attract much attention,
so pirates can anchor them near the shore or on the high seas and
pretend they are catching fish while watching the passing craft”. [7]

In the past, simple armed robberies have been the most
commonly used attacks. “Once this technique has become more
resilient, the ships are equipped with the necessary weapons of selfdefense, the crews are alert to potential threats and the presence of
naval forces is enhanced, modern pirates must organize more
hidden and aggressive operations, such as kidnapping, to make
maximum profits”. [5]
While the attacks off Somalia coast and in the Gulf of Aden
were mainly characterized by hijacking ships and keeping crew
hostages, the number of hijacked ships and crew members after
lessening Somali piracy significantly decreased over the world since
2012, especially in 2016-2017. On the other hand, there is an
alarming escalation of attacks in the Gulf of Guinea near Nigeria,
including kidnapping crew for ransom, accompanied with violence,
in the last two years. The types of violence on crew in the period
2008-2017, and their proportions in 2017, are shown in Fig.2.

Until recently, in Southeast Asia and the Gulf of Guinea, pirates
were hijacking slow-moving tankers to steal the oil, rarely for crew
ransom. [8] Now pirates off West Africa expanded their hostagetaking to include offshore supply vessels and general cargo ships.
“In the waters off of Southeast Asia, bandits increasingly target
mostly slow-moving vessels like tugs, trawlers and passenger
boats”. [9] “Modern pirates tend to attack and hijack cargo ships
and fishing vessels, which have commodities readily sellable on the
black market, and therefore rarely direct their attention towards
cruise ships. Smaller pirate gangs, who do not have the resources to
seize the cargo being transported, instead often board a ship to steal
substantial amounts of the cash ships carry for payroll and port fees,
and the recent trend is more frequent kidnappings of crewmembers
to be exchanged for ransom money”. [10]
Most of attacks worldwide in 2008-2017 are opportunistic against anchored ships, for robbing equipment, crew belongings and
money found on board, with the exception of 2009-2011 when
significant number of attacks were conducted against sailing vessels
(typical for Somali pirates). Table 1 and Fig.3 show the status of
vessels during the attacks in the period 2008-2017.
Table 1. Status of vessels during attacks, 2008-2017
Vessel

Actual

Attempted

2008

17

2009
2010

Anchored
Actual

Attempted

2

95

16

1

15

2011
2012
2013

Steaming

Total

Actual

Attempted

Actual

Attempted

9

87

82

199

93

101

18

84

185

201

204

3

115

16

119

177

249

196

5

2

120

12

96

204

221

218

15

3

130

20

57

72

202

95

24

1

139

20

50

29

213

50

2014

12

0

128

16

64

25

204

41

2015

22

4

104

10

91

14

217

28

2016

23

2

104

10

30

22

157

34

2017

11

1

90

8

40

29

141

38

Total

160

19

1126

139

718

839

2004

997

Attack

More crew members were kidnapped at sea in 2016 and 2017
than in any of the previous ten years, most of them in the Gulf of
Guinea. Although the Nigerian Navy recently extended operating to
counter attacks on merchant shipping, Nigeria continues to lead in
maritime hijacking and kidnapping with all 4 of the vessels
hijacked, all crew kidnappings and hostages taken (except of 1 crew
member) over the world in the first quarter of 2018. [6]

Berthed

Even assuming that much of the low-level incidents are not
officially reported, and therefore not included in the statistics, a
notable part of incidents before and after 2009-2011 has occurred
during steaming. Furthermore, the attacks against vessels underway
demonstrate a remarkable degree of success, given the difficulties in
accomplishing such task, especially since 2013.

Pirates’ targets, tactics, weapons and equipment
In general, the subject of pirate attacks is any craft - from yachts
to large transport and cruise ships. Preferred targets are relatively
slow and low vessels, such as cargo ships. Attacks on large
container ships, cargo ships and tankers are considered to be high
return but high risk operations. Tactical advantages of attacking and
hijacking such ships are: easy obtaining information about their
movement, route and cargo; easy tracking in international navigation channels; little crew. Slow movement and difficult maneuvering of such ships, as well as the proximity of the deck to the water
make it easy to approach by the fast attacking boats and pirates to
board. “Yachts are easy targets for pirates - with low risk and high
returns. Typically, pirates do not expect resistance from crew or
passengers. In most cases private yachts are owned by wealthy
people who are willing to pay a tall ransom. In the case of a refusal

On the whole, the number of successful attacks (boarded and
hijacked ships) significantly exceeds that of unsuccessful attacks
(attempted and firing upon ships), as is seen from Fig.1, Fig.3 and
Table 1. The less success of the attacks in 2009-2011 can be
attributed to the powerful international naval presence in the region
with the highest concentration of pirate attacks, together with
increased vigilance and security measures on vessels, in this period.
Similar conclusion is made also in [11]. Concerning the high rate of
successful attacks on steaming vessels over the last few years, it
could be due to ineffective counter-piracy actions in the regions
where the attacks take place. According to experts, the military
measures that have worked in the Gulf of Aden can not be applied
in other regions such as Southeast Asia: “Asia’s dense map of
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criminals or groups for sharing the business information via the
Internet, and so on”. [13] Pirates are using high-tech methods to
find out the location and the cargo of ships, with hackers who are
breaking in online and stealing ship manifests. “They are also flying
drones to identify unguarded ships in busy sea lanes. Law
enforcement is responding in kind, also employing drones to locate
pirates, and deploying specially-made spider web nets to entangle
their vessels”. [9]

territorial waters complicates the use of military vessels, a contrast
to the African coast, where they can operate more easily in
international seas”. [8] Reduced crew vigilance and non-compliance
with security recommendations, as well as improved pirate tactics,
may have contributed to pirates’ actions success.
Unlike their predecessors of the “Golden Age” of piracy who
often spent their lives at sea, modern pirates typically operate from
shore. “The few who pursue a career in piracy rather than attacking
a few random ships must have access to markets to sell their
plunder. They must also have an organizational structure, weapons
and surveillance equipment. Pirates who steal entire ships have to
find sympathetic ports where the authorities are willing to disregard
their illegal activities. In these ports, pirates re-register ships with
new names and false identification, creating phantom ships to use
for illegal purposes”. [12]

Contemporary anti-piracy protection measures
Regardless of how pirate practices evolve, it is undeniable that
the most common victims of pirate attacks remain most vulnerable
ships and these are relatively slow and low vessels, with insufficient
surveillance, small crews and lack of anti-piracy protection. A
decisive factor a ship to be attacked is the vessel’s physical
characteristics, combined with the visible use of defense measures.

Some of the modern pirates' tactics are the same as during the
"Golden Age". Pirates often attack ships from behind, night time,
using ropes with hooks to board the ship until someone raised the
alarm. If pirates are unable to pick up the cargo, they take the crew
personal valuables, equipment, and other things, and rob the ship's
safe, which often holds large sums of money. The most part of these
attacks take place relatively near shore, and the pirates use small
speedboats to carry them out.
Recently, some attacks have occurred far from shoreline. Using
"mother ships" and operating in well-organized groups pirates are
capable to operate hundreds of nautical miles from the coast, for
long time and despite the meteorological conditions. "Mother ships"
are usually commercial or fishing vessels, previously captured,
serving to transport pirates, their supply, fueling, weapons and
attacking boats at long distances. The attacks are carried out by at
least two high-speed boats with outboard engines approaching the
ship from different sides in order at least one of them to remain
unnoticed. Approaching the vessel, pirates are firing on the bridge
in an attempt to stop or slow down the vessels to facilitate their
boarding. The boats are positioned so that one or two armed pirates
can be transferred to the ship through light stairs or hooks. When
board the ship, they are firing the bridge until the other pirates
boarding. After that, the goal is to seize the bridge and take control
on the ship. The duration of the entire operation is from 15 to 30
minutes. Boarding of a vessel underway, especially at night and far
out in open seas, is a tactic usually associated with Somali pirates.
Modern pirates are heavily armed - they use automatic weapons
(most often AK-47), knives and RPGs. Types of weapons used in
attacks are presented in Fig.4. It is seen that in the few years
following 2012, with reducing the number of hijacking attacks, the
share of firearms involved in attacks gradually falls, while knives
remain preferred weapons convenient for carrying out robberies. In
the last years (2016-2017) this trend is changed - increased use of
firearms is observed, connected with the new wave of hijackings
and kidnappings.

In case of a piracy action in high sea, naval forces alerted often
can not get there on time because they are located in the coastal
waters, so the crew of the attacked ship must be able, if not to
prevent the attack, at least delay it for some time until military help
arrives. National laws of many countries do not allow crew on their
ships to carry firearms. Also, many countries have laws prohibiting
the import of any firearms into their territory. An effective, but
rather controversial measure (because of its potential to escalate the
violence), is the hiring of armed guards on board. However it is
expensive and related to legal and bureaucratic problems. [14]
Therefore most instructions for protection do not involve conventional weapons and require the use of non-lethal weapons (NLWs).
Vessels passing through dangerous waters have to comply with
some general recommendations and apply self-defense measures
depending on the situation and the vessel’s specific. These are
focused on preventing attacks, by encouraging commercial and
private vessels to apply industry-developed Best Management
Practices (BMPs). The BMP4 - Best Management Practices for
Protection against Somalia Based Piracy [15], although specially
developed in respect to Somali piracy, are applicable all over the
worlds high risk areas. They represent practical steps to prevent,
delay or repel piracy attacks and can generally be grouped as
follows: 1. Surveillance, alert and communications; 2. Maneuvering and speeding up; 3. Use of devices and physical barriers with
non-lethal action; 4. Increased protection of the bridge; 5. Provision
of safe crew compartment ("citadel"). 6. Hiring armed guards.
BMP4 contain valuable guidance on how to act in the event of an
attack as well as on the anti-piracy means that ships must be
equipped with.
Many companies on the world market offer products, systems
and services to assist merchant vessels in protection of cargo and
crew members. Ships today are increasingly employing various
non-lethal means ranging from simple and inexpensive means with
proven efficacy (such as barbed wire and high pressure water hoses)
to modern devices like directed energy NLWs. In recent years some
advanced means for prevention of boarding and obstruction of

Pirates are growing more sophisticated in their operations. “The
weapons used in piracy attacks are modernizing, and the pirates are
often armed with a variety of new conventional weapons and
sophisticated equipment, such as: applying radar to detect targets,
interfering ships’ communication systems and contacting other
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movement have been developed, some means originally designed
for other applications have been adapted to protect vessels. Fig.5
[16] presents an example of anti-piracy means configuration.

Contemporary concepts for protection against pirate attacks are
based on a multi-layered model which includes early detection,
evasion, approach discouragement, anti-boarding, obstruction of
movement and safe room. The early detection is critical for the
threat detection at the widest possible distance to provide sufficient
response time. It is provided by watchkeeping and enhanced
vigilance together with appropriate observation means (binoculars
with anti-glare effect, night-vision devices, long-range video
surveillance cameras, etc.). The evasion aims to avoid the attack
upon detection of threat by increasing the speed or taking
maneuvers. The approach discouragement consists of measures to
deter further approaching the ship - sending warning signs to
indicate that the ship is well protected and prepared to counter any
attack, through lighting the desk, illuminating the attackers by green
laser beams or high-power search lights, directed acoustic weapons
(long-range acoustic devices), water cannon, electromagnetic pulse,
pneumatic rope launcher, etc. The anti-boarding means are used
when the attackers are close the ship with the intention to board and
include razor wire, boat traps (wires or nets to entangle the pirate
boat propeller), electrified fences, anti-intrusion barriers to prevent
climbing, water curtains, etc. The obstruction of movement consists
of measures, in case of successful boarding, to prevent pirates to
move on desk and reach the bridge and safe room. Such means are
barriers and obstacles to avoid breach of doors, entry barriers with
sound/light/smoke effect, ballistic protection of windows, grids for
protection of vulnerable points against RPGs, etc., together with
classical means like pepper spray, electro-shock devices, slippery
foam, sticky foam. Non-lethal munitions with flash-bang, sting-ball
and other effects, launched by pneumatic devices or hand thrown,
can be used within the last 3 layers. The safe room (citadel) is
intended to conceal the crew in case of imminent danger and should
be well protected and equipped with everything necessary for
survival for several days. [14 - 19]

Conclusion
In the last years, maritime piracy is intensifying in some regions
with more frequent kidnappings crew for ransom, and pirate tactics
and equipment are becoming more sophisticated. At the same time,
anti-piracy measures are continually being developed and applied to
many vessels. Nonetheless, pirate attacks worldwide demonstrate an
alarming degree of success. In this context, the provision of
improved self-protection measures is becoming increasingly
important to ensure safety of ships and their crews.
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