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1 UKRAINE - EUROPEAN UNION: STATE, PROBLEMS AND
PROSPECTS

STRATEGIC INSTRUMENTS AND PROCEDURES FOR ENERGY
MANAGEMENT OF ROOF SOLAR POWER PLANTS ON THE BASIS OF
ENERGY SECURITY

Voynarenko M., Skorobogata L.

Khmelnitskyi National University, Ukraine
The main research

The active introduction of energy-saving technologies, especially renewable
energy technologies, in particular solar radiation and environmental heat, is closely
linked to the problems of energy independence of domestic enterprises. A moderate
approach to the integrated or integrated use of such energy resources will make it
possible to obtain the reliability and availability of uninterrupted energy supply to
major energy users (industrial, utility and public sector).

In this context, the problem of reliable energy supply, including through the
use of energy from renewable sources, should be considered in terms of the
competitive enterprise problem when formulating enterprise energy security
strategies.

When developing strategies for implementing innovative energy-saving
technologies, it is necessary to take into account the research of foreign scientists, in
particular, J. Jewell [1], who proposed a tactical (short-term) model of energy
security, taking into account external factors (political, economic, demographic,
international trade, etc.).

Energy security is a key determinant of survival in global economic markets, as
a component of economic security at all hierarchical levels (micro-, macro-, mega-
economics) presented at the European Science School, both Anglo-Saxon [2-4] and
Continental [5-7] .

Due to the novelty of the theoretical and methodological foundations of the
energy security of the enterprise, there are some differences regarding the diagnostics
of the energy security of the enterprise. For example, Nadtonka TB, Amelnitskaya
OV [8], to assess the energy security of an enterprise, consider threats that are
characterized by the energy efficiency of an industrial enterprise. Baev IA and

Karimova TG [9], when assessing the energy security of enterprises, offer a certain
~ 5 ~



set of indicators that are related to the possibility of obtaining information about the
acceptability or unacceptability of decentralization of energy supply of industrial
enterprises, etc. V. Samborsky [10] considers the assessment of energy security of an
enterprise as a component of its energy security strategy.

The introduction of innovative technologies for the use of renewable energy in
technological processes and industrial energy supply systems determines the urgency
of developing energy security indicators, on the basis of which it will be possible to
formulate a strategy for ensuring the energy security of the enterprise. The decisive
factor is the fact that Ukraine has significant technical and achievable potential for
the production of energy from renewable energy sources and alternative fuels, which
is over 98.0 million tonnes. n. per year [11].

The purpose of the article is to determine the indicators of effective energy
security assessment in the implementation of innovative technologies at enterprises,
including technologies for the transformation of energy from renewable sources into
thermal and electrical energy. To achieve this goal, the following tasks were set:

- defining the requirements for strategic instruments of energy management of
elements and systems of energy supply, which use renewable energy;

- establishment of energy management procedures for the implementation of
renewable energy technologies for timely identification of threats to the energy
supply of the enterprise and factors of influence of the external and internal business
environment of the enterprise in determining energy security;

- outlining the main aspects of the calculation of the integrated energy security
indicator in the implementation of renewable energy sources;

- determination of methodological approach to the calculation of the integral
index of energy security of the enterprise.

Energy security is to a large extent guaranteed by the stability of providing the
necessary heat and electricity for carrying out certain technological processes that are
specific and differ in energy intensity for different industrial fields. It should be noted
that in Ukraine fuel and energy resources are the most consumed in the production of
electricity produced by thermal power plants and thermal power plants (about 20.66% of
their total use), pig iron (12.33%), thermal energy produced and fired by boiler plants
(11, 67%), thermal energy produced and released by power plants (5%), for the activity
of pipeline transport for transportation of natural gas (2.09%), in the production of ores
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and concentrates of iron, non-agglomerated (2.06%), concentrates of iron ore
agglomerated (2.06%) for extraction non-agglomerated coal (1.74%), etc. [11].

It should be noted that 85% of coal, 13% of natural gas, 0.27% of heavy fuel
oil, 1.73% of other fuels are consumed by thermal power plants [11]. It is undeniable
that almost all thermal energy is produced from fossil energy resources, the use of
which leads to significant pollution of the environment by harmful substances. The
combustion of hydrocarbon fuels produces carbon dioxide, which causes the
greenhouse effect in the atmosphere. At the nuclear power plants, public attitudes are
wary of the possibility of serious accidents with radiation contamination in large
areas. Increasing the use of renewable energy sources will contribute to solving the
energy problem and reducing environmental pollution in Ukraine (along with the
further development of traditional energy and implementing energy-saving
measures).

In order to choose the best option for energy systems using renewable energy,
they take into account a set of requirements that take into account the appropriate
ratio between the benefits and costs [12].

A number of the most essential requirements are presented, which are
presented in Table 1, where the energy supply system is proposed according to the
energy security parameters, which will provide the creation of the correct methods of
their calculation taking into account the output data of a particular user, which will
help to minimize the total cost of the project. A number of the most essential
requirements are presented, which are presented in Table 1, where the energy supply
system is proposed according to the energy security parameters, which will provide
the creation of the correct methods of their calculation taking into account the output
data of a particular user, which will help to minimize the total cost of the project.

Table 1. Justification of the energy supply system by energy security parameters

Postulate Content of postulate

1. Taking into account | When designing energy generation systems and forecasting industrial
the peculiarities of the | energy consumption, the geographical features of their location should
climate and the local | be explored and made full use of. The characteristics of the flux of solar
landscape radiation determine the feasibility of using solar installations of one type
or another. Wind energy resources are determined by the average annual
wind speeds and the average annual probability in a certain wind speed
gradation, which makes it possible to assess the feasibility of using wind
turbines.
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2. Modularity

The block-modular construction of combined heat and power generation
systems enables the introduction of relatively small capacities and
increases them when needed. This allows for a rapid restructuring of the
architecture of the power generation system, based on the needs of the
consumer and the availability of a particular type of renewable energy.

3. Mutual-
complement

Uneven supply of different types of renewable energy sources is one of
the main reasons for their limited use. Improvement of technical and
economic indicators and stability of operating parameters of power
equipment can be achieved with complex use of renewable energy, on
the assumption that the intensity of their receipt does not coincide in
time. At the same time, as well as the introduction of reliable and
efficient energy storage systems, the stability of power systems and the
utilization rate of power equipment are increased.

4. Integration of
storage systems for
different types of
energy.

The combination of electric, thermal and mechanical energy
accumulators results in an increase in the total specific energy
consumption of the integrated battery and an improvement in its
performance.

5. Focusing on local
energy supply.

The energy supply of industrial plants with combined use of renewable
energy sources are designed as local energy systems and do not compete
with traditional TPPs, TPPs and HPPs in terms of capacity levels.

6. Ecological safety.

The use of alternative sources of energy in industrial energy supply
systems should help to improve the environmental situation of the
location due to the reduction of harmful substances generated by the
combustion of organic fuels into the environment and heat through
cooling systems (cooling towers, water-cooling). The main directions of
energy efficiency improvement and realization of energy saving
potential are not only the mentioned technological modernization of
energy supply systems. The use of renewable energy sources, subject to
technological modernization of energy supply, implies the cessation of
the production of energy inefficient products and the introduction of the
latest technologies, equipment and devices.

There are diverse views among scientists who are researching on energy
security issues about interpreting the definition of “enterprise energy security". Thus,
Mykytenko VV defines energy security as a system of combining potentials -
economic, political, technical, technological, resource and, in fact, energy, as well as
factors of scientific, geographical, organizational, managerial, etc., without taking
into account any analysis of any security impossible [13].

Shydlovsky AK, Kavalko MP consider energy security as one of the most
Important components of economic security: it is a state of providing the state with
fuel and energy resources, which guarantee its full vital activity and a state of security
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of the energy complex and the ability of energy to ensure the normal functioning of
the economy, energy independence of the country, the enterprise [14]. On the basis of
[15], a system of interconnected stages was identified, enabling the study of energy
security (Fig. 1).

—> General analysis of the energy dependence of the enterprise

—_— Stages of enterprise energy security research

Formation of a system of indicators (indicators) that characterize
the energy independence of the enterprise and changes under the
influence of internal and external factors

Identification, analysis and systematization according to relevant
features and degree of threats to energy security indicators

v

Determination of limit values of indicators, excess of which leads
to negative and destructive phenomena

\ 4

Determination of values of integral indicators of energy security

Stages of enterprise energy security research

Formulate recommendations and measures to prevent threats and
improve energy security

v

Figure 1. Research on energy security in the energy management system
A common point that brings together different approaches to building

indicators is a set of specific threats to the enterprise's energy supply. At the same
time, in our opinion, it is necessary to investigate with the help of SWOT the impact
of the external and internal business environment of the enterprise in determining
energy security (Table 2).

Table 2. SWOT analysis of the impact of external and internal business environment in
determining the energy security of the enterprise

”0” — OPPORTUNITIES ”T” — THREATS

Environment

Significant potential of unconventional natural | The threat of acts of terrorism at energy sites,
gas reserves (methane from coal deposits, | in the territories of countries that carry out
shale, biogas from solid waste landfills, etc.); | transit transportation of energy resources; the
branched and developed oil and gas pipeline | threat of nuclear terrorism, the problem of non-
systems; auction system for the sale of oil, | proliferation of nuclear materials; economic
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condensate and liquefied gas; significant
energy saving potential in industry, transport,
budgetary and household sectors; integration
into the European energy system; significant
greenhouse gas emission reduction potential;
branched district heating system; auctions of
permits and licenses for the development of
hydrocarbon fields.

threats (unfavorable market conditions);
environmental (large-scale accidents,
greenhouse gas emissions that threaten the
entire planet); energy poverty (lack of access to
sufficient numbers); speculation in the media,
which is a negative manifestation of the
modern globalized world (the artificial creation
of panic that leads to the destabilization of
energy markets); social threat (high production
accident, strikes and other possible protests,
etc.).

”S” — STRENGTH

"W” — WEAKNESS

Internal environment

The level of provision of the enterprise with its
own energy resources; fuel and energy balance
of the enterprise; technical condition and level
of energy efficiency of the enterprise;
environmental situation at the enterprise;
change of accounting policy of the enterprise;
change of energy (alternative) and supplier.

Monopoly dependence on one supplier or route
of energy supply; under-financing of works on
search of alternative sources of electricity,
reduction of their volumes; high dependence
on imports of natural gas and oil; outdated
production  facilities and a significant
proportion of the enterprise's non-usable fixed
assets; setting appropriate tariffs, coefficients
for enterprises; low level of investment and
innovation activity in the fuel and energy
complex of enterprises; absence of foreign
investments in the enterprises of the fuel and
energy complex; necessity of modernization,
re-equipment and production restructuring with
continuation of technological resource of
production capacities at the enterprises

Enterprises are involved in the management of energy security in three areas of
management: energy management (mastery of energy flow management in order to
achieve optimum socio-environmental and economic effect); energy audit (a complex
of services for checking the energy efficiency of the facility); energy marketing
(marketing support for the implementation of energy-saving systems in the
enterprise), etc. Energomarketing is exploring the development of a comprehensive
mechanism for providing logistics services and organizing marketing logistics
distribution during the planning and coordination of energy and information flows,
marketing communication support for the promotion of the latest energy-saving
technologies. Energy security is closely linked to energy independence, which is the
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level of autonomy of the company's management in formulating and implementing
policies that are independent of external and internal interference and pressure.

Conclusions

With the introduction of renewable energy technologies, the use of strategic
tools is a requirement for structural elements and the construction of energy supply
systems, which will increase the efficiency and reduce the energy consumption of
production.

Clearly identify the opportunities, threats, advantages, disadvantages of the
external and internal business environment of the enterprise in determining energy
security in the implementation of renewable energy technologies will allow the use of
the results of the conducted SWOT analysis. This will facilitate the implementation
of measures that will reduce the threats to the energy supply of the enterprise when
using energy from renewable sources.
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TRADE PHENOMENON OF HUMAN ORGANS - A THREAT TO THE
SAFETY OF CONTEMPORARY COUNTRIES

OzogJ.
Bydgoska Szkota Wyzsza, Poland
Introduction
In ancient times, the immoral problem of human trafficking originates. The
problem of human organ trafficking is no less immoral. In addition, it has covered
virtually the entire world, and the mere fact of trade is difficult to identify. This
article describes the areas of activity that would help to deal with this problem.

The main research

The conceptual apparatus characterizing trafficking in human organs has not
remained fully unified, and this concept has not been given one binding definition.
Normative acts in a more or less detailed formulate the scope of the analyzed
phenomenon, its manifestations, scope, or social harmfulness [27, 28, 29]. One
common definition was not formed, allowing for the classification of trafficking in
human organs as a separate phenomenon, which is treated in many international
normative acts [28, 29, 30] as a form of trafficking in human beings.

Trade-in human organs is a complex and complicated phenomenon. It ought to
be understood as interference in the integrity of the human person, which is
manifested in the denial of the human body to make a profit.

Characteristics of trafficking in human organs are debatable matter, which does
not allow for its unambiguous definition. Doubts can be raised by the very meaning
of the concept, which allows it to grasp it in the stricto and largo sense. Each
definition will be correct if its subject is the scope of action taken to deprive a human
being of organs, tissues or cells, with his consent or against her will.

When analyzing the conceptual apparatus of trafficking in human organs, one
should indicate the etymology of the concept of “trade" itself, which in various areas
of life adopts a different definition and meaning. Depending on the scope of its
application, it should be noted that "trade” in general means a specific exchange of
one good for another, which is associated with a free-market economy, allowing the
possibility of not only exchanging products but also buy-sell transactions [14]. When
there is a demand for a particular type of good, the market gives the opportunity to
find the right group that will be the producer of goods for which there is a demand.
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When analyzing the concept of "trade", in the scope of the existence of the
market for human organs, it can be cautiously stated that man, with a fully
commercialized mechanism of a functioning economy, has become a kind of
reservoir of spare parts and is treated in such a way when there are a demand for
organs, tissues and cells [10]. It should be noted that the dynamically progressing and
multi-directional commercialization of human life, as well as increased consumerism,
contribute to expanding the search for new solutions that can become one of the
elements affecting the extension of life, in the case of long waiting for organ
transplantation.

Defining trafficking in human organs is difficult because the very meaning of
the word trafficking, which is used in international law to describe this practice,
raises linguistic doubts. The etymology of the word suggests that it originates from
the concept of trade meaning trade. Therefore, it is possible to make a word cluster
and indicate that trade of organs will mean trade in organs [21]. However, the term
trafficking indicated is used in a negative connotation when characterizing concepts
related to trafficking in human organs [16]. Its meaning alone does not allow defining
the phenomenon of organ trafficking, because it is too general and combines various
types of activities aimed at "legally” or "illegally" taking human organs in order to
use them as spare parts for people who need them survival or prolongation of life.

The concept of trafficking in human organs was characterized for the first time
in legal terms in the Joint Report of the Council of Europe and the UN [12, 35],
where the typology and the dual definition of the concept of trade were clearly
defined. The title of the indicated report indicates two concepts of trafficking in
human organs - the first: trafficking in organs, tissues and cells - which means
trafficking in organs, tissues and cells (definition of sense largo) and the second:
trafficking in human beings for the purpose of organ removal- where trafficking in
human beings was indicated for removing the organ (as a strict sense) [4].

The typology made by international bodies for the first time gives the
opportunity to show the complexity of the problem of trafficking in human organs,
where not the act itself is forbidden, but also any actions that accompany it and
provide an incentive to perform organ donations for illegal transplantation. The
purpose of trafficking in human beings for the purpose of taking internal organs from
them is by law illegal. Both of these forms have a different range of impact - where
the goal can be to take organs or assassinate people to remove an organ.
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It is only possible to analyze detected cases of trafficking in human organs, in
which man is most often not the target of organized criminal groups involved in
trafficking in human organs, but only a means to achieve it [2].

Human commercialization [7, 8], its reification and reduction to the usefulness
of a usable object brings significant benefits and results from the growing deficit of
organs for transplants on the legal market of transplant services. This problem
concerns a large part of countries on the map of the modern world.

Trafficking in human organs is one of the problems whose territorial scope is
increasing with increasing dynamics. The man living in a world dominated by
economics focused on reaping benefits becomes an object to achieve the goal. It can
even be cautiously stated that almost every authority can be a source of marketing. In
this world, problems regarding the highest values such as health or life of the
individual and the community require deeper reflection [24].

In the modern world, the phenomenon of trafficking in human organs is a
significant legal and criminological problem [11]. Its analysis appears not only in
police statistics or research of international organizations (including the European
Union, the United Nations, Organs Watch and other located in countries whose
indicated problem concerns or may relate to), but also become a socio-economic
issue of global scope, which is beginning to be discussed.

A consumerism-based society focused on the intensive development of modern
technologies, and medical engineering treats the human being as almost perfect. New
solutions introduced in transplantology, related to the search for "alternative
solutions™ allowing for transplants, despite their advancement, are not yet fully
developed to ensure an adequate supply of organs with the existing demand.

Comprehensive analysis of phenomena related to and trafficking in human
organs as a socially negative phenomenon allows to analyze its size, taking into
account the "dark number"” [11] of committed crimes, dynamics and severity, as well
as a structure that can only be assessed on the basis of disclosed acts of trafficking in
human organs in various countries.

The size of trade in human organs can only be approximated. The actual
number of crimes and their perpetrators [20] is difficult to indicate because there are
significant discrepancies between disclosed and undisclosed crime. It is also
problematic to prove to commit a criminal act, which is trafficking in human organs.

....15.....



The indicated procedure remains a great unknown, and the few cases of its disclosure
[26] may constitute only a small percentage of the entire scale of the phenomenon.

The number of crimes related to carrying out illegal transplants is increasing
every year. An example of the intensification of this phenomenon is the expansion of
the group of countries in which the abovementioned practice occurs [2]. It should be
noted that the shortage of organs in the market of transplantation services has a
significant impact on shaping the shadow economy, which causes the operation of the
illegal market of human organs trade [26].

The specifics of the "business™" analyzed are changing, ways of reaching organ
traffickers, intermediaries who are a group of people who directly contact donors and
recipients, or supervise the proper course of the transaction itself, using new methods
of obtaining organs for transplantation. One thing remains unchanged - the constantly
growing demand for organs, which affects the severity of pathological phenomena
associated with the trafficking of human organs and its impact on increasing the
threat to the security of modern countries.

It seems impossible to fully analyze the number of phenomena associated with
organ trafficking and to indicate its scale. An assessment of the dynamics of the
development of crime related to trafficking in human organs is theoretically possible,
but the black market should be fully explored, where the commercialization of the
human body, both living and dead, is most common. It can be concluded that due to
the growing demand for organs, with a relatively constant [18] number of transplants
carried out by transplant centers, it is not possible to stop this practice, which is
naturally driven by demand.

The authorities of modern countries, having within their jurisdiction to
maintain public order and security, are increasingly revealing cases of organ
trafficking. However, just proving and establishing it requires the indication of
tangible evidence in the form of recognition of criminals committing acts related to
the sale of human organs or donors themselves and recipients who, in fear of losing
their lives (if they are living donors), do not report violations of their dignity through
organ donation [13].

It is impossible to assess the real dynamics of its development and intensity,
without real recognition of the problem and implementation of procedures aimed at
reducing the number of crimes committed on the human body. Incidental, isolated
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cases of trafficking in human organs [25] described in the media are only the "tip of
the iceberg."”

The assessment of the structure of crime in the area of trafficking in human
organs refers to the individual cases of countries where it occurs.

The main reason causing an increase in the number of criminal phenomena
associated with the paid purchase and sale of organs is their shortage on the legal
market of transplant services [9].

It can be assumed that the authorities of modern countries, trying to implement
legal regulations [31,33,34,32,34], find a solution to this situation, even by
introducing implied consent [17], meaning the possibility of taking organs from a
deceased person, if he/she is not alive it expressed a clear opposition to the situation.
The letter of the law determines the theory that should be applied, while practice
shows that doctors, taking into account moral or religious reasons, attach great
importance to the will of the deceased person's family, which often makes the final
decision about the possibility of taking or not collecting organs for transplant.

It can be cautiously stated that the indicated situation is one of the causes of a
large organ shortage that could be used to help people awaiting transplantation [23].
Despite increasing awareness and the importance of transplants, societies still do not
have adequate knowledge about the importance of these activities for the functioning
and development of transplant medicine.

The lack of organs, or rather too small their number, is one of the determinants
influencing the continuous strengthening of the "black market" of human organs trade
[6]. The situation of recipients searching for organs generates not only a threat to the
development of legal transplants but in economic terms it brings significant losses to
the financial functioning of states.

An equally important reason, which has a significant impact on increasing the
market of human organs trade, is the increasing poverty, poverty, lack of work, and
resources for a normal life. People who, having no opportunity to function with
dignity in society, due to the lack of sufficiently large financial resources needed to
support themselves and their family, decide on the possibility of paid disposal of an
internal organ. Extreme cases of this practice can be observed on the example of the
poor districts of Rio de Janeiro, the province of Nepal, Moldova, poor African
countries, cities, and villages in Romania, Georgia and Turkey [36].
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In addition to the above, one of the important determinants affecting the
increase in the scale of the phenomenon of trafficking in human organs for modern
societies is the attempt to get rich quickly, and the body is treated as a means of
making a profit [5].

You can find information on the willingness to sell organs for a fee on
websites. In motivation, the potential "donor" gives the reason for the need to get
money. However, the situation not always indicated is due to poor social situation or
poor social and living conditions.

Increasing the importance of trafficking in human organs is increasingly due to
the desire to obtain a source of financial resources, not for individual sellers (donors,
brokers), but for organized criminal groups for which it is a form of lucrative practice
[28].

In view of the thesis that a man "as a whole" will not bring as much financial
profit as a man "in parts”, it should be noted that criminals are able to use the
opportunities offered by the poor legal transplant market and corruption, where for
money, in an efficient and perfectly camouflaged way you can buy almost anything.

Analyzing the activities of organized criminal groups focused only on making
a profit, it should be noted that selling parts of man - organs, tissues, and bones is
potentially an excellent source of income. In the situation of using the human - the
donor - as a "reservoir" of spare parts, it can be seen that all boundaries of respect for
human dignity are blurring. Man as an individual is forced to become a donor -
without the possibility of refusing (as a result of kidnapping, abduction, coercion to
work) [37].

Imagining the territorial scope and scale of the phenomenon of trafficking in
human organs would not be fully possible without defining the phenomenon of
transplant tourism, which is becoming a form of camouflage, for illegal organ
donations and transplants. The very concept of transplant tourism [19] is associated
with trips of recipients from the most-rich, highly developed countries, to developing
countries, where they will be able to receive, in a much shorter time than it is when
waiting for a legal organ for transplantation. Transplant tourism is somehow a
"response” to the constant shortage of organs for transplants, which determines the
growing demand for them [15, 19].

The exact and matter-of-fact definition of transplant tourism has been indicated
comprehensively based on the Istanbul Declaration [8] in the definition part:
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"Transplantation travel is the activity of moving organs, donors, recipients, or a
transplantation team outside the jurisdiction of the state for transplantation purposes.
Transplantation travel becomes transplant tourism if it involves organ trafficking and
/ or transplant commercialization, or if the means (organs, transplant teams,
transplant centers) involved in providing transplants to patients from abroad reduce
the country's ability to provide transplant services for its citizens. "

The very name of the phenomenon of traveling abroad to find the possibility of
receiving a transplant illegally - by way of the purchase-sale transaction indicates the
existence of a deeply rooted problem of the intense development of the phenomenon
of trafficking in human organs [18].

The method of making transplant tourism has been defined
in the UNOS (United Network for Organ Sharing) document: "Transplant tourism
should be understood as the purchase of a transplanted organ abroad, which is
associated with the need to circumvent the laws, procedures, and policies of one or all
of the countries involved."

Increasingly, transplant tourism is referred to as health imperialism [3], whose
creators can be considered the modern states of "suppliers” of spare parts, where the
procedure itself takes place and which, as part of their activities, give silent consent
to criminal groups involved in committing the crime of trafficking in human organs.
Transplant tourists, taking advantage of the indicated possibility of obtaining the
necessary organ due to legal restrictions in the countries of their origin, flee from
investigations regarding the possible origin of organs that have been transplanted.

It should be noted that there is currently no one common model of transplant
tourism, but four models have been created that were presented at the Second World
Consultation on Human Transplants in Geneva in 2007 [3].

Model 1 indicates a situation in which the recipient (from country B) travels to
country A, where the donor and transplant center is located. For model 2, the donor
(from country A) travels to country B, where the recipient and transplant center is
located. Model 3 illustrates the situation in which the donor and recipient come from
one country (A) and travel to country B, where the transplant center is located. Model
4 indicates the situation when the donor from country A and the recipient from
country B travel to country C, where the transplant center is located [3].

Due to intensive globalization and an increase in access to various forms of
communication between countries, latent, but real human trafficking occurs [1].
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Exploiting the poor life situation of the poor, who go as far as possible to get funds to
maintain their home and family, has become a showcase, a keynote and response to
the need for transplant organs [36, 37].

Lack of elementary knowledge regarding the risk of organ harvest and
indication the demand for organs causes constant strengthening of the phenomenon of
transplant tourism, which gives the opportunity to bypass the classic "waiting list"
and at the same time, a chance for health and life [25].

Paradoxically, it is difficult to accept that transplant tourism has become the
reason for the rapid development of human organ trafficking. However, there are
places which in their specificity and assumption have organ trafficking [22] - an
example of the indicated practice is the so-called Kidney Vakkam - a kidney village
that was founded and operated in the Indian city of Madras [22].

Another example of a decision-making state in the field of transplant tourism
Is Israel as the most significant country in terms of use from the services of illegal
clinics to transplant organs to residents. Transplant tourism is almost every day for
the inhabitants of Israel and is quite transparent in the indicated country. A highly
educated society, having knowledge about the functioning of transplants organized by
the state, avoids receiving organs from deceased people, which is the reason for the
increase in the number of transplant trips abroad.

It should be emphasized that the continuous lack of organs for transplantation
and the ubiquitous poverty and poverty constitute the basis for the functioning of
transplant tourism, which gives a kind of opportunity - on the one hand for recipients
who receive an organ, and on the other a donor - who receives money by donating the
organ. Therefore, the problem is looping due to mutual benefits for both donors and
recipients. However, the indicated form allows you to bypass the legal prohibitions to
acquire organs illegally, because since the state prohibits something in issued
documents, the easiest way is to go to another, which gives you the opportunity to
implement the plan without unnecessary complications [8, 13, 19].

The plan to obtain an organ for transplantation not only brings benefits
for the recipient but a specific risk for the donor. The recipient becomes a consumer -
a buyer requiring a good quality organ at a reasonable price. Therefore, it can be
cautiously stated that in view of the thesis, the donor becomes a secondary character,
as well as ways of obtaining organs. Omnipresent commercialization has its mark on
the strength with which transplant tourism is developing. However, until the
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availability of legal transplant services on the market increases, the problem will
certainly not disappear.

It should also be noted that proving that a specific type of act committed by a
donor and recipient traveling outside the country to carry out organ transplantation is
transplant tourism, is extremely difficult because currently many countries in the
world have not developed an appropriate transplantation policy in their functioning,
which results in lack of transplant centers and medical options for transplantation.

It is controversial that trade in human organs has become one of the very
dangerous and lucrative forms of making a profit, receiving funds without
unnecessary effort. The indicated phenomenon, despite attempts to limit it, reduce it
and close it within the limits of the legal framework, will not bring the expected
effect until drastic legal and organizational measures are taken that can increase the
public awareness of the importance of transplantation in the modern world. It will
also not be possible to reduce the scale of the phenomenon of trade in human organs
and the dynamics of its development. Without increasing the number of organs on the
legal transplant market, it will not be possible to limit the purchase and sale of organs
on the black market. What has been emphasized many times - until the time when
demand exists, supply is naturally fueled, and the guarantor of its existence is money
as a form of payment for services rendered, which is sometimes a goal, and
sometimes a means to achieve the goal.

Summary

Trafficking in human organs remains a phenomenon that is still not fully
recognized. It is a manifestation of interference in the integrity of the human person,
which is manifested in the reification of the human body to make a profit. Therefore,
only the characteristics of the detected cases of its occurrence are possible.
Trafficking in human organs brings significant profits and results from the reasons
associated with the deficit of organs on the legal market of transplant services, and it
Is a complicated and complex phenomenon that threatens the security of modern
countries.

The need to increase awareness of the threat posed by trafficking in human
organs forces us to review existing normative acts in this area and to indicate possible
solutions that will allow for the harmonization of prosecution procedures for this
crime.
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The geography of the phenomenon of trafficking in human organs indicates the
expansion of the territorial area of its occurrence from individual countries to almost
all on the map of the modern world. The territorial distribution of crime in the
indicated area is of great diagnostic importance, because it allows to determine
potential directions of development of the phenomenon of illegal organ donation and
transplantation, and thus the analysis of its current internal issues, evaluation
perspectives, and interrelationships that affect the structure and dynamics of
phenomena occurring there criminal.
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PARLAMENT EUROPEJSKA - POWYBORCZA PANORAMA

Szymborski W.
Uniwersytet Technologiczno-Przyrodniczy w Bydgoszczy

Wstep

Na wiele miesiecy przed wyborami do Parlamentu Europejskiego (23-26 maja
2019 r.) zadawano sobie dwa powigzane ze soba pytania: jak daleko idacemu
ostabieniu ulegng wptywy frakcji o szeroko rozumianej orientacji prounijnej oraz na
ile zyskaja przeciwnicy Unii Europejskiej w dzisiejszej formule (eurosceptycyzm).
Na szczeScie nie sprawdzity si¢ obawy o znaczace] zmianie uktadu sit, ktory moglby

spowolni¢, zatrzymac, a moze nawet odwroci€ proces integracyjny.

Uklad sit w PE

Azeby lepiej uchwyci¢ nowy uktad sit, nalezy zatrzymaé si¢ na wykresie
pamigtajac, ze w PE obowigzuje podzial na frakcje tworzone przez
eurodeputowanych o podobnych pogladach politycznych, nie za$ na podstawie ich
przynalezno$ci narodowej. Najwigksza liczbe eurodeputowanych wprowadzita EPP
(wszystkie skroty odnosza si¢ do jezyka angielskiego), czyli Europejska Partia
Ludowa, zrzeszajaca partie chrzesécijansko-demokratyczne, ludowe, konserwatywno-
liberalne 1 demokratyczne (w jej sklad weszli cztonkowie Platformy Obywatelskiej 1
PSL). Druga co do wielkosci frakcjg jest S&D, czyli Postepowy Sojusz Socjalistow 1
Demokratow, skupiajacy eurodeputowanych o pogladach socjalistycznych 1
socjaldemokratycznych (w jej sktadzie znalezli si¢ przedstawiciele SLD oraz Wiosny
Roberta Biedronia). Od chwili pierwszych wyboréw do PE (1979 r.) obie te frakcje
tworzyty koalicjg, ktora dawata im bezwzgledng wigkszo$¢ miejsc 1 co za tym idzie
pelng mozliwos$¢ przy obsadzaniu unijnych stanowisk. Tym razem tak si¢ nie stato 1
aby stworzy¢ wigkszos¢ nalezalo znalez¢ koalicjanta, ktérym mogli zostaé
cztonkowie frakcji Renew Europe, §wiezo powotanej frakcji liberatow 1 demokratéw
lub Greens/EFA — przedstawiciele Zielonych/Wolnego Sojuszu Europejskiego.
Ostatecznie dwie najsilniejsze frakcje zdecydowaty si¢ na sojusz z demokratami, co

daje im 444 miejsca sposrod 751 cztonkow PE.
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Parlament Europejski: 2019-2024

Na lewo od Zielonych funkcjonuje jeszcze frakcja GUE/NGL (Zjednoczona
Lewica Europejska — Nordycka Zielona Lewica), grupujaca partie socjalistyczne,
komunistyczne i ekosocjalistyczne [1].

Greens/EFA 108

\

74
15\

Rys. 1. Parlament Europejski: 2019-2024

Po prawej stronie okreslanej mianem populistycznej lub eurosceptycznej
znalazta si¢ ID — Tozsamo$¢ 1 Demokracja, jednoczaca gldwnie przedstawicieli
wloskiej Ligii P6inocnej Matteo Salviniego, francuskiego Zjednoczenia Narodowego
Marine Le Pen i Alternatywy dla Niemiec. M. Salvini miat nadzieje, ze wraz z ECR
(Europejscy Konserwatysci 1 Reformatorzy, (wsrdd nich znajdujg si¢ europostowie
PIS) oraz czgscig NI (eurodeputowani niezrzeszeni) uda si¢ stworzy¢ eurosceptyczng
koalicj¢ zdolng do zgromadzenia nawet 250 europostow, co — zdaniem Europejskiej
Rady Spraw Miedzynarodowych — ,przy taktycznych sojuszach pozwolitloby im
blokowa¢ procedury z Artykutu 7, zwigzane z ochrong praworzadno$ci w panstwach
cztonkowskich, a nawet doprowadzi¢ do rozpadu UE” [2].

Eurosceptykéw w PE cechuje duza réznorodnos¢. Znajduja si¢ wsrdd nich nie
tylko typowe partie antysystemowe, zwykle radykalnie prawicowe i1 odrzucajace
integracje europejska (,,twardy” eurosceptycym) oraz te, ktére nie opowiadajg si¢
wyraznie za rozwigzaniem Unii Europejskiej czy przeciwko jakiejkolwiek integracji,
ale podchodza do niej z dystansem lub jawng krytyka (,,mi¢kki” eurosceptycym) [3].
To, ze chadekom, socjaldemokratom i liberalom udato si¢ zawrze¢ koalicje, a w

rezerwie pozostaja jeszcze Zieloni, nie moze w zaden sposéb ,,przykry¢” faktu

....25...



skokowego wzrostu eurosceptycyzmu wsrdéd obywateli panstw cztonkowskich, co ma
przetozenie na sktad PE. O ile frakcje o ,twardym” 1 ,migkkim” poziomie
eurosceptycyzmu stanowity w kadencji 2009-2014 ponad 8% sktadu PE, w latach
2014-2019 — blisko 12%, to w obecnej kadencji jest ich juz okoto 19%. Przyczyn
takiego stanu rzeczy jest sporo i lezg one zaréwno po stronie elit politycznych
poszczegolnych panstw cztonkowskich, jak 1 praktyki politycznej instytucji unijnych
(analiza tej materii wymagataby jednak osobnego tekstu).

Ostatnie wybory odwrocity spadkowg tendencje dotyczaca frekwencji. Podczas
pierwszych wyborow wyniosta ona 63%, przy kazdych kolejnych obnizata si¢ az do
poziomu 43% w 2014 r. Obecny wzrost 0 8% [4] mozna byloby uznaé za zjawisko
pozytywne, gdyby nie fakt, ze stalo si¢ tak dzieki zwiekszonej aktywnosci elektoratu
eurosceptycznego. Pozytywnym zjawiskiem jest coraz wiekszy udzial europostanek —
z 19% w 1979 r. do 41% obecnie (w przypadku naszego kraju udzial kobiet to
jedynie 35%). Z uznaniem nalezy rowniez przyja¢ fakt, ze 435 sposrod 751
eurodeputowanych zasiada w PE po raz pierwszy. Samo w sobie nie daje to jednak
rgkojmi lepszego przygotowania merytorycznego, poziomu pracowitosci, czy
chociazby tak elementarnego wymogu jak znajomos¢ jezyka angielskiego (chodzi tu
gltownie o europostow pochodzacych z panstw tzw. nowej Unii).

Przecietny wiek czlonka izby wynosi 55 lat z czego najmtodszy ma 28, a
najstarszy 90 lat. W przypadku Polski przeci¢tna wieku wynosi 61 lat (pod tym
wzgledem zajmujemy ostatnie miejsce), przy czym najmlodszy europoset ma 42 lata,
a najstarszy 80.

Obsada unijnych stanowisk

Rada Europejska, czyli przywodcy panstw cztonkowskich, dokonali 2 lipca
2019 r. wyboru kandydatow na cztery najwazniejsze unijne stanowiska, ktorzy
formalnie musieli jeszcze uzyska¢ aprobate PE. Przewodniczacym Rady Europejskiej
zostal dotychczasowy belgijski premier Charles Michel, przewodniczacag Komis;ji
Europejskiej obecna jeszcze minister obrony Niemiec Ursula von der Leyen,
Wysokim Przedstawicielem UE ds. Zagranicznych 1 Polityki Bezpieczenstwa
dotychczasowy minister spraw zagranicznych Hiszpanii Josepf Borell, za§ prezesem
Europejskiego Banku Centralnego wybrano Francuzke Christine Lagarde, zajmujaca
dotad funkcje dyrektora zarzadzajacego Migdzynarodowego Funduszu Walutowego.
Osiagnieto w ten sposob peten parytet pici: dwie kobiety i dwoch mezczyzn [5]

~ 26 ~



Zadne z wymienionych stanowisk nie przypadto politykowi pochodzacemu z
panstw ,,nowej UE”, a szczegolnie regionu Europy Srodkowej. W zwiazku z tym
jedynymi reprezentantami tego regionu byli Polacy z rekomendacji Platformy
Obywatelskiej: Jerzy Buzek oraz Donald Tusk [6]. Taki podziat najwazniejszych
unijnych stanowisk znaczaco zaburza niezbgdng roOwnowage pomigdzy ,stara” a
,nowa” Unig. Jedng z przyczyn jest niewatpliwie pasywna polityka panstw naszego
regionu 1 to mimo licznych zapewnien obecnego rzadu polskiego, ze mamy do
czynienia ze sprawnie dziatajacg koalicja (pod przewodnictwem Polski), majaca
skutecznie artykulowa¢ wspoOlne interesy tak, aby przynajmniej cze§ciowo
zrOwnowazy¢ pozycje panstw ,,starej” Unii.

Dzien po mianowaniu przez Rad¢ Europejska kandydatow na wspomniane
wyze] stanowiska eurodeputowani przystgpili do wyboru Przewodniczacego PE
Kandydature moze zglosi¢, za zgoda zainteresowanego, frakcja polityczna lub co
najmniej 40 europostow. W regulaminie PE podkresla si¢, ze ,,podczas wyboru
Przewodniczacego, wiceprzewodniczacych 1 kwestorow wskazane jest zapewnienie
sprawiedliwej reprezentacji panstw cztonkowskich oraz opcji  politycznych”.
Ostatecznie funkcje ta objal wloski socjalista David Sassoli, za§ w gronie 14
wiceprzewodniczacych znalazia si¢, jako reprezentantka EPP, byla premier Ewa
Kopacz.

Jak zwykle najwigcej kontrowersji wywotuje wybor przewodniczacego
Komisji Europejskiej, ktorego kandydatur¢ Rada Europejska przedstawia PE do
zatwierdzenia. Jeszcze w 2012 r. PE przyjal rezolucje, ktora miata sktonic¢
europejskie partie polityczne do przedstawiania wilasnych kandydatéw na szefa
Komisji, tak aby sposrod nich dokonac ostatecznego wyboru. W 2019 r. wysunigtych
zostato szesciu ,,wiodacych kandydatow” (termin wszedt do obiegu politycznego pod
niemieckg nazwa ,,Spitzenkandidaten” [7], z ktorych dwoch — Manfred Weber ze
strony chadekoéw oraz Franz Timmermans ze strony socjalistow — miato najwigksze
szanse na wybor. Pomijajagc watki zakulisowych rozgrywek wydawalo si¢, ze niemal
pewnym faworytem statl si¢ Timmermans. Woéwczas przeciwko tej kandydaturze
wystapili m.in. Wiosi oraz Grupa Wyszehradzka (Polska, Wegry, Czechy 1
Stowacja), przy czym najglo$niej protestujacym byt premier M. Morawiecki, dla
ktorego Timmermans byt twarza sporu rzadéw PiS z unijnymi instytucjami. Zaden
inny polityk europejski nie byt tak czesto 1 zajadle atakowany 1 demonizowany przez

pisowskich politykéw oraz wierne partii media. Chodzito tu przede wszystkim o
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kwestie przestrzegania w naszym kraju zasad praworzadnosci w kontekScie zmian w
systemie sgdowniczym.

Ostatecznie na nowg przewodniczgcg Komisji zostalta nominowana niemiecka
chadeczka Ursula von der Leyen pierwsza kobieta, majgca objaé to stanowisko od
momentu  zapoczatkowania procesu integracyjnego. Utracenie kandydatury
Timmermansa, premier Morawiecki przedstawil jako wielki sukces polskiej
dyplomacji 1 mozna si¢ z tym zgodzi¢ tylko wtedy, gdy cala nasza strategi¢
sprowadzimy do hasta: kazdy tylko nie Timmermans. M. Morawiecki gratulowat von
der Leyen wyboru i podkreslit, Ze rzad od poczatku opowiadat si¢ za kandydatem,
ktory ,dawatl nadziej¢ na pojednanie” (1 jest w tym wzgledzie ,,0stroznym
optymistg”), a nie za tym, ktory ,poucza, beszta, dzieli i tworzy konflikty w
Europie”. Trudno powiedzie¢, jak na dluzsza mete bedzie uktadata si¢ wspodlpraca z
nowa przewodniczaca, jesli juz w pierwszym wystgpieniu przed PE uznata ona
kwestie  przestrzegania praworzadnosci za jedng z  wiodacych, jesh
wiceprzewodniczagcym Komisji bedzie dalej F. Timmermans z tym samym zakresem
kompetencji no 1 jak to si¢ da pogodzi¢ z czegsto artykutlowanym germanofobizmem
obozu rzadzacego.

Przyjeta przez Polske, reszte Grupy Wyszehradzkiej oraz cz¢sciowo Bulgarie 1
Rumunig strategia ,.kazdy tylko nie Timmermans” zmniejsza szanse na przywrocenie
koniecznej rOwnowagi pomigdzy ,.starg” a ,,nowg” Unig. Nie formutujac jasnego
przekazu co do wizji przywrdcenia tej rownowagi 1 skupiajac si¢ jedynie na
deklaracjach o konieczno$ci jej przywracania sami utrwalamy wizerunek naszego
regionu jako Europy drugiej kategorii. Premier Morawiecki oczekuje od ,,starej Unii”
zrozumienia dla naszej postkomunistycznej specyfiki; zgoda, tylko jezeli druzyna w
pitk¢ nozng w kategorii do 21 lat decyduje si¢ na gre z seniorami, to nie moze
oczekiwac od sgdziego (w tym przypadku jest im Trybunat Sprawiedliwosci UE), ze
nie zauwazy on jej spalonego, faulu lub tzw. reki. Prezydent Macron czgsto powtarza,
ze Unia nie jest supermarketem, w ktorym kazdy wybiera sobie tylko to na co ma
ochote, natomiast jest wspolnota o niespotykanych w innych regionach $wiata
wigzach gospodarczych, wyposazong we wilasny budzet umozliwiajacy w ramach
polityki spojnosci zmniejsza¢ réznice rozwojowe pomiegdzy ,,starg” a ,,nowa” Unig
oraz dziejaca w oparciu o jasno zdefiniowane zasady 1 wartosci, z ktorych

praworzadno$¢ nalezy do kluczowych.

~ 28 ~



»Skladanie” Komisji

Ursula von der Leyen chciata ,,ztozy¢” sktad Komisji w ciszy 1 poufnosci,
spotykajac si¢ z przywodcami panstw UE, tak aby oceni¢ kompetencje potencjalnych
kandydatow oraz ich szanse na akceptacj¢ przez komisje parlamentarne. Wynik
przestuchan ma kluczowe znaczenie dla ostatecznego gtosowania nad catym sktadem
Komisji, gdyz jako ciato kolegialne jest ona powotywana i odwolywana w cato$ci.
Dla Przewodniczacej istotnym elementem jest rowniez zachowanie parytetu ptci stad
prosita ona przywddcow o zglaszanie dwoch kandydatur, kobiety i m¢zczyzny [8].

Przeshuchania trwaja okoto trzech godzin i sg transmitowane satelitarnie i w
Internecie, umozliwiajagc kazdemu obserwowanie ich przebiegu. W przesztosci
komisje kilkukrotnie odrzucaty konkretnego kandydata, co zmuszato jego rzad do
przedstawienia innej kandydatury. Jeden przyktad: w 2004 r. Rocco Buttiglione
zostal wystawiony przez rzad wioski jako kandydat na cztonka Komisji. Owczesny
przewodniczacy KE wlaczyl go do listy nominowanych jako swojego zastepce i
komisarza do spraw sprawiedliwosci. Kandydatowi wytknigto podczas przestuchania
konserwatywne poglady m.in. dotyczace homoseksualizmu 1 roli kobiety w rodzinie.
Frakcje socjalistow 1 zielonych przedstawity zastrzezenia co do jego zdolnosci do
podjecia dziatalnosci politycznej w sferze praw obywatelskich. Ostatecznie Komitet
ds. Wolnosci Obywatelskich, Sprawiedliwosci 1 Spraw Wewnetrznych PE glosowat
w stosunku 27:26 za nieprzyjeciem nominacji [9].

25 lipca 2019 r. podczas wizyty U. von der Leyen w Warszawie, premier
Morawiecki przedstawit Krzysztofa Szczerskiego (szef gabinetu prezydenta Dudy)
jako polskiego kandydata na komisarza. Nastgpito to tydzien po przegraniu przez
niego batalii o stanowiska zastepcy sekretarza generalnego NATO 1 trzy dni po
oswiadczeniu przez Konrada Szymanskiego (wiceminister ds. europejskich), ze
wladze sg ,,zdecydowane stworzy¢ system stalych konsultacji polskiego komisarza z
premierem”, czyli ze polski komisarz bedzie otrzymywat instrukcje z Warszawy [10].
To sytuacja bez precedensu, gdyz unijne traktaty zobowigzuja czionkow KE do
zachowania neutralno$ci i wprost zakazuja im konsultowania si¢ z jakimkolwiek
rzadem. Same panstwa czlonkowskie sg tez zobligowane do niewywierania wptywu
na swoich komisarzy [11]. Jesli ten system zostalby wdrozony Polske czekaé bedzie
kolejny blamaz w UE.

Etap wstepnych sondazy 1 uzgodnien, czyli dyplomatycznej kuchni, zaktdceit

premier Morawiecki, ujawniajagc nazwisko polskiego kandydata oraz oczekiwany
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przez nas podziat resortow. Premier stwierdzil, ze rzad spodziewa si¢ objgcia przez
polskiego komisarza jednego z wazniejszych resortow gospodarczych, a do takich
naleza wolny rynek, budzet, handel 1 energetyka. Takie postawienie sprawy
skazywalo nas z gory na porazke, albowiem K. Szczerski po pierwsze nie zna si¢ na
gospodarce 1 nigdy nie zajmowat zadnych stanowisk rzadowych, po drugie, jest bodaj
najbardziej eurofobicznym kandydatem wsrdd nazwisk, ktore pojawialy si¢ na tzw.
gietdzie 1 po trzecie aktywnie popieral niezgodne z prawem unijnym zmiany w
systemie sagdowniczym. Byl to zatem kandydat polityczny, czy wrecz ideologiczny, a
nie technokratyczny i az dziw bierze, ze PiS mogl liczy¢ na zaakceptowanie jego
kandydatury.

Kiedy okazatlo si¢, ze Polsce przypadnie resort rolnictwa, K. Szczerski
zrezygnowal z teki unijnego komisarza, przyznajac ze brakuje mu w tej sferze
kompetencji. Na jego miejsce zgloszony zostat Janusz Wojciechowski byly prezes
Polskiego Stronnictwa Ludowego, w 2014 r. z listy PiS zostal wybrany do
Parlamentu Europejskiego, a od 2016 r. pelni funkcje audytora w Trybunale
Obrachunkowym UE.

Unijna perspektywa Ukrainy

Krotkg analize stosunkow pomiedzy Ukraing i UE nalezy poprzedzi¢
przypomnieniem kilku podstawowych faktow. Formalno-prawng podstawe
wspolpracy ukrainsko-unijnej zapoczatkowat podpisany 14 czerwca 1994 r. ukiad o
partnerstwie i wspotpracy, a 28 listopada 1994 r. Rada Unii Europejskiej (zrzeszajaca
ministrow panstw cztonkowskich) przyjeta wspolne stanowisko, okreslajace cele i
priorytety wspotpracy. Do pierwszego ,,szczytu” UE-Ukraina doszto we wrzesniu
1997 r. w Kijowie, podczas ktérego owczesny prezydent L. Kuczma potwierdzit
dazenie Ukrainy do stowarzyszenia z Unig, a nastepnie akcesji. Uktad o partnerstwie
1 wspolpracy wszedt w zycie 1 marca 1998 r., ustanawiajgc jednoczes$nie ,,Rade
Wspotpracy UE-Ukraina”, ktora zebrata si¢ po raz pierwszy 9 czerwca 1998 r. (w
sumie odbyto si¢ 21 posiedzen tej Rady).

Kluczowym warunkiem przystgpienia Ukrainy do UE jest przestrzeganie
wymogow zdefiniowanych przez Rade Europejska w 1994 r. w Kopenhadze.
Kryteria kopenhaskie (uzupetnione przez kryteria madryckie z 1996 r.) posiadajg trzy
komponenty: polityczny, gospodarczy i prawno-instytucjonalny. Ten pierwszy

zaklada budowe systemu gwarantujgcego stabilng demokracje, rzady prawa,
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poszanowanie praw czlowieka oraz praw mniejszosci, drugi, funkcjonowanie
gospodarki  rynkowej gotowej sprosta¢ konkurencji i wolnemu rynkowi
funkcjonujagcemu w UE, za$ trzeci zdolnos¢/deklarowang che¢ do przyjecia dorobku
prawnego 1 instytucjonalnego UE i zdolno$¢/deklarowang cheé przytaczenia si¢ do
unii politycznej, gospodarczej i walutowej [12].

Powolna implementacja wymogoéw zawartych w kryteriach kopenhaskich
zdecydowanie opdzniala negocjacje na temat umowy stowarzyszeniowej, niezbedne;j
do rozpoczecia negocjacji akcesyjnych. Ukraina borykata si¢ 1 nadal boryka z
wieloma problemami wewngtrznymi, ktore ostabiaja jej wiarygodno$¢ na arenie
mi¢dzynarodowej, zmniejszajac tym samym szanse na rychlg akcesje. Mamy tu
bowiem do czynienia z szeregiem negatywnych zjawisk takich jak: przewlekty stan
braku konsolidacji ustrojowej, trwate tendencje separatystyczne na wschodzie i
zachodzie kraju, silne wptywy struktur oligarchicznych 1 mafijnych, bardzo wysoki
poziom korupcji [13], stan glebokiej zapasci gospodarczej [14], czy tez czgste zmiany
ekip rzadzacych, artykulujace czgsto rozbiezne stanowiska wobec przystgpienia do
UE [15.]

Obecna, szeroko rozumiana sytuacja na Ukrainie jest nastepstwem
Euromajdanu, swoistego ruchu spolecznego zwigzanego z fala manifestacji 1
protestow, ktore miaty miejsce w listopadzie 2013 r. po tym, jak 6wczesny prezydent
W. Janukowycz nie podpisal umowy stowarzyszeniowej z Unig Europejska.
Euromajdan uruchomit ciag wydarzen, ktére az do dzi§ maja znaczacy wpltyw na
ukrainska polityke wewnetrzng 1 pozycje miedzynarodowa.

Bezposrednig konsekwencja Euromajdanu byto usunigcie w lutym 2014 r. W.
Janukowycza z urzedu prezydenta, ktory wraz z liczng grupa wspdlpracownikow
wyjechat do Rosji. Dla W. Putina byta to znakomita okazja do podjecia szybkich
dziatan majacych na celu ,,przytaczenie Krymu do Rosji”, tamigcych w ten sposob
jedng z podstawowych zasad prawa migdzynarodowego. W tym samym czasie w
dwéch ukrainskich obwodach — tuganskim 1 donieckim — potozonych we wschodnich
regionach graniczacych z Rosja, zaczgto dochodzi¢ do demonstracji zwolennikdéw
szerokiej autonomii lub wrecz przytaczenia obu obwoddéw do Rosji. W maju 2014 r.
prorosyjscy separatysci proklamowali samozwanczg ,,Doniecka Republike Ludowa” i
,Jfuganskg Republike Ludowa” (obie te cze$ci Ukrainy okre$lane sg od dawna
mianem Donbasu), pozbawiajac wtadze centralne w Kijowie wtadztwa nad blisko 8%

terytorium 1 9 mln obywateli oraz dost¢pu do bogatych zt6z gtownie wegla oraz rud
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zelaza 1 zwigzanego z tym przemyshu ciezkiego, tworzacych w sumie 20%
ukrainskiego PKB oraz jedng czwartg eksportu. Nie mogto to nie sta¢ si¢ zasadnicza
przyczyng zapasci gospodarcze;j.

Z drugiej strony usuni¢cie W. Janukowycza przetozyto si¢ na stosunki Ukrainy
z UE, czego efektem bylo podpisanie w marcu i1 czerwcu 2014 r. uktadu
stowarzyszeniowego [16], mogacego stac si¢ w przysztosci podstawa do rozpoczecia
negocjacji akcesyjnych. Wybrany w tym samym czasie na urzad prezydenta Petro
Poroszenko w znaczacym stopniu przyblizyt Ukraing do szeroko rozumianego
Zachodu, znajdujac zrozumienie w UE jako calo$ci, w poszczegdlnych panstwach
cztonkowskich (np. w Niemczech czy Francji) oraz w Stanach Zjednoczonych. | tak,
latem 2014 r. powstata Normandzka czwoérka (zwana tez ,,formatem normandzkim™)
— grupa skladajaca si¢ z przedstawicieli Ukrainy, Francji, Niemiec 1 Rosji, majaca na
celu uregulowanie konfliktu w Donbasie. Mimo intensywnych wysitkow, ktore
doprowadzity do podpisania porozumien ,Minsk-1" 1 ,,Minsk-2" udato si¢ jedynie
osiggna¢ stan kruchego rozejmu zamiast trwalego pokoju. Cho¢ USA nie byty
zaangazowane w negocjacje w ramach formatu normandzkiego popieraty pokojowe
wysitki Niemiec, Francji 1 Ukrainy. Prezydent B. Obama zdecydowat si¢ wesprzec¢
Ukraine¢ finansowo (350 mln USD pomocy bezposredniej oraz 1 mld USD w formie
pozyczki), powstrzymujac si¢ jednak od dostaw broni ofensywne;.

Od momentu podpisania w 1994 r. ukladu o partnerstwie 1 wspolpracy
ukrainscy politycy nie poprzestawali na prognozach co do ostatecznej daty akcesji do
UE. Ten zwyczaj trwa dalej i cechuje go spory rozrzut czasowy: dla jednych to
perspektywa 5 lat, dla innych — 15-20 lat.

Opublikowana w marcu 2017 r. Biata Ksiega w sprawie przysztosci Europy
zawiera pie¢ scenariuszy integracji europejskiej, poczynajac od kontynuacji obecnego
modelu, poprzez skupienie si¢ jedynie na jednolitym rynku, nastepnie wyksztatcenie
si¢ systemu Unii dwdch predkosci, dalej ograniczenie pdl integracji przy bardziej
efektywnym wykorzystaniu pozostalych az do znaczacego przyspieszenia dzialan
integracyjnych w wszystkich dziedzinach, co kolokwialnie okresla si¢ mianem ,,gaz
do dechy” (,,to floor”) [16]. Powstaje zatem pytanie jak bedzie wygladata UE za 10-
15 lat 1 do jakiej Unii miataby przystapi¢ Ukraina.

Wychodzac z zatozenia, ze obecna Ukraina ani nie jest gotowa do wstgpienia
do Unii, ani Unia nie jest gotowa na przyje¢cie Ukrainy powstaje pytanie co dalej. Dla

przeciwnikow ukrainskiej akcesji kluczowym wydaje si¢ fakt, ze Kijow nie spelnia
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politycznych i gospodarczych kryteriow zawartych w mechanizmie kopenhaskim,
stad nalezy w pierwsze] kolejnosci zintensyfikowaé wspotprace w ramach
ustanowionego 10 lat temu Partnerstwa Wschodniego (Ukraina 1 pig¢ innych panstw
poradzieckich miaty zacie$nia¢ wspotprace i promowaé wartosci europejskie). Nie
mniej waznym czynnikiem jest stosunek Unii do Rosji. Wprawdzie w dalszym ciagu
obowigzujg sankcje natozone na ten kraj po aneksji Krymu to jednak liczna grupa
zachodnich politykéw jest za ich ,,poluzowaniem”, a poza wszystkim obawia si¢, ze
przyjecie Ukrainy do Unii to gdyby zaimportowanie nowych problemow
geopolitycznych.

W relacjach Unia-Ukraina inicjatywa nalezy do tej pierwszej. Ukrainscy
politycy, przedsigbiorcy, rézne podmioty ksztattujace opini¢ publiczng, jak tez
miliony Ukraincow pracujacych w panstwach cztonkowskich [18] powinni otrzymaé
sygnal, ze akcesja jest mozliwa, jednak pod jasno okreslonymi warunkami. Nie
czynigc tego Unia ogranicza szanse wplywania na sytuacj¢ w Ukrainie, utatwiajac
tym samym Rosji prowadzenie twardej polityki wobec Krymu i Donbasu.

Szanse nowego otwarcia we wzajemnych stosunkach stwarza wybor
Wolodymyra Zelenskiego na urzad prezydenta Ukrainy, a Ursuli von der Leyen na
stanowisko Przewodniczacej Komisji Europejskiej. Mimo ze obejmuje ona swoj
urzad dopiero od 1 listopada 2019 r. to juz opowiedziala si¢ za przyspieszeniem
integracji z Ukraing m.in. poprzez okreslenie ,realistycznych ram” wspotpracy, w
tym w pierwszym rzedzie wyznaczenie nowych celéw programu ,Partnerstwo
Wschodnie”.
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INTERNATIONAL LOGISTICS DEVELOPMENT IN THE
GLOBALIZATION OF THE WORLD ECONOMY

Vasylkivskyi D., Matiukh S., Dziuba M.

Khmelnitskyi National University, Ukraine
Introduction

In recent decades, representatives of most large companies have realized the
need to explore the opportunities offered by the global market. Thus, many
companies interested in more efficient use of logistics and organization of material
resources management began to evaluate the potential of foreign sources of raw
materials. In order to maximize the export of finished products and more effective
penetration into international markets, international logistics systems are organized
worldwide and logistics chains are being set up.

Analysis of recent research and publications

In the discussion on the genesis of the concept of international logistics
management, much attention is paid to the need to separate the terms "logistics",
"supply chain management" and "international logistics”. In 1962, P. Drucker called
the physical distribution of goods a "dark space of the economy" [2], and I. Little in
1977 characterized the identification of logistical costs at the firm as a "tricky
business” [8]. But as early as the 1980s, A. Ballow convinced that logistics as a
strategy covers such areas as customer service, transportation, inventory management
and localization of items in the logistics chain model [1]. However, in the 1990s both
in theory and in practice, the concepts of logistics and supply chain management
were still regarded as interchangeable.

In 1998, the Cranfield Institute of Logistics and Transport (UK) published the
terms used in logistics and gave them an explanation, emphasizing that the main
difference between logistics and supply chain management is not that the chain
brings together different organizations but in because logistics as a strategic
management of the entire supply chain covers different product ranges, ordering,
production, distribution [3].

The main difference between "logistics” and “international logistics",
according to P. Sheri and T. Larson, the latter is the totality of solutions in all points
of the international supply chain [4]. This set forms the basis, an exit point for global
decision-making.

....35.....



Presentation of main materials

The trend of globalization is clearly visible in the development of
macrologistic systems, which on the one hand affects the markets of finished goods,
production, supply of material resources, labor, capital, characteristic of large
transnational corporations and financial-industrial groups, and on the other - the
creation and development of interstate transport - logistic, telecommunication,
distribution and other macrologistic systems.

International Supply Chain Management involves the design, planning,
execution, control and monitoring of activities in the international supply chain to
create net worth, build competitive infrastructure, leverage international logistics,
synchronize supply and demand, measure the performance of the international supply
chain as a whole.

Large companies are geographically expanding their marketing research to find
new markets for commodities and raw materials. In the implementation of global
logistics concepts, a number of businesses see the opportunity to gain competitive
advantages through the expected increase in labor productivity, increased production
efficiency and differentiation of manufactured products.

In the practical approach to this issue, logistics professionals have to perform a
large amount of work to adapt the basic concept to their conditions, to plan and
implement logistics initiatives that are effective globally.

In addition, in the realities of a particular organization, the application of an
international logistics approach requires logistics, marketing and procurement
services to have a high degree of coordination.

Systematic analysis of the phenomenon of business globalization allows us to
identify six complex factors that explain its causes (Table 1).

With the expansion of new production and information systems and
technologies, the globalization of business is leading to increased international
competition. In many countries, mergers, acquisitions or, conversely, the separation
of organizations are actively pursued in various industries to ensure a higher level of
competitiveness.

In general, business globalization has a positive effect on the efficiency of the
economy, but some industries are under increasing pressure from foreign
competitors.
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Table 1. Factors determining business globalization

Factors Short description
1. Economic Huge concentration and centralization of capital;
Development of transnational corporations and financial-industrial groups;
International cooperation and division of labor; International marketing;
E-commerce; International logistics
2. Political State borders, becoming more and more transparent, provide freedom of

movement for people, goods and capital

3. International

Major international events:

- creation of the European Union;

- creation of a World Trade Organization;

- creation of a World Customs Organization;

Adoption of the European Act proclaiming freedom in the international
movement of goods, people, services and capital, etc

4. Technical Development of modern means of transport, information systems and
technologies, communication and telecommunications, flexible automated
industries for the purpose of rapid dissemination of information,
technologies, goods, financial resources

5. Public The weakening of the role of traditions, social ties and customs contributes

to the mobility of people in geographical, spiritual and emotional terms

6. Liberalization and
deregulation

Liberalization of customs, trade, tax legislation in many countries and
deregulation of transport have increased the tendency to internationalize
economic activity

Globalization

requires a sound foreign economic policy, especially with regard

to the import-export of capital. Practice shows that globalization exacerbates
competition, which is unstoppably pushing competitors out of the market,
technologically and technologically inferior to existing foreign competitors.

The main drivers of globalization of business in logistics:

- economic growth;

- prospects for the development of global markets;

- global competition;

- regionalization of the economy;

- technology expansion;

- deregulation of transport and development of logistics infrastructure.

If we make a brief excursion into the history of globalization, it should be
mentioned that the post-war economic development of many countries was
characterized by the tendency of economic growth and recovery, the expenses in the
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sphere of world trade and logistics were constantly increasing. The volume of
international trade was expanding at a rate that was twice the rate of growth of world
production, so that since 1950 the volume of international trade export has increased
almost ten times, and the volume of world production of goods - five times.

The stable, steady growth of international trade was influenced by the
following factors:

- development of international division of labor and internationalization of
production;

- scientific and technological revolution (progress), due to which the fixed
capital was renewed, new branches of economy appeared and the reconstruction of
the old ones accelerated,;

- active activity of multinational corporations in the world market;

- regulation (liberalization) of international trade through the measures of the
General Agreement on Tariffs and Trade (GATT);

- liberalization of trade in many countries, the creation of free economic zones,
which implies the elimination of quantitative restrictions on imports and a significant
reduction in customs duties;

- development of processes of trade and economic integration, regional barriers
that foresee elimination, formation of common markets and free trade areas;

- the acquisition of political independence by the former colonial countries and
the transformation of some of them into so-called "new industrial countries” (South
Korea, Singapore, Hong Kong, Taiwan, Mexico, Argentina, Brazil, Malaysia,
Thailand, Indonesia, Philippines) with a model economy, oriented to foreign market.

In the second half of the XX century, there was a clear uneven dynamics of
foreign trade, which affected the balance of power in the world market. The dominant
position of the United States was in question. So, if in the 1950s the US accounted for
a third of world exports, then in the 1990s - only eighth. The main center of
international trade was Western Europe, whose exports nearly quadrupled US
exports. In the last quarter of the XX century, the role of the Asia-Pacific region in
the system of international economic relations, including in the field of international
trade, increased. According to the World Bank, by 2020, more than 40% of world
trade will be concentrated in the Pacific.

A notable trend is the rapid development of trade between developing
countries, especially the export expansion of new industrialized countries.
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The processes taking place in world trade are greatly influenced by
liberalization: a significant reduction in the level of customs duties, the abolition of
restrictions, quotas, and the like. At the same time, new challenges are emerging, in
particular, the rise of protectionist tendencies at the level of economic groups, trade
and economic blocs of opposing countries.

The creation of free trade zones was the impetus for the formation of trade and
economic blocs. Among the most famous:

- European Free Trade Association (EFTA);

- the European Union (EU);

North American Free Trade Area (NAFTA);

- Organization of Asia-Pacific Economic Cooperation (APEC) and others.

According to the World Bank, around 42% of world trade was conducted at the
turn of the 1990s. According to the documents of the General Agreement on Tariffs
and Trade (GATT), the states reduced customs duties, but at the same time
compensated them with non-tariff barriers - subsidies to national production,
introduction of different standards and norms, certification of goods.

The international division of labor and cooperation have helped to create a
large number of transnational companies that use international logistics chains and
channels in business (especially in the distribution of goods). Prospects for the
development of the latter are associated with an increase in return on invested capital,
lower tariffs for logistics intermediaries in other countries, improving financial and
other conditions. Large international freight forwarding organizations, insurance
companies and global telecommunications networks also play a significant role.

International logistics is sensitive to the factor of regionalization, which is most
noticeable in countries with common borders. There are numerous examples of
successful macro-logistical regional structures and systems in the Benelux, EU,
Southeast Asia, the United States and Canada. From this series - the creation of an
integrated European market, which includes more than 320 million consumers.

The regional dimension of international logistics is exacerbating the trend of
globalization of business due to such aspects as:

- similarity of political systems and economic level of the countries of the
region;

- closeness of social life, traditions, historical roots of the device;

- population migration;
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- the only sources of energy and raw materials;

- general transport system and road infrastructure;

- unified telecommunications;

- absence of customs and trade barriers, etc.

The General European Act, adopted in 1987, aimed at removing trade barriers
between EU Member States and facilitating the movement of goods, services, capital
and people.

Of the many changes foreseen in the Single European Market Concept, three
have the greatest impact on international logistics:

1) simplifying the procedures for documenting cargoes by using a single
administrative document reduces the time spent crossing the border;

2) reduction of the number of customs formalities in respect of cargoes that are
transiting to other countries (for example, in intermodal schemes of container
transportation), saves time for passing customs control at ports and customs
terminals;

3) simplifying the process of moving goods between countries allows to
transform Europe's production and distribution logistics chains into a single compact
international chain that requires less technological equipment.

In addition, changing trade relations and introducing a single Euro currency
ensures a level playing field in European Union Member States. New entrants are
coming on the market, both from Europe and beyond the ocean. For example, many US
companies involved in changes in the European market environment are engaged in the
development and implementation of logistics concepts aimed at the European market.

The potential of international logistics should be aimed at achieving the
strategic goals of the organization and creating competitive advantages.

Key factors for competitive advantage in the global economy are:

- leadership in the quality of products and services;

- cost leadership;

- differentiation;

- strategic focus.

Differentiation means positioning in the market of products (services) where a
global company asserts itself as one of a kind before its existing and potential buyers.
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Strategic focus means the desire of the company to achieve competitive
advantage in one or more segments of the world market by concentrating efforts
(focusing) on certain strategic areas.

These key factors can be used by any competing company, so for the
successful operation of a global company must constantly introduce new approaches
and innovative ideas in strategic areas of quality, cost, differentiation and focus.

Properly designed International Logistics System (MLS) provides these
opportunities. It should be noted that in today's world the international logistics system is
becoming increasingly important for achieving strategic focus. Obviously, the desire of
logistics agents of a global company (for example, in distribution systems, sales
organization, pre-sales and after-sales service) to maximize profits, can significantly
increase the total value and price of the goods at the end consumer. Therefore, logistical
monitoring of costs in the international full value logistics chain is essential, and a high
priority is given to those logistics functions that are not supported by the company itself
to monitor the market situation and fulfill strategic objectives.

One of the conditions for the success of competition in international logistics is
to achieve a level of production comparable to the global scale. This is not only
necessary to enter a new market or promote a product. Large volumes of production
provide a low level of unit logistics costs per unit of production.

Strategic goals at global companies are based on the productive synergy of four
components: technology, marketing, production and logistics, with the first three
based on the global foundation of the international logical system. It is necessary to
take into account that in the modern conditions of business globalization the logistics
system itself is a factor of competitive advantage. For example, the world's largest
auto corporation spare parts sales and distribution systems have had a significant
impact on the globalization of car assembly.

International competition has four distinctive features. First, companies
competing globally are striving to create standard marketing concepts. In the second,
the product life cycle is constantly decreasing and sometimes does not exceed a year.
This applies to certain high-tech products, such as computers and computer
peripherals, photographic equipment, audio and video equipment. Third, an
increasing number of global companies use foreign raw materials in production or
move production directly to the territory of foreign countries. Fourth, the marketing
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and production activities of companies that have gone global are striving for
rapprochement and better coordination.

The driving force of technology is manifested in the globalization of logistics
systems through the mutual rapid penetration of modern technological solutions,
know-how, projects, research into the economy of most developed countries. In a
highly integrated global economic and information space, virtually no country can
reap the long-term benefits of using new technologies, as they are quickly becoming
the assets of other countries (companies), having crossed national borders.

The introduction of high technology also means monitoring the physical
distribution and organization of sales of goods through international information
logistics systems and telematics. Here you can point to the use of satellite
communication and navigation systems such as Inmarsat - C and GPS Navstar,
scanning barcodes, automatic identification of loads and documents, electronic data
exchange systems in the standards of EDI and EDIFACT and others.

Of course, structural changes in the system of world trade at the level of
organized commodity markets are also needed: creation of modern international
freight forwarding logistics structures, foreign trade centers, logistics centers,
holdings, centers for studying and analyzing the situation of commodity markets, etc.

Finally, deregulation procedures conducted by many countries ( EU, US and
Canada) to remove trade, customs, transport and financial barriers to the development
of international trade, economic, socio-political are essential for promoting
international logistics. and economic relationships.

In recent years, there have been changes in the transport legislation of several
countries (especially the US and EU countries), which have had a positive impact on
the development of transport service in logistics. Thus, a wide range of laws,
administrative and legal acts aimed at reducing the public sector in transport,
removing transport barriers, coordinating the work of different modes of transport,
improving transport service, reducing prices and tariffs, has emerged.

Such measures contributed to the development of free competition and, as a
result, served as an important impetus for the development of integrated logistics, the
creation of international transport and logistics systems. Changes in market regulation
have led to the practice of concluding contracts for the provision of transport and
freight forwarding services; giving trunk carriers the right to take independent steps
regarding tariffs and services; provision of intermodal transportation service at a
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single tariff (end-to-end freight rate) and a single transport document (bill of lading
for intermodal transportation).

Conclusion

The globalization of the world economy has called for good logistical
management. Enterprises from different countries enter the world market with a
desire for market growth. Internationally expanding trade requires adequate logistics
services. Due to the development of international economic relations, the boundaries
in the economic activity of enterprises are being eliminated, but serious barriers
remain in the way of international logistics development - many trade, financial,
customs and other restrictions due to differences in political systems, economic and
social levels of development of countries, differences in living standards of their
population, etc.

Due to current global economic trends, the potential of instability of the
international logistics system has increased, so that the achievement of strategic
business goals has required both the further integration of links in the international
logistics system itself and the interpenetration of the latter with a dynamic external
environment.
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WYCENA W ZARZADZANIU POTENCJALEM
PRZEDSIEBIORCZYM WE WSPOLCZESNYCH PRZEKSZTALCENIACH
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Glowne badania

W kontekscie globalizacji zmian proceséw gospodarczych jednym z gtownych
Kierunkow poprawy relacji gospodarczych jest wprowadzanie innowacji, tworzenie
korzystnego otoczenia biznesowego 1 rozwo6]j potencjatu przedsigbiorczego. Procesy
integracji mie¢dzynarodowej majg decydujacy wplyw na rozwdj dzialalnosci
przedsiebiorczej zarowno na szczeblu krajowym 1 regionalnym, jak i1 ogolnie na
rozw0j gospodarek narodowych. Wraz z przejsciem do warunkéw rynkowych
wzrosty réznice we wskaznikach rozwoju regionalnego. Wynika to ze stopnia
wykorzystania ich potencjalu zasobow, pojawienia si¢ systemu gospodarczego
opartego na rynku, dzialalno$ci przedsigbiorcze;.

Nowoczesne reformy rynkowe w gospodarce krajow europejskich maja na celu
zapewnienie zréwnowazonego rozwoju 1 stajg si¢ coraz bardziej systemowe,
zapewniajac mozliwo$¢ zwigkszenia potencjatu przedsiebiorczosci jako jednego z
najwazniejszych  czynnikow w  funkcjonowaniu  gospodarki  rynkowej,
przyczyniajacego si¢ do innowacyjnosci procesow gospodarczych. Sektor matych
firm ma znaczacy wplyw na te procesy. Mate podmioty gospodarcze, bedace
atrakcyjnymi obiektami inwestycyjnymi dziatalno$ci gospodarczej, zajmujgce
odpowiednig nisze rynkowa, najskuteczniej rozwigzuja problemy dodatkowego
zatrudnienia ludnosci, zapewniaja konkurencyjnos¢ srodowiska, w ktorym dzialaja,
oraz przyczyniaja si¢ do uzupeklienia lokalnych budzetéw. Ponadto waznym
aspektem rozwoju spoteczno-gospodarczego kraju jest zarzadzanie potencjatem
przedsigbiorczym Srednich 1 duzych przedsigbiorstw oraz promowanie jego rozwoju.
Perspektywy rozwoju gospodarek narodowych, ich konkurencyjno$¢ zalezg zatem od
nowoczesnych reform integracji gospodarczej, wprowadzania innowacji, skutecznego
zarzadzania potencjalem przedsiebiorczym podmiotéw gospodarczych.

Wielu ekonomistow [1; 2; 3] okresli¢c konkurencyjnos¢ kraju zgodnie z

rozwojem gospodarczym, wskazujac trzy gtdéwne etapy rozwoju gospodarczego:
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1) pierwszy etap - etap zorientowany na zasoby. Na tym etapie gtdownymi
czynnikami konkurencyjnymi sg podstawowe warunki produkcji, takie jak tania sita
robocza i surowe zasoby naturalne. Gospodarki zorientowane na czynniki s3
wrazliwe na globalne cykle gospodarcze, ceny towaréw, zmiany kurséw walutowych;

2) drugi etap, koncentrujacy si¢ na wydajnosci. Kraje osiggaja korzysci z
wysoce wydajnej produkcji, zastosowania zaawansowanych technologii oraz
produkcji wyrafinowanych towaré6w 1 ushug. Duze inwestycje w efektywna
infrastrukture, promocja rozwoju biznesu, podnoszenie kwalifikacji pracownikow,
poprawa dostepu do kapitalu inwestycyjnego, tworzenie sprzyjajacych warunkow do
przyciggania inwestycji do dalszych inwestycji pozwalaja osiggna¢ znaczacy wzrost
wydajnosci 1 efektywnosci dziatalno$ci gospodarczej oraz umocni¢ pozycje kraju na
rynku migdzynarodowym;

3) etap zorientowany na innowacje charakteryzuje si¢ zdolno$cia do
wytwarzania innowacyjnych produktow 1 ustug przy uzyciu zaawansowanych
globalnych technologii 1 zaawansowanych technik. Innowacje sg zrédtem przewagi
konkurencyjnej dla poszczegdlnych firm i krajow. Zorientowana na innowacje
gospodarka charakteryzuje si¢ specjalnymi producentami towarow i duzym udziatem
uslug w gospodarce 1 jest dos¢ odporna na wplywy zewnetrzne. Charakterystyczng
cechg krajow o gospodarce zorientowanej na innowacje jest wytwarzanie 1 eksport
nowej wiedzy globalnej (technologii, metod i1 technik) niezbedne; do rozwoju
innowacji i dalszego wzrostu spoteczno-gospodarczego krajow), aktywnie stymulujgc
inwestycje panstwa w innowacje.

Kraje, ktore znajdujag si¢ na etapie rozwoju gospodarczego zorientowanego na
zasoby, konkurujg ze sobg kosztem niskiej wydajnosci ekonomicznej produkcji
towarow 1 niskiej wartosci dodanej produktow. W pierwszym etapie nalezy zauwazy¢
wysoki poziom samozatrudnienia pozarolniczego (praca dla siebie). Poszczegolni
przedsigbiorcy najprawdopodobniej naleza do najmniejszych firm produkcyjnych 1
uslugowych.

Nalezy rowniez zauwazyé, ze na etapie rozwoju gospodarczego kraju
ukierunkowanego na zasoby mozna wzig¢ pod uwage nastepujace czynniki:
wykorzystanie na eksport lub koncesje dostepnych surowcdéw naturalnych; niska
produktywnos$¢, niska wydajno$¢ pracy i niskie koszty pracy; niski poziom
wyksztatcenia ludno$ci 1 niskie kwalifikacje pracownikOw; znaczgca przewaga w

produkcji 1 utrzymaniu niewykwalifikowanej sity roboczej; stabe ramy
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instytucjonalne (stabo rozwinigte i nieprzejrzyste instytucje ustawodawcze i prawne);
staba orientacja na stosunki rynkowe, wartosci demokratyczne, obecnos¢
autorytarnych metod rzadzenia krajem 1 zarzadzania procesami gospodarczymi itp.

Gospodarki krajow zorientowanych na zasoby maja niewielkie lub wcale nie
tworzg wiedzy na potrzeby innowacji, a eksport wiedzy jest mato lub wcale. Aby
przej$¢ do drugiego zorientowanego na wydajnos¢ etapu rozwoju gospodarki kraju,
konieczne jest zwigkszenie wydajnosci produkcji 1 szkolenia sity roboczej, aby moc
si¢ przystosowa¢ w dalszej technologicznej fazie rozwoju. Aby skutecznie
konkurowa¢ w tym - drugim etapie, kraje musza mie¢ zaawansowang produkcje¢ i
efektywne praktyki handlowe (metody produkcyjne) na duzych rynkach, ktore
pozwola przedsigbiorstwom korzysta¢ z ekonomii skali. Przemyst jest producentem
towaréw lub §wiadczy podstawowe ustugi na tym etapie. Efektywnie zorientowany
etap rozwoju gospodarczego charakteryzuje si¢ spadkiem tempa samozatrudnienia
(praca dla siebie).

Istnieje kilka powodow, dla ktorych uczeni zwracajg uwage, ze dzialalnos¢
przedsigbiorcza, jako szczegdlna aktywnos¢ poszczegolnych obywateli, powinna si¢
zmniejsza¢ w miare rozwoju gospodarki. Zaktadajac, ze ludzie majg ré6zny poziom
wiedzy zarzadczej 1 umiejetnosci organizacyjnych, jesli gospodarka si¢ wzbogaci,
srednia wielkos¢ firm powinna wzrosng¢ kosztem lepszych menedzerow
zarzadzajacych firmami. Srednia wielko$¢ firmy jest rosnaca funkcja bogactwa
gospodarki, jesli kapitat 1 praca s3 wymienne. [8. c. 220]. Kiedy kapitat 1 praca sa
zamienne, podwyzszenie kapitatu zakladowego zwigksza zwrot z pracy 1 zmniejsza
zwrot z zarzadzania. Gospodarki krajéw zorientowanych na zasoby majg niewielkie
lub wcale nie tworza wiedzy na potrzeby innowacji, a eksport wiedzy jest mato lub
wcale. Aby przejs¢ do drugiego zorientowanego na wydajnos¢ etapu rozwoju
gospodarki kraju, konieczne jest zwigkszenie wydajnosci produkcji i1 szkolenia sily
roboczej, aby moc sie przystosowaé w dalszej technologicznej fazie rozwoju. Aby
skutecznie konkurowa¢ w tym - drugim etapie, kraje muszag mie¢ zaawansowang
produkcje 1 efektywne praktyki handlowe (metody produkcyjne) na duzych rynkach,
ktore pozwola przedsiebiorstwom korzysta¢ z ekonomii skali. Przemyst jest
producentem towaréw lub §wiadczy podstawowe ustugi na tym etapie. Efektywnie
zorientowany etap rozwoju gospodarczego charakteryzuje si¢ spadkiem tempa
samozatrudnienia (praca dla siebie).
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Istnieje kilka powodow, dla ktérych uczeni zwracaja uwage, ze dziatalno$é
przedsi¢biorcza, jako szczegolna aktywnos$¢ poszczegdlnych obywateli, powinna si¢
zmniejsza¢ w miar¢ rozwoju gospodarki. Zaktadajac, ze ludzie maja ré6zny poziom
wiedzy zarzadczej i umiejetnosci organizacyjnych, jesli gospodarka si¢ wzbogaci,
srednia  wielko§¢ firm powinna wzrosng¢ kosztem lepszych menedzerow
zarzadzajacych firmami. Srednia wielko$é firmy jest rosnaca funkcja bogactwa
gospodarki, jesli kapitat 1 praca s3 wymienne [1. c. 220]. Kiedy kapitat 1 praca sa
zamienne, podwyzszenie kapitalu zakladowego zwicksza zwrot z pracy 1 zmniejsza
zwrot z zarzadzania.

Innymi stowy, menedzerowie inni niz podstawowi rozumieja, ze mogg zarobic
wiece] pienigdzy, jesli pracuja dla kogo$ innego (zostang zatrudnieni przez kogo$
innego). W tym modelu rozwoju gospodarczego zwigkszenie kapitalu wtasnego
(poprzez prywatne przedsigbiorstwa, bezposrednie inwestycje zagraniczne lub
wlasnos¢ publiczng) zwigkszy zwrot z prowadzenia dzialalnosci gospodarczej. W
tym modelu zwigzek migdzy biznesem a rozwojem gospodarczym bedzie negatywny.
Oznacza to, ze wraz z rozwojem gospodarki liczba oséb prowadzacych dziatalnos¢
gospodarczg bedzie si¢ zmniejszacd.

Istniejg inne, prostsze wyjasnienia, dlaczego wielko$¢ spersonalizowanej
dziatalnosci gospodarczej moze spada¢ w miar¢ rozwoju gospodarki w kraju. Zatem
poprawa infrastruktury gospodarki, takiej jak rynki transportu, telekomunikacji i
rynkow kredytowych, prawdopodobnie zwigkszy przewage duzych firm nad
mniejszymi. Ulepszenia w transporcie 1 telekomunikacji zmniejszg koszty
rozszerzenia naszych produktéw i ushlug na wigksze obszary. Oczekuje sie, ze
korzysci skali wzrosng do punktu, w ktorym bardziej wydajne systemy dystrybucji
umozliwig przedsiebiorstwom wspotprace z wiekszymi jednostkami produkcyjnymi,
ktore z kolei mogg obstugiwaé wigksze rynki [1. c. 220-221].

Etap zorientowany na innowacje charakteryzuje si¢ = wzrostem
przedsigbiorczosci. Od ponad wieku istnieje tendencja do dziatalnosci gospodarcze;,
ktora jest widoczna praktycznie we wszystkich krajach uprzemystowionych, od
matych firm po duze organizacje.

Wiele badan, a takze globalny raport GEM 2018 [4], wykazaly systematyczny
zwigzek miedzy PKB na mieszkanca, jego wzrostem gospodarczym i1 poziomem oraz

rodzaj prowadzonej dziatalnos$ci gospodarczej. Na tej podstawie koncepcyjny model

~ 47 ~



krajowego wzrostu gospodarczego zaproponowany w raportach projektu Global
Entrepreneurship Monitor [4].

W modelu GEM czynniki $rodowiskowe s3 podzielone na dwie grupy.
Pierwsza grupa czynnikdw sa ogolne warunki ekonomiczne, takie jak: otwartos¢
rynkow; polityka panstwa w zakresie tworzenia 1 regulacji dziatalno$ci firmy; stan
rynkow finansowych, rynek pracy, rozwdj instytucji. Czynniki te tacznie wplywaja
na dziatalno$¢ istniejgcych duzych 1 matych 1 $rednich przedsiebiorstw. Krajowe
statystyki demograficzne 1 inne wtérne informacje srodowiskowe sg wykorzystywane
do analizy tej grupy czynnikow.

Druga grupa obejmuje czynniki rozwoju przedsigbiorczosci, ktore wptywaja na
zdolno$¢ do tworzenia firmy oraz rozwdj umiejetnosci 1 umiejetnosci
przedsigbiorczych, a takze czynniki motywujagce do tworzenia firm
przedsigbiorczych. Zgodnie z metodologia projektu istnieje 10 warunkéw dla
rozwoju przedsigbiorczosci. Podsumowujac, czynniki te wptywaja na motywacje i
zdolnos$¢ przedsigbiorcy do pozyskiwania zasobow, tworzenia wartosci, a tym samym
wplywaja na wzrost gospodarczy 1 zatrudnienie w gospodarce.

Z drugiej strony jednym z waznych wskaznikdbw poziomu rozwoju
gospodarczego kraju jest Globalny Indeks Konkurencyjnosci (GCI), ktory jest
globalnym badaniem i1 towarzyszacym mu rankingiem krajow pod wzgledem
konkurencyjnosci gospodarczej. GCI oblicza si¢ zgodnie z metodologia Swiatowego
Forum Ekonomicznego. Metodologia ta opiera si¢ na kombinacji publicznie
dostepnych statystyk 1 wynikow globalnej ankiety wsrdd kadry kierowniczej firmy.
Obejmuje 12 punktéw odniesienia (podstawowe determinanty lub czynniki), ktore
okreslaja konkurencyjnos¢ kraju:

1). Instytucje jakosci.

2). Infrastruktura.

3). Stabilno$¢ makroekonomiczna.

4). Zdrowie i edukacja podstawowa.

5). Szkolnictwo wyzsze 1 szkolenia.

6). Wydajnos¢ rynku produktoéw 1 ustug.

7). Efektywno$¢ rynku pracy.

8). Rozwoj rynku finansowego.

9). Poziom rozwoju technologicznego (gotowos¢ technologiczna).

10). Wielkos¢ rynku wewnetrznego.
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11). Wysoki rozwo6j biznesu 1 konkurencyjno$¢ firm.

12). Potencjal innowacyjny.

Wedlug globalnego raportu na temat konkurencyjnosci z 2016 r. [5] Wskazniki
1-4 sa podstawg do przypisania gospodarki kraju do kategorii krajow o gospodarkach
zorientowanych na czynniki lub gospodarke zasobowa, wskazniki 5-10 - do kategorii
krajow o gospodarkach zorientowanych na wydajnos¢, a wskazniki 11-12 - do krajow
0 gospodarki zorientowane na innowacje.

W przypadku krajow zorientowanych na zasoby nacisk kladziony jest na
podstawowe warunki, takie jak: rozwoj instytucjonalny, infrastruktura, stabilno$¢
makroekonomiczna, zdrowie i1 edukacja podstawowa. Wymagania te wspieraja
przymusowg przedsiebiorczo$¢ ,,oparta na potrzebach™ (,,przedsigbiorczos$¢ opartg na
potrzebach™) 1 stabo stwarzaja mozliwo$ci rozwoju dobrowolnej przedsigbiorczos$ci
opartej na mozliwos$ciach.

W procesie rozwoju gospodarczego 1 wzrostu gospodarki ze wzgledu na wzrost
skali produkcji wazne staja si¢ inne warunki zapewniajagce niezawodne
funkcjonowanie rynku i efektywnos$¢ ekonomiczna (gospodarki zorientowane na
efektywnos¢). Nalezg do nich szkolnictwo wyzsze i szkolenia, efektywnos$¢ rynkow
towarowych i rynku pracy, rozwdj rynku finansowego, gotowos¢ technologiczna.

W przypadku gospodarek opartych na innowacjach (gospodarki zorientowane
na innowacje) warunki ramowe dla przedsigbiorczosci sg wazniejszymi czynnikami
nape¢dzajacymi  rozwdj gospodarczy niz podstawowe warunki lub warunki
wydajnos$ci ekonomicznej. Podsumowujac, czynniki te przyczyniajg si¢ do tworzenia
nowych firm 1 wpltywaja na klimat przedsigbiorczosci, wplywajac w ten sposob na
wzrost gospodarczy i zatrudnienie w gospodarce. [3; 4; 5].

Osobliwosci rozwoju przedsigbiorczosci na Ukrainie do etapu jej niezaleznosci
wplynely zar6wno na obecne podejscie do przedsigbiorcow, jak 1 na motywy ich
dzialalnosci. Jesli pod koniec XX wieku. caty Swiat koncentrowal si¢ juz na
uspotecznieniu gospodarki 1 wzmocnieniu roli wiedzy w ksztaltowaniu potencjatu
przedsigbiorczego, na Ukrainie w ciggu ostatnich 20 lat warto$¢ tego ostatniego
stopniowo ulegata erozji.

Spoteczna odpowiedzialno$¢ rodzimego przedsiebiorcy generalnie pojawia si¢
sporadycznie i1 zalezy od czasu jego wysitkow 1 motywow przedsigbiorczych.

Specyfika przedsiebiorczosci na Ukrainie naprawde wptywa na ksztaltowanie

si¢ cech rodzimego przedsiebiorcy, wobec ktorego oprdcz tradycyjnej niecheci do
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ryzyka istnieje che¢ obejscia ograniczen legislacyjnych (co ttumaczy wysoki poziom
tonu gospodarczego), a takze niski poziom odpowiedzialno$ci wobec spoteczenstwa
(ktéry jest wzmocniony). takze poczucie pobtazliwosci ze strony nieuczciwych
przedsigbiorcoOw).

Chociaz cechy krajowe majg oczywiscie miejsce na okreslonym terytorium i w
okreslonym momencie, ale okreslajagc tresS¢ potencjalu przedsigbiorczego, nadal
zaleca si¢ stosowanie nie tylko metody dialektycznej, ale takze metody abstrakeji,
ktora wymaga uwzglednienia nie wszystkich mozliwych cech badanego zjawiska, ale
tylko najbardziej znaczacy.

Niewatpliwie zrozumienie tresci potencjatu przedsiebiorczego uwarunkowane
jest wizjg istoty przedsigbiorczo$ci z jednej strony 1 istoty potencjatu z drugiej strony.
Pozycja, wedlug ktorej potencjal przedsiebiorczosci jest rozpatrywany z punktu
widzenia podejScia opartego na zasobach jako zbior produkeji, finanséw, pracy,
marketingu 1 innych elementow [5; 6]. Z naszego punktu widzenia dyskusyjnosc¢
takiego stanowiska polega na jego niespojnosci z podstawowymi cechami potencjatu
przedsigbiorczego. Jak udowodniono w [7; 8], potencjal zalezy od mozliwosci
spowodowanych dostgpnosciag zasobow, umiej¢tnosci 1 kompetencji w celu
stworzenia propozycji wartosci. Poniewaz tworzenie wartosci w wyniku dziatalno$ci
przedsiebiorczej] wykracza poza realizacje wytacznych intereséw przedsigbiorcy jako
gldwnego przedmiotu przedsigbiorczosci, wskazane jest okreslenie potencjatu
przedsigbiorczego bez koncentrowania si¢ na jego celu. Z naszego punktu widzenia
potencjal przedsiebiorczosci jako catosci to zestaw osobistych cech, umiejgtnosci,
doswiadczenia, szkolenia zawodowego, psychologicznej gotowosci do zmian,
gotowosci do cigglego doskonalenia si¢ oraz zdolnosci do przewidywania i
zapobiegania ryzyku powstajgcemu w trakcie dziatalnosci przedsigbiorcze;.

Podstawa proponowanej definicji potencjatu przedsiebiorczego jest jego
sktadnik niematerialny - obecno$¢ u przewoznika takich potencjalnych okreslonych
umiejetnosci (zawodowych, psychofizjologicznych, spoteczno-kulturowych), wiedzy,
umiejetnosci 1 kompetenci.

Proces ksztattowania i1 zarzadzania potencjalem przedsigbiorczym opiera si¢ na
wynikach jego oceny. Podsumowanie propozycji praw autorskich 1 istniejgcych
podej$¢ do dobierajgc zasady oceny potencjatu przedsiebiorczego, sformutowalismy
ich system, obejmujacy grupe ogdlnych (w tym ogoélnych naukowych) zasad oraz

grupe szczegotowych wymagan i1 regut (tabela 1).
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Tabela 1. System zasad oceny przedsi¢biorczosci potencjal jako czynnik rozwoju

gospodarczego przedsi¢biorstwa

Grupa Nazwa zasady Tres¢ zasady w kontekscie oceny potencjatu przedsiebiorczego
zasad
Prostota Procedura oceny powinna by¢ przejrzysta i zrozumiata pracownicy
Elastycznos¢ Sktad wskaznikow 1 parametrow mozna dostosowa¢ w zaleznosci
od celow 1 warunkoéw oceny
Poprawnos¢ Wskazniki i metody oceny powinny by¢ spdjne z dostgpnymi
danymi wejSciowymi i wymaganymi danymi wejSciowymi
Czgsto | Ztozonos¢ Zdolnosci 1 kompetencje zidentyfikowane jako obiekty sa
wystarczajaco kompletne, aby opisa¢ potencjat przedsigbiorczos$ci
Wiarygodno$¢ Wskazniki i cechy powinny odzwierciedla¢ rzeczywistg sytuacje
nabywania przez pracownikow okreslonych umiejetnosci i
kompetencji
Porownywalno$¢ Uzyskane wyniki nalezy porowna¢ wedtug kategorii personelu, na
wynikoéw poziomie roznych przedsigbiorstw lub w czasie
Modutowo$¢ Wybrane wskazniki mozna potaczy¢ w docelowe moduty (bloki)
wskaznikow oceny, co pozwala scharakteryzowac potencjat przedsigbiorczos$ci
wedlug roznych kryteriow
Systematyczne Potencjatl przedsigbiorczos$ci musi by¢ okreslony przez caly
kompleks powiazan migdzy jego indywidualnymi cechami i
cechami
Dodatkowos¢ Zapewnia niejednorodno$¢ potencjalnych obiektow oceny i
pozwala im zidentyfikowac¢ ich wzajemny wplyw
Racjonalnos¢ Eliminuje to mozliwo$¢ badania w tym samym systemie oceny
przeciwnych wskaznikow i kryteriow
Celowos¢ Ocena zdolnosci 1 kompetencji przedsigbiorczych pracownikow
nie powinna wykracza¢ poza jej cele
Reklama Dostarczenie wynikdéw oceny pracownikom
(otwartos¢)
Specyfi- | Wyrazy uznania dla | Stymulowanie aktywizacji umiejetnosci i kompetencji
czne oceny przedsiebiorczych w celu osiggnigcia celow rozwoju
przedsigbiorczo$ci
Integracja z Rzeczywiste wykorzystanie wynikow oceny potencjatu
systemem przedsiebiorczego przy podejmowaniu decyzji zarzadczych
zarzadzania

Jesli zasady okreslajg zasady oceny, woéwczas stosuje si¢ rézne podejscia do

opisania ogdlnego wektora 1 sposobu jego realizacji. Analiza publikacji naukowych
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pokazuje, ze ogolnie przyjete do oceny potencjatu przedsigbiorczosci na dowolnym
poziomie sg podejScia systemowe I zintegrowane.

Prawie wszyscy naukowcy, ktérzy badali rézne aspekty pomiaru zdolnosci
przedsigbiorczych, badali ogot zwiazkow migdzy ich elementami oraz biorac pod
uwage zewnetrzne 1 wewnetrzne warunki ich powstawania 1 wdrazania.

Odnoszac si¢ do ogdlnych podejs¢ menedzerskich podkreslonych przez R.
Fatkhutdinova [9], a takze biorgc pod uwage problematyczny obszar oceny
potencjatu przedsigbiorczego jako czynnika rozwoju

Nowoczesne przedsigbiorstwa, wsréd gltownych podej$¢, proponujemy
réwniez przypisywac dynamiczne, innowacyjne i behawioralne.

Dynamiczne podejs$cie do oceny mozliwosci biznesowych wymaga wdrozenia
go w okres§lonej przestrzeni czasowej, nie jako jednorazowego dziatania, ale jako
ustalony proces okresowy, ktoérego wyniki sg badane, porownywane 1 uwzglgdniane
w przysztych decyzjach. Jest to podejscie dynamiczne, ktore najbardziej Scisle taczy
si¢ z zadaniem badania zasobow potencjalu przedsiebiorczego w celu aktywizacji
rozwoju przedsigbiorstwa przemystowego. Rzeczywiscie, aby zaplanowa¢ zmiany,
zbada¢ ich wykonalnos$é¢, gotowo$¢ rynkowsa przedsiebiorstwa przemystowego do ich
wdrozenia, nalezy zrozumie¢, czy przedsigbiorcze wysitki kierownictwa 1 personelu
produkcyjnego sg wystarczajace, czy istnieja takie ukryte mozliwosci, kiedy 1 jak
mozna je aktywowaé, aby odpowiednio zareagowa¢ lub nawet przewidywac
zewngtrzne zmiany 1 wyzwania.

Innowacyjny wektor oceny powinien mie¢ na celu znalezienie nowych metod 1
technik, ktore pozwola na najbardzie; kompletny i kompleksowy opis potencjatu
przedsiebiorczosci wedtug kryteriow niezbednych dla konkretnego przedsigbiorstwa.

Opierajac si¢ zatem na usystematyzowaniu $wiatowego doswiadczenia
naukowego w rozwoju teorii przedsigbiorczosci, powinnismy wzig¢ pod uwage, ze
jego najbardziej znaczacymi etapami s3 rozwazanie przedsiebiorczosci jako
dzialalnosci ryzykownej, racjonalizacji czynnikow produkcji, ksztattowania ducha
przedsigbiorczosci, dziatalnosci innowacyjnej, aktywnosci w celu optymalizacji
wymiany, pewnego rodzaju zachowania 1 zarzadzanie, aktywno$¢ w zakresie
przemian spolecznych na podstawie innowacji, introwersja. W oparciu o badanie
istniejacych podejs¢ 1 identyfikacje podstawowych cech potencjatu przedsiebiorczego
przedsigbiorstwa, wizje autora jego zawartosci jako zestawu osobistych cech,

umiejetnosci, doswiadczenia, szkolenia zawodowego, psychologicznej gotowosci do
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zmiany, gotowosci do ciaglego samodoskonalenia, formutowania doskonatos$ci
przedsiebiorczej, formutowania i osiggna¢ swoje cele.

Aby skutecznie zarzadza¢ realizacja potencjalu  przedsigbiorczego,
zdefiniowane sg zasady jego oceny, ktore zbiorczo charakteryzujg tres¢, przedmioty
(odpowiednie umieje¢tnosci 1 kompetencje personelu), cele i1 zadania, zasady,
podejscia, metody oceny oraz pozwalaja na stworzenie teoretycznej podstawy do jej
wdrozenia w przedsigbiorstvach. Aby okresli¢ zasady 1 cechy porownywania
obiektéw oceny potencjatu przedsiebiorczego przedsiebiorstwa, uzasadniony jest
szereg kryteriow oceny (dostepnos¢, poziom rozwoju, aktywnos$¢ realizacji 1 inne).
Ich realizacja pomoze poprawi¢ zarzadzanie potencjatem przedsigbiorczym,
zwigkszy¢ konkurencyjno$¢ zarowno pojedynczych przedsiebiorstw, jak 1 gospodarki

catego kraju.
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INTEGRACJA EUROPEJSKA JAKO WEKTOR INNOWACYJNEGO
ROZWOJU POTENCJALU PRZEDSIEBIORCZEGO

Trocikowski T.

Wyzsza Szkota Pedagogiczna im. J. Korczaka w Warszawie, Polska
Glowne badania

Koncepcje integracji europejskiej mozna przedstawi¢ w ogromnym skrécie
jako ide¢ jednosci Europy. W wymiarze historycznym idea ta pojmowana byla w
sposob bardzo zrdéznicowany, oznaczajac zjednoczenie w aspekcie politycznym,
gospodarczym, spolecznym. W rozmaity sposdb rozumiano takze samo pojecie
,,Buropy” [1], ktéra pod wzgledem geograficznym czy kulturowym obejmowata w
poszczegolnych epokach rozmaite obszary 1 kregi.

W latach czterdziestych XX wieku atmosfera satysfakcji z zakonczenia wojny
ustepowala rozgoryczeniu niepewnymi owocami zwycigstwa.

Powojenna ekspansja Zwigzku Radzieckiego [2] byla coraz czesciej
postrzegana jako ostrzezenie, tym bardziej ze partie komunistyczne Europy
Zachodniej nie ukrywaty, iz w zimnowojennym konflikcie stoja zdecydowanie po
stronie ZSRR.

W Europie Zachodniej [3] obawiano si¢ konfrontacji z blokiem radzieckim, ale
takze niezbyt chetnie patrzono na ochron¢ wojskowa USA przed zagrozeniem ze
wschodu. Ochrong te postrzegano czesto jako amerykanskie dazenie do dominacji
nad Starym Kontynentem.

Innym czynnikiem [4] sklaniajacym panstwa zachodnioeuropejskie do
przezwycigzenia danych konfliktow i lekow byty ktopoty, na jakie najwigeksze z tych
panstw napotykaty w swoich imperiach kolonialnych.

Szybka odbudowa gospodarcza ze zniszczen wojennych, mozliwa w duzej
mierze dzigki pomocy amerykanskiej w ramach planu Marshalla, nasuwala rzagdom
zachodnioeuropejskim mysl, Zze przyszto$¢ nalezy raczej do ,,poziomej integracji”
panstw rozwini¢tych, a nie ,,integracji pionowej” metropolii z koloniami.

Tak wiec, pojecie integracji naszego kontynentu, tak czesto obecnie uzywane,
nie odnosi si¢ wylacznie do czasow najnowszych [6]. Dazenia do zjednoczenia
Europy maja bowiem swojg dlugg histori¢, chociaz w kolejnych okresach wynikaty
one z bardzo zr6znicowanych motywacji ideologicznych, oraz rachub

geopolitycznych. Najczesciej mialy za podloze ekspansjonistyczng polityke
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mocarstwowg wspartg aspiracjami dynastycznymi lub tez dgzeniami okre§lonych
ruchéw politycznych.

Zdaniem autora publikacji proces integracji europejskiej byl nie unikniony,
podzielony $wiat, podzielona Europa szukaly wyjscia z tej sytuacji. Zadania do
wykonania zwigzane ze zniszczeniami drugiej wojny Swiatowej byly ogromne,
widmo wybuchu nowych konfliktow nie uniknione.

Wydaje si¢, ze  najwazniejszym powodem integracji europejskiej dla
spotecznosci Europy Zachodniej, bo od nie rozpoczal si¢ ten proces byta che¢ zycia
w ,lepszym $wiecie”. Wprawdzie nie bylo tak dobrych systemow tacznosci jak
obecnie ale zachodni Europejczycy wiedzieli, ze w Stanach Zjednoczonych zyje si¢

lepiej niz w Europie.

Tabela 1. Zasadnicze motywy kierujace zwolennikami jednos$ci europejskiej

Motywy zwolennikéw jednosci

L Punkt widzenia autora monografii
europejskiej

Zdaniem autora by? to stuszny motyw poniewaz polityka nacjonalizmu oraz
totalitaryzmu wyrzadzita wiele szkdd w spoteczenstwach objetych tymi

systemami. W ramach polityki totalitaryzmu gtoszono hasta skrajnie

Dazenia do odrzucenia katastrofalnej w nacjonalistyczne, antydemokratyczne i antyliberalne, zmierzajace do
skutkach polityki nacjonalizmu i stworzenia panstwa totalitarnego . Totalitaryzm jest formg sprawowania
totalitaryzmu. rzadow, ktora polega na calkowitym podporzadkowaniu sobie jednostki i

wszystkich warstw zycia spotecznego. Cztowiek staje si¢ jedynie funkcja
panstwa lub spoteczenstwa. Totalitaryzm to catkowite zaprzeczenie
liberalizmu.

Autor pracy kwestie wprowadzenia systemu demokratycznego przedstawi na
przyktadzie Polski. Polska po 1989 roku starajac si¢ o cztonkostwo w Unii
Europejskiej musiata dokona¢ glebokich przemian w naszym kraju,

. magat tego system demokratyczny. Generalnie rzecz polega na tym, iz w
Ugruntowanie systemu WyMmagattego sy yezny polega na ty

Unii Europejskiej obowigzuja pewne standardy prawne, ekonomiczne,
demokratycznego; PEJSKIE] 3zu)3 p y p

polityczne, ktore Polska musiata spelic aspirujgc do cztonkostwa we
Wspolnotach. Jednak chodzi nie tylko o to, aby zaspokoi¢ zadania Unii
Europejskiej. My Polacy mieliSmy potrzebe i dazenia do tego aby znalez¢ si¢
w systemie demokratycznym zjednoczonej Europy.

Pragnienie umocnienia pokoju i osiggniecia poczucia bezpieczenstwa byto
jednym z pierwszych oczekiwan spoteczenstw zamieszkujacych Europg po
zakonczeniu Il wojny swiatowej. Niestety Europa wtedy zostata podzielona
Pragnienie umocnienia pokoju i na dwa ,,walczace” ze soba obozy, Europe Zachodnig i Europ¢ Wschodnig i
osiagnigcia poczucia bezpieczenstwa; kazdy z tych systemow na swoj sposob umacnial pokoéj i bezpieczenstwo.
Zdecydowana zmiana nastgpita po 1989 kiedy doszto do zjednoczenia
Niemiec, kiedy rozpad? si¢ Zwigzek Radziecki i kiedy w Polsce dokonata si¢
zmiana ustroju.
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Zy¢ w dobrobycie to marzenie kazdego cztowieka, taka nadzieje mieli

. . réwniez ludzie zamieszkujacy tereny Europy Zachodniej. Po drugiej wojnie
Nadzieje na szybsze uzyskanie o ) ) ST . ] ]
, _ $wiatowej nastapit okres wielkich wyrzeczen i poswigcenia przy odbudowie
wspolnym wysitkiem dobrobytu; ) L ) . o .
zniszczonych krajow. Proces integracji europejskiej dawat nadzieje na lepsze

jutro.

Rachuby na odzyskanie — dzieki
polaczeniu narodowych potencjalow

przynajmniej czgsci wpltywow i ) L L )
) . . ) Wedtug autora pracy kraje Europy Zachodniej chcialy si¢ zjednoczy¢ aby
znaczenia politycznego, jakie utracity . . o
, - stanowi¢ niejako przeciwwage dla Stanow Zjednoczonych, ale przede
panstwa europejskie na rzecz ) i oo
. wszystkim dla Zwiagzku Radzieckiego.
umacniajacych swa potege

supermocarstw: Stanow Zjednoczonych

i Zwiazku Radzieckiego;

Obawa, az do czaséw najnowszych

wplywajaca w ogromnym stopniu na . . . . .
. . W tym czasie w Europie Zachodniej popularne byto okreslenie potegujace
polityke Europy Zachodniej przed L . .
. . bojazn przed ewentualnym atakiem na Europe Zachodni a ze strony
rosngcym potencjatem militarnym

Zwigzku Radzieckiego.
ZSRR i jego wschodnioeuropejskich WiazEy “ &

sojusznikow.

Zrodto: opracowanie wiasne na podstawie [7].

W opinii autora pracy [8] gtoéwnymi przestanki polityczne i ekonomiczne
integracji w Europie byty:

- dazenie Europejczykow do znalezienie korzystnego miejsca W
dwubiegunowym uktadzie sit (USA-ZSRR);

- potrzeba wilaczenia Niemiec do wspotpracy miedzynarodowej oraz
uregulowania stosunkow niemiecko-francuskich;

- konieczno$¢ odbudowy gospodarki po zniszczeniach wojennych;

- odrzucenie wojny jako $rodka dziatan mig¢dzynarodowych i obranie
pokojowej drogi rozwoju;

- wspotpraca panstw Europejskich w ramach Planu Marshalla.

Autor pracy sadzi, ze gtdbwna cechg charakterystyczng powojennych proceséw
integracyjnych byl ich uniwersalny charakter. Przejawiato si¢ to w obejmowaniu
przez nie nieomal wszystkich sfer zycia politycznego, gospodarczego, spotecznego 1
kulturalnego panstw Europy Zachodnie;.

W zwiazku z tym zdaniem piszacego idea jednoSci europejskiej nie zostala
,zawlaszczona [9] przez zZadng pojedynczg orientacje polityczng badz
Swiatopogladowa, pozostajac koncepcja o zatozeniach bardzo ogdlnych 1 mozliwych
do zaakceptowania praktycznie przez kazdego obywatela Europy.
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W procesie formutowania zatozen oraz realizacji idei integracji wyksztalcito
si¢ kilka zasadniczych koncepciji:

Koncepcja konfederacyjna - zaklada utworzenie zwigzku panstw
(konfederacji). Opiera si¢ na wspotpracy migdzynarodowej, a nie ponadnarodowe;.
Integracja na podstawie zwiazku suwerennych panstw zachowujacych swoje
podstawowe  kompetencje 1  realizujacych  wspdlprace o  charakterze
mi¢dzyrzadowym; Suwerenno$¢ panstw nie bylaby zawezana, a decyzje organdéw
ponadnarodowych miatyby ograniczone znaczenie.

Wyrazem tej koncepcji jest ,,Europa Ojczyzn”, ktorej propagatorem byt
francuski maz stanu, generat Charles de Gaulle [10].

Koncepcja federacyjna - zaktadata utworzenie panstwa zwigzkowego -
federacji. Zgodnie z ta koncepcja panstwa powinny zrzec si¢ swoich suwerennych
kompetencji 1 przekaza¢ je wspolnym, ponadnarodowym organom. Wedtug tej
koncepcji integracja europejska powinna dazy¢ do stworzenia ,.europejskiego
panstwa federalnego” o charakterze ponadnarodowym, przejmujacego znaczng cz¢sc,
a docelowo wigkszo$¢ czy wrecz cato$¢ uprawnien panstw cztonkowskich [11].

Federacyjny model integracji europejskiej propagowany byt przede wszystkim
przez Konrada Adenauera, Waltera Halsteina, Paula Spaaka.

Dlatego tez omawiana koncepcja znalazta wielu zwolennikow w Niemczech,
Holandii 1 Luksemburgu 1 we Wtoszech.

Koncepcja funkcjonalistyczna - trzecia z nich, to koncepcja funkcjonalistyczna.
Zaklada, ze integracja powinna si¢ odbywaé w sposdb ewolucyjny 1 ma zacza¢ si¢ od
wspoOlpracy w obszarze gospodarki oraz stopniowo przesuwa¢ suwerenne
kompetencje ze szczebli krajowych na wspolnotowe. Proces ten powinien by¢
naturalny. W Kkonsekwencji powsta¢ mialaby wspolnota polityczna, rozwijana
stopniowo na bazie zdobywanych doswiadczen. Zwolennikami tej koncepcji
byli Jean Monnet i Robert Schuman.

Ponadto niekiedy wyrdznia si¢ rowniez koncepcje, ktore wyodrebnity si¢ nieco
pozniej:

Koncepcja neofunkcjonalistyczna - Jej podstawy sformutowat pod koniec lat
50 XX w. Ernst B Haas, rozwinat ja Leon Lindberg wedlug tej koncepcji uczestnicy
procesu integracji najpierw podejmuja decyzje o charakterze ekonomiczno-
spolecznym, a nastegpnie rozszerzaja ja o sferg polityczng. Jej tworcy duzg wage

przywigzywali do mechanizmu wspotpracy regionalnej. Twierdzili, ze integracja
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ekonomiczna i polityczna sg ze sobg powigzane na zasadzie efektu rozprzestrzeniania
si¢, integracja jest wynikiem dziatania sit politycznych, ktore poprzez wspotprace
daza do rozwigzywania sporow — dochodzga do porozumienia i powierzaja swoje
kompetencje wspolnym organizacjom wyposazonym w ponadnarodowe uprawnienia.

Podstawowa rdznica migdzy funkcjonalizmem a neofunkcjonalizmem dotyczy
pogladu na rozprzestrzenianie si¢ idei integracyjnych, funkcjonalisci uwazaja, iz jest
to proces automatyczny, natomiast neofunckjonalisci twierdza, iz automatyzm ten
jest ograniczony i wymaga decyzji politycznych [12].

Koncepcja komunikacyjna - sformulowang na poczatku lat szesédziesigtych
XX wieku przez K. Deutscha. Zgodnie z nig integracja oznacza pewng wspolnote
panstw o wysokim poziomie wspOtpracy miedzynarodowej na szczeblu rzadowym
(dyplomatycznym), gospodarczej, spotecznej kulturalne;.

Glownym jej celem ma by¢ suwerenno$¢ panstw 1 bezpieczenstwo
integrujacych si¢, utrzymanie pokoju, migdzy innymi poprzez pokojowe
rozwigzywanie sporow. Integracja winna rozwijac¢ si¢ na szczeble migdzyrzadowym,
spotecznym 1 jednostkowym.

Wsrod tzw. nowoczesnych koncepcji integracji europejskiej nalezy wymienié:

Koncepcja Europy a la carte — sformutowana przez Dahrendorfa. Jego
zdaniem, kazde panstwo powinno mie¢ swobode¢ w wyborze obszaru integracji, w
jakim zamierza bra¢ udziat. Nie powinien tez istnie¢ minimalny poziom integracji,
ktory musiatby by¢ przyjety.

ldea FEuropy zmiennych predkosci — powstala w polowie lat 70, do jej
powstania przyczynili si¢ Willy Brandt oraz Leo Tindemans. Jej istotg jest to, ze
kazde panstwo moze kroczy¢é wedlug wlasnego rytmu, z uwzglednieniem swoich
mozliwosci 1 roli. Jednocze$nie wszystkie panstwa akceptuja cele, ktore przez nie
wszystkie powinny by¢ ostatecznie osiggniete.

Europa o twardym jgdrze zaktada natomiast, ze zostanie wyodrebniona grupa
panstw, ktora bedzie stanowita site napedowag integracji europejskiej oraz sile
przyciagajaca panstwa cztonkowskie spoza tej grupy aby dotaczaly do panstw
twardego jadra.

Koncepcja Europy o zmiennej geometrii_przedstawia model integracji w
ktorym wszystkie panstwa cztonkowskie majg zaakceptowa¢ minimalny zestaw

zobowigzan za$ w pozostalym zakresie istniata by swoboda.
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Pierwsze poglady na temat powojennej integracji zaprezentowane zostaly w
maju 1950 roku przez Owczesnego minister spraw zagranicznych Francji Robert
Schuman, zaprezentowal swojg propozycj¢ zjednoczenia Europy znang jako plan
Schumana — wydarzenie to uwaza si¢ za poczatek tego, co dzi§ nazywamy integracja
europejska, ktora ostatecznie doprowadzita do utworzenia Unii Europejskiej. Plan
Schumana zaktadal m.in. koordynacj¢ francuskiej 1 niemieckiej gospodarki weglem 1
stalg jako krok ku jednosci europejskie;.

Poktosiem Planu Schumana bylo podpisanie porozumienia pomigdzy
delegacjami Francji, RFN, Wtoch, Belgii, Holandii i Luksemburga o utworzeniu
Europejskiej] Wspolnoty Wegla 1 Stali, stawiajgc pierwszy realny krok na drodze ku
integracji, miato to miejsce w kwietniu 1951 roku w Paryzu. Wszystkie parlamenty
krajow-sygnatariuszy uktadu ratyfikowaty go do czerwca 1952 roku, w lipca 1952
roku na mocy Traktatu Paryskiego powstata Europejska Wspolnota Wegla 1 Stali.

Wedtug oficjalnych Zrodet celem tej organizacji byto istnienie wspolnego
rynku surowcow 1 produktow przemystu weglowego 1 stalowego panstw
cztonkowskich: Belgii, Francji, Holandii, Luksemburga, Niemiec 1 Wtoch.

Natomiast zdaniem autora niniejszej pracy prawdziwym powodem rozpoczecia
procesu integracji w Europie bylo zbudowanie przeciwwagi dla Zwigzku
Radzieckiego.

Podstawy integracji do struktur Unii Europejskiej.

Zgodnie z artykutem 49 Traktatu o Unii Europejskiej Zasady, o ktorych mowa
to: wolno$¢, demokracja, poszanowanie praw czlowieka i podstawowych wolnosci,
poszanowanie panstwa prawa. Sg one wspoélne dla panstw cztonkowskich.

Kraje kandydujace do Unii Europejskiej musza spetnié¢ kryteria kopenhaskie
okreslone przez przywodcow krajow UE na szczycie w Kopenhadze w 1993 r.
Zalicza si¢ do nich:

1. kryteria polityczne: stabilne instytucje demokratyczne, panstwo prawa,
poszanowanie praw czlowieka oraz poszanowanie 1 ochrona mniejszosci;

2. kryteria ekonomiczne: sprawnie dziatajgca gospodarka rynkowa i
zdolnos¢ do stawienia czota konkurencji 1 sitom rynkowym w UE;

3. zdolno$¢ do przyjecia na siebie wymogow cztonkostwa, wiaczajac w to

przestrzeganie celow unii politycznej, gospodarczej i walutowej;
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4.  przyjecie calego prawnego dorobku  wspolnotowego  (acquis
communitaire) oraz zapewnienie jego skutecznego wprowadzania w zycie przez
odpowiednie struktury administracyjne i sgdownicze.

Proces przystgpienia do Unii Europejskiej, nazywany procesem akcesyjnym,
sktada si¢ z trzech etapdw, a zamknie¢cie kazdego z etapéw wymaga zatwierdzenia ze

strony wszystkich panstw cztonkowskich:

Tabela 2. Etapy przystepowania panstwa do UE

Etap | Opis etapu w procesie integracji przystapienia do Unii Europejskiej

| Ztozenie wniosku o cztonkostwo — wniosek o cztonkostwo sktadany jest na podstawie art. 49 TUE i
stanowi poczatek starania si¢ panstwa o wstapienie w struktury Unii. Wniosek o cztonkostwo
przekazywany jest Radzie Unii Europejskiej, ale takze przedstawiany jest Parlamentowi Europejskiemu
oraz wszystkim parlamentom narodowym.

1 Wydanie opinii przez Komisj¢ Europejska — wydanie opinii nie jest wiazace dla Rady Unii
Europejskiej. Rada moze podjac pozytywna decyzj¢ o rozpoczeciu negocjacji pomimo negatywnej
opinii, ale takze negatywna decyzj¢ w przypadku pozytywnej opinii Komisji. Nie istnieje rOwniez
okreslony termin, w jakim Komisja jest zobowiazana do wydania opinii. Przekazywanie opinii w

dotychczasowych procedurach akcesyjnych trwato od 3 miesigcy do 3 lat.

111 | Uzyskanie oficjalnego statusu kandydata — panstwo zostaje uznane za oficjalnego kandydata do UE
podczas szczytu Rady Europejskiej.

IV | Rozpoczecie negocjacji akcesyjnych — negocjacje prowadzone sg przez Komisj¢ Europejska i majg miejsce
w czasie konferencji miedzyrzadowych pomiedzy Unig i panistwami kandydujacymi. Negocjacje akcesyjne
sktadajg si¢ z dwoch etapow. Pierwszy, zwany screening, polega na analizie zgodno$ci dorobku prawnego
panstwa z dorobkiem prawnym Unii. Drugi etap to negocjacje wiasciwe, w ktorych panstwo kandydujace
prowadzi z Unig negocjacje dotyczace konkretnych obszaréw. Negocjacje zostajg zakonczone dopiero gdy
panstwo spetni kryteria referencyjne, ktore sa wymagane do ukonczenia danego rozdziatu negocjacji. Oprocz
tego panstwo jest zobowigzane do przyjecia wpolnego stanowiska Unii Europejskiej, wypracowanego przez
Komisje i przyjetego jednoglosnie przez Rade.

V | Przygotowanie instrumentéw akcesji: traktat akcesyjny, akt akcesji i akt koncowy —traktat akcesyjny
jest zazwyczaj stosunkowo krotki, zawiera preambule i trzy artykuly. Akt akcesji zawiera z kolei
warunki przystgpienia panstwa do UE. Z kolei akt koncowy to akt, w ktorym potwierdza si¢ przyjecie
aktu i traktatu akcesyjnego, protokotdw oraz aneksow.

Vi Podpisanie traktatu akcesyjnego.

VIl | Ratyfikacja traktatu cztonkowskiego — traktat musi zosta¢ ratyfikowany przez wszystkie panstwa
cztonkowskie oraz panstwo kandydujace. W panstwach cztonkowskich ratyfikacja nastepuje za
posrednictwem parlamentoéw narodowych, z kolei w panstwie kandydujacym przewaznie za pomoca

referendum.

VIl | Oficjalne cztonkostwo w UE.

Zrédto: opracowania whasne na podstawi: [13].

Formy migdzynarodowej integracji ponadnarodowe;.
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Tabela 3. Formy miedzynarodowej integracji gospodarczej

Sfery integracji | Likwidacja ceti [Wspolna Harmonizacja Pelna integracja | Unifikacja czgsci
ograniczen poza |polityka wszystkich gospodarcza lub catosci polityki
taryfowych handlowa rodzajow polityk | wspdlna waluta zagranicznej i
wobec krajow | majacych wpltyw na obronnej
trzecich warunki
konkurencji
Formy Strefa wolnego
stowarzyszenia  |handlu -

Unia
ekonomiczna
o - - - -

Zrédlo opracowania wiasne na podstawie : [14].

Generalny System Preferencji — kraje wysoko rozwinig¢te, integrujac si¢ z
partnerami stabiej rozwinigtymi, przyznaje im najpierw jednostronne ulatwienia
handlowe (jednostronne obnizenie stawek celnych) Generalny System Preferencji
Celnych Unii Europejskiej zostal stworzony w 1968r. Zatozeniem tego systemu
jest udzielanie przez kraje unijne preferencji celnych wszystkim krajom rozwijajagcym
si¢ 1 najmniej rozwinigtym, w mysl hasta "Rozwdj poprzez handel”. Preferencje celne
w ramach w/w systemu nie sg wzajemne. Majg charakter autonomiczny. Unijny
system GSP przyznaje produktom importowanym z krajow najmniej rozwini¢tych
(LDC) bezctowy dostep do rynkéw UE dla wszystkich towaréw z wyjatkiem broni,
amunicji, banandéw, cukru 1 ryzu. Natomiast dla wszystkich pozostatych krajow
przewiduje obnizki stawek celnych, opierajgc si¢ na wrazliwosci (sensitivity)
produktow Specjalnymi obnizkami stawek celnych objete sg kraje, ktore:

o przestrzegajag przepisow dotyczacych prawa pracy zdefiniowanych przez
konwencje Miedzynarodowej Organizacji Pracy lub

« stosuja si¢ do zalecen w zakresie ochrony srodowiska oraz

« zwalczajg produkcje i przemyt narkotykow.

W unijnym GSP przewidziano takze mozliwos¢ zastosowania typowej klauzuli
ochronnej w handlu (safeguard) lub tzw. klauzuli wycofania preferencji (temporary
withdrawal clause) wobec panstwa, ktore stosuje nieuczciwe praktyki (np.
niewolnictwo, pranie brudnych pieniedzy, nieefektywna kontrole przemytu

narkotykow, naruszenie konwencji miedzynarodowych).
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Strefa wolnego handlu — likwidacja cet i ograniczen iloSciowych w handlu
miedzy okre$long grupag krajow. Kraje te zachowuja jednoczes$nie autonomiczng
zewnetrzng taryfe celng 1 prowadzg wilasng niezalezng polityke handlowa wobec
krajow trzecich. Przykladem strefy wolnego handlu jest EFTA (Europejskie
Stowarzyszenie Wolnego Handlu).

Unia celna — kraje tworzace strefe wolnego handlu wprowadzaja ujednolicone
cta zewnetrzne (wobec krajow trzecich). Unia celna sprzyja rozwojowi handlu
wzajemnego krajow cztonkowskich 1 ogranicza rozwoj handlu z krajami trzecimi.
Mozna, zatem wyr6zni¢ preferencyjne i dyskryminacyjne dziatanie cta w unii celnej,
tzn. preferowanie importu z krajéw unii 1 dyskryminowanie importu z krajow
trzecich. Unia celna wywiera dwojaki wplyw na handel zagraniczny krajow unii
wywotujac: efekt przesuniecia i efekt kreacji handlu.

efekt przesunigcia handlu - wyraza si¢ w zwigkszeniu udzialu krajow
nalezacych do unii celnej w handlu krajow-cztonkow unii oraz w zmniejszeniu
udziatu krajow trzecich, w wyniku przesuni¢cia si¢ zrodel zakupu okreslonych
towaré6w z krajéw nawet o nizszych kosztach produkcji, lecz pozostajacych na
zewnatrz unii, do krajow wchodzacych w sklad unii celnej. U podstaw efektu
przesuni¢cia znajduje si¢ zroéznicowanie stawek celnych; wewnatrz unii sg one
zniesione, natomiast w stosunkach z krajami trzecimi sg nadal stosowane efekt
kreacji handlu - wyraza si¢ we wzroscie wolumenu wzajemnych obrotow
handlowych krajow tworzacych uni¢ celng — w wyniku usunigcia cet i innych barier
w handlu miedzy krajami unii oraz wprowadzenia wspolnej zewnetrznej taryfy
celnej. Zniesienie cet wewnatrz unii powoduje, iz pewne rodzaje towaroOw
wytwarzane w poszczegolnych krajach unii mogg by¢, odwrotnie niz poprzednio,
oferowane na rynkach innych krajéw unii po cenach konkurencyjnych w stosunku do
towaréw miejscowych.

Wspoélny rynek — jest wyzsza od strefy wolnego handlu i unii celnej formag
integracji. Oznacza on zniesienie cel we wzajemnych obrotach, wprowadzenie
wspolnej taryfy celnej wobec krajow trzecich, a takze swobodg¢ przeptywu kapitatu 1
sity roboczej w obrebie ugrupowania integracyjnego. Utworzenie wspolnego rynku
wymaga zwtaszcza ujednolicenia polityki cenowej. Klasycznym przykladem jest
wspolny rynek produktow rolnych Unii Europejskie;j.

Unia walutowa — jest wyzsza od strefy wolnego handlu, unii celnej i
wspoOlnego rynku, formg integracji. Obejmuje dodatkowo koordynacje (lub
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unifikacj¢) polityki walutowe] prowadzonej przez kraje wchodzace w sktad
ugrupowania integracyjnego. W zakres koordynacji wchodzi: ograniczenie wahan
kursow walutowych, tworzenie wspdlnych rezerw walutowych, wprowadzenie
jednolitej waluty miedzynarodowej, bezwarunkowa pomoc kredytowa itp.

Unia ekonomiczna — obejmuje, poza strefa wolnego handlu, unig celna,
wspolnym rynkiem 1 unig walutowa, koordynacje (lub unifikacje) poszczegdlnych
dziedzin polityki ekonomicznej, ogolnej jak i w poszczegdlnych dziatach gospodarki.
O pelnej unii ekonomicznej mozna by méwi¢ wodwczas, gdy na obszarze
integrujacych si¢ panstw wszystkie wazniejsze z punktu widzenia funkcjonowania
wspolnego rynku dziedziny polityki gospodarczej zostatyby objete wspolng lub
skoordynowang polityka, wprowadzono by wspolng walute, a wtadzg ekonomiczng w
najwazniejszych dziedzinach sprawowatyby organy ponadnarodowe.

Unia polityczna — oznacza koordynacj¢ (lub unifikacjg) zaré6wno polityki
wewngetrzne jak i zewnetrznej (zagranicznej). W praktyce ta wilasnie sfera napotyka
szczegolnie duze klopoty w procesie integracji regionalnej i1 jest traktowana jako

ukoronowanie dazen integracyjnych krajow cztonkowskich.

Tabela 4. Model integracji biznesowej na tle modelu integracji panstw

Eta | Opis etapu w modelu integracji Opis etapu w modelu integracji biznesowej przedsiebiorstw

p | gospodarczej panstw

| SWH (strefa wolnego handlu): Umowy o wspotpracy — zwykle w ramach tancucha produkcyjnego:
* zniesienie taryf i ograniczen * zroznicowana oferta produktowa
ilo$ciowych migdzy panstwami podmiotéw wspotpracujacych;
cztonkowskimi strefy; » wspolpraca matych przedsicbiorstw
* laczenie podmiotow zwykle o krajowych; aglomeracja — dystrykty
ograniczonym ,,psychologicznym” przemystowe;
dystansie, zasiggu regionalnym; * ekspansja przedsigbiorstw poprzez ustanawianie oddziatow,
* handel dobrami zréznicowanymi zwykle o zasiggu regionalnym

(,,narodowymi”)

1 UC (unia celna): Stata kooperacja przedsigbiorstw krajowych
* SWH + wspolna zewnetrzna prowadzi do ich konsolidacji:
taryfa celna; « ,,monopolizacja narodowa” (mate kraje) lub ,,oligopolizacja
* jednolita polityka wobec krajow narodowa” (duze obszary, np. USA czy UE);
trzecich; * wspolne przedsigwzigcia
* wspolne zawieranie umow z — zawieranie umow joint venture
parterami zewnetrznymi; z podmiotami z wlasnej branzy,

» dominujace powiazania regionalne | zwykle na bliskich kulturowo

i geograficznie rynkach (wspdlne wzorce konsumpcyjne)
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WR (wspdlny rynek):

* obszar bez granic wewngetrznych
* oparty na czterech swobodach:
— przeptywu towarow

— przeptywu ustug

— przeptywu sity roboczej

— przeptywu kapitatu

i

Jednolita polityka handlowa produktu

(klasy produktow, segmenty rynku)

— specjalizacja:

« uksztattowanie wiodgcych dziatéw sieci — konsolidacja sfer
aktywnosci w kilku obszarach (zwykle 2-5);

* stabilizacja oraz intensyfikacja powigzan;

» w tych sferach (produkcja, dystrybucja, przepltyw technologii,
kapitatu i zasobow ludzkich);

* ustanawianie czterech typow filii,

« firm satelitarnych (produkcyjnych,

handlowo-ustugowych, technologicznych, strategicznych)

IV | UE (unia ekonomiczna): Globalna koordynacja systemu:
* WR + koordynacja polityk « alianse strategiczne, intensyfikacja
gospodarczych uczestnikow, fuzji i przeje¢ migdzynarodowych
w tym np. polityki konkurencji; (M & As);
* ponadnarodowe instytucje * wylanianie strategicznych komorek
zarzadzajaco-koordynujace organizacyjnych nastawionych na
koordynowane globalnie rozproszonych funkcji, centra
kompetencji sieci.
V | UW (unia walutowa): Portfel marek / marka globalna
* usztywnienie kursow wymiany — segmenty rynku globalnego:
walut; « ustalenie portfela marek z podziatlem na obstugiwane segmenty
* mozliwa wspoélna waluta; rynku (pozycjonowanie marek, produktow);
* stopniowe ujednolicanie rynku » mozliwe stworzenie wspdlnej marki
kapitatowego; (z niegdy$ samodzielnych) lub ,,wciggnigcie” ich pod parasol
* konieczno$¢ zmian wspolnej marki;
instytucjonalnych w wyniku * systematyczne ujednolicanie standardu obstugi klienta globalnego
poglebienia integracji — konkurowanie ,,mi¢kka” wartoscig dodana;
* reorganizacja struktury zarzadzania
w wyniku implementacji nowej strategii konkurencyjnej.
Vi UP (unia polityczna): Globalne Sieci Biznesowe (GSB) jako mechanizm regulacji —

* ponadnarodowe instytucje

— przeniesienie na poziom
ponadnarodowy decyzji 0
,politycznych”;

* pewien stopien dobrowolnego
ograniczenia suwerennosci nadal

samodzielnych panstw;

* wspolne stanowiska (kompromis)

jako wyraz wspolpracy

konkurujacych (nawet stale panstw)

walczacych o pozycje dominujacg w

rozwigzywaniu probleméw
globalnych - kooperencja

system

,»gospodarczo-polityczny”:

* globalny ,,zarzad” sieci skupiajacej

zewnetrznie” samodzielne podmioty — orchestrator jako lider,
koordynator

i dyrygent sieci;

* uksztattowane obszary kluczowych

kompetencji;

» oligopole branzowo-regionalne;

* koncepcja wspolpracy na bazie

strategicznie zorientowanego tancucha tworzenia warto$ci;
* kooperencja — wspolpraca bezposrednich konkurentow;

* uczestnictwo w przedsigwzigciach

potwierdzajacych ,,spoteczng odpowiedzialno$¢” organizacji.

Zrodto: opracowania wiasne na podstawie [15].
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MANAGERIAL DECISION-MAKING USING FUZZY PREFERENCE
RELATIONS

Hryhoruk P., Khrushch N., Grygoruk S.

Khmelnitskyi National University, Ukraine
Introduction

The quality of economic systems management directly depends on the ability
to accurately describe their development and predict the decisions' consequences.
Moreover, the complexity of formalization is caused by both the multiplicity and
different impact directions of environmental factors, and the presence of feedback
loops and time lags in the reaction of the economic system to external influences. As
a result, a variety of reasons, like the measurement procedures' imperfection,
incomplete data, rapid variability of the environment, lack of reliable information on
the activities of competitors, consumer behavior and motivation, changing their
preferences, as well as the fact that people in research (experts, consumers) are a
main source of information concerning the issues under investigation, the data may
be inaccurate, incomplete, possess a high degree of subjectivity in the respondents’
assessments of the object studied and therefore be inconsistent. As a result, we often
obtain accurate data in the required volume is practically impossible, leading to the
use of simplified models of reality. They can actually lead to clear and valid
conclusions, then the more detailed and more accurate models. This is reflected in the
principle of incompatibility formulated by L. Zadeh [27, p. 201], associated with the
human processes of perception and reasoning, which have follows essence: the more
complex the system, the less we are able to provide accurate and at the same time
having a practical value judgments about it behavior.

Accuracy and practical sense are mutually exclusive features for systems
whose complexity exceeds a certain threshold level. In this sense, the quantitative
analysis of economic systems does not have significant practical value for real social,
economic and other challenges related to the participation of one person or group. As
a result, we use generic, inaccurate and subjective understanding about the studied
system. Currently, the fuzzy set approach to make managerial decisions is one of the
most promising in the formalization of uncertainties. This success is due to the fact
that fuzzy mathematics allows you to make decisions based on limited information
about the control object. And since in rare cases the manager has complete, reliable,
accurate and quantitative information at his disposal, the tools that allow you to make
decisions in conditions of its deficit are in demand. In particular, fuzzy set models
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successfully used in accounting for uncertainty in all areas of management: finance,
economics, risk management, insurance, option pricing, investment, marketing, trade,
and many others.

Paper [1] considered both of the score-based and fuzzy choice values
approaches to decision making, the modifications that account for the model with
positive and negative attributes are put forward and discussed for the most common
fuzzy negation In paper [4] has studied the construction of financial distress pre-
warning fuzzy regression model for investors and risk supervisors. Using fuzzy
regression approach to estimate and forecast volatility of option prices has been
considered in [18]. Yu et al. [26] have used fuzzy approach to analyze and evaluate
the risk levels of credit applicants over a set of pre-defined criteria for support final
decision of credit-granting institutions. Walle and Turoff [25] considered information
market game. They studied the participants’ rankings of the best share in the market
based on fuzzy relations and compare the most successful trader to the other traders.

The main results of this analysis is that a substantial number of traders is
indeed following the market leader. An efficient and dynamic investment resource
allocation mechanism within the framework of a cooperative game with fuzzy
coalitions has been introduced in the [3]. Authors shown that this resource investment
Is influenced by the satisfaction of the players in regard to better performance under a
cooperative setup. In the report of Casualty Actuarial Society [23] authored by Shang
and Hossen has been studied the applying of fuzzy logic to analyze and assess risks
with limited data and knowledge and to estimate the cost of risk mitigation. Early
warning bankruptcy models for enterprises using fuzzy logic has been developed by
Korol [11].

These models are an “open® application and can be easily used by financial
managers as a decisional aid tool in the process of evaluating the financial situation
of enterprises and consumers. Lan et al. [12] are developed a bilevel fuzzy principal-
agent model for optimal nonlinear taxation problems with asymmetric information, in
which the government and the monopolist are the principals, the consumer is their
agent. This model may be used with the purpose of maximizing the expected social
welfare and the monopolist’s expected welfare under the incentive feasible
mechanism. A fuzzy attractiveness of market entry model has been developed in [24]
to address the decision-making problem of product introduction into alternative
markets. Model uses expert opinions regarding four factors: fit of the firm's
marketing mix in each market; the fit of its key competitor's marketing mix in each
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market; environmental conditions in each market; and the strategic importance of
each market to the firm.

In papers [15], [16] intuitionistic fuzzy sets introduced by Atanassov [2] have
been proposed to build soft decision-making models that can accommodate imprecise
information, and two solution concepts about the intuitionistic fuzzy core and the
consensus winner for group decision-making have also been developed by other
researchers using intuitionistic fuzzy sets. Ideas of using the intuitionistic fuzzy set
were evolved in tools of data envelopment analysis [7]. Authors proposed a model for
assessment the relative efficiency of a set of congruent decision-making units in
finance and credit institution. Modifications of Black—Scholes Option pricing model
(OPM) which use a fuzzy approach considered in [8], [13].

Some issues of using the fuzzy sets and fuzzy logic in marketing decision-
making have been studied in papers [5] [6], [14], [17], [22]. In particular, Ghaderi
and Maihami [6] describes fuzzy expert system for marketing decision model using
knowledge-based system. The marketing decision model is used to determine the
entrance time of a new product into market. In paper [17] has considered fuzzy
analytic hierarchy process (AHP) method as an analytical tool to determine a unique
competitive marketing strategy for a small tourism venture. Using a fuzzy logic for
multi-agent-based hybrid intelligent systems in support of international marketing
planning has studied in [14].

Samadi at al. [22] considered the development of inventory models in a fuzzy
environment. They took into account that the quality of services that are offered to
customers of a product, the cost parameters in real inventory systems such as price,
marketing and service elasticity to demand are imprecise and uncertain in nature.
Proposed model uses geometric programming and fuzzy optimization techniques for
decision-making.

Taking into account these and many other studies on the application of fuzzy
logic and fuzzy sets to solve problems in the area of decision-making, it should be
noted that some issues related to the selection of an acceptable alternative under
multiple criteria remain open.

The choice of managerial decisions based on fuzzy preference relations

The task of decision-making in the most common formulation is to choose the
best alternative from some of the plural. The selection is based on the manager 's
preference relationship defined on a set of alternatives. We will be to understand

under the preference the estimation of usefulness or quality of the alternative based
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on the subjective understanding by manager the value and effectiveness of decision.
It can be a result of comparing alternatives by the manager in accordance with a
generated system of criteria, his intuitive reasoning, the result of the
recommendations of the expert group or consultants in decision making. One fairly
common approach to estimating the preferences is a paired comparison, having a high
degree of objectivity of expert evaluation and independence from criterion's
dimension. Thus it is possible to use this approach for both scalar and vector criteria.

The result is a matrix of paired comparisons. An example of this approach is a
guantitative representation of the results of comparison in the form of scale Saaty
[21] used in the method of analysis of hierarchies. Representation of preference
relations in this case has a verbal description. The result may also be in the form of
fuzzy preference relation's assessments, in which the degree of preference is given by
a numerical value from 0 to 1. Fuzzy preference relations allow, unlike conventional,
to take into account the intensity and force of some preference over other options,
therefore the using of such relations as a models of expert data representation allow
to improve the adequacy of the description of the system of manager's preference and
its sensitivity.

Ordering such preference relations take in direction of implementing the search
procedures of decisions, so it can be called a priori research of decision-making
model. In our opinion, Among the main distinguishing features of marketing
decisions can be noted the multiplicity of participants interested in the obtained
results, also multi-variant development of the market environment. It leads to the
possibility of the emergence of a set of multidirectional criteria for the choice of the
best decision. Provided that different participants may have differing optimal in their
opinion, behavior strategies, there is a need optimal matching sets of these strategies.
This implies the need not organize individual elements of the set of admissible
situations, but its subsets Such issues can be solved within a posteriori study of
models of decision making, that realizes the reusable searching the set of optimal
decision.

Following the ideas described in [9], to make the managerial decision we use
such algorithm.

First step, an initial set of alternatives A® ={A,A,,...,A,} is constructed. This set
can be described with a certain degree of precision. On the set A we construct the
fuzzy subset A having membership function x,(A) that describes the extent of the
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admissibility of each of the alternative decision is given in the original set of A®,
Then, a rational decision can be regarded as a one that will be selected from the
subset of alternatives A®, with the maximum degree of admissibility:

A = A1 A € Apg(A) =maxpo(A) &)

where i, j=1.m.
Next step, constructing a set of partial effectiveness criteria Q={Q,,Q,.....Q.} is

carried out. Then, for each pair of alternatives (A,A;) we construct membership
function p; =p(A,A;) of fuzzy preference relationship, which reflected the degree of

preference A over A, . For this goal we use formula like (2)

kij .
] @
0 lei _Qsj <0.

where q, is a value of s-th criterion for t-th alternative, w, — weight of s-th
criterion, k;— number of values for i-th and j-th alternatives, for which the condition
Qi-Qy20 is met, i, j =1, 2., m s=12,.k, t=12,.m. Other methods for
construction the membership functions are describes in [9].

On the third step, a fuzzy strict preference relationship P°® with membership
function like (3) is constructed:

Hﬁz{uij_ujiluij_ujiZO; (3)

where i, j=1, 2,...,m.
Then we identify a fuzzy subset of non-dominated alternatives A" which has a
membership function like (4):
W% =1- max W3, (4)
and a subset of a strictly non-dominated alternatives a"°, for which the follow
condition is met:
],liND =1, (5)
wherei=1, 2,..., m.
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In paper [19] this subset of alternatives is called as a Pareto set. It is obvious
that the search of decisions should be implemented among a subset of strictly non-
dominated alternatives.

Optimal decision is chosen from this subset as any of its alternatives. If subset
A™® is empty, we define a subset of r - non-dominated alternatives like (6). A value
of r is chosen according to the (7).

In the general case, the set A’"° may be empty, which complicates the argued
choice of decision. In our opinion, in this case, is it appropriate to consider a subset of
r-non-dominated alternatives:

A (r) = {A e Al 2 1}, (6)

which contain alternatives non-dominated at some level of r <1, 1 =1, 2,..., m.
Decisions should be sought in a subset of r* - non-dominated alternatives, where r* is
determined according to the rule:

r= axr|AND¢®}. (7)

Practical use

Consider practical use presented approach for choice the most appropriate
alternatives, provided there are several criteria. Let we have a matrix of normalized
values for eight alternatives assessing by the five metric criteria, that presented at the
Table 1.

Table 1. Normalized values for eight alternatives assessing by the five criteria

Alternatives Criteria

Q1 Q2 Qs Qa4 Qs
A1 0,00 0,00 0,00 0,05 0,00
A, 0,70 0,19 0,17 0,00 0,40
Az 0,50 0,22 0,67 0,14 0,60
A4 0,33 0,25 1,00 1,00 0,20
As 0,55 1,00 0,40 0,56 0,70
As 0,63 0,95 0,20 0,86 0,60
A7 0,55 0,30 0,42 0,77 1,00
Asg 1,00 0,48 0,33 0,68 0,70
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Analysis of table shows that none of the alternatives have clear preference on
others, that predetermines the necessity of additional calculation. Values of
membership function of fuzzy preference relationship ; are presented at the Table 2,

i,j=1,2..,8.

Table 2. Values of membership function of fuzzy preference relationship

Alternatives Ay Ao Az A4 As As A7 Ag
AL 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,56 0,00 0,04 0,15 0,03 0,02 0,03 0,00
Az 0,67 0,40 0,00 0,16 0,05 0,19 0,05 0,07
Ay 1,00 0,60 0,51 0,00 0,24 0,32 0,23 0,27
As 1,00 0,65 0,62 0,45 0,00 0,12 0,28 0,31
As 0,95 0,69 0,58 0,42 0,12 0,00 0,39 0,19
A7 1,00 0,62 0,50 0,48 0,24 0,16 0,00 0,18
Ag 1,00 0,68 0,43 0,41 0,27 0,23 0,18 0,00

Using the values of Table 2 we calculate a membership function of fuzzy strict
preference relationship ;. Result are shown at the Table 3.

Table 3. Values of membership function of fuzzy strict preference relationship

Alternatives A1 Ao As Ay As As A7 Ag
A1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,55 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,67 0,36 0,00 0,00 0,00 0,00 0,00 0,00
Ay 1,00 0,45 0,35 0,00 0,00 0,00 0,00 0,00
As 1,00 0,62 0,57 0,21 0,00 0,00 0,04 0,04
As 0,95 0,67 0,40 0,10 0,00 0,00 0,23 0,00
A7 1,00 0,59 0,45 0,25 0,00 0,00 0,00 0,00
Ag 1,00 0,68 0,36 0,14 0,00 0,04 0,00 0,00

Further we construct a membership function of fuzzy set of non-dominated

alternatives u"° (Table 4) and determine according to (7) subset of strictly non-
dominated alternatives.

Table 4. Values of membership function of fuzzy set of non-dominated alternatives

Alternatives

A1

Az

Az

A4

As

As

A7

Asg

0,00

0,32

0,43

0,75

1,00

0,96

0,77

0,96
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Table 4 shows that in this case subset A™" has only single alternative — A,

which should be choose as a decision. At the same time, it should also be noted high
value of membership functions for the sixth and eighth alternatives. If we assume that
assessing alternatives have realized by the first four criteria, then values of

membership functions p;, g, i

be in the other form (Tables 5-7).

Table 5: Values of membership function of fuzzy preference relationship for four

criteria
Alternatives Ay Az Az A4 As As A7 As
Ay 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,53 0,00 0,05 0,09 0,04 0,02 0,04 0,00
Az 0,67 0,38 0,00 0,04 0,07 0,12 0,06 0,08
A4 1,00 0,75 0,64 0,00 0,30 0,40 0,29 0,34
As 1,00 0,61 0,58 0,38 0,00 0,10 0,35 0,26
As 0,95 0,64 0,55 0,35 0,15 0,00 0,49 0,23
A7 0,72 0,58 0,47 0,11 0,16 0,05 0,00 0,05
As 1,00 0,68 0,40 0,34 0,23 0,19 0,23 0,00

Table 6. Values of membership function of fuzzy strict preference relationship for four

criteria
Alternatives A1 Ao As Ay As As A7 Ag
AL 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,51 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,67 0,32 0,00 0,00 0,00 0,00 0,00 0,00
Ay 1,00 0,66 0,60 0,00 0,00 0,05 0,18 0,00
As 1,00 0,57 0,52 0,08 0,00 0,00 0,19 0,03
As 0,95 0,62 0,43 0,00 0,05 0,00 0,44 0,05
A7 0,72 0,54 0,41 0,00 0,00 0,00 0,00 0,00
Ag 1,00 0,68 0,32 0,00 0,00 0,00 0,18 0,00

Table 7. Values of membership function of fuzzy set of non-dominated alternatives for

four criteria

Alternatives

A1

Az

Az

Ay

As

As

A7

As

0,00

0,32

0,40

0,92

0,95

0,95

0,56

0,95

....73.....



http://www.lingvo.ua/uk/Search/Translate/GlossaryItemExtraInfo?text=%d0%b2%20%d0%b4%d0%b0%d0%bd%d0%bd%d0%be%d0%bc%20%d1%81%d0%bb%d1%83%d1%87%d0%b0%d0%b5&translation=in%20this%20case&srcLang=ru&destLang=en

Analysis results presented in the Table 7 shows that subset A™ is empty.
Therefore, it is need to define subset of r* - non-dominated alternatives. In this case
we have a result: r=0,95; A°(0,95) = {A,, A, A }.

Therefore, it is necessary to use additional information about each alternative
for choice the decision, in particular, to include one more criterion for assessing.

Let we consider case, when assessing alternatives is fulfilled by six criteria,
among them first four are metric and last two — rank. Initial data are presented in the

Table 8.

Table 8. Normalized values for eight alternatives assessing by the six mixed criteria

Alternatives Criteria

Q1 Q2 Qs Q4 Qs Qs
As 0,00 0,00 0,00 0,05 2 3
Az 0,70 0,19 0,17 0,00 1 5
Az 0,50 0,22 0,67 0,14 5 7
As 0,33 0,25 1,00 1,00 4 1
As 0,55 1,00 0,40 0,56 6 8
Ae 0,63 0,95 0,20 0,86 8 6
A7 0,55 0,30 0,42 0,77 7 2
Asg 1,00 0,48 0,33 0,68 3 4

Values of membership function of fuzzy preference relationship and membership
function of fuzzy strict preference relationship are presented in Tables 9, 10.

Table 9. Values of membership function of fuzzy preference relationship for six mixed

criteria
Alternatives Aq Az Az As As As A7 Asg
As 0,00 0,17 0,00 0,17 0,00 0,00 0,17 0,00
Az 0,52 0,00 0,03 0,23 0,03 0,01 0,19 0,17
Az 0,78 0,58 0,00 0,36 0,04 0,24 0,21 0,39
As 0,83 0,67 0,43 0,00 0,20 0,27 0,19 0,39
As 1,00 0,74 0,72 0,58 0,00 0,23 0,40 0,51
Ae 0,97 0,76 0,53 0,57 0,27 0,00 0,66 0,49
A7 0,65 0,55 0,48 0,41 0,27 0,04 0,00 0,20
Asg 1,00 0,62 0,27 0,39 0,15 0,13 0,32 0,00
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Table 10. Values of membership function of fuzzy strict preference relationship for six
mixed criteria

Alternatives Ay Az Az A4 As As A7 As
A1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Az 0,78 0,55 0,00 0,00 0,00 0,00 0,00 0,12
Aq 0,67 0,44 0,07 0,00 0,00 0,00 0,00 0,00
As 1,00 0,72 0,68 0,38 0,00 0,00 0,13 0,36
Ae 0,97 0,75 0,29 0,30 0,03 0,00 0,62 0,36
A7 0,48 0,36 0,27 0,21 0,00 0,00 0,00 0,00
As 1,00 0,45 0,00 0,00 0,00 0,00 0,12 0,00

The membership function of fuzzy set of non-dominated alternatives in this
case is showed in the Table 11.

Table 11. Values of membership function of fuzzy set of non-dominated alternatives for
six mixed criteria

Alternatives

Aq A As Ay As As A7 Ag

0,00 0,25 0,32 0,62 0,97 1,00 0,38 0,64

Analysis results shows, that in this case alternative A, which is strictly non-

dominated alternative, is the best.

Presented calculations snows, that use additional criteria for assessing
alternatives may cardinally change preference of decision-maker and fundamentally
effect on his choice.

Conclusions
At the present time, fuzzy set approach in the field of decision-making is one

of the most used. One of the most important issue is the construction of the fuzzy
preference relations. We propose the scientific-methodical approach to choosing the
most suitable alternative as a managerial decision. It allows to construct a set of
Pareto-effectiveness alternatives and to choose the best one as a decision. If we have
several alternatives, we should make a choice based on additional reasoning, in
particular, using expert assessments, analysis of non-price indices of effectiveness,
applying the criterion of minimization of charges and so on.

....75.....




References

1. Alcantud J.C.R. (2016), Fuzzy Soft Set Decision Making Algorithms: Some
Clarifications and Reinterpretations. In: Luaces O. et al. (eds) Advances in Artificial Intelligence.
CAEPIA 2016. Lecture Notes in Computer Science, vol 9868. Springer, Cham

2. Atanassov, K. T. (1986), Intuitionistic fuzzy sets, Fuzzy Sets and Systems, Vol. 20, No. 1,
pp. 87-96. doi:10.1016/S0165-0114(86)80034-3.

3. Borkotokey, S. and Neog, R. (2014), Dynamic resource allocation in fuzzy coalitions: a
game theoretic model, Fuzzy Optimization and Decision-making, Vol. 13, No. 2, pp. 211-230. doi
10.1007/s10700-013-9172-y.

4. Cheng, W.-Y., Ender, S. & Sheng-Jung, L. A. (2006), Financial distress pre-warning
study by fuzzy regression model of TSE-listed Companies, Asian Academy of Management
Journal of Accounting and Finance. Retrieved from: http://web.usm.my/journal/ aamjaf/vol%202-
2/2-2-5.pdf.

5. Dubuois, D. (2011). The role of fuzzy sets in decision sciences: old techniques and new
directions, Fuzzy Sets and Systems, Vol. 184, No. 1, pp. 3-28.

6. Ghaderi, K. & Maihami V. (2012), Fuzzy expert system for marketing decision model
using development knowledge-based system. In: 2 International Conference on Software and
Computer  Applications (ICSCA 2012). IACSIT Press, Singapore. Retrieved from:
http://www.ipcsit.com/vol41/001-ICSCA2012-S002.pdf.

7. Hajiagha, S. H. R., Akrami, H., Zavadskas, E. K. & Hashemi, S. S. (2013), An
Intuitionistic Fuzzy Data Envelopment Analysis for Efficiency Evaluation Under Ucertainty: Case
of a Finance and Credit Institution, E+M Ekonomie a Management, Vol. 16, No. 1, pp. 128-137.

8. Heng, A., Chen, Q. and Tan, Y. (2014), Fuzzy Optimization of Option Pricing Model and
Its Application in Land Expropriation, Journal of Applied Mathematics. Retrieved from:
http://www.hindawi.com/journals/jam/2014/635898/. doi:10.1155/2014/635898.

9. Hryhoruk, P. M., Khrushch, N. A. and Grygoruk S. S. (2017), An approach to construct
fuzzy preference relationships for managerial decision making, Scientific Bulletin of Polissia. No.
4(12), part 2, pp. 92-99.

10. Jha, S., Kumar, R., Son, L.H., Jyotir Moy, Chatterjee, J.M., Khari, M., Yadav, N., and
Smarandache, F (2019). Neutrosophic soft set decision making for stock trending analysis.
Retrieved from: https://doi.org/10.1007/s12530-018-9247-7.

11. Korol, T. (2012), Fuzzy logic in financial management. Retrieved from:
http://cdn.intechopen.com/pdfs-wm/32889.pdf. doi: 10.5772/35574.

12. Lan, Y., Zhao, R. & Tang, W. (2011), A bilevel fuzzy principal-agent model for optimal
nonlinear taxation problems, Fuzzy Optimization and Decision-making, Vol. 10, No. 3, pp. 211-
232. doi 10.1007/s10700-011-9103-8.

13. Lee, C. F., Tzeng, G. H. & Wang S. Y. (2005), A new application of fuzzy set theory to
the Black-Scholes option pricing model, Expert Systems with Applications, vol. 29, No. 2, pp. 330-
342. doi:10.1016/j.eswa.2005.04.006.

14. Li, S. & Li, J. Z. (2010), Agents International: Integration of multiple agents, simulation,
knowledge bases and fuzzy logic for international marketing decision-making, Expert Systems with
Applications, Vol. 37, No.3, pp. 2580-2587.

15. Li, D.-F. (2005), Multiattribute decision-making models and methods using intuitionistic
fuzzy sets, Journal of Computer and System Sciences, Vol. 70, No. 1, pp. 73-85.

16. Lin, L., Yuan, X.-H. & Xi, Z.-Q. (2007), Multicriteria fuzzy decision-making methods
based on intuitionistic fuzzy sets, Journal of Computer and System Sciences, Vol. 73, No. 1, pp.
84-88. doi:10.1016/j.jcss.2006.03.004.

17. Lin, C.-T., Lee, C. & Wu. C.-S. (2010), Fuzzy group decision-making in pursuit of a
competitive marketing strategy, International Journal of Information Technology & Decision-
making, Vol. 9, No. 2, pp. 281-300. doi: 10.1142/S0219622010003828.

....76.....


http://dx.doi.org/10.1016/S0165-0114(86)80034-3
http://link.springer.com/search?facet-creator=%22Surajit+Borkotokey%22
http://link.springer.com/search?facet-creator=%22Rupok+Neog%22
http://link.springer.com/journal/10700
http://web.usm.my/journal/%20aamjaf/vol%202-2/2-2-5.pdf
http://web.usm.my/journal/%20aamjaf/vol%202-2/2-2-5.pdf
http://www.sciencedirect.com/science/journal/01650114
http://www.sciencedirect.com/science/journal/01650114/184/1
http://www.hindawi.com/journals/jam/2014/635898/
http://cdn.intechopen.com/pdfs-wm/32889.pdf
http://link.springer.com/search?facet-creator=%22Yanfei+Lan%22
http://link.springer.com/search?facet-creator=%22Ruiqing+Zhao%22
http://link.springer.com/search?facet-creator=%22Wansheng+Tang%22
http://dx.doi.org/10.1016/j.eswa.2005.04.006
http://www.sciencedirect.com/science/journal/09574174
http://www.sciencedirect.com/science/journal/09574174
http://www.sciencedirect.com/science/journal/09574174/37/3
http://www.sciencedirect.com/science/article/pii/S0022000004000777
http://www.sciencedirect.com/science/journal/00220000
http://www.sciencedirect.com/science/journal/00220000/70/1
http://www.sciencedirect.com/science/article/pii/S0022000006000468
http://www.sciencedirect.com/science/article/pii/S0022000006000468
http://www.sciencedirect.com/science/article/pii/S0022000006000468
http://www.sciencedirect.com/science/journal/00220000
http://www.sciencedirect.com/science/journal/00220000/73/1
http://dx.doi.org/10.1016/j.jcss.2006.03.004
http://www.worldscientific.com/doi/abs/10.1142/S0219622010003828
http://www.worldscientific.com/doi/abs/10.1142/S0219622010003828

18. Muzzioli, S., Ruggieri, A. & De Baets B. (2015), A comparison of fuzzy regression
methods for the estimation of the implied volatility smile function, Fuzzy Sets and Systems, Vol.
266, pp. 131-143. doi:10.1016/}.fss.2014.11.015.

19. Orlovski, S. (1978). Decision-making with a fuzzy preference relation. Fuzzy Sets and
Systems, 1(3), 155-168. ISSN 0165-0114. doi:10.1016/0165-0114(78)90001-5.

20. Rajput, D. H., Khare, N. (2016), Fuzzy soft set decision-making model for social
networking sites, International Journal of Social Network Mining, Vol. 2, Iss. 3.

21. Saaty, T. L. (1980). The Analytic hierarchy process: planning, priority setting, resource
allocation. New York: McGraw-Hill.

22. Samadi, F., Mirzazadeh, A. & Pedram, M. M. (2013), Fuzzy pricing, marketing and
service planning in a fuzzy inventory model: A geometric programming approach, Applied
Mathematical Modelling, vol. 37, No. 10-11, pp. 6683-6694. doi:10.1016/j.apm.2012.12.020.

23. Shang, K. & Hossen, Z. (2013). Applying Fuzzy Logic to Risk Assessment and
Decision-Making. Casualty Actuarial Society, Canadian Institute of Actuaries, Society of Actuaries.
Retrieved from: http://www.soa.org/Research/Research-Projects/Risk-Management/ research-2013-
fuzzy-logic.pdf.

24. Shipley, M. F., Johnson, M., Pointer, L., & Yankov N. (2013), A fuzzy attractiveness of
market entry (FAME) model for market selection decisions, Journal of the Operational Research
Society, Vol. 64, pp. 597-610. doi:10.1057/jors.2012.59.

25. Van de Walle, B. & Turoff M. (2009), Fuzzy relations for the analysis of traders’
preferences in an information market game, European Journal of Operational Research, Vol. 195,
No. 3, pp. 905-913. doi:10.1016/j.ejor.2007.11.022.

26. Yu, L., Shouyang, W. & Kin, K. L. (2009), An intelligent-agent -based fuzzy group
decision-making model for financial multicriteria decision support: the case of credit scoring,
European Journal of Operational Research, Vol. 195, No. 3, pp. 942-959.
doi:10.1016/j.ejor.2007.11.025.

27. Zadeh, L. A. (1975), The concept of a linguistic variable and its application to
approximate reasoning. Part I. Information Sciences, Vol. 8, No. 3, pp. 199-249.

~77 ~


http://www.sciencedirect.com/science/article/pii/S0165011414005181
http://www.sciencedirect.com/science/article/pii/S0165011414005181
http://www.sciencedirect.com/science/article/pii/S0165011414005181
http://www.sciencedirect.com/science/journal/01650114/266/supp/C
http://www.sciencedirect.com/science/journal/01650114/266/supp/C
http://dx.doi.org/10.1016/j.fss.2014.11.015
http://dx.doi.org/10.1016/0165-0114(78)90001-5
https://www.inderscienceonline.com/author/Rajput%2C+Dharmendra+Singh
http://www.sciencedirect.com/science/article/pii/S0307904X13000048
http://www.sciencedirect.com/science/article/pii/S0307904X13000048
http://www.sciencedirect.com/science/journal/0307904X
http://www.sciencedirect.com/science/journal/0307904X
http://www.sciencedirect.com/science/journal/0307904X/37/10
http://dx.doi.org/10.1016/j.apm.2012.12.020
http://www.sciencedirect.com/science/article/pii/S0377221707011149
http://www.sciencedirect.com/science/article/pii/S0377221707011149
http://dx.doi.org/10.1016/j.ejor.2007.11.022
http://dx.doi.org/10.1016/j.ejor.2007.11.025
http://www.sciencedirect.com/science/article/pii/S001999586590241X
http://www.sciencedirect.com/science/journal/00200255
http://www.sciencedirect.com/science/journal/00200255/8/3

THE SCIENTIFIC COOPERATION OF KHMELNITSKY HUMANITARIAN
PEDAGOGICAL ACADEMY AND THE UNION OF POLES OF
KHMELNITSKY REGION

YashchukI., Binytska K., Binytska O.
Khmelnitsky humanitarian pedagogical Academy, Ukraine
Presenting main material

Today Khmelnitsky humanitarian pedagogical academy is actively working on
the development of new directions and models of educational and scientific
cooperation with universities of the Republic of Poland. The presence of a significant
Ukrainian Diaspora in this country, and also the formation of the so-called fourth
wave of emigration, which includes tens of thousands of young Ukrainian guest
workers and Ukrainian students as well, creates the preconditions for attracting this
category of citizens to different forms of education through joint educational
programs.

We accentuate that the Agreement "On cooperation in the field of education”
had been signed between the Ministry of education and science of Ukraine and the
Minister of national education of the Republic of Poland in 2015. The governments of
Ukraine and the Republic of Poland, on the basis of the principles of reciprocity and
equality, have agreed to cooperate on: exchange of information about education
systems, plans of their development and directions of reforming; promoting of joint
events by interested institutions, in particular, conferences, symposia, olympiads and
competitions for youth, etc; development of direct links and cooperation between
educational establishments of all levels, including cultural and educational centers
established by public organizations of the Polish national minority in Ukraine, and
educational establishments and educational institutions in the Republic of Poland, in
accordance with the legislation of the States of the Parties [8].

It is also advisable to emphasize that the problem of scientific cooperation is
relevant for the countries of the European Union. Thus, the European cooperation in
the field of education and science is carried out according to the document of the ET
2020 Frame. The frame of ET 2020 offers opportunities for the development of the
best practices of educational policies for the collection, systematization and
dissemination of information and for the development of reforms in education
policies at the national and regional levels. The structure of the collaboration is based
on a life-long learning approach. That is why they include learning results from early
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childhood to higher education, as well as lifelong learning. Cooperation in the field of
education extends to all educational contexts: formal, non-formal and out-formal.

Four common EU general goals: implementation of the concept of lifelong
learning and educational and scientific mobility; improving the quality and
effectiveness of education; promoting equality, social cohesion and civic
engagement; stimulating creativity and innovations, also the entrepreneurship at all
levels of education are implemented in the process of educational and scientific
cooperation (within the framework of ET 2020), [9].

It is clear that not all this cooperation is equal. We have institutional
connections, with others — the cathedral, and even simply — human with some
educational establishments and foreign scientific institutions. But, of course, they all
provide a useful experience of communication, which mutually enriches them all.
And such educational and scientific diplomacy is the key to effective and real
entering of establishments of education to the European and world intellectual
community.

The purpose of our article is to highlight the features of scientific cooperation
between Khmelnitsky humanitarian pedagogical academy and the Union of Poles of
Khmelnitsky region.

The cooperation between Khmelnitsky humanitarian pedagogical academy and
the Union of poles of Khmelnitsky region is long-term and productive in various
fields of activity. One of the areas of this cooperation is the holding of scientific and
practical round tables for the Independence Day of the Republic of Poland, which
was launched in 2014. The feature of scientific cooperation is settin-up cooperation
between higher education establishments of Ukraine and the Republic of Poland and
the Union of Poles of Khmelnitsky region. The purpose of this scientific
cooperation is coordinating and implementing joint researching projects which
would violate the current problems of modern education, common cultural and
spiritual traditions of Ukraine and the Republic of Poland and would highlight their
scientific discourse. Four international round tables (2014-2017) were held within the
framework of cooperation.

On November 10, 2014 the International round table "The Independence of the
Republic of Poland, the Independence of Ukraine — the way to European integration,”
was held. The organizers of the scientific forum were: Khmelnitsky humanitarian-
pedagogical academy, Ukrainian-Polish center of Khmelnitsky national university,
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Khmelnitsky regional branch of the Union of Poles of Ukraine, Institute of
Theological sciences (Horodok), Higher Banking School (Poznan, Poland), Pomorsk
academy (Slupsk, Poland) [4].

The high activity of the scientific publicity of Ukraine and the Republic of
Poland became the evidence of the relevance of the chosen problems. The
International round table is held in accordance with the work plan of Khmelnitsky
humanitarian pedagogical academy (Ukraine).

The scientists from leading establishments of higher education of Ukraine, the
Republic of Poland took part in the conference. They represented the leading
scientific and higher educational institutions, in which the scientific researches on the
subject of the conference have been conducted. In total, 112 applications were
submitted to the committee for participation in the conference, among them were 20
doctors of sciences, professors, 30 candidates of sciences, associate professors, as
well as doctoral students, graduate students of higher educational establishments of
Ukraine and the Republic of Poland.

On November 18, 2015, the second annual international round table
"Outstanding Poles in Podillia" was held. The topic of the plenary reports was
devoted to the consideration of activities of outstanding representatives of the Polish
people, taking into account the historical retrospective and the modern development
of Paodillia. In the circle of attention of researchers were representatives of a number
of social sciences — unexplored or less researched figures of Polish origin, who were
native or worked in Podillia. The monography published by the results of the
conference is designed for scientists — historians, philosophers, sociologists,
economists, teachers, as well as students and all those who are interested in local
history problems of the Podillia region [1, p. 4].

Khmelnitsky humanitarian pedagogical academy, Ukrainian-Polish center of
Khmelnitsky national university, Khmelnitsky regional branch of the Union of Poles
of Ukraine, Institute of Theological sciences (Horodok), Higher Banking School in
Poznan, Economic Department in Szczecin (Poland), the department of M. T. Rylskyi
Podilskyi Institute of art studies, folklore and ethnology of National Academy of
Sciences of Ukraine, Mariya Hzhehozhevska Academy of special pedagogy of
Warsaw (Republic of Poland) were the organizers of the scientific forum [1].

For the first time in Ukraine the presentation of the collective monography
"Outstanding Poles in Podillia™ was held during the conference [1].

~80 ~



On November 23-24, 2016, the international conference "Repressions against
Poles and other nationalities in Podillia: role and place in the history of the region™
was held. The conference was focused on consideration the problems of political
repression of the Soviet era. During the conference the archival documents, historical
and documentary-journalistic essays about the inhabitants of the region (Poles and
other nationalities), who during the totalitarian regime suffered groundless,
unjustified repressions, biographical notes about the Poles and representatives of
other nationalities and residents of Khmelnytsky region, who suffered unjustified
political repression had been published [5].

The wide range of participants: local historians, historians, political scientists,
philosophers, sociologists, teachers, theologians, also students and all those who were
interested in the problems of political repression in Podillia of the Soviet era took part
in the conference.

Khmelnitsky national university, Khmelnitsky humanitarian pedagogical
academy, Institute of Theological sciences (Horodok), State archive of Khmelnitsky
region, Khmelnitsky regional Institute of postgraduate pedagogical education, the
department of M. T. Rylskyi Podilskyi Institute of art studies, folklore and ethnology
of National Academy of Sciences of Ukraine, Khmelnitsky regional branch of the
Union of Poles of Ukraine, the Union of teachers-polonists of Khmelnitsky region,
Yan Pavlo Il Lublin Catholic University. (Lublin, Republic of Poland), Institute of
national memory (Warsaw, Republic of Poland) were organizers of scientific forum.

Approximately 200 participants from different regions of Ukraine and the
Republic of Poland took part in the conference: representatives of the diplomatic
corps, representatives of the administration of Khmelnitsky and Khmelnitsky region,
clergy, heads of leading establishments of higher education, teachers and students.
Among the honorary guests of the event were: Consul of the Republic of Poland in
Vinnytsia, Voitsekh Mrozovskyi and scientists from Yan Pavlo Il Lublin Catholic
University.

On November 23, the plenary session of the international conference was held
in the St. Anna Roman catholic church of Khmelnitsky [3].

On November 24, 2016 in the framework of the international scientific and
practical conference and on the occasion of Independence Day of the Republic of
Poland the Competition of scientific works of students of Khmelnytsky region was
summed up [2].
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The collective monography, which was based on documentary materials of the
State archive of Khmelnitsky region, materials of scientific libraries of Ukraine,
periodicals of the second half of the twentieth century. family members’ memories of
the life of the repressed citizens, reference and bibliographic literature had been
presented, the tragic events of Stalin’s repressions, the material about the fate of the
repressed podolyans had been reflected during the conference.

The main purpose of the international conference was to honoring the memory
of victims of political repression in Podillia. As a great warning lesson to all of us
that any regime that is directed against human rights and freedom, has a threat to
humanity itself.

The organizers of the conference had the purpose to summarize modern
knowledge about the repressions against Poles and citizens of other nationalities in
Khmelnitsky region during Stalinism period. The relevance of this scientific forum
was also that an impartial analysis of archival and investigative cases had been
conducted to determine the degree of completeness and reliability of the information
contained in them. And research of various aspects of the history of repression, will
increase the meaningful impact of this type of mass sources, will make them more
accessible for study and inclusion in the orbit of scientific treatment, also it will
increase the cognitive capabilities of researchers [5, p. 4].

The authors attention focused on essays, scientific articles, biographical notes,
certificates and researches of scientists, students and pupils of Khmelnitsky region
about the crimes of the Stalin’s regime.

During the conference the members of the organizing committee made a
sincere gratitude to f. Henrik Dziadosh for the creation of the oratorio dedicated to
the persons of repression in the time of Stalinism-communism in the St. Anna Church
in Khmelnitsky, also for the idea of holding the international scientific conference
"Repression against Poles and other nationalities in Podillia: the role and place in the
history of the region." The international conference was occurred on the occasion of
the year of God’s Mercy (2016 had been declared by Pope Francisc the year of God’s
Mercy).

It should be noted that students of the faculty of primary education and
philology of Khmelnitsky humanitarian pedagogical academy have taken an active
part in the international conference with the guidance and mentoring of the Dean of
the faculty, doctor of pedagogical sciences, professor Inna Petrivna Yashchuk.
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According to the results of scientific and research work, the study of 66 students of
the faculty of primary education and philology were published in a documentary and
journalistic essay "Repressions against Poles and other nationalities in Podillia: the
role and place in the history of the region." The tragic events of Stalin’s repressions
had been reflected, the material about the fate of the repressed podolyans had been
stated in documentary and journalistic essays of students of the faculty of primary
education and philology of Khmelnitsky humanitarian pedagogical academy on the
basis of documentary materials of the State archive of Khmelnitsky region, scientific
libraries of Ukraine, periodicals of the second half of the twentieth century, memories
of family members, reference and bibliographic literature [6].

On November 25, 2016 in the framework of scientific cooperation of
Khmelnitsky humanitarian pedagogical academy and the Union of Poles Khmelnitsky
region was held all-Ukrainian round table "Education in Europe for students’ youth:
realities and prospects." The organizers of the round table were V. Hnatiuk Ternopil
national pedagogical university and Khmelnitsky humanitarian pedagogical academy.

The next event in the constellation of scientific events was the holding of the
all-Ukrainian round table with international participation "Tendencies of the
development of higher education in the European Union: realities and prospects™ on
November 23, 2017. The organizers of the event were the Higher Banking School
(Poznan) and Khmelnitsky humanitarian and pedagogical academy [7].

The main purpose of conducting the all-Ukrainian round table was the
implementing of scientific communication leading scientists and practitioners-
teachers to familiarize with the foreign theoretical developments and practical
experience concerning the tendencies of the implementation and further development
of education in the leading European countries; the directing of the results of
scientific research for the modernization of educational activity of educational
establishments; facilitating the systematization and dissemination of modern
European educational tendencies in Ukraine [7, p. 3].

According to the results of the scientific meeting materials of conference
proceedings had been published, the authors attention focuses in essays, scientific
articles and scientific researches of students, master's students, postgraduates,
doctoral students and researchers on problems: of higher education development in
Ukraine: methodology, theory and practice; the formation of education systems in
countries of the European Union in the context of a unified space of higher education;
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the characteristics of educational systems of the countries of the European Union; the
main tendencies of development of higher education in the countries of the European
Union; the introduction of the experience of modernization system of higher
education in the countries of the European Union in Ukraine; the international
education programs funded by the European Union in the field of higher education;
the formation of educational and scientific strategies in the context of Ukraine’s
joining the single European space of higher education.

The friendly atmosphere and high-quality organization of all scientific events
provided maximum opportunities for scientists, historians, local historians to present
and discuss the results of their scientific research, to demonstrate their creative
abilities and creative potential. Probably, it is advisable to hold such representative
scientific conferences with the involvement of the widest possible range of
participants annually. This opinion was expressed by the absolute majority of
conference participants.

According to the participants and organizers, analyzed by us above scientific
conferences were productive, lively, useful for scientific and pedagogical workers,
students and for the community of Khmelnitsky region. It should be noted that many
reports and speeches caused lively discussions, which underlined the non-
indifference of the forums present at them to the clarified problems and the desire to
find ways to their solving.

After analyzing the scientific cooperation of the Khmelnitsky humanitarian
pedagogical academy and the Union of Poles of the Khmelnitsky region, it can be
confidently stated that such cooperation has a positive impact on the cultural,
spiritual, historical, educational directions of development of Podillia.

In the future, the scientific and pedagogical staff of the Khmelnitsky
humanitarian pedagogical academy is planning to continue productive cooperation
with the Union of Poles of the Khmelnitsky region in the scientific direction.
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PSYCHOLOGICAL ASPECTS OF SECOND-LANGUAGE LISTENING
COMPREHENSION SKILLS DEVELOPMENT

Kharzhevska O., Oleksandrenko K., Pilishek S.,

Rudoman O., Yakymchuk Yu., Peshkova T.
Khmelnytskyi National University, Ukraine

Introduction

The training practice of listening comprehension skills is an integral
component of the teaching process of speaking, reading, and writing, as well as a
learning tool used in oral presentation of speech material and communicative
receptive-reproductive exercises. The practical task of listening comprehension
teaching is to train students to understand the foreign language offered by teachers in
the classroom or by listening to the authentic speaker’s speech.

However, listening is a complex psychological and physiological process that
involves perceptual, mental, mnemonic activity. We call it a perceptual activity
because the auditory perception of speech is performed. It can be also thought-
provoking because it involves a number of mental operations, such as analysis,
synthesis, induction, deduction, comparison, abstraction. The mnemonic activity is
determined by the fact that during perception the selection and assimilation of the
informative features of the linguistic and lexical units, as well as transformation of
the auditory image and recognition, are stored by means of long-term memory as a
result of comparison. Listening is a complex foreign language activity that involves a
number of mental processes, such as: hearing, attention, recognition, comparison of
speeche types, their identification. They are fundamental in the psychological aspects
of listening [1,11].

But usually the teacher may encounter some difficulties while conducting or
teaching listening comprehension activities. The success of audition depends on:

- the listener (the levels of his or her voice comprehension development,
memory, attention, interest, etc.), his individual psychological characteristics;

- the linguistic features of the audio text and its relevance to the students’
speech experience and general knowledge;

- the conditions of perception of audio text [2, p.123].

So we can see that the perception of listening first of all depends on the
listener. The qualities such as respond to signals of oral speech communication
(pauses, logical stresses, rhetorical questions, communication phrases, etc.) play a
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great role, his ability to switch from one mental activity to another, quickly to pertain
the aim of the message that is pertinent to the whole context. These skills are
developed in the process of learning many subjects especially including foreign
language. The individual and psychological characteristics of students, the level of
development of auditory differentiated sensitivity, auditory memory, the mechanism
of probable prediction and the level of attention are also important [11].

The analysis of recent sources and publications

The problem of assessing foreign language skills due to the development of
working memory span has been researched in a number of works by many
psychologists such as: Burstall C., Carroll J., Carpenter P., Daneman M., Kabardov
M., Leontiev A., Pimsleur P., Poelmans P., Sapon S., Vigotskiy L., Zimnyaya I., and
they all took into consideration the learners’ peculiarities of native language as well.
The speech production is influenced by the level of verbal intelligence and logical
mind.

The Pimsleur Language Aptitude Battery (PLAB) was developed to measure
language learning aptitude. Language learning aptitude does not refer to whether or
not an individual can or cannot learn a foreign language (it is assumed that virtually
everyone can learn a foreign language being given an adequate opportunity). The
Pimsleur Language Aptitude Battery is an assessment developed to predict student
success in foreign language learning, or language learning aptitude, and for
diagnosing language learning disabilities.

According to John Carroll and Stanley Sapon, the authors of the MLAT (a
similar language aptitude test intended for older subjects), language learning aptitude
does refer to the “prediction of how well, relative to other individuals, an individual
can learn a foreign language in a given amount of time and under given conditions”
[5].

A test that is typically used as a measure of working memory is the reading
span test, originally developed by Daneman and Carpenter (1980). In the test both
components of working memory are involved: the processing component for dealing
with the current sentence and the storage component for storing words to be
remembered. In each test trial, participants are given some sentences that are
presented one by one. Participants are asked to read them out loud and to try to
remember the last word of each sentence. Reading involves the processing
component of working memory, while rehearsal of the sentence final words involves
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its storage component. Participants are told that the number of sentences per trial
increases over the course of the test. Their reading span is defined as the maximum
number of sentences that they can read while correctly recalling the last word.
Examples of tests that are used for measuring the capacity of the phonological loop
are the non-word repetition test, and the serial recognition test [6, 7]

A listening span test was constructed and used as a measure of working
memory capacity differing from Daneman and Carpenter’s original reading span test
in terms of modality [7]. It is scored in a simple way by calculating the number of
words correctly recalled. There are several adapted versions of the reading span test.
Differences between the derived and the original tests can be found in the modality of
input presentation (e.g., written vs. oral) or in the sentence processing assignment
(e.g., reading aloud vs. making a semantic judgment on sentence content).

Presentation of the main research material

Among the techniques which allow the students to make sure that they have
correctly understood the news bulletin, guided listening gives them the opportunity to
make fairly rapid progress, if it is followed (in the language laboratory for example)
by individual comprehension exercises in some depth, or by written tests such as
dictation, with or without omissions rapid note-taking questions: which need a
precise answer with a choice of two answers (true or false) with multiple choice
answers.

For the students whose reading comprehension is more advanced that their
listening comprehension, it is worthwhile to approach the radio news bulletin by way
of written news, comparing the newspapers’ versions with the news broadcast the
same day on television or radio — the last one is the most difficult, without text,
illustration or visible speaker. After this work, it can be recommended to compare the
different versions of news and comments, which are basically the same yet different
according to whether they are presented in the press, on television or on radio,
(considering for example sentence structure, repetition, use of indirect speech, etc.)

As for the linguistic features of the text itself, the difficulties of listening
comprehension of foreign text depends on certain factors. The primary factor is the
duration of the message. It is easier to keep in memory and understand short
messages. The longer the message, the more difficult it is to separate the value
centers, keep them in memory and detect the content of the text as a. For the pre-
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intermediate level of study 3-4 minutes are necessary, for the intermediate — 4-5
minutes, for the upper-intermediate — 5-7 minutes. Besides the duration of the
message, there is another factor that is a visual support, so called illustration of the
content of the message. Drawing a picture (or explaining a movie) is easier for the
audience than the same story without relying on clarity [3, p.17].

The listening is a complicated both psychological and physiological processes.
In order to communicate adequately it is important for a listener to understand what
the speaker says. Understanding of spoken language can be described as an
inferential process based on the perception of several cues rather than a simple match
between sounds and meaning. As it was noted by Poelmans P. [10], the listening
comprehension process is a combination of four sub-processes or modules:

- hearing: the auditory reception of an acoustic signal (perception), as is also
performed on non-speech sounds;

- categorization of sounds: categorizing incoming sounds in terms of the sound
categories of the language;

- word recognition: breaking up the stream of sounds into linguistic units
(morphemes, words) and retrieving their meaning from long term memory;

- comprehension: integrating the meanings of the words in their sequence into
an interpretation of the entire utterance, so to say a reconstruction of the speaker’s
communicative intention.

Obviously, the third and fourth modules draw heavily on linguistic knowledge.
Both lexical knowledge, ability to recognize words, and knowledge of the rule system
of the language, ability to decode the grammatical relationships among the words that
make up the sentence, are part of the listener’s linguistic competence. However,
especially at the third stage, knowledge of the world, i.e., non-linguistic knowledge,
plays an often-indispensable role in the listening process. [10, p.10]

Listening comprehension must be active work. It has been a longstanding
tendency of language teaching in Ukraine to do nothing more than have students
listen to a recording (too often a recording of a written text — a newspaper article or
an extract from some literary work) and then to ask questions leading the students to
reconstitute or reformulate the content of the recording. This sort of work is often
artificial, firstly because of the choice of text, and secondly because the problem of
answering a series of questions and reconstituting what one has just heard is not a

situation which arises in the normal course of events. Besides which, the students’
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attitude is very passive during their listening, and it is rare to see them keep up their
attention for more than a minute or two.

If, on the other hand, listening is accompanied by some activity, the students
receive the listening comprehension exercise in a completely different way.

The student is guided by explaining what he should be looking for or what
problem he should be solving, the teacher’s task is to guide his attention in a
particular direction. Again, having some activity to pursue corresponds much more to
reality. Whether we are listening to the news on the radio, to a conversation between
friends, or to some incident told by a colleague, we cannot help wondering about
what is to follow, in terms of a familiar situation — the current news, what we know
of our friends, the circumstances which have led to the colleague telling his story, etc.
It is often just the situation, known to both speaker and listener — the knowledge
they share — which is lacking in so many listening comprehension exercises; and it
Is this that we are trying to reinstate by giving the students a definite task to do.
Moreover, the student often appreciates these exercises as a game, a problem to
which he has to find the solution [12].

1. It is important not to dissociate listening comprehension from other skills.
Most of the following exercises have visual written support, and give opportunity for
free expression afterwards.

2. It is important to use authentic texts for listening comprehension
(“authentic” is here the meaning that which truly belongs to spoken language and not
to oral written language) — that is to say, to use, if possible, “spontaneous”
recordings, made without a script prepared in advance. Such recordings are often
more difficult, since the language used has not been simplified in advance; this
should not, however, pose too great a problem if we consider that students should be
taught a holistic comprehension before comprehension in detail, and that it is the type
of activity given to the students more than the language used in the recording which
makes an exercise more or less difficult [3].

According to Kabardov M. (1985) the ability to speak a foreign language takes
into account the peculiarities of the native language of the learners. *No one was able
demonstrate a brilliant command of a foreign language with poor development of
their native language" [8, p.198].

The process of expression is influenced primarily by the degree of
development of verbal intelligence and logical thinking. One of the essential
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indicators of learning is the ability to independently establish the language pattern in
terms of verbal formulation, and in terms of practical linguistic action, which
characterizes both the general ability to learn and special ability to "advance" in
language. Some of these indicators are more related to mental activity, others have
the relevance to features of mnemonic activity [9].

Specificity of thinking-mnemic activity in general and speech activity in
particular are determined namely by two indicators: the verbal memory span and the
quantity of actual verbal hypothesizes in the given context. The verbal memory span
Is revealed in speech activity and implies the work of long-term memory. We show
keen interest to study the hearing differential sensibility that is often a key component
in the complex of foreign language abilities and is necessary for the development of
listening comprehension skills among the students of high educational
establishments. Batteries of tests developed by such foreign authors as Carroll J.,
Carpenter P., Daneman M., Pimsleur P., Sapon S. have many things in common and
define the following indicators:

1) auditory sensitivity, that is, the ability to distinguish, memorize sounds;

2) the correlation of sound with the corresponding symbol, that is “sound-
symbol” relevance;

3) grammatical ability, or grammatical sensitivity, in particular, the ability to
deduce grammatical rules from linguistic material;

4) verbal memory span.

Here we can single out the abilities that are directly involved in the foreign
language activity and are necessary for a real mastery of a second language listening
comprehension skills. The following are the main indicators of cognitive processes
related to language activity: the level of auditory differential sensitivity, the verbal
memory span, the ability of prediction in language activities, generalization and
selection of foreign language patterns.

1. The level of auditory differential sensitivity. There can be studied a number
of true and false differentiations.

2. The amount of verbal memory. The criteria for estimating the amount of
verbal memory are the following:

3. Prediction in language activities. It is estimated by two parameters:

a) the speed of formulation of linguistic hypotheses, which is measured by the
average number of hypotheses per phrase;
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b) the flexibility of thought processes that provide linguistic prediction, which
Is measured by a number of different types of hypotheses.

4. Generalization and selection of language patterns. The correct translation of
sentences from native into English language and visa versa [4].

Here we suggest several tasks that aim to teach the students to predict the
further events. The theme is connected with the academic study and current students’
routine. The students are offered to listen to the school assembly about how to study
and do the following exercises by practising and improving their listening skills. The
learners do this exercise before listening.

Task 1. Preparation: grouping. Put the study ideas in the correct group.

1. Just read your notes, but don’t highlight them or write anything extra

2. Think long term

3. Make a study timetable

4.Take regular breaks

5. Answer email, text messages and Facebook messages immediately

6. Work where there are distracting noises

Task 2. Checking understanding. True or false statements. True/False

1. The students will be taking exams soon.

2. A revision timetable could be from one to six weeks.

3. No one can really concentrate properly with music on.

4.You should try to forget about the internet, text messages, Twitter, Facebook,
etc. while you're studying.

4.You should try not to have a break until you really need one.

5. Underlining or highlighting your notes is better than writing more notes.

6. Mind maps are good because they mirror the way the brain works.

7. The most important thing is to remember the information. You don't have to
understand it.

Task 3. Checking vocabulary: gap-fill

1. Some of you are probably fantastic at studying, really organizedand

2. It's a good idea to have some kind of or :

3. If you're studying for an important exam, it's important to think
4. Make sure the place where you're going to study is _, with no
distracting
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5. If you have to work near a TV, you might have touse ___ to drown out the
sound of the TV.

6. While you're studying, you should the internet, text messages,
Facebook, etc.

7. You should plan your studying and take regular

8. It is better to write notes, so your mind is the information more.

9. Mind maps seem to work in the same way the works.

10. Which study method you choose all depends on your personal

Task 4. Match the vocabulary with the correct definition and write a — h next
to the numbers 1- 8.

Word Definition

1. adivide a. compared with, against

2. to make up b. a big system consisting of many
parts that are

3. universal c. to make a big thing or number from
smaller things or numbers

4. abstract d. annoyed or upset because you
cannot achieve what you want

5. frustrated e. something that exists as an idea, not
a real thing you can see and touch

6. vague f. a difference or separation

7. a network g. not very clear or detailed

8. versus (vs.) h. existing everywhere and for
everyone

An important component of an optimal motivation model is foreign language
ability. We believe that knowing everyone’s abilities is very important while
organizing a foreign language course or academic lesson. This will allow the teacher
to set the students appropriate tasks and demands, to effectively carry out an
individual approach, to offer special tasks for the development of foreign language
auditory abilities.

~903 ~



Conclusion.

Summarizing theoretical and methodological foundations of analysis and
research on the formation of listening comprehension skills and development of
working memory span, the following conclusions can be done. Listening is one of the
most important types of second-language speaking activity without which it is
Impossible to communicate a foreign language. Effective teaching of listening
comprehension to the students requires taking into consideration their psychological
features, particularly of this type of mental activity, keeping in mind the difficulties
that occur when students work with audio texts, and to use the systems of exercises
skillfully. Carefully selected authentic material, professionally-oriented academic
guidance reduce problems, misunderstanding and handicaps of the learners while
listening to the audio texts, and thus contribute to the increase of students’
motivation.
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STRATEGIC PRIORITIES FOR THE DEVELOPMENT OF THE USE OF
RENEWABLE ENERGY SOURCES

Mykoliuk O., Bobrovnyk V.

Khmelnytskyi National University, Ukraine
Introduction

Given the increasing exhaustion of traditional energy resources and the
aggravation of global contradictions in economic development, one of the main
national strategic objectives is to ensure energy security. This problem can be solved,
first of all, through the diversification of energy resources, optimization of the model
for energy consumption and implementation of energy-efficient technologies based
on renewable energy sources. Over the last decade, renewable energy has not just
become a mere tool for realizing the idea of low carbon society. It can be an
economically viable alternative to fossil fuels. Between 2006 and 2016, the global
consumption of renewable energy increased from 93.2 to 419.6 million tonnes or by
4.5 times. In 2015, the total global annual capacity growth of renewable energy
exceeded that of traditional generation, which emphasizes the competitiveness of
renewable energy production [1; 2].

Typology of knowledge

Nowadays, renewable energy is rapidly spreading, replacing traditional and
environmentally unfriendly energy sources. Renewable energy is based on the use of
solar, water, wind and natural heat. In EU legislation, the definition of renewable
energy sources was introduced in 2009 in Directive 2009/28/EC [3] on the promotion
of electricity produced from renewable sources in the internal electricity market. The
term “renewables energy sources” should be understood as nonfossil energy sources
(wind, solar, geothermal energy, waves and tides, hydropower, biomass, organic
waste gas, waste gas and biogas) [4]. The most thorough definition of the term
“renewable energy” was published in 2002 by the International Energy Agency
(IEA). According to its classification, renewable energy sources include:

1) combustible renewables and biomass waste, namely solid biomass and
animal products (biological mass, including any plant material used directly as fuel or
converted to other forms before burning (wood, vegetable and animal waste; charcoal
derived from solid biomass); gas or liquid from biomass produced in the process of
anaerobic fermentation of biomass and solid waste and burned for electricity or heat
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generation; municipal waste, namely waste from residential, commercial and public
sectors that are burned to generate heat and electricity; industrial waste, namely solid
and liquid materials that are burned to generate heat and electricity at specialized
enterprises;

2) hydropower, that is a potential or kinetic energy of water converted to
electrical energy by large and small hydropower plants;

3) geothermal energy, that is thermal energy coming from the bowels of the
Earth, usually in the form of hot steam or water; it is used for electricity generation or
directly as a heat source for heat supply systems, agriculture needs, etc .;

4) solar energy, that is the radiation of the sun used as thermal and electrical
energy;

5) wind energy, that is kinetic wind energy used to generate electricity in wind
turbines;

6) tidal, wave and ocean energy, that is the mechanical energy of tidal flows or
waves used to generate electricity [5-7].

The world community has discovered the most promising way to address the
issue of energy supply. It is to use renewable energy sources that are characterized by
an inexhaustible resource potential and environmental friendliness. One of the major
events contributing to the development of renewable energy is the 2015 United
Nations Climate Change Conference in Paris. Indeed, 195 countries have signed a
historic agreement on a global climate change issue and pledged to double investment
in the study of clean energy over the next five years. The Paris Agreement entered
into force on November 4, 2016. Its main mission is to limit warming to 1.5 °C. The
main objective of the Paris Agreement is to increase the capacity of the participating
countries to deal with the effects of climate change. To achieve these ambitious goals,
they have envisaged certain flexible opportunities for funding, technology transfer
and strengthening of institutions that can be applied to countries with different levels
of economic development [1]. It must be noted that Ukraine was one of the first to
accede to the Paris Agreement and submit its proposals on the intended nationally
determined contributions. An important practical step towards its implementation, as
well as a step towards the implementation of European environmental standards, is
the approval by the Government of Ukraine of a National Emission Reduction Plan
for Large Combustion Plants in November 2017, whose implementation is aimed at
the gradual and substantial reduction of emissions from thermal generation. In
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September 2015, Ukraine informed the UNFCCC Secretariat of its goal of not
exceeding 60% of the 1990 greenhouse gas emissions level in 2030. The Paris
Agreement calls on countries to periodically review their commitments to reduce
their greenhouse gas emissions and introduce a cyclical mechanism for updating the
parties’ targets. Thus, each party is required to report (submit to the UNFCCC
Secretariat) every five years, starting in 2020, the replacement of the intended
nationally determined contributions, which were recorded in 2015 [8].

An effective mechanism used by the EU to stimulate the development of
renewable, alternative energy sources are national strategies, programmes and plans.
The issues of energy efficiency and energy security in Ukraine are dealt with by the
State Agency for Energy Efficiency and Energy Conservation (State Energy
Efficiency), Association for Energy Efficiency and Energy Conservation. Some
issues are covered by the Bioenergy Association of Ukraine and the Institute for
Renewable Energy of the National Academy of Sciences of Ukraine. Globally, the
analysis of energy efficiency is conducted by the IEA, Enerdata, Bloomberg, British
Petroleum; about the use of renewable energy — by the Renewable Energy Policy
Network for the 21st century (REN 21), etc.

The development of renewable energy has necessitated a clear regulation of the
economic, legal and organizational aspects of the use of renewable energy. Therefore,
in 2003, the Law of Ukraine “On Alternative Energy Sources” was adopted. It
defines the term as follows: “alternative energy sources — renewable energy sources,
which include solar, wind, geothermal, wave and tidal energy, hydropower, biomass
energy, organic waste gas, sewage treatment plants, biogas and secondary energy
resources, namely blast furnace and coke oven gases, coal bed methane, conversion
of the waste energy potential of technological processes”. Thus, in line with the
Ukrainian law, “alternative energy” is a slightly broader concept than “renewable
energy”’ since it targets not only clean renewables but also secondary energy
resources. It must be noted that today the state is encouraging the use of renewable
energy to replace traditional energy resources, in particular, imported natural gas and
oil. To clearly understand the distinction between alternative and renewable energy,
one must bear in mind that there is still no single approach to defining these
categories. Also, the concepts of “non-traditional” and “renewable” sources of energy
are quite often used in the scientific literature. Therefore, it is important to interpret
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these categories. Theoretical approaches of different scholars and researchers to
defining the concept of alternative energy sources are presented in Table 1.

According to international law, there are several types of alternative energy
sources, namely renewable, new, non-traditional ones, etc. The ECOSOC Resolution of
1956 is the first international act in this field that divides all energy sources into
traditional and new ones. In turn, EU countries use the terms “alternative sources” and
“renewable energy sources”. The Ukrainian legislation accepts the term ‘“‘alternative
energy sources”. This term is quite appropriate as today and later in the future, the
energy from these sources will be used along with (alternatively) coal, oil and gas.

There is currently no clear understanding as to what to refer to alternative
sources. In the EU, alternative sources first included the liquefaction and gasification
of solid fuels, exploitation of geothermal fields, as well as the use of solar energy
(Regulation (EEC) No 2039/82 as regards the granting of financial support to projects
to exploit alternative energy sources).

Table 1. Approaches to defining such concepts as “alternative energy sources” and

“renewable energy sources”

Author/source Definition

The law of Renewable energy sources which include solar, wind, geothermal, wave and
Ukraine “On tidal energy, hydropower, biomass energy, organic waste gas, sewage gas,
Alternative Energy | biogas. Secondary energy sources include blast furnace and coke coal gas,

Sources” coal bed methane, conversion of the waste energy potential of technological
processes.
H. Pivniak Sources based on permanent or temporary natural processes, as well as the life
cycle of flora and fauna and life activity of individuals.
Yu. Sibikin, Energy sources that are inexhaustible, environmentally friendly and do not alter

M. Sibikin the energy balance of the Earth.

Ye. Shkuridin Renewable, permanent or temporary energy sources that are an alternative
(substitute) to relevant traditional (non-renewable) energy sources.

J. Twidell, Sources based on energy flow in the environment that are not the result of
A. Weir purposeful human activity.
O. Bélohlavek Sources or means of production other than the burning of fossil fuels.
I. Pidhirnyi Ways, devices or other methods for obtaining energy from the energy of

renewable or practically inexhaustible natural resources and phenomena
which can replace a traditional energy source operating on oil, gas or coal.

S. Naraievskyi Input elements of the energy system that are transformed into secondary
energy (electrical, thermal, mechanical) through the use of alternative
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conversion technologies.

M. Syrotiuk

Renewable energy sources in the geographic environment of the Earth are
solar, wind, geothermal energy, as well as bioenergy and river hydropower.
They are practically inexhaustible and environmentally friendly.

V. Baranovska,

Renewable energy sources exist permanently or temporarily as energy

S. Berzina, streaming from the sun, wind, Earth heat, wave and ocean energy, river
O. Bohdan, hydropower, biomass.
O. Voznyi
O. Borodina Alternative energy sources are renewable sources including energy from solar
radiation, wind, seas, rivers, biomass, Earth heat. Secondary energy resources
exist permanently or temporarily.
A. Shevtsov, Non-traditional and renewable energy sources include hydroelectric power
M. Zemlianyi, plants (large, average and small), geothermal, solar, photovoltaic, thermal,
T. Riauzova tidal, ocean and wind energy, solid biomass, biomass gases, liquid biofuels

and municipal renewals, which the IEA defines as renewable energy sources.

O. Melnykova,
A. Prakhovnyk,
Dag Arne Hoystad,
Ye. Inshenkov,
V. Deshko,

A. Konechenkov

Renewable energy sources are those that are constantly renewed in nature
(solar radiation, biomass, river and ocean waters, geysers, etc.) and exist
based on the permanent or temporary flows of energy, namely solar radiation
(biomass, solar, wind and wave energy); the gravitational interaction between
the sun, the moon and the Earth (which results in sea tides); thermal energy of
the Earth’s core, as well as chemical reactions and radioactive decay in its
bowels (geothermal energy of geysers).

L. Klymenko, Self-renewable energy sources include energy from sunlight, wind,
S. Soloviov, geothermal, tides, etc.

G. Nord

A. Prokip Renewable energy resources are resources that are constantly generated

naturally or anthropogenically.

Eventually, they started to separate the legal regulation of the generation,
transportation, exploitation and consumption of electricity from renewable sources
from renewable transport fuels.

Under the Directive 2001/77/EC of the European Parliament and of the
Council of 27 September 2001 on the promotion of electricity produced from
renewable energy sources in the internal electricity market [9], they include wind, the
sun, waves and other hydropower sources, geothermal energy sources. etc.

The Directive 2009/28/EC [2] considers renewable energy sources as a whole
and indicates that energy from renewable non-fossil sources includes wind, solar,
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aerothermal, geothermal and ocean energy, hydropower, biomass, organic gas,
purified gas sewage and biogas. It is noted that aerothermal energy is obtained in the
form of heat in the atmospheric air, geothermal energy — in the form of heat from the
surface of the earth, hydrothermal energy — in the form of heat of surface waters,
biomass — biological share of production, waste and residues of biological origin
from agriculture, including plant and animal substances, forestry and related
industries, fisheries and aquaculture, as well as biological part of industrial and
household waste [10; 11].

According to the Statute of the International Renewable Energy Agency
(IRENA), the term ‘“renewable energy” encompasses all forms of energy
continuously produced by all renewable sources such as bioenergy, geothermal
energy, hydropower, ocean energy, including tidal, wave and thermal energy, solar
energy, wind energy. Consequently, the IEA singles out the following types of
renewable sources: biomass energy, geothermal energy, hydropower, ocean energy,
solar energy, wind energy.

According to Art. 1 of the Law of Ukraine “On Alternative Energy Sources”,
alternative energy sources are recognized as renewable energy sources, which include
solar, wind, geothermal, wave and tidal energy, hydropower, biomass energy, organic
waste gas, sewage gas, biogas. In turn, secondary energy resources include blast
furnace and coke oven gases, coal bed methane, conversion of the waste energy
potential of technological processes.

The study of “REMAP 2030. Renewable Energy Prospects for Ukraine”,
published in April 2015 by the IRENA, proves that Ukraine has significant potential
for renewable energy, which is more than 98.0 million tonnes of fuel equivalent per
year (see Table 2).

Given its large potential of renewable energy sources estimated at 98 million
tonnes, Ukraine currently uses it by only 5%. Only 11% of final consumption in
Ukraine is to be generated from renewable energy sources under the provisions of
ESU-2035 (The Energy Strategy of Ukraine until 2035), the obligations to the Energy
Community and the objectives of the National Renewable Energy Action Plan until
2020.

However, this was a political task rather than an objective assessment of
realistic investment opportunities. Thus, the likelihood of its implementation is rather
low. It must be noted that between 2007 and 2017 there was a gradual increase in
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installed capacity of renewable energy sources in Ukraine. However, the difficult
economic situation in the country did not contribute to the achievement of the goals
adopted in the National Renewable Energy Action Plan, which aims to achieve 11%
share of renewable energy sources in energy consumption (see Table 3).

Table 2. The technically achievable potential of energy generation from renewable
energy sources and alternative fuels

. The technically achievable potential of
Avreas for utilizing renewable energy sources .
energy generation,
million tonnes of fuel equivalent per year
1. Wind energy 28.0
2. Solar energy, including 6.0
2.1) electricity 2.0
2.2) thermal energy 4.0
3. Small hydropower 3.0
4. Bioenergy, including 31.0
4.1) electricity 10.3
4.2) thermal energy 20.7
5. Geothermal heat energy 12.0
6. Environmental energy (heat pumps) 18.0
Total replacement of traditional fuel energy sources 98.0

Table 3. Energy consumption based on renewable energy sources (between 2007 and
2017)

Year
2007 2008 2009 2010 2011 2012 2013 2014 | 2015 | 2017
1. Total primary energy supply, thousand tonnes oil equivalent
139330 | 134562 | 114420 | 132308 | 126438 | 122488 | 115940 | 105683 | 90090 | 91658
2. Hydropower, thousand tonnes oil equivalent
872 990 1026 1131 941 901 1187 729 464 660
3. Total percentage, %
0.6 0.7 0.9 0.9 0.7 0.7 1.0 0.7 0.5 0.7
4. Biofuel energy and waste, thousand tonnes oil equivalent
1508 1610 1433 1476 1563 1522 1875 1934 | 2102 | 2832
5. Total percentage, %

1.1 1.2 1.3 1.1 1.2 1.2 1.6 1.8 2.3 3.1
6. Wind and solar energy, thousand tonnes oil equivalent
4 4 4 4 10 53 104 134 134 124
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7. Total percentage, %
0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1
Total energy from renewable energy sources
8. Total energy supply from renewable sources, thousand tonnes oil equivalent
2384 2604 2463 2611 2514 2476 3166 2797 | 2700 | 3616
9. Share of energy supply from renewable sources, %
1.7 1.9 2.2 2.0 2.0 2.0 2.7 2.6 3.0 3.9

As of year-end 2017, 1.117 MW capacity of renewable energy sources was
installed, producing about 1% of the total electricity generated. Wind and solar power
plants account for the largest share of renewable energy sources in Ukraine,
generating 925 GWh and 492 GWh of electricity in 2017, respectively.

Summary

Therefore, the main ways for developing renewable energy sources can be the
following: to implement a stable and anticipated policy for stimulating the
construction of solar power stations and wind farms; to conduct international
communication campaigns to encourage the entry of foreign strategic and financial
investors into the renewable energy market of Ukraine; to construct and force in
application renewable energy sources of 5 GW capacity; to increase the use of
biomass in the generation of electricity and heat.
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2 MODERN ENGINEERING AND TECHNOLOGY

OBROBKA ELEMENTOW Z NIECIAGELOSCIAMI GEOMETRYCZNYMI
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Wprowadzenie

Do jednych z najwazniejszych technik wytwarzania zalicza si¢ obrobke
skrawaniem, w ktorej sktad wchodzg miedzy innymi takie metody jak np.: toczenie,
frezowanie czy wiercenie. Ksztaltowanie czgsSci maszyn tymi metodami obejmuje ok.
70% wszystkich technik wytwarzania, a udziat obrobki skrawaniem w przemysle
maszynowym wynosi obecnie ok. 50%. Problematyka wystgpujaca w tych procesach
jest do$¢ obszerna, gdyz trzeba zwrdci¢ uwage na to, iz obrobka skrawaniem, a
przede wszystkim w metalu, jest procesem, ktory przebiega pod duzymi
obcigzeniami. Wystgpujace sily tarcia, naprezenia oraz opor jaki stawia element
obrabiany wzgledem ostrza, przyczyniaja si¢ do duzego wzrostu temperatury.
Wplywa to wszystko na zmiany warstwy wierzchniej, a w szczego6lnosci na cechy
struktury geometrycznej powierzchni, obrabianych elementow oraz na ostrza
narzedzi. Aby sprosta¢ tym warunkom, ostrza musza posiada¢ odpowiednie
wlasciwosci, by¢ poprawnie dobrane do danej obrobki oraz musza by¢ wilasciwie
ustalone warunki obrobki (parametry technologiczne, chtodzenie 1 smarowanie strefy
obrobki, itp.). Dodatkowo proces skrawania nie zawsze przebiega w warunkach
standardowych. Bardzo czesto zwlaszcza przy regeneracji spotka¢ mozna si¢ z
obrabianiem elementow, ktore na powierzchni obrabianej posiadaja tzw. nieciaglosci
geometryczne. W literaturze rozroznia si¢ dwa rodzaje niecigglosci: geometryczne
oraz strukturalne. Do pierwszej grupy zalicza si¢ nieciggtosci powstate na skutek
wytwarzania elementu, badZ bedace efektem zaprojektowania. Do grupy tej naleza
otwory, gwinty, rowki itp. Natomiast niecigglosciami strukturalnymi sg wszelkiego
rodzaju wtracenia niemetaliczne, pory, potgczenia spawane oraz zgrzewane itp. [1, 4, 9].

W niecigglosciach geometrycznych podczas rozciggania 1 zginania
powierzchni elementu na dnie wystgpujg zlozone stany naprgzen i1 napr¢zenia te

przekraczaja naprezenia normalne. Przyczynia to si¢ do tego, ze miejsca te sg
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ostabione i1 najcze$ciej w tych miejscach wystepuja uszkodzenia, co w efekcie
prowadzi¢ moze do utraty zdatnos$ci catej maszyny [7].

Podczas obrobki czesci z niecigglosciami  geometrycznymi dochodzg
dodatkowo obcigzenia dynamiczne, ktore oddziatywajga na krawedz skrawajaca, co
prowadzi do szybszego zuzycia ostrza. Zuzycie ostrza przejawia si¢ w postaci zmian
geometrycznych krawedzi skrawajacej, zazwyczaj w formie ubytku jego materiatu
poprzez starcie, wykruszenia badZz wyszczerbienia lub wylamania ostrza. Warunki
pracy przy nieciagtoSciach geometrycznych i zuzycie ostrza przektadajg si¢ z kolei na
ksztaltowang struktur¢ geometryczng powierzchni elementow maszyn [2, 5, 9, 11].

Przyktady powierzchni niecigglych geometrycznie podlegajacych obrobce
skrawaniu jest wiele, sa to na przyklad kota zgbate, waltki wpustowe 1
wielowypustowe, walki z otworami poprzecznymi, tarcze, piasty itp. (rys. 1).

[FRS——— —

e ""' S ,'/._. N
Rys. 1. Przyklad walka z powierzchniami nieciaglymi geometrycznie [3]

Obrobka elementdéw, najczesciej poprzez toczenie, w takich warunkach jest
wykonywane glownie podczas regeneracji, gdzie dany element podlega np.
przetoczeniu na inny wymiar nominalny. Przy produkcji nowych elementoéw problem
ten nie wystgpuje gdyz w procesie technologicznym np. watka, elementy takie jak
otwory, wpusty wykonuje si¢ w koncowym etapie.

Naprezenia jakie powstajg na ostrzu noza podczas obrobki przerywanej sa
uzaleznione w duzej mierze od wielkos$ci kata wejscia ostrza w material. I tak mozna
przyjac trzy rodzaje uderzenia na ostrzu, lekkie, $rednie 1 cigzkie. Im mniejszy kat

wejscia ostrza w material, tym mniejszy przyrost naprezenia na ostrzu (rys. 2).

lekkie $rednie ciezkie

Rys. 2. Przyklad walka z powierzchniami nieciaglymi geometrycznie [3]
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Istotng rzecza przy tego rodzaju obrobce jest takze udzial skrawania
przerywanego, ktory uzalezniony jest od wielkoSci powierzchni oraz ilosci

elementow niecigglych wystepujacych na powierzchni elementu obrabianego (rys. 3).

Co (B3 [EE (=

25% 50% 75% 100%

Rys. 3. Wzgledny udzial skrawania przerywanego w stosunku do powierzchni calkowitej [3]

Nieciaglosci geometryczne a zuzycie ostrza

Katastroficzne stgpienie ostrza, polegajace na gwaltownym przyroscie zuzycia,
wykruszeniu lub wylamaniu znacznych jego fragmentow, moze wystapic¢ nie tylko na
koncu okresu trwato$ci, lecz takze niespodziewanie nawet w poczatkowym okresie
jego pracy. Niebezpieczenstwo to jest szczegolnie duze przy trudnych warunkach
skrawania takich jak np. obrobka elementow nieciggltych geometrycznie zwana takze
obrobka przerywang, polegajaca na cyklicznym zaglebianiu si¢ ostrza w materiale
obrabianym 1 wychodzenia z niego. Podczas tego rodzaju obrobki ostrze jest
narazone na obcigzenia mechaniczne udarowe oraz cieplne. Skrawanie przerywane
przyspiesza zuzycia $cierne ostrza, cho¢ nie zmienia w sposéb zasadniczy proporcji
wpltywu poszczegdlnych warunkéw skrawania. Przyczyng przys$pieszenia zuzycia
ostrza przy skrawaniu przerywanym sg przewaznie mikrowykruszenia powstajace na
krawedzi skrawajacej [, 6].

Zuzycie ostrza przejawia si¢ w postaci zmian geometrycznych krawedzi
skrawajacej, zazwyczaj w formie ubytku jego materiatu poprzez starcie, wykruszenia
badZz wyszczerbienia lub wylamania ostrza. Podczas skrawania wystepuja znaczne
naciski jednostkowe dzialajace na ostrze oraz duze temperatury, co prowadzi w
efekcie do ubytku oraz zmian wlasciwosci. Mechanizm zuzycia jest bardzo ztozony,
uwarunkowany dziataniem cieplnym, zjawiskami adhezji, dyfuzji oraz utleniania.
Czynniki te odgrywaja mniejszg lub wigksza role, zaleznie od warunkéw skrawania
[5, 8].

W zaleznosci od warunkow skrawania, zuzycie ostrza koncentruje si¢ glownie
na powierzchni przytozenia oraz natarcia. Zuzycie powierzchni przytozenia jest
widoczne na ostrzu w postaci szeregu rownoleglych rys, tworzacych na catej czynnej
dlugosci tej powierzchni charakterystyczny $lad zuzycia o nierdOwnomiernej

szeroko$ci. Przy zuzyciu powierzchni przylozenia krawedz traci pierwotny zarys,
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odsuwajac si¢ w glab ostrza, a wierzchotek cofa si¢ w stosunku do pierwotnego
potozenia, powodujac zmniejszanie glgbokosci skrawania. Na skutek nadmiernego
zuzycia powierzchni przylozenia proces skrawania musi zosta¢ przerwany, gdyz
dalsza praca moze spowodowaé znaczny wzrost chropowatosci powierzchni, a nawet
zniszczenia ostrza [5, 8].

Zuzycie powierzchni natarcia objawia si¢ w nieco inny sposob niz zuzycie
powierzchni przylozenia. W miejscu zetknigcia si¢ widra z powierzchnig natarcia, w
pewnej odlegtosci od krawedzi skrawajacej, powstaje Slad tego zetkniecia w postaci
niewielkiego rowka. Powierzchnia tego rowka wzrasta z uplywem czasu skrawania
powodujac zblizanie si¢ krawedzi ostrza do krawedzi rowka. Cze$¢ ostrza pomiedzy
tymi krawedziami staje si¢ coraz slabsza 1 w pewnej chwili ulega przerwaniu, co
uniemozliwia dalszg prace narzedzia z obawy przed jego catkowitym zniszczeniem
[5, 8].

Zuzycie w postaci rowka na powierzchni natarcia do chwili przerwania
krawedzi ostrza nie wywiera szkodliwego wpltywu na stan warstwy wierzchniej 1 na
doktadno$¢ wymiarowo-ksztaltowa przedmiotu obrabianego. Jest natomiast
ktopotliwe w pomiarze poniewaz wymaga wytaczenia narz¢dzia z pracy i1 stosowania
specjalnych przyrzadow pomiarowych. Zuzycie powierzchni przytozenia prawie od
samego poczatku wptywa niekorzystnie na proces skrawania. Powoduje stopniowe
pogarszanie jakoSci powierzchni obrobionej, a zwlaszcza jej gladkosci, wzrost
temperatury skrawania, sit oraz poboru mocy skrawania. Te niepozadane zjawiska
wywotane sg gldéwnie niekorzystnymi zmianami kata przytozenia i wzrostem pola
wspottracych powierzchni styku ostrza z materiatem obrabianym. Z tego wzgledu
zuzycie powierzchni przytozenia najczesciej ogranicza czas pracy ostrza [5, 6, 8].

Do prawidtowego przebiegu procesu skrawania, niezbedna jest ocena stopnia
zuzycia ostrza. Jego miarg jest okre$lona wielko$¢ mierzalna lub zjawisko, ktore
charakteryzuje to zuzycie. Stepieniu si¢ ostrza towarzyszy szereg zjawisk, ktore
mogg shuzy¢ za kryterium warunkujace uznanie ostrza za zuzyte (niezdatne do
pracy). Do takiej oceny postuzy¢ si¢ mozna nastepujagcymi kryteriami [6, 9]:

o kryterium fizyczne — wskaznikami zuzycia sg tutaj zmiany warto$ci
takich wielko$ci jak temperatura w strefie kontaktu, sita i moment skrawania,

amplituda i czgstotliwos¢ drgan ostrza, emisja akustyczna itp.,
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o kryterium ekonomiczne — wskazniki zuzycia s3 wyznaczane na
podstawie kosztéw witasnych obrobki, czyli dla najwigkszej wydajnosci okreslone;j
np. liczba wykonanych przedmiotow przez ostrze,

o Kryterium geometryczne — wskaznikami zuzycia s3 zmiany
geometryczne ostrza,

o kryterium technologiczne — wskaznikami zuzycia sg zmiany
chropowatosci powierzchni (najczesciej podczas obrobki wykanczajacej), oraz
wymiarOw przedmiotu obrabianego.

Kryteria fizyczne okre$lania stopnia zuzycia narzedzia wymagajg
specjalistycznej aparatury, a wyniki takich pomiarow stanowig raczej wzgledny
sposOb oceny zuzycia narzedzia. Kryteria technologiczne za$ pozwalajg na szybka
ocen¢ racze] przydatnosci narzedzia do dalszej pracy niz stopnia jego zuzycia.
Kryteria te stuzg zazwyczaj do oceny zmian w zadanych wymiarach 1 ksztatcie
obrabianego elementu. Za najdoktadniejsze, a przede wszystkim bezposrednie
pomiary zuzycia narz¢dzia, uznaje si¢ pomiary wedtug kryteriow geometrycznych.
Pomimo pracochtonnos$ci 1 ucigzliwosci pomiary te pozwalaja na najbardziej
precyzyjng ocen¢ przydatnosci narzedzia do dalszej pracy [[6, 9].

Parametry zuzycia ostrza okreslajagce zmiany geometrii krawedzi skrawajace;j
zostaly znormalizowane 1 zawarte w polskiej normie [10]. Na rysunku 4
przedstawiono bezposrednie wskazniki zuzycia ostrza zdefiniowane w normie na
podstawie ktorych, okresla si¢ geometrycznie stopien zuzycia okreslonych
powierzchni oraz krawedzi. Norma ta zawiera rowniez dopuszczalne wartosci
geometrycznych wskaznikow zuzycia, ktore odpowiadaja umownym stanom
stepienia ostrza dla podstawowych materialéw stosowanych na ostrza narzg¢dzi.

Zuzycie powierzchni przytozenia zostato okreslone 1 opisane nastepujaco [10]:

. szeroko$¢ pasma zuzycia naroza VBC,

. Srednia szeroko$¢ pasma zuzycia VBB,

. najwicksza szerokos$¢ pasa zuzycia VBBmax,

. srednia szeroko$¢ pasma zuzycia VBA w strefie kontaktu krawedzi

skrawajgcej z materialem obrabianym,
. szeroko$¢ zuzycia wrgbowego (wyztobienia) VBN.
Zuzycie powierzchni natarcia zostato okreslone poprzez [10]:

. najwicksza glebokos¢ rowka zuzycia KT,
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. odlegto$¢ pomigdzy pierwotng glowng krawedzig skrawajacg a
najwicksza glebokoscig rowka zuzycia KM,

. odleglo§¢ pomiedzy pierwotng gtowng krawedzig skrawajacg a
najbardziej odlegta krawedzig rowka zuzycia KB,

. wspotczynnik rowka okreslony ilorazem KT/KM.

Rys. 4. Bezposrednie wskazniki zuzycia ostrza [10]

Dodatkowe wskazniki okre$lajace parametry geometryczne zuzycia ostrza to
[10]:

o cofnigcie naroza ostrza (zuzycie promieniowe) KN — okreslone
odlegltosciag od ptaszczyzny bocznej Ps przechodzacej w jego potozeniu pierwotnym,

o odksztalcenie naroza — odksztatcenie plastyczne (w przypadku weglikow
spiekanych) lub odpuszczenie (stale szybkotnace),

o wyszczerbienia, wykruszenia, wytamania, pekniecia

. uszkodzenie Kkatastroficzne — gwattowne uszkodzenie ostrza pod
wplywem obcigzenia i/lub wzrastajacej temperatury.

Ponadto w celu dokonania pomiaru zuzycia narzedzia, norma dzieli gtowna
krawedz na cztery strefy, przy czym trzy strefy (A, B, C) leza na odcinku kontaktu

ostrza z materialem obrabianym (na czynnej krawedzi skrawajacej) [10]:
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o strefa A — obejmujaca Y dhugosci krawedzi b, najbardziej oddalonej od
naroza,

o strefe B — obejmujgca pozostata prostoliniowa cze$¢ krawedzi
skrawajgcej pomiedzy strefami Ai C,

o stref¢ C — obejmujgca krzywoliniowg cze$¢ krawedzi skrawajacej przy
narozu,

o strefe N — rozciggajaca si¢ poza odcinkiem kontaktu materialu
obrabianego z ostrzem na dtugosci 1-2mm, wzdtuz krawedzi skrawajace;.

Wskazniki stgpienia ostrza sg to zalozone umownie wartosci okreslanego
zjawiska, powodujgce utrate wiasnosci skrawanych ostrza w danych warunkach
skrawania. Przyjete wskazniki stepienia ostrza ograniczajg okres trwatosci ostrza, a
co jest z tym zwigzane wydajnos¢ obrobki.

W celu weryfikacji wptywu niecigglosci geometrycznych na zuzycie ostrza
przeprowadzono badania doswiadczalne. Zostaty one przeprowadzone dla watkéw
zakonczonych obustronnie rowkiem pod wpust pryzmatyczny. Materiat z jakiego
watki zostaly wykonane to stal weglowa C45 ulepszana cieplnie o twardosci
powierzchni 40+£2 HRC. Odcinki watkow, ktére poddano obrobee posiadaty srednice
40mm oraz rowki na wpust o dlugo$ci 60 mm. Do badan zostaty uzyte dwa rodzaje
nozy tokarskich: z ptytka z weglika spiekanego oraz ze stali szybkotnacej, przy
nastepujacych warunkach: obrébka na sucho, przy predkosci skrawania V. =
100m/min (predkos¢ obrotowa wyniosta n =800 obr/min), posuw f = 0,2 mm oraz
glebokos¢ skrawania a, = 0,5 mm. Wszystkie pomiary zostaly przeprowadzone na
mikroskopie warsztatowym o doktadnos$ci 0,01 mm.

Na rysunku 5 przedstawiono wykres przebiegu zuzycia ostrza z weglika
spiekanego, ktére wyznaczono parametrem VB jako S$rednig z pigciu pomiaréw
wzdluz krawedzi skrawajace;.

Przebieg zuzycia dla noza z ptytka z weglika w poczatkowej fazie badan
przebiegat w sposob typowy, lecz ze statym wzrostem zuzycia. Po niespetna godzinie
toczenia, widoczne bylo pogorszenie si¢ jakosci powierzchni obrabianej, ktora z
uptywem kolejnych minut zauwazalnie wzrastata. Przy kolejnym punkcie pomiarowy
(60 min), warto$ci wskaznika VB przekroczyta dopuszczalng warto$¢ zawarta w
normie, a jako$¢ powierzchni obrabianej gwattownie si¢ pogorszyta. Dalsza proba
przeprowadzenia badan zakonczyta si¢ po okoto 5 minutach wykruszeniem krawedzi

skrawajacej plytki, co poprzedzita glos§na praca tokarki oraz wzrost temperatury
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zarOwno noza jak i elementu obrabianego. Krawedz ptytki nie nadawata si¢ juz do

dalszej pracy.
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Rys. 5. Krzywa zuzycia dla noza z plytka z weglika spiekanego

Natomiast na rysunku 6 przedstawiono wykres przebiegu zuzycia ostrza ze

stali szybkotngcej, ktore okreslono analogicznie jak dla ostrza z weglika spiekanego.
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Rys. 6. Krzywa zuzycia dla noza ze stali szybkotnacej

Przebieg zuzycia dla noza ze stali szybkotnacej od poczatku do konca odbywat
si¢ zgodnie z typowymi charakterystykami zuzycia, lecz w przy$pieszonym tempie
co sprawito, ze po okoto 250 minutach pracy w warunkach skrawania nieciaglego,
wskaznik zuzycia VB przekroczyl wartosci dopuszczalne. Jednak pomimo
przekroczenia tej wartosci, ostrze nadal nadawalo si¢ do dalszej pracy. Jakos¢

powierzchni obrabianej ulegata stopniowo nieznacznemu pogorszeniu.
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Otrzymane warto$ci wskaznikdw stepienia ostrza podczas toczenia
przerywanego zostaty poroOwnane z dopuszczalnymi warto§ciami podanymi w normie
(PN-ISO 3685). Na podstawie badan mozna stwierdzi¢, ze niecigglosci geometryczne
wystepujace w elementach obrabianych majg duzy wptyw na zuzycie si¢ krawedzi
ostrza noza. Obcigzenia mechaniczne udarowe 1 cieplne, na ktore narazone jest ostrze
podczas skrawania niecigglego, prowadza do powstawania mikropeknie¢ na
krawedzi. Skutkuje to znacznie szybszym zuzyciem S$ciernym narz¢dzia poprzez
zachodzagce mikrowykruszenia, ktore w dalszej fazie moga doprowadzi¢ do
zniszczenia katastroficznego noza.

Z otrzymanych wynikow wynika rowniez, ktory z zastosowanych materialow
ostrza nadaje si¢ bardziej do tak trudnych warunkéw skrawania oraz jakimi
wlasciwos$ciami powinien charakteryzowac si¢ materiat w tego rodzaju obrobce.
Weglik spiekany jest materiatem bardzo twardym, lecz wrazliwym na zmiany
temperatury, ktore zachodza podczas skrawania przerywanego. Dodatkowo
charakteryzuje si¢ takze duzg wrazliwoscia na obcigzenia udarowe, ktore w
porownaniu do stali hartowanej sg o 2-3 razy nizsze. Podczas przeprowadzania
badan, stan ostrza z weglika spiekanego juz w poczatkowej fazie ulegl pogorszeniu i
z biegiem czasu zuzycie to poglebiato si¢ coraz bardziej. Takze stopniowo pogarszata
si¢ jakos¢ powierzchni obrabianej oraz mozna bylo zaobserwowaé coraz to
glo$niejszg prace tokarki. Juz po dwdch godzinach pracy, no6z z plytka z weglika
spiekanego ulegt zuzyciu katastroficznemu. Wykruszenie krawedzi bylo na tyle duze,
1z n6z nie nadawat si¢ do dalszego uzytku.

W przypadku noza ze stali szybkotngcej, zuzycie przebiegato w sposob
naturalny, bez jakichkolwiek uszkodzen krawedzi skrawajacej. Nie zaobserwowano
takze znaczgcego pogorszenia si¢ jakosci powierzchni obrabianej. Na koncu badania,
po doktadnych pomiarach parametréw zuzycia i poréwnaniu wynikoOw z warto$ciami
dopuszczalnymi zawartymi w normie, stwierdzono umiarkowany wptyw nieciggtosci
geometrycznych na zuzycie si¢ krawedzi skrawajacej. Duzy wptyw na to ma duza
ciggliwos¢ stali szybkotnacej, dzieki czemu narzedzie ze stali szybkotngcej dos¢

dobrze sprawdza si¢ w warunkach skrawania, ktore byly przedmiotem badan.

Nieciaglo$ci geometryczne a struktura geometryczna powierzchni
W  celu weryfikacji wplywu nieciggltosci geometrycznych na cechy

ksztattowanej struktury geometrycznej powierzchni przeprowadzono badania
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dos$wiadczalne. Zostaly one przeprowadzone dla probek wykonanych ze stali
konstrukcyjne; C45 ulepszonej cieplnie o twardosci powierzchni 40+2 HRC z
wykonanymi niecigglo$ciami geometrycznymi.

Probka 1 miata ksztatt prostopadtoscianu o wymiarach 111x34x36 mm, w
ktorej wykonano rowek na powierzchni gornej o szerokosci 10 mm 1 glebokosci 5,5

mm przez catg dlugos¢. Probka przedstawiona zostala na rysunku 7.

Rys. 7. Probka do badan z wykonanym rowkiem

Probka 2 miata réwniez ksztatt prostopadto$cianu o wymiarach 111x34x36
mm, w ktorej na powierzchni gornej nawiercono 4 otwory o S$rednicy 7 mm i
glebokosci 12 mm oddalone od siebie o 19 mm. Probka przedstawiona zostata na
rysunku 8.

Rys. 8. Probka do badan z wykonanymi otworami

Podczas obrobki szlifowaniem element chtodzony byt koncentratem cieczy
syntetycznej do obrobki metali ARTEsol Ultra EP producent Atrefakt w postaci
emulsji wodnej o stezeniu 4%.

Probki zostaly obrobione z jednakowa predkoscia obrotowg wrzeciona
wynoszacg 2740 obr/min oraz bez posuwu poprzecznego. Pozostate parametry
technologiczne byly nastepujace: glebokos¢ skrawania a, = 0,01 i 0,04 mm oraz
posuw wzdhuizny f = 8 i 20 m/min. Sciernica wykonana byla z elektrokorundu
zwyklego ze spoiwem zywicznym, wielko$¢ ziarna 46 o Sredniej twardosci.

Oceng cech struktury geometrycznej powierzchni wyznaczono na podstawie
pomiaru parametrOw chropowatosci — parametru amplitudowego Ra i nos$nosci RK.
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Pomiary zostaly wykonane za pomoca profilometru stykowego MARSURF XR 20
MIT GD 120 firmy Mahr.

Probki z otworami zostaly podzielone na dwa obszary pomiaréw. Pierwszy
pomiar zostal wykonany na powierzchni ptaskiej. Natomiast drugi w mozliwie
najblizszej odlegtosci od krawedzi otworu.

Probki z rowkiem zostaly podzielone na cztery obszary pomiarow. Pierwszy
pomiar zostal wykonany na powierzchni plaskiej (na wykresie oznaczenie A) jest to
powierzchnia przed rowkiem, od ktérej zaczynat si¢ proces szlifowania. Drugi obszar
pomiarow to krawedz rowka od strony od ktorej zaczynat si¢ proces szlifowania.
Chropowatos¢ zostala wyznaczona w mozliwie najblizszej odlegtosci od krawedzi.
Trzeci obszar pomiaréw to krawedz rowka za nieciggloscig geometryczng, rowniez
chropowatos$¢ zostata wyznaczona mozliwie najblizszej od krawedzi rowka. Czwarty
obszar to powierzchnia ptaska znajdujaca si¢ za rowkiem (na wykresie 0znaczenie B).

Na rysunku 9 1 10 przedstawiono wyniki badan (Srednia arytmetyczna z pigciu
pomiarow) w postaci wykresow dla probki z nieciggloSciami geometrycznymi w
postaci otwordw.

Analizujac histogramy probek z otworami mozna zauwazy¢, ze S$rednie
arytmetyczne odchylenie profilu od linii $redniej Ra na krawedzi otworu jest wieksze
niz na powierzchni plaskiej bez wzgledu na warto$¢ usunigtego materialu oraz bez
wzgledu na zastosowany posuw. Porownujac chropowatos¢ powierzchni plaskiej do
chropowato$¢ w obszarze przy krawedzi otworu mozna zaobserwowac, ze roznice s3
znaczgce przy usuni¢ciu naddatku 0,01 mm. Natomiast przy usunigciu podczas
szlifowania naddatku 0,04 mm, réznice te sg mniejsze.

Z histogramow dotyczacych parametru nosnosci Rk, mozna zauwazy¢, ze
parametr jest zawsze wigkszy na krawedzi otworu niz na powierzchni ptaskie;.
Zalezno$ci zwigzane z glebokoScig skrawania sg odwrotne niz w przypadku
sredniego arytmetycznego odchylenia profilu od linii $redniej Ra. W prébkach, w
ktérych usunigto 0,04 mm Rk na powierzchni ptaskiej jest zdecydowanie wigksze niz
przy naddatku 0,01 mm.

Na kolejnych rysunkach — 11 i 12 zobrazowano wyniki badan ($rednia
arytmetyczna z pi¢ciu pomiarow) w postaci wykresow dla probki z niecigglto$ciami
geometrycznymi w postaci rowka.
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Rys. 9. Zmiany parametru chropowatosci Ra w pm dla probki z otworami, przy
nastepujacych parametrach technologicznych: A — glebokos$¢ skrawania a, = 0,01,
B — glebokos¢ skrawania ap = 0,04; | — posuw wzdluzny f = 8 m/min, 11 — posuw wzdluzny
f =20 m/min

Z histogramow mozna zaobserwowaé, ze Srednie arytmetyczne odchylenie
profilu od linii $redniej Ra przy krawegdzi rowka jest zawsze wicksze niz na
przylegajacej do krawedzi powierzchni plaskiej. Kolejna cecha, ktéra mozna
zauwazyc¢ jest to, ze warto$¢ Ra jest najwieksza na krawedzi za nieciggtoscia. Jedynie
przy glebokosci, w ktérej usunigto 0,04 mm oraz przy posuwie 20 m/min nie
wystapila ta zalezno$¢. Natomiast najnizsza warto$¢ parametru Ra zawsze wystepuje
na powierzchni ptaskiej, od ktorej zaczynat sie proces szlifowania.
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Rys. 10. Zmiany parametru chropowatosci Rk w pm dla probki z otworami, przy
nastepujacych parametrach technologicznych: A — gleboko$¢ skrawania a, = 0,01,
B — glebokosé skrawania a, = 0,04; | — posuw wzdluzny f = 8 m/min, Il — posuw wzdluzny
f =20 m/min

Poréwnujac warto$¢ parametru chropowatosci Rk dla probki z rowkiem mozna
zauwazy¢, ze w probkach, w ktorych usunieto 0,01 mm najnizszg chropowato$¢
posiada powierzchnia ptaska A. Natomiast najwyzsza chropowato$¢ posiada obszar
przy krawedzi rowka od strony plaszczyzny B. W probkach w ktorych zebrano 0,04
mm mozna zauwazy¢, ze powierzchnia plaska posiada mniejsza chropowato$¢ niz
przy krawedzi.

Z otrzymanych wynikow wynika, ze cechy struktury geometrycznej
powierzchni, wyznaczone parametrami chropowatosci, przy krawedzi nieciggtosci
geometryczne] roznig si¢ od cech struktury powierzchni plaskiej probki. Z reguly
wyznaczane parametry chropowatosci miat wiekszg warto$¢ niz dla powierzchni
ptaskiej bez niecigglosci geometrycznej. Z przeprowadzonego badania mozna wigc
wywnioskowaé, 1z takie czynniki jak obcigzenia dynamiczne oraz zmienno$¢
temperatury podczas obrobki majg wpltyw na ksztalttowang strukturg geometryczng
powierzchni.
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Rys. 11. Zmiany parametru chropowato$ci Ra w pm dla prébki z rowkiem, przy
nastepujacych parametrach technologicznych: A — glebokos$¢ skrawania a, = 0,01,
B — glebokosé skrawania a, = 0,04; | — posuw wzdluzny f = 8 m/min, Il — posuw wzdluzny
f =20 m/min

Wyniki badan eksperymentalnych zweryfikowaly réwniez ogdlnie wplyw
parametréw technologicznych na konstytuowanie struktury powierzchni przy
niecigglosciach geometrycznych. W celu uszczegdtowienia zaobserwowanych
zalezno$ci, nalezatoby przeprowadzi¢ bardziej rozbudowane badania doswiadczalne,
w ktérych zar6wno zbidr 1 zakres zmiennych niezaleznych jak i zaleznych bytby
rozszerzony.
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4,50 4,00

4,00 3,50
3,50 ® Powierzchnia 3.00 = Powierzchnia
3,00 ptaska czes¢ A ptaska czes¢ A
250 ® Powierzchnia 2,50 ® Powierzchnia
? ptaska cze$é B 2,00 ptaska cze$é B
2,00 ¢
% Krawedz rowka 1,50 = Krawedz rowka
A 1,50 cze$¢ A czesc A
100 1,00
g m Krawedz rowka  Krawedz rowka
0,50 czgs¢ B 0,50 cze$é¢ B
0,00 0,00
4,50 5,00
4,00 4,50
3,50 B Powierzchnia 4,00 ® Powierzchnia
3.00 ptaska czes¢ A 3,50 ptaska czes¢ A
250 ® Powierzchnia 3,00 ® Powierzchnia
! ptaska czes$¢ B 2,50 ptaska czes¢ B
2,00
= Krawedz rowka 2,00 Krawedz rowka
B 1,50 cze$¢ A 1,50 czedc A
1,00 B Krawedz rowka 1,00 B Krawedz rowka
0,50 czes¢ B 0,50 czes¢ B
0,00 0,00

Rys. 12. Zmiany parametru chropowatosci Ra w pm dla probki z rowkiem, przy
nastepujacych parametrach technologicznych: A — gleboko$¢ skrawania a, = 0,01,
B — glebokosé skrawania a, = 0,04; | — posuw wzdluzny f = 8 m/min, Il — posuw wzdluzny
f =20 m/min

Podsumowanie

7, przeprowadzonego badania dotyczacego okreslenia wptywu niecigglosci
geometrycznych na zuzycie narzedzia, mozna wywnioskowacé, iz takie czynniki jak
obcigzenia dynamiczne wystepujace przy takiej obrobee oraz zmienno$¢ temperatury
podczas toczenia, majg spory wplyw na szybkie zuzywanie si¢ krawedzi skrawajacej,
zwlaszcza wtedy gdy zastosujemy ostrza z materialow, ktorych wlasciwosci nie
odpowiadaja tym warunkom skrawania. Poza weglikiem spiekanym do tej grupy
zaliczy¢ mozna takze stale weglowe 1 niskostopowe oraz diament 1 cermetale.

Natomiast z otrzymanych wynikow dotyczacych okreslenia wpltywu
nieciggtosci geometrycznych na ksztaltowane cechy struktury geometrycznej
powierzchni wynika, ze cechy te, wyznaczone parametrami chropowato$ci, przy
krawedzi niecigglo$ci geometrycznej roznig si¢ od cech struktury powierzchni
ptaskiej probki. Z reguly wyznaczane parametry chropowatosci miaty wigksza
wartos¢ niz dla powierzchni plaskiej bez niecigglo$ci geometrycznej. Z

przeprowadzonego badania mozna wigc wywnioskowaé, i1z takie czynniki jak
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obcigzenia dynamiczne oraz zmiennos$¢ temperatury podczas obrobki majg wptyw na

ksztattowang strukture geometryczng powierzchni.
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ASSESSMENT OF THE IMPACT OF SMALL HYDROELECTRIC POWER
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UKRAINE

Zub L., Panasiuk 1.2

Lnstitute for evolutionary ecology of the National Academy of Sciences of Ukraine, Ukraine
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Introduction

Hydropower can not be undeniably considered as a renewable energy source,
such as the energy of wind, sun, or biomass. Construction of hydro units of HPP,
including small HPP, usually results in significant violations of the natural state of
river ecosystems. The intensity of these violations depends on the region of
construction of small HPP. Construction of hydro-units on mountain rivers is mainly
done by the derivative type, on plain rivers it is usually accompanied by the
construction of dams. That is why the construction of small HPP on plain rivers leads
to fragmentation of the river, which prevents its natural flow. The created water
reservoirs completely transform the river ecosystems, giving them lake features.
Excessive watercourse regulation as a result of the construction of the hydropower
cascades causes significant environmental changes. They lead to the violation of the
natural hydrological regime of the watercourse, the loss of continuity of the river and
its division into separate ecosystems. The work of HPP is accompanied by annual and
daily fluctuations of levels that are not characteristic for the river, a violation of
natural seasonal rhythms, primarily of the passage of spring flood (Table 1).

However, small HPP have significantly less environmental impact than thermal
and nuclear power plants; their advantages are also the simplicity and reliability of
electricity production, high technological capacity, and shorter construction time.
According to the National action plan for renewable energy for the period up to 2020,
Ukraine plans to double its electricity production by small HPP. It is supposed to do
this by rebuilding existing small HPP and building new ones.

Such an increase of the HPP role in the functioning of certain regions of the
state is extremely important and requires detailed scientific research to predict their
impact on the natural environment.
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Table 1. Changes in the hydroecological parameters of the river under the influence of
the work of reservoirs of small HPP

Parameter Action compared to the natural situation
Seasonal mode of river Alignment of the regime, reduction of natural
runoff fluctuations of the river runoff, leveling of the

influence of spring and seasonal floods

Daily mode of river runoff | Emergence of unnatural daily fluctuations in river
flow

Status of the ecosystem Damming the bed of reservoirs as a result of the
settling of suspended particles, which brings the
watercourse; transition of the river ecosystems in
the lake ones; strengthening the processes of
eutrophication and waterlogging

Integrity of the ecosystem | Fragmentation of the river ecosystem, destruction
of natural habitats and migratory routes of

hydrobionts
Condition of the river Destruction of floodplain complexes in areas of
basin regulation and destruction of biotopes suitable for

the habitation of wetland plant and animal species
Complexes of hydrobionts | Simplification of the species composition and
restructuring of cenoses of bottom hydrobionts.
Increase of quantitative indicators of individual
groups, first of all "lake™ type and species capable
of withstand organic pollution

Productivity indicators of | Increase in the biomass of invertebrates, primarily
the ecosystem due to the species of the pelophilic complex and the
euryvalent species which are indicators of low
quality water

The influence of the operation of three small HPP on the hydrophysical
parameters and biotic diversity of the river in the conditions of the forest-steppe zone
was estimated on the basis of complex hydrobiological, hydrochemical and
hydrotechnical studies. The research was conducted in the summer period on the river
Ros. The impact of the work of Bohuslavskaya, Sutisa and Korsun-Shevchenkivska
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small HPP was estimated. The condition of the hydro ecosystem was also assessed on
an unregulated section of the river near the village of Yablunivka and the Bila
Tserkva upper reservoir where there is no HPP. We used methods for assessing the
ecological status based on the results of multicriterial analysis of the components of
the aquatic ecosystem: hydrological parameters, hydrochemical indicators, and the
composition of the main groups of hydrobionts (phytoplankton, zooplankton and
aquatic plants). The indicators of biogenic load, as a factor of anthropogenic
influence, were evaluated.

The Ros River basin is characterized by a large area of agro-landscapes and a
very low percentage of natural complexes. Only 20% of the territory of the basin is
occupied by natural forests, meadows and swamps. Over the past 20-25 years the area
of antropogenously transformed territories has increased by 6%. Ros is among the
most regulated rivers in Ukraine. The total number of ponds and reservoirs erected on
the river and its tributaries is 2167. Ten river-bed reservoirs were constructed on the
river, the total volume of which is 59.97 million m®. Five of them are within the
existing small HPP. It is precisely the work of small hydroelectric units that
determines the ecological regime of the river today.

Typology of knowledge

The implementation of the assessment of the ecological status of surface
waters in accordance with the EU Water Framework Directive 2000/60 / EC [1-3]
provides:

— definition of ecoregion and type of water object;

— assessment of the specificity of surface waters on the basis of typing systems
of water objects of the corresponding type;

— allocation of the main types of biotopes in a water facility;

— analysis of the violation of the hydromorphological characteristics inherent in
the water facility or its part;

— determination of reference conditions and reference state of biotic
components of a water object;

— comparison of the values of the studied surface water quality indicators with
the corresponding indicators in the reference conditions.

We summarized the research results, the requirements of the EU Water
Framework Directive 2000/60/EC and the methods proposed by the Institute of
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Hydrobiology of the National Academy of Sciences of Ukraine [4-6]. On this basis,
we have created an assessment scale for the ecological state of hydro ecosystems of
reservoirs at small HPP (Table 2). It has the form of a matrix for five categories of
ecological status, from the best to the worst. The category is determined by the values
of eight major ecosystem indicators: water quality, saprobity, trophication, biotic
diversity (species and groupings), groupings structure, productivity (the level of
biomass development), peculiarities of the biotopic structure, and the presence of rare
species and groups requiring protection. Note that the table is created for conditions
of the forest-steppe zone of Ukraine.

Table 2. Matrix for estimation of the ecological state of hydro ecosystems at small HPP

in the conditions of the forest-steppe zone of Ukraine

Category of ecological status
Indicator Excellent | Good Satisfactory | Bad Very bad
1. Water quality 1-2 3 4-5 6 7
class
2. Saprobity a-oligo- | B-mesosaprobic a-meso- | Polysaprobic
saprobic saprobic
3. Trophication Mesotrop | Meso- Eutrophic | Polytrop | Hypertrophic
(prevailing type) hic eutrophic | waters hic and
waters waters waters dystrophic
waters
4. Species richness | Medium | Medium | High Low Very low
Number of species™*:
- phytoplankton ~50 30-60 >60 15-29 <15
- zooplankton ~ 20 15-30 >30 5-14 <5
- benthos ~25 11-30 >30 5-10 <5
- macrophytes ~20 11-25 >25 5-9 <5
5. Structure of the groupings
Correlation of 3:1:0 2:1:0 1:1:1 0:1:1 0:0:1
ecologic groups
(river : lake : marsh
species)
Level of plankton | Medium | High Low Very Very low
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development by high

number

phytoplankton, 10-15 20-40 5-9 >40 <5

min.cel/dm?3

zooplankton, 50-100 110-300 | 10-49 >300 <10

th.ind/m?3

Abundance of High Medium | Low Low Very low

benthic groups

th.ind/m?3 >30 10 -30 5-95 2-4,5 <2

6. Productivity indicators

Level of biomass Medium | High Low Very Very low

development high

phytoplankton, 5-10 11-50 1-5 >50 <1l

mg/m3

zooplankton, g/m® | 1-3 4-6 0,1-0,9 >6 <0,1

benthos, g/m? 10-20 21-60 6,0-10,0 >60 <6,0

7. Diversity of Medium | High Low Homoge | Homogeneo

biotopes neous us
environ | environment
ment

Number of zones of | 2-3 3 4 2 1

macrophytes

8. Presence of + + — — —

species requiring

protection

* In the forest-steppe zone of Ukraine in summer period.

The ecosystem parameters of the unregulated river section were taken as
"excellent" ecological status. This state is characterized by average indicators of
quantitative and qualitative composition of biotic diversity (average values of species
richness and groupings due to the predominance of stenobionta or rheophilic species),
somewhat simplified structure of groupings (absence or insignificant share in the
structure of limnophilic and eutrophic marsh components), insignificant diversity of
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biotopes (due to the uniformity of the environment) and a significant proportion of
rare species (rare, relict, endemic or those with a different level of protection).

Integral assessment of water quality of investigated hydro objects showed
significant anthropogenic eutrophication of reservoirs constructed at small HPP. The
quality of water there can be estimated as "satisfactory" (class 3), 4-5 categories —
"satisfactory and mediocre (slightly polluted and moderately polluted) waters".
Bohuslav and Korsun-Shevchenkivskyi water reservoirs, which were built according to
the derivative scheme, were characterized by higher water quality indices.

A retrospective comparison of data with those for the Ros River in 2011 showed a
significant deterioration in the quality of water (Table 3).

Table 3. Retrospective analysis of the quality of water in reservoirs by average integral
indicators

2011 (according to [7]) 2017
Reservoir Igi* | lIbs# | Integral assessment | Igi | Ibs | Integral assessment
* | #
Bila Tserkva 1,3 | 3,5 |good/clean 3,4 | 5,8 | satisfactory /
satisfactory
Bohuslav 1,7 | 4,0 | good/clean 3,8 | 5,1 | satisfactory /
satisfactory
Stebliv 1,3 | 4,3 |good/clean 4,4 15,9 | satisfactory /
mediocre
Korsun- 1,7 | 4,4 | satisfactory / 3,9 | 5,6 | satisfactory /
Shevchenkivsk polluted satisfactory
yi

* Igi - index of average values of general indicators (= (KpH + Kcond + Kds) / 3, where: KpH, Kcond,
Kds - categories according to pH, electrical conductivity and amount of salt ions, respectively);

# Ibs - index of average values of biogenic substances content (= (Knnat+Knoz+Knos+Kn+2Kpos)/6,
where Knna, Kno2, Knos, Kn, Kpos, Kp — categories by content indexes, respectively, of ammonium,
nitrite, nitrate and total nitrogen, phosphorus phosphates)

The surveyed water reservoirs were characterized by formed groupings of
aquatic hydrobionts, which were similar in their structure to hydrobionts of
unregulated areas of the Ros River in its middle flow. The vast majority of species of
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hydrobionts refer to limnophilic and eutrophic-marsh complexes. The number of
rheophilic species was extremely limited. Ecosystems had a larger species
composition of producers (phytoplankton and macrophytes) and a smaller number of
reductants (zooplankton) as compared with the Bila Tserkva upper reservoir, where
the HPP is absent.

The conducted studies have shown that over time man-made reservoirs are
becoming integral components of the environment and take over the functions of the
lost natural floodplain complexes. They also create new biotopes, suitable for the
settlement of aquatic organisms.

According to the trophic status and productivity indicators, all investigated
reservoirs belonged to the eutrophic type. The value of saprobity index (by Pantle and
Bucca method in modification of Sladecek) fluctuated within 1.5-2.0; which
corresponded to the [-mesosaprobic zone. For the Stebliv and Korsun-
Shevchenkivskyi reservoirs there was a tendency to increase the values of the
saprobity index from the upper to the lower part of the reservoir. For the Bohuslav
reservoir there was a reverse trend.

According to the composition of aquatic organisms, reservoirs of small HPP in
the conditions of the forest-steppe zone of Ukraine are water objects with ecosystems
of lake type. This determines the maintenance of acceptable water quality in them
and the levels of productivity of groups of hydrobionts, sufficient for self-purification
and self-healing.

In all reservoirs there is a tendency towards working of self-cleaning potential
of the reservoir.

Accordingly, investigated reservoirs are classified as those that preserve a good
and satisfactory state of aquatic ecosystems (Table 4).

Finally, we want to point out the need to comply with ecological requirements
for the operation of hydro-units, aimed at maintaining / simulating natural processes.
Environmental requirements for the operation of the HPP must be developed
individually for each river or its part. The system of environmental monitoring of the
operation of small HPP in the conditions of plain rivers should be aimed at tracking /
preventing changes in:

- structure of groupings of hydrobionts;

- progress of productivity processes of species which are water-quality
indicators;
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- trophic status of the ecosystem;
- the state of populations of rare species and groupings;
- structure of the biotopes.

Table 4. Estimation of ecological state of hydro ecosystems of model water reservoirs

Number of types
Bohuslav reservoir |Stebliv reservoir  |Korsun-
Shevchenkivskyi
Ecological groups reservoir
Uppe |Middl [Lowe |Uppe |Midd |Lowe |Uppe |Midd |Lowe
r part |e part |rpart |rpart |le r part |r part |le r part
part part
Environment quality |Satisfactory |Good |Satisfactory Good | Satisfactory
Number of species
Phytoplankton 36 47 19 33 |45 |45 |39 |35 |40
Zooplankton 21 20 |11 |32 |25 |28 |31 |33 |26
Macrophytes 20 21 15 17 18 10 (14 |21 16
Biomass
Phytoplankton, 1,2 |24 10,3 |511 |46 |68 (42 |55 10,3
mg/m?
Zooplankton, xg/m®* [0,06 |0,03 (0,8 (3,0 (1,9 (3,2 |09 (20 (11
Abundance
Phytoplankton, 5 7 2 42 |25 |45 |26 |21 |48
min.cel/l
Zooplankton, 6 2 1 178 |112 |119 |49 153 |43
th.ind/m?3
Ratio of 2:1 11 |11 |12 |12 |12 1.1 1.2 (12
helophytes:hydrophy
tes
Number of zones of |3 2 3 3 3 3 2 3 3
macrophytes
Presence of species |+ + + + +
requiring protection
Value of integral 39 (36 |34 |41 (43 (42 |33 |41 40
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water quality

indicators

Biological indicators |3,5 (25 (25 (25 (35 |35 |30 |35 |30

Tropho- 44 146 |43 |57 |51 1|48 |45 |47 |51

hydrochemical

indicators

Water quality Slightly Good |Slightly polluted Good |Slightly
polluted polluted

Environment quality |Satisfactory |Good |Satisfactory Good | Satisfactory

The introduction of a special system of environmental monitoring of the impact
of small HPP on the hydro ecosystems will optimize the operation of hydro-units and
minimize the impact on the environment. Under such conditions, hydropower can be
considered as an alternative, "green” type of energy.

Summary

The groupings of aquatic hydrobionts in the surveyed reservoirs, according to
their species structure and quantitative indicators, are similar to the groups in the
middle and lower parts of the Ros River.

Water reservoirs formed at small HPP in the conditions of the forest-steppe
zone of Ukraine are water objects with ecosystems of lake type. They are
characterized by small areas of overgrown shallow water, relatively high productivity
of hydrobiocenoses, a satisfactory gas regime and significant biotic diversity. This
causes maintenance of acceptable water quality and levels of development of
biocenoses that are sufficient for self-purification and self-healing.

The work of small HPP on model water reservoirs provides a good and
satisfactory quality of the water ecosystem. Bohuslav and Korsun-Shevchenkivskyi
reservoirs, the HPP of which were built according to the derivative scheme, are
characterized by higher indicators of water quality and the state of the ecosystem.

Management of the operation of reservoirs should ensure the maintenance of
hydrological, hydrochemical and hydrobiological regimes, which are as close as
possible to natural. Environmental monitoring and environmental quality assessment
methods should be targeted at this.
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MODELING PROCESS OF COATING THE SURFACE

Horiashchenkko S., Horiashchenkko K.!, Musial J.2
! Khmelnitskyi National University, Ukraine
2UTP - WIM — Bydgoszcz, Poland

Introduction

Three different drop-wall models were considered by Reitz [1], as depicted in
Fig. 1. In the first and simplest called Stick, drops that reach the wall stick to the wall
at the impingement location and continue to vaporize. In the second model called
Reflect, drops that reach the wall rebound with their tangential and normal velocity
components unchanged, but the normal velocity component has opposite sign
(specular reflection). In the third model called Jet, it is assumed that an incident drop
leaves tangent to the surface in the manner of a liquid jet. The motivation for using
this jet analogy can be seen by considering the limiting case of the impingement of a
continuous stream of closely spaced drops, which would be expected to behave like a

liquid jet.
|fF/]
" _H(Y)

)

Fig. 1. Schematic diagrams of the Stick model (drops adhere to wall), Reflect model
(drops rebound) and Jet model

Typology of knowledge

Considered the problem of a liquid jet impinging on an inclined wall. The jet is
transformed into a sheet that flows outward along the wall [2.3]. The problem can be
solved analytically for a two-dimensional (planar) inviscid jet. In three dimensions
(round jet) considerations of mass and momentum conservation alone (which are all
that is needed in the 2-D case) are incapable of giving the angular distribution of
thickness of the outgoing sheet, H(Y) (see Fig.1). Naber and Reitz [1] introduced an
empirical approach where the sheet thickness was assumed to be given by
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H() = Hyexp(B(1— ¢ /m), 1)

where a is the jet inclination angle, 'a' is the radius of the approaching jet and
R is the radius of the circle at which the sheet thickness, H() is defined (see Fig.1).
The fluid which flows out between ¥ and W +d V¥ is proportional to the sheet
thickness since in potential flow the liquid velocity (speed), g, does not change along
streamlines [1]. Combining Egs. (2) and (3) gives

T

sina'Hf(tp) dy = f H()cospdy

0
or, with Eg. (1)

exp(f)+1

sina = (m)f 1+ (m/F). (4)

which is the expression for p.

It was further assumed that the angle, Y, at which an impinging drop leaves the
surface can also be found from the liquid jet analysis. In this case the function H(W)
Is interpreted as the probability that a drop leaves in a direction between w and dw,
and the angle is obtained by integrating Eq. (1) as

¥ = —Zin{l-p(l-exp(-p)) (5)

where p is a random number uniform on the interval (0,1). This assumption is
consistent with the stochastic method of solution of the spray equations used by [1, 2].

Located at the pole of the mesh on the top face of the cylinder, and the injector
orifice diameter was 0.18 mm.

There is little interaction between the spray and the wall at high impingement
angles, as shown in Fig.2, which compares predicted and measured spray outlines at
different wall impingement angles. For large values of the entire spray is deflected
away from the wall. The agreement between the computed and measured spray
outlines is reasonably good. However, the computed spray generally underestimates
the measured spray outlines. This could be because photographs of sprays are most
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sensitive to the smallest drops (which scatter light efficiently) and the computations
consider only a limited range of drop size.

The expansion of the fluid (Fig.3 and Fig.4) with a slight deviation progresses
intensively, but is quickly within 4-8 m/s. In the repeated simulation with the
corresponding deviation, we note a significant higher velocity of fluid motion.

Mathematical modeling confirms the possibility of the liquid being opened in
the air, thus achieving a fluid velocity of up to 12,108 m / s, as well as the required
one, which denotes liquids flowing into the central chambers and, as a rule, opens to
the sides. Thus, it is possible to predict the location of the tissue in which other
chambers are placed.

11.013

Velocity [mis]

a) b)
Fig. 2. Modelling interaction between the spray and the wall

This lends itself to effective page coverage. In addition, its two-phase flow,
which is made of polymer and air, which is formed in a drop, is obtained.
Determination of the geometric characteristics of the droplets sprayed at certain
values of the pressure of the air.
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b) b)
Fig. 3. Modelling interaction between the spray and the wall:
a) time - 4 ms, b) time- 10 ms

c) b)
Fig. 4. Predicted sprays for impingement distance of: a) 8MPa and b) 4 MPa

We assumed that the drop’s diameter does not change during the wall
interaction in both the drop rebound and slide regimes. In reality, impinging drops at
high  Weber numbers disintegrate following the wall interaction. In [6, 7]
experimentally identified six possible modes of breakup when a drop impinged on a
hot surface at atmospheric pressure including modes: where the drop rebounds from
the surface with or without subsequent atomization; where vapor bubbles from the
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hot surface blow through the liquid film on the surface causing breakup; and where
the drops do not contact the surface due to the presence of a thin vapor film.

The breakup of drops that impact the wall was considered. We modeled
enhanced secondary breakup of drops that impinge on the wall surface by setting the
breakup time model constant for those drops that impinge on a wall, consistent with
the results for drops that are suddenly exposed to a violent disturbance. The
computations were performed using SOLIDWorks shown in Fig. 5, and comparisons
were made with the experimental data.

As can be seen, the predicted spray penetration after impingement depends
strongly on the value of the breakup model constant (Fig.6).

m

0 0.5

{ 0.5

Fig. 5. Model of substrate of complex form

This suggests that drops that suddenly impact a solid surface, or drops that are
suddenly exposed to a high velocity air stream are destabilized, and that this
destabilization process can be accounted for by using a smaller value of the breakup
time constant.
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Fig. 6. Modeling the impact of a drop on a solid surface

~134 ~



The formation of a continuous liquid film that wets the wall is also not
described by the wall interaction model. Liquid film details influence heat transfer
and vaporization rates in high temperature applications. In the flooded case heat
transfer is modeled based on boundary layer correlations. In the non-flooded regime
heat transfer is modeled by considering correlations for individual drops impinging
on a surface.

The total heat transfer from the surface to a drop or film is found from

Q= FIA(T_TS) trss+Qg ) (6)

Where A is the liquid area in contact with the wall, h = Nu K/g is the
convective heat transfer coefficient, Nu is the Nusselt number, n is equal to the drop
diameter, d, or, for flooded cases, to the film thickness. K is the liquid thermal
conductivity, T is the liquid drop or film temperature, T; is the surface temperature,
fes 1S the residence time for the liquid on the surface and @, is the heat transfer from

the gas (only relevant when a film is present).

a

a) b)
Fig. 7. Drop spreading on impact: a) representation liquid film formation of thickness,
b) The film is the collection of impinged drops with W.i>40

A drop with an incoming Weber number greater than 40 was assumed to slide
along the surface for heat transfer purposes, following the Jet impingement model of
[1, 3]. A drop with an incoming Weber number less than 40 was assumed to rebound
from the surface after a residence time in contact with the surface equal to the first
order vibration period of the drop during which heat is transferred to the drop.

t, = (n/4) Jpd* [ 0. (7)
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Drops with Weber numbers less than 40 do not contribute to a film since they
rebound from the surface or film. Computed the film thickness, A, (see Fig. 7) by
taking the total mass of drops whose impingement Weber number was greater than
40, and dividing by the fuel density, and the surface area of the cell. The film
temperature was the mass average temperature of all film drops. For an impinging
drop that slides along the surface, whether or not that drop is part of a film, the
residence time is the time it stays in contact with the wall, and the area of contact
with the surface in the flooded regime is surface area of the flooded cell. However,
for an individual impinging drop the average contact area, A=n(Dnax/4)?, is based on
the spreading equation of [3], where the drop spreading diameter Dimax=0.613 d We;°
39 (see Fig. 8).
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Fig. 8. Modeling of heat transfer of deformed droplet

The gas phase heat transfer was found using the modified law-of-the wall. The
liquid phase heat transfer in the flooded regime was based on heat transfer
correlations for boundary layer flow of the form Nu = 3.32 Pr'”®. To compute the
temperature change of a drop or film in contact with the wall, an energy balance is
performed of the form

AT = Q/mC,, (8)

where C; is the specific heat of gas, and m is the film or drop mass. In the
flooded regime this computation is performed on an individual cell basis, and in the
non-flooded and rebounding cases it is done for each individual drop.
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Computer model of a liquid spraying device in SolidWorks was performed and
an experimental sample of equipment capable of spraying a certain amount of
polymer (Fig. 9). The installation consists of an electric motor 1, a frame 2, a crank
mechanism 3, a tank for heating the polymer 4, a pump with a mixing chamber 5, a
spray 6 with a controlled nozzle 7. The predicted spray breakup pattern for an
impingement distance of 200 mm is shown in Fig. 9. The spray breaks up and is
mostly vaporized by the time it impinges at about 1 sec after injection. The predicted
heat flux due combined gas and liquid phase heat transfer is shown in Fig.8, and is in
reasonable agreement with the experimental results, but the computed heat flux is
larger than that measured at the end of the comparison period. This could be due to
uncertainties in the injection velocity which was assumed to be constant in the
simulations while in the experiments the injection pressure varied with time.

Fig.9. Model and photo of liquid spraying device

The obtained coating properties are presented in Fig.10. It is shown that most
often they have the most widespread coatings for a variety of vats on polymer substrates.
In particular, good agreement with the experimentally measured spray penetration is
obtained. Dependence of coating thickness on pressure showed in Fig. 11.
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Fig. 10. Dependence of coating thickness on spray time
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Fig. 11. Dependence of coating thickness on pressure

Summary

Thus, the processes occurring in the spray were modeled. Effective velocity of
fluid flow at the outlet within 7.5-8.2 m/s, at which the pressure inside the system is
optimal.

The obtained values showed that the existing approaches for the application of
polymeric materials do not give a qualitative result due to the instability of the
temperature fields in the process of forming the spray stream. There is also rapid
cooling of the polymer, which causes it to thicken even before it collides with the
surface of the materials. The above application method is suitable for the application
of polymeric materials having a temperature range from 10°C to 50°C.
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Introduction

Hemp farming is a promising industry for Ukraine. The diversity of culture hemp
Is explained by its uniqueness, diversity of use. Hemp is grown to produce only fibre or
only seeds, or seeds and fibres, which requires the use of a variety of technologies and
technical means that are currently costly and do not provide quality products. From
hemp, it is possible to make up to 50 thousand various products (Fig. 1).

Textile

Fodder

Food additive

Essential oils

i

Food products

Body care products
4 A
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| Animal litter

Molded plastic Fuel

Fig. 1. Scope of industrial hemp

Bast fibres are natural fibres of plant origin. Hemp fibre is long, rough, but has
great strength and does not rot during prolonged stay in water. Textiles made of them,
made in the style of «eco-naturel», enjoy wide popularity worldwide due to their
specific appearance and a set of positive properties. They have special biomedical
and protective properties, which is not enough for cotton products. Due to the unique
complex of properties of bast fibres, such as high strength, low electrical resistance,
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comfort, natural bactericide and hygiene, worldwide demand for textile (hemp)
products is growing not only for technical but also for household purposes.

One of the promising areas is the use of hemp in the pulp and paper industry,
which currently uses wood as a raw material. The content of cellulose in hemp fibre
Is 70-77%. From one hectare of hemp, it is possible to receive about six tons of
cellulose a year. This is significantly more than the annual growth of one hectare of
forest. Trees grow for decades, and hemp crops can be harvested just 120 days after
planting.

In addition, hemp paper has a number of advantages:

- does not require whitening;

- is not yellow;

- has high strength and durability;

- resistant to getting wet;

- can be reworked many times;

- paper production requires significantly less chemical consumption.

The development of this direction will allow to preserve forests in Ukraine (the
use of technical hemp as a raw material for the pulp and paper industry will reduce
deforestation by 42%) and enter the world market with high quality and relatively
inexpensive products.

Intensification of the expansion of the use of hemp in Ukraine should be based
on the development of innovative technologies for their production and domestic
technical means, in particular to ensure the gathering process.

The process of collecting hemp is characterized by complexity and labour
intensive. The implementation of the technological gathering process is characterized
by the use of a whole complex of technical means that must meet the basic
requirement — the ability to interact with stems that have fibrous components in their
composition.

Mechanization of harvesting and processing of hemp remains an urgent
problem that requires the development of new efficient, simple in design and reliable
machines.

Typology of knowledge
Scientific developments aimed at the development of drug - free varieties of
hemp with a high fibre content of Ukrainian scientists Vyrovets V.H. [1, 2], Mihal
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N.D. [3, 4] became the basis for improving the methods of collecting hemp, making
trusts from stems and technology of its primary processing [5-8].

Special attention should be paid to scientific developments of specialists of the
Institute of bast crops of the National Academy of agrarian Sciences of Ukraine (city
Hlukhiv) [9-11].

Scientists have developed an innovative technology for collecting industrial
hemp, which is based on the use of high-performance agricultural machinery for
general purposes. Their implementation and use can reduce energy costs; reduce
production costs and manual labour costs.

According to the proposed technology, the seed component of the crop is
harvested by a combine harvester with a keyboard straw and a reaper, which has a
significant lifting height. The stems that remained in the field, it is proposed to collect
in the autumn with the use of mowers or in the spring with the use of rotary rakes.

The analysis of the proposed technological processes revealed the following
drawbacks:

- the use of autumn technology is characterized by a high probability of loss
trusts, due to the influence of weather factors;

- lack of collection of stem part of spring technology is the inability of
selection formed rotary rake swath pick-up balers of the existing design through a
substantial length of the stems (over 1 m) which enter the chamber in the form of
inelastic chaotic mass.

With this in mind, the task was to improve the spring method of collecting
stems by developing a device that will ensure the breaking of stems, the formation of
a uniform roll with parallel placement of stems in it. Which will simplify the
formation of rolls from the roll by the baler and improve the quality of the resulting
raw materials.

Materials and methods

The authors set a task to improve the method of harvesting hemp stems by
using a device that will ensure the breaking of the stems, the formation of a uniform
roll with parallel placement of the stems in it, simplify the formation of rolls from the
roll by a baler and improve the quality of the obtained raw materials [12].

The development of a new method of harvesting hemp and devices for its
implementation was carried out in two stages:
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1) formation of the concept of the method of cleaning.;

2) development of the device design.

The collection of hemp is known to be carried out both in the autumn and in
the spring. For the final selection of the most rational time of harvesting, preliminary
experimental studies were conducted. The study aims to establish the magnitude of
the fracture force of stems in the autumn and spring periods.

The experiments were carried out in the field. To determine the fracture force
of the stems, a dynamometer was used, which was attached to the stem at a distance
of 250 mm from the ground line (Fig.2).

2

[

7
Fig. 2. Scheme of the study: 1 — stem; 2 — soil; A — the point of application of force; F — the
fracture force of the stem

250

The fracture force for technical hemp stems of different diameters was
determined.

The obtained average values are presented in table 1.

At the time of the studies in the autumn, the process of rotting of the basal part
of the hemp stem was partially started, which explains the significant range of the
obtained values of the fracture force of the stems.

For the fracture of the stems, provided the organization of the process of
collecting them in the spring, you need to make much less effort, the difference
between the average values of the fracture force of hemp stems in the autumn is
greater than in the spring.
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Tablel — Values of stem fracture forces in autumn and spring

Efforts of the fracture, Efforts of the fracture,
No period | No period |
Autumn Spring Autumn Spring
H H H H
1 12,86 4,72 6 14,87 7,96
2 11,02 2,98 7 9,37 3,71
3 8,27 9,12 8 13,60 5,40
4 15,76 7,43 9 12,43 6,02
5 11,71 6,24 10 14,43 5,81
Average 12,77 5,95
values

A significant decrease in the fracture force, on average 2.14 times, is explained
by almost complete rotting of the basal part of the stem during the winter period (Fig.
3), which greatly facilitates the cleaning of the stems, since it does not require a
technological cutting operation, which is the most laborious, since the stems are quite

rigid.

Fig. 3. Basal part of the stem of technical hemp in different periods of the year:

a—autumn; b —spring
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As you can see, the strength of the fracture in the autumn is much less in
comparison with the spring, which facilitates the process of harvesting the stems of
technical hemp, which makes it advisable to perform harvesting in the spring.

A device [12] is proposed to perform the gathering process. The schematic
diagram of the device for collecting hemp stems is shown in Fig. 4.

The device comprises a frame 1, of welded round pipes, cardan transmission 2,
chain transmission 3, the bevel gear 4, a drive pulley 5, the shaft 6, pulley 7, pass 8, 9
with fingers 10 are driven by the pulleys 11, 12 and the tensioner 13, 14. Fingers 10
are placed on passes 8 and 9 in staggered order.
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Fig. 4. Device for harvesting hemp stems

The process of collecting hemp stems is as follows.

The device moves across the field tractor. During the movement of the device,
the stems fall between the fingers of 6 passes 4 and 5. Belts 4 and 5 rotate on twin
pulleys 2 and 3. The stems are clamped between the fingers of 6 passes 4 and 5,
cracked in the basal part, transported by them and displayed on the side. After
exposure of the fingers on the stems, the last field laid out on the side of the device,
forming a windrow.
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Testing of the proposed device was carried out in the field (Fig. 5).
Characteristics of hemp stems are shown below (table. 2).

Table 2 — Trust parameters

Ne Parameter Value
Average stem height 117,1cm
Average diameter of stems 9,43cm

To compare the parameters of the formed rolls, in addition to the proposed
device, rotary rakes were used (Fig. 6).

Fig. 6. Use of rotary rakes when harvesting hemp stems

The rolls obtained during the harvesting were evaluated according to the
following parameters: width of the roll, deviation of the stems in the roll from the
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longitudinal axis (direction of movement of the unit); the number of stems left
unbroken after passing the technical means.

Fig. 7 shows graphically the results of the tests. It should be noted that Fig. 7
presents the results obtained using two variants of the device: device (1) — fingers on
the belts are staggered; device (2) is a structure that was previously equipped with
straps with fingers, which are arranged in parallel rows (Fig. 8).

7 2 7 2
o N O ® o o 0'0O 0 0O ® O O O O
o o O o 8606 68 006 0 O
a O

Fig. 7. Schemes of placing fingers on the belt: a — chess order; b — parallel:
1 - pass, 2 - fingers
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Fig. 8. Roll parameters (average value at 10m length): b — roll width, m;
h — height, m

As seen in Fig. 9 application of the proposed design of the device allows
reducing by 39% the height and 17,4% the width of the roll due to the ordered
(almost parallel) laying of the stems. These rolls are well chosen baler, with reduced
drive and loss of the trusts during the retrieve.
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In addition, it was found that under the condition of the location of the fingers
on the passes, the strings provide a complete scrapping of all the stems that fall into
the zone of their influence. At the same time, under the influence of fingers that are
staggered, on average, 10% of the stems were not subject to scrapping. This led to a
significant shift of stems, their crossing and departure of stems in the opposite
direction to the direction of rotation of the pass.

Conclusion

A method of harvesting hemp stems in the spring and a device for its
implementation are proposed. The use of this device provides a break stems and laying
them in the roll, which is characterized by a uniform arrangement of stems in it. The
average deviation of the stems from the longitudinal axis of the roll in the direction of
movement of the unit is 20.70.

The use of the device allowed reducing the downtime of the baler by reducing the
scoring by 11,4%.

Summary

Given the results analysis of known technologies and techniques for hemp
harvesting a method of harvesting hemp stems in the spring and a device for its
implementation are proposed. In the course of the experimental studies, the
expediency of spring harvesting technology was proved. Field tests of the device
proved its efficiency and advantage over well-known technology based on the use of
rotary rake.
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Introduction

The intermittent motion of the output link of the mechanisms during
continuous rotation of the input link is necessary in many cases and is required in
different types of modern machines. During the periodic dwell of the output link a
technological operation can be performed, for that purpose the various types of
mechanisms can be used, for example: cam mechanisms, nonfull teeth gear
mechanisms, Geneva-type mechanisms etc. As known, that problem can be also
solved with the linkage mechanisms which have only lower kinematic pairs and
geometric closure of the links, unlike the other types of mechanisms. It enables to
significantly increase the working velocities of machines, their durability and
reliability and increase the load-carrying capacity. But the main problem of the
practical usage of linkage mechanisms is their complicated kinematic synthesis.

For designing the mechanisms with a periodic dwell of the output link, path
generating linkages can be used. In particular, basic circular and straight-line path
generating mechanisms. Nowadays, many methods of such mechanisms’ synthesis
are developed, which have two main directions: the first one is the usage of algebraic
Chebyshev’s methods and the second one is the usage of the kinematic geometry
methods which are grounded by Burmester L. Further development of the
Chebyshev’s methods was carried out, in particular, by Blokh, Kinytskyi [4],
Sarkissyan [11], Gassmann [1]. The kinematic geometry methods were further
developed by Miiller [8], Beyer, Lichtenheldt, Cherkudinov, Murray [6], Yin, Han
[13]. The modern state of the theory of synthesis of linkages is presented in the works
of McCarthy [7], Wang [14].

The main principle of the synthesis by kinematic geometry methods, according
to the curvature theory, is to find such special points in the coupler plane of the
mechanism, that can be taken as trace points, which are the multiple knots of
interpolation, and which satisfy the criteria of the high order tangency of coupler
curve to its tangent circle in this point. In particular, one of special points of the
coupler plane that can be used to synthesize straight-line and circular path generating
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linkages with good approximation to an arc or to the straight line are: Ball’s point,
Burmester point, Chebyshev’s point (Ball-Burmester) which are defined for several
infinitesimally close positions of the coupler of the mechanism.

Linkage mechanisms are widely used in various fields of modern engineering,
in particular in light industry, food, agricultural, printing, hoisting and many other
machines. As revealed by the analysis of literary sources, planar linkage mechanisms
are characterized by a variety of structural schemes and usually have from 4 to 14
links. The simplest one is a four-bar linkage mechanism, which can be used as a
straight-line and circular path generating mechanism, as well as a basic mechanism
for designing mechanisms with a dwell of the output link, as we are going to show
below.

Thus, the main goal of the article is to show the samples of path generating
linkages and dwell linkages in several practical cases.

2. Samples of straight-line linkage mechanisms and their application.

In Fig. 1, a the mechanism that is intended for the attachment of the coulters of
the seed drill is shown. This mechanism is specific, it has no input link, and is driven
by a connecting coupler, which is the axis of attachment of the disk coulters.

1
coupler curve

part of coupler
curve

~
part of CUU,D[E’/"/{ A
curve s
‘
E b

Fig. 1. Straight-line four-bar linkage mechanisms [3]:
a) mechanism of attachment of the seed drill couplers; b) drive mechanism for the
traverse of tire vulcanizer; c) picking mechanism of the loom

~ 151 ~



The mechanism reproduces the predetermined linear motion of the coulters and
was synthesized by Kikin A.B. [3]. In Fig.1, b a path generating mechanism that is
designed to drive the top traverse of a tire vulcanizing machine is shown. The
trajectory of the working point of the mechanism has two straight-line sections,
located at an angle of 90 degrees. [3].

In the picking mechanism of the loom [3], shown in Fig. 1, c, the working
point trajectory has a 300 mm straight-line section that corresponds to the crank angle

a, =90 The contact between the picker and the shuttle occurs only on the specified

straight-line section, with a maximum deviation from the straight line of 0.25 mm.
Mechanisms of this type are also used by «Saurer» company.

In Fig. 2, a, a lifting arm of the crane mechanism that acts as a two-balance
four-bar mechanism is shown. As required, a lifting arm must retract and return with
the lowest energy cost, and its point F should trace a trajectory approaching a straight
line. The mechanism of power-saw benches [1] that is based on the four-bar straight-
line linkage mechanism is shown in Fig. 2, b. The circular saw receives rotary motion
from the motor located on the connecting coupler. During the cutting process the saw
Is moved along the straight line. Not all the connecting coupler curve is used, but
only its straight section.

coupler
curve F

Fig. 2. Examples of application of straight-line four-bar mechanisms:
a) portal crane mechanism; b) mechanism of power-saw bench

One of the modern fundamental works that is dedicated to the synthesis of the
Chebyshev’s straight-line linkage mechanisms, by means of numerical methods, is
the dissertation paper of Gassmann F. [1]. There are several practical examples of
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such mechanisms in this paper, some of which are shown in Figs. 3. In particular, in
Fig. 3, a a diagram of parts’ processing on a belt conveyor is shown. To save time,
products must be processed while moving at constant speed. For example, a label
may be sticked on, drilling operation can be performed, or a bottle can be filled. In
the first two cases, it is necessary to provide a straight-line directional movement for
the tool, and in the third case it is sufficient to point the filling head-dispenser on the
top of the bottle. The movement is carried out in accordance with a predetermined
stroke, to prevent collision with the next product a linkage four-bar mechanism with a
D-shaped coupler curve is required.

coupler curve of ,
instrument fourbar linkage mechanism

proauct
L procession during the movement

Grip
—————— —————

O ©

coupler curve with straight-line
part and crunode

instrument Is parallel
fo the coupler curve

Product

b
Fig. 3. Examples of the use of straight-line four-bar linkage mechanisms [1]

In the work [1] is also shown the case of the practical usage of the Chebyshev’s
mechanism, its connecting coupler’s curve is completely approaching to the straight
line. This mechanism is used to receive products from the conveyor belt, then a
predetermined movement to the next stage of processing can be performed [1]. In
Fig. 3, b a diagram of inserting a tool into a narrow pipe is shown. The task is to
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insert the tool into a narrow pipe or the workpiece into a magazine (for example, in
the form of a rotary revolver head). In the paper [1] it was shown that by using a path
generating linkage mechanism with a straight section of a coupler curve and a cusp
point, it is possible to refuse the usage a folding mechanism and thereby simplify the
construction.

In the paper of Polyakov B.N. [10] it was shown the solution of the problem of
synthesis of a four-bar linkage mechanism of ingots (blanks) pusher in order to
reproduce a given straight-line trajectory of its executive link — a coupler. The task
was to synthesize a mechanism with the length of a straight section (the distance
between the axes of the fixed joints was taken as a unit). In addition to the above
examples, the four-bar linkage mechanism is used as a basic straight-line mechanism
in many other machines, among which there is a mechanism for compensating
position errors during automatic assembly [1], a straight-line mechanism for the
needles of high-performance sewing machines [1]. In the work of Semin A.G. [12] a
four-bar linkage straight-line mechanism is used to design the six-linked needle
mechanism of a overlock sewing machine of 508 class, its coupler is opened, that
causes the needle to move exclusively in a straight line.

3. Samples of circular path generating linkage mechanisms.

Several examples of straight-line path generating mechanisms have been
considered above, but circular path generating mechanisms are also used in
mechanical engineering to approximate some part of the coupler curve to the arc of
the circle, as well as six-linked mechanisms with the dwell of the output link on their
basis. Such mechanisms will be considered below.

Mechanism for the traverse drive of the Schlafhorst winding machine. In the
Fig. 4 a kinematic diagram of a circular path generating mechanism for the drive of
the traverse mechanism of a winding machine is shown, the synthesis of which was
considered by Kikin A.B. [3]. The task was to upgrade the existing winding machine
produced by the German company Schlafhorst, which uses a circular path generating
four-bar mechanism, the part of the coupler curve approximates to the arc with a

radius of R=236.1 mm, the swing angle is 64". As was established, the existent
mechanism was characterized with non-optimal transmission angles with the minimal
value of pn=16°, maximum deviation from the specified trajectory was 8.4 mm. As a
result of optimization synthesis, using the numerical methods given in [3], the author
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was able to increase the minimum transmission angle to the p=19°, deviation was
reduced to the value of 3.1 mm.

part of the coupler curve

0 X
Fig. 4. Mechanism for the traverse drive of the Schlafhorst winding machine

It should be noted that in order to provide better transmission angles, a six-
linked path generating mechanisms (instead of four-bar) were synthesized and as it is
shown in [3], in that case the theoretical deviations can be reduced and the minimum
transmission angle may be increased, but the main disadvantages of such mechanisms
Is a complexity of the structure: in this case the mechanism already has seven hinges.

The linkage mechanisms of the “Kokett” warp-knitting machine. Modern
warp-knitting machines often use linkage mechanisms instead of cam mechanisms in
order to increase their speed and productivity. As noted in [2], the most difficult task
Is the design of linkage mechanisms which provide dwells of the looping mechanisms
at the certain angles of rotation of the main shaft of the machine. At the same time, it
is noted in [2] that six-link mechanisms are usually used to provide the dwell of the

output link with the duration of o <90, and for longer dwells the number of links

must be increased. In the “Kokett” warp-knitting machine, the looping process is
carried out by means of compound needles using linkage mechanisms (Fig. 5).

In particular, in Fig. 5, a, the scheme of the mechanism of the needles, driven
by a crankshaft O A, which is a crank. An MO linkage is pivotally connected to the

connecting rod AB of the mechanism at point M, which drives the needle 27 with
needles. The position of the point M on the coupler is chosen in a way that its
trajectory has a part with approximately constant radius of curvature R. If the length
of the link MO is taken equal to the radius R, then the needle will have practically no
vertical movement in the upper position, as the hinge M moves along its trajectory
o —a. Using the same principle, other mechanisms of the “Kokett” machine work, in
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particular — mechanism that drives the eyelet (Fig. 5, b) and the compound needles
(Fig. 5, c).

Fig. 5. Linkage mechanisms for “Kokett” warp-knitting machine [2]

Tilter for multilayer baking hearth furnace. In Fig. 6 a tilter for the multilayer
baking hearth furnace [5] is shown, which automatically removes bakery goods 2
from the steel belt 1 (mesh) of the conveyor of the top layer furnace and places them
on the belt 6 (grid) of the lower layer of the conveyor.

Fig. 6. Tilter for multilayer baking hearth furnace
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Fig. 7. Kinematic diagram of the tipping mechanism

The tilter consists of a chopper 5, a gripper 4, which performs oscillatory
movement and a six-linked mechanism 3, which provides oscillations of the gripper 4
with its long dwell in the lower position and synchronous operation of the mechanism
of the chopper. Chopper 5 and gripper 4 are located inside the furnace, and the
coupled mechanisms that drive them are located on the outside of the furnace [5].

The scheme of the mechanism is shown in Fig. 7, which principle of work is
similar to the mechanism that is shown in Fig. 5, a.

The mentioned mechanism is a mechanism of Il class, which is based on a
circular path generating four-bar linkage mechanism, with the joined structural group
of the 2" order of 1% type (according to the Assur-Artobolevsky classification). The
length of the connected coupler of the joined structural group is chosen equal to the
radius of the approximated part of the coupler curve. When the coupler point passes
through this part of the coupler curve, the output link of the mechanism will have an
approximate dwell.

The mechanism of transportation of materials in the sewing machine of 131
class (Fig. 8). In modern sewing machines, a number of different linkage mechanisms
are used to drive the working mechanisms. The most complicated and loaded
mechanism of the sewing machine is the mechanism of transportation of materials.
The operation of this mechanism significantly affects the quality of the stitching, the
productivity of the sewing machine, its vibration and noise. As noted in the
dissertation paper of Polotebnov V.O. [9], one of the directions of improving the
mechanisms of material transportation is to obtain a straight section of the trajectory
of the gear rack, parallel to the needle plate. It also should be taken into account the
conditions of timely interaction of the working mechanisms of the sewing machine in
different modes of its operation.

~157 ~



N

B

Fig. 8. Six-linked kinematic chain with a dwell of the output link in the mechanism of
transportation of materials of the sewing machine of the 131 class [9]

In the paper [9], a method of synthesis of a kinematic chain of vertical
displacements of a rack and a kinematic scheme of the mechanism of material
transportation were developed. To implement the necessary function of moving the
output link, a six-linked linkage mechanism with a dyad attached to the connecting
rod of a basic linkage four-bar mechanism was used, its kinematic scheme is shown
in Fig. 8. According to the cyclogram of the machine, this mechanism should provide
periodic dwell of the output link O,D, and in the paper [9] this problem was solved

by the optimization methods and thus the author obtained 3 kinematic diagrams of the
mechanism with the dwell of the output link respectively o =40",60",80".

4. Conclusion. Linkage path generating mechanisms are widely used to drive
the various technological machines. As mentioned above, there are mechanisms,
working points of which in some part of the trajectory should move along a straight
line or along the arc of a circle. Such mechanisms can also provide a dwell of the
output link. In particular, such movement of working bodies is necessary in the
warp-knitting, combing, winding and other light industry machines, other various
fields of modern engineering. But the main problem of the practical usage of such
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mechanisms is their complicated kinematic synthesis, which can be successfully
solved by using numerical and analytical kinematic geometry methods.
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Wstep

Jedng z najwazniejszych potrzeb cztowieka jest konieczno$¢ przemieszczania.
Potrzeba ta moze by¢ zaspokojona poprzez bardzo szeroko rozumiang komunikacje,
przez pojecie ktorej mozemy okreslic réznego rodzaju formy kontaktu miedzy
ré6znorodnymi podmiotami w celu przemieszczenia ludzi lub zwierzat, a takze
ré6znych przedmiotow oraz waznych informacji. Mozna wiec stwierdzié, ze
komunikacja stanowi pojecie nadrzedne 1 obejmuje jednoczesnie transport, ale 1 takze
tacznosé [1].

Potrzeby transportowe, ogolnie, mozna zdefiniowa¢ jako konieczno$¢
przemieszczania 0sob, zwierzat, fadunkow rzeczowych, energii i informacji w danym
przedziale czasu i1 na wyznaczong odlegto$¢ [2]. Najwazniejszym zrodtem potrzeby
transportowej jest duze zrdznicowanie potozenia przestrzennego wielu skladnikow
waznych dla dziatalnosci kazdego cztowieka.

W literaturze przedmiotu [3, 4] pojecie transport jest pojeciem wieloznacznym
1 jest bardzo réznie definiowane. Taka duza r6znorodno$¢ definiowania pojecia moze
wynika¢ m.in. z tego, ze transport jako zlozony proces, istotny dla gospodarki
kazdego kraju, jest badany z poziomu wielu dziedzin nauki. Kazda z tych dziedzin,
transport definiuje biorgc pod uwage najistotniejsze dla siebie kryteria spelniajace
zatozenia wybranej nauki, a to wptywa bezposrednio na réznorodno$¢ znaczenia
pojecia transport. Na podstawie analizy definicji dostepnych w literaturze przedmiotu
[5, 6] dla przedstawionej pracy, przyjeto definicje transportu o brzmieniu: transport to
celowa dziatalno$¢ ludzka, wykorzystujaca ogot srodkow stuzacych do przemieszczania
0sob, tadunkow rzeczowych oraz energii z jednego miejsca na drugie.

Transport traktujac jako szereg Srodkoéw oraz wszelkich dziatan zwigzanych z
przemieszczaniem (oséb 1 tadunkow), w kazdej narodowej gospodarce odgrywa
wiele funkcji. Do najwazniejszych z nich nalezy funkcja ekonomiczna oraz funkcja
stanowigca cz¢$¢ integracji migdzy obszarami zurbanizowanymi, ale takze w
miejskich aglomeracjach.
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Zaspokojenie potrzeb zwigzanych z przemieszczaniem miedzy aglomeracjami
odbywaé si¢ moze przy wykorzystaniu indywidualnego s$rodka transportu, ale
rowniez ogolnie rozumianego transportu zbiorowego. Transport zbiorowy (w
poroOwnaniu z transportem przy uzyciu indywidualnego $rodka transportu)
charakteryzuje mozliwo$¢ transportu (jednorazowo) o wiele wigkszej ilosci 0sob,
zmniegjszenie nat¢zenia ruchu wielu pojazdow oraz wielokrotne zmniejszenie
nat¢zenia hatasu 1 emisji spalin do Srodowiska. Oprocz waznego transportu
miejskiego musimy wspomnie¢ o transporcie kolejowym, ktory wraz z istotnym
postepem technicznym 1 technologicznym w zakresie konstrukcji, eksploatacji i
utrzymania taboru oraz drég kolejowych stat si¢ szczegdlnym Srodkiem transportu i
rozpoczat walke konkurencyjng. Przejawem walki kolei z innymi $rodkami
transportu jest: duza predko$¢ w ruchu pasazerskim (rzedu 200 km/h 1 wigksze) oraz
znaczny wzrost predkosci w ruchu towarowym 1 zwigkszenie dopuszczalnych
naciskow osi [7].

Mimo znacznej poprawy poziomu bezpieczenstwa oraz wielu zalet, transport
kolejowy jest zrodlem wielu roznego rodzaju zagrozen. W pracach [8, 9, 10] autorzy
przedstawiajg zagrozenia jako mozliwo$¢ powstania strat w wyniku jednego
niepozadanego zdarzenia.

Jako zdarzenie niepozadane, w pracy, zalozono zdarzenie w wyniku ktorego
powstaja straty materialne lub dochodzi do utraty zdrowia, a nie rzadko zycia
cztowieka usytuowanego w systemach lub jego otoczeniach. Jedng z gléwnych,
przyczyn powstawania zdarzen niepozadanych sg niewlasciwe dziatania ludzi
usytuowanych w systemie i jego otoczeniu [11].

Podstawowymi dokumentami zrodtowymi ewidencji wypadkoéw kolejowych sg
rejestry wypadkow 1 incydentdéw kolejowych [12], w ktérych za najczgstsze
przyczyny zaj$¢ zdarzen kolejowych wskazano niewlasciwe dziatania czynnika
ludzkiego. Mozna do nich zaliczy¢ m.in. nadmierng predkos¢ lokomotywy, brak
reakcji na sygnalizacje $wietlng 1 dzwigckowsg, brak ostroznos$ci na przejazdach
niestrzezonych jak rowniez przechodzenie przez torowiska w miejscach
niedozwolonych.

Obiekt i przedmiot badan
Obiektem badan jest system transportu kolejowego w Polsce, przedmiotem

badan jest ocena bezpieczenstwa przewozoOw wykonywanych na infrastrukturze
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kolejowej zarzadzanej przez Polskie Linie Kolejowe S.A. [15]. Obecnie sie¢ linii
podlegtych PLK wynosi ponad 19 tysiecy kilometrow. Spotka zarzadza
I synchronizuje ruch okoto 6,5 tys. pociaggdw pasazerskich i towarowych nalezacych
do 74 licencjonowanych przewoznikéw. Wlascicielem pakietu wigkszosciowego
spotki (85,9%) jest bezposrednio Skarb Panstwa, natomiast pozostate 14,1% jest
wlasnoscig spotki PKP.

MAPA LINII KOLEJOWYCH W POLSCE
Earzadzanyeh prrer PRP Poiskie Linke Ketsjowe 5 A 4at innyeh zarzadcéw
Ogoi tadunt

insko

LEGENDA
@ punkty ladunkowe PKP PLK S A
®  PSitcia granicIne

—— linie kolejowe
miasta woewodzioe
WONWOSZtWS

Opraconana: PR Polskie Link Kolsjows $ A

Rys. 1. Mapa linii kolejowych w Polsce zarzadzanych przez PKP PLK S.A.

Dzialania czlowieka jako przyczyna zdarzen niepozadanych

System transportowy nalezy do grupy systemow socjotechnicznych na
bezpieczenstwo ktorego wpltyw oddziatywanie czynnikdw: roboczych uzaleznionych
od stanu technicznego Srodka transportu, zewnegtrznych wynikajacych z
oddziatywania otoczenia oraz antrooptechnciznych wynikajacych z dziatan ludzi
usytuowanych w systemie i jego otoczeniu.

Zagrozenia wynikajace z dzialania zestawu szynowego [34]:

. mozliwo$¢ skazenia terenu,
. zanieczyszczenie wod 1 atmosfery,
. zwigkszony hatas i drgania,
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- uszkodzenie zestawu kolejowego bedace bezposrednia przyczyng
zagrozenia dla zycia cztowieka,

. kongestia transportowa,

- niedopasowanie zgodnosci wymogow techniki do cech operatora.

Wsrdéd przyczyn powstawania zagrozen wynikajacych z oddziatywania
otoczenia mozna wyodrebni¢ [14]:

" niewystarczajaca infrastrukture szlakow kolejowych,

. stan nawierzchni kolejowej,

- nieprawidlowe rozmieszczenie przystankow kolejowych,

- nieprawidtowe umiejscowienie przejazdow 1 przejs¢ kolejowych,

- brak podstawowych informacji na temat przepiséw 0 ruchu kolejowym,

. inne.

W  kazdym systemie transportowym, wazng rol¢ odgrywa cztowiek
stanowiacy element tego systemu. Dzieki temu speinia wielorakie funkcje, takie jak:
operator obiektu technicznego, pasazer pojazdu, a takze wystepuje w otoczeniu
systemu. Majac na uwadze powyzsze mozna powstawanie zdarzen niepozadanych
analizowac zalezno$cig usytuowania cztowieka w systemie.

Do najczgstszych przyczyn powstawania zagrozen stwarzanych przez

operatora mozemy zaliczy¢ [4]:

. indywidualne cechy operatora,

. niewystarczajacy stopien wyszkolenia operatora,

. brak lub niski stopien motywacji,

- brak wlasciwej organizacji miejsca pracy,

. stan zdrowia operatora,

- niewlasciwa (lub jej brak) reakcja na mozliwos¢ wystapienia zagrozenia.

Do podstawowych 1 najwazniejszych obowigzkow dyzurnego ruchu naleza:

. obstuga urzadzen sterowania ruchem kolejowym, dzigki ktorym tworzy
si¢ drogi przebiegu pociagu,

- nadzor nad pracg nastawniczego, zwrotnicowego 1 konserwatora
zwrotnic,

. koordynacja prac manewrowych na stacji,

- organizacja prawidtowego ruchu pociggdéw w obrebach stacji,

- koordynacja prac stuzb kolejowych, zwigzanych z pracg stacji,

" wspolpraca z posterunkami w obrgbie stacji.

~ 163 ~



Niewlasciwe wykonanie tych obowigzkow moze stanowi¢ przyczyne
powstawania zagrozen w ruchu kolejowym.

Wsérod naruszen rutynowych popetlianych przez maszyniste mozemy
wymieni¢ kilka bardzo istotnych:

- kierowanie lokomotywa pod wptywem alkoholu,

" kierowanie lokomotywa pod wplywem dzialania srodkow odurzajacych,

" kierowanie lokomotywa po spozyciu réznych lekow, ktére w znaczacy
sposob obnizaja zdolno$¢ motoryczng maszynisty,

- kierowanie lokomotywa w trakcie trwania choroby,

- kierowanie lokomotywa, kiedy stan psychiczny maszynisty, w znaczny

sposob ogranicza zdolnos¢ pracy

- nieprawidlowa predkos¢ lokomotywy, niedostosowana do warunkow
ruchu,

- nieprawidtowa reakcja na sygnalizacje $wietlng i mechaniczna,

- nieprawidtowa reakcja na sygnalizacje swietlng 1 dzwigckowa wewnatrz
lokomotywy,

- niedostateczna obserwacja torowiska, a w szczegolnosci potozenia

rozjazdow kolejowych,

. nieprawidlowe ruchy manewrowe na stacjach i bocznicach kolejowych,

. nieprawidtowa reakcja na zachowania pasazerow, shuzb pomocniczych,

. brak sygnalizacji dzwigkowej w trakcie zblizania si¢ do strzezonych,
a szczegblnosci niestrzezonych przejazdow kolejowych,

. inne.

Sposrdd najmniej wptywajacych na powstawanie zagrozen stwarzanych przez
cztowieka jest zachowanie pasazera. W wyniku ograniczonego dostgpu pasazera do
operatora  lokomotywy (wzgledy bezpieczenstwa), powstawanie zdarzen
niepozadanych moze wynika¢ miedzy innymi z:

- rozpraszania pracy maszynisty:

- wychylanie si¢ w trakcie jazdy poza skrajni¢ torowiska,

. wyskakiwanie z trakcie jazdy,

. uzywanie hamulca bezpieczenstwa w sytuacjach nieuzasadnionych,

. nieuzasadniona agresja wobec innych pasazerow,

- wybryki chuliganskie wywotane przez kibicow.
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Ostatnig grupg oséb uczestniczagcych w ruchu kolejowym, s3a osoby
usytuowane w otoczeniu system zarowno jako piesi oraz inni uczestnicy ruchu,
kierujacy pojazdami samochodowymi rowerzysci 1 inni. Icha zachowania sg jedng z
najczestszych przyczyn powstawania wypadkéw w ruchu kolejowym. To wiasnie ich
zachowania najczesciej prowadza do zdarzen nie rzadko ze skutkiem $miertelnym.

Do wielu niewlasciwych i1 gldéwnych nieprawidlowych zachowan ludzi w
otocxzzniu, mogacych stanowi¢ przyczyne zdarzen niepozadanych mozemy zaliczy¢:

. przekraczanie (pieszo lub pojazdem) torowiska w miejscach
niedozwolonych,

- brak reakcji na sygnalizacje $wietlng 1 dzwigkowa na przejazdach 1

przejs$ciach kolejowych,

. nieuzasadnione wejscie 1 chodzenie po torowisku,

. wskakiwanie do poruszajgcego sie pociagu,

- niewlasciwe zachowanie na peronie w trakcie przyjazdu 1 odjazdu
pociagu,

- zachowania samobdjcze czlowieka,

. dewastacja infrastruktury kolejowej.

Badania bezpieczenstwa transportu kolejowego

Badania i wszelka rejestracja wypadkow, doglebna analiza powstawania
1 okolicznosci ich powstawania, ale takze analizy wewnatrz samego systemu,
stanowig wazny element monitorowania bezpieczenstwa przewozow, pracy
zaangazowanych w proces pracownikow 1 podlegtych stluzb. Ma takze wplyw
I znaczenie dla dzialan prewencyjnych i niejednokrotnie wazne z punktu widzenia
ubezpieczen wypadkowych.

Rzetelne 1 wszechstronne analizowanie okoliczno$ci kazdego zdarzenia
niepozadanego stanowi podstawe ustalenia prawdziwych przyczyn wszystkich
zdarzen. Majac na uwadze powyzsze, w pracy przedstawiono dane iloSciowe oraz
informacje na temat przyczyn, ofiar $miertelnych 1 rannych zaistniatych wypadkéow,
zebrane na podstawie raportow rocznych PKP Polskie Linie Kolejowe S.A. za lata
2010 — 2015.

Jak wynika z danych na rysunku 1., liczba zdarzen w transporcie kolejowym
wykazuje tendencje malejacg. W analizowanym przedziale czasowym, 1lo$¢ zdarzen

niepozadanych zmniejszyta si¢ o 253 zdarzenia, w poréwnaniu do najgorszego roku
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jakim byt 2011, co stanowi 30,4%. Majac na uwadze $rednig za lata 2010 + 2015,
ktora wyniosta 698 zdarzen, z analizy danych wynika, Ze najlepszy rok (2015)

uzyskatl 0 16,9% lepszy wynik w stosunku do $rednie;.
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Rys. 1. Zestawienie iloSci zdarzen w podziale na przyczyne powstania w latach 2010 + 2015

Na szczeg6lng uwage zastuguje liczba zdarzen zaistniatych na przejsciach i
przejazdach kolejowych oraz wypadkow z udzialem ludzi poza przejazdami
1 przejsciami. Z analizy danych zawartych w tabeli 3 wynika, ze ilo$¢ tych zdarzen
stanowi 74,7% wszystkich, zaistnialych w latach 2010 = 2015 wypadkow.
Niechlubng statystyke tworzg liczby zwigzane z nastgpstwami wszystkich zdarzen,

ktorych wynikiem sg ofiary §miertelne 1 ranni.

Tabela 1. Liczba osob zabitych i rannych zaistnialych na skutek zajScia zdarzen
niepozadanych w latach 2010 + 2015

2010 2011 2012 2013 2014 2015 Suma
ofiary $miertelne 276 321 259 224 197 219 1496
ranni 188 215 186 105 89 86 869
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Rys. 2. Zestawienie liczby oséb zabitych i rannych w transporcie kolejowym w Polsce w latach
2010 + 2015

Po analizie danych z rysunku 2., mozna stwierdzi¢, ze o ile liczba 0oséb rannych
przejawia tendencj¢ spadkowa, o tyle liczba zdarzen $miertelnych utrzymuje si¢ w
granicach §redniej, wyliczonej na 249 ofiar, za lata 2010 + 2015.

Sposrdd wszystkich zdarzen smiertelnych, ktorych liczba w latach 2010 + 2015
wyniosta 1496 o0s6b, mozna wyodrgbni¢ dane, obrazujace najwigksze zrodta ich
powstawania. Zrodlami powstawania wickszosci liczy zdarzen ze skutkiem

Smirtelnym sa:

. zdarzenia na przejsciach 1 przejazdach kolejowych,
. zdarzenia z udzialem ludzi nieprawnionych do przebywania na terenach
kolejowych.

Tabela 2. Liczba zdarzen Smiertelnych zaistnialych na przejsciach i przejazdach
kolejowych oraz terenach kolejowych w latach 2010 +~ 2015

2010 | 2011 | 2012 | 2013 | 2014 | 2015 Suma

na przejsciach i przejazdach

) 30 32 59 50 38 55 264
kolejowych

0soby nieuprawnione do

. . . 246 | 285 | 172 | 165 | 153 164 1185
przebywania na terenie kolejowym
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2014
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Z danych publikowanych w raportach PKP PLK wynika, ze do okoto 97% zdarzen ze

skutkiem $miertelnym dochodzi na przej$ciach i1 przejazdach kolejowych. Jest to

krytyczny punkt infrastruktury w ktorym jest najwicksza §miertelnos¢ wypadkow.

Tabela 3. Liczba zdarzen spowodowanych niewlasciwym zachowaniem dyzurnego

ruchu w latach 2010 +- 2015

Dyzurny ruchu 2010 | 2011 | 2012 | 2013 | 2014 | 2015 Suma
kolizje 26 35 25 30 31 27 174
wykolejenia 85 116 80 97 91 75 544
adki na przejazdach i
il p ) 65 52 65 58 50 47 337
przejsciach
wypadki z udziatem ludzi poza
. .. e 0 0 0 0 0 0 0
przejazdami i przej$ciami
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Tabela 4. Liczba zdarzen spowodowanych niewlasciwym zachowaniem maszynisty w

latach 2010 + 2015

Maszynista 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | Suma
kolizje 13 17 13 15 16 14 88
wykolejenia 17 23 15 19 18 28 120
adki na przejazdach i
e p ) 13 10 13 12 10 10 68
przejsciach
dki z udziatem ludzi
wypa ‘1zu z‘1e.1 em u .21 pf)za 0 0 0 0 0 0 0
przejazdami i przejSciami

Tabela 5. Liczba zdarzen spowodowanych niewlasciwym zachowaniem czlowieka
usytuowanego w otoczeniu systemu

Czlowiek w otoczeniu 2010 2011 2012 2013 2014 2015 | Suma
kolizje 4 6 4 5 5 4 28
wykolejenia 11 15 11 13 12 8 70
wypadki na przejazdach i
o 181 146 181 164 140 132 944
przejsciach
wypadki z udziatem ludzi poza
. . . 379 409 271 245 241 233 1778
przejazdami i przejsciami

Po analizie danych zawartych w tabelach 3 + 5, mozna stwierdzi¢, ze do

wiekszos$¢ zdarzen niepozadanych, ktorych wynikiem sg ofiary smiertelne, doszto na

przejSciach 1 przejazdach kolejowych oraz spowodowane byly przez osoby

nieuprawnione do przebywania na terenie kolejowym. Szczegdlng uwage nalezy

zwroci¢ na zdarzenia niepozadane, ktore sa wynikiem niewlasciwych zachowan

dyzurnego ruchu, maszynisty, pasazera oraz cztowieka usytuowanego w otoczeniu

systemu. To ich dziatania powoduja najwieksza liczbe zdarzen kolejowych.
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Rys. 7. Liczba wypadkow z udzialem ludzi zaistnialych poza przejazdami i przejsciami na

skutek niewlasciwych oddzialywan poszczegolnych ludzi usytuowanych w systemie badz jego

otoczeniu

Na podstawie analizy poréwnawczej przedstawionych danych mozna okresli¢

procentowy udziat poszczegdlnych grup ludzi w powstawaniu zdarzen drogowych,

przedstawia si¢ to nastgpujgco:

udzial dyzurnego we wszystkich zdarzeniach niepozadanych stanowi:
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. kolizje 60%,
. wykolejenia 75%,

" zdarzenia na przejazdach 1 przejsciach kolejowych 25%,
- zdarzenia poza przejazdami i1 przejsciami kolejowymi 0%;
- udzial maszynisty we wszystkich zdarzeniach niepozadanych stanowi:

. kolizje 30%,
. wykolejenia 15%,

" zdarzenia na przejazdach 1 przejsciach kolejowych 5%,
- zdarzenia poza przejazdami 1 przejsciami kolejowymi 0%;
- udziat czlowieka usytuowanego w otoczeniu systemu:

. kolizje 10%,
. wykolejenia 10%,
. zdarzenia na przejazdach i1 przejsciach 70%,

. zdarzenia poza przejazdami 1 przejsciami kolejowymi 100%.

Podsumowanie

Zrealizowane badania obrazuja jaki jest udziat poszczegdlnych grup ludzi na
powstawanie okreslonych zdarzen niepozadanych. Czesto zdarzenia te zachodza na
skutek §wiadomego tamania przepisoOw oraz braku §wiadomosci. Uczestnikéw ruchu
drogowego. Jezeli kierowca §wiadomie wjedzie na przejazd kolejowy w momencie
opuszczania szlabanow to nie ma innego rozwigzania jak jecha¢ dalej. Szlabany sa
tak skonstruowane, ze dojdzie do pgkniecia element konstrukcji szlabanu ktory stuz
jako bezpiecznik. Jedyng konsekwencja dla kierowcy bedzie mandate karny oraz
koszty naprawy szlabanu. Nie warto ryzykowac 1 probowac ustawia¢ auto rownolegle
do torow. Spory odsetek stanowig niewtasciwe zachowania oséb odpowiedzialnych
za nadzér ruchu pojazdow. W tym przypadku nalezy kontynuowa¢ badania w celu
identyfikacji najczesciej popelnianych btedow 1 wprowadzi¢ dzialania naprawcze

majace na celu ich ograniczenie lub wyeliminowanie.

Literatura

1. Lubczynski M.G., Zatuska A,: Przewozy migdzynarodowe pojazdami samochodowymi,
Wydawnictwo Politechniki Swietokrzyskiej, Kielce 1998.

2. Woropay M, Zurek J., Migawa K.: Model oceny i ksztattowania gotowoséci operacyjnej
podsystemu utrzymania ruchu w systemie transportowym, WiZPITE, Bydgoszcz-Radom 2003.

3. Grzywacz W., Brunewicz J.: Ekonomia transportu, WKik., Warszawa 1989.

4. Smalko Z. Jazwinski J.: Wybrane problemy oceny wplywu czynnika ludzkiego na
bezpieczne dziatanie systemow transportowych, Antropocentryzm — Problemy Maszyn Roboczych,
Zeszyt 19 2002, Wydawnictwo 1 Zaktad Poligrafii Instytutu Technologii Eksploatacji, Radom 2002

~172 ~



5. Madeyski M., Lisowska E., Morawski W.: Transport, rozwdj i integracja, WNT,
Warszawa 1979.

6. Piskobuz A.: Gospodarowania w transporcie, WKik., Warszawa 1982

7. Towpik K.: Infrastruktura transportu kolejowego, Oficyna Wydawnicza Politechniki
Warszawskiej, Warszawa 2004.

8. PN-IEC 60300-3-9: Analiza ryzyka w systemach technicznych, Wydawnictwo
Normalizacyjne, Warszawa 1999

9. Ratajczak Z.: Problemy pracy cztowiek-operator w sytuacjach trudnych prowadzacych do
zagrozenia bezpieczenstwa, Materiaty na kolokwium Niezawodnos$ci Bezpieczenstwa, Kiekrz 1986.

10. Szopa T.: Drzewo poje¢ i terminéw nauki o bezpieczenstwie, Materialy seminarium
naukowego nt. Bezpieczenstwa Systemow, Informator ITWN, Zeszyt 1, Kiekrz 1994

11. Woropay M., Bojar P.: Evolution of the effects of Feather conditions on the transport
system safety, Konbin 2006.

12. Rejestr wypadkow I incydentow kolejowych , Instrukcja Ir-8, zalacznik nr 10.

13. Woropay M., Bojar P.: Algorithm of the influence of the road transport system on its
operational safety. Journal of KONES 17, 55-61.

14. Bojar P., Migawa K., Woropay M.: Proposal of a method to evaluate of include of the
undesirable human factors on safety operation of the transport system. Journal of KONES 17, 33-
39.

15. https://pl.wikipedia.org./wiki/PKP _Polskie_Linie_Kolejowe.

~173 ~



THE ACCELERATION OF THE ELECTRON AND THE LORENTZ
EQUATION

Bilyi L., Skyba M.%, Polishchuk O.%,

Ramskyi A, Lisevych S.!, Sniadkowski M.?
! Khmelnytskyi National University, Ukraine
2 Lublin University of Technology, Poland

Introduction

In the study of electrostatic and magnetic interaction of charges with the help
of numerous experimental data it is established that the appearance of a magnetic
component is possible only in the case of their accelerated motions. This interaction
Is described by the Lorentz equation. From the standpoint of theory, it is interesting
to study the case of slow motion charges.

Typology of knowledge

According to ancient Hindu legend, the Earth is placed on the back of an
elephant standing on the back of a turtle. This story does not give information about
the points of support of the turtle.

In this legend, with all the ridiculousness of the original idea, there is a deep
thought that any sequential study of the causes of the physical phenomenon is limited
to certain boundaries, depending on the level of physical knowledge. From some
stage of the study, it is impossible to answer the question “why?”” without further,
deeper information. This means that any explanation must be limited to its “turtle”.

Today, no one can say when a person first drew attention to the amazing ability
of amber: if it is rubbed against wool, it will attract various objects placed nearby.
However, it took more than two millennia before a systematic study of the
phenomenon of electrification began from a scientific standpoint.

The impetus for this was the already open law of universal gravitation.
Cavendish, while studying gravitational forces, also investigated the interaction of
electrostatic charges. The law is named after Coulomb since he published it.
Coulomb's law strikingly coincides with Newton's law and this made it possible to
consider the magnitude of the charge by analogy with mass as a certain amount of
electricity [1,2,3,4].

If in Newton's law of gravity
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mm,

Fio=v Y12 (1)

Y12

where my, m, — masses of interacting bodies;

y — constant;

Y12 — the distance between the bodies, replace the masses of bodies by charges
and change the constant, then we get the Coulomb law.

Fio =k kA Mo, (2)
P)

where q;,q,— interacting charges;
I, — distance between charges;

k — constant;
I, — orth, directed between bodies or charges;

F,,— force vector.

Modern physics for understanding the origin and transfer of forces that arise
between fixed charges, suggests that there is some kind of physical agent involved in
this interaction. An electric field is proposed as such agent [5,6,7,8,9]. And to the
question what a field is, the answer is: “When an electric charge appears anywhere,
an electric field arises around it. The main property of an electric field is that any
other charge placed in this field is subject to force”.

This completely omitted the connection between the matter of which the
charge is composed, and the matter of which the field is composed. And the existence
of such a connection is a prerequisite for the existence of a charge with a field, and
vice versa, a field with a charge.

Using the concept of “interaction force”, electrical engineering introduces the
concept of electric field strength [10,11,12].

If we consider some distribution of fixed electric charges qi, gz, ..., gn In Space,
and if it is necessary to find the interaction of these charges with some electric charge
g with the known coordinates X, y, z, then the force is calculated according to (2):

_ N ..
F=>ko,0r, 3)
i=1 I
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where r; — distance from the i-th charge to the charge with the coordinates x, y, z;
I, — spatial ort.
If we take g out of the sign of the sum, we get

F=q-E, (4)

where E = ik?—;ﬁ =E(x,y,2). (5)
i=L T

The vector quantity (5) is called the electric field intensity vector (unit of
measurement V/m). The function E (x, y, z) can be calculated at any point in space.
So the question arises: does it characterize a physical substance, called an electric
field, or is it just a convenient factor that is enough to multiply by a charge to get the
value of force.

Much effort has been spent on geometrically constructing field pictures, but all
of them are imperfect because they do not reflect the physical nature.

Introducing the ether would put all dots on “i” and solve virtually all problems
of the theory of electric field, but physics still prefers mathematical abstraction —
fields are considered as mathematical functions of coordinates and time.

An analysis of electron dynamics. Modern physics, by combining electrostatic
interactions with magnetic interactions, called these interactions electromagnetic. The
mathematical image of this association is the well-known Lorentz equation [13].

F=q[E+({xB), (6)

where F — force vector;

V' —speed of charge movement;

B — vector of magnetic induction.

The force of the electric field on a fixed charge in this equation is determined
by the first additive, which corresponds to (4).

In the case of a moving charge, this vector receives an additional component
due to the intensity of the magnetic field and the speed of motion.

A well-known factor is the emission of an electron only when motion is
accelerated or slow, i.e. at V = var.

~ 176 ~



Another example that confirms the presence of a magnetic field due to the
acceleration of electrons is the voltage drop across the electric circuit.
Expression (6) for the variable of the charge velocity will look like:

_ _d .~ _
F=q[E+a(VxB)] (7)

The derivative of the first factor in parentheses is the acceleration:

dv

W=—.
dt

(8)
The derivative of the second factor is determined by the second Maxwell
equation:
dB —
— =-VotE . 9
o (9)

Substituting expressions (8) and (9) into expression (7), we obtain the Lorentz
equation for static and dynamic fields:

F =q[E +W x(-rotE)]. (10)

The right-hand side of the Lorentz equation (10) operates a product of charge
on the electric field strength.

Summary

The Lorentz equation describes electrostatic and magnetic interactions of
charges, the latter being determined by their velocities. Numerous experimental data
of physics indicate that the appearance of a magnetic component of charges is
possible only in the case of their accelerated motions.

In this publication, the Lorentz equation is extended to cases of accelerated and
slow-motion charges.
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Introduction

Obecne trendy w zakresie ekologii 1 zréwnowazonego rozwoju powoduja, ze W
coraz wickszym stopniu stawia si¢ na transport niskoemisyjny zarowno pod
wzgledem emisji zanieczyszczen do §rodowiska jak rowniez emisji drgan 1 hatasu,
ktory jest ich pochodng. Dlatego tez producenci taboru, w tym réwniez szynowego
przescigaja si¢ w nowatorstwie stosowanych rozwigzan konstrukcyjnych,
spetniajgcych oczekiwania operatorow transportu zbiorowego W miastach, a tym
samym mieszkancow tych miast.

Stan techniczny urzadzen i1 maszyn zmienia si¢ wraz z uplywem czasu
uzytkowania przez co proporcjonalnie zmniejsza si¢ ich efektywno$¢
1 wydajnos¢. Tak, wigc wyznaczanie trendéw zuzycia konkretnych elementow
pozwala na lepsze zorganizowanie zarzadzania oraz planowania utrzymania taboru.
Wszystkie te dzialania majag na celu usprawnianie i prognozowanie dalszej
niezawodnej eksploatacji [1, 9].

Najistotniejszag role we wszystkich procesach transportowych odgrywa
problematyka zapewniania cigglego procesu przewozu. Wszelkie wylgczenia
pojazdow z ruchu powoduja nie wywigzanie si¢ z zadania przewozowego
podpisanego w formie umowy z organizatorem transportu na terenie danego miasta.
Skutkiem wylgczenia sg opoznienia, a W konsekwencji — ponoszenie kar finansowych
na podstawie ustalen zawartych w umowie z klientem [2]. Ocena stanu technicznego
jest wiec niezbedna dla zapewnienia prawidlowego funkcjonowania systemu
transportowego, zagwarantowania jego bezpieczenstwa oraz zadowolenia Klienta i

pasazerow.

Fazy istnienia i stan obiektu technicznego

Celem istnienia maszyn 1 urzadzen zwanymi rowniez obiektami technicznymi
jest ich eksploatacja podczas, ktorej speiniajg nie tylko swoje zadania, ale réwniez
okreslone potrzeby. Obiekt techniczny to kazdy wytwodr cywilizacji technicznej np.

most, samochod czy ksigzka. Wyro6znia si¢ 4 fazy jego istnienia:
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- sformutowanie potrzeb (SP) — okreslenie potrzeby i przejscie do jej
warto§ciowania — czyli stwierdzenie czy potrzeba moze zostaé zaspokojona
istniejgcymi juz obiektami technicznymi, jezeli nie to nalezy wdrozy¢ dziatania
prowadzace do powstania nowego obiektu,

- konstruowanie (K) — opracowanie koncepcji dzialania, struktur
mechanizmu 1 dokumentacji konstrukcyjnej. Jej odbidr/zatwierdzenie przez
konkretnego odbiorce jest w tej fazie wartosciowaniem,

. wytwarzanie (W) — wszelkie dzialania zwigzane 2z produkcja,
projektowaniem procesow technologicznych czyli realizacja wczes$niej zatozonego
projektu. Wartosciowaniem w tej fazie jest odbior techniczny gotowego wyrobu,

. eksploatacja (E) — realizacja zalozonych celéow przez obiekt techniczny,
do ktorych zostal wytworzony. Faza trwa od czasu zakonczenia produkcji do
likwidacji obiektu. To ten moment, w ktérym pojawiaja si¢ btedy wynikajace z
uszkodzen oraz zuzycia. WartoSciowaniem w fazie eksploatacji jest obstuga obiektu
technicznego oraz jego likwidacja.

Dla uzytkownikow obiektow technicznych wazne jest takze okreslenie ich
stanu technicznego oraz eksploatacyjnego w celu oceny wielko$ci zmian. Wyro6znia
si¢ wiele standw obiektu technicznego, lecz mozna skupi¢ si¢ na okresleniu trzech
podstawowych czyli stan zdatnosci, czgsciowej zdatnosci (dopuszczalnej) 1
niezdatnos$ci [3].

Stan zdatnosci — to stan, w ktorym obiekt funkcjonuje poprawnie,
a zdatnoscig jest zdolnos¢ do wykonywania swoich funkcji wyznaczonych przez
dokumentacje, natomiast stan niezdatnos$ci nastgpuje w momencie, gdy obiekt nie
moze wykonywac funkcji, do ktérych zostat przeznaczony [3].

Analizie poddaje si¢ zbidor chwilowych wartosci cech danej maszyny lub
urzadzenia co pozwoli na okreslenie potencjalnego jego stanu obecnie jak 1 w
przysztosci.

Stan techniczny moze zmienia¢ si¢ poprzez zuzywanie, starzenie, wszelkie
obcigzenia 1 wiele innych proceséw prowadzac do np. nieprawidlowosci dziatania

maszyny. Zachodzace zmiany dzielone sg na:

. dopuszczalne — zagrozenie: racjonalny sposob wykorzystania maszyny,
. graniczne — zagrozenie: utrata wydajno$ci maszyny,
- Krytyczne — zagrozenie: zycia, zdrowia, Srodowiska.
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Takie zmiany stanu obiektu technicznego moga prowadzi¢ do powstawania
uszkodzen, usterek 1 zniszczen oraz niesprawnosci dzialania. Do momentu, az obiekt
nie osiggnie warto$ci dopuszczalnej — uznaje si¢, ze jest sprawy technicznie 1 moze
dalej spetnia¢ swoje funkcje [3].

Nalezy rowniez zaznaczy¢, iz w pojazdach, w ktéorych wystepuje tarcie
slizgowe zazwyczaj wyrdznia si¢ trzy okresy przebiegu zuzycia:

" okres starzenia wstepnego — to poczatkowa wspolpraca elementow,
gdzie nastepuje przeksztalcenie stanu warstw wierzchnich w stan optymalny ze
zwigkszong odpornos$cig na zuzycie,

- okres zuzycia normalnego — czyli stala intensywno$¢ zuzycia zalezaca
gléwnie od czynnikoéw eksploatacyjnych,

- okres zuzycia przySpieszonego — moment, w ktérym zostaty
przekroczone luzy wspolpracujacych elementéw. Nastepuje wzmozone obcigzenie
dynamiczne, ktore wywotuje bardziej intensywne odksztatcenia, rosnie chropowatos¢
powierzchni, zwigkszaja si¢ ubytki w materiale co moze prowadzi¢ do powstania
awarii podzespotow [4].

Sposréd wszystkich cech jakie charakteryzujg samg maszyne jak 1 jej sprawnos¢
mozna wyrdzni¢ takie cechy, ktore pojawiajg si¢ tylko w momencie niepetnej zdatnosci
lub  uszkodzenia. @ Nazywa si¢ je  symptomami 1  wynikaja  one
z przekraczania dopuszczalnych granic wytrzymatosciowych, obcigzeniowych,
a takze przez jakiekolwiek naruszenie podstawowych zasad pracy danego obiektu
technicznego. Przykladem takiego symptomu mogg by¢ nadmierne drgania silnika [5].

Stan eksploatacyjny obiektu technicznego ma za zadanie okres$li¢ co dzieje si¢
z obiektem podczas eksploatacji w danej chwili [3]. Cechami obiektu w stanie
eksploatacyjnym nazywa si¢ dane wielko$ci ekonomiczne, fizyczne lub funkcje,
ktore go charakteryzuja [6]. Jego rodzaje zostaly przedstawione na ponizszym
rysunku 1.

Uszkodzenia obiektu technicznego

Uszkodzenie definiowane jest jako przekroczenie warto$ci granicznej wybranej
cechy obiektu technicznego opisujacej ten obiekt z danego punktu widzenia. Jezeli
chodzi o klasyfikacje uszkodzn to mozna tu wyr6zni¢ uszckodzenia ze wzgledu na:

1. Istotnos¢ uszkodzonego podsystemu na mozliwos$¢ realizacji zadania:

. Nieistotne,
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Mato wazne,
Wazne,

Krytyczne,
Mozliwos$¢ naprawy:
Naprawialne,
Nienaprawialne.
Czas wystapienia:
Parametryczne,
Katastroficzne.

Uiythowania
aktywanego
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Uzythowanie
K acii states aktrwne i | Obiekt musi byc
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Przekazania
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technicznemu

Eemontu srednisgo Ohbshigrwanie

Biezace) obslugi

Tranzportu

Likwridacii

Rys. 1. Stany eksploatacyjne obiektu technicznego [3]
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Uszkodzenia mozna dzieli¢ réwniez ze wzgledu na wielkos$ci skutkow jakie
spowodowaly: usterka, uszkodzenie, awaria, zniszczenie; ze wzgledu na zwiazek
miedzy uszkodzeniami: niezalezne 1 zalezne oraz ze wzgledu na wplyw danych
uszkodzen na dzialanie maszyny: cze¢sciowe i1 catkowite. Przy wystgpieniu uszkodzen
srodkoéw transportowych pierwszym i najbardziej istotnym zadaniem jest znalezienie
przyczyny uszkodzenia, jego rodzaju oraz lokalizacji, dzigki czemu w szybkim
czasie bedzie mozna okresli¢ jaki wptyw ma dane uszkodzenie na dziatanie §rodka
transportowego oraz czy trzeba bedzie wylaczy¢ go z eksploatacji 1 na jak dtugo [3].
Istniejg réwniez sytuacje, w ktorych maszyna chwilowo traci zdatno$¢, ale nie
dyskwalifikuje to jej do wykonania swoich zadan. Mowa tutaj o zdatnosci
funkcjonalnej — czyli takiej, gdy maszyna jest zdatna do realizowania kazdego
zadania ze zbioru zadan, ktore sg mozliwe do zrealizowania w wybranej chwili t.
Nalezy jeszcze zwrdci¢ uwage na zdatno$¢ zadaniowa, ktora oznacza, iz warto$ci
niektorych cech moga nie spetnia¢ wymaganych kryteriow z punktu widzenia
realizacji zadania.

Istotnym jest, aby podczas dokonywania klasyfikacji uszkodzen doktadnie
przeanalizowa¢ stany techniczne maszyny, w ktorych niemozliwe jest wykonywanie
przez nig okreslonych zadan. Taka analiza pozwoli na konkretng klasyfikacje
uszkodzen [7]. Wprowadzanie dziatah majacych na celu przywracanie zdatnosci
urzadzeniom zalezy od rodzaju uszkodzenia, jego zasiegu oraz lokalizacji. Takie
czynniki majg wplyw na szybko$¢ naprawy. Podstawowymi sposobami usuwania
uszkodzen s3: wylaczenie 1 naprawa uszkodzenia lub wylaczenie 1 zastgpienie
uszkodzonego elementu innym — sprawnym. W pojazdach trakcyjnych specyficzne
jest to, i1z kazde z uszkodzen powoduje wycofanie z eksploatacji [8]. Co stanowi
koszt operatora transport.

Obiekt i przedmiot badan

Obiektem badan niniejszej pracy jest przedsiebiorstwo komunikacji miejskie;j
funkcjonujagce  w miejscowosct liczacej powyzej 400 tys. mieszkancow.
Przedsig¢biorstwo §wiadczy ushugi przewozow tramwajowych, gdzie aktualnie kursuje
20 linii, a dlugos¢ catej sieci wynosi 125,1 km. Dysponuje ono 250 tramwajami oraz
dwoma zajezdniami tramwajowymi.

Badane przedsigbiorstwo stawia przede wszystkim na bezpieczenstwo

1 nowoczesno$¢ majac na celu jak najbardziej komfortowe przemieszczanie si¢
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mieszkancéw miasta do swoich miejsc docelowych. Niemniej wazna jest jako$¢
pojazdow, od ktérej oczekuje si¢ najwyzszej niezawodno$ci. Przedsiebiorstwo
podaza za najnowszymi technologiami 1 stara si¢ oferowal swoim pasazerom
Innowacje stosowane jako pierwsze na rynku.

Nowoczesne pojazdy szynowe jakimi dysponuje sg eksploatowane w miescie
od ponad roku. Sg to tramwaje  niskopodlogowe  wyposazone
W najnowoczesniejszy system informacji pasazerskiej oraz wszelkie udogodnienia.
Do ogromnych plusow mozna zaliczy¢ to, iz w razie awarii systemu trakcyjnego,
tramwaj moze przemieszczac si¢ jeszcze przez ok. 3 km dzigki energii zawartej w
baterii. Pojazd miesci ok. 300 pasazerow, jest catkowicie klimatyzowany,
wyposazony w monitoring oraz nowoczesne kasowniki z mozliwo$cig zakupienia
biletow.

Glownymi zadaniami Zarzadu jest rozwo6j przedsigbiorstwa, ustanowienie
krotko 1 dlugo dystansowych celow majacych na uwadze rozwo6j 1 udoskonalanie
komunikacji miejskiej.

Przedmiotem badan niniejszej pracy jest analiza stanu technicznego
nowoczesnych tramwajow. Analiza ta polegata na weryfikacji zaistnialych uszkodzen
podczas eksploatacji, sklasyfikowaniu ich do konkretnych obszaréw pojazdu oraz
zaprezentowaniu, gdzie pojawiaty si¢ najczesciej. Przedstawiono rowniez jaki wpltyw
miaty na realizacj¢ ustug przewozowych oraz na jak dtugo klasyfikowaly pojazdy do
wylaczenie ich z ruchu. Tak wiec, analizie poddano 14 tramwajéw dwukierunkowych
(001 = 014) oddanych do uzytku w grudniu 2017 roku. Wszystkie z nich poruszaty
si¢ po tej samej trasie na odcinku 9,3 km. Dziennie pojazdy wykonujg 20 kurséw, tak
wiec oszacowano, iz tgcznie kazdy z nich pokonuje trase 186 km. Zestawienie

uszkodzen zaistnialych w czasie eksploatacji tramwajow jest zestawieniem rocznym
2018 roku.

Teza i cel pracy

Uszkodzenia pojazdow powoduja rdéwniez starty ekonomiczne W
przedsigbiorstwach transportowych, dlatego bezawaryjne ich dzialanie jest
problemem nadrzednym, na ktdry nalezy zwrocié¢ szczegdlng uwage [5]. Wszelkie
cechy techniczno-eksploatacyjne pojazdow zbiorowego transportu determinowane sg
roOwniez przez parametry tras jakie pokonujg na co dzien (np. zdolnos¢ przewozowa

czy predkos¢ komunikacyjna) [19]. Tak, wiec ocena 1 analiza stanéw technicznych
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taboru jest niezmiernie wazna ze wzgledu na efektywne sterowanie procesem
eksploataciji.

Celem pracy jest ocena stanu technicznego pojazdéw szynowych poprzez
sklasyfikowanie uszkodzen zaistniatych w czasie eksploatacji. Ocena polega réwniez
na przedstawieniu i sklasyfikowaniu jaki wptyw mialy zauwazone uszkodzenia na
realizacje ustug przewozowych przez przedsigbiorstwo komunikacji miejskiej oraz
wyroznienie, w ktérych obszarach pojawiato si¢ ich najwigce;.

Na podstawie takiej oceny istnieje mozliwos¢ podwyzszenia niezawodnoS$ci

taboru i zwigkszenie poziomu efektywnosci przedsigbiorstwa transportowego.

Badania eksploatacyjne

Badania dokonano na podstawie spisu uszkodzeh zarejestrowanych w
formularzach zgloszenia niezdatnosci. Badaniem obje¢to 14 tramwajoéw (001 + 014)
kursujacych po tej samej trasie. Pierwszym etapem badan bylo sporzadzenie bazy
danych z zarejestrowanych zgloszen przez przedsiebiorstwo komunikacji miejskie;.
W pierwsze] kolejnosci sklasyfikowano uszkodzenia ze wzgledu na obszar
wystgpienia oraz ze wzgledu na jego rodzaj.

W drugiej czg$ci badan skupiono si¢ na stworzeniu zestawien zaistnialych
uszkodzen, zaprezentowaniu ich 2z podzialem na lokalizacje wystgpienia,
przedstawieniu iloSciowym wystgpien w danym obszarze, a takze ilosci ich
wystgpowania z podzialem na konkretny pojazd. Dokonano rowniez zestawien
dotyczacych rodzaju uszkodzenia w ujeciu miesigcznym 1 z podzialem na kazdy z
pojazdow.

Trzecia czg$¢ badan dotyczyta oceny ilosciowej zarejestrowanych przestojow
W ujeciu miesiecznym jak rowniez podzialem na konkretne pojazdy poddane
badaniom. Dodatkowo oszacowano ilo$¢ kilometréw 1 dni w ktorych tramwaje byly
zdatne 1 niezdatne do uzytku. W tej czesci badan skupiono si¢ na catosciowej analizie
uzyskanych danych.

W celu uzyskania konkretnych informacji do analiz dokonano klasyfikacji
wszystkich zarejestrowanych uszkodzen z pojazdow wedlug obszaréw wystgpienia
jakie pojawiaty si¢ w czasie eksploatacji przez okres jednego roku (2018), ktory
zaprezentowano w tabeli 1, badaniom poddano zestawienia dotyczace wystepowania

uszkodzen w poszczegdlnych podsystemach tramwajow 001+ 014.
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Najwigksza liczbe uszkodzen zarejestrowano na wozkach tramwajowych (297
uszkodzen), w obszarze elektryki (137 uszkodzen), nadwozia (133 uszkodzenia) oraz
monitoringu (108 uszkodzen) i uktadzie hamulcowym (106). Wozki stanowity 28%
wszystkich  uszkodzen  zarejestrowanych  przez  kontrolerow  Wydziatu
Tramwajowego. Najmniej odnotowanych uszkodzen dotyczylo obszarow uktadu
ogrzewania (2%) 1 uktadu napedowego (1%).

Jak wynika z danych zawartych w tab. 1., podsystemem charakteryzujacym sie
najwicksza liczbg uszkodzen jest system wozkow napedowych 1 tocznych. Jest to
podsystem ktory w sposob bezposredni oddziatywuje z torowiskiem 1 jest on

narazony na jego oddziatywanie I wymuszenia wynikajgce ze stanu torowiska.

Tab.l. Zestawienie uszkodzen z podzialem na poszczegolne tramwaje

Uszkodzony 588|388 |5|83|8 |32 |~|3|3 | Laczni
o o o o o o o o o o o :' o o
r || | ¥ | | ¥ | x| x| x|x| o X |
podsystem FlFlF|F|IF|F|F|FIF|F|IF|FIF|F ©

Wozki toczne i

8 12026 |24 25|18 |32|28|16|22|18 |24 |29 |15| 305
napedowe
Elektryka 12 (17, 8 |10|10| 9 |15(12 |5 |3 | 7 | 8 | 7 |14 | 137
Nadwozie 3|6 |8 (173 (16| 9 13| 9 (11| 7 |19 3 | 9 133
Monitoring 11(4 44| 8| 6|7 |8 |5 |14|16| 6 |5 10| 108
Uktad

5|13 3|13 4 |2 |10, 2| 4|1 |13| 8 |10|18| 106
hamulcowy
Drzwi 4 |7 |519(7|8 |3 [4|9|5|6|1|7]S8 83
SIP 5182|3473 |3|5|61]15]4|3/|7 75
Os$wietlenie 2146|3202 |3|3|6]4]|6|1|1 43
Uktad

e 6|13 |2|3|0|o0o|4|5|7]4|1]|4|0]| 40

klimatyzacji
Uktad ogrzewania| 7 | O (12 0|1 (110120, 0|2]0 16
Lacznie 63|80 (66|85 |67 |67 (82|77 62|77 |90 |77 |71|82| 1046

Jak wynika z danych zawartych na rys.4 najwicksza liczba uszkodzen to
pierwsze poétrocze, ponadto wida¢, ze liczba ta jest zintensyfikowana na poczatku
roku nastgpnie stabilizuje si¢ w okolicach miesigca lipca aby od wrzesnia ksztaltowac
si¢ na srednim poziomie 25 uszkodzen na miesigc. Taka sytuacja jest wynikiem tego,
ze w chwili rozpoczecia eksploatacji byl to product nowy I jako taki wykazywat

ceche normalng do produktoéw nowych, tzn. Przechodzit okres wieku dziecigcego w
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ktorym to na poczatku procesu eksploatacji ujawniaty si¢ btedy na etapie montazu
oraz btedy uzytkowania. Z uplywem czasu liczba uszkodzen ustabilizowata si¢ na
stalym poziomie.
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Rys. 2. Sumaryczna liczba uszkodzen zaistniala na poszczegolnych wozach
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Rys. 3. Sumaryczna liczba uszkodzen zaistniala na poszczegélnych podsystemach
analizowanego taboru
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Rys. 4. Sumaryczna liczba uszkodzen zaistniala w analizowanym taborze w ciagu roku

Ze wzgledu na character I posta¢ uszkodzenia réznie one wptywaty na process
naprawy oraz czas jej realizacji. W trakcie badan wyznaczono rowniez czasy (liczbe
dni) potrzebnych na naprawe¢ danego tramwaju w ciggu roku a tym samym czas jego
uzytkowania. Ten parameter jest szczegélnie istotny z punktu widzenia planowane;j
pracy przewozowej. Na podstawie tych danych mozna wyznaczy¢ wartos¢ wskaznika
gotowosci technicznej dla poszczegdlnego tramwaju W tabeli 3 przedstawiono czasy
napraw poszczegolnych wozoéw I czasy ich uzytkowania oraz warto$¢ wskaznika
gotowosci Tg dla wozu I srednia wartos¢ tego wskaznika dla calego analizowanego
taboru.

Konsekwencja niskiego stanu wskaznika gotowosci technicznej jest poziom
wykonanaej pracy przewozowej mierzony w pckm (pociggokilometrach). Poziom
wykonania pracy przewozowej odzwerciedla wartos¢ wskaznika gotowosci, tylko
wowczas jezeli zatozymy, ze okresloy plan ma wykona¢ 100 % taboru, tzn nie
zachowamy, rezerwy na wypadek wylaczen wozdéw z ruchu. W warunkach
racjonalnej eksploatacji okoto 10 % wozdéw pozostajagcych w dyspozycji operatora
jest utrzymywana jako rezerwa techniczn. Ostatnig dosy¢ istotng kwestia w
planowaniu 1 nadzorowaniu procesu eksploatacji sa uszkodzenia krytyczne
powodujace dluzsze wytaczenia taboru z ruchu.
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Tab. 2. Warto$¢ wskaznika gotowosci technicznej taboru

Nr wozu Y.aczny czas naprawy Y.aczny czas uzytkowania Tg
TR 001 108 257 0,70
TR 002 72 293 0,80
TR 003 68 297 0,81
TR 004 89 276 0,76
TR 005 125 240 0,66
TR 006 65 300 0,82
TR 007 101 264 0,72
TR 008 121 244 0,67
TR 009 90 275 0,75
TR 010 126 239 0,65
TR 011 97 268 0,73
TR 012 69 296 0,81
TR 013 89 276 0,76
TR 014 100 265 0,73

Wartos¢ srednia Tg dla taboru 0,74
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W celu okreslenia istotnosci uszkodzenia wyznaczono wskaznik istotnosci Wi

bedacy ilorazem liczby dni wylgczenia na jedno zdarzenie.

W, =2 )

gdzie:
Law — liczba dni wytgczenia z ruchu

L, — liczba uszkodzen
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Rys. 5. Wartosci wskaznika istotnosci uszkodzen dla badanego taboru w analizowanym roku

Jak wynika z danych zawartych na rys 5 tramwaj TROO1 i TR005 cechowaty
si¢ najwicksza warto$cig wskaznika istotnosciu uszkodzen. W przypadku Tramwaju
TR 005 wartos¢ wskaznika wyniosta 1,9 co oznacza, ze srednio jedno uszkodzenie
powodowato wylaczenie tramwaju na dwa dni. Oczywiscie problemem do
rozwigzania na przysztos¢ jest to aby szczegodtowo zidentyfikowac ktére z uszkodzen
powodowaly najdluzsze wylaczenia, co byto ich przyczyng, aby na przysztos$¢ te
przyczyney wyeliminowac¢ lub ograniczy¢ ich czgsto§¢ wystepowania w procesie
ekspolataciji.

Podsumowanie
Badaniom poddano nowoczesny tabor tramwajowy produkowany przez
jednego z liderow rynku pojazddéw szynowych. Badania wykonano w systemie
transportowym jednej z europejskich aglomeracji miejskich, dotyczyly one oceny
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stanu technicznego 14 sztuk nowych tramwajow, jednoczesnie nalezy zaznaczy¢, ze
nie jest to jedyny tabor operatora, nie mniej jednak jako taki byl obiektem badan.
Otrzymane wyniki badan stanowig cenny materiat dla decydentéw odpowiedzialnych
za proces racjonalnej eksploatacji §rodkow transportu. Pozwalajg na identyfikacje
czynnikéw determinujacych przerwy w tym procesie co w znaczny sposob wplywa
na efektywnos$¢ przedsigbiorstwa 1 jako$¢ $wiadczonych ustug. Ponadto dane
stanowig istotny materiat do analizy dla konstruktorow pojazdow szynowych,
wskazujg slabe ogniwa projektu mozliwe do korekty w Kkolejnych partiach

wytworczych.
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BASIC PROCESSES OF TECHNOLOGICAL BASIS IMPROVEMENT OF
INFORMATION-COMMUNICATION SYSTEMS

Mikhalevskyi V., Mikhalevska G.

Khmelnitskyi National University, Ukraine
Introduction

The end of the twentieth and the beginning of the new century was a time of
rapid technological change in the information and communication sphere. Today, to a
large extent, the market itself stimulats various technological innovations and
changes, which are the necessary response to different consumer demands for voice,
video, information and use of information resources. At the same time, the
communication infrastructure is relegated to the background, giving way to a variety
of services, databases and information resources implemented on the basis of that
infrastructure. Essentially, there is a process of improving the technological basis of
information and communication systems, that form and develop the intellectual
superstructure of the information society [1, 2].

The main part

The evaluation of the results of the movement to the information society,
achieved at different stages of the transition, is based on monitoring the development
of the information environment with the help of different indicators. Some of them
are evaluative in nature, while others are in the process of processing statistics. The
most common indicators are correlated with the parameters of socio-economic
development (GDP per capita, the share of spending on education in the state budget,
the parameters of aggregate solvent demand for information products and services,
the size of investment in high-tech industries, the percentage of employed in the field
of information processing and information computing service). The other group of
indicators characterizes the development of the technological base of the information
society and its individual components directly. For example, the dynamics of growth
in the number of Internet users, the number of Ukrainian-language websites and the
Internet, the capacity of the information market can be used. For the same purposes,
there should be used statistics on the number and types of databases, the number of
operating libraries, cultural information and educational centers equipped with
computer equipment, the number of subscribers of these libraries and centers,
including in remote regions, the number and types, communication channels, number
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and types of telecommunication networks and their connected terminals in the
country as a whole, regions, regions, organizations and enterprises, forms of
ownership. The positive dynamics of these indicators over an average of 10-20% over
a year or several years will indicate a continuous development of the technological
basis of the information environment. The extent and depth of consumption of
information and communication technologies, information products and services in
different spheres of public life should also be assessed: in the sphere of work and
employment, organization of everyday life and leisure. Taken together, these
exponents and indicators will characterize the country's consistent progress along the
path to the information society [3, 4].

The process of formation and development of the information society in
Ukraine has a global character and the inevitable entry of our country into the
information community. In technical and technological terms, the main attention
should be focused on: formation and development of information and communication
infrastructure of the society, ensuring the implementation of processes of creation,
preservation, dissemination and use of information and providing access to it by the
general population; improvement and development of the system of national
information resources and technologies of access to them (databases and databases,
archives, libraries); improvement and development of computing resources (home
computers, system and application software, service system, etc.); improvement and
development of telecommunication resources (lines and channels of communication
of all kinds, communication equipment, complexes of transmission systems and
equipment, computer telephone communication); creation and development of new
information, computer and telecommunication technologies that ensure the process of
collection, accumulation, transfer of information, its integrity, accessibility and
confidentiality); improvement and development of technical base and media
technologies (computer equipment for electronic and print media, radio and TV
studios, transceivers, etc.).

The national policy of development of the information society in Ukraine is
based on the following principles: priority of the national-technical and innovative
development of the state; formation of the necessary legislative and favorable
economic conditions; publicly available information infrastructure, information
resources, and universal access to telecommunications services and information and
communication technologies; promoting the diversity and quantity of electronic
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services, ensuring the creation of publicly available electronic information resources;
Improvement of human resources; enhancing motivation for the use of information
and communication technologies; widespread introduction of information and
communication technologies in science, education, culture, health care,
environmental protection.

On August 21, 2019, a technology presentation "Electronic Ukraine™ was held
in Kyiv, in which the unique achievements of Ukrainian scientists, technologists and
industrialists in the field of development and implementation of electronic ID-
documents and IT-systems were presented.

They are all part of the Industrial Innovation Group (11G), which is recognized
as the world leader in this field. During the technological show, the IIG TOP
Managers declared their readiness to set up an Electronic State system in record time
in Ukraine. In confirmation of this, the Industrial Innovation Group of Companies
demonstrated its technological and production capacities, emphasizing that in the
process of creation of electronic Ukraine our state does not need any foreign
technologies and any technological assistance: in the eyes of all present four
documents were produced at once - ID-card , driver's license, foreign passport and
vehicle technical passport. It is part of the range of services for the development of
elements of "electronic Ukraine" and the closed cycle of production of electronic
documents that create the technological basis for all services of e-government.

Today there is an active formation of a single global global economic, legal,
information space to ensure the free and efficient business activity of all entities on
the Internet.

The global information space includes a system of supports (services), the most
important of which are:

« Data / Computation Services - means of placing data and transporting them
between applications, access to computing and network resources;

« Information Services - means of submitting, processing, storing and accessing
information;

» Knowledge Services - means of accumulating, submitting, restoring,
publishing, finding and processing knowledge.

Service is the economic category of process and product unity, characterized
by the combination of processes of creating and consuming a service (material
services), as well as the physical form of the process and product of labor in creating
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a service (intangible services). The service is a business activity aimed at meeting the
needs of consumers.

An important type of information services are Web services provided to users
through Web technologies. In a broad sense, with the support of ICT, Web services
are a standardized way of integrating applications that operate on the basis of XML,
SOAP, WSDL and UDDI standards. Web services serve to communicate
heterogeneous applications based on the use of common standards and protocols.
With Web services, the features of any application are made available over the
Internet, meaning you can create distributed applications whose components will
interact freely with each other. This makes it possible to provide joint services to
enterprises without having to change their economic and technological base [2, 4].

Sometimes the terms "Service Oriented Architecture (SOA)" or "Web Services
Architecture (WSA)" are used to describe Web services.

To implement Web services, you must provide:

* interoperability of information systems providing and receiving Web
services;

« support for Internet protocols and technologies;

» standardization of interfaces;

« support for different programming languages;

* support for a distributed environment.

The standardization and specification of Web services contribute to the
creation of a unified electronic environment, which is the economic and technological
basis for globalization of the world economy and integration of business participants,
information, business processes, production on a planetary scale.

It is advisable to distinguish the following principles of transformation of
traditional business into electronic (known international concept "4C"): 1)
commerce; 2) content; 3) community; 4) collaboration.

The ways in which transactions are concluded change - they become
electronic; information is provided and processed electronically, and methods of
interaction between organizations and people, businesses and markets are also
becoming electronic. The evolutionary process of development of the world economy
can be demonstrated in the form of a diagram, which shows the stages of
development, each of which, based on the previous, represents a new level of
integration of business processes and the way of business organization (Fig. 1).
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Fig. 1. Stages of development of electronic business

The modern era can be called the era of business process management, and the
decisive factor in improving efficiency nowadays is the optimization of expanded
business processes and unloading of business processes, covering both internal areas
of activity of the enterprise and external.

Information and Communication Technologies (ICTs) are becoming more
business-oriented, and the value of these technologies is measured not so much by
their technological excellence, but by the quality of the business processes that are
formed on the basis of these technologies. The global nature of ICTs and their
widespread usage are increasingly determining the structure of the economic system,
affecting labor productivity as a whole and the revenue generated. Businesses use
tools that allow them to easily and quickly build optimal business process models
around the strategy.

With the help of Web services, the company distributes component
applications in such a way that they ensure efficient production activity of all
business areas, taking into account the requirements of all structural units and even
all participants of business processes.

Intermediary exclusion enables telecommunications and the Internet to select
the most profitable suppliers and consumers, helping to successfully co-exist with
small businesses alongside large corporations. This factor attracts small and medium-
sized businesses to the globalization processes, promotes the specialization of
international labor.

Telecommunication business networks that carry out corporate governance of

autonomous entities in the information economy are of particular importance.
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The concept of Web services emerged in the late 1990s and has become the
industry standard in the ICT field. Web service standards are developed by
companies such as IBM, Microsoft, Ariba, Sun Microsystems, SAP with the support
of the W3C Consortium. Within the W3C, the Web Services Architecture Working
Group was set up to publish a glossary of terms in the field of Web services.

Web services use XML to communicate data across applications, regardless of
operating system, hardware platform, or developer. A web service is a set of logically
related functions that can be programmatically invoked over the Internet. Web
service is a program that is identified by a URI whose interface can be represented in
XML.

Web Services are a software-implemented system for supporting intercomputer
communication of telecommunications networks, supported by the following
standards: SOAP (Simple Object Access Protocol) - messaging protocol; WSDL is a
language for describing Web services programming interfaces; UDDI (Universal
Description, Discovery and Integration) is a classifier of Web services.

The ICT implementing the Web Services architecture is shown in Fig. 2.

Publish and search for
UDDI services
The language for
XML WSDL describing the service
interfaces
SOAP Messaging protocol
HTTP, SMTP, FTP _ Transport
infrastructure

Fig. 2. Technologies of implementation of Web-splitters

Dynamic, flexible Web services simplify business processes for businesses and
enable them to quickly find business partners. The concept of enterprise web cache
architecture has the following advantages:

* optimization of enterprise management processes by simplifying procedures
for combining information flows and business processes;
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« the ability to create integrated end-to-end business processes that meet the
requirements of the business, using both its own Web services and services of other
enterprises;

* the possibility of flexible change and continuous improvement of business
processes of enterprises due to the presence of a single methodology for supporting,
controlling and processing information changes, greatly facilitates the process of
making interconnected changes within the entire business architecture;

» simplified integration of new functionality into the corporate system by
replacing some services with others, removing outdated ones and adding new ones
while maintaining the choice of information services in the market;

» data sharing and business functions - previously isolated systems will be able
to interact with each other, giving business process participants new opportunities for
collaboration;

* the ability to establish closer relationships with business partners, which
reduces costs and improves the quality and quality of customer service.

The concept of service-oriented architecture emerged during the development
of the Web Services concept. Web services architecture is one of the COA
implementations (there are other approaches to COA implementation as well: Java
RMI (from Sun Microsystems), CORBA (from OMG consortium), DCOM (from
Microsoft), DCE (offered by Open Group Association), etc. COA has the following
characteristics: distributed, wher function module interface is such, that the usage of
the modules is independent of the technology or platform within they are
implemented; dynamic search and connection of the required functional modules is
possible; the architecture is based on generally accepted industry standards.

Service Oriented Architecture (COA) is the concept of designing, developing,
and managing functional modules (services), where each of them is available over the
network and capable of performing certain actions.

COA creates a communication environment for modules that implement
application business logic. Module information is published in such a way, that their
usage does not require knowledge of the solutions and technologies used in them.
The developer is not required to know how the program works, it is only necessary to
understand what input and output are required and how these programs are called to
execute.

The basis of a service-oriented architecture is the interaction of its participants:
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the provider, the consumer, and the service registry (Fig. 3).

Register of
services

Search for

. Registration
a service

Interaction

Consumer Service
services - Provider

A
y

Fig. 3. The scheme of interaction of the participants of SOA

The concept of Web services means that they have some limited functionality.
Multiple services need to be used to solve complex problems. Therefore, in the
process of developing the architecture of Web services, the concept of layout of Web
services and the flow of Web services arose, or else use the term orchestration (Web
Service Choreography) and choreography (Web Service Choreography) Web
services. These concepts reflect the interaction of services and the sequence of their
delivery. Web-based applications are based on Workflow-based applications.

Distributed computing over the Internet causes a fundamental change in doing
business, and it is Web services that provide an open mechanism for integrating
business processes. Business processes are managed in an automated manner. So,
using simulation methods, you can verify the correctness of the business logic
presented in the diagrams, and then automatically get a description of these diagrams
in XML languages for managing business processes.

This approach helps simplify the call to Web services from anywhere, based on
business rules. Thanks to this, companies can implement rapid change of business
rules.

The strategic value of Web services is to reduce project implementation time,
increase productivity, quick integrate business systems and their applications.

Gartner predicts that a service-oriented paradigm will be the preferred practice
of program design and development. And of course, a number of businesses in
various industries, including financial services, insurance, aerospace, healthcare,
pharmaceuticals, retail, public sector and industry, are launching their own Web
services.
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Conclusions

Various institutional structures on the Internet create their own information
models through the Website, creating certain information and economic spaces by
means of intellectualized software (multiagent systems or software agents as agents
of economic agents) in a global electronic environment or object oriented Software
(site, portal, e-mail box, etc.). It is the Web server, a kind of business card of an
enterprise, representing a set of interconnected Web pages, presents the company and
its services.

Today, Web2 and Web3 technologies are replacing Web technologies. They
are based on social networks, a collaborative effort to develop information resources.
The corporate blogs, Wiki encyclopedias etc. are functionating on these new
technologies.

The new ideology of the Web-based production of the information industry
helps to attract small and medium-sized enterprises to the electronic markets,
enabling them to acquire reasonably priced, functional solutions that meet their
objectives. The standardization and specification of Web services contribute to the
creation of a unified electronic environment, which is the economic and technological
basis for globalization of the world economy and integration of business participants,
information, business processes, production on a planetary scale. The strategic value
of Web services is to reduce project implementation time, increase productivity,
quick integrate business systems and their applications.
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SYSTEM ENERGETYKI ODNAWIALNEJ POLITECHNIKI
BIALOSTOCKIEJ

Tomaszuk A.
Politechnika Biatostocka - WE — Biatlystok, Polska

Introduction

Cztonkostwo w Unii Europejskiej 1 zapisy Traktatu Akcesyjnego naktadaja na
Polske¢ zobowigzanie przestrzegania unijnych dyrektyw, w tym 2009/28/WE, z dnia
23 kwietnia 2009 r., w sprawie promowania stosowania energii ze zrodel
odnawialnych (OZE) [1]. Hybrydowy system malej energetyki wiatrowej
| fotowoltaicznej przeznaczony do zasilania w energi¢ elektryczng Centrum
Badawczo-Dydaktycznego Wydziatu Elektrycznego przy ul. Zwierzynieckiej 10 w
Bialymstoku jest przyktadem realizacji polityk i strategii regionalnych, krajowych i
wspolnotowych. Wykonany zostal w ramach projektu nr WND-RPPD.05.02.00-20-
034/12, pt. ,Poprawa efektywnoSci energetycznej infrastruktury Politechniki
Biatostockiej z wykorzystaniem odnawialnych Zrodet energii”, Osi Priorytetowej V.
Rozwdj infrastruktury ochrony §rodowiska, Dziatania 5.2 Rozwdj lokalnej
infrastruktury ochrony srodowiska, wspotfinansowanego ze srodkow Europejskiego
Funduszu Rozwoju Regionalnego w ramach Regionalnego Programu Operacyjnego
Wojewodztwa Podlaskiego. Funkcjonowanie systemu wytworczego w warunkach
miejskich byto badane w ramach projektu nr WND-RPPD.01.01.00-20-015/12, pt.
,Badanie skutecznosci aktywnych 1pasywnych metod poprawy efektywnosci
energetycznej Infrastruktury z wykorzystaniem odnawialnych zrédet energii” Osi
Priorytetowej I. Wzrost innowacyjnos$ci i wspieranie przedsigbiorczosci w regionie,
Dziatania  1.1. Tworzenie = warunkéw dla  rozwoju  innowacyjnosci,
wspotfinansowanego
ze Srodkow Europejskiego Funduszu Rozwoju Regionalnego oraz budzetu panstwa w

ramach Regionalnego Programu Operacyjnego Wojewddztwa Podlaskiego.

Hybrydowy system malej energetyki OZE

Mini elektrownia stoneczno-wiatrowa Wydzialu Elektrycznego Politechniki
Biatostockiej przeznaczona do pracy w warunkach miejskich zostala oddana do
eksploatacji w grudniu 2014 r. Gléwnym generatorem energii jest zestaw paneli
fotowoltaicznych o mocy szczytowej 9 kW, pracujagcego w réznych konfiguracjach
geometrycznych zgodnych z rodzajami budynkéw wystepujacych W wojewodztwie
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podlaskim: system nadazny z trackerem $ledzagcym ruch Stonca, system ustawiony
optymalnie do pracy catorocznej oraz system montazu pionowego, zorientowany W
kierunkach wschod — potudnie i potudnie — zachod. Turbiny wiatrowe z generatorami
synchronicznymi z magnesami trwatymi, o konstrukcji pionowej oraz poziomej O
tacznej mocy szczytowej 10 kW uzupehiajg system energetyczny podwyzszajac
niezawodnos$¢ dostarczania energii (rys. 1). Panele fotowoltaiczne oraz generatory
wiatrowe przekazuja wygenerowang energi¢ elektryczng bezposrednio do systemu
elektroenergetycznego Politechniki Biatostockiej. Instalacja jest przytaczona do sieci
elektroenergetycznej PGE Dystrybucja S.A, przy czym zawarta umowa nie
przewiduje wprowadzania energii do sieci energetyki zawodowe;j.

Elektrownie¢ fotowoltaiczng tworzg 4 konfiguracje paneli z modutami
polikrystalicznymi ESP 250 6P:

- panel fotowoltaiczny (PV1) =zainstalowany nieruchomo na dachu
budynku pod katem 38° w kierunku potudniowym, sktadajacy si¢ z 12 modutow o
tacznej mocy 3 kWp. Panel jest potaczony poprzez rozdzielnicg, posiadajaca uktad
zabezpieczen ztozonych z 2 rozlacznikow P-SOL 20A 1 ochronnika przepigé, z
inwerterem SMA typ SUNNY BOY 3000 HF. Ta sekcja ma mozliwos¢ regulacji kata
pochylenia, aby optymalizowa¢ zyski energetyczne w krétszych okresach czasu;

- panel fotowoltaiczny (PV4) zainstalowany na dachu budynku na
uktadzie nadaznym (trackerze), sktadajacy si¢ z 12 modutdéw o tacznej mocy 3 KWp,
zabezpieczenie 1 inwerter jak wyzej. Dwuosiowy uktad nadazny §ledzi ruch stonca
w zakresie: kat obrotu wschod - zachdd (azymut) wynosi 270°, w kierunku poinoc -
potudnie (wysokos¢) - 80°;

- panel fotowoltaiczny (PV2) zainstalowany nieruchomo na poludniowo-
wschodniej $cianie budynku (azymut 160°), sktadajacy si¢ z 6 modutow o mocy 1,5
KWp;

- panel fotowoltaiczny (PV3) zainstalowany nieruchomo na potudniowo-
zachodniej fasadzie budynku (azymut 250°), sktadajacy si¢ z 6 modutéw o mocy 1,5
KWp.

W sktad elektrowni wiatrowej wchodza:

- turbina wiatrowa o0 pionowej osi obrotu (EW1) typu H-Darrieus
zainstalowana na maszcie stalowym na wysokosci 15,61 m, trojtopatowa (Srednica
3,5m, wysokos¢ topat 3m), 0 mocy znamionowej 5kW. Generator jest potgczony

poprzez rozdzielnice, posiadajaca uktad zabezpieczen sktadajacy si¢ z 2 roztacznikow
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FR303 32 A 1 ochronnika przepig¢, z trjfazowym inwerterem sieciowym TWERD typ
PZGS/5,5kW;

- turbina wiatrowa o poziomej osi obrotu (EW2), zainstalowana na
maszcie stalowym na wysokosci 15,27 m trojlopatowa ($rednica 4,8 m), 0 mocy

znamionowej 5 kW, zabezpieczenie 1 inwerter jak wyze;j.

Generatory
moc szczytowa 19 kKW fotowoltaiczne
Turbiny 3 kW
wiatrowe panel staly

(3 1

5 kW&
turbina
pozioma

3 kW

turbina
pionowa

3 kW

panel nadazny

1,5 kW

wschéd-potudnie
azymut 160°

1,5 kW

potudnie-zachéd
azymut 250°

o
Rys. 1 Generatory OZE elektrowni hybrydowej

Energia wyprodukowana w elektrowni hybrydowej jest wykorzystywana w
catosci do poprawy efektywnosci energetycznej budynku Centrum Badawczo-
Dydaktycznego Wydziatu Elektrycznego. Z zatozenia obiekt ten ma peni¢ funkcje
budynku wzorcowego w zakresie dobrych praktyk efektywno$ci energetycznej i
wykorzystania odnawialnych zrodet energii dla jednostek samorzadu terytorialnego i
przedsigbiorstw, chcacych dostosowac istniejace oraz powstajace obiekty do
wymagan normy IEC 60364-8-1:2019 Low-voltage electrical installations - Energy
efficiency [2]. Centrum Badawczo-Dydaktyczne Wydziatu Elektrycznego petni
funkcje miejsca transferu wiedzy oraz innowacyjnych rozwigzan technicznych.
Prowadzone w obiekcie szkolenia oraz przekazywanie przedsigbiorstwom i
samorzagdom doswiadczen z zakresu eksploatacji obiektu spetniajgcego wymagania
normy ma na celu utatwienie dostepu do nowoczesnych technologii oraz podniesienie
innowacyjnosci oferowanych przez nich rozwigzan poprawiajagc tym samym ich

pozycje na rynku.

~ 203 ~



Obiekt zlokalizowany w otoczeniu Kampusu PB petni jednoczesnie funkcje
centrum kompetencyjnego, w ktorym pracownicy PB moga prowadzi¢ badania i
szkolenia nad mozliwosciami dalszej poprawy efektywnosci wykorzystania
odnawialnych zrodet energii w zasilaniu urzadzen elektrycznych oraz obnizeniu
energochtonnosci procesoOw zwigzanych z uzytkowaniem energii elektrycznej.

Istotnym elementem systemu OZE jest takze mozliwos$¢ okreslania parametrow
jakosci energii elektrycznej, wptywajacych na efektywnos$ci energetyczng obiektu
oraz poprawno$¢ pracy zasilanych z instalacji urzadzen elektrycznych. Monitoring
tych parametrow jak tez monitoring poziomu szybkozmiennych przepig¢ stanowi
logiczne uzupehienie systemu pomiaru mocy 1 energii wyprodukowanej przez mini
elektrowni¢ pracujacg na sie¢ uczelni.

Hybrydowy system wytwarzania energii elektrycznej wspotpracuje z
opracowanym na Uczelni systemem pomiarowym wszystkich istotnych parametrow
pracy turbin wiatrowych, generatorow fotowoltaicznych, inwerteré6w oraz wybranych
instalacji elektrycznych w referencyjnym budynku - Centrum Badawczo-
Dydaktycznym Wydzialu Elektrycznego. Parametry pracy elektrowni hybrydowej
prezentowane sa na biezaco na ekranach synoptycznych i na stronie internetowej
www.elektrownia.pb.edu.pl (rys. 2).

Wybrane parametry zwigzane z produkcjg energii systemu hybrydowego oraz
parametry srodowiskowe sg dostepne publicznie 1 mozliwe do wykorzystania przy
projektowaniu instalacji OZE na Podlasiu [3, 4].

Rozne rozwigzania i konfiguracje zastosowanych generatoréw OZE miaty na
celu wsparcie w znajdowaniu optymalnych rozwigzan zasilania obiektow w
warunkach miejskich wojewodztwa podlaskiego, tj. w lokalnej przestrzeni
infrastrukturalnej i klimatycznej. Analiza wyprodukowanej energii matej elektrowni
hybrydowej oraz wlasciwosci energetycznych budynku jak réwniez jakosci
wygenerowanej energii elektrycznej z OZE pozwolity na opracowanie wskaznikow
funkcjonowania systemoéw konwersji energii stonecznej 1 wiatrowej, w warunkach

miejskich wojewodztwa podlaskiego.
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Rys. 2 Widok strony gléwnej serwisu internetoweego elektrowni hybrydowej
www.elektrownia.pb.edu.pl

Zalozenia i cele

Mini elektrownia stoneczno-wiatrowa Wydziatu Elektrycznego powstala w
odpowiedzi na niskg swiadomos$¢ spoteczng w zakresie odnawialnych zrodet energii,
brak dostepu do zaplecza technicznego w procesie dydaktycznym 1 naukowym oraz
wcigz niewielki udzial energii odnawialnej w skali ogélnej produkcji energii. Celem
naukowym przedsiewzigcia byto przeprowadzenie wszechstronnych prac badaw-
czych hybrydowego systemu wytwdrczego energii elektrycznej oraz opracowanie po-
glebionych analiz techniczno-ekonomicznych 1 raportow z przeprowadzonych badan,
obejmujgcych przede wszystkim:

- analiz¢ oplacalnosci inwestycji wyposazonej w prosumenckie systemy
wytwarzania energii elektrycznej bazujace na elektrowniach wiatrowych matej mocy
(o pionowej 1 poziomej osi obrotu) 1 panelach fotowoltaicznych (o rdéznych
konfiguracjach pozycji pracy) w terenie zurbanizowanym;
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- analize¢ wskaznikow technicznych wykorzystania odnawialnych Zrodet
energii elektrycznej w instalacjach elektrycznych budynku referencyjnego,
uwzgledniajaca lokalne warunki klimatyczne i wymagania jakosciowe energii elek-
trycznej;

- analizg przepig¢ powstajacych w obwodach elektrycznych odnawialnych
zrodet energii oraz w instalacjach elektrycznych budynku referencyjnego [4].

Infrastruktura badawcza

Dodatkowo, uktad hybrydowy jest wyposazony w systemem SCADA do
rejestracji danych pomiarowych, archiwizacji i wizualizacji pracy systemu. W
ramach systemu SCADA elektrowni hybrydowej zintegrowano dane: z komputera
PXI1 (system WSAd), serwera KNX (BMS budynku), serwera iGP (licznik energii
zielonej), dane z inwerterow elektrowni fotowoltaicznej oraz z falownikow
elektrowni wiatrowych. System gromadzi i przetwarza takze informacje o warunkach
pogodowych, w tym parametrach wiatru i Stonca, temperaturze poszczegdlnych
modutéow fotowoltaicznych, wchodzacych w sklad paneli oraz rejestruje hatas i
wibracje generowane przez turbiny wiatrowe. Zmierzone wielkosci elektryczne i
nieelektryczne archiwizowane sg na serwerze bazodanowym. Wielokanatlowy system
akwizycji danych sktada si¢ z 8 we¢ztéw kontrolno — pomiarowych wykonanych na
komputerach cRio (National Instruments) z modutami rozproszonymi,
zintegrowanymi w srodowisku LabView na komputerze przemystowym PXle-8108
(rys. 3) [5-7]. Strona internetowa www.elektrowania.pb.edu.pl korzysta z dostepu

do biezacych 1 archiwalnych danych pomiarowych za pomocg jezyka zapytan SQL.

I

I

iy

uzytkownicy

E komputer PXI
SQL Server _ komputery cRIO

N G D G N N

1 | z ]
el SRR

Rys. 3 Architektura systemu pomiarowego [8]

Wykonana przez firm¢ SARW aplikacja WSAd (rys. 4) gromadzi i udostepnia
informacje o warunkach pogodowych, w tym parametrach wiatru 1 Stonca,
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temperatury modulow fotowoltaicznych oraz rejestruje hatas i chwilowe wartosci

napi¢¢ 1 pradow generatoréw wiatrowych.
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Rys. 4 Aplikacja WSAd — parametry paneli fotowoltaicznych i trackera

Dostep do wszystkich archiwalnych danych zgromadzonych na serwerze
bazodanowym jest mozliwy réwniez z poziomu strony www.elektrowania.pb.edu.pl
(zaktadka ,,dane pomiarowe”). Dane dostepowe uzyskuje si¢ po podpisaniu z
Politechnikg Biatostockag umowy o udostepnienie danych pomiarowych lub umowy
intencyjnej.

Wyniki badan

Wyniki badan przeprowadzonych w ramach projektu wykazuja, ze teren
wojewodztwa podlaskiego charakteryzuje si¢ zmiennoscig nat¢zenia promieniowania
stonecznego od 975 do 1033 kWh/m? w roku, przy czym S$rednio w roku Stonce
operuje przez 1576 godzin. Przeprowadzony, na podstawie pomiaréw
promieniowania  stonecznego  ze  stacji aktynometrycznej  potozone;j
w poblizu systemow fotowoltaicznych, bilans promieniowania stonecznego wykazat
Znaczacy udziat promieniowania r0Zproszonego (siegajacy 50%)
w promieniowaniu catkowitym [9].
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W okresie od marca 2015 roku do wrzesnia 2019 roku mini elektrownia
stoneczno-wiatrowa  Wydziatu  Elektrycznego  Politechniki ~ Bialostockiej
wyprodukowata ok. 47,3 MWh energii, przy czym na generatory fotowoltaiczne
tacznie przypada ok. 45,5 MWh, za$ na turbiny wiatrowe ok. 1,8 MWh (rys. 5).

Energia narastajgco

¥¢ 45495,20 kWh

a5

|

, %~ 1833,40 kWh
35
30 ¥ 47328,60 kWh
25 1 odczyt z dn. 29/09/2019
20 M P staly
15 1 ® P tracker
10 M Panel pd-wsch
05 P. pd-zach
00 . . . . . W W, pionowy

2015 2016 2017 2018 lata 2019 B W, poziomy

Rys. 5 Zestawienie rocznych produkcji energii generatorow OZE

Sposrod paneli  fotowoltaicznych najwigkszym uzyskiem energetycznym
charakteryzuje si¢panel na trackerze - 19,4 MWh, co stanowi 47% wyprodukowanej
dotad energii. 26% energii przypada na panel stalty (10,6 MWh)
i facznie 23% na panele zainstalowane na $cianach budynku (9,5 MWh), a ok. 4%
(1,7 MWh) to udzial energii wyprodukowanej przez turbiny wiatrowe w okresie ich
bezawaryjnej pracy. Panel staly wyprodukowal o 10% mocy wigcej
w poréwnaniu z panelami o tej samej mocy (3 KW tacznie) zainstalowanymi
na $Scianach budynku. Rysunek 6 przedstawia bilans procentowy produkcji energii z
ponad 4,5 roku pracy mini elektrowni hybrydowe,;.

Dotychczasowe badania wykazuja, ze mozliwosci wytworcze panelu
nadaznego charakteryzujg si¢ lepszym o co najmniej 42% $rednio w roku uzyskiem
energii elektrycznej brutto w stosunku do panelu ustawionego optymalnie [4]. Stad
wynika, ze instalacja panelu nadgznego jest efektywna ekonomicznie na terenie
wojewodztwa podlaskiego, jezeli taczne koszty inwestycji nie przekrocza 140%
kosztow  systemu PV~ mocowanego na  stale pod katem = 38°
na dachu lub na ziemi.
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Rys. 6 Bilans produkcji energii generatoréow OZE

Zrédla energii elektrycznej ze wzgledu na swoja lokalizacje sa narazone
w bardzo duzym stopniu na negatywne skutki wyladowan piorunowych. Niniejszy
projekt stwarza unikatowa mozliwos¢ obserwacji w warunkach rzeczywistych
zjawisk bedacych nastgpstwem wyladowan piorunowych bezposrednich jak
1 w sgsiedztwie. Dokonuje si¢ cigglego monitoringu poziomu przepiec
w analizowanej sieci, ktory wymaga kontynuacji ze wzgledu na losowy
I nieprzewidywalny charakter tych zjawisk [10].

W ramach badan wykonano rowniez oceng efektywnoSci energetycznej
instalacji elektrycznej budynku Centrum Badawczo-Dydaktycznego Wydziatu
Elektrycznego zgodnie z wymaganiami normy PN-HD 60364-8-1:2015-3 [11].
Instalacje elektryczng w analizowanym obiekcie mozna przyporzadkowaé do
kategorii EIEC 3, tj. instalacji o zaawansowanej efektywnosci energetyczne;.

W raporcie z 2015 r. podsumowano pierwszy etap przeprowadzonych badan
skutecznosci aktywnych 1 pasywnych metod poprawy efektywnosci energetycznej
infrastruktury z wykorzystaniem OZE [4].

Podsumowanie

Mini elektrownia stoneczno-wiatrowa Wydziatu Elektrycznego Politechniki
Biatostockiej jest referencyjng instalacjg umozliwiajacg wsparcie rozwoju energetyki
odnawialnej w ponocno-wschodniej Polsce. Korzystajac z tej infrastruktury zespot
badawczy zlozony z 16 oséb zrealizowal dotad 7 projektow badawczych, ktorych
wyniki zostaly opublikowane w czasopismach naukowych, 17 dyplomantéw
opracowywalo swoje prace w oparciu o dostep do zgromadzonych danych
pomiarowych. Podczas wizyt studyjnych okoto 320 oséb zapoznato si¢ z projektem

elektrowni hybrydowej. acznie 11 przedsiebiorstw 1 uczelni korzysta z dostepu do
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zgromadzonych danych archiwalnych. Projekt elektrowni hybrydowej przez ponad
4,5 roku dostarcza kompleksowych danych umozliwiajgcych analize mozliwosSci
wytworczych hybrydowego systemu fotowoltaiczno-wiatrowego w wybranych
konfiguracjach pracy oraz badanie efektywnosci energetycznej budynku
referencyjnego,

w odniesieniu do warunkéw miejskich obszaru wojewddztwa podlaskiego.
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ON IMPROVING THE QUALITY OF FLAX TRUSTS THRESHING
PROCESS

Nalobina O. , Holotiuk M., Bundza O., Markova O.

National University of Water and Environmental Engineering, Ukraine
Introduction

The cultivation and processing of flax in Ukraine have centuries-old roots. Flax
fiber is a source of natural raw materials for the production of a wide range of household
and technical products. In recent years, despite the high importance of flax growing, this
industry has come to a state of decline in Ukraine.

The flax crops in Ukraine decreased by 10% to 1300 ha in 2018. At the same time,
the country purchases flax fibers from Belarus and Russia much more than exports them —
$ 5.4 million and $ 1.2 million respectively [6]. Unfornately, the processing of flax raw
materials is also declining in Ukraine.

Such enterprises as linen fabrics in Rivne, Zhytomyr, Odessa and Lviv regions are
listed in the State Register. But they retained only their brands. So, Rivne linen fabric (TM
GOLDI) deals with cotton, polyester and viscose; Orshansky linen fabric (Odessa Region)
is the seller of Belarusian flax products. Some linen fabrics are destroyed (Yemilchinsky,
Novograd-Volynsky, Zhytomyr, VVolodarsky-Volynsky and Korostyshivsky). There is no
sense for agricultural enterprises in growing flax without linen mill nearby. The
effectiveness of the combination of two units of agro-industrial complex - the cultivation
and processing of plant products - is proven in Sumy region, where the linen mill “Linen
of Desna” successfully operates. The need for raw materials of this enterprise leads to the
cultivation of flax. Hlukhiv region is the largest area of spinning flax in Ukraine — over
400 hectares.

Given the current state of the flax industry with its importance and prospects for
Ukraine, it is necessary to combine different links of the flax complex, to identify
significant technical and technological factors affecting product quality produced by them
and to create conditions for obtaining high quality and competitive linen goods.

It is known that the quality of flax fiber largely depends on the conditions of
implementation of the recycling process on breaking-threshing apparatus, on the
parameters and operating modes and on the design features of technological equipment.

Taking into consideration the above-mentioned, it is an important and urgent task
for today to improve the technology of linen trust processing by upgrading breaking-
threshing apparatus. This will improve the quality of the flax fiber and the linen products.
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Typology of knowledge

The stabilization of linen products is possible provided the creation of production
structures which are able to ensure optimal use of climatic conditions in order to obtain
high-quality raw materials, scientific and production potential for creating and introducing
effective technologies of its primary processing.

The technological value of flax fiber is determined by the quality of the product
(yarn) it receives. The fiber's properties depend on the quality of the linen trust which
determines also the loss of the long fiber.

In order to create the conditions for contributing of increasing the output of long
fibers, the improvement of the facilities for primary processing is underway in several
main directions. While threshing, it is important to ensure optimal parameters of the
impact of the drum on the fiber. With that, it is necessary to take into account the
characteristics of the fiber, namely its moisture, separability, strength and flexibility.

Significant contribution to research of flax processing was made by: V.V. Markov
[7]; A.M. Ipatov [5]; V.A. Dyachkov [4]; Anthony [1]; Danny E. and other. [2]; Foulk,
Akin, Dodd, [3]. According to research by Pashin E.L., the optimization of the threshing
parameters increases the yield of the long fiber by 15-20% (relative). The process of
threshing is complex and quite profoundly covered in the literature.

E.L. Pashin [9] provides a classification of the causes of waste generation during flax
threshing: the blurring of strands under the clamping of the first or the subsequent threshing
sections; the bowing of strands, different lengths of strands, the uneven layer thickness; the
rigid nature of the load; the uneven load distribution along the length of strands and the
availability of technological transitions.Threshing happens with the help of two
mechanisms: the clamping conveyor and the threshing drum. The clamping conveyor holds
the raw material by the threshing drums to be processed and moves it along the threshing
apparatus. According to research [4, 7, 8] more than 60% of the fiber is lost during the
threshing process. This is due to the high dynamics of this process.

According to research by the authors [7, 8, 9, 10] the main causes of losses during
the threshing process are: - the blurring of strands under the influence of the first or the
subsequent threshing sections; defects in the structure of the layer: the bowing of strands,
different length of strands, the uneven layer thickness; availability of technological
transitions from breaking apparatus to threshing apparatus.

Alongside this, threshing is the final operation of the primary processing, that’s why
all accumulated from the previous stages lost productions are detected during its
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processing. As can be seen from the above list, the imperfection of the clamping conveyor
design and the nature of the pressure distribution along the length of the lever are not
outlined as the reason of the loss of long fiber in breaking-threshing apparatus. They
determine the reliability of obtaining fibers in the transporting lever undoubtedly during
their threshing. These issues represent a certain scientific interest and were explored in our
work.

Materials and methods

The restoration of the flax industry requires advanced equipment at processing
plants. Take into account the low financial capacity of operating enterprises with outdated
equipment, our research has been aimed at improving the quality of finished products —
flax trusts and reducing its losses.

The research hypothesis is formed on the basis of long-term observations on the
functioning of the apparatus with the TL-40 flax threshing apparatus. The flax threshing
apparatus TL-40 allows to processing a humidity trust of not more than 19% with a
technical length from 0.4 to 1.0 m. The TL-40 operates in the apparatus with a breaking
apparatus. The same observations established that the uneven arrangement of the
clamping rollers on the upper branch of the conveyor leads to uneven pressure in the lever,
which creates the conditions for pulling out strands and loss of fiber.

With that in mind, the upgrading of the design of the clamping conveyor is carried
out in the following directions: optimization of parameters of clamping rollers;
identification of the optimal distance between the axis of the rollers.

The first direction provides the solution of two problems: 1) to substantiate the
rational diameter of the roller, which will allow to create the required pressure in the
conveyor channel and at the same time to provide material-saving construction; 2) to
substantiate the configuration of the clamping roller, which will ensure a uniform
clamping of strands both in length and width of the clamping lever of the conveyor.

A number of experimental studies were performed to solve these problems, which
included: 1) identification of the force of locking strands in the conveyor channel; 2)
identification of the force of extraction of the raw.

A laboratory installation (fig. 1) which simulates the clamping channel of the TL-40
apparatus conveyor was designed and manufactured to investigate the clamping force.

For the purpose of the research on a fixed table 4 was imposed a segment of the
lower belt of the clamping conveyor TL-40 (the length of the belt — 1m), on the top of
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which was imposed the segment of the upper belt of the same length. The belt tension was
secured by hooks on the end faces of the straps, which were secured to the bar by which
the straps were tensioned. For the experiments, a set of rollers of different diameters was
manufactured: 130mm; 150mm; 250mm; 200m. The efforts of clamping the rollers were
adjusted by springs that had undergone previous calibration. The pressure between the
straps was measured with a sensitive sensor. The signal came from the analog-to-digital
converter to the PC. The experiments were performed in triplicate with rollers of each
diameter. According to the results obtained, the mean values of the pressure were
determined within each of the plots in fig. 2. Thereafter, pressure distribution plots were
constructed.

& W
S W
(<N
W

/
2 4 §
Fig. 1. A laboratory installation for determining the force of clamping of linen raw:

1 —aroller clamping, 2 —a lower pass, 3 —an upper pass, 4 —a support-table, 5 —a bar,
6 —aspring, 7 —a glass, 8 — tensioning devices

The distances between the centers of rollers O and O, and the points of the diagram
(fig. 2) were respectively indicated: the distances between the points 4 and 8 were equal to
a, where a — is the distance between the centers of the rollers; the distances between the
points 4 and 3,4 and 5, 6 and 7, 7 and 8, 8 and 9, the were equal to 0.25 a; the distances
between the points 4 and 1, 8 and 11 were equal to a; the distances between the points 1
and 2,4 and 6, 6 and 8, 8 and 10, were equal to 0.5a.

Here: 1, 2, 3,4, 5, 6, 7, 8 — numbering of points at which measurements were made
(fig. 2). The laboratory installation from fig. 3 and fig. 4 was used to carry out experiments
of determining the force of extraction of raw. In order to determine the effort of extraction
of raw, a lump of trust which was selected from the batch processing party was processed
manually between the bands. The strain gauges were attached to the individual strands,
which were able to move due to the movement of the stock 5. The movement of the stock
was transmitted from the electric motor 6 through the coupling 7, the worm gearbox 8 and
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the screw 9.The data from the strain gauges 4 were transmitted via ADC to a personal
computer.

6 7 8 9 10 11

\/—\\/

s SAS NS S SY (A LA /S

a/4|a/t a/? a/4a/b

Fig. 2. A diagram of sensor mounting for measuring pressure:
1,2,3...., 11 —sensor mounting points

The research was conducted with a trust, which was obtained from flax of different
varieties, namely — Charivny and Mogilevsky during the laying on the ceiling. The trust
was formed into rolls by using of a roll press - baler PRP-1500.

The obtained rolls were unwound and passed on the breaking equipment. After that,
portions of the washed trust were used for the studies described above, which involved the
use of the installation shown in fig. 4. According to the results of the evaluation of the
clamping force and the linear pressure, it is established that the maximum value of the
pressure intensity becomes in the area against the axis of the rollers and decreases in the
areas between them. The intensity of pressure on the sections between the rollers depends
essentially on the distance between them. The intensity of the load increases with the
compression force of the spring.

From the diagrams shown in fig. 5 we see that pressure profile do not overlap at a
distance between the axis of the rollers a = 360 mm and their diameter d, = 130 mm (that
corresponds to the basic design). Such a distribution of pressure profiles proves the above-
stated assumption of the presence of areas in the clamping duct where the pressure is
practically absent. Under these conditions, the strands of raw are not clamped in the
conveyor channel at the moment when the designated sections pass, and are pulled out of
it under the influence of the drum beats.

With that in mind, it can be concluded that increasing of the distance between
the rollers is not appropriate because of increasing of strands being pulled out during
combing (the profiles do not have a section of intersection that indicates the absence
the clamping between the rollers). Reducing the distance between the axis of the
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rollers by 16% (fig. 5, a profile 3) made possible to increase the reliability of the
clamping of the strands.
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Fig. 3. A diagram of the installation for determining the force of extraction of raw:
1—an upper pass; 2 —a lower pass; 3 —a strand; 4 — strain gauges; 5 — a stock; 6 —an electric
motor; 7 —a coupling; 8 —a worm gearbox; 9 —a screw.

The pressure profiles (fig. 5) are overlapped if the distance between the axis of
the rollers is reduced. The overlapping of pressure profiles proves the absence of

areas where pressure is absent, that creates conditions for permanent secure clamping
of strands.

1

Fig.4. A photo of the installation for determining the i‘orce of extraction of strands:
1 —an upper pass; 2 — a lower pass; 3 —a movable rack; 4 —a strand; 5, 6 — strain gauges;
7 —a clamping plate; 8 — an analog-to-digital converter Autoscope I11; 9 —PC
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The research was performed not only for different distances between the axis
of the rollers, but also if the diameter of the pressure rollers was changed.

The analysis of the results of the experiments revealed that reducing the
diameter of the pressure roller by 30mm (from 130mm to 100mm) leads to a decrease
of pressure in the lever if the distance between the axis of rollers is constant. The

pressure extends to sections whose length is: 3 (a — is the distance between the axis of

the adjacent rollers) at the pressures of the roller springs 30H and 60H. Provided that
the springs are compressed with a force of 120H, the pressure created by the roller in
the conveyor channel will extend over a stretch of length greater than in the previous

case, namely % a. If the pressure of the roller springs is increased to 150H, the

pressure created by the roller in the conveyor channel will spread over the entire
length of the section of the lever that is located between the rollers, that is, the
distance a.

The 180H and 210H pressures will also provide a uniform pressure distribution
across the length of the lever section between the two rollers.

It follows from the above that the pressure distribution along the lever of the
clamping conveyor is influenced by: the diameter of the clamping rollers, the distance
between the axis of the clamping rollers and the compression force of the springs of
the clamping rollers.

Installing rollers with d, = 100 mm instead of rollers with d, = 130 mm at a
distance of a = 360 mm does not affect the quality of the clamp only with
considerable effort applied to the springs (no less 210 H). However, increasing the
compression force up to 210 H leads to damage of the strands of the raw, especially if
there is a thin, uneven layer.

As shown by experimental studies, reducing the diameters of the rollers to
100mm is advisable, if the distance between their axis is reduced to 200mm.

An analysis of the obtained results of the measurement of strands pulling forces
from the conveyor channel revealed that the greatest efforts should be made for pulling
of strands in the areas near the center of the clamping rollers. Much less effort is required
to remove strands from the axis. As we can see from fig. 6 the strands pulling force
decreases with distant clamping points from the roller axis. While the force of clamping
the spring of the roller increases, the force of clamping the upper belt to the lower
Increases.
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Fig. 5. A profile of linear average pressure at compression force of 60H:
1-a=360 mm; dp=130 mm; 2-a =400 mm; dp =130 mm; 3—a =300 mm; dp =130 mm

The change of the pulling force is insignificant if there are slight compressive
forces of the roller springs 30-60H and the distance from the roller axis is 200mm.
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The distance from the axis of the roller to the point of clamping strands, mm

Fig. 6. The distribution of the pulling force along the length of the clamping section
between the two rollers by the force of compression of the spring:

——30H, —#-60H; 120 H; 150H, —%—180H, —®—210H.
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In view of the data obtained in the experimental studies outlined above,
changes were made to the design of the clamping conveyor. After that, the quality
indices of the threshing process were evaluated. The results are shown in Table 1.

Table 1. Threshing process parameters

Experiment | The content of The impurity The output of Note
number defects, % content, % long fibers, %

1 2,9 4,3 16,4 e

2 2,7 4,3 16,9 E ¢

3 27 4,2 16,9 s

o O

4 2,4 4.4 16,4 T

E O

5 2,5 4,2 16,6 2 3

Average 5 o=
2,58 4,28 16,64 =
value o
1 2,5 4,3 16,7 e

2 2,6 4.4 16,9 E e

3 25 4,2 16,9 S 5

o O

4 2,6 4,4 16,8 T

E o

5 2,5 4,2 16,8 S 3

Average 5 2

: 2,48 4,26 16,82 = °
value nd

From the data of Table 1 we can see that the improvement of the design of the
clamping conveyor allowed to reduce the content of defects and to increase the output
of long fibers (fig. 7).

Summary

The regularities of pressure changes along the length of the lever of the clamping
conveyor were experimentally established. It was established that reducing the diameter
of the rollers to 100mm is advisable if the distance between the axis is reduced to
200mm.

With the aim of increasing the reliability of clamping of raw in the conveyor channel,
it is necessary to provide: 1) overlapping of pressure plots in the lever; 2) uniform pressure
distribution not only along the length but also across the width of the belt; 3) creating
conditions for rapid change in the compression force of the roller springs.
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The fulfillment of the first condition eliminates the presence of sections along the
lever of the clamping conveyor, which are characterized by the lack of clamping force.
The second condition is fulfilled if there is the unevenness of the portions of raw
along its length and deformation of the belt. The effect of deformation is particularly
evident with the increase in the force of clamping the springs and the distance from
the roller to the checkpoint.

Experiments proved that the pulling force of the strands are achieved the highest
values in the areas located near the axis of the rollers. The pulling force of the strands
decreases with distance clamping points from the roller axis.

Fig. 7. Assessing the threshing process:
b4, £ — basic technology; &Y, A _advanced technology

The fulfillment of the third condition provides the reliability of the clamping of
the raw layer with an uneven thickness. In order to create the conditions for the
fulfillment of the above requirements, we have proposed a new constructive solution
to change pressure in a short period automatically.

Experiments proved that the application of the above design changes allows to:
ensure uniform pressure distribution in the lever of the clamping conveyor not only in
length but also in width; reduce the content of defects by 2.5%; increase the output of
long fibers from 14.36% to 16.73%.
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Introduction

Use of modern theories as well as training technologies, basing currently upon
IT and being embodied among other things in specific electronic learning and
checking programs, is one of the efficient tendencies to improve the efficiency of
educatory processes and processes for staff training and retraining. The above
involves various trainings, checking programs, laboratory courses, training
equipment, games, visual-oriented environments, training modeling, business games,
tutorials, case studies, psychological testing etc. [1]. Development of such e-
resources depends upon the necessity to train specialists up to their full and efficient
participation in everyday, social, and professional life under the conditions of
information society.

Research methods and results

To evaluate information acquisition and analyze human-manufacturing
environment interaction in the context of production environment, operation
schedules, industrial equipment, and training equipment, experiments have been
carried out with students of two groups upgrading their skills in specialism area 141 —
Power Engineering, Electric Engineering, and Electromechanics. A model by Donald
Kirkpatrick has been applied to evaluate efficiency of specialists training as well as
efficiency of safe performance of technological operations by them using a computer
simulator (CS). The model by Donald Kirkpatrick involves the four quality-control
levels [2]: one — responses of the participants to the training; two — monitoring of the
gained knowledge; three — implementation of the gained knowledge and skills; and
four — evaluations of the training results.

Level one is to evaluate education/training satisfaction. The obtained
information is important since negative response to the education process will impact
both motivation and implementation of the gained knowledge and skills. Generally,

questionnaire is applied. Questionnaire evaluated a course rating (i.e. its topicality
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and content, applicability of the gained knowledge and skills etc.) as well as the
instructor rating (i.e. his/her competence, availability of the material presentation,
communicability etc). Such a traditional questionnaire in the context of professional
training/retraining is used to evaluate quality of the given classes post factum with no
further effect on the educational process.

Statistical management of the educational process quality with the use of
control Shewart charts was applied for the repeated short-term courses. Fig. 1
represents control chart of “Autonomous supply sources in electric drive” course
rating for junior executives and mid-level executives of power management as well
as labour protection authorities of industrial enterprises [3].

Average course rating (i.e. XCL= 8.3 if ten-point scale is applied) has been
taken as a central CL line which was obtained as a result of previous training. As a
consequence of statistical processing of the information, upper control limit (i.e.
XUCL = +3s), and lower control limit (i.e. XLCL= —3s) have been determined where
s=0.61 of the point is average value of quadratic deviations of a course rating of
training subgroups.

The educational process is in the statistically controlled state if rating
deviations from the specified state depends upon random causes only. Rating overrun
results from the specific causes, which should be determined, excluded, or weakened.
Three point series are identified within the course-rating graph.

x A
10.13

9.52

891F--

8.3
7.69
7.08
6.47"

l
I | : ] |
I I " I i
—t— | —1
I 2 3 4 5 6 7 8§ 9 10
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1]
1

quence number of a class

Fig. 1. Control chart of “Autonomous supply sources in electric drive” course rating

Series one of points 1, located in the neighbourhood of the central line, means
that the educational process is the statistically controlled state; its quality is
forecasted; and the training process meet the demands being made. However, starting
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from point five a tendency to the process controllability loss is observed. During the
stage, training providers should visit one of the classes as supervisors, analyze the
training schedule whether it is topical, and clarify if there is a conflict between the
class time and job duties of the students, and their possibilities. Unfortunately, such
actions were not performed; as a result, critical situation has been happened when the
educational process left the state of statistical controllability — three points of series 2
(classes 6-8) are in the dangerous vicinity of the lower control limit. Analysis of the
given classes has helped determine following nonrandom causes: a teacher devoted
too much time to theory when the students intended to hone their practical skills;
starting from lesson eight, classes become work-based. Due to the fact that students
felt tired, a process of the material understanding became complicated. After the
course program was corrected (i.e. CS introduction and improvement of class
procedure), the problems have been solved successfully which favoured qualitative
improvement of the educational process - point series three (classes 9 and 10) are
located above the central line. Moreover, the series have positive dynamics up to the
upper control limit.

Level two is a procedure when the knowledge, gained during the educational
process, is measured. According to the training results, knowledge of the students
was monitored with the help of express diagnostics in the form of testing. Closed
form answers and open form answers were applied. Closed form answer tasks (i.e.
when answer is within the tasks and is recognized by a student) were used to monitor
knowledge before the educational process started and when it finished [4].

Figures 2 and 3 represent testing results of students (their names are changed
and results can be found in r.u.) in the context of “Autonomous supply sources in
electric drive” course. Each class involved 20-question test with 5-6 answers. 10
tests of such type were carried out.

Results of such testing demonstrate changes in knowledge of students as well
as their competences during the whole training period. In this case, two-month
upgrading training (or 52 academic days) is meant.

The testing made it possible to evaluate awareness level reliably and
effectively. If it is required, the educational programs can be corrected taking into
consideration capabilities of the students as well as their interest in the information
perceiving (classes 6-8 according to Fig. 1) and gaps in their knowledge.

Objective of level three is to evaluate a degree of the gained knowledge and
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skills implementation. Qualitative putting into practice of the training results can be
evaluated while assessing the results of undertaken practical and laboratory activities,
theses by specialists where topics are connected directly with solving problems of
specific enterprise subdivision being a job of the student. Thesis defense or passing
an exam to a commission, formed from the authorities of the specialist, makes it
possible to evaluate a degree of the material mastering as well as skill training.

An experiment has been carried out for the listed group of students which
objective was to compare efficiency of skill training as for the manufacturing
procedure performing with the help of laboratory practicum using physical laboratory
benches, CSs, being identical to real physical benches.
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Fig. 2. Average success value of students from groups 1 and 2 according to the testing
results
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Fig. 3. Median success value of students from groups 1 and 2 according to the testing
results

The students carried out the four laboratory-based works: analysis of run
modes of DDG and processes of AG self-excitation; DDG operation for alternative
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current consumers; DDG operation for direct current consumers; and analysis of
energy process transformation within a DDG with a fuzzy controller.

Students from group one carried out the laboratory-based works using a
physical bench; students from group two applied CS. During the laboratory-based
work defense, the students were proposed 10-task test, which included answers
concerning theory of processes within the systems under study, and electric circuits
as well as carrying-out of a laboratory-based works. Tables 1 and 2 represent results
of the answers, namely the number of correct answers.

Table 1. Answer results of students from group 1 according to the outcomes of
laboratory practicum with the use of a physical bench

Laboratory-based work
Name

1 2 3 4
Cl 4 3 3 2
C2 4 2 6 6
C3 8 6 7 4
C4 4 4 2 3
C5 6 7 4 5
Co 6 6 6 4
C7 5 7 6 2

Average 5.9 4.5 5.0 3.3

Table 2. Answer results of students from group 2 according to the outcomes of
laboratory practicum with the use of a CS

Laboratory-based work
2

Name

C8
C9
C10
Cll1
C12
C13
C 14
Average
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Fig. 4 explains a chronology of final results, demonstrated by students in the process
of defense of laboratory-based works. Analysis of the curves shows exact tendency towards
testing results degradation in group one, and their improvement in group two.
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Fig. 4. Answer distribution in the process of testing of groups of students

Average value of answer difference among the groups in the context of the
three works is minor exclusive of a work four where rapid increase takes place (Table
3, Fig. 5). Consequently, quality of the obtained results was evaluated statistically.

Table 3. Average value of the answers in terms of the student groups

Laboratory-based work

1 2 3 4
Group 1 5.9 4.5 5.0 3.3
Group 2 6.3 5.0 5.7 7.1
Difference 0.4 0.5 0.7 3.8

) - 12 : :
Average value is calculated as x==>_x; where Xis answer value according to
Ni=

Tables 1 and 2. Unbiased estimated variance is [3]:

é:\/ii(xi %) 1)

Limits of confidential interval are
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where 1-a/2 is Student’s t-distribution quantile. Assuming probability factor

asa=0,05, determine t,_,,, =2,262 for group one with nine degrees of freedom;
and t,_,, = 2,447for group two with six degrees of freedom.

Taking into consideration confidential intervals, distribute answers of the
students (Fig. 5).
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Fig. 5. Distribution of answers and their confidential intervals in the process of the
student group testing

As the Figure demonstrates, CS use increases a share of educational
information mastering which is observed as a cumulative effect after laboratory-
based work three, i.e. rapid increase in the number of correct answers in the context
of the group where laboratory practicum was carried out with the help of a CS.
Hence, it is possible to state that the stage is mastering of theorizes and the students
start performing consciously tasks of the laboratory practicum rather than follow the
program of laboratory operations manual.

It is also possible to monitor the gained knowledge in the form of coaching
when either instructor or a person-in-charge (for instance, power engineer of the
production unit or labour safety department manager) examines the employee right
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at his/her workplace, and provides recommendations concerning filling the
knowledge gaps.

Level four determines changes in economic performance of the subdivision or
the enterprise resulting from the training. It is rather difficult thing to calculate
economic performance of training since a number of factors, which isolation is
almost impossible, effect the indices. Thus, economic performance is evaluated at the
last level rarely. However, a paper for the integrated quality evaluation of training
and information mastering proposes a criterion of gaining skills to perform
technological operations:

Koy =1—X,, 3

where K, is a coefficient of mastering skills to perform technological
i — 1 X . i .
operations; x, =— > X , is average value of erroneous actions or surplus actions by
K3

staff while developing a certain algorithm of a technological cycle;
K is minimum permissible number of operations to perform certain algorithm of a

technological cycle; X, x*n:xn/K is actual number of operations and the

normalized number of operations performed by an employee during his/her mastering
of a certain algorithm of a technological cycle.

Hence, to evaluate efficiency of a CS use as an addition to the accepted system
intended to train labour protection and master skills of safe performance of
technological operations, an experiment has been carried out. Laboratory-based
practicum (consisting of 10 lessons) for three groups of fourth-year full-time students
in the subject “Systems of Electric Drive Control” was organized as follows: group
one did practicum using physical bench; group two used CS; group three was trained
with the help of CS and the results were recorded during the physical-bench
practicum. Appendix B shows list of laboratory-based works, appearance of a
physical bench, front panel of CS, and results of practicum accomplishment. Table 4
represents the data concerning average number of excessive operations done by
students during a laboratory-based practicum.

According to the results of Table 4, graphs (Fig. 6) of dynamics of reductions
in the number of excessive operations done by students during a laboratory-based
practicum have been built.
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Table 4. Average number of excessive operations done by students during a
laboratory-based practicum

Laboratory-based work
1 2 3 4 5 6 7
10 12 13 9 10 9
10 10 9 10 8 8
6 4 4 6 4 3

Group

10

wW| | 60|
w| O ©| ©

9
6
4

Table 5 demonstrates calculation data concerning determination of
Kncoefficient of mastering skills of the performance of technological operations.
According to the results of Table 5, graphs (Fig. 7) of changes in K, coefficient have

been built characterizing degree of the efficiency of CS use as the integrated
assessment of the criterion of mastering skills of the performance of technological
operations.

a laboratory-based work

Sequence number of

Number of excessive or erroneous actions

Fig. 6. Average number of excessive operations performed by students in terms of the
groups

Table 5. Value of K, coefficient

Laboratory-based work
1 2 3 4 5 6 7 8 9 10
Nel | 047 | 037 | 0.32 | 0.53 | 0.47 | 0.53 | 0.53 | 0.58 | 0.53 | 0.63
Ne2 | 047 | 047 | 053 | 0.47 | 0.60 | 0.58 | 0.68 | 0.63 | 0.68 | 0.68
Ne3 | 068 | 079 | 078 | 0.79 | 0.82 | 0.8 | 0.84 | 0.84 | 0.86 | 0.89

Group
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Fig. 7. Average value of K, coefficient in terms of the groups

Thus, according to the results of the experiment, it has been determined that

average value of K, ., coefficient of mastering skills of the performance of

technological operations is as follows:
- group one — 0.49;
- group two — 0.58;
- group three — 0.809.
The obtained results of the value of K., coefficient as the integrated

assessment of the criteria (3) of mastering skills to perform technological operations
correlate completely with the model by Donald Kirkpatrick: levels 1, 2 — Fig.2., level
3—Fig. 4., and level 4 — Fig. 7.

To validate adequacy and automation of the calculation of the criterion of
mastering skills to perform technological operations safely, it is required to obtain a
generalized model basing on the respondents’ data. In terms of such statement, the
problem will reduce to the use of approximation methods [5-6]. A least-square
method is one of the efficient methods to set up average squared approximation [7].

Fig.8. represents dynamics of changes in K, coefficient depending upon the

chronological accomplishment of the laboratory-based practicum in terms of average
value of the coefficient in the corresponding group (average # 1 — 3, Table 5) and the
data on the best student of that group (best # 1 — 3, Table X.2-X.4).

According to Fig.8. and the data concerning each respondent of the experiment

(Appendix X) including the best student of the group, average value of K,

coefficient (data of Table 5) reflects dynamics of its changes rather accurately
depending on the chronology of accomplishing the laboratory-based practicum.
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Fig. 8. — Dynamics of changes in K, coefficient in terms of its average value in a

group and data on the best student of that group

Consequently, to perform further synthesis of a regression model, only results
of Table 5 were used. According to the results of studying a set of models

Ko = f(x_n) depending on the average value of K, coefficient for each laboratory-

based work and their number for group three, following model is taken:
K., =a(xn )’ (4)

where a = 0.68189432; b = 0.10084136 are values of the regressive equation
coefficients.

Thus, assessment of the training efficiency is a reliable tool to control the
results of training and retraining of specialists; it helps implement the strategy of
providing and supporting high quality of the training process improving both
workers’ qualification and their readiness to observe labour conditions and safety
requirements at workplaces while being involved in working and manufacturing
processes. Moreover, efficiency of practical training with the help of CS similar to
real physical benches has been determined and proved statistically [3].

Summary

Efficiency of the implementation of computer simulators to learn theoretical
and practical information during practical training of specialists has been proved.
That helps implement the strategy of providing and supporting high-quality training

process to improve both worker’s qualification and working conditions at the
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workplace as well as safety of technological processes, machinery, mechanisms,
facilities, and other types of production. It has been defined that use of computer
simulators improves the quality of learning the required information by not less than
13%.

Quantitative evaluation of the training quality in the form of the coefficient of
mastering skills of safe performance of technological operations and the obtained
dependence of the efficiency of the use of computer simulators have been proposed.
It has been determined that the implementation of computer simulators in the current
training system dealing with labour protection issues helps improve qualitative
characteristics of training the skills of safe performance of technological operations
by at least 30%.
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Introduction

When grinding the waste of sheet polymeric materials, the rotary crusher has a
fairly high productivity and uniformity of work. The main criterion for these
indicators is the correct loading of waste into the working chamber, which is carried
out manually by the operator.

However, the grinding of used bottles made of polyethylene terephthalate
revealed a significant drawback of the process of loading them into the crusher. The
containers getting into the working chamber are in contact with the movable blades of
the rotor, are chaotically reflected from them and the process of grinding is
accompanied by delays. The reason is the proportionality of the space between the
knives and the size of the containers.

Research results

Rotary knife crushers [1, 2] concentrate the cutting of waste with knives, which
are located both in the rotor and in the stator.

For the studies, a rotary crusher was used, the kinematic scheme and
appearance of which are presented in Figs. 4.1 and 4.2 respectively.

The rotary crusher consists (Fig. 1) of the housing 5, the hopper 10, the tray 11,
the rotor 6 with the knives 7 fixed thereto, the fixed knives 8, fixed on the housing,
the variable calibrated grating 9, the size of the holes of which specifies the required
dispersion of the crushed materials. The torque is transmitted from the motor shaft 1
to the rotor by a belt drive consisting of a pulley 3, a flywheel with a pulley 4 and a
wedge belt 2.

The process of grinding the material begins with its loading in the window 10,
from where it enters the rotor and its blades. The material is crushed by the
interaction with the rotor blades and the fixed stator blades. After that, the material is
sifted through the grid and falls into the hopper of the finished product. This type of
shredder is quite widely used in the chemical, pulp and paper, food, construction and

light industries [3].
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Fig. 1. Rotary knife crusher: a - kinematic scheme; appearance; 1 - electric motor;
2 - wedge belts; 3 - pulley; 4 - flywheel with pulley; 5 - grinding chamber; 6 - rotor; 7 -
rotor blades; 8 - fixed knives; 9 - calibrated mesh; 10 - loading window; 11 — tray

We carried out preliminary experiments [4], during which the time of grinding
of bottles with a capacity of 2 liters was determined with successive continuous
loading. Experiments have shown that when loading bottles that are cut, along the
three parts, the crushing performance is 5... 6 times higher than when loading a
whole container.

As a result of the experiment, it was concluded that it is advisable to equip the
crusher with a roller for deforming and pre-cutting the used bottles, which should be
installed at the entrance to the working chamber.

The scheme of the device is presented in Fig. 2. It consists of two rolls, which
are profiled in such a way that in the middle part a reliable grip of the neck of the
containers is possible due to their sufficiently large thickness and rigidity.

Two pairs of disc blades 3 and 4 are secured to the end surfaces of the rolls,
which, after deformation of the thin-walled part of the container, are cut into three
sections by rolls. When feeding the cut pieces to the working chamber of the crusher,
the intensity of the further grinding process will increase significantly.

The proposed design of the roller device requires analytical study of its
performance and experimental verification.

Consider the conditions of material capture (PET bottles) by rollers.

Due to the progressive movement of the material and the inevitable roughness
of the contact surfaces of the bottles and shafts under certain conditions, the material
Is captured by the rolls and drawn into the space between the rolls.
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The center angle between the line joining the centers of the shafts and the
radius passing through the point of contact of the contacting surface of the material
with the shafts is called the angle of capture. The normal and tangential forces
applied to the material through its contact surfaces act on the shaft.

Figure 2. Scheme of the roller device for deformation and preliminary cutting of used
thin-walled containers when loaded into a rotary crusher: 1, 2 - profiled rolls; 3, 4 - pairs of
disc knives; 5, 6 - shafts; 7 - capacity in the deformed state; 8 - capacity after compression in

between the roll gap

Determine the condition of capture of the material by the rolls at the initial
moment of transportation. The material in contact with the rolls is initially affected
by the forces of normal pressure N and friction, F, , F, (Fig. 3a).

pre-squeezed
" PET bottle

Fig. 3. Schemes of interaction of PET bottles with rolls: a - in the central part; b - in
the compression zones
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We design the vectors of active forces on the X-axis and obtain the condition
of material trapping by rolls:
(R, +F,)cosa > 2Nsina, (1)

where « - the angle of capture of the material by rolls; N - the normal force of
the rolls pressure on the material; F,, F, friction forces between the rolls and the

material.
Provided that the surfaces of the rolls are the same and that they are in contact
with the material F =F,=F,_ .

F =N-f, 2)

mep

where f - the coefficient of friction of the material on the surface of the rolls.

Taking into account (2), from (1) we obtain the condition of material trapping by rolls
at the initial moment of transportation:
tga < f . (3)

According to the scheme in Fig. 3a we can write the equation:

A o
+—=RCOSar+—.
R 2 R 2

Hence
Apin =06 —2R,(1-cosa). (4)

From the scheme in Fig. 3a shows that

AOZ:R1—5_TA,or AO, =R, -cosa. (5)

From (4) and (5) we get:
cosa=1-——. (6)

Let us imagine tge in a:

(7)



Given expression (6), formula (7) takes the form:

(%)
5°A : (8)

1—
2R,

= X and rewrite (8) with (3) in the form:

tga =

We introduce the notation

f=1-(1-x)’ [(1-x). ©)

Perform the algebraic transformations of expression (9) and obtain the
equation:
(1+ £2)%* =2(1+ £%)x+ £ =0. (10)

The solution of the obtained quadratic equation (10) is:

X, = e L1 (11)

2| s 1)

We are satisfied with the solution (11), in which the points of contact of the
material are in the middle part of the rolls (as in Fig. 3a), ie with the sign "minus".
Substitute in (11) instead of its value and obtain after transformations:

R, = o-A . (12)

- 1
(1+f2)

The obtained formula (12) allows us to determine the minimum radius of the rolls,
which provides the condition of trapping of the material, with known values of its initial
thickness &, clearance between the rollers A and the coefficient of friction f .
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In the case of initial contact of the rolls and the bottle, which is pre-compressed
to a thickness 2r (Fig. 3b) the value can be found according to the scheme in Fig. 3b
and is expressed by the formula:

§=2r-R,/(r+R,). (13)

Because A < ¢, for simplicity we consider A=0, then formula (12), taking
into account (13), takes the form:

R, = 2r . (14)

_1
(l+ fz)

1—

The coefficient of friction of polyethylene terephthalate on steel depends on the
condition of the contact surfaces and matters f =0,5...0,7.

In Fig. 4 presents a graph of the minimum required radius of the rolls to
capture them PET bottles from r and the friction coefficient obtained by
formula (14).

The graph shows that the capture of even almost fully compressed bottles,
smooth rolls (when r =1 mm) guaranteed possible with R > 20 mwm.

Further studies will need to perform mathematical modeling of the process of

cutting compressed bottles with disc blades and to determine the design and energy
parameters of the entire device.

Fig. 4. Graph of the dependence of the minimum required radius of the rolls to capture
their PET bottles from r and the coefficient of friction f
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Analytical study of disk scissors

Disc blades in the roller device are used to cut pre-compressed rolls of bottles
into three longitudinal parts. To obtain high-quality cutting, the disc blades are
installed with radial overlap A.

The scheme of cutting material with disk knives is presented in Fig. 5. As can
be seen from the diagram (Fig. 5), knives of the same radius R, have overlapping

magnitudes A , whereby a steam is formed. The material is thick h (when cutting
PET bottles h is equal to twice the thickness of the walls of the bottle) is fed to the
knives and in the area of the ABC (Fig. 5) is its cut.

Because the thickness of the material is much smaller than the knife radius
(h<R)),then to simplify the arc of the BC and AC (Fig. 5) we replace the
corresponding chords.

The angle of capture of the material with knives f (the angle of inclination of
the cutting chord of the AC (see Fig. 5)) depends on the radius R, thickness h and
blade overlap values A  and can be found from the ratio of the segments of the

lengths of the DC and AC (see Fig. 5):
From the scheme in Fig. 5 shows that:

tg =h/2DC . (15)

Fig. 5. Scheme of cutting material with scissors

Disc blade overlap angle y (fig. 5) can be defined from the expression:
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coS (R A, j / R cosy =1 A,
= H o oy 7/ =+ '
v ) or 2R (16)

Chord angle of cutting AC - «a (fig. 5), which can be defined from the

expression:

cosa=1-(h+A )/2R . (17)

If expressions are known for « and y, then the length of the segment DC,
which is included in formula (15) can be found by means of the trigonometric
relation (Fig. 5):

DC =R, sin(a)—-R,sin(y). (18)

Let us represent (18) as:

DC =R, v1—cos’a — R \/1-cos?y . (19)

Substitute in (19) the expressions (16), (17) and obtain:

2 2
Dcza,%—@—”“¥j—$f@—A~j. (20)
2R 2R

Substitute in (15) the expression (20) for DC and obtain:

h
h+A ) A Y
oR| Ji—|1-F% | _ 11— B

In Fig. 6 shows a plot of the values tgf from the knife radius R, and the

tgp = (21)

magnitude of their overlap A, , which is obtained from the formula (21) (at a material

thickness h=1 mm).
From the graph in Fig. 6. it is visible that at small diameters of disk knives and
the big value of their overlapping A, material capture may not occur.
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Fig. 6. Graph of value dependence tg/ from the knife radius R, and the magnitude

of their overlap A, (at material thickness h =1 mm)

At the thickness of the material h=0,6 mm (double the thickness of the bottle
wall), the value of the knife overlap A, =2 mm and their radius R, =52 mm, tg/

will obtain:

0’62 _—=0,24.
104 1—(1—0’6”) - 1—(1—2j
104 104

Therefore, the value of the friction coefficient of PET f,_ =0,6 the condition

gp =

of grabbing the material with knives will be fulfilled.

Determination of the cutting power of disc shears
Because the thickness of the material is much smaller than the knife radius
(h<R,),then to simplify the arc BC and AC (fig. 5) we can replace the

corresponding chords. In this case, the process of cutting with circular knives will be

similar to the process of cutting straight slopes with straight knives (Fig. 7).
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Fig. 7. Scheme of cutting with inclined straight knives: 1 - cutting material;
2, 3 - knives

In such a scheme of interaction of the cutting tool with the material, the
maximum technological cutting force will be determined from the condition of the
shear strength [5]:

F.=0,-S

H 3p 3p !

(22)

where S_ - the area was cut; o,, - the ultimate strength of the material at the

Cut.
From the scheme in Fig. 7 the material cutoff will be:

S, =h*/tgp. (23)

Then given (23), (22) takes the form:
FH = O-sphz/tgﬂ " (24)

The tensile strength of the material at the cut, corresponding to the
breaking stress o,,=0,, can be determined experimentally for each test material
separately.

The moment of resistance M,, corresponds to the time of cutting M,,
which is determined by the formula:

M =F R. (25)

p H H

Substituting (24) into (25) and taking into account (21) we obtain a
formula for determining the moment of resistance of a rotary knife crusher,

which has the following form:
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2 2
M —ohR? i-[1-PFA ) (1A (26)
’ 2R 2R

H

Power consumed by cutting two disc blades:

N =2M . (27)

pi3z on

Summary
Thus, we have obtained the main dependencies that can be used in the
calculation of the structural and technological parameters of the device for pre-cutting

the container of polyethylene terephthalate when loaded into rotary crushers.
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Introduction

Global trends in industrial development are characterized by the active
implementation of advanced technologies such as information, nano, bio, plasma,
laser ones, etc., which combine the achievements of various fields of science and
technology. The use of such technologies allows to obtain materials with a complex
of new consumer properties, to expand the fields of their application [1].

The textile and light industry market is dynamic and is constantly expanding
due to the replenishment of the range of new textile materials based on a combination
of natural, artificial and synthetic fibers with the use of textile effects and special
types of fittings. The combination of fabrics and materials, non-standard cut,
decorating require a special, exclusive attitude to the cleaning of modern products.

However, from a practical point of view, the issues of the impact of the latest
materials on the environment, the human body and the ways of care for such products
have not been sufficiently studied. The solution of this problem is possible with the
use of modern methods of research (X-ray diffraction, scanning and transmission
electron microscopy, methods of IR spectroscopy, X-ray structural analysis, etc.).
One of the prospective methods for the materials surface’s studies is a comprehensive
study of changes in the properties of textile products during their exploitation.

Formulation of the problem

The process of exploitation of fabrics and the products from them is
accompanied by complex processes of deposition of dirt on the fiber, the penetration
of contaminants into the it and their fastening on the material. The main result of
contamination of products is the change of their properties [2, 3]: decrease of
brightness and purity of color, decrease of durability, deterioration of hygienic
properties, appearance of unpleasant odour, creation of environment for development
of pathogenic organisms.
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The development of innovative formulas for detergent compositions can
combine the high efficiency of contaminant removal with the provision of textile
materials with special types of equipment.

Some authors have identified the major changes [4] that occur in the process of
textile products exploitation, namely — there is a process of wearing out of clothing,
stretching, squeezing, bending, twisting. It has been substantiated that in order to
preserve the appearance [5 — 7], the form of clothing, the increase of the shelf life, it
IS necessary to use compositions based on environmentally friendly substances
(bioSAS) in the process of wet cleaning. Manufacturing tests have confirmed that the
treatment of products with bioSAS compositions, promotes care of products in the
processes of washing, wet cleaning is technologically feasible and economically
advantageous for giving the textile products elasticity, softness and smoothness of the
surface.

Results of the research and discussion

Textile product performance researches were carried out on cotton, polyester
fiber fabrics and their mixtures, which are presented on the Ukrainian market and in
accordance with the quality standards ISO 105 ISO 5077 EN 340:2004 PN-P-84525,
ISO 14184-1.

To determine the efficiency of wet cleaning of textile materials with bioSAS
compositions was researched for the hydrophilization of their surface by the
capillarity of cotton and polyester fabrics according to the requirements of DSTU
GOST 3816:2009. The results of the study are shown in Fig. 1.

As can be seen on the diagram, the contaminated sample has the low
capillarity, due to the fact that the pores contain particles of contaminants that prevent
the penetration of liquid into the textile material. The use of bioSAS compositions
improves capillarity, which confirms the high quality of contaminant removal thus
improving the penetration of liquid into the pores of the tissue.

Cotton specimens have less pronounced changes in capillarity than in
polyester, which may be due to differences in the structure and thickness of the
tissues examined.

Studies show that bioSAS compositions remove impurities and other
substances that remain on the fabric during its operation, that is, the pores are cleaned
on the surface of textile materials. And also they increase the capillarity of textiles
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from 120 mm to 145 mm (for cotton fabrics) and from 151 mm to 240 mm (for
polyester fabrics), which is expressed in improving their wettability by aqueous
solutions due to the presence on the materials of adsorbed bioSAS.

cotton contaminated H20

sample

a)
h, mm
250
200
150
100
50

polyester contaminated 0 1 g/l 3g/
sample
b)

Fig. 1. Capillarity of cotton (a) and polyester (b) fabric after wet cleaning with bioSAS
composition: = — capillarity of tissue at the beginning of measurements, min;
= —tissue capillary after 1 hour
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With the help of a digital microscope Hirox® KH-8700 (Japan), the embossed
surface of cotton (a), mixed (b) and polyester fabrics (b) was observed (Fig. 2) and
the change in geometric parameters of the filaments after water treatment in bioSAS
compositions was determined (Table 1). This model of the microscope is a new
generation of 3D microscopes that allows you to perform three-dimensional
visualization of objects under research. The microscope is equipped with a touch
panel and video camera that shoots at 24 frames per second, using a Genex GPU, and
displays the image on an HD monitor.
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Fig. 2. Surface image and cross-section of cotton (a), mixed (b) and polyester (c) fabrics after
wetting with bioSAS compositions
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Image analysis shows that the surface of the materials after wet cleaning with
the bioSAS composition becomes smooth, shiny and denser due to the quality
cleaning of the pores of the material from contamination.

Table 1. Changing the geometric parameters of the yarns after wet cleaning with
bioSAS compositions, Ccom=1g/1

Material deont, MM | dwet, MM Ay, mm
Cotton, 100 % 0,873 1,483 1,225
Cotton, 55 % / Polyester, 45 % 1,085 1,686 1,679
Polyester, 100 % 1,092 1,599 1,424
Note: dcont, dwet, dir — diameter of contaminated, wetted and treated yarns with bi0oSAS

compositions, mm.

Studies have shown (Table 1) that in the process of water cleaning of the
materials with bioSAS compositions, there is a change in the diameter of the yarns
from 0,873 mm to 1,225 mm for cotton fabrics, from 1,085 mm to 1,679 mm for
mixed fabrics, from 1,092 mm to 1,424 mm for polyester fabrics. Increasing the
diameter of the yarns after treatment with bioSAS compositions is due to the removal
of contamination from the material, which contributes to the loosening of the yarns,
the elasticity of the surface of the fabric.

Summary

The results of the study confirm the effectiveness of comprehensive research of
the properties of materials and the feasibility of using the bioSAS compositions for
water cleaning of household and special purpose textile products (for military,
athletes, etc.). The results of the study will help to reduce the ecological impact on
the environment and human health. In addition, it ensures the preservation of the
consumer properties of textile products during their exploitation.
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Introduction

Wool due to its unique chemical structure is a universal raw material that is
suitable for the production of both thin worsted fabrics and knitwear, as well as for
the production of “heavy” coat fabrics and carpets. Although mostly wool clothes are
not used in the summer, there are still things whose colour can be subject to the
destructive effect of sunlight in the cold season. This is primarily men's and women's
suits, ceremonial military uniforms, shawls, etc. In addition, wool carpets and
carpeting are exposed to sunlight irrespective of the time of year.

Literature review and problem statement

In the textile industry, wool fibers of natural light shades, namely white, dairy,
cream, are especially valuable. For the production of textile worsted materials and
knitwear, high-quality fine wool of light shades is used, which can be relatively easily
bleached to obtain a variety clean and bright colours. Carpets are made of semi-
coarse and coarse wool in light shades. However, taking into account the acute
shortage of wool in the world, methods of the mordant oxidative bleaching of wool,
which has a natural dark colour (gray, brown), have been developed in order to
expand the raw material base of the wool textile industry [1-6].

Traditionally, the wool is washed, bleached and dyed in the form of fibers or
roving, and then knitted fabrics or fabrics are already obtained [7]. During washing,
natural fat, mineral and vegetable contaminants are removed from the wool fiber with
detergents. The washing of wool fiber according to the classical technology does not
change over the years and is characterized by a long-term exposure to wool of
detergent solutions and mechanical stress, which causes damage to the fiber. In
addition, it is important to achieve the degree of removal of fatty contaminants from
wool that is required by GOST, which is often not achieved with the use of classical
technology [7-10].

The effect of oxidizing agents on the wool leads to the formation of various
products of its oxidation, which are a protein with a set of different functional groups
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that arise, as a rule, during the oxidation of disulfide and peptide bonds. It is the
disulfide bonds and sulfhydryl groups of wool keratin that are most easily oxidized.
The action of hydrogen peroxide in various conditions leads to the formation of the
following products: -CH,-SO-S-CH,— (monoxide), -CH,—SO-SO—-CH,— (dioxide),
—CH,-S0O,-SO-CH,— (trioxide), —CH>-SO,-SO,—CH,— (tetraoxide). When the
disulfide bond is broken, residues of the following acids may form: R-CHSOH -
cysteinesulfenic, R-CHSO,H — cysteinesulfinic, R—-CHSO3zH — cysteine.

In addition, under certain conditions, a number of oxidizing agents can affect
phenolic, indole, thiophenol, imidazole groups, as well as peptide bonds, which leads
to oxidation of the corresponding amino acid residues and partial destruction of the
polypeptide chains.

Hydrogen peroxide, when exposed to Kkeratin, primarily oxidizes sulfur-
containing amino acid residues, namely cysteine and methionine. In the presence of
organic acids or metal ions, the reaction proceeds more widely, affecting cystine,
tryptophan, and tyrosine residues [7, 11, 12]

The oxidizing effect of halogens, in particular chlorine, and chlorine-
containing bleaches (sodium hypochlorite) occurs by two mechanisms: oxidation and
chlorination of amino acids by amino groups disposition (Fig. 1). In this case,
hypochlorous acid acts as the main reagent.

——CH— CH—COOH + HCIO/

NH,

——CH—C——COOH + NH,Cl + H,0 + HCl

\ — CH—CH—COOH + H,0—> ——CH—CHO+ NH:} + HCI + C02+

NH,CI

Fig. 1. Scheme of wool chlorination reactions

The whole complex of reactions can lead to hydrolytic destruction of the wool,
since hydrochloric acid is released. Chlorine is able to oxidize most amino acid
residues, but it acts especially intensely on cystine and tyrosine. In addition, in an
alkaline environment, sodium hypochlorite solutions cause yellowing and coarsening
of the fiber [7, 11 12].

Today, the most common method of wool bleaching is oxidative peroxide
bleaching due to its efficiency, economy, and environmental friendliness. In addition,
for this purpose, the use of chlorine-containing compounds is known [7, 11]. When
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bleaching wool, fiber destruction occurs to some extent, since the pigment grains that
give the colour of the wool are inside fiber [7, 11]. Therefore, the main disadvantage
of these technologies is the loss of strength of the wool, which increases during
subsequent dyeing, which occurs at the boiling point.

An effective way to increase the functionality and competitiveness of wool
products can be a modification of wool, which is a directed change in the
physicochemical properties of the fiber to improve the operational properties of
textile materials based on it [12, 14].

It is known that the process of wool fiber modifying is carried out by chemical,
biochemical or physical methods [15]. In recent years, special attention has been paid
to physical methods of exposure to fiber [16].

An analysis of the scientific and technical literature [17-30] shows that
processes based on the use of electrophysical effects are recognized as one of the
most promising directions for modifying the surface of fibers, because they are the
most effective, economically and environmentally friendly. Such processes include
high-voltage electric pulse discharge in a liquid, accompanied by the occurrence of
electric-discharge nonlinear bulk cavitation (EDNBK). The practical application of
this phenomenon in various technological processes of production was first proposed
by the Soviet scientist L.O. Yutkin. Under his leadership, the principal designs of
industrial equipments for various purposes were developed, devices and
technological processes were prepared for implementation and partially implemented,
allowing the electro-hydraulic effect to be effectively used in many industries [31].

At the Kherson National Technical University under the guidance of Doctor of
Technical Sciences, Professor Saribyekova Yu.G. a scientific school was created, the
scientists of which developed technologies for the application of electric discharge in
washing [32-35], dyeing [36-38], bleaching [39-41] and modification [42-45] of
wool fibers, as well as in purification of waste water after the initial washing of wool
[46-48].

During wool fiber modification, the main acting factors of electric-discharge
nonlinear bulk cavitation are the direct influence of electric-hydraulic shock on the
medium and wool being treated, as well as free radicals and hydrogen peroxide
formed in water under the influence of cavitation, which affect the wool fiber (Fig. 2)
[44].
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Fig. 2. The mechanism of action of EDNBK on wool fiber in the process of its modification

As a result of a comprehensive study of changes in the physicomechanical,
sorption, and chemical properties of wool treated by the action of EDNBK, the
modification phenomenon of wool fiber under the influence of electric-discharge
treatment, which consists in changing the properties of wool at the surface,
supramolecular, and molecular levels, was experimentally confirmed and
scientifically substantiated [44]. After modification by electric-discharge treatment,
wool is obtained with higher physical and mechanical properties compared to wool
fiber samples obtained using existing chemical and biochemical methods [44]. By
means of thermogravimetric, X-ray diffraction and adsorption analysis methods, it
was determined that wool fiber after electric-discharge treatment has increased
hygroscopicity and micropore volume and, as a result, high sorption indices with
respect to dyes [44].

Based on the amino acid analysis of wool after electric-discharge treatment, a
chemical change in the internal structure of the fiber is shown. In accordance with the
proposed mechanism of the wool fiber modification during its electric-discharge
treatment, the disulfide bonds of wool keratin are restored and reoxidized under the
influence of electrohydraulic shock and active particles resulting from water splitting.
The formation of new covalent bonds between polypeptide chains leads to an
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increase in strength, in resistance to hydrolysis, and also to a reduction of wool
felting during treatment and operation of finished products [40, 43, 45].

Thus, it was established that the influence of the complex of acting factors of
electric-discharge treatment on the wool leads to a change in the physicomechanical,
supramolecular and chemical properties of the fiber without significant destruction of
the keratin structure (Fig. 2) and also leads to obtain unique properties of the wool
during the modification process.

The goal of the work is to study the influence of wool fabric preparation
technologies on quality indicators after dyeing with acid dyes: coloristic
characteristics, photofading kinetics of colours and resistance of obtained colours to
physical and chemical effects.

Materials and methods

A plain weave wool fabric with a surface density of 150 g/cm? (an article
1C128BM) made from merino fiber at the Pavlovo Posad Shawl Manufactory has
been examined.

Wool fabric was chlorinated at a temperature of 18-20°C and a liquor ratio of
50:1 with an acid solution of sodium hypochlorite, which contains: active chlorine —
1 g/l, sulfuric acid (conc.) — 1 ml/l. Treatment was carried out for 40 minutes with
stirring. Next, the material was washed with cold water, then in a solution of sulfuric
acid at a concentration of 5% for 2-3 minutes and again with cold water. After that,
for the purpose of antichlorination, the material was subjected to treatment with
sodium sulfite solution at a concentration of 2%, a liquor ratio 50:1, a temperature of
40°C for 15 minutes. Then the wool was washed and dried.

Peroxide bleaching of wool textile material was carried out by a periodic
method. The fabric was placed in a bleaching solution of the following composition
(g/1): hydrogen peroxide (30%) — 5, sodium silicate — 2, sodium carbonate — 0.5,
water — up to 1000 ml. The treatment was carried out at liquor ratio of 30:1 at a
temperature of 50-55°C for 45 minutes. At the end of the bleaching process, the
fabric was washed with cold water. To neutralize the alkali residue, the textile
material was processed in the cold for 10 minutes in a solution of acetic acid with a
concentration of 2 g/l, and then was washed with cold water and dried.

Electric-discharge treatment of wool fabric was carried out on a laboratory
setup, a schematic diagram of which is shown in Fig. 3.
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Fig. 3. Schematic diagram of the laboratory setup for electric-discharge treatment
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The whiteness of the wool fabric after preparation was evaluated using a PCE-
TCR 200 colorimeter.

The determination of the relative breaking load of the wool fabric was carried
out on a tensile testing machine RT-250M.

The solubility of the wool in NaOH was determined by the gravimetric method
after dissolution in 0.1 N solution.

The acid and chrome dyes were used in the work, the chemical structure of
which is given in Table 1 [49].

Dyeing with acid dyes was carried out according to the following technology.
The liquor ratio was 50:1, the mass of the sample was 2 g, the volume of the dye bath
was 100 ml. The composition of dye bath (in % of the fabric weight): dye — 1, sodium
sulfate — 10, acetic acid (30%) — 4. Sodium sulfate and an acid agent were introduced
into the total volume of water, then solution was heated to a temperature of 40°C and
the wool samples were placed in solution. Treatment was carried out for 10 minutes.
Then the samples were removed, the dye was added to the solution, and the fabric
was again immersed. The dye bath was heated to a boil for 30 minutes and dyeing
was carried out at the boil for 45 minutes. The dyed samples were washed with cold
water and dried [50, 51].

Dyeing with chrome dye Acid green 27 was carried out by a method with
afterchroming process. The composition of the dye bath and the dyeing conditions
were the same as for dyeing with acid dyes. After dyeing at the boil for 45 minutes a
concentrated sulfuric acid in the amount of 1.5% by the fabric weight was introduced

into the dyeing bath and dyeing was continued at the boil for 20 minutes. After that,
~ 256 ~



the temperature was lowered to 80°C by adding cold water and potassium dichromate
was introduced in the form of a solution in the amount of 1% by weight of the textile
material. Afterchroming process was carried out at the boil for 20 minutes. After that,
wool fabric samples were washed with cold water and dried [50, 51].

Table 1. Characterization of acid dyes

No Name Chemical structure

1 | Acid blue 92 ' . " C

NaO3S

HO

. O—0—
2 Acid red 150
NaO;S O

SO3Na

3 Acid green 27 0‘0

Colour characteristics of dyed wool in CIE 1976 L*a*b* were obtained using a
colorimeter PCE-TCR 200. L* represents the difference between light (where L* —
100) and dark (where L* — 0), a* represents the difference between green (+a*) and
red (—a*) and b* represents the difference between yellow (+b*) and blue (-b¥).
Chroma (C) is a measure of intensity or saturation of colour and Hue angle (H) is
derived from the two coordinates a* and b*.

The degree of photofading of acid dyes on wool was evaluated after insolation
on a device with a mercury-tungsten lamp RF 1201 BS (REFOND) and
determination of colour differences dE on a PCE-TCR 200 colorimeter.

The colour fastness to physicochemical affects was evaluated according to
GOST 9733-83.
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Results and discussion

At the first stage of the study, the influence of preparation technologies on the
physicochemical properties of wool fabric was determined. The results are shown in
Table 2.

Table 2. Influence of preparation technology on the physicochemical
properties of wool

Preparation technology
Indicator re eroxide modification

J y chlorination P _

fabric bleaching by EDNBK
Whiteness degree, % 335 37 48.9 45.3
Relative breaking

5.62 4.87 5.25 6.15
load, cN/tex
Solubility in NaOH, % 7.5 17.7 7.2 55

It was found that chlorination causes a slight increase in the whiteness of the
fiber, but its significant damage. Thus, the solubility in the alkali solution increases
by 10%, the relative breaking load of the textile material after treatment decreases
from 5.62 to 4.87 cN/tex. Peroxide bleaching contributes to the greatest increase in
whiteness from 33.5 to 48.9%. Also, a decrease in fiber strength is observed, as
evidenced by a decrease in the breaking load and an increase in the solubility of the
wool fabric in NaOH. After modification by EDNBK, the wool fabric bleaches,
although the whiteness does not reach the values obtained by bleaching with
hydrogen peroxide, but the strength of the textile material increases, as shown by the
results of determining the breaking load and solubility in NaOH. The modifying
effect of electric-discharge treatment on the wool fiber is confirmed by the results of
determining the physicochemical properties of the wool fabric.

Usually wool is dyed with acid dyes, which are characterized by bright clean
and relatively resistant colours. During dyeing, acid dyes and wool interact with the
formation of ionic bonds, which explains the relatively low washing resistance of the
obtained colours.

The interaction of acid dyes with wool is due to ionic bonds of dye anions with
amino groups of fiber protonated in an acidic medium (Fig. 4) [7, 11].
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Fig. 4. The reaction of acid dyes with wool fiber in the dyeing process

Chrome dyes are, in fact, acid dyes that are capable of entering into a
complexation reaction with metal atoms, more often with chromium. The
introduction of a metal into the dye molecule leads to the formation of 5-6-membered
cycles (Fig. 5) and the formation of colours resistant to physicochemical effects.

o / \ / \\ O )
0
Fe\ - \/ ’ = /N/H
HN A /
\ /\/N:/ m\/\\\J
OH g OH o OH |\ _
30, S

O=—C +NH; O=—=C +NH; O==C +NHj,

Fig. 5. Scheme of the interaction of chrome dyes with wool fiber

The influence of the known preparation technologies of wool textile materials
(chlorination, peroxide bleaching and modification by EDNBK) on the colour
characteristics of the obtained colours, the process of their photofading and indicators
of resistance to physicochemical effects has been studied in this work.

The Table 3 shows the results of determining the colour characteristics of dyed
wool fabric prepared by the studied technologies, namely, colour tone H, lightness L
and saturation C, as well as colour coordinates a* and b*. Specified parameters are
significant for determining of effectiveness of preparation and dyeing technologies
and have an important aesthetic value. The comparison was carried out with a sample
prepared according to the classic technology of peroxide bleaching.

It has been established that colours obtained on wool after chlorination are
darker compared to peroxide bleaching, have a greenish-yellow shade irrespective of
colour, are less saturated and duller, and also significantly differ in colour tone. This
Is due to the fact that wool was damaged and turned yellow in the process of
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preparation. It is known that damaged wool fibers are more susceptible to dyes, but

the resulting colour will be unstable to the physicochemical effects [7, 11].

Table 3. Influence of preparation technology on the colour characteristics dyed wool

fabric
Preparation | Lightness, Colour coordinates Saturation. C Colour
technology L* a* b* ’ tone, H
Acid red 150
Peroxide 53.38 53.27 30.31 61.29 29.64
bleaching
44.45 55.30 35.31 60.82 24.59
Chlorination darker less red, less blue, less saturated,
more green more yellow duller
Modification 41.21 53.59 28.18 63.85 30.54
by EDNBK darker Imore red, more blue, more §aturated,
ess green less yellow brighter
Acid blue 92
Peroxide 26.06 0.56 -19.90 19.91 271.59
bleaching
24.39 0.46 -15.66 15.67 271.67
Chlorination darker less red, less blue, less saturated,
more green more yellow duller
Modification 25.12 0.63 -21.20 23.15 271.85
by EDNBK darker Imore red, more blue, more §aturated,
ess green less yellow brighter
Acid green 27
Peroxide 35.28 -16.75 -10.78 19.92 212.78
bleaching
37.91 -16.48 -5.45 17.36 198.30
Chlorination darker more red, less blue, less saturated,
less green more yellow duller
Modification 36.19 -17.06 -16.05 22.14 215.45
by EDNBK darker less red, more blue, more §aturated,
more green less yellow brighter

The colour of the wool fabric samples modified by EDNBK is darker than
bleached ones, has no yellowness. The shade corresponds to the main colour, is more
saturated and brighter, and almost does not differ in colour tone. Thus, the results
obtained indicate that the modification of wool by the action of EDNBK provides
obtaining colours with high colour indicators.
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Further, the influence of the preparation method on the photofading of colours
obtained on wool fabric was investigated in the work. The Fig. 6 shows the results of
changes in colour differences of the studied samples of wool fabric under the
influence of light for 320 hours.
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Fig. 6. The influence of preparation technology on the kinetics of photofading of colours:
a) peroxide bleaching; b) chlorination; c) modification by EDNBK
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The results shown in Fig. 3 mean that the preparation technology affects the
lightfastness of the studied samples. The samples that were prepared using the
chlorination technology have the lowest lightfastness of colours. The colours of wool
fabric samples after peroxide bleaching have the slightly higher lightfastness. After
peroxide bleaching, the dyed wool loses its colour gradually, and the dependences of
the colour changes have the character of logarithmic curves. The chlorinated wool
fabric already at the beginning of insolation fades significantly, and then minor
colour changes occur and the dependences take on a linear character. The wool textile
material prepared using EDNBK has the lowest indicators of photofading of colours
and, as a result, the best lightfastness.

The main quality indicators of wool fabric prepared by the studied technologies
and dyed with acid dyes were determined. The resistance of the obtained colours to
washing, dry cleaning, dry and wet friction, perspiration, as well as the strength of the
textile material, which is characterized by its solubility in NaOH, are presented in
Table 4.

The experimental results indicate a low resistance to physicochemical effects
of the colours obtained after chlorination. The results of determining the alkaline
solubility of wool fabric show that the samples were subjected to a greater degree of
oxidative degradation under the influence of chlorination than under the influence of
hydrogen peroxide. Thus, the action of a chlorine-containing oxidizing agent is more
aggressive towards wool than hydrogen peroxide. Subsequent dyeing damages the
fiber even more, and the solubility index in NaOH increases. Wool fabric is most
damaged during dyeing with chrome dye Acid green 27 according to the technology
with afterchroming process regardless of the method of preliminary preparation.

Thus, preparation methods of wool textile materials using oxidizing agents do
not provide colours with high resistance to physicochemical effects, in particular to
light, and lead to a loss of fiber strength.

The results of determining the indicators of colour fastness to physicochemical
influences show that the use of EDNBK as a preparation method provides high
quality of dyed wool fabric.
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Table 4. Influence of wool fabric preparation technology on the resistance of colours of
acid dyes to physicochemical effects and on the material strength

Resistance to physicochemical effects, points Alkaline
Acid dye washing dry dry wet . solubility,
: - - perspiration
Nel cleaning | friction | friction %
Grey fabric
- - — — - - 7.2
Peroxide bleaching
undyed fabric — — — — — 7.5
Acid blue 92 41415 4/5/5 5 4 4/4/4 7.6
Acid red 150 4/4/4 4/5/5 4 5 4/3/3 7.7
Acid green 27 41415 4/5/5 4 4 4/415 7.8
Chlorination
undyed fabric — — — — — 17.7
Acid blue 92 4/5/5 4/5/5 4 4 4/2/4 17.7
Acid red 150 4/4/4 4/5/5 3 4 41214 17.7
Acid green 27 4/3/3 3/4/5 3 4 4/3/4 17.9
Modification by EDNBK
undyed fabric — — — — — 55
Acid blue 92 4/5/5 4/5/5 5 5 4/4/4 55
Acid red 150 4/4/4 4/5/5 4 5 4/3/3 55
Acid green 27 4/5/5 5/5/5 4 5 4/4/5 5.8

Summary

The study of influence of the preparation technologies of wool textile
materials, namely chlorination, peroxide bleaching and modification by the action of
EDNBK on the physicochemical properties of the prepared textile materials showed
that the wool fabric is most damaged after chlorination, but after the electric-
discharge treatment the strength of wool fibers increases. This is due to the modifying
effect of EDNBK on the wool. With the simultaneous action of electrohydraulic
shock and active particles arising from the splitting of water, new covalent bonds are
formed between the polypeptide chains, which leads to an increase in strength and an
increase in the resistance of wool to hydrolysis.
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The study of the colour characteristics of the obtained colours with acid dyes,
the kinetics of their photofading and resistance to physicochemical influences showed
that the modification of the wool fabric by EDNBK contributes to the maximum
preservation of the natural properties of wool fibers and does not reduce the strength
characteristics of the textile material. This preparation method ensures uniform and
bright colours resistant to physical and mechanical effects.
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! National TU Dnipro Polytechnic, Ukraine
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Introduction

Training of experts who possess modern knowledge and practical skills of
synthesis and analysis of technological processes automatic control system (ACS)
requests real control objects or their physical simulator in classrooms and the most
up-to date hardware and software controlling devices in the classrooms. Introduction
of ACS physical simulators into teaching and learning activities will give the
opportunity to provide a more profound and more efficient study of automatic control
theory objectives and the issues involving development of optimal control systems in
particular.

Analysis of Ukrainian laboratory bench has shown that virtually the only
chance to renovate laboratory equipment for the purposes of staff training on the
issues of technological objects control is application of technical products of world-
famous companies like Siemens, ABB, Moeller, Shneiderelectric [1]. Application of
modern devices in laboratory courses allows to train future engineers in the field of
automation who will be competitive on labor markets. However, laboratories created
in such a way have certain disadvantages: law adaptation to teaching and learning
activities and unavailability of methodological support. Enhancement of efficiency of
application of laboratory equipment in teaching and learning activities due to its
adaptation to solving of the tasks of synthesis of optimal and quasi-optimal ACS [2].
The goal of this paper is development of optimal ACS in the context of its operation
speed by thermal unit (laboratory bench) for the purposes of teaching objectives.

Research methods and results

The Chair of Automation and Computer System of National TU Dnipro
Polytechnic has a laboratory bench implemented into teaching and learning activities
which is a hardware and software unit (Fig. 1).

The laboratory stand consists of three main zones:

- the chamber in which the process of heating is carried out;

- control, adjustment and display panel;
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- the panel of the controller, power supply units and actuators.

Fig. 1. Appearance of the laboratory bench

The chamber (Fig.2) consists of flow-though rectangular prism shaped
container, centrifugal blower, suction flue, electric heater, screen and thermal
converter. Centrifugal blower and suction flue are located on the opposite sides of the
container. Electric heater, screen and resistance temperature device are located
between them.

tt

H Damper Centrifugal blower
| I :
—> . b A —
ir, g Hotair — Hotair —»
Cold air. = %} 1 : 2 = I’ 3 otair —» @

Fig. 2. Schematic representation of the working areas of the chamber
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Centrifugal blower provides continuous cold air supply from environment
inside thermal unit. Depending upon screen position, suction blower engine rotation
frequency and electric capacity applied to heating element, air warms up to a certain
temperature [3]. Air temperature variation is controlled with resistance temperature
device. Hardware component of automatic control system has been developed on the
basis of VIPA System 200 V programmable logic controller (PLC) The structure of
hardware component is shown on Fig. 3. PLC in automatic control system serves as
remote analogue input/output module [4].
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Fig. 3. Structure of automatic control system

The Vipa system 200V programmable logic controller is one of the most
advanced VIPA controller family. They are used in industrial automation systems
with increased requirements for equipment reliability and for the time parameters of
control loops. The CPUs are compatible by a set of instructions with the popular
SIMATIC S7-300 controllers and can be programmed using WIinPLC7 software
(VIPA) or STEP 7 (Siemens).

The System 200V series is built on a modular basis, which allows you to
optimally select the configuration for a specific task and easily modify the system
when it is expanded or changing its requirements.

All 1 / O modules and interface modules are universal, which allows you to
combine them with any CPU in this series. At the same time, it is possible to choose a
processor module with optimal performance for solving the control problem.

The VIPA System 200V Series controllers have good response times and are
suitable for controlling batch, continuous and batch production.

Table 1 shows the automation equipment of a laboratory bench.
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Table 1. Automation Tools

Measuring Actuators Display units
devices and converters
Thermal converter TSP U | SD-54 motor reducer Heater display unit and
Open / Close Sensor MS7134 Induction Motor | m4v  Autonics thermal
Pulse Sensor BUP-50S converter display unit

PKP1l damper position
control device

Frequency converter
Lenze 8200 Vector

Software component of ACS includes software of programmable logic
controller designated for arrangement of calculation processes and software of
personal computer on the basis of HMI/SCADA of Zenon Supervisor 7.0 system for
the purposes of human-machine interface and various types of regulators
implementation.

Zenon is a software and hardware package for creating automation systems
produced by the world leader in HMI / SCADA solutions, COPA-DATA. This
software and hardware complex is focused on solving the problems of process
visualization, machine operations and production management. It offers simple
object-oriented design, full compatibility and integration into a single automation
system of various devices, from individual terminals to dispatch control points with
redundancy. Zenon's openness allows you to quickly implement a reliable connection
with any hardware or software, works perfectly on industrial PCs and devices with
Windows CE.

This bench provides settlement of a wide range of tasks related to study of
technical automation systems facilities, research of identification methods and
principles of technological objects control, acquiring of practical skills of automatic
system programming in real-time scale [5]. However, basic hardware and software
facilities of laboratory bench do not provide optimal ACS research what limits its
application for educational purposes [6], [7].

Dynamic model of the chamber for control channel “intensity of current in
electric heater — air temperature inside thermal unit” (centrifugal blower rotation
frequency 50 Hz, screen fully opened) is a second-order aperiodic link with response
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function W(p)=k/(T,p’+T,p +1). Here k=0,845— amplification factor,
T,=3,677 and T, =3,362 — response time [8§].

Generally, the task for optimal control in the context of its operation speed
involving Pontriagin's maximum principle shall be defined as follows. Controlled
object shall be transferred from its initial state y to temporal value t=0 to final
state y, for minimal time period with relay control action with maximum and
and U,

thermal unit is described by second order dynamic equation, for the purposes of its
control, according to n-intervals, 2 control intervals (one switch of controlling action)
Is enough [2]. At that U_. =0as there are no mechanisms capable to cool air in

minimal value of controlling actions applied, U, respectively. Hence

X n

thermal unit.
Fig. 4 show changes of output value vy, and controlling action U respectively

if y.>vy,,and Fig.5—if y, <y, . Let’s write the patterns of change of output value
Y,in and its derivative y . intemporal valuest=0, t=t and t=t,.

b)

z, r

Fig. 4. Control of object if y, >y, : a) change of output value; b) change of

controlling action

At the end of the second controlling interval (time value t=t,):

2 —aoyt 2 A— oot
{yvih :Umin(max) +C1e v +C2e * (1)

. _ 2 -ty 2 -ty
Yuin = —4Ci € —a,Cje
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Considering that transition process at the end of the second controlling interval
must end, it’s obvious that y, =V,, andy, =0. Then, the system of equations (1)

becomes the following form:

2 —oyt 2 A—aot
yk:Umin(maX)—i_Cle 12+C29 “ (2)
0=-aCle ™% —,Cle "
-J".vih T
o \
2 SR (O S
0 le 7 r
4
Hmax ——————
b) (LA S S —
0 L4 z, 7
Fig. 5. Control of object if y, <y, : a) change of output value; b) change of
controlling action
At the beginning of the first controlling interval (time value t=0):
1.-0 1.—-a,0
yvih :Umin(max) +Cle ' +C2e ’ (3)
Yin = _alclle_al.o - azcge_azo
At the beginning of the first controlling interval

Yon=Y,, @ Y, =0. That’s why the system of equations (3) becomes the following

form:

(4)

yn = U min(max) + Cll + C;
0=-aCl-aC:

At the temporal valuet=t, (the end of the first controlling interval and

beginning of the second controlling interval) the value vy, , estimated using
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expression (2) or expression (4) must be equal. The values of y, .. must be equal too.
Then

kU min(max) + Clle_m1t1 + C;e_azq =

= KU inmag + CrE " +Cle" | )

_ la-aty 1a-ooty
a,C;e a,Ce " =

_ 2 -0ty _ 2 ooty
=—a,C/e a,C e

In formulas (1) — (5) in brackets a ration of controlling actions has been
specified ify, <y, . C/,C;,C},C2— integration constants.

With integration constantsC.,C;,C2andC’; excluded from the systems of
equations (2), (4) and (5) and taking under consideration that U . =0, we’ll have the

following systems of equations for temporal values definingt,and t, :

aty
1--In | IE e g
kU max kU max
y J e (6)
LI e /Ly L
kU max kU max
and
_ yk ealtz _ ealtl + yn — O
kU max kU max
_ _kLi/k eaztz _ ea2t1 + klj/n =0
max max . (7)

The system of equations (6) has been generated for the purposes of vy, >y, ,
and the system of equations (7) — for the purposes of y, <y,. At the end of the
second controlling interval the output value ytakes prescribed value vy,, and
controlling value U — the value as follows:

Y
{uk_ 3 8)

Verification of mathematical expressions (6) — (8) has been delivered in the

course of thermal unit control. The temperature of the air T (°C) heated inside
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container has been taken as output value, and intensity of current i (mA) of electric
heater power transducer has been taken as controlling action. Correlation between
current intensity i and relative capacity value P (%) has the following form:

P =6, 25i — 25. (9)

Maximum and minimal controlling current value equal toi., =20mA,
I... =0mA. Transfer function of this object involving the channel “current intensity —
air temperature” has the following form: W (p) =0,845/(3,362p* +3,677p +1).

The roots of characteristic equation are respectively equal: —«, =-0,59 and
-a, =—0,51. Air temperature in thermal unit should have been changed

consequently from 0°C to 5°C, from 5°C to 10°C and from 10°C to 7°C with
fixation of established modes within the flow of time At for the purposes of
estimation of values of output value derivatives at the end of the second controlling
interval. Table 2 contents output data for experiment on laboratory bench (i, - value

of controlling action at the end of the second controlling interval).

Table 2. Source data for experiment

Change of T from 0°C Change of T from 5°C Change of T from 10°C
to 5°C to 10°C to 7°C
t1, t, | At, | ik,mA | ty, t2, At, | ikmA | i, t2, At, ik, MA
min | min | min min | min | min min | min | min
1511269231 | 592 | 237 | 293 | 2,07 | 11,83 | 1,77 | 229 | 2,72 8,28

The results of the experiment registered immediately on controlled object are
illustrated on Fig.6. As it follows from diagram on Fig. 6 the results of thermal object
control prove high consistency of theoretical calculations and experiment data. Upon
the end of the second controlling interval no changes of output variable T are
available and its value upon the end of transition processes correspond to target value
(with initial value of air temperature inside the container Tu=18,4°C taken under
consideration).

Control systems (6) and (7) are transcendent and don’t have analytical
solution. They are possible to settle by means of either graphical or numerical
methods. The core operation units of VIPA System 200 V PLC are not designated for

solution of equation systems of this class.
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Fig. 6. Diagrams of temperature and capacity change in the course of experiment

t.s

However, modification of software for PC on the basis of HMI/SCADA of
Zenon Supervisor 7.0 system in the contest of optimization algorithms
implementation allows to deliver optimal control in the course of operation speed in
real time scale.

Summary

1. Based on hardware and software means of laboratory bench, development of
optimal and quasi-optimal automated control system in the context of its operation
speed is possible.

2. Implementation of optimal ACS in the context of its operation speed in real
time scale predetermines formation of predicate model of thermal unit within feature
space of controlling intervals and initial and final states.

3. Construction peculiarities of laboratory bench allow application of output
data for the purposes of research papers.
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ENGINEERING METHOD FOR CALCULATING THE WEAR OF A
CYLINDRICAL SLIDING BEARINGS

Dykha O., Babak O., Makovkin O., Dytyniuk V.

Khmelnitskyi National University, Ukraine
Introduction

The creation of design models of wear resistance of modern friction units of
machines is complicated by the many-sided nature of the interrelationships of various
factors during wear. As a rule, these connections are nonlinear. That in turn leads to
mathematical difficulties in solving wear contact problems. Often the solution is
possible only in numerical form.

In many energy and transport vehicles (internal combustion engines, turbines,
cars, etc.), plain bearings are one of the main components that determine the
durability and reliability of the machine as a whole. Analysis of the current state of
methods for calculating and designing sliding bearings shows that they are lagging
behind the general level and requirements. Therefore, for engineering applications, it
Is advisable to use approximate approaches. In this direction there is a small number
of studies presented below.

In paper [1] using a generalized cumulative wear model, the tribocontact
problem has been solved for a sliding bearing, the shaft of which has small contour
lobing with various forms. The effect of lobing on the bearing life has been
investigated at the complete single-area and mixed-area contact. It has been found
that the ovality and trilobing of the shaft promote a rise in the service life. Features of
this effect are presented graphically.

The evolution of contact pressure is analyzed in paper [2] during the wear of a
thrust sliding bearing following the law of nonlinear wear. The coating’s deformation
properties are described using the nonlinear Winkler model. It is demonstrated that
steady wear can exist with a definite contact pressure distribution.

In article [3] the problem of simultaneous wear of an elastic cylinder and a
cylindrical notch surface in an elastic space is discussed (in the planar formulation).
The contact problem formulation omits the limitation of the contact area. The contact
is solved in steps; the linear wear and contact parameters of the shaft and bush are
solved at each step in time. The Multopp-Kalandia method is applied to the solution
of the contact problem. The constructed model is used to investigate the evolution of

contact pressure and form changes of the shaft and bush in the process of wear.
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The parameter of the wear law of bronze coupled with steel under dry friction
Is identified by comparing the results of mathematical modeling with experimental
data [4]. The wear tests were carried out according to the steel-ball-flat-bronze
sample scheme under relative reciprocal sliding of the tested samples. The modeling
of the wear of the sample was based on asymptotic behavior of the solution of the
corresponding wear-contact problem. The effectiveness of using this asymptotic
behavior to identify the wear law based on the tribological test results has been
demonstrated.

Based on pin-on-disk friction and wear testing, the parameters of the wear rate
as a function of sliding velocity and pressure with account for their distribution over
the contact spot are computed in paper [5]. The parameters are compared to those
obtained assuming a uniform distribution of velocities and pressures. It is assumed in
the work that the contact spot does not vary, the disk does not wear out, and the study
Is carried out under steady-state wear conditions.

The kinetics of sample wear on a four-ball friction-testing machine using
various lubricants is analyzed in [6]. It is shown that the growth of the contact-patch
area on the balls obeys the kinetic second-order equation, which, within the limits,
corresponds to catastrophic wear. The linear wear rates and the strain level of the ball
material in different lubricating media are estimated.

The article [7] employs an adaptive wear modeling method to study the wear
progress in radial sliding bearings contacting with a rotary shaft. Mixed Lagrangian—
Eulerian formulation has been used to simulate the contact condition between the
bearing and the shaft, and the local wear evolution is modeled using the Archard
equation. In the developed wear processor algorithm, not only remeshing is
performed on the contact elements, but also is executed for their proximity elements.
In this way the wear simulation becomes independent of the size of the contact
elements. Validation was done for a laminated polymeric composite bearing. The
composite has been modeled as a linear orthotropic material. The wear coefficients
were obtained from flat-on-flat experiments and were applied as pressure and
velocity dependent parameters in the wear processor. Finally, the effect of the
clearance on the wear of the radial bearings has been studied numerically. The
simulations also demonstrate how the contact pressure evolves during the wear
process, and how the clearance influences this evolution.
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In our works [8 - 10], we have proposed experimental design approaches for
solving wear-contact problems for sliding bearings. On the basis of direct and inverse
wear-contact tasks, algorithms are presented for calculating bearing wear and
identifying the parameters of their wear laws. At the same time there are difficulties
in the engineering implementation of the solutions obtained.

Therefore, for practical use, algorithms for calculating the service life of
bearings using simple algebraic dependencies and formulas are necessary.

Direct wear-contact task for radial sliding bearing

Under the wear contact task is the task of determining the magnitude of the
maximum linear wear in a bearing, depending on the friction path. The structural
data, load, kinematic parameters of the bearing, as well as the wear law with the
parameters of wear resistance are taken as the initial data.

Cylindrical sliding bearings represent the internal contact of two cylinders of
similar radii with a radial clearance A (Fig. 1). The shaft of radius R, of the bearing is

loaded with force Q and performs rotational movement with sliding speed v along

sleeve 2 with radius R. In the process of force interaction of the shaft and bearing
sleeve, a contact pressure ¢ appears along the contact arc 2¢, in the place of contact of

two cylinders.

Fig. 1. The design scheme of the cylindrical sliding bearing

It is assumed that the wear resistance of the shaft is much greater than the wear
resistance of the sleeve (straight friction pair). During operation, an arc zone is
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formed on the inner surface of the sleeve, with a maximum value at the center of
contact u,, .

For an analytical solution of the problem of calculating the wear of a sliding
bearing, the mathematical form of the law of wear is taken as the initial value. The
representation of such laws as a dependence of the wear rate on the determining
parameters of the process (contact pressure, sliding speed, temperature, etc.) is widely
used. In our case, the law (model) of wear is adopted in the form of a dimensionless
complex of determining factors: For an analytical solution of the problem of
calculating wear of a sliding bearing, the mathematical form of the law of wear is
taken as the initial value. The representation of such laws as a dependence of the
wear rate on the determining parameters of the process (contact pressure, sliding
speed, temperature, etc.) is widely used. In our case, the law (model) of wear is
adopted in the form of a dimensionless complex of determining factors:

d_Kf(m](v_A) @)

ds E a

where u,, is the bearing wear;

S is the friction path;

f is the coefficient of friction in a pair of shaft-sleeve;

o IS the normal contact pressure;

E is the modulus of elasticity of the sleeve material;

Vv is the sliding speed;

R is the radius of the bearing (sleeve);

a Is the coefficient of thermal diffusivity of the bearing material;
K,, m, n are the wear resistance parameters;

o, 1S the half angle of the contact shaft and sleeve.

To calculate the maximum wear we use the values of the maximum contact
pressure. With a known contact angle, the maximum contact pressures can be
determined by the formula:

_Q  1-cosgy, (2
bR, ¢, —sin ¢, cos ¢,

Gy

We use the approximate decomposition of trigonometric functions in the series:
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N

where Q is the bearing load;

b is the width of the contact shaft and sleeve.
The relationship between maximum wear u, and the contact angle is

determined from the geometry of the internal contact of two cylinders with a radial

initial clearance A according to:

" =A[ 1 —1}. @

COS ¢,

Where the contact angle is determined:

J ©)

= arccos .
o [uw +A
More convenient approximate algebraic formulas for determining the contact

angle are possible. Formula (5) by decomposition of the cosine in a power series and
discarding the members of the highest order of smallness is reduced to the form:

1 1 1
2u, 2 2 2 (2(u, IA))?
oo =| 2|2 (2l ra)E 6)
U, +A 1+Alu, Uy, /A+1

From (5) in the decomposition of the cosine:

1, A .
0S¢y =120 = A’
W

1

2u 2

(Po:( . } .
u, +A

Expression (5) can be inverted and presented as a secant:
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or

%:[z“—wf. (7)

From the fact that (6) goes into (7) with small displacements, it follows that
expression (7) is more accurate. And the decomposition of the secant with the same
number of members is less accurate than the decomposition of the cosine. This is
confirmed by a numerical estimate of the accuracy of determining the contact angle
using formulas (5), (6), and (7). Comparison results for different u,/A are presented

in tab. 1.

Table 1. Comparison of the results of calculating the angle for different formulas
Uy /A

0,1 0,5 1,0 1,5 2,0
Formu

(5) 24,62 [4819| 60 |66,42|70,53
(6) 24,43 46,78 57,3 | 62,76 | 66,16
©) 25,62 | 57,3 | 81,03 | 99,24 | 114,6

From the numerical comparison it follows that the calculations by the formula
(7) obtained by the decomposition of the secant are close to the calculations by the original
formula (5) only at angles not exceeding 20°.

From formula (7), the dependence for wear on the contact angle in a bearing
will look like:

u, =A% (8)

The resulting expression (8) is differentiated along the path of friction and
together with expression (3) we substitute into (1). As a result, we get:

do, _ 3 Y (vay
A(pO(S)E_KWf[4bR1(pO(S)E] ( a j . (9)
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Or:

. 30 ) (VAY
Ao, ld@O:KWf[ﬁJ (?) ds . (10)

This is an ordinary differential equation with separable variables. After
integrating equation (10), we obtain:

m+2 m n
9 :wa( 3Q ] (V_Aj s-C. (11)
m+2 A (4bRE a

If we assume that in the initial period of time S=0 the contact angle is zero
¢, =0, then the integration constant C =0.

Thus, the dependence for the contact angle will take the form:

[m+2K, F( 3Q Y(vaY |
%{ A [4bR1Ej (aj SJ ' (12)

Finally, taking into account expression (8), the calculation formula for
maximum wear in a sliding bearing, depending on the friction path, will take the
form:

_A mf 3Q Y (VY™
uwz[(mz)xwm [4le5} (aj s} | (13)

The obtained dependence for the calculation of wear allows you to analyze the
effect on wear of structural and operational parameters of bearings. This makes it
possible to choose the optimal parameters of the bearings at the stage of design
preparation of the machine according to the criterion of maximum wear resistance.

Example of calculating the wear of a sliding bearing.
We take the following initial data:
1. Clearance in bearing A=0.05 mm;
2. Wear resistance parameters: K, =1.76-10; m=1.58; n=1.14;
3. Coefficient of friction f =0.05;
4. Normal bearing load: Q=100...500 N;
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5. Bearing working width b=15 mm, bearing radius R, =25 mm;

6. The modulus of elasticity of bronze E =1.15-10° MPa;

7. Sliding speed in bearing V, =1 m/s, v, =3 m/c;

8. Coefficient of thermal diffusivity of bronze a=110m?/s;

9. Bearing life T =100h (S =10°mm).

The results of the calculation of wear as a function of loading and sliding speed
are shown in Fig. 2.

0.3
=
=
;—- 0.2 /‘
=}
0.1
0 !
0 100 200 300 400 500
—— V=1 m/s -&—V=3m/s Q,N

Fig. 2. The wear as a function of loading and sliding speed in sliding bearing
To determine the parameters of the law of wear

In the process of solving the direct wear-contact problem, the parameters of the
law of wear were taken known as the initial data. However, the determination of wear
parameters is also a rather complicated problem. This is due to the need for
experimental wear tests. Moreover, the test conditions should be close to the actual
operating conditions of the friction unit. In addition, the results of direct wear tests
allow us to determine the dependence of wear on the time or friction path, and not on
the parameters of the law of wear. This requires the solution of reverse wear-contact
problems.

Let us briefly consider the method of determining the parameters of the law of
wear as applied to a sliding bearing in the form ().

Let, according to test results, the approximation of the dependence of the
contact arc upon bearing wear on the friction path in the form:

@, =cSP, (14)

where c,B is the parameters of power approximation of the experimental wear

curve.
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We integrate the law of wear (1) along the path of friction and substitute the
expression for wear (8) in the left side, and the expression for maximum contact
pressures (3) in the right side:

K f | { J [\EJ ds . (15)
2\ 4R, (S)E a
After substituting the approximation (14) and integration, we obtain:
20 2B m N ol-pm
L\ :wa( 3Q j(\g) S (16)
2 4bR,cE a /) 1-pm

From the condition of satisfiability of equation (16) we obtain:

2B=1-2Bm. (17)

From:
_1-28 18
m=— (18)

We introduce the notation: %:P. Then, after substitutions and

transformations, equation (16) takes the form:

a2

To determine the second parameter, tests are performed at two values of the
slip velocity. As a result, we obtain two approximating functions of the form (14).
After substituting the parameters of these functions into equation (19), we obtain the
system of equations:

p-Sat (2] (48]
. A g a )’
I

=
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Dividing one equation by another, we find an expression for the parameter of
the law of wear n:

n:(m+2)%. (21)

To determine the coefficient K, use one of equations (20):

22(s](a)

£ {p) (va

Thus, for the correct use of the formula for the calculation of wear (13), the
parameters of the law of wear should be obtained by the above method. The solution
of direct and inverse wear-contact problems in conjunction with laboratory tests
allows to obtain adequate design models of wear.

We also write the solution of the direct problem for a sliding bearing, if the law
of wear is adopted in the classical form:

S Ko™ (0. 22)

It is for this form of the law of wear that wear resistance parameters are given
in reference books.

After substitution of the equilibrium equation (3) and the geometrical condition
(8) into this wear law, after transformations, we obtain:

Uy, =é[(m+2)KW ( 3Q ] S}mz. (23)

2 A | 4bR,

The resulting formula contains only the parameters of the law of wear and the
source data for the calculation of the bearing.

Conclusion
It is shown that the calculated estimate of wear of friction units is difficult due
to the complexity of the interaction processes of the elements of the tribosystem.
Nonlinearity of wear processes leads to mathematical difficulties in the construction
of wear models. The paper proposes an approximate method for solving a direct
wear-contact problem for a sliding bearing. The calculation was carried out for
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maximum contact pressures at the center of the wear area. Trigonometric functions in
the solution process were replaced by approximate power series expansions. An
example is given of the numerical implementation of the obtained closed formula for
calculating the wear of a sliding bearing.
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QUALITY CONTROL OF FRYING OILS BY SELECTED OPTICAL
METHODS OF ANALYSIS

Zashchepkina N., Taranov V., Nakonechnyi O.
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Introduction

The popularity of fried food worldwide is very high. Among the methods of
heat treatment to which culinary fats of vegetable and animal origin are exposed in
the process of cooking, the most significant influence on the quantitative and
qualitative composition of the products is frying.

The range of frying products, fryer production technologies, the nature and
properties of frying oils are constantly being expanded and supplemented. Basically,
this is caused by the need to reduce the cost of primary raw materials, the main
component of which is culinary frying oils. Namely - the replacement of relatively
expensive vegetable oils (sunflower, olive) with their more affordable analogues -
rapeseed, palm and oil semi-finished products.

Foods that are fried are complex multicomponent systems characterized by
different composition, structural features, chemical and physical properties. Under
the influence of high temperatures, they undergo various changes with the formation
of either thermal decomposition products or more complex interaction products.
Currently used vegetable oils for deep frying are selected empirically, resulting in the
possibility of their further use is determined by a number of indicators. The
complexity of the frying system (composition of the fryer oil mixture — object of
roasting — physical and chemical processes occurring at high temperatures —
formation of degradation products) makes it necessary to establish the kinetic
regularities of the processes to develop an assessment of the suitability of the fryer oil
mixtures for their further use [3].

At the same time, the widespread use of deep fryers, especially in the area of
fast food, requires the use of fast, affordable and relatively cheap control of inputs
and frying oils that have been subjected to oxidation, modification and thermal
Impact in the process of fried produce production. Therefore, it is quite important to
use complex methods of express control of informative indicators of deep-frying
vegetable oils not only in the process of frying, but also after the processes of their
recovery (partial recovery) to determine the suitability for further frying cycles.
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Presenting main material

Vegetable oils, which are the basis of deep-frying products, are one of the most
Important sources of vegetable fats for the human body. For the production of semi-
finished products in the food industry, a large number of vegetable oils are used, first
of all sunflower oil deodorized (press and extraction), olive oil and oil mixtures that
include palm oil of different composition and manufacturing technology - the so-
called deep frying oil.

At present, there is no current state standard in Ukraine that regulates the
objective physicochemical indicators of the quality of oils and oil mixtures used in
the production of deep fat fryers. In 1995, was developed a normative document
"Instruction on frying products in the enterprises of nutrition and quality control of
fryers”, approved by the Ministry of Foreign Economic Relations and Trade of
Ukraine.The main disadvantage of this standard is that it does not specify the
methods and tools for analyzing the objective physico-chemical parameters of frying
oils. This standard does not have effective methods of quality control of modern
special frying oils containing lauric oils (coconut, palm kernel), palm oils and olein,
as well as special additives that cause the appearance of charcoal products in the
process.

Currently, there are 2 of the most common methods that allow the rapid control
of frying oil in production conditions;

Free Fatty Acids (FFA) methods are a measure to determine changes that occur
in fats when exposed to oxygen in the air at temperature, and also as a result of
hydrolysis. The content of free fatty acids in oil, for example, can be measured using
indicator strips (for example, the 3M ™ Oil Quality Test Strips manufactured by 3M
Deutschland GmbH). A special dye is applied to the indicator strip, and after
immersion in the oil the color of the strip changes depending on the content of free
fatty acids in it [6].

The Total Polar Materials (TPM) method of quantification characterizes the
presence of decomposition products resulting from the thermal treatment of oil (free
fatty acids, monoglycerides and diglycerides, modifying oxidation products -
aldehydes or ketones). The maximum permissible indicator of TPM content
according to EU standards is 25%. If this value is exceeded, the frying oil is
considered hazardous to use (Fig. 1).
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Fig. 1. Graphical representation of the change of TPM (in%) of deodorized rapeseed and
palm fryer oils relative to the duration of roasting (at t =165+5°C) [8]

The capacitive TPM determination method is based on the measurement of the
dielectric constant of an oil dispersed system. As the electric charge increases, the
polar substances contained in the oil gradually cluster. The higher the content of polar
substances in the frying oil, the higher the charge capacity of the capacitor of the
primary transducer of the measuring instrument. In this way, the specific amount of
polar substances (free fatty acids, monoglycerides and diglycerides) in the oil is
measured. This indicator is a measure of the thermal oxidative degradation of the oil.

When working with used frying oils that have undergone the stages of primary
mechanical cleaning, filtration and (in some cases) illumination, it is important to
determine the degree of their suitability for further use in the production of fryers. It
Is important to use a comprehensive method of quality control of the recovered frying
oil to ensure its safe use.

As part of our research, the methods of fluorescence recombination
spectrophotometry and the determination of the size spectra of fryer oils used in food-
processing cycles were tested when working with frying oils used in the fast food
chains known in Ukraine. These techniques allow for a comprehensive rapid analysis
of indicators of frying oils and oil mixtures, characterizing their compliance with the
standards of suitability for use.

The advantage of the luminescent method is that to solve many technological
problems of using raw materials for the production of deep-frying, today it is possible
to use modern metrological equipment of rapid control [2].
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Studying the absorption and radiation spectra of any biological objects,
including food, allows us to find out which substance is responsible for the process of
light absorption and emission. In addition, by placing the maxima on the scale of
wavelengths, it is possible to determine the wavelength of light, which is mainly
absorbed by this substance. The luminescence intensity and its spectral distribution
depend both on the sample being tested and on the choice of its geometric location.
For solutions, a linear relationship between the intensity of their luminescence is
performed I_and the concentration of the luminescent substance C [9]:

1, =kByol,0.Cd (1)

where k — proportionality factor, BoLo — luminescence quantum yield, 1o — the
intensity of the exciting light, d — the thickness of the solution layer, « — molar
absorption coefficient of the substance.

In simplified form, this equation can be written as follows:

I = 1,K{(1-T)n 2)

From the total number of absorbed photons, the part equal to the quantum yield
of fluorescence » will be illuminated to the sample in different directions and
throughout the spectral region of the luminescence. From the luminous flux it is
possible to select and focus on the photodetector luminous flux, which will be
registered as a photocurrent.

To measure the quantum vyield of luminescence of the studied samples, the
module of registration of the quantum yield of the luminescence of liquid samples
was used on the basis of the "Sensor-L" luminometer which is made by the staff of
the Department of Scientific, Analytical and Environmental Devices and Systems of
NTUU "lIgor Sikorsky Kyiv Polytechnic Institute”. This meter uses the ATmega2560
Serial Approach ADC (ATmega2560-16U Extension Card) with an analog switch.
TaoYuan Electron Limited UV LED 365nm 10W UV LEDs with a maximum
radiation in the region of 365 nm were used as light sources. The Hamamatsu S13496
photodetector used in the layout of the measuring system worked in
photoconductivity mode, providing good linearity of characteristics and low value of
dark current during the formation of the analog signal of the meter.
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Figure 2 shows the luminescence spectra of a deep-frying oil mixture
containing palm oil with the addition of sunflower oil after 4 and 8 hours of roasting
of chicken products. The graphs clearly show the dependence of luminescence
intensity in conventional units on the dynamic range of measurements at different
wavelengths, characterizing the modification changes of the fryer oil mixture. The
reliability of the results for each series was at least 0.95.
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Fig. 2. Intensity of quantum yield of luminescence of deep-frying oil solutions: 1 -
luminescence spectrum of native deep-frying oil, which was not affected by temperature and
oxidation; 2,3 - luminescence spectra of cooled frying oil after one and two cycles of roasting

(4 and 8 h respectively) of chicken products

The results were measured in units of proportionality, which corresponded to
the change in the voltage value at the output of the photodetector (10 units = 0.5 mV)
in the working range of the photodetector U = 2.4-12.4 V, at a dark current of the
photodetector 30 mA and the frequency range work fy = 10-10% Hz. In this case, the
entire relative dynamic range of possible voltage values at the output of the
photodetector was 20,000 relative units.

The intensity of the quantum yield of the luminescence of the samples of deep
fryer oil shows clear differences in quantitative chemical composition due to the
presence of fatty acid degradation products and hydrolysis. The shift of the
luminescence intensity of the samples of used deep fat oil into the longwave
wavelength range is associated with an increase in samples 2 and 3 of a mixture of
unmodified and altered triglycerols containing double bonded acids, monomeric
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compounds, thermal decomposition products and hydrolysis products peak
luminescence in the region of 480-560 nm.).

In parallel, measurements of the total amount of polar substances (TPM) in the
samples tested characterizing the presence of decomposition products resulting from
the thermal treatment of the oil were carried out. The measurements were carried out
with a Testo 270 frying oil quality tester (manufactured by Testo SE & Co. KGaA).
These measurements showed the content of total polar substances at 7.6+0.1 units in
sample 1 and 11.4+0.1 and 15.3+0.1 units in samples 2 and 3, respectively, indicating
good correlation obtained data by the method of conductometry with the
characteristic spectrograms of deep-frying oil mixtures. The Testo 270 measuring
instrument used in the control measurements is metrologically certified and is
suitable for use in catering establishments in the territory of Ukraine as evidenced by
the certificate of conformity.

Another problem of quality control of deep-frying oil mixtures that have
undergone one or more frying cycles is the control of the presence of ash particles of
the fried product, colloidal aggregates, unsaponifiable impurities, and fine dust that
can enter the fryer during the frying process. Inclusion data when applying fryer oil in
subsequent frying cycles provoke charring of the product to be fried, causing smoke,
odor of the finished product and excessive consumption of frying oil. Therefore, after
several cycles of frying, depending on the technological map of the manufacturer of
the fryer oil and the nature of the product to be fried, it is advisable to stage the
cleaning of the fryer oil mixture used in the frying cycles.

To control the quality of the recovered fryer oil, a portable optical express
analyzer of original design was used, using the method of low-angle light scattering.
This method is based on the diffraction of laser radiation by small-sized particles that
deflect a light beam at a large angle, while large-sized particles deflect it at a small
angle. Low Angle Laser Light Scattering (LALLS), which is used to determine the
particle size distribution, is based on an analysis of the light scattering profile that
occurs when a particle is illuminated by laser irradiation. Particle size analysis (PSA)
uses the Fraunhofer approximation and backscatter [5].

The sizes of the fine particles in the deep-frying oil mixture can vary within
wide enough limits: from 10-20 nm (colloidal particles), up to tens of micrometers
(ash and products up).
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Fig. 3. Block diagram of the liquid sample dispersion meter for the LALLS method [7]

For the oil dispersed medium, the ratio [1] can be used as an informative

optical characteristic:

R _]_' P€1€z (ﬂ)

1R () ()

where P, — the power of radiation scattered in the interval of small angles
6, <0<80,, Po— the power (flux) of incident radiation.
If scattered radiation is collected in the interval of body angles 6 <6<¢,, the

average scattering cross section in this interval will be [4]:

o, (1)= [ 275 @

If the scattering takes place on the accumulation of particles contained in the
test volume of oil when passing a parallel beam through a cell with an oil dispersed
phase containing particles scattering, then the total number of particles on which the
scattering will be [1, 4]:

T =nSI (5)

where n — the number of particles per unit volume; | — the length of the optical
path of the rays in the cell.

From expressions 3-5 it follows that the dimensional radius of the fine particle
in the frying oil under study can be found by equation 6:
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R(2) =g g (A)N (6)

where @, __ — the scattering cross section of the light flux reflected from the
particles in the interval 9 <6<@,, averaged over all particles. The scattering

coefficient given depends on the parameters of the scattering particles, the average
scattering cross section in a given range of angles, and the number of particles per
unit volume (concentration).

The dimensional parameters of the dispersed particles of the fryer oil mixtures
that have undergone the recovery process were determined by an optical express
analyzer based on the laser dispersion meter "VDL-1M", which is designed to
measure the average diameter (Dayr), counting (Nsn®), volume concentration (W9%)
small particles present in air and liquid solutions. The filtration of the fryer oil
mixture used in the frying cycle of frying chicken products was carried out by means
of a filter installation of one of the leading manufacturers, which included a vortex
apparatus and a fine filter system based on membrane filters. This filtration system
filters charred particles, microparticles and suspended particles in the used frying oil
mixture up to 5 microns inclusive. The efficiency of this filter system is 6 | / min.

As a result of a series of measurements, characteristic size spectra of the deep-
frying oil mixture were obtained, showing the bulk concentrations of fine particles in
the samples (Fig. 4).

The experimental data obtained show that after one cycle of frying chicken
products in deep-frying oil (4 hours), which has undergone a steady rough cleaning in
the fryer with an interval of 1 hour, charred particles of the fried product,
microparticles and suspended particles of size fractions of up to 45 m . in quantities
up to 0.5% by volume (Fig. 4.2).

After 2 complete cycles of frying (Fig. 4.3), the number of fine particles of 10-
50 microns in the deep-frying oil mixture increased slightly and amounted to 0.5-1%
by weight depending on the size of the fraction. At the same time, the number of size
fractions in the range of 1-10 microns increased by almost 4 times, amounting to
more than 4% by volume. These fine particles cause the formation of colloidal
conglomerates in the deep-frying oil mixture and, in subsequent frying cycles, cause
the appearance of more fine ash fractions, which reduce the convection processes of
heat transfer in the oil dispersed phase, produce.
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Fig. 4. Dimensional spectra of small-angle scattering fine particles in a fryer oil mixture: 1 -
dimensional spectrum of the recovered fryer oil mixture; 2,3 - dimensional spectra of cooled
frying oil after one and two cycles of roasting (4 and 8 h respectively) of chicken products

The next stage of the research was to measure the size spectra of fine inclusions of
the recovered deep-frying oil mixture, which had undergone a step-by-step purification
on a filtration unit comprising a vortex apparatus and a fine filter system based on
membrane filters. In Fig. 4(1) it is well evident that large-sized fractions were removed
from the filtered oil dispersion system. The number of fine inclusions 1-10 microns in
size is less than 1% by volume, which allows to judge the sufficient quality of the
recovered oil mixture and its suitability for further roasting cycles. In all the above cases,
the reliability of the experiment was P = 0.95 at n = 40. The range of values of the
dimensions of fine particles in the frying oil mixture was 1-50 um.

Summary

Analyzing the available literature and the results of the above experiments, it
can be stated that the applied methods of fluorescence spectrophotometry and
measurement of particle size spectra of different nature in the deep-fried oil mixture
Is a very effective method of quality control as native fried oil mixtures of such
mixtures using filtration and purification systems. The offered methods and tools
allow to carry out fast and convenient express control of quality of fryer oil in
production cycles of production of fryer, to control quality of the recovered fryer oil
mixture in intermediate production cycles, and, in case of development of the state
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standard for this methodology, can serve as a safe method of production. products in
catering establishments.

These techniques effectively complement the conventional conductometric
method of quality control of deep-frying oil mixtures, based on the measurement of the
total amount of polar substances (TPM), and make it possible to diagnose changes in the
quantitative chemical and granulometric composition of the oil dispersion system.

In the course of the research, a full-size model of the measuring instrument was
developed, containing a module for recording quantum luminescence output and an
optical express analyzer of the author's development (by the method of LALLS). The
expediency of the use of objective controls in the process of measuring the
informative indices of the frying oils, and of determining their suitability for use in
frying food, was confirmed.
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Introduction

We are currently observing the dynamic development of laser techniques in
materials processing. The laser beam can be used for cutting, welding, surface
modification, etc. [1-4].
The process of laser beam welding involves melting the edges of the metals to be
joined with a focused beam of radiation at a power density of 10%+ 10 W/mm? [5].
The development of lasers with a high input power made it possible to join thick
plates by directly melting the adjacent edges with no need to chamfer them or use
time-consuming filling of the bevel groove. This method of fusion is also used in
electron beam welding but the process has numerous disadvantages, for example, the
necessity to place the elements to be welded in vacuum, the necessity to remove
random magnetic fields as well as the necessity to protect the workpiece against X-
ray radiation occurring during high-voltage electron beam welding [6].

The process of laser welding has the following advantages:

high purity of the process (dependent on the surface preparation and gas purity),

o joining difficult to weld materials,

o easy automation,

o welding with high precision (e.g. joining thin and thick elements),

o high speed of the welding process,

. one source of radiation for several welding stations,

o welding performed under atmospheric pressure (by contrast, electron
beam welding is performed in vacuum),

. high power density (in the case of deep welding), and as a result, small
distortions,

. narrow heat affected zone.

The work discusses the properties of laser welded joints. Properties were
determined based on the results of microstructure analysis, hardness tests and static
tensile tests with statistical analysis support.
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Materials and methods

The specimens to be tested were cut from a steel sheet 0.8 mm in thickness. As
a material resistant to aging, DC04 steel is used extensively in high-performance
applications including deep drawing and drawing, and in the transport industry. DC04
steel is characterised by good weldability which means no special preparation of the
work is needed. Table 1 show the chemical composition of DCO04 steel, respectively.

Table 1. Chemical composition of DCO04 steel

Maximum content [%)]
Steel grade i
C Mn P S Ti
DCO04 0.08 0.40 0.030 0.030 0

The specimens were prepared by cutting them with a laser from a steel sheet.
They were then cut into two equal parts to be laser welded. The dimensions and
shape of a single specimen are presented in Figure 1.

%/

2
30

46 60 46

174

Fig. 1. Shape and dimensions of the specimens used in the tests

The analysis of the properties of the joints produced by laser welding involved
examining their microstructure and measuring their hardness.

The microstructural observations were conducted using a Joel JSM-5400
scanning electron microscope. The hardness was measured with a NEXUS 4304
tester at a load of 1 kG applied for 10 s.

Selection of the laser welding parameters

The welding tests were conducted by changing two parameters: the laser power
and the welding speed. According to the literature [7, 8], these two parameters have
the greatest influence on the quality of welds.
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Fig. 2. View of the reference specimen with laser pass lines imitating welds

Figure 2 shows a specimen with laser pass lines imitating welds, whereas Table
2 provides the parameters of laser welding used during the tests. The macroscopic
analysis of the laser pass lines and the phenomena accompanying the welding process
helped select the main parameters of laser welding: the laser power and the welding
speed.

Table 2. Values of the main process parameters

Number of the

laser pass line Laser power P [kW] Welding speed v [m/min]
A 15 3
B 1.8 3
C 2 3
D 25 3
E 2 2
F 2 2.5
G 2 35
H 2 4
I 2 5

The laser pass lines A-D were formed at a welding speed of 3 m/min and an
initial power of 1.5 kW gradually increased to 2.5 kW. When the pass line was
produced at a power of 1.5 kW, plasma was not present. At a power of 1.8 kW, a
small plasma cloud was observed, but its influence on the welding process was
negligible. When the laser pass line was formed at a power of 2 kW or 2.5 kW, a
positive effect of the plasma cloud was observed. After the macroscopic
examinations of the laser pass lines, it was assumed that the tests would be conducted
at a laser power of 2 kW. During the next five tests, the laser pass lines E-l1 were
produced by changing the welding speed from 2 m/min to 5 m/min, with the laser
power being constant (P=2 kW). It was found that when the welding speed was 5
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m/min, the weld penetration was incomplete (pass line I). The experimental data were
analysed to select the laser welding parameters:

o laser power P = 2 kW,

° welding speed v: 2 m/min; 2.5 m/min; 3 m/min; 3.5 m/min; 4 m/min;

o shielding gas: argon Q = 10 I/min;

o preheat timet=5s;

pulse repetition rate f = 30000 Hz;

o nozzle-workpiece distance Af =0 mm.

The tests were conducted for five series of laser welded specimens and one
series of unwelded specimens, where the base metal was DC04 steel. There were
three specimens in each series numbered from O (base metal) to 5 (where v = 4
m/min).

Results and discussion

The microstructure of the welded joints was analysed using a Joel JSM-5400
scanning electron microscope-

The microscopic examinations of the welded joints were performed on
polished metallographic specimens in the plane perpendicular to the weld, which
enabled observation of the fusion zone and the heat affected zone. It was also
possible to analyse the structures formed and to measure the width of the heat
affected zone (HAZ).

The aim of the analysis was to compare the resulting microstructures of the
welded joints and to determine how variable values of the welding speed affect the
shape of the weld.

The laser welding process is characterised by very high heating and cooling
rates, which leads to the narrowing of the width of both the fusion zone and the heat-
affected zone.

Figure 3 shows an image of the microstructure of the base metal. The results
suggest that the base metal had a coarse-grained ferrite-pearlite structure. From Fig. 3
it is clear that the grains are arranged in bands, which indicates that the production of
steel sheets (DCO04 steel) involved rolling.

The analysis of a specimen of series 1 showed that the material in the HAZ had
a fine-grained ferritic-pearlitic microstructure with visible metallic precipitates in the
pearlite grains.
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Fig. 3. Ferritic—pearlitic microstructure of the base metal (x1000 magnification)

For a specimen of series 1, a Widmanstétten pattern was observed in the fusion
zone (Fig. 3). It contains plate-shaped ferrite precipitates running at 60° and 120°.
The occurrence of the Widmanstitten structure indicates that the steel was
overheated, which caused a decrease in the mechanical properties of the weld.

Fig. 4. Widmanstitten structure in the fusion zone (x1000 magnification)

The microscopic examinations were performed to determine the influence of
different welding speeds on the microstructure and shape of the welds. It was found
that the welding speed affected the weld shape and the penetration depth. The higher
the welding speed, the smaller the penetration depth and the more narrow the fusion
zone; there was also a change in the direction of the fusion line resulting from a
change in the weld shape from mushroom-like to triangular (Fig. 5). When the
welding speed was too low, the width of the fusion zone and the width of the heat
affected zone increased.

The hardness of the material was measured using the Vickers method. The
indentations were made in all the specimens of series 1-5 prepared as metallographic
specimens. The measurements were taken on surfaces perpendicular to the three
zones: the fusion zone (at the face), the heat affected zone and the base metal.
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The values of the hardness in the base metal zone obtained for all the
specimens were comparable. It can be assumed that the specimens had a similar
structure with no microdefects that would contribute to the weakening of the material.
The average hardness in the base metal zone for all the specimens of series 1-5 was
105 HV1.

Fig. 5. Weld shapes after laser welding: a) triangular, b) and ¢) mushroom-shaped

The analysis of the hardness of the material in the heat affected zone indicates
that the highest vales were reported for a welding speed of 3.5 m/min (a series 4
specimen). The -average hardness in the HAZ obtained for that specimen was 184
HV1. For the specimens of series 1-5, the average hardness in the HAZ was 38%
higher than the average hardness in the base metal zone.

The highest hardness at the weld face was reported for a specimen of series 4;
the average value was 256 HV1. The lowest hardness in the fusion zone was reported
for a specimen of series 3 (v = 3 m/min); the average hardness for that specimen was
236 HV1. The phase transitions that occurred in the heated material during its rapid
cooling contributed to the material hardening both in the fusion zone and the heat
affected zone. The phase transitions were responsible for the formation of martensite-
like and ferrite-bainite structures, which improved the material hardness. The average
hardness in the fusion zone was 31% higher than that in the heat affected zone.

Static tensile tests

All the specimens (series 0-5) were subjected to tensile testing. The aim of the
static tensile tests was to analyse the behaviour of DCO04 steel after welding at
different process parameters (welding speed).

Before the tests, the specimens were measured to determine their width and
thickness. Each measurement was performed three times to minimize measurement
errors. Then, the arithmetic mean width and thickness were calculated separately for
each specimen. The data loaded into the TestSystem program were: the dimensions of
the specimens (a constant thickness of 0.78 mm, a constant gauge length of 60 mm
and a variable width), their mass (assumed to be 13 g) and the test speed (first, vo =
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10 mm/min, then, after a force Fy of 100 N was reached, vi =5 mm/min, and finally,
after four tests, the speed was changed into v, = 10 mm/min, because the duration of a
single test was too long). A reference file created on the basis of these parameters
was used to automatically calculate the results for each specimen. Initially, the
deformation criterion was 30 mm and the drop in the tensile force was 95%. After
two tests, the deformation criterion was changed into 40 mm because of the high
plasticity of the material. The tests were carried out at a temperature of 20 °C without
the use of an extensometer. The first test was performed for a reference specimen in
order to set the reference ranges for the parameters and check whether the
assumptions were reasonable. The static tensile tests were conducted for the
particular specimens starting from series 0 and ending with series 5. Before each test,
the values of displacement and force were set to zero.

The analysis of the tensile test results shows that the unwelded specimens
(series 0) had lower values of the offset yield strength (Ro2) and the ultimate tensile
strength (Ry,) but better plastic properties than the welded specimens. The values of
the uniform elongation (elongation before the ultimate tensile strength Ry, is reached)
and the total elongation (elongation at break) are the highest for the unwelded
specimens. It is thus evident that the presence of a welded joint improves the tensile
strength but reduces the plastic properties of the material.

Figures 6 and 7 illustrate the cumulative results concerning the ultimate tensile
strength and the offset yield strength reported for all the specimens under study.

Analysing the values of the offset yield strength and the tensile strength for all
the welded specimens (Figs. 6 and 7), we can conclude that, because of the
randomness of the results, it is difficult to specify whether there is an upward or
downward trend. The highest stability of results was reported for the series 1 and 4
welded specimens.

The differences in the strength and plasticity of the specimens may be due to
plasma instability, the related changes in the laser radiation absorption conditions and
the heat transfer from the plasma to the material. This phenomenon can be prevented,
for instance, by applying a laser beam to the surface of the material with a burning
plasma (in argon) or to the surface of an unwelded section of the metal.
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Summary

The following are the conclusions drawn from the experimental data:

1.  The shape and thickness of the welds as well as the width of the heat
affected zone are dependent on the welding speed.

2. Comparing the mechanical properties of the unwelded specimens (series
0) with those of the welded specimens, we can see that the laser welding process
slightly improved the strength properties of the material but significantly reduced its
plastic properties. The worsening of the plastic properties caused that the total
elongation of the welded specimens was smaller than that of the unwelded specimens.

3.  The hardness measurement results confirm that the welded specimens
are not homogeneous but very complex in structure.

4.  An increase in the welding speed caused visible, irreversible structural
changes in the fusion zone and the heat affected zone, which were attributable to high
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heating and cooling rates. The changes included refinement of the grain structure and
higher hardness.
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KRYTERIA OCENY WPLYWU MODYFIKACJI UKLADU
DOLOTOWEGO SILNIKA NA JEGO PARAMETRY EKSPLOATACYJNE

Kataczynski T., Kasprowicz T., Jagodzinski D., Liss M.
UTP - WIM - Bydgoszcz, Poland

Wprowadzenie

Konstruktorzy silnikow spalinowych, od powstania pierwszych dziatajacych
tego typu jednostek napedowych, staraja si¢ udoskonala¢ ich budowe. glownymi
celami ich prac byto podwyzszanie mocy oraz poprawa sprawnosci ogolnej silnikow.
W pewnym momencie zacz¢to dodatkowo zwraca¢ uwage na aspekty ekologiczne,
mi¢dzy innymi emisj¢ substancji szkodliwych, ogdlng ilos¢ energii 1 materialow
zuzywanych w procesie ich produkeji 1 inne. BodZzcami motywujacymi tego rodzaju
zabiegi byly stopniowe zaostrzanie przepisOw dotyczacych emisji spalin.
Dotadowanie silnikow spalinowych jest jednym z rozwigzan taczacych w sobie
wysilenie oraz obnizenie szkodliwosci tych maszyn dla otoczenia. Podawanie do
komor spalania silnika powietrza pod cisnieniem wyzszym od atmosferycznego
pozwala na powigkszenie dawki paliwa. Wynika to z powinno$ci utrzymania
stechiometrycznego sktadu mieszanki palnej. Wzrost iloS¢ mieszanki paliwowo
powietrznej powoduje powstanie sit gazowych o wigkszej niz w przypadku silnika
atmosferycznego energii, gwarantujagc to przyrost mocy 1 momentu obrotowego
generowanego przez silnik. Dzigki temu zahamowaniu ulegl mi¢dzy innymi trend
podwyzszania mocy silnika przez zwigkszenie jego objetosci. Dotadowanie silnikdw
spalinowych o zaplonie iskrowym (ZI) z wykorzystaniem zespotu turbosprezarki to
obecnie najczesciej stosowany sposob zwiekszenia ich mocy 1 sprawnosci. Jako ze
tego typu silniki stosowane s3 powszechnie w motoryzacji od okoto 20 lat, czgs¢ z
nich zdolna byta do pokonania znacznych przebiegow. W zwiazku z tym w pracy
przedstawiono mozliwoséci diagnostyczne silnikow dotadowanych na podstawie
analizy parametrow dynamicznych oraz przedstawiono wplyw zmiany uktadu

dolotowego na przebiegdéw mocy i momentu obrotowego.

Badania wlasne

1. Obiekt badan

Przedmiotem badan s3 modyfikacje techniczne wykonywane w silnikach
spalinowych pojazdow samochodowych na przykladzie wybranej jednostki
napedowej. Ocenie podlega¢ bedzie efektywnos$¢ oraz wptyw modyfikacji uktadu
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dolotowego oraz modyfikacji elektronicznych przeprowadzonych na obiekcie badan

na jego parametry eksploatacyjne. Obiektem byl samochdd osobowy marki Audi,
model S3.

Rys. 1.1. Obiekt badan

Wyposazony jest w turbodotadowany 4-cylindrowy silnik benzynowy o
pojemnosci 1781 cm3 legitymujacy si¢ fabryczng mocg 154 KW (209 KM) oraz
momentem obrotowym wynoszagcym 270 Nm. a jego dokladne parametry
przedstawiono na rysunku 5.2. Jego fabryczne przyspieszenie w zakresie od 0 do 100
km/h wynosi 6,7s.
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Rys. 1.2. Dowdd rejestracyjny obiektu badan

2. Warunki badan oraz narzedzia niezbedne do wykonania czynnoSci
modyfikacji silnika spalinowego

Badania wplywu modyfikacji technicznych silnikow spalinowych na jego
parametry pracy przeprowadzone zostalty w prywatnym warsztacie samochodowym z
wykorzystaniem wszystkich niezbgdnych narzedzi oraz na profesjonalnym
stanowisku pomiarowym wyposazonym w hamownie wypozyczonym dzigki
uprzejmosci profesjonalnego warsztatu tuningowego. Dodatkowo do wykonania
diagnostyki parametrow pracy podczas proby drogowej wykorzystano zamkniety

odcinek drogi asfaltowej pozwalajacy na bezpieczne wykonanie wyzej wymienionej
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proby. Pomiary wykonywane byty w mozliwie zblizonych warunkach pogodowych
przy zastosowaniu tego samego rodzaju paliwa oraz zachowujac zblizong masg
calkowita badanego pojazdu. Wszystkie czynnos$ci przeprowadzone zostaly na
obiekcie badan w postaci samochodu osobowego marki Audi bedagcym wlasnoscia
autora badan. Przy wykorzystaniu odpowiednich metod, technik oraz urzadzen
przeprowadzono nastepujace czynnosci badawcze pozwalajace na realizacje
okreslonego celu badan:

Dokonanie diagnostyki i weryfikacji stanu jednostki przed modyfikacjami przy
uzyciu komputera diagnostycznego z oprogramowanie VCDS,

Dokonanie wybranych modyfikacji mechanicznych przy uzyciu niezbednych
narzedzi oraz technik warsztatowych,

Dokonanie diagnostyki i weryfikacji parametrow eksploatacyjnych po
modyfikacjach mechanicznych przy uzyciu komputera diagnostycznego z
oprogramowanie VCDS oraz hamowni podwoziowej,

Dokonanie modyfikacji elektronicznych w postaci chiptuningu przy
wykorzystaniu programatora GALLETTO 4 V54 shizacego do odczytu 1
programowania sterownikow silnika oraz oprogramowania WinOLS stuzacego do
obrobki map sterownikow,

Wykonanie diagnostyki, weryfikacji 1 pomiaru kohcowych parametrow
eksploatacyjnych po wykonanych modyfikacjach technicznych, przy uzyciu
komputera diagnostycznego z oprogramowanie VCDS, hamowni podwoziowej oraz

wykonanie proby drogowe;.

2.1 Wyniki badan uzyskane na podstawie przeprowadzonych modyfikacji

Pierwszym etapem wykonywanych badan wplywu modyfikacji technicznych
silnikow spalinowych na ich parametry eskalacyjne jest wstgpna diagnostyka
wybranej jednostki napedowej. Jej celem jest uzyskanie niezbednych informacji 1
danych dotyczacych stanu faktycznego w jakim znajduje si¢ silnik, ktéry ma byc¢
poddany modyfikacjom.

Po przeprowadzeniu diagnostyki komputerowej przystgpiono do wykonania
proéby drogowej. W programie diagnostycznym VCDS do wyboru mamy szereg
blokow pomiarowych zawierajacych niezbedne dane z czujnikow oraz sterownika
silnika o aktualnym stanie pracy silnika. Podczas testow doprowadzono silnik do
temperatury eksploatacyjnej i wykonano trzy przejazdy testowe z zapisem

~ 309 ~



parametrow pracy silnika. Przejazdy te polegaja na wykonaniu proby drogowej w
celu uzyskania tak zwanych logow dynamicznych parametrow pracy silnika ktorych
efektem jest uzyskanie pliku z danymi nazywanym logiem. Podczas wykonywania
proéby drogowej nalezy zastosowano si¢ do nastepujacych zasad, aby uzyskac
miarodajne wyniki:

o Proba drogowa zostata wykonana na bezpiecznym odcinku drogi,

o Przed przystapieniem do badan dorowadzono silniki do temperatury
eksploatacyjnej,

o Podczas wykonywania przejazdow dezaktywowano system ESP,

Wszystkie przejazdy wykonano na trzecim biegu w zakresie predkosci
obrotowej od 2000 do 6500 obrotow na minute przy maksymalnym uzyciu pedatlu
przyspieszenia.

Wykonane przejazdy pozwolity uzyska¢ niezbedny komplet parametréw pracy
silnika pozwalajacy na oceng¢ jego stanu 1 parametréw eksploatacyjnych. Jak
wspomniano wczesniej wykonane zostaly trzy przejazdy testowe 1 w ktorych
dokonano zapisu danych z szesciu blokow pomiarowych po dwoch na jeden przejazd.

Pierwszy log dynamiczny zawiera dane z blokow pomiarowych ,,003 1,,020”
ktore pozwalajg na okreslenie jakosci 1 rodzaju zaptonu wystepujacego aktualnie w
silniku oraz orientacyjnie okresli¢ moc silnika.

Kanat trzeci ,,003” informuje nas o:

o TIME- postep czasu podczas wykonywania zapisu danych wyrazony w
sekundach,

o Engine Speed- aktualna pr¢dko$¢ obrotowa silnika wyrazona w obrotach
na minute,

o Mass Air Flow- masowy przeplyw powietrza zmierzony przez
przeptywomierz wyrazony w gramach na sekunde,

o Throttle Valve Angle- kat otwarcia przepustnicy wyrazony w
procentach,

o Ignition- aktualny kat wyprzedzenia zaptonu wyrazony w stopniach
obrotu watu korbowego.

Kanat dwudziesty ,,020” informuje nas o:

o Timing Retardation- czasowe opdznienie zaplonu na poszczegodlnych
cylindrach wyrazone w stopniach obrotu watu korbowego,

Cylinder 1, 2, 3, 4- rozréznienie poszczegolnych cylindrow.
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Group A: '003 Group B: '020
RPM Mass Flow Load Ign, Timing Timing Re Timing Re Timing Re Timing Retardation
TIME TIME Cylinder 1 Cylinder 2 Cylinder 3 Cylinder 4
MARKER STAMP fmin gfs % "ATDC STAMP "KW "KW "KW "KW
0,01 1160 8,39 5,9 25,5 0,4 1] o 1] ]
0,8 1280 20,22 59,6 14,3 1,2 1] o 1] ]
1,6 1480 25,31 68,2 16,5 2 0 1] 0 0
2,39 1760 33,31 78 17,3 2,79 0 ] 0 0
3,19 2000 43,67 87,5 15,8 3,59 1] o 1] ]
3,99 2360 61,17 93,7 12 4,41 1] o 1] ]
4,81 2760 72,06 98,4 12,8 521 0 ] 0 o
5,61 3240 88 100 18 5,99 ] 1] ] o
6,4 3680 102,72 100 18,8 6,8 1] o 1] ]
7,2 4120 121,25 100 18 7,6 1] o 1] ]
g 4560 131 100 18 84 0 ] 0 o
8,8 4360 143,83 100 18,5 9,2 0 1] 0 o
9,6 5360 154,89 100 19,5 10 1] 1] 1] ]
10,4 5720 164,19 100 19,5 10,81 1] o 1] ]
11,21 6080 168,47 100 19,5 11,59 1] o 1] ]
12,01 6440 169,56 100 21 12,39 0 1] 0 0

Rys. 2.1.1. Log dynamiczny 003+020 silnika seryjnego

Drugi log dynamiczny zawiera dane z blokow pomiarowych ,,002” i ,,031”
ktore pozwalaja na okreslenie sktadu oraz jako$ci mieszanki paliwowo powietrznej a
takze na oszacowanie mocy badanego silnika na podstawie przeptywu masowego
powietrza.

Kanat ,,002” informuje nas o:

o TIME- postep czasu podczas wykonywania zapisu danych wyrazony w
sekundach,

o Engine Speed- aktualna pr¢dko$¢ obrotowa silnika wyrazona w obrotach
na minute,

o Engine Load- jest to aktualne obcigzenie silnika wyliczone przez
sterownik wyrazone w procentach,

o Injection Timing- jest to aktualny czas wtrysku/ otwarcia wtryskiwacza
w cyklu pracy wyrazony w milisekundach,

. Mass Air

przeptywomierz wyrazony w gramach na sekunde.

Flow- masowy przepltyw powietrza zmierzony przez

Kanat ,,031” informuje nas o:

o TIME- postep czasu podczas wykonywania zapisu danych wyrazony w
sekundach,

o Lambda Control- aktualne napigcie wystepujace na waskopasmowej 1

woltowej sondzie lambda wyrazone w Voltach.
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Group A: '002
Engine Sp Engine Loi Injection ~ Mass Air FGroup B: '031
TIME (G28) Sensor (G70) Lambda Control
Marker STAMP  /min % ms gfs TIME Bank 1 (actual)
0,01 2160 101,5 10,66 52,61 STAMP W
0,61 2400 107,35 10,66 61,28 0,9 0,705
1,2 2640 114,3 11,89 67,17 1,5 0,725
1,81 2880 125,6 13,12 79,67 2,11 0,615
2,41 3200 129,3 13,12 88,19 2,71 0,52
3,01 3480 127,8 13,53 101,24 3,31 0,265
3,61 3760 127,8 13,53 102,54 3,91 0,67
4,21 4080 130,8 14,35 112 4,51 0,43
4,81 4360 130,8 13,53 116,42 511 0,47
541 4680 130,8 13,53 125,97 5,71 0,67
6,01 4960 131,6 13,94 134,97 6,31 0,65
6,61 5240 132,3 14,35 142,31 6,91 0,71
7,21 5520 133,8 14,76 154,86 7,51 0,745
7,81 5800 133,8 15,17 159,44 8,1 0,75
8,41 6040 131,6 15,17 164,58 8,7 0,755
9 6280 128.,6 15,17 167,54 9,3 0,76
9,6 6520 122,6 15,17 168,12 9,9 0,78
10,2 6600 51,1 4,92 165,21 10,51 0,72

Rys. 2.1.2. Log dynamiczny 002+031 silnika seryjnego

Trzeci log dynamiczny zawiera dane z blokéw pomiarowych ,,115” 1 ,,118”
ktore pozwalajg kontrolowa¢ zadane cisnienie dotadowania, temperature w dolocie
oraz prace turbosprezarki i zaworu jej sterowania.

Kanat ,,115” informuje nas o:

o TIME- postep czasu podczas wykonywania zapisu danych wyrazony w
sekundach,

o Engine Speed- aktualna pr¢dko$¢ obrotowa silnika wyrazona w obrotach
na minute,

o Engine Load- jest to aktualne obcigzenie silnika wyliczone przez
sterownik wyrazone w procentach,

o Boost Pressure specified- cisnienie dotadowania zadane przez sterownik
silnika wyrazone w milibarach ktére nalezy pomniejszy¢ o stale przyjete ci$nienie
atmosferyczne 1000 milibar,

o Boost Pressure actual- ci$nienie dotadowania aktualnie wystepujace w
silniku wyrazone w milibarach ktore nalezy pomniejszy¢ o stale przyjete cisnienie
atmosferyczne 1000 milibar.

Kanat ,,118” informuje nas o:

o TIME- postep czasu podczas wykonywania zapisu danych wyrazony w
sekundach,

o Engine Speed- aktualna predkos$¢ obrotowa silnika wyrazona w obrotach

na minute,
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o Intake Air Temperature- aktualna temperatura wystgpujaca w dolocie
silnika wyrazona w stopniach Celsjusza,

o Boost Pressure Control- aktualna pozycja pracy elektrozaworu
sterowania turbospre¢zarka wyrazona w procentach,

o Boost Pressure actual- cisnienie dotadowania aktualnie wystgpujace w
silniku wyrazone w milibarach ktére nalezy pomniejszy¢ o state przyjete ci$nienie
atmosferyczne 1000 milibar.

Group A: '115 Group B: '118

RPM Load Absolute | Absolute Pres, RPM Temperat Load Absolute Pres,
TIME TIME
MARKER STAMP  /min % mbar mbar STAMP  /min °C % mbar

0,5 1240 64,7 1450 1000 0,01 1200 43 ] 1000
1,39 1440 71,4 1610 1050 0,9 1320 a1 95,3 1030
2,2 1600 75,2 1680 1150 1,79 1520 38 95,3 1110
3 1800 78,2 1450 1260 2,6 1720 36 95,3 1150
3,8 2040 83,5 1550 1430 3,4 1920 34 95,3 1330
4,6 2320 94,7 1620 1650 4,2 2160 33 95,3 1570
54 2600 110,5 1730 1700 5 2440 32 77,6 1680
6,2 2920 121,8 1750 1720 5,8 2760 35 68,2 1720
7 3240 121,1 1780 1740 6,6 3080 37 66,7 1740
7.9 3600 114,3 1730 1750 7.4 3400 40 65,5 1760
8,7 3920 115,8 1720 1750 8,3 3760 42 66,3 1740
9,6 4280 116,5 1700 1740 9,1 4080 45 65,5 1740
10,4 4600 118,8 1710 1740 10 4440 48 65,1 1740
11,3 4920 121,1 1710 1740 10,8 4760 48 64,7 1740
12,1 5240 123,3 1740 1750 11,7 5080 49 64,7 1750
12,9 5560 122,6 1750 1740 12,5 5400 50 62,7 1740
13,7 5840 118,8 1700 1720 13,3 5680 51 61,2 1720
14,5 6080 117,5 1660 1710 14,2 5920 52 59,9 1710
15,2 6440 117,1 1650 1700 15 6380 52 59,2 1700

Rys. 2.1.3. Log dynamiczny 115+118 silnika seryjnego

Wykonane czynno$ci diagnostyczne pozwolily potwierdzi¢ stan jednostki
napedowej ktora nadaje si¢ do wykonania wybranych modyfikacji technicznych w

celu zwigkszenia jej 0siggdw 1 poprawienia parametrow pracy.

2.2 Wykonanie modyfikacji mechanicznych

Elementami podanymi modyfikacji jest uktad zasilania silnika w $Swieze
powietrze. W przypadku turbodotadowanego pojazdu giéwnymi elementami uktadu
dolotowego jest rura dolotowa taczaca filtr powietrza z turbospre¢zarka tak zarwany
TIP (turbo inlet pipe) oraz chlodnica powietrza doladowanego nazywana
intercoolerem. W przypadku badanego obiektu pierwszy element dolotu wykonany
jest ze stabej jakoSci gumy, ktora pod wplywem temperatury wystepujace; w
komorze silnika ulega odksztatceniu oraz zassaniu przez turbosprezarke co znacznie
ogranicza przeptyw. Jej konstrukcja 1 $rednica przeplywu sa takze bardzo duzym
ograniczeniem, dlatego istnieje konieczno$¢ wymiany tego elementu na akcesoryjny.
Konstrukcje seryjnej rury dolotowej przedstawiono na rysunku 2.2.1.
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Rys. 2.2.1. Fabryczna rura dolotowa laczaca turbo z filtrem powietrza

Seryjny gumowy dolot zastgpiono elementem wykonanym re¢cznie ze stali
kwasoodpornej i zbrojonych tacznikéw sylikonowych. Jego zaleta jest zwickszona
srednica przeptywu ktora na wejsciu wynosi 3” 1 jest tagodnie zredukowana do
srednicy 2,25”. Metalowa konstrukcja przedstawiona na rysunku 2.2.2 zabiega
powstawaniu zjawiska zasysania dolotu przez turbospre¢zarke i znacznie poprawia
przeplyw.

Rys. 2.2.2. Akcesoryjna rura dolotu powietrza do turbosprezarki

Drugim elementem w uktadzie dolotowym ktéry zostat poddany modyfikacji
jest chtodnica powietrza dotadowanego. Seryjnie obiekt badan wyposazony jest w
uktad typu Dual SMIC ktory sktada si¢ z dwoch osobnych chtodnic powietrza
dotadowanego umieszczonych po bokach pojazdu polaczonych ze sobg w ukilad
szeregowy. Mimo 1z pojazd posiada dwie chtodnice to sg one bardzo matych
rozmiarOW 1 umieszczone w miejscach, gdzie majg bardzo ograniczony doptyw

chtodzacego powietrza z zewnatrz przez co generuja bardzo wysokie temperatury w

dolocie. Dwie pojedyncze chtodnice powietrza przedstawiono na rysunku 2.2.3.
. D g

e N § A
3 VNS A : Y
3 /4 3£ R
ZF 7, D% 4 8
[~ ey
\ R 40 b =

Rys. 2.2.3. Fabryczne chlodnice powietrza
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W zamian za fabryczny uktad chtodzenia powietrza dotadowanego zamontowano
duza centralng chtodnice o zwigkszonej powierzchni rdzenia ktdra umieszczona jest na
samym przodzie od czota pojazdu. Pozwala to na znacznie lepsze chtodzenia powietrza
dotadowanego. Dodatkowo fabryczne weze ukladu dotadowania silnika zastgpiono
cienko$ciennymi rurami ze stali kwasoodpornej polaczonej zbrojonymi tgcznikami co
pozwoli unikna¢ strat dotadowania poprzez puchnigcie przewoddw. Zabieg ten pozwolit
znacznie zmniejszy¢ temperature powietrza dostarczanego do silnika. Akcesoryjng
chlodnice powietrza wraz z orurowaniem przedstawiono na rysunku 2.2.4 oraz podczas

montazu na rysunku 2.2.5.

Rys. 2.2.5. Akcesoryjna chlodnica powietrza podczas montazu

2.3 Diagnostyka po modyfikacjach mechanicznych

Po wykonanych modyfikacjach mechanicznych przystgpiono do wykonania
czynno$ci badawczo-diagnostycznych pozwalajacych oceni¢ wptyw dokonanych
modyfikacji na parametry pracy jednostki napedowe. W usuni¢to wszystkie btedy 1
zapamigtanie wartosci adaptacyjne sterownika i wykonano probe drogowa w postaci
przejechania spokojnym tempem 50 km w celu zaadaptowania jednostki sterujacej do
nowych warunkoéw pracy. Po wykonaniu proby drogowej ponownie odczytano btedy,
ktorych nie stwierdzono. Kolejnym etapem byto przeprowadzenie trzech prob
drogowych na tym samym odcinku co uprzednio w celu wykonania logow
dynamicznych pracy silnika. Zachowano tg samg kolejno$¢ wykonywania czynnosci
diagnostycznych oraz zbadano te same grupy pomiarowe. Pozwolito to na uzyskanie

przedstawionych nizej na rysunkach 2.3.1, 2.3.2, 2.2.3 wynikow.
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Group A: '003 Group B: '020
RPM Mass Flow Load Ign, Timing Timing Re Timing Re Timing Re Timing Retardation
TIME TIME Cylinder 1 Cylinder 2 Cylinder 3 Cylinder 4
MARKER STAMP /min gfs % “ATDC STAMP "KW "KW "KW "KW
0,01 1190 8,39 5,9 25,5 0.4 0 ] 0 ]
0,8 1310 21,22 59,6 14,3 1,2 0 1] 0 1]
1,6 1520 24,31 68,2 16,5 2 0 1] 0 1]
2,39 1810 32,31 78 17,3 2,79 0 1] 0 1]
3,19 2060 39,67 87,5 15,8 3,59 0 0 0 0
3,99 2430 54,51 93,7 14 4,41 0 ] 0 ]
4,81 2840 80,71 98,4 15,2 5,21 0 1] 0 1]
5,61 3330 98,56 100 18,5 5,99 0 1] 0 1]
6,4 3790 115,05 100 18,8 6,8 0 1] 0 1]
7.2 4420 135,8 100 19 7.6 0 1] 0 1]
) 4690 146,72 100 19,5 8.4 0 ] 0 ]
8,8 5190 161,09 100 19,5 9,2 0 1] 0 1]
9,6 5520 173,48 100 19,5 10 0 1] 0 1]
10,4 5830 183,89 100 19,5 10,81 0 0 0 0
11,21 6250 188,69 100 21 11,59 0 1] 0 1]
12,01 6630 189,91 100 21 12,39 0 ] 0 ]

Rys. 2.3.1. Log dynamiczny 3+20 silnika modyfikowanego mechanicznie

TIME (G28) Sensor (G TIME Bank 1 (actual)
Marker STAMP  /min % ms gfls STAMP W
0,01 2160 101,5 10,66 52,61 0,51 0,705
0,55 2400 10,7 11,19 68,02 0,73 0,705
1,08 2640 116,6 12,48 74,56 1,22 0,725
1,63 2880 128,1 13,78 88,43 1,71 0,615
2,17 3200 131,9 13,78 97,89 2,20 0,52
2,71 3480 1304 14,21 112,38 2,68 0,265
3,25 3760 1304 14,21 113,82 3,17 0,67
3,79 4080 1334 15,07 124,32 3,65 0,49
4,33 4360 133,4 14,21 129,23 4,14 0,47
4,87 4680 133,4 14,21 139,83 4,63 0,67
541 4360 134,2 14,64 149,82 511 0,65
5,95 5240 134,9 15,07 157,96 5,60 0,71
6,49 5520 136,5 15,50 171,89 6,08 0,745
7,03 5800 136,35 15,93 176,98 6,56 0,75
7,57 6040 134,2 15,93 182,68 7,05 0,755
8,10 6280 131,2 15,93 185,97 7,53 0,76
8,64 6520 125,1 15,93 186,61 8,02 0,78
9,18 6600 52,1 5,17 183,38 8,51 0,72

Group A: '002

Group B:

‘031

Engine Sp Engine Loi Injection T Mass Air Flow

Lambda Control

Rys. 2.3.2. Log dynamiczny 2+31 silnika modyfikowanego mechanicznie

Group A: '115 Group B: '113
RPM Load Absolute | Absolute Pres, RPM Temperat Load Absolute Pres,
TIME TIME
MARKER STAMP  /min % mbar mbar STAMP  /min °C % mbar

0,5 1240 64,7 1450 1000 0,01 1200 43 o 1000

1,32 1340 71,4 1610 1050 0,86 1320 41 95,3 1000

2,09 1420 75,2 1680 1150 1,7 1520 36 95,3 1050

2,85 1560 78,2 1650 1160 2,47 1680 33 95,3 1140

3,61 1340 83,5 1630 1170 3,23 1920 32 95,3 1150

4,37 2040 94,7 1720 1190 3,99 2200 31 95,3 1340

5,13 2360 110,5 1840 1390 4,75 2520 31 95,3 1530

5,89 2720 121,8 1850 1700 5,51 2920 30 95,3 1790

6,65 3120 121,1 1840 1800 6,27 3320 28 76,7 1810

7,51 3520 114,3 1880 1810 7,03 3720 27 65,5 1810

8,27 3920 115,8 1870 1800 7,89 4200 26 59,7 1800

9,12 4400 116,5 1890 1800 8,85 4600 26 59 1810

9,88 4300 118,8 1870 1820 9,5 4560 25 38,6 1820
10,74 5160 121,1 1840 1830 10,26 5360 25 58,2 1840
11,5 5560 123,3 1830 1830 11,12 5720 25 58,2 1830
12,26 5520 122,6 1780 1870 11,88 6080 26 56,4 1870
13,02 6240 118,8 1730 1890 12,64 6400 26 55,1 1900
13,78 6560 117,5 1700 1900 13,49 6440 26 53,9 1920
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Dodatkowo wykonano takze pomiar pojazdu na hamowni podwoziowej
polskiej firmy dyno-projekt w zaktadzie tuningu pojazdu TUNE-UP ktorego wynik w
postaci wykresu przedstawiono na rysunku 2.3.4.

Rys. 2.3.4. Wykres z hamowni silnika modyfikowanego mechanicznie

2.4 Wykonanie modyfikacji elektronicznych

Kolejnym etapem prowadzonych badan bylo dokonanie modyfikacji
oprogramowania jednostki sterujgcej silnikiem. Polegat on na dopasowaniu i zmianie
wybranych parametréw pracy silnika do nowych warunkéw jakimi sg modyfikacje
mechaniczne dokonane w uktadzie dolotowym.

Po odczytaniu i1 uruchomieniu w programie mapy sterownika silnika
przystapiono do wykonania niezbednych modyfikacji jego zawartosci w celu
uzyskanie lepszych parametrow eksploatacyjnych. Nalezy pamigtac, aby zachowac
maksimum bezpieczenstwa podczas wprowadzania zmian w oprogramowaniu

silnikow.

Rys. 2.4.1. Widok ekranu poréwnania map sterownika w programie WinOLS

W pierwszej kolejnosci przystapiono do kalibracji i optymalizacji parametrow
pracy silnika do zainstalowanych modyfikacji mechanicznych a nastepnie

wprowadzano zmiany parametréw pracy w celu osiggni¢cia mozliwie najwyzszych i
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bezpiecznych parametréw eksploatacyjnych. Cata procedura strojenia polegajaca na
doborze odpowiednich parametréw pracy trwata siedem godzin, podczas ktorych
przetestowano 15 réznych map. Kazda dokonang zmiane poddawano weryfikacji na
hamowni podwoziowej oraz wykonywano niezbedne logi dynamiczne. Finalne
nastawy parametréw pracy silnika jakie udalo si¢ uzyska¢ przy wykonanych
modyfikacjach technicznych na paliwie 98 oktan z zachowaniem marginesu
bezpieczenstwa przedstawiono ponizej. Z racji tego, iz modyfikacje mechaniczne
obejmujg bardzo wiele zmian wprowadzanych w sterowniku silnika szczegdlowe

informacje dostepne sg u autorow publikacji.

2.5 Wykonanie diagnostyki i weryfikacji koncowej

Po zakonczeniu modyfikacji elektronicznych przystagpiono do wykonania
koncowej diagnostyki i weryfikacji wptywu wszystkich modyfikacji technicznych na
parametry eksploatacyjne badanego obiektu. Przeprowadzono pelen zakres czynnosci
badawczo-diagnostycznych jak w poprzednich przypadkach pozwalajacy uzyskac
niezb¢dne parametry pracy jednostki napedowej. Po wgraniu ostatniej wersji pliku
modyfikacyjnego prace silnika usunigto wszystkie bledy oraz nastawy adaptacyjne 1
wykonano probg drogowa w celu adaptacji nowego oprogramowania sterujgcego
silnikiem. Nastepnie wykonano trzy przejazdy kontrolne z zapisem danych
w postaci logow dynamicznych. Zachowang tg samg procedurg¢ co w poprzednich
przypadkach oraz pomiary wykonano na tym samym odcinku drogi. Wykonane
czynno$ci pozwolity na uzyskanie logow dynamicznych ktore przedstawiono ponizej
na rysunkach 2.5.1, 2.5.2, 2.5.3.

Group A: '003 Group B: '020
RPM Mass Flow Load Ign, Timing Idle Stabil Idle Stabil Idle Stabil Idle Stabilization
TIME TIME
Marker  STAMP Jmin gfs % "BTDC STAMP "KW "KW "Kw "KW
0,3 1200 8,53 16,1 30 0,01 ] ] 0 ]
0,9 1340 21,34 89 21 0,6 1] ] 0 1]
1.5 1520 26,78 92,2 13,5 1,2 ] ] 0 ]
2,1 1810 36,76 96,1 18,8 1,8 0 ] 0 o
2,7 2060 52,64 98,4 16,5 2,4 0 0 0 1]
3,3 2430 63,24 100 11,2 3 ] ] 0 ]
3,9 2840 94,63 100 9,8 3,6 0 ] 0 1]
4,51 3330 151,24 100 13,5 4,2 2,3 ] 0 2,3
511 3790 176,51 100 14,3 4,81 2,3 ] 0 2,3
5,71 4320 192,47 100 14,3 5,41 1,5 0 0 2.3
6,31 4750 208,34 100 15 6,01 1,5 ] 0 1.5
6,91 5210 218,09 100 13,5 6,6 1,5 ] 0 1,5
7,51 5520 2282 100 14,3 7,21 1,5 0 0 1,5
811 3960 238,71 100 17,3 7,81 0,8 ] 0 0,8
8,71 63 10| 239,19_| 100 17,3 8,4 0,8 ] 0 0,8
9,31 6650 236,96 100 18 ] 0,8 ] 0 0,8

Rys. 2.5.1. Log dynamiczny 3+20 po modyfikacjach elektronicznych
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Group A: '002 Group B: '031

Engine Sp Engine Loi Injection " Mass Air Flow Lambda Control
TIME (G28) Sensor (G TIME Bank 1 (actual}
Marker STAMP  /min % ms gfs STAMP W

0,01 2000 47,4 2,87 19,03 0.3 0,11

0.6 2080 51,1 2,87 20,75 0,9 0,68

1,2 2200 93,2 2,74 42,78 1,51 0,79

1,8 2400 107,5 6,56 52,86 2,1 0,805

2,4 2680 125,6 7,73 67,72 2,7 0,805

3 2960 159,4 10,66 97,31 3,3 0,83

3,6 3360 191,7 13,12 124,53 3,91 0,815

4,2 3800 181,2 12,3 145,17 4,51 0,835

4,81 4240 191,7 13,12 174,67 511 0,835

54 4640 191,7 13,53 190,73 5,71 0,85

6,01 5040 191,7 13,53 202,05 6,31 0,85

6,61 5400 191,7 13,53 221,20 6,91 0,85

721 5720 191,7 13,53 230,45 751 0,855

781 6040 191,7 13,53 238,65 811 0,86

8,41 6320 191,7 13,94 244,01 8,7 0,875

9.01 6600 191,7 13,53 238,53 9,21 0,88

9.61 6760 188,7 13,53 241,08 9.9 0,88

Rys. 2.5.2. Log dynamiczny 2+31 po modyfikacjach elektronicznych

Group A: '115 Group B: '118
RPM Load Absolute | Absolute Pres, RPM Temperat Load Absolute Pres,
TIME TIME
Marker STAMP  /min % mbar mbar STAMP  /min °C % mbar

0,01 1600 83,5 1530 1070 0,3 1720 21 95,3 1110

0,6 1760 91 1550 1150 0,9 1880 18 93,3 1150

1,2 1560 94,7 1550 1220 1,5 2040 17 86,7 1260

1,8 2160 107,5 1600 1310 2,1 2240 15 75,3 1370

2,4 2360 116,5 1700 1430 2,7 2480 14 81,6 1450

3 2600 127,8 1960 1570 3,3 2760 14 94,1 1680

3,6 2920 157,1 2220 1830 3,9 3080 13 81,2 2030

4,2 3280 183,5 2330 2290 4,51 3430 13 80,4 2360

4,8 3680 186,5 2370 2370 511 3880 12 82 2360

541 4080 191,7 2400 2340 571 4280 12 82,4 2380

6 4480 191,7 2420 2410 6,31 4680 12 82,7 2420

6,6 4340 191,7 2400 2400 6,91 5040 12 83,5 2410

7,21 5240 191,7 2400 2390 751 5400 12 83,9 2400

7,81 5560 191,7 2350 2390 8,11 5760 14 84,3 2380

8,41 5880 189,5 2380 2360 8,71 6040 15 851 2370

9,01 6200 187,2 2370 2370 9,3 6320 15 85,5 2370

9,61 6480 1774 2360 2360 9,91 6600 16 85,5 2320

10,2 6720 188 2350 2300 10,51 6840 18 6,3 2240

Rys. 2.5.3. Log dynamiczny 115+118 po modyfikacjach elektronicznych

Dodatkowo przeprowadzono takze finalny pomiar pojazdu na hamowni
podwoziowej polskiej firmy dyno-projekt w zaktadzie tuningu pojazdu TUNE-UP
ktoérego wynik w postaci wykresu przedstawiono na rysunku 2.5.4.
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Rys. 2.5.4. Wykres mocy i momentu obrotowego po wszystkich modyfikacjach.

3. Analiza wynikow badan

Wykonane modyfikacje techniczne oraz przeprowadzone czynnosci
diagnostyczno-weryfikacyjne przyczynity si¢ do uzyskania niezbednych wynikéw
pozwalajacych na poréwnanie ze sobg parametrow pracy silnika przy wykonaniu
réznych modyfikacji. Analizie podlega¢ beda gléwne parametry silnika
odpowiedzialne za jego prace 1 generowane osiagi takie jak:

o Przeptyw masowy powietrza,

o Kat wyprzedzenia zaptonu,

o Jakos$¢ zaptonu wystepujaca na danym cylindrze oceniania na podstawie
opoOznienia zaptonu na danym cylindrze,

o Stosunku sktadu mieszanki paliwowo powietrznej,

o Wysokosci ci$nienia dotadowania,

o Temperatury w kolektorze dolotowym.

3.1. Wplyw modyfikacji mechanicznych

Korzystajac z wzoru dotyczacego szacowania mocy pojazdu na podstawie
przeplywomierza mozemy oceni¢ wplyw modyfikacji mechanicznych na zmiang tego
parametru. Aby obliczy¢ szacowang moc pojazdu nalezy masowy przeplyw
powietrza wyrazony w gramach na sekund¢ podzieli¢ przez wspoétczynnik 0,8.
Ponize; na rysunku 3.1.1 przedstawiono poréwnanie zmierzonego przeptywu
powietrza dla silnika seryjnego i modyfikowanego mechanicznie w funkcji obrotow
silnika.
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Rys. 3.1.1. Poréwnanie przeplywéw masowych powietrza

Jak mozna zauwazy¢ na powyzszym wykresie 1 otrzymanych w wynikach
badan grupa 003 (kolumna MASS FLOW) maksymalny przeptyw powietrza po
modyfikacjach technicznych wzrost z 169,56 g/s (co odpowiada w przeliczeniu 212
KM) do 189,91 g/s (odpowiadajacym 237 KM). Mozna takze zaobserwowac
znaczny przyrost mocy od momentu, w ktorym turbosprezarka osigga zadane
ci$nienie dotadowania co znacznie wptywa na elastycznos$¢ pojazdu.

Stosunek paliwowo powietrzny nie ulegl zmianie i nadal utrzymywany jest na
tym samym poziomie przez jednostke sterujaca jedynie nieznacznie wzrost czas
wtrysku paliwa ktory zwigzany jest z wickszym przeplywem (wigksza iloscia
powietrza dostarczang do komory spalania). Wykonane modyfikacje mechaniczne
pozwolily zwiekszy¢ moc 1 moment obrotowy z fabrycznych 209 KM 1 270 Nm. na
zmierzone przy pomocy hamowni podwoziowej 241,5 KM 1 317,9 Nm. Mozna takze
zauwazy¢, ze oszacowana moc na podstawie wskazan przeptywomierza jest bardzo

zblizona do rzeczywistej zmierzonej przez hamownie podwoziowa.

3.2. Wplyw modyfikacji elektronicznych

W kolejnym etapie analizie podlegaé bedzie wplyw wykonanych modytikacji
elektronicznych na parametry pracy jednostki napgdowej ktore przekladajg sie
bezposrednio na jej parametry eksploatacyjne takie jak moc i moment obrotowy.
Podczas procesu modyfikacji elektronicznych wprowadzono szereg zmian w
jednostce sterujacej ktore przyczynily si¢ do uzyskania finalnych wynikoéw z
czynnos$ci diagnostyczno-weryfikacyjnych.

Pierwszym analizowanym parametrem be¢dzie masowy przeptyw powietrza

uzyskany w pojezdzie po zakonczeniu modyfikacji elektronicznych. Na rysunku
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3.2.1 przedstawiono poréwnanie odczytu z przeptywomierza dla trzech standéw
modyfikacji pojazdu: pojazd seryjny, pojazd modyfikowany mechanicznie oraz
pojazd modyfikowany elektronicznie.
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Rys. 3.2.1. Poréwnanie przeplywéw masowych powietrza

Analizujac powyzsze dane zamieszczone na wykresie otrzymane w wyniku
przeprowadzonych badan sporzadzone na podstawie danych z grupy 003 (kolumna
Mass Flow) uzyskanych w wyniku diagnostyki, mozna zauwazy¢ ze pojazd seryjny
generowat 169,56 g/s (odpowiadajagce 212KM) przeptywu masowego powietrza,
pojazd modyfikowany mechanicznie 189,91 g/s ( odpowiadajacym 237 KM)
natomiast po finalnych modyfikacjach w jednostce sterujacej silnikiem uzyskano
239,19 g/s (odpowiadajace 299KM) przy predkosci obrotowej 6310 obr/min. Dzigki
wykonanym modyfikacjom mechanicznym i elektronicznym uzyskano 70 g/s
(odpowiadajace 90 KM) przyrostu masowego przeptywu powietrza. Skutkuje to
bardzo duzym przyrostem mocy 1 momentu obrotowego w zakresie od 2700 do 6300
obr/min.

Zmianie w znaczny stopniu uleglo takze cisnienie dotadowania generowane
przez turbosprezarke. Jak mozna odczyta¢ z logow dynamicznych grupy 1151 118
(kolumna Boost Pressure specified i Boost Pressure actual) zamieszczonych w
wynikach badan bazowo zadane fabryczne cisnienie dotadowania wynosito state 0,75
bar. Cis$nienie to obliczone zostal z wykonanych logéw dynamicznych przy
zastosowaniu odpowiedniego wzoru: zadane ci$nienie dotadowania podane w
milibarach pomniejszone o zatozone stale ci$nienie atmosferyczne 1000mbar daje
wynik 750 mbar co w przeliczeniu na bary wynosi 0,75 bar. W wyniku modyfikacji

elektronicznych ci$nienie to zostalo zwigkszone do poziomu 1.4 bar powoli
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opadajace do 1.35 bar przy koncu predkosci obrotowej silnika. Podczas modyfikacji
ustawiono przebieg cisnienia dotadowania tak aby dopiero przy predkosci obrotowej
powyzej 3000 obr/min osiggng¢ maksymalne zadane ci$nienie dotadowania w celu
ochrony komponentdéw silnika przed uszkodzeniem w wyniku dziatania zbyt duzego
momentu obrotowego przy niskiej predkosci obrotowej. Szczegdétowe pordOwnanie
przebiegu cisnienia dotadowania silnika seryjnego, modyfikowanego mechanicznie
oraz modyfikowanego elektronicznie przedstawiono na rysunku 3.2.2.

2500

Akutalne cisnienie dotadowania [mb
=
e |
[=]
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Predkosc obrotowa silnika [obr/min]
=g Seryjne dotad owanie =g Po modyfikacjach mechanicznych Po modyfikacjgch elekironicznych

Rys. 3.2.2. Poréwnanie przebiegu ciSnienia doladowania dla réznych modyfikacji

Dzi¢ki tak poprowadzonej charakterystyce ci$nienia dotadowania powyzej
3000 obr/min pojazd dysponuje bardzo duzym momentem obrotowym oraz generuje

moc prawie do konca predkosci obrotowej sinika.
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Rys. 3.2.3. Wykres koncowy mocy i momentu obrotowego
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Podsumowanie

Glownym celem realizowanym w pracy bylo dokonanie oceny wplywu
modyfikacji technicznych silnika spalinowego na jego parametry eksploatacyjne. W
wyniku czego dokonano wybranych  modyfikacji mechanicznych oraz
elektronicznych badanego silnika spalinowego a nast¢pnie wykonano niezbegdne
czynno$¢ diagnostyczno-weryfikacyjne pozwalajace na uzyskanie wynikow
prowadzacych do okreslenia efektywnosci wykonanych modyfikacji.

Wszystkie wykonane czynnosci badawcze pozwolity na zebranie niezbednych
danych do okreslenia efektywnosci wptywu wykonanych modyfikacji technicznych

na parametry eksploatacyjne obiektu badan.
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INCREASING THE DURABILITY TRANSMISSION PARTS OF THE
TRANSPORT SYSTEMS BY FRICTION-MECHANICAL METHOD

Kostyuk M., Kosiuk M.

Khmelnitskyi National University, Ukraine
Introduction

At the present stage of development of mechanical engineering, one of the
urgent problems is to increase the reliability and durability of the friction surfaces of
machine parts. The vast majority of cars (85-90%) fail due to parts wear. These
include shafts, axles, guides, spherical hinges, liners of internal combustion engines
and other details of transport systems. The friction that occurs in the tributaries of
machine parts during operation, in the absence or insufficient lubrication, leads to
energy loss, intensification of wear and destruction of the surface layer. One of the
ways to improve the durability and quality of the working surfaces of machine parts
Is to improve existing and create new combined technological methods of impact on
the surface being machined. Therefore, increasing the reliability and durability of the
surface layer of machine parts is an extremely important task for scientists and
inventors [1-3].

A promising, self-developing industry is tribotechnology (technological
methods of controlling the friction characteristics of moving couplings) [4]. One of
the ways to increase the technical life of tribal parts is the use of advanced processing
methods, in particular, finish antifriction non-abrasive processing, known due to the
works of DM Garkunov, VM Lozovsky, VI Balabanov, SS Nekrasova. , Rybakova
LM, Burumkulova F.H etc. [5-9].

Finish antifriction non-abrasive processing based on the use of the
phenomenon of selective transfer (the effect of wear and tear), which is characterized
by the molecular component of the friction force and occurs as a result of chemical
and physico-chemical processes on the surface, resulting in the formation of systems
of automatic compensation of wear and friction reduction. These systems form a
protective (servos) film, which implements a diffusion-vacancy deformation
mechanism that passes without defect accumulation inherent in fatigue processes
[1,5,6].

Essence finish antifriction non-abrasive processing is that the friction surfaces
of the parts are covered with a thin layer (1... 7 microns) of copper, brass, bronze or
other antifriction solid lubricants using process fluid. The traditional kinematic
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scheme of the finish antifriction non-abrasive process is shown in Fig. 1, where P is
the force of pressing the tool from a coating material that moves along the surface of
the workpiece; n-speed of the workpiece; S - longitudinal tool feed.

z: | &

s
!

Figure 1. Scheme of friction-mechanical antifriction coating: 1-tool; 2-billet

The main component of the process fluid is glycerol, which acts as a plasticizer
and antioxidant with respect to the steel surface. The introduction into the process
fluid of other components, contribute to the productivity of the process of forming a
quality antifriction coating, as well as increase its thickness and adhesion to the base
material [7,8].

The drift effect is also implemented in many machines by using special
lubricants. Finish antifriction non-abrasive processing recommended for parts of
machines operating under extreme load conditions, as the process is based on
selective transfer and protective layers under certain conditions are self-healing and
regenerating [9].

In works [10-13] it is stated that one of the ways of intensification of
application of antifriction coatings is the use of vibration and oscillation of the
instrument. The kinematic scheme of the finish anti-friction non-abrasive vibration
treatment shown in Fig.2.

Figure 2. Kinematic processing scheme for finish anti-friction non-abrasive vibration
treatment:1 - tool, 2 piece

The workpiece 1 rotates with a frequency ng, the tool 2, rotates with a
frequency ni, presses against the surface of the workpiece with force P and moves

along the workpiece with feed S and oscillates with frequency.
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The aim of the work improvement of technology and development of
equipment for realization of the process of friction-mechanical deposition of a wear-
resistant coating on incomplete outer spherical surfaces of the parts of ball joints, in
particular automobile ball fingers.

Results and their discussion

On the basis of the results of the analysis of the technological capabilities of
finish antifriction non-abrasive processing methods of hardening, structures of
equipment for coating and strengthening of machine parts and conducted research,
the authors developed a new combined method of finishing antifriction static-impulse
treatment of incomplete spherical surfaces and technology [14,15].

Figure 3 shows a scheme of antifriction coating on incomplete spherical
surfaces ball fingers of spherical hinges finishing antifriction static-impulse
treatment.

Rspﬁere f
Em ! 2
o
Neittee 2

Sa

Figure 3. Scheme of antifriction coating on incomplete spherical surface
In accordance with the proposed kinematic scheme of the workpiece provide
rotational motion relative to its longitudinal axis, and the tool with the coating
material provides a constant static-impulse action on the incomplete spherical surface
of the workpiece and rotational motion about its longitudinal axis with oscillations

about the center of the spherical surface of the workpiece. The oscillation angle
during the processing of incomplete spherical surface is determined by the formula 1:

= — — = — "ot L_ Pt L
a =180 — (f,— B,) = 180 (m csmﬂRq] mcsmm@) (1)

where R, radius of the spherical surface being machined; , d,, d, - diameters
of end sections; B, and jB,- angles of rotation of the radius of the vector that
determine the incomplete spherical surface of the workpiece.
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The advantages of the proposed method include the expansion of technological
capabilities of finish antifriction non-abrasive processing, significant increase in
productivity and quality of the process of application of antifriction coatings on the
surface of steel and cast iron parts.

In order to ensure the process of finishing antifriction static-impulse treatment
and applying a high-quality coating with high adhesion between the materials of the
workpiece and the coating, it is necessary to timely submit to the treatment area a
special process fluid that moistens the treated surface, loosens the oxide adhesive film
metals.

When designing technological equipment for application of antifriction coating,
the proposed method takes into account the features of finish antifriction non-abrasive
processing and for finish anti-friction non-abrasive vibration treatment.  The
technological equipment for applying the antifriction coating on the incomplete spherical
surface is shown in Fig. 4 a, 4 b (top view), and Fig. 4 c (section AA in Fig. 4a).
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Figure 4. Technological equipment for finishing antifriction static-impulse treatment
incomplete spherical surface
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The technological equipment for applying the antifriction coating to the outer
incomplete spherical surfaces is made in the form of a rotary table containing the
platform 1, which is mounted on the prismatic guides 2 of the lathe. The platform 1
IS made with the possibility of longitudinal movement and fixation with the help of
plate 3, laths 4, bolts 5, nuts 6, eccentric 7. On platform 1, an axis 9 is mounted with
the adjustable bearing assembly 10 pressed thereto, to which a plate 11 is fixed with
it fixed. mechanism of static-impulse action 13 with an individual actuator 14 and a
tool 15, made with the possibility of transverse movement about the axis of rotation
of the workpiece. The mechanism of static-impulse action 13 is fixed to the plate 11
by bolts 16. Adjustment of the tool 15, is carried out according to the template 17,
fixed in the lathe chuck (not shown). On the bearing assembly 10 is mounted a gear
crown 18, which is engaged with the rack 19, which has a kinematic connection with
the support of the lathe (not shown).

Work with the use of technological equipment for application of antifriction
coating on the outer incomplete spherical surfaces is as follows. The workpiece is
installed in the chuck of the lathe. Adjust the tool according to the pattern 17 and
lock in the desired position with the bolts 12. When turning on the longitudinal feed
caliper lathe begins to move in the direction of the front headstock (not shown). The
rail 19, which is fixed to the caliper and has a kinematic connection with it, transmits
movement to the gear crown 18, mounted on the bearing assembly 10 and rotates it
relative to the axis 9, which is fixed to the platform 1, fixed to the prism guides 2 of
the lathe. In this case, the tool 15 mounted in the spindle of the mechanism of static-
impulse action 13 begins to circumvent the outer spherical surface at a given radius,
rotating around its own axis with a frequency n; with simultaneous static-impulse
load of the treated surface.

Done computer modeling of processing and experimental researches of the
developed technologies and technological equipment for friction-mechanical
application of antifrictional coating on incomplete outer spherical surfaces of
automotive ball fingers have been carried out.

In order to estimate the trajectory of motion of the point of the tip of the tool
according to the NSP and contour graph of the stress-strain state of the tool, a
simulation of the processing in the SOLIDWORKS environment was performed
using a system for kinematic and dynamic analysis of technical systems
SOLIDWORKS Motion (Fig. 5).
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2) 6) B)
Figure 5. Computer model and study of finishing antifriction static-impulse treatment
kinematic scheme: a - the model of processing, b - the trajectory of movement of the tool, ¢ -
stress-strain state of the tool

In the simulation model studied, the tool was loaded with a static load force
Fst, thereby being in constant contact with the workpiece and the effect of periodic
pulse load Ri, which promotes the application of antifriction coating to the
incomplete spherical surface parts during processing. As a result, a break-in process
Is carried out, micro-irregularities are deformed and the coating process is intensified.

The results of computer simulation confirmed the feasibility of the developed
kinematic scheme of the proposed technological equipment for finishing antifriction
static-impulse treatment incomplete spherical surface.

Experimental studies of the proposed technology and equipment for friction-
mechanical application of wear-resistant coating of L63 brass on incomplete outer
spherical surfaces of automotive ball fingers D = 25 and 45 mm, made of 40X steel
material, have been carried out. Figure 6 shows a 3D model of an experimental stand
for finishing antifriction static-impulse treatment incomplete spherical surface.

The dependence of the impact of single impact energy and static loading on the
thickness of the antifriction coating layer was evaluated. The experimental stand
allowed to provide a static load Fst on the tool in the range of 75-150 N and a single
impact energy W in the range of 0.5-2 J. The coating thickness was measured on
microscopes using a SIGETA CAM-05 digital microscope. The speed of the tool
varied within n; = 50-300 rpm. The workpiece rotational speed varied ny = 160-315
rpm.

It is established that the proposed technological equipment allows to control
the thickness of the applied antifriction coating with the simultaneous strengthening
of the surface layer of the main material of the workpiece. The microhardness was
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evaluated on the PMT-3 universal microhardness meter. There is an increase in the
surface microhardness of the main material of the workpiece up to 30%.

Figure 6. 3D model of the experimental stand for finishing antifriction static-impulse
treatment incomplete spherical surface

The advantages of the finishing antifriction static-impulse treatment process
include: low consumption of coating material and mechanical energy, high stability
and quality of antifriction coating. Improving anti-friction coating quality and
finishing antifriction static-impulse treatmentprocess performance is possible by
increasing the number of simultaneously running tools and providing optimal modes.

Conclusions

On the basis of the results of the analysis of technological capabilities of
friction-mechanical processing, methods of hardening, structures of equipment for
coating and strengthening of machine parts and conducted research, a new combined
method finishing antifriction static-impulse treatment incomplete spherical surface
and technological equipment for its implementation on the example of an incomplete
spherical surface of the ball finger, allows to improve the process of friction-
mechanical deposition on incomplete outer spherical surfaces of tributary parts.

It is established that the process of friction-mechanical forming of anti-friction
coating is ecologically safe and economically justified.

A promising direction for further research is to establish the influence of
technological environment and processing modes on anti-friction coating parameters.

The results of the work will be summarized in order to formulate
recommendations for the practical implementation of the technology of friction
application of antifriction coating on the incomplete spherical surface ball joints.
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EXPERIMENTAL RESEARCH OF SPRIN-BACK EFFECT DURING
SEQUENTIAL FORMING WITH DIFFERENT INNER ANGLE,
THICKNESS AND BENDING WIDTH OF BLANK

Kukhar V.1, Nahnibeda M.}, Radushev O., Markov O.?,
Anishchenko O.%, Prysiazhnyi A

! Pryazovskyi State Technical University, Ukraine
2 Donbas State Engineering Academy, Ukraine

Introduction

Steel sheet products and products from it are the most common product of
metallurgical and machine-building enterprises [1-3], also, very stringent
requirements are imposed of the geometric accuracy of these products [4-7]. Steel
reinforcing cold-formed shapes are common products manufactured by enterprises
specializing in the metal forming processes. Initial material for cold-formed shapes is
galvanized cold-rolled flat steel with a thickness of 0,65 mm. to 2,0 mm. Issues of the
development of a special of cold-formed dising and their production are constantly
pay attention because of the effectiveness of their application [8-10]. Cold-formed
shape is obtained during the blank forming process in the multi-roll roll-profiling
mills. However, the bent parts after load relief elastically unbend and change the
bending angle, which is characterized by the spring-back effect [11-13]. The
influence of the strengthening effect on the geometric parameters and the magnitude
of the parts springing formed in the die and various roll-systems was considered in
works [14-22]. It is also known that the sheet blank is prone to springing at bending
on multi-roll roll-forming mills [8, 15, 23-26]. The spring-back angle can be
determined based on experimental analysis of the measuring experiments [27-30].

To date, there is no reliable information about the difference of the spring-back
angle, which occurs when the flat blank is bending to a certain final angle for one or
several passes. Also, the value of the initial blank width is not taken into account,
although such oscillations essentially affect the energy parameters of bending. Failure
Is to not consider that the springing leads to inconsistency of the finite size of the
shapes and defect formation between the roller space of the roll-forming mill stands
[31-33]. There are also no mathematical dependences for determining the value of
the spring-back angle at passes and at the end of the multi-pass bending, which
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complicates the performance of the preventive prediction of the quality of cold-
formed shapes.

The purpose of the work is to obtain the graphical and mathematical
dependencies for descriptions of the resultative spring-back angle of the blanks at the
multi-pass bending, taking into account the width of the blank, number of passes, and
pre-bending angle at each preliminary pass.

Matherials and methods

Investigations of bending at the bending of Steel 3 grade (0.14...0.22% C;
0.15..0.3% Si; 0.4...0.65% Mn; < 0.3% Ni; <0.05% S; <0.04% P; ~ 97% Fe) blanks
were carried out on the crank-press model K116G (Fig. 1). As a working tool, were
used bending die of U8 grade tool steel (0.76...0.83% C; 0.17...0.33% Si;
0.17...0.33% Mn; < 0.25% Ni; < 0.027% S; < 0.03% P; ~ 97% Fe) with heat-treated
to hardness HRC 40...44 [34]. They were made for different angles of bending: 72°,
91° and 109° (Fig. 2). Radii : (i) — for die with a bending angle of 72°: upper die rin =
3 mm, lower die rout = 4,0 mm; (ii) — for die with a bending angle of 91°: upper die
rin = 4 mm, lower die rout = 5,0 mm; (iii) — for die with a bending angle of 109°:
upper die rin = 4 mm, lower die rout = 5,0 mm. The lower and the upper dies were
fixed in the die block installed on the specified press.

Measurement of the shape parameters of the blanks was carried out by an
angle-meter and a caliper, which has undergone metrological checking in due time.
The length of the blanks were used is L =60 mm (Fig. 3).

Fig. 1. Crank-press K116G, with Fig. 2. Bending dies
0.125 MN force
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upper die

lower die

(a) (b)
Fig. 3. Scheme of spring-back effect during blank (a) bending in die (b): L — the length of the
blank; S — the thickness of the blank; B — the width of the blank; o — the angle of the die; o' —
the angle after unloading

The blanks were divided into two groups with same sizes and quantity: the
thickness of the blank — S = 1 mm: the width of the blank — B =20 mm (5 samples),
40 mm (5 samples) and 60 mm (5 samples); thickness — S = 1,5 mm: the width of the
blank — B=20 mm (5 samples), 40 mm (5 samples) and 60 mm (5 samples);
thickness — S=2mm: width of the blank — B =20 mm (5 samples), 40 mm
(5 samples) and 60 mm (5 samples).

The first group of blanks was exposed to one-pass bending. Bending of the
blank was carried out in a die at a predetermined bending angle of 72°, 91°, and 109°,
and the spring-back angle Ao = (o/ — o) was measured (see Fig. 3).

The second group of blanks with same geometric sizes was subjected to a
multi-pass bending (Fig. 4).
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Fig. 4. Three-pass bending of blanks

That is, the blanks were first bent in a die with an angle of 109° and measured
the bending angle. Further, bending upper and lower dies were changed, and the
preformed bends were doped in a die with a 91° angle and measured the bending
angle. Then they again changed the bending lower and upper dies, and the preformed
bends were duplicated in a die at an angle of 72°, and measured the bending angle.
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The measurements were carried out after each bend, which was carried out
separated by passes, according to the developed method. Each experiment included at
least five measurements. The processing of these experiments was carried out on the
basis of the generally accepted method of dispersion analysis of the factor experiment
In accordance with standard [35]. The standard methods based on the positions of
probability theory and mathematical statistics are given in the specialized literature
[36, 37], the experimental values of the basic parameters of forming are considered as
random variables characterized by the normal distribution law and obtained as a
result of measurements of equal accuracy.

Results of research

After the processing of the experimental information, dependence of the main
parameters of the form change, which characterizes change of the spring-back angle
during forming in the dies, was developed. The graphic dependences show the
change of the spring-back angle — Aa, depending on the width to thickness ratio (B/S)

and the relative angle of the blank (B): 8= (180 —a! )/ 180.
Examples of experimental graphics are shown in Fig. 5-10.
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Fig. 5. Change of the spring-back angle, depending on the relative bending angle of the
blank with a thickness S = 1 mm during one-pass bending

Analyzing the change of the spring-back angle, it is should be noted its overall
growth with the thickness and width of the samples increasing.
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Fig. 8. Change of the spring-back angle, depending on the relative bending angle of the
blank with a thickness S = 1 mm during multi-pass bending

As it is established, during deformation of blanks with thickness S = 2 mm,
springing occurs more intensively. It should also be noted for the blank with a width
B = 60 mm. Bending of the blank S = 1 mm is accompanied by less intensive
springing, compared with the blanks S = 1.5 mm, S = 2 mm. It should also be noted
for blanks with a width B = 20 mm.

Experiments data are shown in Figs. 5-10 were processed in the MS Excel
package using the "Analysis ToolPak™ macros and using a linear, logarithmic and
exponential regression model. As a result of the data processing of the experiment it

was found that the linear model does not give adequate results for any of the cases,
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For the case when only the data of one-pass bending (n = 1) are taken into
account, the logarithmic model has been found to be the most adequate and correct:

IN(Ac);, mody = —3-09683+0.5481-In(B / S)—4.5735-In(3),

for which the correlation coefficient is equal to 0.77744; coefficient of linear
determination is equal to 0,5969; the adapted determination coefficient is 0.5663,;

standard error is 0.7111.
For the case of multi-pass bending (n =1, 2, 3), the logarithmic model was also

found to be the most adequate and correct.

IN(Ac), mod1_s = —39-3727+0.2121-In(B / S)+43.8989 - In(3)—14.2823-In(n),

for which the correlation coefficient is 0.8702; the linear determination
coefficient is 0.77573; the adapted determination coefficient is 0.7256; standard error

15 0.6290.
For the case when the data of one-pass and multy-pass bending (n =1, 2, 3) are
taken into account, it is found that the result is the most adequately and correctly

describes the exponential model:
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In(Acx) =3.8389+0.0115-exp(B/ S)—2.3813-exp(3) + 0.1182- exp(n),

exp.mod

for which the correlation coefficient is equal to 0,5822; the linear determination
coefficient is 0,3390; the adapted determination coefficient is equal to 0,2993; The
standard error is 0.9469.

Conclusions

1. As a result of the analysis in literary sources, lack of information has been
found to take into account the spring-back angle at the multi-pass bending of the
blank. It is shown that during calculating the shape change and predictive prediction
of the quality of bending shapes it is necessary to take into account the properties of
the blank material, as well as the angles of the pre-bending and the ratio of the width
and thickness of the blank.

2. The method of experimental research for the spring-back angle at the multi-
pass bending is developed. Was shown the expediency of using methods of direct
measurements of geometric sizes of blanks after bending at different angles, taking
into account the thickness and width of the blank, as well as the necessity of applying
statistical methods and methods of regression analysis to obtain analytical
dependencies.

3. The graphic dependences of the spring-back angle is built on such relative
indicators of the bending process as the relative bending angle () and width to
thickness ratio (B/S) of the blank, which makes the calculation of experiments more
versatile. After analyzing the graphs obtained, that we can conclude that the spring-
back angle significantly decreases with increasing number of pre-bends. The
magnitude of the spring-back angle increases with increasing the thickness and width.

4. With the aid of regression analysis, mathematical models were developed to
predict the bending angle at the design of technological processes at the stage of
calculations and designing of technical documentation (manuals).
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