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.
development of intellectual, creative activity, and protection of
its results.
The reform of the national intellectual property system is
defined by the Strategy of Sustainable Development of Ukraine2020 [2], the Law of Ukraine "On Judicial System and Status of
Judges" [3], the Decree of the President of Ukraine "On the
formation of the Supreme Court of Intellectual Property" [4], the
Concept of Reforming the Public System legal protection of
intellectual property in Ukraine [5], and other regulatory and
legislative acts.
The main problems in the field of protection of intellectual
property rights (IP) in Ukraine:
• Lack of effective tools for IPR protection;
• low IP enforcement in the Internet;
• absence of cases of bringing to responsibility of owners of
sites with pirated content;
• the presence of organized markets where the sale of
counterfeit products and products with pirated content takes
place;
• non-transparent mechanism for collection and distribution
of royalties;
• use of unlicensed software both in commercial structures
and in state bodies;
• patent trolling. [4, p.2]
The reasons that led to the aggravation of the abovementioned problems are ineffective governance and a low level
of culture in the society in the field of intellectual property rights.
The main objectives of the reform are to create an optimal,
high quality and efficient system of intellectual propertу, to
ensure effective protection of intellectual property rights, to
simplify the creation and commercialization of innovative
products, to support and develop the national innovation system,
and the European integration of Ukraine. As important goals of
restructuring, the public administration of intellectual property
we can mention following - increasing transparency and
eliminating corruption in this area.
In our opinion, especially the protection of intellectual
property rights is the tool that can overcome corruption in
Ukrainian society. As in the process of innovative activity
competition arises between business entities, it stimulates the
progress of society and through the mechanism of bankruptcy
removes inefficient companies from the market. If intellectual
property rights are reliably protected in society and the state
supports innovations, inefficient enterprises will no longer
succeed in overcoming their competitors through bribery.
In the process of reforming the national system of
intellectual property, it is important to ensure public-private
partnership. The organization of effective cooperation between
universities, research organizations and private business makes it
possible to create an innovative environment that facilitates the
transfer of technology, the commercialization of the results of
intellectual activity.

1. Introduction
The reform of The National system of intellectual property
began in 2016 in Ukraine. The main reasons for the reform were
the slowdown in the pace of the country's innovative
development, the inadequate level of commercialization of
innovative products, and the obligations in the field of
intellectual property protection adopted by Ukraine in the process
of European integration.
The problem of the integrated development of the national
economy of Ukraine on the basis of comprehensive introduction
of innovations in all branches of social production remains far
from being resolved. According to the Ministry of Economic
Development and Trade over the last 5 years in Ukraine, about
50,000 applications for the registration of intellectual property
are annually filed in. In particular, 53,454 applications were
submitted in 2017, of which: 4,048 applications for inventions,
9,105 applications for the registration of utility models, 2,480
applications for the registration of industrial designs, 37,817
applications for the registration of signs for goods and services
[1, p. 7]. Some of the applicants are denied in gaining the
protection document, in particular in 2017 only 55.5% of the
applicants received this protection. However, in the future, in the
case of presence of a protection document, a significant part of
intellectual property rights by their owners is not used in such a
sphere of social production as intangible assets. In Ukraine, the
share of intellectual capital in the assets of domestic enterprises
does not exceed 1%, while in the capital structure of European
and American companies this share reaches 50%. So, having a
powerful scientific, technical and innovative potential, Ukraine is
not able to ensure the full involvement of the results of
intellectual activity in the sphere of social production, which
negatively affects the rate of economic growth and the general
level of the nation's welfare.
We reckon that one of the main reasons why this situation
appear is the lack of an effective system of protection of
intellectual property rights in Ukraine, which would facilitate the
commercialization and operational transfer of the results of
creative intellectual activity.
To raise the welfare of the Ukrainian nation and achieve the
goals of economic growth defined in the 2020 Strategy of
Sustainable Development of Ukraine, it is very important for us
to attract investments for innovation, stimulate the export of
innovative products, increase the output of import-substituting
competitive products, and develop small and medium-sized
innovative businesses in the country. Therefore, the national
system of intellectual property needs reform and transformation
The National system of intellectual property protection is
an aggregate of economic and legal relations, the subjects of
which are state, public and private organizations that, through
their own methods, tools and instruments, ensure the
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Table 1
Dynamics of receipt of applications for industrial property
objects and registration of titles of protection
Objects of
2017
industrial property
in%
2014
2015
2016
2017
to
2016
All received
44 146 47 819 51 559 53 454 103,6
applications
Total registered
29 677
26 098 31016 29 673 95,7
Value of
applications
submitted to
67,2
54,6
60,2
55,5
registered
companies, in%
Inventions:
received
4 814
4 499
4 094
4 048
98,9
applications
registered
3 319
3 014
2 813
2 590
92,1
ratio of
submitted to
68,9
67,0
68,7
64,0
registered in%
Useful models:
received
9 384
8 616
9 558
9 558
95,2
applications
registered
9 196
8 153
9 044
9 442 104,4
ratio of
submitted to
98,0
94,6
94,6
98,8
registered in%
Industrial
Designs:
2 664
2 080
2 302
2 480 107,7
received
applications
registered
2 464
2 021
2 269
2 390
96,8
ratio of
submitted to
92,5
97,2
98,6
96,4
registered in%
Marks for goods
and services:
27 280 32 621 35 605 37 817 106,2
received
applications
registered
14 698 12 388 13 618 15 248 111,9
ratio of
submitted to
53,9
38,0
38,2
40,3
registered in%
Source: developed by author on the base [1, c.23]

2. Problems and perspectives of reforming
the National system of intellectual property in
Ukraine
The national intellectual property system covers national
legislation on intellectual property, the state system of legal
protection of intellectual property, subjects and objects of
intellectual property rights. In this paper, we will focus on the
problems of reforming the state system of legal protection of
intellectual property.
Until 2017, Ukraine had a three-level structure for the
protection of intellectual property rights. The State Intellectual
Property Service provided the state policy in the field of
intellectual property. The sphere of management of the State
Service as an executive authority included: the State Enterprise
"Ukrainian Institute of Industrial Property" (DP Ukrpatent), the
Ukrainian Agency for Copyright and Related Rights (UARP), the
state enterprise "Intelzahist", which dealt with issues of
combating violations of rights on objects of intellectual property,
mainly on objects of related rights.
In the process of reforming the intellectual property system
on May 19, 2017, the State Intellectual Property Service was
liquidated. In 2017 the state enterprise " Intelzahist " was also
liquidated. Instead of the State Intellectual Property Service, it is
planned to create a new state body, the National Intellectual
Property Authority (NIPA), which corresponds to the general
European practice. The NIPA will implement a state organization
in the field of intellectual property management and will be
financed by fees from the protection of intellectual property
rights. The authority will be subordinated to the Ministry of
Economic Development and Trade (previously the State
Intellectual Property Service was subordinated to the Ministry of
Education and Science of Ukraine). Thus, Ukraine will transition
to a two-tier structure of the protection of intellectual property
rights. The Ministry of Economic Development and Trade will
ensure the formation and implementation of state policy in the
field of intellectual property, and the NIPA shall perform certain
public functions for the implementation of state policy in the
field of intellectual property.
The National Intellectual Property Authority is
subordinated to the State Enterprise "Ukrainian Institute of
Industrial Property" (State Enterprise "Ukrpatent"). This is the
only institution in Ukraine for review and examination of
applications of industrial property. In 2018 it is planned to
conduct an external independent audit of the activities of SE
Ukrpatent in order to optimize the organizational structure and
costs of the enterprise. As in the economy of knowledge the
human capital is the most valuable asset of any enterprise, the
new personnel policy of the enterprise provides for competitive
selection of the company's management, the creation of a
qualified board of directors, the involvement of highly qualified
experts who are responsible for conducting a qualitative and
qualified examination of submitted applications for facilities
industrial property is growing every year. It is interesting to
compare the ratio of filed applications and registered protection
documents to inventions, utility models, industrial designs and
signs for goods and services for the period from 2014 to 2017
(table .1).
In order to stimulate the innovative activity of national
economic entities in the framework of the reform of the
intellectual property system, it is planned to improve legislation
on the mechanism and procedure for crediting fees for activities
related to the protection of rights to intellectual property objects,
taking into account the Association Agreement between Ukraine
and the EU and the provisions of international treaties to which
Ukraine joined. It is envisaged to create a single window for the
issue of titles of protection to the TSO, which will enhance the
transparency and effectiveness of government agencies.

According to the data of Table.1, in the process of
registration of intellectual property rights, some of the applicants
receive a refusal to issue a protection document (a patent or a
certificate for a sign for goods and services). In this case, the
decision of the state registration authority may be appealed by the
applicant in the Appeals Board or the court. An important
innovation in the reform process is the creation of the Appeals
Board of the National Intellectual Property Authority, a
professional independent professional body, to which business
entities can apply in the event of disputes in the field of
intellectual property.
In particular, in 2017, the Court of Appeal and the court
received 103 objections, which were distributed according to the
objects of industrial property as follows: signs for goods and
services - 91; invention - 11; useful models - 1. [1, c.24]
An important aspect of reforming the state system of
protection of intellectual property rights is the reform of the
judiciary and legal proceedings in this area. The issues of
deepening the specialization of courts in disputes over
intellectual property in Ukrainian society have been debated for a
long time. Accordingly, there were two positions on this issue:
the creation of a separate court on intellectual property or the
introduction of the Chambers of Judges in local and appellate
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courts. In 2018, a specialized High Court on Intellectual Property
Issues, established in accordance with Presidential Decree No.
299/2017 of 29 September 2017, began its activities [4]. The
court will be situated in Kiev. According to the experts’ point of
view, the formation of a separate court on intellectual property
issues will help resolve the problem of delineating the
jurisdiction of courts in the handling of cases on intellectual
property matters and will ensure the application of uniform
judicial practice in resolving the relevant disputes.
The creation of separate specialized courts on intellectual
property issues is a worldwide trend. Today, around 90
specialized courts operate around the world. In particular, in
Germany it is the Federal Patent Court, in Japan - the Supreme
Court for Intellectual Property. This is due to the rapid
development of the intellectual property market and the entry of
countries into the World Trade Organization (WTO). Although
the WTO and TRIPS agreements do not explicitly provide the
creation of appropriate specialized courts, that’s why many
countries follow this path on their own initiative.
The Higher Court of Intellectual Property in accordance
with the Economic Procedural Code of Ukraine will consider
such categories of cases in the first instance:
1) cases on disputes about the rights to an invention, utility
model, industrial design, trademark, commercial name and other
intellectual property rights, including the right of prior use;
2) cases on disputes on registration, registration of
intellectual property rights, invalidation, prolongation, early
termination of patents, certificates, other acts certifying or on the
basis of which such rights arise, or violating such rights are
associated with them legitimate interests;
3) the case of recognition of the trademark as well known;
4) cases on disputes over the rights of the author and
related rights, including disputes concerning the collective
management of the author's property rights and related rights;
5) cases on disputes on concluding, amending, terminating
and executing an agreement on disposal of property rights of
intellectual property, commercial concession;
6) cases on disputes arising from relations related to
protection against unfair competition, regarding: the misuse of
designations or goods of another manufacturer; copying the
appearance of the product; collection, disclosure and use of trade
secrets; appealing decisions of the Antimonopoly Committee of
Ukraine from the issues identified by this item.
Taking into account the specifics of the intellectual
property sphere, the Supreme Court on intellectual property
issues will consider disputes involving both legal entities and
individuals, state authorities and local self-government. In the
process of reforming the state system for the protection of
intellectual property rights, references are made for liability for
violation of intellectual property rights by introducing
appropriate changes to the Criminal Code of Ukraine and the
Code of Ukraine about Administrative Offenses.
The next step in the reform is a reform in the management
system of copyright and related rights due to the reorganization
of the system of collective management of proprietary copyright
and related rights. The main problem in Ukraine today is that the
authors' rights are violated, the authors and performers do not
receive a fair compensation for the results of their intellectual and
creative activity, the authors are not involved in making decisions
on the distribution of collected funds by the Collective
Management Organization (CMO) etc. In the course of the
reforms, it is planned to create a new organization for the
collective management of copyright and related rights by
transforming the State Organization "Ukrainian Agency for
Copyright and Related Rights" into a non-governmental
organization for collective management, which will collect
royalties. It is planned to introduce changes and amendments to
normative and legislative acts with a view to creating a
transparent mechanism for collecting, distributing and paying
remuneration to subjects of copyright and related rights.

The Ministry of Economic Development and Trade drafted
a law on the collective management of property rights of subjects
of copyright and related rights, approved by the Cabinet of
Ministers of Ukraine in December 2017. The new draft law calls
for authors to take decisions on the distribution of collected
funds, regulate the mechanisms of "extended" collective
management, including the right holder's ability to seize rights,
that is, to refuse the services of the CMO, if they do not
correspond to his interests. There is also a specialization of the
CMO, which will collect funds in a certain area. Therefore, users
will be able to clearly determine who exactly, what kind of CMO,
they have to pay money for using objects of copyright and related
rights. A list of such collective management organizations will be
available on the website of the Ministry of Economic
Development and Trade.
The new law "On Amending Certain Legislative Acts of
Ukraine Regarding the Settlement of Copyright and Related
Rights" is also rather controversial. On the one hand, the project
contains the necessary changes to harmonize the legislative
norms and provisions in the field of copyright and related rights
with European norms, corresponds to the obligations that Ukraine
assumed by signing the Association Agreement with the EU. On
the other hand, the adoption of this law, in the opinion of some
experts, may adversely affect market participants. In particular,
this concerns the new legal status of the CMO and their place in
relations with TV and radio organizations. In fact, if a new law is
adopted, the CMO will monopolize the authority to collect
royalties. According to the law, the provider or channel can
independently resolve the issue of copyright and the direction to
enter into contracts directly with the rightholder. The new law
clearly specifies that remuneration is transferred exclusively
through the CMO. Moreover, under new changes for registration
of the license the broadcasting organizations should necessarily
submit the contract with CMO, that, in opinion of experts, is the
additional mechanism of pressure on the tele-radio organizations.
[8] The question for discussing is the question of separating
interactive access as a separate way of using objects of copyright
and related rights. The law also proposes changes in the part of
understanding the constituents of a work that can have
independent protection, namely the addition of the work next to
the name of the work of the character.
The law also amends the distribution of rights to official
works, in particular computer programs and databases. However,
it is interesting that the general inconsistency about the rights to
official works, which exists between the norms of the Civil Code
and the Law on Copyright and Related Rights, is not eliminated
by the project.
The law suggests that the rights to all official works which
are created by employees of state bodies belong to the employer.
The same is assumed for works created at the request of the state.
In addition, it is determined that the proprietary rights to the
computer program and the database belong to the employer,
unless otherwise specified in the contract. About databases, the
project also introduces a new category - the right of a special
kind of producer of non-original databases. Such changes are
proposed with a view to implementing the provisions of the
Association Agreement.
The new regulation is also proposed for the calculation of
remuneration for the sale of a work of art. So, the reward to the
author (the heir) is paid if the price of selling the work (without
taxes) exceeds 2 minimum wages. The amount of compensation
depends on the value of the sale, for example, if it does not
exceed 59 minimum salaries, then the reward will be 5% of the
selling price, if the price is higher, then the percent will decrease.
The duty to pay the deductions is held by the seller, regardless of
whether he acts on his own behalf or as an intermediary. The
procedure for recalculating such remuneration is again carried out
through the CMO.
The list of cases of free use of works is expanded. In
particular, it is settled that without the consent of the author and
without payment of a fee, free provision of works by non-profit
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libraries (except computer programs and databases) is possible.
At the same time, when it comes to the use of digitized works,
the granting for use is allowed only in the library premises and
without the possibility of electronic copies for use outside the
library. It also presupposes the legal regulation of the free use of
works in an accessible format for persons with disabilities.
In addition, similar to European regulation, a norm is
introduced on the authorization for the transfer and temporary
storage of works, if this is part of the technological process (for
example, by Internet providers).
On liability, violations are added in the form of nonpayment of the stipulated remuneration, and the amount of fines
increases. In addition, it is proposed as a sanction to allow the
court to collect not just losses, but losses in double size.
Reforming of the state system of intellectual property
protection, in our opinion, should be built not only on the basis of
increasing responsibility for violation of intellectual property
rights, but also include a system of measures to support and
develop innovation, in particular among young people. For
example, every year in Ukraine the All-Ukrainian competition
"The invention of the year" is held for young Ukrainian
innovators and students. In 2017, 348 works were submitted for
the "Invention of the Year" competition, including 122 inventions
(35% of the total number) and 226 utility models (65%), and 275
entries were submitted by scientific institutions. The competent
jury selected and determined the winners who were awarded. The
best invention of Ukraine is the complex of inventions "ultrasonic
cavitation equipment", which can be used in various industries.
Also in 2017, the All-Ukrainian competition of inventive and
rationalizing projects of an environmental-naturalistic direction
took place for participants from 16 to 23 years old. Every year in
Ukraine, the All-Ukrainian Information Technologies
Championship "Ecosoft", the All-Ukrainian competition "Intel
Eko Ukraine" is held, and it helps to identify and state support of
talented young people among students.
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3.
Directions
of
improvement
and
development of the intellectual property system of
Ukraine
So, the problem of reforming the national system for the
protection of intellectual property rights requires a
comprehensive solution by:
• making appropriate changes and provisions in the national
legislation with a view to harmonizing Ukrainian and European
law;
• definition of a long-term state Strategy for the
development of intellectual property in Ukraine for the formation
and implementation of an effective state policy in the field of
intellectual property;
• creation of an effective system of state protection of
intellectual property rights, which should again be provided by
the state body - the National Intellectual Property Authority;
• increasing transparency and bridging corruption in this
area;
• stimulation of innovative activity of national economic
entities by improving legislation on the mechanism and
procedure for crediting fees for the acquisition of rights to
intellectual property;
• advocacy of intellectual property in the society with the
aim of building citizens' respect and observance of intellectual
property rights;
• reforming the judicial system to protect intellectual
property rights and establishing effective work of the Supreme
Court of Intellectual Property;
• establishment of an effective system of collective
management of copyright.
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Abstract: The role of universities in R&D activities is a subject which needs to be reevaluated and thought over in terms of their
contribution to the related industries, their vicinities and research parks. The mere reason of the existence of universities is to push the
boundaries of the existing knowledge to achieve better and more reliable results in any given field. Although the ideal is having universities
which are able to adapt really quickly to changes, often the reality is not so. The change is mostly slow and not swift enough to keep up with
the recent developments in many fields such as the economic changes. These changes in the manner of universities require long periods of
time. This is one of the reasons why universities should be quick to respond to regional needs and shifts to help pursue more attainable and
resilient ecosystems. The main objective of this article is to analyze the role of research and development unit Mehmet Akif Ersoy University
R&D services. It aims to support co-evolution of local municipal and industrial enterprises to increase the competitiveness of the region.
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Natural stone and marble production is gaining importance in
the region in recent years. Burdur has about 125 factories, 250
active marble quarries; Burdur-based companies have an export
capacity of about 131 million dollars and employment capacity of
8500 people [1].

1. Introduction
The globalizing world and thriving technology has created a
great competition in every field. This competition is at the highest
level in fields such as industry, agriculture, tourism etc. which are
important areas of the economy. Increased competition encourages
countries and companies to pursue more research, development and
investment activities.

Mehmet Akif Ersoy University has become a world class
educational institute in almost every academic field since its
foundation in 2006. With 4 institutes, 11 faculties, 6 schools and 13
vocational schools, Mehmet Akif Ersoy pursues excellence in shortcycle, undergraduate and graduate levels. 5 departments running
university-wide classes and 18 research centers are continuously
doing their important activities in their respective fields. There are
also masters programs, associate degrees and certificate programs
offered through Mehmet Akif Ersoy University Distance Education
and Learning Center.

Private sector and state support plays an important role in
research and development activities. R & D centers in universities
constitute an important part of State support's research and
development activities. Researchers who are academically and
technically experienced in these centers produce new ideas and
products according to the sectors. These emerging products and
ideas at the basic level are then developed and presented to the
industrial market. At this point, the competitive power of the
companies in the market has increasing and it makes a great
contribution to the state economy. From this point of view, in this
study the contribution of the research and development centers
located in Mehmet Akif Ersoy University to the regional economy
has been evaluated in general.

3. Relationship between R&D Centers and
Industrial Sector
As universities become bigger players in R&D and economic
development, their relationship with industry, research parks and
regions needs to be carefully rethought. The idea that a university is
only an educational and research institution should be re-examined.
Universities it can be characterized as a multidisciplinary structure,
as it integrates many management (strategy, leadership, etc.),
engineering (process knowledge, innovation), social (human
resources, ethos, etc.), financial (marketing, extroversion, etc.) and
other disciplines. Universities should be institutions that respond to
changing and developing economic and market conditions in a short
and long term [2].

2. Burdur and Mehmet Akif Ersoy University
Burdur province is situated in the south Mediterranean regions
of Turkey. It has a surface area of 6.887 km2 and a height of 1000
m. 60.6% of the province's arable land consists of mountains, and
the soil. The geographical position of Burdur is given in figure 1.

There are many researches related to research centers and
development level within the scope of university industry
cooperation. Researchers investigating the effects of research
centers on themselves and on regional development indicated that
centers set up by different universities for the same purpose in the
same region increased competition and contributed positively to
development [3-5].

4. Burdur and Mehmet Akif Ersoy University
Research and Development Center

Fig. 1 Geographical Position of Burdur

Burdur economy is based on agriculture, animal husbandry,
forest industry and natural stone sector. There are integrated
facilities which produce milk and meat at a considerable level in the
region, industrial facilities that manufacture agricultural and natural
stone processing machinery and also forest processing facilities.

Burdur economy is based on agriculture, animal husbandry,
forest industry and natural stone sector. These five major economic
sectors are helping the development of Burdur and contributing to
the country's economy. Therefore, it is necessary to carry out
research and development studies in these sectors. Mehmet Akif
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Ersoy University is the most important institution for research and
development studies. The research centers established within the
university are the main centers of R&D activities. Mehmet Akif
Ersoy University research and development centers are given in
Table 1. Since Mehmet Akif Ersoy University is a newly
established university, the activities of research centers are at the
beginning level.

•

In the field of marble and natural stone technologies,
it should follow the innovations in the world and
inform the organizations in the sector.

•

In order to develop university-industry cooperation,
the marble sector, which is the largest economic
power of the region, should produce projects that will
increase the competitive power needed by the marble
sector.

Table 1: Mehmet Akif Eroy University R&D Centers
Mehmet Akif Ersoy University Research and Development Centers

The research and development center should contribute to the
strengthening of the scientific and technological infrastructure of
the country in the light of the recommendations.

Physical Education and Sport Sciences Application and Research Center
Scientific and Technology Application and Research Center

4.2. Burdur and Mehmet Akif Ersoy University Agriculture,
Husbandry and Food Research Institute Application and
Research Center

Biological Resources Application and Research Center
Burdur Development Center

Agriculture and husbandry are one of the most important
economic areas. There are 1,438,558 decares of agricultural land
and 650,196 registered animals in Burdur [7]. Burdur which has a
significant potential in this area, food and agriculture industry have
developed. Mehmet Akif Ersoy University Agriculture, Husbandry
and Food Research Institute Application and Research Center were
founded on 2016. Recommendations for increasing the role of the
R&D center in assessing agriculture, husbandry and food potential
are given below.

Child Education Application and Research Center
Lakes Local Archeology Application and Research Center
Application and Research Center for Women Issues
Cosmetics Application and Research Center
Corporate Communication Application and Research Center
‘Mehmet Akif Ersoy’ Application and Research Center
Marble and Natural Stone Technology Application and Research Center

•

The research center should investigate the
environmental conditions of the vegetable and animal
production being made in the region, and to develop
suitable plant and animal species and to carry out
breeding studies and research.

•

The research center should develop new products in
the center by carrying out research and development
studies that will increase production in line with the
principles and targets of development plans.

•

The result of the research done at the center should
present the developed products to the market and the
producers.

•

Provide guidance services by sharing the developed
and applied production models and methods with the
regional producers. Training seminars, conferences
and training courses should be organized to educate
regional producers.

•

It should carry out joint studies and projects in the
fields of education, research and production within
the framework of mutual bilateral cooperation with
domestic and foreign universities, institutes, agencies,
centers and public institutions.

Music Culture Application and Research Center
Agriculture, Husbandry and Food Research Institute Application and
Research Center
Teke Yöresi Folk Culture Application and Research Center
Turkish Folklore Application and Research Center
Distance Education Application and Research Center
Renewable Energy Resources and Technologies Application and Research
Center
Turkish Language Practice and Research Center

4.1. Burdur and Mehmet Akif Ersoy University marble and
natural stone technologies research and application center
Spain, Turkey, Italy, Pakistan etc. countries are in located
Alpine-Himalayan belt. That's why these countries have rich marble
deposits. Turkey in terms of diversity and quantity has significant
marble deposits potential. It is estimated that this potential is
3,872,000,000m3[6].
Burdur with 40 million tons of marble potential has an
important position in Turkey. The role of research centers plays an
important role in the evaluation of marble potential within the scope
of university-industry collaboration. Mehmet Akif Ersoy University
Marble and Natural Stone Technologies Research and Application
Center were founded on 2013. Recommendations for increasing the
role of the R & D center in assessing marble potential are given
below.
•

In Burdur, a total of 182.519 m3 of industrial wood production
has been realized by 2011 and the value of this production is
9.456.744 TL. 94.187 m3 of industrial production is logged, 762 m3
is wire pole, 12.213 m3 is mine pole, 4.475 m3 is industrial wood,
25.767 m3 is paper wood, 45.026 m3 is fiber chip wood, The 89 m3
section is also a pole bar [8].

The research center should support the marble and
natural stone industry which is of great importance for
the Burdur Provincial Economy.

•

By contributing to the efficient evaluation of existing
marble and natural stone potential, it is necessary to
determine the problems of the sector and develop
solution proposals.

•

Sector employees should contribute to their training
with seminars that will be organized on the topics
they need.

Forestry activities are one of the important sources of income
for Burdur. Therefore, Mehmet Akif Ersoy University should
establish a research center related to forest and forestry activities
and work to support forestry activities in the center.
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5. Results and Conclusion
In this study, the contribution of the research centers of Mehmet
Akif Ersoy University to Burdur province development and
economy has been examined in general. It has been found that the
Burdur province economy is based on agriculture, animal
husbandry, forestry, marble industry and there are determinations
about how these sectors will be supported by research centers in
universities. University research and development centers should
contribute to the development of the region with activities such as
projects, education, and seminars. Mehmet Akif Ersoy University
Technology, Engineering and Business faculties, should provide
academic and technical support to the research and development
centers.

6.References
1. Burdur Chamber of Commerce and Industry
2. Salminen V., Kantola, J.I., Vanharanta, H. Competence portfolio
assessment of research and development center for regional
development. Procedia Manufacturing, 3, (2015) 701-708.
3. Ponomariov B.L., Boardman, P.C. Influencing scientists’
collaboration and productivity patterns through new institutions:
University research centers and scientific and technical human
capital. Research Policy, 39(5), (2010) 613-624.
4. Gaughan M., Corley E.A. Science faculty at US research
universities: The impacts of university research center-affiliation
and gender on industrial activities. Technovation, 30(3), (2010)
215-222.
5. Boardman P.C., Corley, E.A.. University research centers and the
composition of research collaborations. Research Policy, 37(5),
(2008), 900-913.
6. Celik M.Y., Sabah, E. Geological and technical characterisation
of Iscehisar (Afyon-Turkey) marble deposits and the impact of
marble waste on environmental pollution. Journal of environmental
management, 87(1), (2008), 106-116.
7. Turkish Statistical Institute, Agricultural and Animal Statistics,
(2017).
8. West Mediterranean Development Agency, Forest and Forest
Products Sector Report, (2012).

10

INNOVATION OF POLISCH AND GERMAN COMPANIES
Grego-Planer D. PhD., Glabiszewski W. PhD., Liczmańska-Kopcewicz K. PhD.
Faculty of Economic Sciences and Management – Nicolaus Copernicus University in Toruń , Poland
dgp@econ.umk.pl, waldemar.glabiszewski@umk.pl, k.liczmanska@econ.umk.pl
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use their resources to follow it, trying to reach the top. Hidden
champions with their narrowly defined markets would be restricted
to small sizes if it had not been for the phenomenon of
globalization. It is them who use it extremely effectively. Their
international operations mean that even niche markets can achieve
large volumes. However, this process requires them to reveal very
high persistence and resistance. Both leaders and employees
overcome numerous national and cultural barriers occurring within
this process, thus becoming citizens of the world. The greatest
strength of hidden champions is their attitude towards the client. In
that respect hidden leaders constitute an unachievable benchmark.
They care about their closeness and long-term relationships with
their clients in all spheres of activity. They are perfectly aware that
proximity with the client can lead straightforwardly to creating a
competitive advantage. This article, however, raises a particularly
important issue - innovation which is being followed by all of the
entities studied. It is impossible to keep leading market positions
with products that are of inferior quality when compared with
competitive ones. Hidden champions, of course, realize this and
treat innovation as the foundation of their successes. The research
objective of this article is to evaluate the innovative activity of
Polish and German hidden leaders.

1. Introduction
The economic development of many European countries is
dependent not only on the development of large corporations, but
also on a group of smaller entities that, being often world leaders,
provide a significant level of exports in their home country.
Professor Simon emphasised that dependence, wondering why the
German and Scandinavian markets are so strongly dominating in
exports. The researcher noted that a huge percentage of exports in
Germany is dependent on a certain group of medium-sized entities,
which in general are not familiar to the majority of the society.
Deepening his research, Simon named these companies as „hidden
leaders‟, defining them as companies operating in niche markets
(somewhat mysterious), generating revenues below three billion
euros and occupying one of the first three positions on the global
market in terms of the possessed share in it [Simon, Dietl 2009, p.
35]. Simon identified such companies on the German market and
investigated thoroughly the way they operate. Similar research but
conducted on the Polish market was done by a research team at
Nicolaus Copernicus University in Toruń. In 2011, a total of 78 of
such companies was identified in Poland, however 58 of them
agreed to participate in the study. Subsequent searches for new
Polish hidden leaders conducted in 2015 ultimately led to the
identification of 94 such companies. The research on this specific
group of companies conducted on the German and Polish market
allowed us to draw common conclusions on the strategy of their
operation. All hidden leaders share certain common characteristics,
and the most important one is certainly their mysticism. Almost
nobody, apart from business partners and specialists in a given
industry, knows their names. Hidden champions are characterized
by setting extremely ambitious goals. Each of them from the very
beginning strives to take the first position in the global market. It is
this goal that becomes the foundation of their success. The founders
or managers of these companies are extremely ambitious. The
continuity of leadership, and the great commitment that is also
passed on to employees, make these long-term goals fully-achieved.
A rigorous selection of employees means that they employ simply
the best and extremely efficient people who identify with the
company very strongly. Hidden champions have an extremely deep
value chain and a very high degree of vertical integration in
production. They conduct intensified research and development
activities, and they are extremely cautious when it comes to
outsourcing or strategic alliances. Although hidden leaders are quite
authoritarian leaders as concerns principles, they give quite a lot of
freedom to their employees to make and implement decisions. This
is reflected in their operations. To maintain their strengths and not
to lose them during intense growth periods of the company, these
entities implement decentralization. They treat it as the most
effective way to preserve their values. A very important pillar in the
activities of all hidden champions is certainly concentration. Hidden
leaders define their markets narrowly, often operate in niches, even
becoming their owners. They choose a specific course of action and

2. Innovation of companies - the theoretical
approach
The literature on the subject of innovation is extremely
abundant and diverse. This is related to, for example, the fact of a
diverse approach to innovation shown by researchers of many
professions, or to the treatment of innovations in a broad or narrow
way. According to Ch. Freeman [1994, p.7], the inclusion of
innovation in the strict sense means the first use of a novel product,
process, system or device, and according to E. Mansfield [1968, p.
83] also of an invention. Defining innovation narrowly most often
underlines the importance of technological changes that are
primarily relevant to production processes [Janasz 2003, p. 53]. In
turn, innovations in a broad sense relate to every idea, thing, attitude
that stands out from all existing to date, especially in the context of
quality. J.A. Schumpeter [1960, p. 322] identified innovation with
the introduction of new products into production or the
improvement of already existing ones, with the opening of a new
market, using a new way of selling or shopping, using new raw
materials or semi-finished products and introducing a new
production organization. According to P. F. Drucker [1992, p. 41],
innovation goes beyond the technological dimension, adopting the
nature of social and economic changes. J.A. Allen also takes a
broad approach to innovations [1966, p. 7] and claims that
„innovation is the introduction of new products, processes or
procedures for widespread use‟. Also M. E. Porter [1990, p. 45]
treats innovations as technological improvements and better
methods, as well as ways of doing something; this may be revealed
in changes in the product, process, new approaches to marketing,
new forms of distribution or new management concepts. M. E.
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Rogers [2003, p. 12] is also a follower of taking the broad approach
to innovations and claims that an innovation is „an idea, practice or
object that is perceived as new by a person or other acquiring
entity‟. Innovations can therefore be understood as a more or less
original novelty introduced in many important and at the same time
basic areas of business activity.

systems, marketing, and services. Innovations in processes often go
beyond cost reduction, leading to higher quality or greater
convenience. Innovative companies identify and anticipate
customers' needs actively and then respond to them appropriately,
and thus create greater value for buyers [Liczmańska-Kopcewicz,
Glabiszewski, Grego-Planer, Zastempowski 2018, s. 3683]. It
should be emphasized that in the case of hidden champions
innovation is not always associated with very radical changes. Of
course, in their activities breakthrough innovations - on average at
least four product and two technological innovations over a twoyear time period [Grego-Planer, Glabiszewski 2016, p. 28], were
often even the basis for creating completely new markets, however
many hidden champions simply benefit from constant
improvements. This is just the superiority of hidden leaders. Each of
their products is close to achieving perfection. Hidden champions
focus on doing many small things much better than competitors do,
and this requires improving their products on an on-going basis.

Innovation is the culmination of the process of creating a new
reality, consisting in introducing new things in the way of
proceeding or organizing and in a product or other instrument of
influencing the market [Glabiszewski 2016, pp. 34-35]. Due to the
quite broad treatment of innovations, which is nowadays a
mainstream if not a dominant approach - certainly universally
acceptable, the subject literature offers a very diverse classification
of innovations. The article draws on the classification which was
included in the generally accepted international methodological
standard of statistical surveys in the field of innovation and was
presented in a manual issued by the OECD - the Oslo Manual. The
typology of innovations contained in it differentiates the following
four major types: marketing, also referred to as a market one,
organizational, product, and process [Oslo Manual 2005, p. 47].
There is a synergy between all these innovations. The
implementation of marketing innovations increases the
organization's ability to create new products and services in the
form of an individualized offer that allows comprehensive customer
satisfaction and significantly contributes to the success of
technological innovations [Schubert 2011, p. 211].

As much as 85% of German and 75% of Polish hidden
champions see themselves as technical leaders, i.e., as a company
that is the most innovative in terms of technology in its market. The
high level of innovation can also be demonstrated by their
expenditures on research and development. The increase in
spending in this area is twice as high as the average in other
companies. German hidden leaders spend 5.9% of their revenues on
research and development activities, while Polish ones 6.05%. One
in five of these companies exceeds even 9%. The innovative
capacity of hidden champions can also be considered in terms of
patents that are their property. The number of patent applications
for 1,000 employees in large corporations is 5.8, while in the case
of hidden champions it amounts to 30.6. Many hidden leaders treat
their innovations protected by patents as a basic competence. It
happens quite frequently that the responsibility for patents in these
companies is taken over by the top management, whereas in
corporations only the adequate managerial staff deal with this
activity. The difference is also that the share of patents implemented
is much larger in smaller companies. Therefore, hidden champions
use the results of their research and development more effectively
than corporations do.

The focus in this article is on innovativeness of companies. It
should be noted, however, that many researchers identify this
concept with the concept of innovation. If one comes across a
different view, then it treats innovation as a certain attribute of the
company, its ability to innovate. It is the ability to create something
entirely new or make significant changes, acting in a way that uses
this ability [Hilami, Ramayah, Mustapha, Pawanchik 2010, p. 557].
C. B. Dobni [2010, p. 334] emphasizes that the innovativeness of an
organization can be even more broadly defined and include the
willingness (inclination) to be innovative and the ability to
introduce new products, services, ideas, or their implementation
which leads to improved business performance. In this case, it can
be assumed that any innovative changes that lead to achieving
higher quality and lower costs within a time period that is shorter
than that of rivals will increase the competitive position of the
company. Innovation is a key factor in the competitiveness of
business entities, and only those companies that regularly undertake
the introduction of all kinds of innovations have a chance to occupy
leading positions in global markets.

Looking at the importance that technology plays in the activity
of hidden champions and the volume of patents being their
property, the conclusion appears to be that technology should be
their greatest driving force. However, hidden leaders demonstrate
an extraordinary ability to see and integrate two forces that drive
their innovation. They treat both technology and the market in an
equal way. These forces do not have to be mutually excluding
opposites. Both market knowledge and customer needs as well as
relevant technical competences are needed for effective innovation.
Hidden champions are focused on both the product and the client.
They perfectly use their internal specialist knowledge as well as
external opportunities appearing on the market. As much as 65% of
German and 69% of Polish hidden leaders indicated that they treat
the market and technology as equally important driving forces. Only
21% on average say that the market is the major force. The lowest
percentage of them, that is 14% of German and only 9% of Polish
hidden champions indicated technology to be this driving force. The
situation in large corporations looks completely different. Only 19%
of these companies recognize market and technology as equivalent
forces. The market was perceived as the main driving force for
innovation by 50% of respondents, while 31% of these companies
indicated technologies. The driving forces of innovation as
indicated by German and Polish hidden champions and by large
corporations are shown in graph 1.

3. Innovation of Polish and German hidden leaders –
the outcome of the research conducted
This article is based on the results obtained from the research
conducted on the German market by Professor Hermann Simon and
the results of own research carried out on the Polish market. The
first survey on a group of Polish leaders was conducted in 20102011 and apart from the sheer identification of the entities in
question, an indirect survey was conducted using the telephone
interview method. Another study was conducted in the years 20152016 using the internet survey method. A total of 71 business
entities took part in the survey, which constituted 75% of the target
sample.
A. Farazmand [2004, pp. 5-8] argues that innovation is a
strategic instrument serving not only to build but also to expand
companies' competitive abilities. Innovation is the key to progress
and development in all spheres of community life, administration
and technology. Innovation is a change in the pattern of the product,
the method of marketing, the offered price, customer service or a
change in the organization and methods of management that
permeates all areas of the company's operations [Drucker 1992, pp.
42-43]. The results of the research conducted showed that this
understanding is adopted by hidden champions. Their innovations
do not only concern products or technologies, but also processes,
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As shown by the research conducted, both German and Polish
hidden champions consider themselves to be the leaders of quality
or technology.The degree of their innovation is almost identical.
Graphs 2, however, still shows the differences between Polish and
German hidden champions. Certainly, Polish hidden leaders have
great potential, but still in some aspects they have to catch up with
their German counterparts.
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4. Summary

19%
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German and Polish hidden leaders are certainly impressive
companies. Concentration, consistent internationalization of
activities, and at the same time the use of strengths such as
customer proximity, employee loyalty or continuity of leadership,
which are natural features of smaller and especially family
businesses are just a few important and similar aspects in their
operations. However, this extremely high level of innovation is the
key to their success.
Companies today have to deal with increasingly faster changes
taking place in the environment [Cyfert, Bełz, Wawrzynek 2014,
pp. 15-26]. One of the key features of the organization is its ability
to respond flexibly to emerging changes, as well as the ability to use
the acquired knowledge effectively in a shorter period of time than
rivals do [Liczmańska-Kopcewicz 2017, p. 4]. It is innovation that,
in addition to flexibility and risk-taking skills, is considered to be an
extremely important attribute affecting the implementation of this
knowledge [Han, Park 2017, p. 144]. Hidden champions are aware
of the fact that being a leader means staying ahead of the
competition. The companies surveyed can be classified as
extremely innovative ones. This is evidenced by such aspects as the
number of innovations introduced, substantial amounts of money
spent on research and development activities, or continuous
tracking of market changes with a view to discovering new needs.
Effective innovative activity is the foundation of success achieved
by the examined group of companies.

10%
0%
Market

Technology

Polish hidden champions

Market and
Technology
German hidden champions

Large corporations
Graph 1. Driving forces of innovation as indicated by large corporations and
by German and Polish hidden leaders
Source: own study based on H. Simon, M. Dietl, 2009, p. 215 and D.
Grego-Planer 2016, pp. 137-138.

A very important aspect in the innovative activity of hidden
champions is the significant role of the top management. The top
management participate in the entire innovation implementation
process, not only in its initial stages. This is obviously due to the
huge commitment of the management in the business and often due
to their relevant extensive knowledge and practice. They frequently
constitute the most active driving force of innovations. The
management, however, realize the importance of people who work
with them in improving products or processes. It is just adequate
and highly involved staff that is the key to success. The innovative
activity of respondents most often concerned the launch of new
products on the market, upgrading of previously manufactured
products, modernization of previously used technologies, entering
new markets geographically, entering new market segments,
internationalizing operations, or changing the organizational
structure. Innovations included almost all aspects of their
operations, beginning from the sphere of production and ending on
the finance sphere.

References
Allen J.A. 1966, Scientific innovation and industrial prosperity,
Longman, London.
Cyfert Sz., Bełz G., Wawrzynek Ł., 2014, Wpływ burzliwości
otoczenia na efektywność procesów odnowy organizacyjnej,
Organizacja i Kierowanie, nr 1A (159).

Certainly, concentration and globalization constitute the two
basic pillars of hidden champions' activities. However, it is effective
innovation that allows them to strengthen their competitive position.
Despite their limited resources, hidden leaders are extremely
effective innovators, which allows them to occupy key positions on
global markets.

Technology
leader

Specialisatio
n in specific
segments
100%
80%
60%

Quality
leader

Dobni C.B. 2010, The Relationship Between an Innovation
Orientation and Competitive Strategy, „International Journal of
Innovation Management”, Vol. 14, No. 2.
Drucker P. F. 1992, Innowacja I przedsiębiorczość. Praktyka i
zasady, Polskie Wydawnictwo Ekonomiczne, Warszawa.
Farazmand A., Innovation in Strategic Human Resources
Management: Building Capacity In the Age of Globalization,
“Public Organization Review”, march 2004, 4, 1

Sales
volume

Freeman Ch. 1994, The Economics of Technical Change,
“Cambridge Journal of Economics”, vol. 18.

Presence in
many
countries

40%
20%

Glabiszewski W. 2016, Potencjał absorpcyjny przedsiębiorstw
finansowych w Polsce w procesie transferu innowacyjnych
technologii, Wydawnictwo Naukowe Uniwersytetu Mikołaja
Kopernika, Toruń.

0%
Being known
on the
market

Tradition

Wide range
of producta

Grego-Planer D., Potencjał konkurencyjny ukrytych liderów
polskiej gospodarki, Wydawnictwo Naukowe Uniwersytetu
Mikołaja Kopernika, Toruń 2016.

Revenue
Reputation

German hidden champions

Grego-Planer D., Glabiszewski W. 2016, The role of innovation
In the business activity of hidden leaders of the Polish economy,
“Management” vol. 20, No. 2.

Polish hidden champions

Han J., Park Ch., 2017, Case study on adoption of new
technology for innovation: Perspective of institutional and

Graph 2. German and Polish hidden champions - determinants of
perceiving their companies as world leaders

13

corporate entrepreneurship, „Asia Pacific Journal of Innovation
and Entrepreneurship”, vol. 11, no. 2, 144-158.
Hilami M. F., Ramayah T., Mustapha Y., Pawanchik S. 2010,
Product and Process Innovativeness: Evidence from Malaysian
SMEs. „European Journal of Social Science”, Vol. 16, No. 4.
Janasz W. 2003, Innowacje I ich miejsce w działalności
przedsiębiorstw, [w:] Janasz W. (red.), Innowacje w modelach
działalności przedsiębiorstw, Uniwersytet Szczeciński, „Rozprawy i
Studia”, t. (DXX) 446, Szczecin.
Liczmańska-Kopcewicz K. 2017, Intraprzedsiębiorczość jako
źródło innowacyjności przedsiębiorstw w sektorze FMCG,
„Management Forum”, vol. 5, no. 4.
Liczmańska-Kopcewicz K., Glabiszewski W., Grego-Planer D.,
Zastempowski M. 2018, The Role of the Buyer's Knowledge in
Developing Product Innovations in the FMCG Sector, Innovation
management and education excellence through Vision 2020:
proceedings of the 31st International Business Information
Management Association Conference (IBIMA), Milan, Italy.
Mansfield E. 1968, Industrial Research and Technology
Innovation, W.W. Horton, New York 1968.
Oslo Manual, Guidelines for collecting and interpreting
innovation data, Third Edition, OECD, Statistical Office of the
European Communities, Paris 2005.
Porter M.E. 1990, The competitive advantage of nations, The
Macmillan Press, London.
Rogers M.E. 2003, Diffusion of innovations, Free Press, New
York.
Schubert T. 2011, Marketing and Organizational Innovations in
Entrepreneurial Innovations Processes and their Relations to
Market Structure and Firm Characteristics, “Review of Industrial
Organization”, vol. 36.
Schumpeter J. A., Teoria rozwoju gospodarczego, PWN,
Warszawa 1960.
Simon H., Dietl M., Tajemniczy mistrzowie XXI wieku.
Strategie sukcesu nieznanych liderów na światowych rynkach,
Difin, Warszawa 2009.

14

УПРАВЛЕНИЕ РИСКАМИ ИНФОРМАЦИОННОЙ БЕЗОПАСНОСТИ В
ОБЕСПЕЧЕНИИ НЕПРЕРЫВНОСТИ РАБОТЫ ИНФОРМАЦИОННОКОММУНИКАЦИОННЫХ СИСТЕМ
MANAGEMENT OF INFORMATION SECURITY RISKS IN THE PROTECTION OF CONTINUITY OF
INFORMATION AND COMMUNICATION SYSTEMS
К.е.н., доцент Чайковская М., аспирант Азеев А.
Одесский национальный университет имени И. И. Мечникова
Одесса, Украина
e-mail: Chmp@ukr.net, asejew.as@gmail.com
Abstract: Analysis of information security risk management process in the context of ensuring the continuity of the operation of the
information security system. Assessment of risk management process, analysis of modern methods of information security risk management
and generalization of their advantages and disadvantages.
Keywords Key words: information security, information and communication system, information security risks, continuity, factor of
destabilization, vulnerability of information security, risk assessment, SMART- management, CRAMM, NIST, OCTAVE.

 технический сбой. Нарушение ИБ, вызванное отказами

1. Введение

СЗИ или связанными
с
ней нетехническими
возможностями (аппаратный или программный сбой,
перегрузка, неремонтоспособность);
 технические атаки. Нарушение ИБ, обусловленное
атаками на ИКС и использованием ее уязвимостей в
конфигурировании, протоколах, программах и т.п.
(сетевое сканирование, попытка входа, вмешательство,
отказ в обслуживании).
Поэтому
для
обеспечения
непрерывности
функционирования СЗИ необходимо обеспечить стойкий и
беспрерывный процесс управления рисками ИБ, что
невозможно качественно сделать без проведения анализа
самого процесса.

Неотъемлемой
составляющей
эффективного
функционирования организации является непрерывность.
Международный стандарт ISO 27001, который определяет
требования к системам менеджмента информационной
безопасности
(СМИБ),
интерпретирует
непрерывность
функционирования как один из рекомендованных контролей в
жизненном цикле СМИБ [1].
В условиях прогресса современного общества и высокой
степени информатизации информационно-коммуникационные
системы (ИКС) являются основным методом сбора, обработки,
хранения та передачи информации. Вместе с тем, следует
отметить важность такого составного компонента ИКС, как
система защиты информации (СЗИ), от корректности
функционирования
которой
зависит
защищенность
информационных составляющих [2].
Методика обеспечения непрерывности функционирования
СЗИ
предусматривает
этап
управления
рисками
информационной безопасности (ИБ) как один из этапов
обеспечения непрерывного функционирования СЗИ в
частности, и ИКС вообще. Управление рисками ИБ может
осуществляться для всех ИКС или же распространяться лишь
на определенную ее сферу. В случае, если оценка рисков
проведена в общих масштабах еще с момента формулировки
задачи обеспечения непрерывности функционирования СЗИ,
выборочные результаты такой оценки могут быть
использованы как результат этапа анализа рисков
предложенной методики. Если же управление рисками ИБ
предварительно не проводилось, то выполняют анализ рисков
ИБ, который осуществляется в контексте обеспечения
непрерывности функционирования ИКС, в частности СЗИ для
идентификации угроз и определения потенциального убытка от
реализации сценария влияния факторов дестабилизации (ФД).
К основным категориям факторов дестабилизации
нормальной работы СЗИ как составляющей ИКС в контексте
обеспечения их непрерывного функционирования относят [3]:
 социальные волнения. Нарушение ИБ, обусловленное
нестабильностью
общества
(акты
вандализма,
террористические акты, войны и т. п.);
 физические повреждения. Нарушение ИБ, обусловленное
намеренным или случайным физическим влиянием на
СЗИ или ее компоненты (огонь, вода, электростатика,
влияние окружающего среды, кража, потеря, неумелое
обращение с оборудованием или носителем информации);
 нарушение ИБ через отказ базовых компонентов СЗИ и
услуг, которые поддерживают функционирование ИКС
(например, отказ сети электропитания, системы
кондиционирования или водоснабжения);
 нарушение ИБ вследствие нарушений, которые
обусловлены, например, электромагнитным излучением,
колебаниями напряжения, электронными помехами;

2. Результаты и дискуссия
Цель процесса управления рисками ИБ – выявление,
контроль и минимизация неопределенности влияния ФД.
Выделим четыре основных этапа управления рисками ИБ
(схема 1), которое осуществляется с целью обеспечения
непрерывности функционирования ИКС, в частности
подсистемы СЗИ:
1. Анализ риска. Выявление и оценка ФД, которые могут
скомпрометировать ИБ важных информационных активов.
Дает возможность определить профилактические мероприятия
по снижению вероятности возникновения ФД и определить
контрмеры с целью успешной нейтрализации этих ограничений
еще на этапе проектирования.
2. Оценка риска. Является процессом определения уровня
риска. Риск традиционно определяется как функция важности
активов, вероятности возникновения угрозы и наличия
уязвимостей, величины причиненного убытка.
3. Снижение риска. Этап, на котором реализовываются
контроли и мероприятия по предотвращению определенных
рисков, а также внедряются средства восстановления в случае
реализации рисков, которые могут нарушить непрерывное
функционирование СЗИ [4].
4. Оценка уязвимостей и контролей. Анализ основных
свойств ИКС и выявление тех, которые можно использовать с
целью
реализации
угрозы
нарушения
свойства
бесперебойности, а также определение эффективности и
адекватности средств ИБ и выявление недостатков в ее
реализации .
Проанализируем
известнейшие
мировые
методики
управления рисками ИБ, которые можно применить для
анализа рисков ИБ в процессе обеспечения непрерывности
функционирования СЗИ в ИКС, определим преимущества и
недостатки каждой из них. Анализа подлежат: методика оценки
NIST 800-30 [5], методика CRAMM [6] и методика OCTAVE
[7].
Одной из классических методик управления рисками
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Анализ рисков ИБ

Прогресс
предварительного
отбора

Оценка рисков ИБ

Этап анализа

Анализ влияния на
процессы

Идентификация и
классификация
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разработки

Просмотр списка
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Этап поддержки
доступа

Схема 1. Жизненный цикл процесса управления рисками ИБ в
контексте обеспечения непрерывности функционирования
является методика оценки рисков Национального института
стандартов и технологий США (National Institute of Standards
and Technology) NIST, указанная в Руководстве по управлению
рисками в информационных технологиях NIST 800-30 (NIST
Special Publication 800-30 Risk Management Guide for
Information
Technology
Systems).
Эта
методика
предусматривает
предварительное
оценивание
двух
параметров: потенциального убытка и вероятности реализации
угрозы [8]. Применение системы управления рисками
непосредственно связано с возможностью организаций,
учреждений выполнять свои основные функции в условиях
постоянного
расширения
сферы
использования
информационных технологий.
Методика оценки рисков, которая приведена в специальных
рекомендациях NIST 800-30, охватывает широкий круг задач,
которые связанны со стратегией управления рисками и
являются основой для разработки собственной системы
управления рисками. Предложенный процесс оценивания риска
ИБ, представляется в виде таблицы, которая отображает
зависимость риска от двух входных сменных: потенциального
убытка и вероятности возможного инцидента. При этом
значение каждой переменной, в частности риска, оценивается
по трѐхуровневой шкале. Такой механизм получения оценок
риска существенно ограничивает точность результатов,
обеспечивая их оперативность и воспроизводимость [8].

результатов.
Следующей методикой является методика CRAMM (CCTA
Risk Analysis and Managment Method) Агентства по
компьютерам и телекоммуникациям Великобритании (Central
Computer and Telecommunications Agency), разработанная по
заказу
Британского
правительства
и
принятая
за
государственный стандарт. Эту методику используют, начиная
с 1985 года, государственные и коммерческие организации
Великобритании.
За это время CRAMM приобрела популярность во всем
мире. Фирма Insight Consulting Limited занимается разработкой
и сопровождением одноименного программного продукта,
который реализует метод CRAMM.
В основе методики CRAMM лежит комплексный подход
оценки рисков, который объединяет количественные и
качественные методы анализа. Методика универсальна и
пригодна как для больших, так и для малых организаций, как
государственного, так и коммерческого сектора. Версии
программного обеспечения CRAMM, ориентированные на
разные типы организаций, отличаются своими базами знаний
(profiles). Для коммерческих организаций есть коммерческий
профиль
(Commercial
Profile),
для
государственных
организаций – государственный (Government profile).
Государственный вариант профиля также дает возможность
проводить аудит на соответствие требованиям американского
стандарта ITSEC («Оранжевая книга») [9].
Правильное использование методики CRAMM дает
возможность экономически обосновать расходы организации
на обеспечение ИБ и непрерывности функционирования.
Экономически обоснованная стратегия управления рисками ИБ
дает возможность, в конечном итоге, экономить средства,

Использование такой методики предусматривает
следующие этапы: описание характеристик системы;
идентификация угроз; идентификация уязвимостей; анализ
имеющихся средств защиты; определение значения
вероятности; анализ влияния; определение значения риска;
выбор средств защиты; документирование полученных
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избегая неоправданных расходов.
Методика CRAMM предполагает деление всей процедуры
на три последовательных этапа. Заданием первого этапа
является ответ на вопрос: «Достаточно ли для защиты системы
применения средств базового уровня, которые реализуют
традиционные функции ИБ, или необходимо провести более
детальный анализ?» На втором этапе осуществляется
идентификация рисков и оценивается их величина. На третьем
– решаются задачи о выборе адекватных контрмер. Методика
CRAMM для каждого этапа определяет набор исходных
данных, последовательность мер, анкеты для интервью, списки
проверок и набор отчетных документов [10].
Методика OCTAVE (Operationally Critical Threat, Asset and
Vulnerability Evaluation) разработанная в Университете
КарнегигМелон (США) и предусматривает оценивание
критичности угроз, активов и уязвимостей.
Эту методику широко используют во всем мире, выполняя
работы по оценке рисков ИБ и внедрение процессов
управления рисками в организации вообще. Методика имеет
ряд модификаций, которые рассчитаны на организации разного
размера и области деятельности [11].

На третьем этапе выполняется оценка и обработка рисков
ИБ, которая содержит определение величины и вероятности
причиненного вреда вследствие реализации угроз с
использованием уязвимостей, которые идентифицировано на
предыдущих этапах, определение стратегии ИБ, а также выбор
вариантов и принятие решений по обработке рисков.
Величина риска определяется как среднее значение
годовых потерь компании в результате реализации угроз ИБ.
При решении проблем в сфере ИБ необходимо обеспечить
надлежащий уровень уверенности в том, что организация
способна
эффективно
противостоять
угрозам
в
информационной сфере.
В современных условиях наиболее актуальным становится
решение проблемы процесса эффективного взаимодействия
ИКС и SMART-менеджмента в обеспечении ИБ.
SMART-менеджмент в службах обеспечения ИБ можно
рассматривать, как эффективное управление, учитывающее
конкретность
ситуации,
измеримость
результатов
(соотношение
расходов
по
полученным
эффектам,
достижимость поставленных кратко- и долгосрочных целей
обеспечения ИБ); актуальность решаемых проблем с учетом
ограниченности во времени.
Руководство
каждой
организации
отвечает
за
формирование, внедрение, обеспечение работы, текущий
мониторинг, анализ обслуживания и совершенствования СЗИБ
за помощью, главным образом, проведение внутренних
аудиторских проверок СЗИБ.
За обучение, осведомленность и компетентность персонала
несет ответственность руководство организации:
• определяет необходимые компетенции на основе
должностных инструкций для менеджеров, обеспечивающих
работу СЗИБ;
• организует обучение и другие мероприятия, связанные с
необходимостью производства в рамках организации или вне
ее;
• ведет учет компетентности, обучения, мастерства, опыта и
квалификации SMART-менеджеров.
Следует
отметить,
что
обеспечение
ИБ
очень
разноплановое как на макро-, так и на микроуровне.
Информация становится важнейшим экономическим ресурсом
со своими стоимостными показателями (прибыли или убытка),
зависящие от деятельности СЗИБ.
В 2018 году все больше организаций осознают, что атаки не
избежать, она произойдет не «если», а «когда». Согласно
компании начнут уделять больше внимания результатам, а не
успокаиваться, проверив наличие всех необходимых, как им
кажется, инструментов.
По
прогнозам
Frost
&
Sullivan,
нехватка
квалифицированных специалистов в области безопасности
может достичь 1500000 до 2020 года [13].
Непременное, неукоснительное соблюдение мер по защите
процессов создания информации, ее ввода, обработки и вывода
- позволит пользователям заранее быть готовыми к новым
угрозам, проблем и парадоксов ИБ в современном
менеджменте.
Обеспечение ИБ ИТС - это непрерывный процесс,
направленный на достижение должного уровня ИБ.
Необходимость изменить отношение к ИБ как
дополнительной
опциональной
услуги,
не
является
обязательным условием успешного бизнеса.

Содержание методики OCTAVE заключается в том, что для
оценки
рисков
используется
последовательность
соответственно организованных внутренних семинаров
(workshops). Оценка рисков осуществляется в три этапа,
которым передует набор подготовительных мер (схема 2):
согласование графика семинаров, назначение ролей,
планирование, координация действий участников проектной
группы [12].
На первом этапе, в пределах практических семинаров,
осуществляется разработка профилей угроз, которые включают
в себя инвентаризацию и оценку ценности активов,
идентификацию применяемых требований законодательства и
нормативной базы, идентификацию угроз и оценку их
вероятности, а также определение системы организационных
мероприятий поддержки режима ИБ.
Второй этап предусматривает технический анализ
уязвимостей систем организации относительно угроз, чьи
профили разработаны на предыдущем этапе, который содержит
идентификацию имеющихся уязвимостей компании и оценка
их величины.

3. Выводы
Таким образом, коротко охарактеризовав три наиболее
распространенные методики из управления рисками в сфере
информационной безопасности [10, 11, 12, 14, 15] и
осуществив анализ основных свойств этих методик,
представляется
возможным
определить
основные
преимущества и недостатки перечисленных выше методик
(табл. 1).
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Таблица 1. Преимущества и недостатки методик управления
рисками ИБ
Методика
Недостатки
Преимущества
NIST
Оценка рисков
Применима для
проводится по
предприятий разного
трѐхуровневой шкале,
размера.
что существенно
Сравнительно проста
ограничивает
в реализации.
возможности методики
Детально описывает
в целом.
все возможные риски
Длительный процесс
для информационных
анализа.
активов.
Разработана, в первую
Наличие
очередь, для
автоматизированного
использования в
ПО, реализующего
федеральных
принципы методики.
организациях США.
CRAMM
Длительный процесс
Универсальна и
анализа.
походит для
Программный
организаций
инструментарий
государственного и
генерирует большое
коммерческого типа.
количество
Разработаны
документации, которая
коммерческие
не всегда оказывается
программные
полезной на практике.
продукты,
Использование
реализующие
методики требует
принципы методики.
специальной
Использует
подготовки и высокой
количественные и
квалификации
качественные способы
специалиста.
оценки рисков.
Нет возможности
создавать собственные
шаблоны отчѐтов или
модифицировать
имеющиеся.
Допускает
использование только
методов снижения
уровня рисков ИБ
(избежание и принятие
рисков не
рассматриваются).
OCTAVE Допускает
Высокий уровень
использование только
гибкости.
снижения или принятия Быстро внедряется.
рисков.
Возможно применение
Не даѐт количественной для организаций
оценки рисков.
разного размера и
отраслей.
Наличие программных
продуктов,
использующих
методику.

Список литературы
1. ISO 27002 - The Information Security Standard
[Электронный
ресурс]
Режим
доступа:
www.standardsdirect.org/iso17799.htm
2. Гарасим Ю. Р. Забезпечення живучості та неперервності
функціонування систем захисту інформації / Ю. Р. Гарасим,
В. А. Ромака, М. М. Рибій // Вісник Національного
університету “Львівська політехніка” науковотехнічний
збірник – Львів: Оріон, 2012. – Вип. 741. – С. 105-112. – (Серія
“Автоматика, вимірювання та керування”).
3. ISO/IEC 27035. Information technology. Security
techniques. Information security incedent management. 2011. –
78 p.
4. Чайковська М.П., Азєєв А. С. Сучасні напрямки
типологізації інформаційних загроз та тренди ринку
інформаційної безпеки// "Економіка та суспільство" # 13/2017.
Електронне фахове видання. Мукачівський державний
університет
.
http://www.economyandsociety.in.ua/index.php/journal-13
5. Swanson M. NIST Special Publication 800-34 Rev. 1
Contingency Planning Guide for Federal Information Systems / M.
Swanson, P. Bowen, A. W. Phillips, D. Gallup, D. Lynes. – 2010. –
149 p.
6. Чередниченко В. С. Обґрунтування пріоритетних заходів,
щодо
підвищення
рівня
інформаційної
безпеки
/
В .С. Чередниченко // Захист інформації, – 2008. – № 4. – С. 1315.
7. Кириличев Б. В. Моделирование систем /
Б. В. Кириличев. – М.: МГУ, 2009. – С. 274-276.
8. Балашов П. А. Оценка рисков информационной
безопасности на основе нечеткой логики: учебное пособие /
П. А. Балашов, В. Безгузиков, Р. И. Кислов – М.: Научная
литература, 2009. – С. 165.
9. Куканова Н. А. Актуальность задачи – обеспечение
информационной безопасности для бизнеса: монография /
Н. А. Куканова – К.: Бизнесинформ, 2010. – С. 136.
10. Чайковська М.П., Азєєв А. С. Актуальні проблеми
інформаційної безпеки у правовій, організаційній та
технологічній сфері // Зб.наук.праць VІІ Міжнародної науковопрактичной конференціі Моніторинг, моделювання та
менеджмент емерджентної економіки, Одеса-Черкаси. Черкаси: видавництво Вовчок О.Ю., 2018. – 284 с. - с. 29-33.
11. Чайковська М.П. Моделювання комплексної системи
інформаційної безпеки організацій в сучасних економічних
реаліях/ А.С.Азеев, М.П. Чайковська //Global aspects of World
Economy and International Relations in an unstable economy. –
Polska, Czestochowie, Akademia Polonia, 2016. – С.879-889.
12. Методология OCTAVE для оценки информационных
рисков. – М.: Информационный ресурс, 2005. – C. 25.
13. 2017 Global Network Threat Protection Solutions
Technology Leadership Award. – Frost & Sullivan, 2018. – 11 p.
14. Методологии управления ИТ-рисками: – М.:
Информационный ресурс, 2010. – 103 с.
15. Ткаченко В. А. Современные подходы к оценке рисков
информационных технологий: монография / В. А. Ткаченко/ –
М.: Экономическая безопасность, 2013. – 156 с.

В случае обеспечения непрерывности функционирования
СЗИ в ИКС, что есть продолжительным и ресурсоѐмким
процессом, анализ рисков ИБ, которые могут стать угрозой для
непрерывности функционирования СЗИ, есть лишь одним из
многих этапов, которые должны быть успешно выполнены.
Именно поэтому крайне важна возможность быстрого и
сравнительно простого управления рисками ИБ, что входят в
сферу влияния непрерывности функционирования СЗИ в ИКС.
Так, на основе проведенного анализа, можно сделали вывод,
что оптимальным вариантом для выбора методики управления
рисками ИБ в контексте обеспечения непрерывности
функционирования ИКС и СЗИ в частности есть адаптация и
усовершенствования
известных
методик
логическим
объединением их преимуществ и минимизацией недостатков.
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което затруднява значително статистическото им измерване и
отчитане.
Разработени и направени са няколко опита за дефиниране на
зелените
инвестиции,
които
очертават
по-основни
характеристики на този показател, но до този момент нито една
от предложените дефиниции не претендира за всеобщност.
В декларация на ОИСР (OECD) например, e изготвен списък от
„екологични стоки“, макар да не се отговаря на въпроса какво
означава термина „зелен“. Включени са три по-основни сфери,
които се касаят до:
-Управление на замърсяването (контрол върху замърсяването
на въздуха, отпадъчните води, твърдите отпадъци, редуциране
на шумовете и вибрациите, екологичен мониторинг)
-Управление на ресурсите (вътрешен контрол на замърсяването
на въздуха, водоснабдяване, рециклиране на материали,
инсталации на източници на възобновяема енергия, устойчиво
селско стопанство и рибарство, устойчиво горско стопанство и
др.)
-Ресурсна ефективност (използване на по-чисти технологии и
продукти)

1. Въведение
В съвременният глобализиращ се свят организациите все
повече ориентират своя бизнес и неговото управление към
дейности, които са съобразени с по-ефективното използване на
световните ресурси. През последните години по-осезаемо се
съблюдават различни икономически, социални и екологични
проблеми на съвременните общества. Политиките на отделните
държави също полагат усилия за постигане на нов, устойчив
икономически растеж, а именно т.нар. “зелен икономически
растеж”. Според ОИСР “зелен е този икономически растеж,
който е насочен към предотвратяване на влошаването на
околната среда, изменението на климата, загубата на
биологичното разнообразие и неустойчивото използване на
природните ресурси”1. Може да се направи допълнението, че в
приоритет за много държави се превръща насърчаването и
поддържането на екологосъобразен растеж, който изисква
разпространението
и
финансирането
на
адекватни
екотехнологии практики и политики, насочени към опазването
на околната среда и редуциране на замърсяването.
България е сред страните, които непрекъснато търсят
нови възможности за усъвършенстване на икономическата,
административната и институционална среда с цел насърчаване
на зелени инвестиции и инвестиционни проекти. Осъзната е
нуждата от зелени капиталовложения, тъй като зелените
инвестиции не са само екологична необходимост. Тези
инвестиции се очаква да предизвикат в бъдеще политическа,
икономическа и социална революция, което ще изисква
промени в съзнанието и начина на живот.

Според тази класификация под „зелен“ се разбира
предимно какво се произвежда, а не как и посредством какви
технологии, нито се взема под внимание как употребата на тези
стоки се отразява на околната среда в сравнение с други
продукти.
Експертите от УНКТАД (Конференция на Обединените нации
за търговия и развитие - UNCTAD) разглеждат зелените
инвестиции в два по-главни аспекта. Според първият, това са
тези инвестиции, които надхвърлят националните стандарти за
околна среда, докато според втория, те са пряко свързани с
екологосъобразно производство в приемащата страна. Това
определение също не дава точен отговор на въпроса за
същността на зелените инвестиции. Акцентът е поставен
основно върху нисковъглеродните ПЧИ като подгрупа на
зелените, а също и върху генерирането на значително по-ниски
емисии на парникови газове.

Стимулирането на инвеститорите към осъществяване на
зелени инвестиции и проекти налага на първо място да се
подчертае необходимостта от въвеждането на зелени
технологии, както и да се увеличи осведомеността на
обществото, което да провокира генерална промяна в
поведението както на отделните бизнес единици, така и на
широката общественост като цяло.

2. Същност на „зелените инвестиции“

В действителност се оказва проблем да се измери прецизно
конкретно кои инвестиции представляват трансфер на чисти
технологии, тъй като това зависи от една страна от
специфичните характеристики на отделния отрасъл, а от друга
– от действащите регулативни механизми в приемащата страна.
През 2009 г. в Евростат се издава ръководство, отнасящо се
събирането на данни за „зелени стоки и услуги“. В
определението са включени стоки, услуги и технологии,
разделени в две подкатегории - такива, които са предназначени
за опазване на околната среда и други, пряко свързани с
управлението на природните ресурси. Групирането е
илюстрирано в табличен вид (таблица 1).

Изследването и анализирането на зелените инвестиции
извежда на преден план необходимостта от тяхното
дефиниране. В действителност това се оказва сложна задача с
оглед на тяхната разнообразна природа. Трудността при
дефинирането им произтича от няколко по-основни причини.
На първо място, много от стоките и услугите се използват с
различно предназначение – едни се определят като зелени, а
други - не. В същото време, фирмите произвеждат широка гама
от продукти, само част от които са зелени по своята природа.
Когато акцентът е поставен конкретно върху преките
чуждестранни инвестиции, зелената икономическа активност
често не е свързвана с конкретна стока или услуга, окачествена
като зелена, а по-скоро с определен процес или технология,

Въпреки, че класификацията според статистическата служба
на ЕС е доста по-описателна и изчерпателна в сравнение с
представените по-горе опити за изясняване на същността на
зелените инвестиции, все още този тип инвестиции не могат
ясно да бъдат обособени и разграничени от общите ПЧИ, а в
същото време и статистически измерими

1

Golub, S., Kauffmann, C., Yeres, P., Defining and Measuring Green FDI:
an Exploratory Review of Existing Work and Evidence, Working paper
number 2, OECD, June, 2011
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На последно място сред пречките според ОИСР се явява
недостигът на обективна информация и данни за оценка на
зелените инвестиционни сделки и свързаните с тях рискове,
което допълнително редуцира мотивацията на инвеститорите.

Таблица 1. Списък на дейностите по опазване на околната среда и
дейности, свързани с управлението на природните ресурси
Дейности по опазване на околната

Дейности, свързани с

среда

управление на ресурсите

Опазване на въздуха и климата

Управление на водите

Управление на отпадъчните води

Управление на горския фонд

Управление на отпадъците

Управление на дивата флора

Известен факт е, че големите компании имат по-добри
капиталови възможности за участието в мащабни проекти и
реализиране на зелени инвестиции. В тази връзка, за жалост в
страната ни преобладават МСП (малки и средни предприятия)
с ограничени финансови възможности, които нямат достатъчно
капацитет за усвояването на зелени технологии. От тази гледна
точка, тези фирми се нуждаят от финансови стимули, което се
оказва пречка, тъй като отпуснатите средства по фондове са
недостатъчни да предоставят равни възможности на всяка една
малка по размери организация.

и фауна
Опазване и възстановяване на почвата,

Управление на енергийните

подпочвените и повърхностните води

ресурси

Редуциране на шумовете и вибрациите

Управление на минералите

Опазване на биологичното

Научно-изследователска

разнообразие и ландшафта

дейност

Защита срещу радиация

Управление

на

Както беше споменато в предходното изложение, липсата на
осведоменост също нарушава липсата на стимули за
потенциалните инвеститори. За тази цел е необходимо да се
обнови и модернизира дейността на множество ключови
институционални структури в държавата, които ще бъдат
споменати по-късно в изложението.

други

природни ресурси и дейност
Научно-изследователска дейност

Недостатъчната информираност се отнася с еднаква важност
както за фирмите, така и за потребителите. От една страна,
фирмите трябва да бъдат добре запознати с ползите, които носи
реализацията на един зелен инвестиционен проект по
отношение на съкращаване на вредното въздействие върху
околната среда, евентуалните фискални стимули, които могат
да се извлекат, различните фондове, по които могат да
кандидатстват за финансова помощ, различните кредитни
облекчения и др.

Съпътстващи дейности по опазване на
околната среда

Източник: Евростат
Създаването на конкретни стимули за инвеститорите на
зелени проекти в българската икономика изисква неминуемо
разработването
на
комплекс
от
целенасочени
макроикономически политики, които да намерят приложение в
отделните сектори на икономиката. Предвид по-забавеното
икономическо развитие на България в сравнение с останалите
страни-членки на Европейския съюз е възможно изготвянето,
адаптирането и прилагането на конкретните политически
инструменти да се окаже по-продължителен процес.

От друга страна, потребителите следва да бъдат добре
информирани за това как да опазват околната среда, как
успешно да се възползват от предимствата на био лечение, био
туризъм, био храни и др.
Друга пречка пред осъществяването на зелени инвестиции у
нас се явява недостатъчно стабилната политическа среда в
страната, което създава риск у потенциалните инвеститори.
Флуктоациите
в
политическата
обстановка
създават
допълнителна несигурност по отношение на различните
изисквания за достъпност до средства, наличието на
корупционни схеми, промени в правната и регулаторна рамка,
текущо състояние на финансовия сектор и много други.

3. Бариери пред българските инвеститори при
извършването на зелени инвестиции
Внедряването на зелена политика и осъществяването на
зелени проекти представлява все още новост за повечето
икономики по света. Затова през последните години както
международните институции, така и отделните държави
полагат значителни усилия да се усъвършенстват механизмите
за нарастването на такъв тип проекти. Съвсем естествено,
преходът към нов тип зелена икономика с помощта на зелени
инвестиции се оказва нелек и с множество бариери по пътя си,
общовалидни за повечето страни.

Липсата на ефективна национална стратегия от друга страна
допълнително занижава мотивацията на инвеститорите.
Именно поради тази причина е необходимо да се изготвят
адекватни фискална и парична политика, насочени към
създаването на конкретни стимули за организациите.
На следващо място, проблем пред осъществяването на
зелени инвестиции се явяват крайно недостатъчните средства
за научно-изследователска и развойна дейност (НИРД),
произтичащи от ограничения държавен бюджет. Паралелно с
това липсва и тясна и ползотворна връзка между отделните
компании и изследователски организации, което допълнително
затруднява реализацията на успешни зелени проекти. Липсата
на сътрудничество между научната сфера и частния сектор не
позволява и на двете страни да извличат необходимите ползи –
нито фирмите могат да се ползват с конкретни научни
постижения, за да подобрят своя бизнес, нито работещите в
академичните среди успяват да приложат на практика своите
достижения. Именно поради тази причина е необходимо да се
изгради стройна система или посреднически звена в лицето на
неправителствени организации, които да позволяват
осъществяването на тясно сътрудничество между тези две
важни за икономиката области.

През
2013
г.
Организацията
за
икономическо
сътрудничество и развитие (OECD) коментира няколко поосновни бариери за реализирането на инвестиции в зелена
инфраструктура, общовалидни за повечето страни. На първо
място се поставя въпросът със все още слабата, несигурна и
непродуктивна политика за опазване на околната среда и
климата. До този момент все още регламентите за спазване на
множеството правила, евентуалните санкции и приложението
им не са достатъчно добре изпитани във времето. В допълнение
на това, въведените до момента регулаторни политики от
страна на множество световни институции са с непредвидени
последствия, тъй като освен ползи, биха могли да донесат и
известни загуби за инвеститорите.
На следващо място, въпросът със липсата на достатъчно и
подходящи финансови средства остава актуален, което
възпрепятства значително потенциални инвеститори на зелени
проекти. Също така недотам усъвършенствани са и новото
поколение финансови инструменти, предназначени да
стимулират нарастването на зелените инвестиции.

Не на последно място е важно да се отбележи, че нивото на
зелените инвестиции във всяка една държава е трудно
определимо поради липсата на достатъчно публична
информация, както и поради това, че възникването на този нов
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тип зелено стопанство по същество е все още сравнително ново
предизвикателство за обществата и правителствата като цяло.

Според проучване сред генерална съвкупност от 3012
работодателя в България, реализирано благодарение на проект,
свързан с устойчивото развитие и конкурентоспособност на
българската икономика, се открояват няколко ключови
моменти по отношение прилагането на екологосъобразно
производство. На първо място, според проучването под
формата на анкета „54% от изследваните фирми, спазването на
изискванията на екологичните стандарти поставя фирмите в
неблагоприятна позиция, а всеки четвърти от изследваните
работодатели е убеден, че спазването на екостандартите
позволява на фирмите да реализират сравнителни предимства,
поради което като цяло тези фирми са в благоприятна позиция
спрямо другите“.3

Успоредно с това като цяло нивото на чуждестранните
инвестиции в глобален план намалява през последните години
след възникването на икономическата криза, а заедно с тях и
това на зелените инвестиции. Причините за посочената
негативна тенденция са няколко. На първо място, глобалната
финансова криза довежда до ликвидни ограничения за
транснационалните компании в световен мащаб като
същевременно достъпът до кредитни услуги се стеснява
успоредно с финансовите средства в балансите на банките. В
този смисъл, въпреки желанието и способността на фирмите да
инвестират, капацитетът им отслабва значително като в същото
време степента на риск нараства значително.

Скептично настроените работодатели са на мнение, че
екологичните принципи е трудно да бъдат спазвани от всички
фирми и следователно тези, които не извършват инвестиции в
нови, зелени технологии имат възможността да произвеждат
продукцията си с по-ниски разходи и оттам, да предлагат
асортимента си на по-ниска цена, което е в ущърб към
предприятията, извършили мащабни зелени инвестиции.

Неслучайно, „Глобален инвестиционен доклад“ от 2014 г. е
насочен именно към стимулирането предимно на инвестиции,
насочени към устойчивото развитие.
Основни моменти в Световния инвестиционен доклад от 2014
г. заемат инвестиционните стимули. Посочва се, че акцентът е
поставен предимно върху приоритетите, свързани с
икономическото представяне на държавите, отколкото към
устойчиво развитие. Те се използват от правителствата главно
като политически инструмент, необходим за превличане на
преки инвестиции. Непрекъснатите критики по отношение на
тези практики са свързани с факта, че тяхната насоченост
рефлектира в неравномерно и неефективно разпределение на
световните ресурси. Поради така формиралите се съображения,
понастоящем специално внимание се отделя на т.нар. „Цели на
устойчивото развитие (SDGs – Sustainable development goals)“,
тема на която всъщност е посветен настоящия световен
инвестиционен доклад на УНКТАД.

Проучването до голяма степен показва, че най-вероятно голяма
част от съвременните предприемачи не са достатъчно добре
осведомени за ползите, които могат да извличат при
реализацията на екологосъобразно производство. Това на свой
ред показва, че е необходимо да се предприемат обучителни
програми на национално ниво, които да спомогнат на
българските работодатели да осъзнаят нуждата от
внедряването на зелени инвестиции.
Изследването показва, че негативно настроени са фирмите,
ангажирани в отрасли, свързани с добивната промишленост,
химическата промишленост, информационните технологии,
машиностроене, строителство. С положителни нагласи по
отношение на прилагането на екологосъобразно производство
и извличането на сравнителни предимства от зелен бизнес са в
сферата на текстилната промишленост, хранителновкусовата
промишленост, дървопреработването, електрониката и др.

„Сблъсквайки се с глобалните икономически, социални и
екологични предизвикателства, международната общност
определя набор от цели на устойчивото развитие,
предназначени да стимулират важни приоритети в световен
мащаб, изпълними за периода 2015 г. – 2030 г.“2. В целите е
заложено правителствата на държавите в световното
стопанство да редуцират бедността, продоволствената
несигурност, човешкото здраве, климата и редица други
приоритети в икономически, социален и екологичен аспект. В
така заложените бъдещи цели важно място заема както ролята
на публичния сектор, така и тази на частния, чието място е
незаменимо по отношение постигането на приоритетите,
свързани с осъществяването на инвестиции, насочени към
глобалното устойчиво развитие.

В обобщен вид могат да бъдат изложени ключовите
сравнителни предимства от прилагането на екологични
стандарти според направеното проучване:
- Спечелване на нови пазарни дялове
- Привличане на повече европейски партньори
- Разширяване на достъпа до европейски пазари
- Повишаване на конкурентоспособността на международно
ниво
- Производство на екологично-чиста продукция
- Диверсификация на произвежданата гама от продукти
- Ограничаване на вредите върху околната среда
- Ползване на данъчни облекчения

Наред
с
вече
изброените
бариери,
ниската
конкурентоспособност на страната ни също е сред факторите,
които се явяват пречка за реализирането на зелени
инвестиционни
проекти.
Според
индикаторите
за
конкурентоспособност
на
Швейцарския
институт
за
мениджмънт и развитие (IMD) България се характеризира със
сравнително ниско ниво на конкурентоспособност в сравнение
с останалите страни от ЕС.

5.
Макроикономически
политики
за
насърчаване на зелените инвестиции в България
Макроикономическите политики за зелени инвестиции във
всяка една страна следва да са ориентирани на първо място към
намаляване на възможни бариери, които попречват на
инвеститорите както на национално, така и на международно
ниво, да осъществяват зелени инвестиции. На следващо място,
политиките следва да създават адекватни стимули,
насърчаващи инвестиции в разнообразни зелени проекти. За
тази цел е нужно да бъдат направени нововъведения във почти
всички обхвати на действие на фискалната и паричната
политика на държавата. Най-общо, фискалната политика
следва да е ориентирана към създаването на разнообразни
фискални стимули под формата на данъчни облекчения и др.,
докато монетарната политика е отговорна в създаването и

4. Основни акценти и нагласи при
внедряването на макроикономическа политика
за зелени инвестиции в България
Като цяло нагласите на българските инвеститори при
участието в зелени инвестиционни проекти все още не са
достатъчно оптимистични, макар броят на фирмите,
ангажирани в подобна дейност да нараства с всяка изминала
година. Причините се коренят именно в липсата на достатъчно
информация, стимули и все още неразвитите политики в тази
насока.

3

Ченгелова, Е., Нагласи и отговорност на българските работодатели за
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поддържането на система от адекватни, интегрирани и гъвкави
зелени финансови инструменти, които допълнително да
мотивират инвеститорите и да улесняват тяхната дейност.

достатъчно стимули под формата на данъчни облекчения за
фирмите, ангажирани в зелен бизнес.

Много от световните институции се занимават именно с
разработването на конкретни зелени политики, насърчаващи
зелени инвестиционни проекти. Те създават редица правила и
норми, общовалидни за всички страни, в т.ч. ЕС, ОИСР, ООН,
Зелена инвестиционна банка (ЗИБ) и др. В по-голямата си част
политиките на тези организации са ориентирани към
поддържането на устойчиво развитие. В тази връзка,
Организацията за икономическо сътрудничество и развитие
формулира няколко основни действия, които всяка една
държава следва да предприеме за да редуцира бариерите пред
реализирането на зелени инвестиции.
На първо място, трябва да се осигури стабилна и
интегрирана политика за околна среда. На второ място, следва
да се извърши обстойна оценка евентуалните пазарни дефекти,
които могат да възникнат, което налага усъвършенстване на
различните фискални инструменти – еко данъци, субсидии и
др. На трето място, специалистите от ОИСР препоръчват
осигуряването на национална инфраструктурна карта, а също и
улесняване на развитието на подходящо финансиране и
нискорискови инструменти. Те препоръчват още всяка страна
да положи усилия да намали транзакционните си разходи за
зелени инвестиции, което допълнително да повиши стимулите
на инвеститорите. Друга препоръка е да се насърчи публичночастният диалог за зелени инвестиции, както и да нарасне
прозрачността на пазара при предоставянето на информация,
отнасяща се до данни за инвестиции в зелена инфраструктура.

Фиг. 1. Основни документи, приети в рамките на инициативата
„Европа за ефективно използване на ресурсите“
Източник: Европейска комисия

На следващо място, приоритет в тази политика е
редуцирането на пазарните дефекти чрез подходящи фискални
инструменти с цел да се постигне по-добра производствена и
алокативна ефективност.
Паричната политика също предоставя възможности при
създаването на стимули за зелени инвестиции посредством
различни парични инструменти в т.ч въвеждането на зелено
банкиране, преференциални кредитни и лихвени условия и др.

6. Заключение

Институциите на ЕС също полагат значителни усилия за
усъвършенстване на политиките за зелени инвестиции и
устойчиво развитие. В по-голямата си част те са насочени към
опазването на околната среда, подобряването на еко климата,
рационалното използване на ограничените ресурси и др.
Политиките, разработвани от ЕС целят тяхното прилагане от
всяка една страна-членка на съюза. Смята се, че „високите
екологични стандарти стимулират иновациите и развитието на
бизнеса. По този начин политиката става все по-тясно свързана
с текущите стратегии за създаване и поддържане на устойчиво,
ефективно използване на ресурсите и на нисковъглеродна
икономика“.4 Екологичната политика на ЕС се осъществява
чрез т.нар Програми за действие за околната среда (ПДОС),
които включват отделни законотворчески процедури. Тези
програми се основават на основни принципи, залегнали в
политиката на ЕС за опазването на околната среда, а именнопринцип на субсидиарност, принцип за предпазливост,
принцип „който замърсява - плаща“, принцип за устойчиво
развитие.

В своята цялост политиките, посветени на тематиката за
устойчивото развитие и в частност, към насърчаването на
зелените инвестиции са насочени към нарастване на
обществената
информираност,
усъвършенстване
на
законодателството, популяризиране на разбирането за
икономически ползи от ефективното използване на ресурсите,
нарастване на значението на екологичните съображения в
договорите на ЕС и проникването им във всички области на
политиката, прилагане на екозаконодателство, прилагащо
дългосрочни амбициозни стратегии и не на последно място,
укрепване на институционалната структура.
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Водеща инициатива в стратегията „Европа 2020“ е
инициативата „Европа за ефективно използване на ресурсите“
целяща стимулиране на икономическия растеж и повишаване
на конкурентоспособността. Очаква се тази инициатива да
доведе до генерирането на допълнителни зелени инвестиции в
редица области като климат, енергия, транспорт, индустрия,
отпадъци, суровини, селско стопанство, рибарство, биологично
разнообразие и регионално развитие.
Фигура 1 представя основните документи, присъстващи в
споменатата инициатива в стратегията.
На макроикономическо ниво, зелената трансформация се
отнася предимно за реализацията на качествени промени в
макро политиките, които следва да бъдат насочени към
създаването на адекватни стимули за зелено инвестиране.
Фискалната политика например, изисква промени в няколко
насоки. На първо място, необходимо е да се създадат
„Зелени иновации.бг. Потенциал за развитие“, Фондация „Приложни
изследвания и комуникации“, 2014 г., стр.21
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Abstract: It is proved that in the knowledge economy, such assets of the company, like knowledge, are of particular value. New knowledge
can increase the individual income of the owners as they apply in business processes and production activities. Defined knowledge
management as the process of formation of the intellectual assets of the enterprise. Selected technological, motivational and organizational
components of the system of knowledge management. The system methodology of knowledge management are methods to transform
individual pieces of information in knowledge relating to a particular sphere of activity. System design of knowledge management of the
enterprise is divided into a number of stages, which are discussed in the article. The analysis of world experience of the practical
implementation of knowledge management has shown that organizations and businesses take this purpose a variety of techniques and
methods. Found out that currently there are three schools of knowledge management. The methodology for the integration of knowledge in
the enterprise, which is presented in the form of a diagram. The knowledge creation enterprise is carried out ways: through self-education
personnel; by performing duties; tools of knowledge management. Proposed projects for the knowledge management implement in stages
and characteristics of each stage. It is proved that the culture of designing the system of knowledge management should include management
strategies, planning and provide for close cooperation and distribution of powers. It is concluded that knowledge management helps
businesses become more competitive, reduce costs, increase the speed of making management decisions and efficiently identify the needs of
consumers. The main purpose of the system of knowledge management of the enterprise is knowledge management an integral part of the
work of all employees.
KEYWORDS: KNOWLEDGE MANAGEMENT, INTELLECTUAL ASSETS, MANAGEMENT STRATEGIES, METHODOLOGY FOR
THE INTEGRATION OF KNOWLEDGE

1. Introduction
2. The concept of knowledge management
The formation of the knowledge economy means a change in
the institutional framework of the functioning of an economic
system, since a change in the rules and norms of economic behavior
of people, their priorities and values. Activities related to the
production and preservation of knowledge, separated from material
production, remains subordinate. Institute for conservation of
knowledge is important in ensuring the sustainability of society.
Knowledge becomes a factor of production through its embodiment
in the means of production appear specialized institutions aimed at
the reproduction and transfer of new knowledge.
Sustainable competitive advantages of the company are
possible as a result of the interaction of a complex resource
structure, in which they are acquired, developed and used. The
complex structure arises as a result of the interaction of network
resources. The first one of the main types of resources of enterprises
in the modern economy have identified organizational knowledge
Polanyi M. [1], which now referred to the strategic assets of the
enterprise, which implies that in order to remain competitive should
develop mechanisms to acquire necessary knowledge and its
dissemination in a timely manner and in the required format.
However in the knowledge economy may increase individual
incomes and promote sustainable development of the country, as
new knowledge applied to business processes and production
activities, allow [2]:
- increase individual productivity of human labor, which
makes it capable of performing the work that has greater social
value and thus higher rewards;
- to develop in a person business skills and entrepreneurship,
which in turn gives him the ability to make informed decisions;
- to have sensitivity to the perception of new scientific
developments, reducing the term of their implementation into
production and to stimulate the development of new ideas;
- to develop intelligence and individual talents to generate
new technological ideas and rational organization of production in
relation to specific conditions.

Swiss scientists T. Krog and M. Kene in his concept of
knowledge management, special attention was paid to its important
part of knowledge transfer [3], which showed the dependence of
profitability from the quality of the process of generating new
knowledge and the implementation of its intra-company transfer.
This dependence brought the concept of "knowledge capital" P.
Strassman [4], who linked the increase in profits generated
knowledge capital, and proved that awareness raising and training
of employees helps to increase the stock of knowledge, which, in
turn, form the net value added.
Focusing on these important components of knowledge
management as the process of formation of the intellectual assets of
the company, we distinguish technological, motivational and
organizational components of this system:
1. The technological subsystem includes the totality of
management decisions for the identification, storage, transmission,
structuring, processing, transforming and disseminating knowledge.
2. The motivational subsystem includes fostering the
accumulation and exchange of knowledge, communities,
organizations, contractors, external environment.
3. Organizational subsystem includes a set of methods,
activities to promote transformation of individual knowledge in the
corporate and the creation of intellectual assets of the organization.
The system methodology of knowledge management are
methods to transform individual pieces of information as an
organized set of data into knowledge as a set of fixed in the minds
and thinking of the facts of reality relevant to a particular area of
activity. Therefore, the system design of knowledge management of
the enterprise involves a series of steps:
- define the goals and objectives of knowledge management;
- audit and assessment of existing intellectual assets and
knowledge of the organization, determining their compliance with
the order;
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- development of the knowledge management strategy;
- creating changes in organizational culture, organizational
structure;
- completion of formation and implementation of the system,
the evaluation of its effectiveness.
New knowledge is acquired in the learning process as
individuals and units, and training of the whole enterprise. Here, the
basic process is the process of turning individual knowledge into
organizational knowledge [5]. It is the process of creating
organizational knowledge is considered the basis of knowledge
management. The most well known model that reflects the
processes of creating knowledge is the SECL model, developed by
I. Nonaka and H. Takeuchi [6], according to which occurs the
transformation of explicit and implicit knowledge:
- socialization – the transition of implicit knowledge to formal
(improvement of existing skills);
- externalization – the transfer of informal knowledge in
formal (description of skills that are used, clarify the regularities of
the practical activities);
- combination – transfer of formalized knowledge formalized
(in General terms – the creation of one theory to another);
- internalization – transfer knowledge in formal and informal
(receive certain skills).
Strategic institutional aspect of knowledge management
involves the creation of such institutions:
- organizational culture that promotes and encourages the
development of knowledge, gives knowledge of high value,
stimulating exchange of knowledge, provides training to staff and
managers on knowledge management;
- infrastructure to support knowledge management processes.
There are two types of learning in organizations: an adaptive
and paraguachi. Adaptive learning focuses on changes in response
to the development of environment, it is necessary for the survival
of the enterprise, and Paraguacu training associated with the
development in the organization of the characteristic features or the
creation of new opportunities to enhance existing competencies in
new competitive areas.
The analysis of world experience of the practical
implementation of knowledge management shows that
organizations and businesses take this purpose a variety of methods
and ways: from the explanation of benefits you receive as a result of
the effective use of knowledge to develop knowledge management
strategies. Gradually changes occur in the organizational structures
for the implementation of knowledge management by creating
groups, departments or introduction of the posts of managers in
knowledge management. According to the author [7], the most
suitable for the implementation of effective knowledge management
are network organizational structures that are flat, have a low
functional barriers and contribute to the blurring of the boundaries
of the enterprise.
Thus, the basis of market valuation of business entities are not
material factors, and the ability to use internal resources, capacity
for innovation and active work in order to consolidate their
competitive positions. The introduction of knowledge management
entities is part of their investment and strategic policy and provides
for the development and implementation of effective innovative
projects.
Knowledge of the enterprise is replenished and updated as a
result of training, research, hiring of highly qualified professionals
use their years of errors and validation of the activities of various
working methods. The collective knowledge of the company, as a
rule, are reproduced in documents describing the business
processes. However, if the knowledge is not documented, and
information about its source and location in the enterprise there,
then use a full of these important resources is very difficult, if not
impossible.
In a particular application of knowledge management as a
function and view management activities include:
- the ability to add value to information by the identification,
selection, analysis, synthesis, generalization, storage and
dissemination of knowledge;

- creating an interactive community in which employees
continuously share what they know and use all the conditions for
the assimilation of new knowledge;
- providing knowledge of the kind of practical relevant
information that can be used in specific situations.
The need to reduce the deficit of knowledge, which is
reflected in the competitiveness and services, and firms as a whole,
implies the following tasks:
1. The acquisition of knowledge (fit and use for their needs or
those of other knowledge that is already in the world; the
development and accumulation of knowledge based on NDDKR
and industrial experience of staff).
2. Learning (continuous education and training of employees).
3. The transfer of knowledge (the use of new information
technologies, providing access to information resources).
Currently, there are three schools of knowledge management.
The first school believes that knowledge management is
primarily a problem of information technology. You need to create
a computer network and use the software for work groups (Group
Ware). The introduction of computer networks adds communication
media, for cooperation in groups, people will be more willing to
share information and knowledge [8].
The second school suggests that knowledge management is a
problem of organizational culture and teamwork. Strong, positive
organizational culture focused on the promotion of training,
development, distribution of skills, resources and knowledge [9].
The third school tends to need to develop processes of
organizational know-how, which have no need of using information
technology [10]. The definition of knowledge management is as
follows: "the Identification and use of formal and informal
knowledge within processes, people, products, and services" [11].

3. Design methodology of the system of
knowledge management in the enterprise
Knowledge management can improve the quality of
managerial decision-making, providing managers with the
information, reduce costs of operations, increase employee
initiative. However, the effectiveness of knowledge management
depends on the degree of use of information technologies, since
knowledge is considered to be a form of public and individual
memory, which is the result of structuring and comprehension of
the object in the process of cognition and is stored in computer
memory. The methodology of integration of knowledge could be
schematically represented as follows (Fig. 1).
The tools and
practices of
knowledge
management

W3b

W3а
Personal
experience
of staff

W2а

Function and
experience in the
post, advanced
training

W2b

The acquisition
of new
knowledge in
the enterprise

W1

Fig. 1. Ways of formation of enterprise knowledge
W1 – due to the self-education of personnel;
W2 – by performing duties;
W3 – by means of knowledge management
Successful introduction of knowledge management depends
on many factors. Therefore, implementing the project management
in the enterprise, consider the following:
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1. Culture and work environment. A formal knowledge
management process easier to implement in companies where there
is free exchange of information and knowledge among all
employees. However, many companies will have to begin this work
in other conditions.
Company in which employees, teams and departments
compete with each other and conceal knowledge and information,
believing that "information is power" will have to do some
preliminary work before you can go directly to the implementation
of knowledge management. The emergence in the company
atmosphere of mistrust promoted by some business processes, but
the need for change regarding culture, and it must be given serious
consideration.
2. System performance management and compensation.
Depending on the adopted in the company's performance evaluation
and compensation or staff members openly share their knowledge
with others, or hide them, for fear of low evaluations of their work.
If there's indeed a team spirit, recognition and praise can be as
effective for a reward.
3. The current practice of management. Knowledge
management cannot be regarded as an isolated process or program;
it affects the implementation of most management strategies is an
integral part of the infrastructure of the company. So if your
company applies, for example, a program of total quality
management (i.e. responsible for quality each employee), there is a
necessity to all employees who participate in the implementation of
the project at any stage of this work will be required to adhere to the
principles of already existing programs.
4. The position of top managers. Top-managers of their
behavior should show that they consider knowledge a valuable asset
of the company and share inherent in this project ideas as well as
share ideas with other active programs. They will have to devote to
this project some money, if you intend to use special technology
and the introduction of special posts.
5. The planning of the event. Development of plan of all
works on project management knowledge and economic
justification.
6. The calculation of the cost of knowledge. During the
development study of the project on management of knowledge also
need to determine the financial value of enterprise knowledge.
Calculating the original amount, can be determined and their future
value. Since conventional methods of calculating the value of
intellectual resources of the enterprise does not exist, the traditional
accounting of our businesses into account such intangible assets is
not yet engaged.
Many years of experience in this area has shown that project
management knowledge (table. 1) fail, mainly because too much
attention to technology and lack of metering at different stages of
the project the human factor. Meanwhile, the key to managing
knowledge is not a computer network, and people.

4. The introduction of a system of knowledge
management
The first step to implementing the project on management of
knowledge is the knowledge audit. It will allow you to get a
General idea about the existing knowledge in order to then move on
to creating a more accurate "maps of knowledge". In some cases it
is advisable to conduct an audit of the total volume of information
and knowledge, which is used in the company, or which are needed.
The knowledge audit will determine:
- needs in knowledge and what knowledge is missing;
- how knowledge is created, acquired and used;
- how organized the exchange and transfer of knowledge;
- what are intellectual assets.
With this information, you can identify the next step in the
process of knowledge management. It can also be used for:
- developing the strategy knowledge management
(information);
- making decisions about the content of the Internet;
- verification of the costs of obtaining knowledge
(information) from the outside;
- determining the need for specialist management knowledge.
Knowledge is useful only if they are relevant, current and
from reliable sources. Technologies such as Push, Intelligent Agents
and collective filtering, allows you to select knowledge and to sort
them according to established criteria. Intelligent Agents are
background programs that operate for the people, initiating any
process or starts a specified application. After receiving
instructions, the agent operates autonomously as long as did not
follow the instructions and will not tell its owner the result, while it
scans the websites and the database, guided the collection of
information specified in the instructions criteria.
Culture system design of knowledge management should
include management strategies, planning and provide for close
cooperation and distribution of powers of those who implement
research and design. He should consider personnel management in
conditions of extreme psychological and cognitive loads [12]. In
addition, you need to enter a few special posts for experts in
knowledge management who will carry out special duties. It should
be remembered that the main goal is to make knowledge
management an integral part of all employees of the enterprise (tab.
2).
Table 2
Expertise in knowledge management in the organization
Job title
Manager
knowledge
management

Table 1
Stages of system design of knowledge management
Stage

Characteristics of the stage

Planning

Development of plan of all works on project management
knowledge and its economic justification

Holding
audit
knowledge

Determination of the location of knowledge exactly who
owns them and who needs them in your organization

Mapping
knowledge

The results of the audit are knowledge maps, which give
an idea about the structure and location of knowledge in
the company
The division of all knowledge into categories to further
help you find, codification of

Classification
knowledge
Getting
knowledge

Finding knowledge, retrieve it (from a document or from
another source), receipt (from the person) or create a new
one, in case of his absence

The
organization
storage
knowledge

The choice of software solutions for managing data
storage systems. Create a database and placed in it the
newly acquired knowledge with regard to their
classification

Control
knowledge

Constant analysis of needs knowledge as well as control
over the use and relevance of knowledge

Coordinator
knowledge

Analyst, an
expert on
knowledge
management

Administrator
knowledge
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The purpose and
objectives of
• to identify the
knowledge assets and
needs in knowledge;
• to manage the flow
and use of knowledge

Responsibilities

• to create a team with representatives
from all the divisions of the Department;
• to identify individual needs in
knowledge and prioritize them;
• to ensure that all employees effectively
use the knowledge sharing tools;
• to prevent a decrease in the efficiency of
company databases and to increase;
• to organize and conduct seminars;
• compliance assistance the Department
agreed principles of knowledge
management
• to manage the flow
• to conduct certain internal
and use of internal
investigations;
knowledge in the
• to promote existing in the company
corporate knowledge
information database;
base;
• train end users to use different sources of
• participate in
information;
conducting industry
• to deal with the paperwork that relates to
research
knowledge management, including the
conduct of internal distribution lists and
manage your library of "hard copies"
• to provide the teams
• to perform the role of a consultant to
knowledge
groups knowledge management;
management help in the
• to develop the architecture, processes
management of
and infrastructure to databases and
information;
Intranet;
• conduct analytical
• edit content of the home pages of
research to aid other
libraries;
departments of the
• analyze and report on the results of
company
research on knowledge management
• manage the acquisition • to manage external resources;
and provision of business • distribute logs and reports;
information;
• keep a record of;
• find and save links to
• to organize the storage of documents,
corporate sources of
books and files;
business information;
• issue invoices and perform other General
• to meet the needs of the office duties;
company in knowledge
• to liaise with departments.
(information)

Manager, knowledge management must have the organization
skills and experience in companies or in the financial sector. It is
also desirable that it have:
- broad knowledge in the field of information technology
including knowledge of: databases, the Internet and software for
General use;
- deep understanding of the principles of knowledge
management;
- experience of creating teams, lead teams and motivate their
members;
- communication skills, interpersonal skills.
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5. Conclusion
Knowledge management has a strategic focus, since its
development and implementation determine the future of the
enterprise, due to the formation of his new organization and
information culture, the use of more effective business models, and
overall changes to the market conduct of the competition.
In the future competitiveness of corporations will increasingly
provide the ability to identify, accumulate, and develop knowledge,
to obtain new key competences and using these key success factors
in the market, create innovation, and then to turn them into longterm competitive advantage. Thus, the management of knowledge
helps businesses to become more competitive, reduce costs,
increase the speed of making management decisions and efficiently
identify the needs of consumers.
In addition, if the company is suitable for implementation of
the project on knowledge management as a way to become a team
of people working together to continuously learn something new
and improve, it will be much easier to implement this project and
the positive effect of the implementation will be much larger.
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BUSINESS-INCUBATORS AS PART OF INNOVATIVE INFRASTRUCTURE OF
SMALL BUSINESS SUPPORT
Cherep A.V Doctor of Economics, Professor,., Cherep O.G. PhD in Economics, Associate Professor
Zaporizhzhya National University, Ukraine

Abstract. The interrelation between innovation infrastructure of small businesses support with the creation and development of
business incubators is analyzed. Imperfect system of funding and material and technical support development of business in Ukraine
is established. It was determined that small and medium business accelerates economic restricting, improve organizational efficiency of
national resources. So the creation of business incubators is very important for business and sustainable development in the economic
situation of the country. The authors give the basic principles of state policy building for small businesses. Foreign experience in creation
and development of business incubators is adapted to local conditions by combining and combining different forms, methods and means of
regulation and support domestic enterprises. The authors propose the business incubator model which may promote
development and management small business.
Introduction. The
problem of
creating
appropriate conditions for innovation spreading is highly relevant
for the national economics. Its solution serves as a guarantee of
technological transformations in production. The degree of
innovative development of the national economics depends upon
innovation. The process of innovation infrastructure formation,
which should provide favorable conditions for the scientific
research activation have particular importance.

different kinds of administrative barriers, limit financial credit,
weak financial, technical, financial, managerial and human
resources component of small businesses [13, p. 117].
Small entrepreneurship is an important element of a
market economics. The state cannot steadily develop without
it. Formation of favorable conditions for small businesses provides
income for population and the taxes for local budgets. However, in
Ukraine, state support for small business development has not yet
been included in the main directions in the administrative and
territorial unit development.
Small business is supported only at the regional level. The
participation of local administrations in its development is
negligible. Although this level of management is closest and
accessible to entrepreneurs. So there is a need to shift the emphasis
of the small business state support to the local level. Also full
decentralization of regional support for small business development
is impossible [5, p. 52].
State support for small businesses at the regional and local
levels have not been widely provided, despite the fact that the
interests of the authorities of different levels coincide. This is due to
the lack of funding from the budget, and the lack of interest of
officials in the development of small business.
From the point of view of the entrepreneur, the state
should create conditions for maximizing profits, minimizing risk,
protecting property and identity of the entrepreneur, etc. From the
point of view of the state entrepreneur should ensure the growth of
social welfare support for employment, economic growth, political
stability, etc. [15, p. 39].
The market economics is not able to automatically adjust
the economic and social processes in favor of each employer and
society as a whole. The task of state policy is to achieve a general
equilibrium in which the state seeks to maintain a competitive
balance, that is, when consumers maximize the value of the function
of utility, and entrepreneurs maximize the profit.
Establishing an effective and effective mechanism for the
formation and implementation of a state policy for supporting small
businesses in Ukraine undoubtedly require creative borrowing
world achievements in this area, first of all, the experience of
countries with developed market economies.
Small businesses support around the world is considered
to be the responsibility of the state, because small businesses are
inferior to large enterprises for the possibilities of modernization,
marketing research, financial resources, and the competitiveness of
goods and services.
In an unstable economic situation a domestic small
business needs a protectorate of the state. But effective support
mechanism of the entrepreneurship development in Ukraine has not
yet been established. Financial assistance provided by Ukrainian
Support Fund, National Endowment for farms and State Innovation
Fund is quite small [7, p. 86].
First of all, business needs legal support. Many laws that
gave impetus to the development of entrepreneurship in the country
no longer response the requirements of time and need improvement.

Literature review. Features of innovation infrastructure
creation in Ukraine's economics are highlighted in the works of
many scientists. For example O.I. Amosha, I.P. Buleyeva,
G.Z. Shevtsova [1],
L.M. Vasilieva [4],
V.M. Goncharova,
Yu.N. Derechynska [7], M.V. Zhuk [8,9], O.M. Borodina [9],
V.V. Zyanko [12], I.M. Kopchenko [13, 14], V.V. Lytvyna,
N.O. Matviychyk-Soskain [16], G.O. Androshchuk, I.B. Zhyliaiev,
B.G. Chizhevsky, M.M. Shevchenko [20] etc.
Results. While analyzing the innovation infrastructure
components scientists’ attention is devoted to the characterization of
such modern organizational forms as techno parks, technopolises,
innovation funds, venture funds, etc. However, there are very
limited studies concerning also important component of the
infrastructure – business incubators, although they play an
outstanding role in the development of innovation activities.
As a whole the functioning of the economics depends on
the enterprise development. However, a clear strategy of regulation
has not yet been elaborated in Ukraine. The program of this form
development is not substantiated, the system of financing and
logistical support for the business formation and development is
imperfect. Legal and organizational issues also exist. Therefore, for
the expansion of entrepreneurship and sustainable development it is
very important to analyze the world experience of enterprises and
the possibility of its application in Ukraine.
The small and medium business is the important part of
modern entrepreneurship. It accelerates structural economic
reingeneering, improves organizational
efficiency of
national resources using. With well-balanced state policy domestic
small and medium businesses can create thousands of new work
places and contribute to Ukraine's becoming an economic
developed state.
During the independence years of national economics
small and medium enterprises gradually develop in Ukraine. Almost
half of the working population of the country works in this sector.
Positive dynamics of its development takes place because of the
introduction of a simplified system of taxation, accounting and
reporting of small businesses, a number of progressive norms of
regulatory policy, the reform of the permit system, etc. In
quantitative terms the development of small and medium enterprises
in Ukraine has gradually become closer to the development of small
business in the EU. At the same time, it should be noted that
domestic business exists and develops in the difficult conditions of
the transformational
economics and meets a multitude of
problems. The decrease in the viability of small and medium
business is connected with significant tax burden, the presence of

27

Financial assistance, which provides for the provision of
soft loans and their guarantee, should place one of the key places.
To promote small business development is possible only
by combining and combining different forms, methods and means
of regulation and support, chief among which is [8, p. 35]:
- state support for the production and sale of products, which
involves providing state orders, leasing equipment on preferential
terms, customs privileges, facilitating the export of goods and
services to international markets, reduction of rental rates;
- financial and credit support, providing for direct guaranteed
loans for development and expansion of activities, development of
preferential lending programs, reduction of interest rates on loans,
state guarantee of obtaining loans, targeted subsidies and budget
financing of the economics in accordance with the priorities of the
state's economic policy;
- favorable tax policy, which provides for preferential taxation
of activities and reduction of tax burden on small businesses;
- informational and advisory support for the creation and
development of small business enterprises, training of specialists at
the expense of state funds in specially created centers, free
professional counseling of entrepreneurs.
Depending on the chosen objectives the state can: restrain
the development of entrepreneurship in general and small in
particular, create extremely unfavorable conditions for their
development, for example, to set high taxes on enterprise activity,
refuse to protect the interests of owners, etc.; to be an outside
observer without interfering; the initiator of entrepreneurial
development, taking measures for the search and involvement of
new economic agents in the business process [13, p. 118].
The basic principle of the state policy development in the
field of small business is the combination of the non-interference in
the entrepreneur's production principle with the principle of social
partnership. The state task is to build a social-market economics
that realizes achievements for both economic and social
purposes. An important principle of state policy is the principle of
decentralization and empowerment of regions and local selfgovernment in the sphere of small business. The state policy in the
field of small business should be built in compliance with the
principle of stability of the regulatory regime. This is a determining
factor for the environment of small business. Objectively important
socio-economic role of small business in the Ukrainian economics
implies the need for high rates of its formation and strengthening in
the system of national economics. However, the small business
development in Ukraine does not response the requirements of a
market economics. The unfavorable tendencies of small business
development are connected with the national political, economic
and social problems and peculiarities of small business as a subject
of the economics. In connection with this fact, the necessity of
accelerated development of small business causes its active support
from the state.
Compared to generally accepted indicators in the world,
the level of small business development in Ukraine is clearly
insufficient. Thus, on average 1 thousand people there are 7 small
enterprises in Ukraine, while in the countries of the European Union
there are not less than 30. The share of employed at small
enterprises is about 30%, while in EU this indicator is 65%
[23, p. 27].
The largest concentration of small business is in the
capital of Ukraine (8.9% of the total) and large industrial regions:
Dnipro (7.3%) and Kharkiv (7%). The smallest concentration of
small business is in the western regions (Chernivtsi (1, 8%),
Ternopil (1.9%) region).
Today in Ukraine there are many problems of small
business, for example [15, p. 42]:
1. Corruption and red tape;
2. High level of taxation, which decreases profitability of
small businesses, increases the probability of bankruptcy;
3. Ineffective mechanisms for financing and insurance of
small business;
4. Lack of social security and business education for the
staff of small businesses;

5. Policy and economic instability and inconsistency, and
complexity of the legislation.
Thus, the creation of new small businesses depends on the
authorities. In our view, the next measures should create a favorable
business environment [5, p. 53]:
- significant simplification of rules and procedures for
new businesses;
- eliminating the contradiction in the legislative framework,
ensuring its transparency and stability;
- control by public organizations for the activities of
government officials;
- creating an effective feedback system to inform relevant
structures about the corruption actions of government officials.
Thus, it can be concluded that state support for small
businesses is an integral part of public policy, which should not
only create favorable conditions for the expansion of small
enterprises, but also directly support them. In this regard, the
priority directions of improvement of the mechanism of state
support of small business should be:
- legislative improvement for small businesses regulating;
- financial and credit support for small business development;
- introduction a system of organizational and educational
measures fort raising the knowledge, skills, professional level in
business;
- consulting development;
- promoting the development of leasing companies.
In the whole business incubator is an organizational
structure of the scientific and technical sphere, which should
provide appropriate conditions for small innovative companies.
Such companies implement the original scientific and technological
ideas.
In Ukraine the first business incubators appeared in the 90
years of the last century, although the idea of creating them abroad
appeared in the 1950s in the USA. A bit later business incubators
became widespread in Western Europe.
The original idea is very simple: it is necessary to create
an organization that fully cares about the newborn-company. Such
company does only the first steps on the path to innovative
business. Business incubator provides a range of services, including
providing small firms with rental accommodation, facilitating their
registration, creating conditions for the initial capital formation,
providing consulting, training etc.
In our opinion, the main purpose of business incubators
can be described as providing "growth scenario" for small firms in
the material, financial, educational means; creating conditions for
their adaptation.
As a rule small firms are in the incubator for 3-4 years,
than leave it to become functionally independent.
The experience of developed countries shows that small
firms after incubator is more stable and durable compared with
small enterprises that have not undergone the previous
adaptation. According to data from the experience of the first
business incubators in the United States, 30% of start-ups moved
from small to medium business. At the same time among selfinitiated firms only 12% became entrepreneurs [1].
There are different types of business incubators: nonprofit; profitable; branches of higher educational establishments.
Non-profit business incubators operate at the expense of
local authorities. Profitable business incubators require from firmsclients partial reimbursement of their expenses. Incubators-branches
of higher education are created with the support of large enterprises,
commercial banks, investment funds, which can provide the
necessary financial resources. Such branches use intellectual
resources, laboratory facilities and research institutes, their rooms,
library etc.
In Ukraine business incubators exist in higher schools and
regions. Regional incubators were created with the support of other
countries. Currently, there are business incubators in the Dnipro and
Kyiv Technical University. Funded by international organizations
there
is
business
incubator
"Kharkiv
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Technologies", Innovation Center in Kyiv, innovative business
incubator in the Bila Tserkva.
Business incubators can be created as a separate
organization, and as part of technical parks, technopolicies. For
example, a business incubator "Kharkiv Technologies" is part of the
technical park "Institute for Single Crystals".
In 1998 it was founded Ukrainian association of the
business incubators and innovation centers.
In the whole there are 71 business incubators in Ukraine
with total area of 8997 square meters. They have created 460
businesses and 2335 work places [2]. Across the country business
incubators are uneven. In Kyiv and Kyiv region there are 12
business incubators, in Odessa region there are 9 incubators; 18 of
27 regions have 1 or 2 business incubators [3].
Let’s consider the mechanism of creation and functioning
of business incubators in detail.
Firstly it is elected strategy of business incubator that
based on its development concept. It includes:
- choice of potential client firms;
- identifying the candidate companies;
- determining specialization of business incubator based on
potential services and election of the industry. Nevertheless
business incubator should provide innovative services.
The selection of future incubated firms includes the
originality of their proposed scientific ideas, perspectives of their
results, and selected areas of innovation. The point is that small
firms can create innovative products or test them, or engage in
replication of the latest developments.
Selected firms should be classified. The main principles
for it are location of the company, number of employees, the level
of logistical support, the amount of financial resources, sales and so
on.
The needs of newborn companies depend on the type of
activity, their opportunities and the requirements of the market
environment. Business incubator determines the scale of the needs
and correlates with the services that can be provided. Here the
business incubator specializing, the cost of services and guarantees
for funds return are important. Providing facilities, information,
education, marketing are the most considerable services.
Than the business incubator plan should be created. It
takes into account the stages of the client firm development. These
steps include:
1) selection of client firm and placement for it in rent;
2) accommodation and adaptation of firm-beginner and
providing services for it for short term (1 year);
3) the gradual growth of the company, increasing its level
in the field of business innovation, reducing the list of providing
services (2-3 years);
4) output from the incubator.
The business plan defines the basic parameters and
directions of business incubator. It takes into account the number of
firms that entered the incubator, the business activities of the
incubator, financial and material resources, and the degree of
support for companies in incubator, the principles and conditions
for interaction between business incubator and firms after their exit.
Preferential conditions in business incubator exist for
adapting small firms to requirements of the market environment.
Firstly the newborn-company uses business incubator almost free.
But while ii is growing and gaining the necessary knowledge
business incubator reduces the amount of benefits and services.
The impact of business incubator is measured by various
indicators. They include the number of innovative firms that were
created by business incubator, the enterprises that "survived" after
leaving it, the number of innovative projects, the volume of
scientific and technical products, the number of created work
places, the amount of the production and service squares etc.
Business incubator revenues usually consist of rent; fees
for provided services, and profit of firms that left the incubator. The
companies-beginners cannot pay large sums of money to obtain
services and facilities during their formation. Therefore, the main

source of income for the business incubator is gains from
cooperation with former clients.
It should be noted that today in Ukraine business
incubators have significant financial difficulties. Lack of funds
leads to decrease in their activity. Usually incubators simply turn to
counseling centers. Often they have dealt with their
innovative value and begin to deal with problems for companies.
According to international experience, one of the most
successful ways of developing and supporting business is a business
support or business entity. It usually helps to simplify, facilitate and
accelerate entry into the market and achieve desired business effect.
Support, which provides incubation, helps beginners to overcome
market barriers at an early stage of development. Statistically about
a third of independently created firms survive. And over 85% of
participants who used support of business incubators tend to
become successful.
Business incubators are structures that assist new
companies during their organization and development. The main
objective of business incubators in the interactive process: to inspire
people to organize their own business, create conditions for new
companies, and to support them in developing innovative products
etc. The main emphasis in the activities of business incubators is to
stimulate the development of local and regional economics and
creating work places. Business incubators are necessary for the
promotion and development of beginner businesses. The role of
business incubators is very important to ensure that local social and
economic development especially in countries with low dynamic
business development [3].
The purpose of a business incubator is providing
favorable organizational and economic conditions for small and
medium business, improving the competitiveness of enterprises and
companies in the market by providing comprehensive assistance to
entrepreneurs at all stages of organization and operation of
enterprises [16, p . 64].
On the basis of the business – incubator experience in
countries with developed economies, we have created a business –
incubator model. It can help to to develop small business. It also
includes: a block of innovation support; a block of
marketing providing; a revenue block from consulting, legal and
auditing services, leasing, publishing; a learning block.
Business incubators play an important role in the
innovation infrastructure, because they are considered a part of the
infrastructure. But they also are a tool for economic, social,
structural and innovation policy. Business incubators can be as
independent economic organizations that are created to support nontechnological small business. They also can exist in a warehouse
industrial park and be oriented in the field of high technologies.
Incubator as the shape and element of innovation infrastructure is in
constant development [17, p. 163].
One of the fundamental issues in the activities of business
incubators is choosing optimal forms of created business incubators.
At the present moment there is a great variety of legal forms of
business incubators. Business incubators are structural units of a
high order and as autonomous institutions. The legal form of
business incubators (BI) largely determines potential sources of
incubator funding. BI registration as a non-profit structure provides
additional opportunities to obtain grants and funds to support small
business innovation. The form of state, regional or lower
subordinate institutions provides access to funding, participation in
national and regional development programs small businesses. In
turn, the legal form of the incubator depends on whom and on
whose funds BI is generated.
The main advantage of a business incubator for
entrepreneurs with financial difficulties is that incubators provide
them "roof over their heads" on favorable terms, (at least for first
time).
For business activities incubator should have the
necessary facilities (based on international experience – 1000-2000
sq. m.), logistics (office equipment, Internet, classrooms,
conference room, library), qualified staff, counselors and teachers
generally work on a contract basis. [6]
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The concept of a business incubator involves rotation of
firms. So the incubator usually should not have long-term or preterm rental agreement. The term of "life" in the incubator is from 2
to 5 years. If the company firmly stands on its feet during this time,
it should find a space outside the incubator and leave space for new
young company. However, in practice, depending on the current
available space and demand for it sometimes longer contracts can
be used.
Conclusions. Company’s selection for business incubator
should be carried out on a competitive basis. In this case, the
applicant must prove that his project has a real chance for success
according different criteria (education, experience, etc.).
Important advantages of a business incubator is also a
creative atmosphere and the opportunity to communicate with other
firms, the image of a serious company, flexible management in an
incubator.
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INNOVATIVE APPROACH TO THE DEVELOPMENT OF AUTOMATED
LOGISTICS INFORMATION SYSTEMS
ИНОВАЦИОНЕН ПОДХОД ЗА ИЗГРАЖДАНЕ НА АВТОМАТИЗИРАНИ ЛОГИСТИЧНИ
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Abstract: Technological advancement driven by innovation, fundamentally new industrial technologies and artificial intelligence, will
naturally exert greater pressure not only on the growth of production but also on its structural properties which are expected to undergo
significant changes. Moreover, the improvement of technological, auxiliary and information activities will invariably be regarded as a
crucial factor in the development of modern production. Thus, with the structural transformation having been effected, the new
communication and information achievements are more likely to reinforce the relationship of production with its external logistics
components. In addition, it should be borne in mind that the production of the future will be constructed as a complete whole comprising the
respective technical, technological and information processes along with the functionally integrated production components, including those
of the logistics system. The purpose of the present paper is to explore the possibilities for designing automated logistics information systems
and to propose an innovative approach incorporating not only the specific in-house (intra-company) logistics but also considering its
interdependent relationship with the other logistics processes that have been excluded from the company’s core business activities.
Keywords: LOGISTICS, LOGISTICS INFORMATION SYSTEMS, AUTOMATED LOGISTICS SYSTEMS

Against the background of rapid development and proliferation
of Internet technologies, the efficient supply chains occupy a crucial
role in the successful growth of the Companies. Thence, the first
step a Company takes in venturing out into the “Internet of
Services” should be to define the role of the logistics processes as
part of its effective management in addition to the creation of
official company’s website. Accordingly, the management of
supplies is inextricably linked to the automation of internal resource
planning. This means that the optimization of the business processes
provides a sound basis for the creation of an effective delivery
mechanism.

1. Introduction
The vast range of information flows running inwardly within a
given system of logistics and among its system components, as well
as between the logistics system and its external environment join
together to become part of logistics information systems.
Logistics information systems relate to a well-organised
structure of interconnected electronic means, information
technologies and software products delivering solutions to various
functional tasks in order to gain control over the multiple flows of
materials [2,4]. Logistics IT pertain to the class of so-called new
information technologies, which are defined as a set of fixed
(“embedded” within the organisation) management systems with
principally new means and methods of data transfer and processing
[6,9,10]. They act as integrated technologies and systems largely
employed in the process of creation, transmission, storage and
display of product information (data, ideas, knowledge, logistics
support, etc.) at the lowest possible cost and consistent with the
social environment legislation [3,5].

Logistics information systems based on digital dimensions
The process of material flow management is determined by the
processing of logistics information circulating within the logistics
system. Logistics information is a purposeful assemblage of facts,
phenomena and events collected together to be submitted for further
registration and processing and thus to ensure the company’s
process of logistics system management [1].
There are three forms of logistics information representation:
symbolic, text, graphic. The symbolic form is based on the use of
symbols - letters, numbers, and signs, including punctuation marks.
The text form uses characters that follow each other in a
predetermined sequence to form a text. The graphic form is the
most extended and complex and covers multiple types of images.
Equally applicable, furthermore, are the following concepts;

Key competency areas in logistics
All the necessary arrangements should be made for the logistics
information that supplies the main strategic logistics resource to be
distributed in the “supplier-consumer” model. Using computer
technologies for processing of data helps to keep costs down as a
result of a more effective management of the multitude of
information flows, which, in turn, leads to increased speed and
enhanced coordination [7,8]. The term “information resource” is
established as an economic category, while that of information
resource management implies:

Logistics system architecture is a concept that describes the
model,
the
structure,
the
functions
performed
and
interconnectedness of the system components.
Information flow is a system of messages that are distributed
within the logistics system, between the logistics system and its
external environment that are considered strictly necessary for the
management and control of the logistics operations. The
information flow may be transferred on paper and electronic
documents.

1. An evaluation of the information needs at each level of
logistics and in each function of logistics management;
2.Research and rationalization of documentation, organization
of effective electronic document exchange;
3.Addressing data mismatch and incompatibility of data for the
same purpose.

Digitisation of information flow based on digital conversion
and transformation of the logistics processes.

4.Development of a data management system.

Information processes being distributed across space and over
time are regarded as high priority carriers capable of transmitting
administrative influence within the structure of a certain
organisation. The organisation’s business (activity) data models and
its environment determine the possibilities of effective collaboration
and shift the focus onto the final outcomes (end results). In logistics
systems, however, there is a critical need for information interaction

Regarding logistics information as a resource involves, by
analogy with the use of other resources, provision of an effective
mechanism for its proper management through established uniform
standards for information support.
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only to separate logistics processes subject to specific integration
requirements but also to all the business activities the company
undertakes in-and out-of- house.

among participants in the real-time supply chain with the optimal
cost-effectiveness for managing the system. A possible solution to
this problem is offered by a relatively new sector of scientific
knowledge - information logistics.

Viewed from the perspective of information and logistics,
improvement in the company's integration activity is entirely
consistent with automated management of the material flow.

But let us first examine the most important characteristic
features of the concept of information logistics under discussion.
Information logistics can be viewed on the one hand in a
systematic way of organizing enterprise information resources as
specified by the basic principles of logistics (consistency, rationality
and precise calculation), and on the other hand, in its supportive
function or in a regional perspective – a function of logistics
management.

Sequence of the steps in the development of automated
logistics information systems

Information logistics can also be considered as a method for
gathering, processing, storage and dissemination of information in
industrial and economic systems and their immediate environment
in compliance with the established logistics rules (the importance of
information, in the right quantity, at the right time, in the right place
and with optimal cost-effectiveness).

1.Establishing principles of identity and adherence to the belief
that all the relevant operations, processes and activities should be
integral to logistics. Distinct identification of the intersection points
of the logistics processes with the other company’s (business)
processes.

Constructing automated logistics information systems is
controlled by the following sequence of events ensuring its proper
implementation:

2.Designing the structure of the system through the application
of modern information technologies.

In light of this, the overall purpose of the information logistics
can be described as a rational management of the flow of
information throughout the entire logistics network and at all levels
of hierarchy.

3.Determining the company’s internal and external linkages
and relationships.
4.Exploring the possibilities of gradual development of
automated logistics information system.

System connectivity in logistics information processes.
The levels of the logistics processes in terms of the systematic
approach are presented in fig.1.

5. Enhancing automated logistics information system with the
possibility of using hardware and software modules based on
digitisation.
6.Improving the logistics information system flexibility in
meeting some specific requirements of the logistics subsystems.
7.Considering the potentiality of assuring the achievement of
improved user-friendliness and compatibility with the abilities of
the users from the lowest to the highest level of automation of
logistics processes and activities.
8.Promoting synergies by integrating the logistics sub-systems
between the vertical and horizontal distribution (dimensions).

Fig.1.Logistics connectivity in the system

In line with the concept of logistics affiliation (relatedness),
information systems, pertaining to different logistics groups are
integrated into a single information system. Such integration takes
place in a vertical and horizontal direction.

The suggested sequence of steps in the development of
automated logistics information system is further outlined in fig.3.

Vertical integration is the link between the planned, dispositive
and executive (control) system transmitting vertical information
flows.
Horizontal integration, being a medium for horizontal
information flows, is the link between the individual sets of tasks in
the dispositive and executive (engineering) systems.
Illustrated in fig.2 is the way in which the horizontal and
vertical integration are brought together.

Fig.3.Sequence of development of automated logistics information
systems
Fig.2.Relationship between the horizontal and vertical integration

Provisions for the engineering of automated logistics
information systems (ALIS)

Clarifying the relationship between horizontal and vertical
integration proves necessary for a more accurate construction of
logistics information systems through automation. These refer not
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Taking full advantage of modern logistics technologies would
improve the industry’s competitiveness and create the most
important prerequisites for the radical transformation of the
underlying infrastructure into self-regulating business communities.

1. E-logistics as a component of the automated logistics
information system.
E-Logistics facilitates the processes of planning, execution and
controlling of the respective logistics activities or tasks through the
application of modern Internet technologies for the purposes of
improving the existing logistics services and enhancing the
collaboration between the separate partners in the supply chain
(Supply Chain). More specifically, full account is taken for the
provision of all the decisive steps towards the securance of smooth
electronic commercial transactions as to the acceptance of an order,
storage, commissioning, packing, franking and dispatch (delivery)
of the corresponding articles.

ALIS can be readily distinguished from the other types of
information systems by the level of integration of its information
space through automation.

Essential prerequisites and conditions for the implementation of
electronic logistics:

 ALIS is part of the corporate automated information system;
 ALIS has a higher degree of flexibility for integration of

1. Integration of Internet-based systems in the portfolio of
existing IT systems;

software solutions and is included in the corporate automated
information system;
 ALIS is an independent self-contained structure isolated
from other information systems.
The second, but no less important issue for building up ALIS is
its functionality (functional structure).
ALIS functionality is contingent upon the types of information
flows that penetrate into the system. The specificity of ALIS is
determined by the fact that flow management takes place both
within the particular business organisation and between the different
participants in the logistics chain.

3. Distinctive features of ALIS

The systematization of the concepts in this field of research
makes it possible for three existing approaches to defining ALIS
come to the fore:

2. Further support of the classical organisational processes and
procedures;
3.
Inter-company
cooperation
or
inter-departmental
collaboration with the clear objective of pulling together all the
partners in the supply chain in order to overcome the barriers that
restrict the flow of information.
4. The complexity of integrating electronic logistics solutions
into the existing architectures and applications should not be
underestimated.

Conclusion

The key advantage of electronic Logistics is the prospect of
economic organisation and accomplishment of logistics tasks
through the use of Internet technologies. Moreover, this might
produce a steady improvement in the philosophy of the service itself
(Service) in classical logistics and electronic commerce.

The issues that have been discussed so far in the present paper point to
the conclusion that information is becoming a critical production factor of
logistics activities.
Information logistics should be recognised as an area of logistics that
explores and addresses issues related to the organisation and integration of
information flows for decision-making in logistics management systems.

E-logistics is also perceived as the collective expression of the
shared logistics processes in a given company that might be defined
and accessed electronically.

On the whole, automated logistics information systems are capable of
integrating all the logistics subsystems, including supply logistics, inbound
(production) logistics, distribution logistics, et al., with the intention of
establishing connecting units (linkages), upon which the respective elements
of the logistics system will be built up.

Without electronic logistics, an effective and unimpeded
processing, handling and transfer of goods in the field of the
electronic commerce is inconceivable. Undoubtedly, this is
associated with prudent planning and cautious development of all
logistics processes and systems that are considered necessary for the
electronic transaction processing. Electronic logistics is also the
common denominator for future organisation and planning of the
related logistics systems and processes, and thus, securing the
successful realization of the electronic disposition of a company’s
business processes. In light of this, it could be deduced that Elogistics is one of the principal components of the automated
logistics information systems.

In closing, the paper strongly upholds the idea that automated logistics
information system is a special case of the more general information
systems, designed for automated receiving, transmission or processing of
data related or integral to the processes of logistics.
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2. Standardisation and self-regulation as an essential
component in ALIS development.
The mechanism of self-regulation can serve as a basis for
effective functioning of the integrated supply chain. Self-regulation
is intended to optimise all the processes occurring in the chain
(network) by transforming its structural elements according to
stringent safety criteria and high performance achievement. Even
more, it is precisely the increased value added by all the participants
in the supply chain that accounts for its effectiveness and
efficiency. Special attention, therefore, should be paid to various
problem-solving methods in management, with an increased focus
on the “critical points” of the supply chain integration.
Thus, in order for the self-regulatory mechanism to operate
efficiently, ALIS is to be introduced as an inseparable part of the
integrated supply chain since, with its strong effect on the “critical
points”, it is more likely to smooth over the violent fluctuations of
the entire system.
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внешнего мира, и выгодная конкурентная позиция в
международные торговли.
3. Безопасность стратегических ресурсов. Как правило эти
ресурсы существенно важны для жизни населения и
хозяйствования страны, необходимые для перспективного
развития и достижения стратегических целей государства.
Такие ресурсы как: продовольствие, нефть, газ, уголь, сталь,
вода и прочие. Безопасность стратегических ресурсов –
способность государства стабильно и надежно получить все
необходимые ресурсы, способность их контролировать и
эффективно использовать в производстве.
4. Безопасность экономической информации. Это важная
составная часть системы экономической безопасности
страны, означает секретность и надежность информации
ключевой технологии, собственных данных в какой-либо
сфере экономики. Простыми словами, особая информация
может быть передана исключительно к определенному кругу
лиц. Как известно, в информационном обществе система
информации представляет собой инфраструктуру развития
страны, конкретной сферы экономики и каждого
предприятия. Предстоит нам вопрос: как обеспечить,
защитить от опасности?
Ситуация в Китае: проблема экономической
безопасности в современном этапе развития
По мере поднятия открытости страны и развития экономики,
Китай сталкивается с более и более угрозами от внешнего
мира, к примеру – экономические санкции, невыгодные
политики от других стран и негативное последствие от
экономического
кризиса.
Нерациональная
структура
экономики также и оказывает риск экономической
безопасности.
1. Финансовая безопасность. С внутренней стороны
большое
количество
непрофессиональных
и
противозаконных операций в сфере финансов, существуют
недостатки в механизме управления и в финансово-правовой
норме; с внешней стороны, напряжение и угроза от других
стран и международных организаций, например, проблема
спекулятивного капитала.
2. Безопасность промышленности и торговли.
Промышленная структура страны настолько нерациональная,
что страна меньше производит товаров с высокими
технологией и добавленной стоимостью, которые на внешнем
рынке конкурентоспособные, а продает больше товары,
которые требуют больших затрат на человеческие ресурсы;
повышенная
зависимость
от
внешней
торговли,
существующие правила игры не выгодные для страны, часто
перед торговыми трениями Китай занимает низкую позицию.
3. Безопасность ресурсов. Один из самых
актуальных вопросов экономики страны – экстенсивный тип
развития, вызвал уже серьезное последствие, что
игнорировать его нельзя. Например, большие затраты на
энергию,
энергоемкость
высокая
и
результат
производительность низкая. Одновременно с ростом
экономики Китай год за годом импортирует ресурсы из
других стран, в результате повышается зависимость

Введение

В любое время, в любом этапе развития общества,
вопрос о безопасности всегда существует и имеет отношение
к выживанию и развитию человечества, и всегда представляет
собой суровую тему. Изначально термин безопасности имел
только значение инстинкта самозащиты государства от
различных угроз, в частности, внешних. До тех пор, пока не
закончилась холодная война, суть вопроса о безопасности,
главным образом, сосредоточена на военный аспект. Иными
словами, в то время
национальная
безопасность
рассматривается как традиционной [1]. После холодной
войны концепция обеспечения безопасности государства
простыми военными силами подверглась сомнению. Когда
мир вошел в XXI век, главная тенденция развития,
экономическая глобализация, стала распространенной, и на
сегодняшний день она касается всех аспектов и категорий
человеческой жизни, глубоко влияет на эконмическую
структуру мира [2]; учащается и углубляется сотрудничество
между странами, их собственные интересы взаимосвязаны, в
этом условии разногласия и конфликты нельзя устранить
простыми
военными
средствами,
а
посредством
политических, экономических или дипломатических методов.
Так и возник вопрос экономической безопасности. И на фоне
глобализации этот вопрос важен не только самой страны, но и
для других.
2. Предпосылки и средства для решения проблемы
Развитие современных государств неизбежно связано с
эффективным обеспечением собственной экономической
безопасности. Экономическая безопасность - состояние
экономики, при котором обеспечивается достаточно высокий
и
устойчивый
экономический
рост;
эффективное
удовлетворение экономических потребностей; контроль
государства за движением и использованием национальных
ресурсов; защита экономических интересов страны на
национальном и международном уровнях. Это составная
часть национальной безопасности, ее фундамент и
материальная основа.
Экономическая безопасность включает в себя: финансовая
безопасность, безопасность промышленность и торговли,
безопасность стратегических ресурсов и безопасность
экономической информации.
1. Финансовая безопасность. Под понятием финансовой
безопасности понимаются способность государства защитить
себя от атаки в финансовой категории, способность сохранить
финансовый порядок, нормальные функционирование и
развитие финансовой системы.
2.
Безопасность
промышленности
и
торговли.
Промышленность занимает ведущее место в развитии
государства, а ее безопасности подразумевают состояние и
способность защиты от угрозы и устойчивая структура.
Безопасность торговли, в частности внешней торговли, имеет
значение малая зависимость от непредвиденного изменения
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экономики от внешнего мира, снижается надежность и
устойчивость развития. Проблема еще в том, что нынешняя
структура экономики усиливает степень загрязнения, данная
проблема вместе с расширением производства служат
причиной потери огромной площади сельхозугодий,
безопасность продовольствия для Китая – это всё.
4. Главными угрозами в сфере безопасности
экономической информации являются целенаправленные
кибератаки от некоторых стран, например, атаки через
интернет, и предварительно установленный тайный доступ к
управлению программой, удаленный контроль, таким
образом эти страны похищают секретные информации, а
также иностранные предприятия получают некие ценные
данные о секторе экономики и бизнеса страны в процессе
осуществления коммерческой деятельности.

Показателями стратегий и опыта обеспечения экономической
безопасности
Китая
могут
стать,
в
частности:
внешнеторговый
товарооборот;
объем
иностранных
инвестиций, структура золотовалютных резервов, взаимное
использование
сырьевых,
трудовых,
энергетических,
продовольственных и валютных ресурсов, участие в
международной организации, создание региональной и
международной организации, и политика «один поя один
путь», и так далее.
4. Результаты и дискуссия
Недостатки мировоззренческо-методологического
уровня в управлении сложными целостными, нелинейными и
распределёнными системами со сложной динамикой, к
которым относится система экономической безопасности
государства вызывают дезорганизацию и проблемы во внеэкономической
сфере,
снижается
эффективность
государственного регулирования и возникают
явления
неспособности обеспечения структурно-функциональной
устойчивости
системы
экономической
безопасности
государства к различным возмущениям.
Современным
направлением
обеспечения
структурно-функциональной устойчивости любой системы, в
том числе и системы экономической безопасности
государства является проектирование экономических систем
на
принципах
самоорганизации,
т.е.
используя
математический аппарат самоорганизации мы можем
задавать параметры устойчивости и самогармонизации и как
следствие - возникновения сверхсвойств системы.
Реализация стратегии гармоничного развития КНР
предполагает
как
философско–мировоззренческометодологическое
обоснование,
так
и
разработку
математического обоснования модели гармоничного развития
всей социально-экономической системы, так и системы
экономической безопасности государства.

3. Решение рассматриваемой проблемы
Стратегия и опыт Китая защищать экономическую
безопасность в условиях глобализации.
1. Экономическая кооперация Китая в условиях
глобализации,
через
реализацию
различных
мер
экономического сотрудничества с другими странами при
наличии различных внешних и внутренних угроз. Рыночные
преобразования в КНР укрепили ее интеграционные
экономические связи с другими государствами, с
национальными хозяйствами экономически развитых и
развивающихся стран, превратив ее в часть мирового
хозяйства. [3].
2. Активно участвовать в международной торговли, в
процессе определения правила игры. Для того чтобы
максимально защитить свои интересы, необходимо быть
участником принятия решения, бороться с несправедливой и
невыгодной для себя ситуацией.
3. С точки зрения функционирования государственных
органов, предложен метод усиления финансового контроля,
улучшения системы управления кризисом и угрозой для
уменьшения негативного влияния. А также необходимо
усовершенствовать финансовый рынок.
4. Несомненно, что самым главным подходом к обеспечению
экономической
безопасности
является
постоянное
устойчивое развитие экономики, которое способствует
оптимизации своей конкурентной позиции в мире. С этой
стороны главная политика направлена на реформу и
преобразование
экономики,
изменение
структуры
промышленности. Исключительно важно для Китая –
стимулировать инновацию и творчество, чтобы превратить
«Made in China» в «Created or designed in China». Кроме этого
с точки макро и микроэкономики, правительство должно
стимулировать внутреннюю потребность населения, как
правило, в данный момент в Китае роль инвестиции в
развитии экономики важнее роли спроса, и это весьма
нерационально.
5. С точки безопасности ресурсов, во-первых, необходим
способ инвестирования и финансирования для поддержки
исследования, обновления и развития энергетической
технологии, в тоже время снижения затрат и повышения
эффективности использования ресурсов. Во-вторых, следует
развивать новые нетрадиционные ресурсы, а также
расширять сотрудничество со странами ресурсовпроизводителя, с международной организацией в секторе
энергии, чтобы диверсифицировать путь получения этих
стратегических ресурсов. [4].
6. Всемерно развивать информационные технологии и
повышать уровень и эффективность управления, то что
весьма важно для страны это создать собственные
информационные технологии, овладеть своей фишкой в этой
сфере для защиты от угроз.
7.
Обосновывать,
разрабатывать
и
реализовывать
методологию самоорганизации гармонизации общества и
экономики в соответствии с принятой стратегией
гармонизации государства.

Заключение
Итак, говоря о проблемах обеспечения экономической
безопасности государства, директор Китайского института
международных стратегических исследований отмечает
необходимость, придерживаясь принципов «обеспечить рост,
расширить внутренний спрос, оптимизировать структуру»,
противостоять
возможным
финансовым
кризисам
глобального характера, обмениваясь мнениями с другими
странами, совместно переживая трудные периоды и укрепляя
возможное международное сотрудничество. Китай выступает
за изменение нерационального международного финансового
порядка путем совместных консультаций. При этом, процесс
должен быть постепенным и поспешность не нужна, потому
что она может привести к плачевным последствиям, которые
могли бы сказаться на экономиках разных государств,
включая Китай [5]. Большое значение придается разработке
политики, которая будет способствовать улучшению
экономической
ситуации
Китая
и
укреплению
международного торгово-экономического сотрудничества.
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1.

Экономическая система государства является
открытой и неравновесной, нелинейной, сложной и
иерархической, находящейся в условиях постоянных
изменений, обусловленных взаимодействием с внешней и
внутренней средой. Также она является эмерджентной.
«Главные свойства системы, определяющие ее идентичность
и целостность, не присущи никакой из ее составляющих, не
выводятся из свойств частей, а возникают от их соединения.
Этот
эффект
называется
эмерджентностью»
[4]..
Эмерджентной системе присуще свойство операциональной
замкнутости. Этот термин впервые был использован проф.
Хиценко В.Е. [4]..Сущность этого свойства проф. Хиценко
В.Е.
определяет так: «Выход зачастую определяется
внутренним состоянием, недоступным наблюдению, и не
является реакцией на входной стимул. Это свойство
называется операциональной замкнутостью. Система
воспринимает и усиливает что-то незначимое с нашей точки
зрения и игнорирует то, что мы считали входным сигналом,
проявляет внутреннюю детерминацию, следует собственным
законам. Входной толчок может запустить цепь рекурсивных
изменений, но их итог зависит не от входа, а от внутренних
связей и свойств системы, которые тоже могут меняться. А
внешние воздействия, среда лишь модулируют эту рекурсию.
Таким рекурсивным путем "от достигнутого", по видимому,
реализуются самоорганизующиеся системы». [4]..

Введение
Сила Единого проникает под всем: и тонким, и
грубым — и управляет ими. Именно таким образом
существует всё Мироздание.
И благодаря этой изумительной связанности Всего
— движется развитие.
Гермес Трисмегист. «Изумрудная скрижаль»

В условиях сингулярности и трансфера кризиса
особое значение приобретает проектирование устойчивых
экономических систем с заданными свойствами, а именно с
заданными параметрами самоорганизации. Моделирование
экономической системы, которая будет обладать свойствами
самоорганизации и самогармонизации это задача будущего
технологического уклада, который по мнению многих
учёных-экономистов
будет
мировоззренческометодологическим, а не собственно технологическим, в
классическом понимании значения этого слова.
Институциональным
инструментам
трансфера
кризиса возможно противодействовать спроектировав
экономическую систему на основе модели, базирующейся на
законе Меры и его составляющих, таких как число Фидия,
рекуррентный ряд золотых сечений (узлы меры), антиузлы
меры (точки хаоса), вурфы, «металлические пропорции» и
др.
2. Предпосылки и средства для решения проблемы
Понятие„ трансфер экономических кризисов", "цепной
трансфер кризисов" [1]; было впервые введено в
терминологический словарь теории экономических кризисов
украинским учёным проф., д.э.н. Сухоруковым А.Н.. Им же
была раскрыта роль трансфера кризисов в антикризисной
политике [2].
Согласно определения проф. Сухорукова А.Н.
«Трансфер экономических кризисов – это сознательные,
часто завуалированные, действия одной страны по
отношению к другой, которые угрожают последней
внезапными
глубокими
кризисами;
уменьшением
конкурентоспособности; ухудшением делового климата;
деградацией социальной и экологической ситуации. Трансфер
кризисов обусловлен действием объективных законов
конкуренции на мировых и национальных рынках» [1];,
«Цепной трансфер кризиса возможен в случае управляемого
последовательного (цепного) переноса кризисных ситуаций
из более развитых в менее развитые страны в рамках
многосторонних экономических отношений». [2];
Целью трансфера кризиса является сглаживание
цикла, недопущение синхронизации циклов разного
масштаба. Таким образом, по А.И. Сухорукову классические
циклы преобразуются в несовершенные: «Несовершенные
циклы – это циклы, теоретическая траектория которых
деформирована вследствие перенесения кризисной стадии
экономических циклов развитых стран в политически
зависимые от них страны» [3].

Решение рассматриваемой проблемы
. С точки зрения теории самоорганизации мы
можем объяснить все виды взаимодействий сложной
экономической системы. Проф. Хиценко В.Е. характеризует
явление самоорганизации как «самопроизвольный процесс
роста и поддержания взаимокоординации элементов системы
путем повышения ее сложности и неравновесности». [5].
И.Пригожин определяет сущность самоорганизации как
«выбор одного из решений, возникающих в точке
бифуркации, определяемой вероятностными законами»;
«совместные действия» или когерентное поведение элементов
диссипативних структур и есть тем феноменом, который
характеризует процессы самоорганизации .». [6, с.12; 45] и
связывает это явление с понятиями хаоса или динамического
хаоса: «события являются следствием неустойчивостей
хаоса». [6, с.11];
Процессы самоорганизации на микроуровне сопровождаются
увеличением
неравновесности
системы
вследствие
воздействия среды. Когда изменения достигают точки
бифуркации или
критической точки, они становятся
заметными и на макроуровне, поскольку в структуре сложной
системы происходят изменения.
И.Пригожин характеризует явление бифуркации как
«разделение решения на несколько ветвей при изменении
параметра системы)» [6, с.117]. На микроуровне имеет место
«динамический формализуемый хаос», а на макроуровне
«диссипативный конструктивный хаос», что
имеет
следствием обратимость и необратимость явления. [7; с. 257].
3.
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Проблема необратимости по Н.Д. Кондратьеву соотностится
с эволюционными процессами «Под эволюционными, или
необратимыми процессами, мы понимаем те изменения,
которые
при
отсутствии
резких
посторонних
пертурбационных воздействий протекают в определенном и в
одном и том же направлении» [8, с.39]; «Однако народнохозяйственный процесс в целом, характеризуется…
необратимым процессом перехода с одной ступени или
стадии на другую» [8, с.18].
Возвращаясь к свойству операциональной замкнутости, как
главному, по мнению авторов, свойству самоорганизующейся
системы следует подчеркнуть, что с точки зрения теории
структурной гармонии систем Э.М. Сороко, можно высказать
гипотезу что имеет место соответствие свойства
операциональной замкнутости закону структурной гармонии
систем;
«Структурная гармония систем природы, т.е. гармония их
внутреннего строения подчиняется четкому математическому
закону. Подобно тому как это мы имеем в квантовой теории,
гармоничным (устойчивым, стационарным) состоянием
систем объективного мира соответствуют особые числа,
называемые обобщенными золотыми сечениями): эти числа инварианты всех тех структур в которых воплощена
диалектика дискретного и непрерывного , целого и части ,
необходимого и случайного , единого и многого»
….«Инварианты,
регламентирующие
состояние
самоорганизации
сложных
систем
устанавливаются
математически, на основе золотой пропорции. в процессе
самоорганизации систем, на основе инвариантов системы
приобретают гармоничное строение, стационарный режим
существования,
структуры
функциональную
устойчивость».[9, С.192, 194]..

нескольких
новых
состояний
порядка.
Социальноэкономические явления представляют собой неразрывную
сеть взаимодействий в условиях неопределенности и
необратимости.
Методология теории сложности базируется на выявлении и
исследовании
составляющей
(структурной
части)
организации системы, которая является наиболее устойчивой
и долгоживущей сущностной характеристикой сложной
социально-экономической системы (инварианта системы).
Проектирование
самоорганизующейся
экономической
системы предполагает оптимизацию асинхронизации и
асимметричности, что находит своё выражение в:
- минимизации временного интервала между возникновением
и удовлетворением потребности
- соответствии закону структурно-функциональной гармонии
систем с аттракторами рекуррентного ряда золотых сечений
и других производных числа Фи и может быть достигнута
при:
сбалансировании
и
гармонизации
соотношения
государственного и частного капитала в экономике;
гармонизации
налоговых
ставок
и
системы
налогообложения в целом;
- сбалансированном распределении доходов между
регионами;
- пропорциональном соотношение внешнего долга к ВВП;
- гармоничное соотношение государственной и частной
собственности,
расширенное
воспроизводство
государственной
собственности
и
увеличение
государственных расходов;
- пропорциональное соотношение сфер и секторов экономики
на
основе
использования
принципов
вертикальной
интеграции и проектирования создания цепочек добавленной
стоимости, возвращения к балансовым методам планирования
с учетом гармоничных пропорций;
- обеспечение пропорционального соотношения экспортноимпортных операций;
- минимизация сырьевого экспорта и обеспечение
приоритетности экспорта товров с высокой добавленной
стоимостью.

4. Результаты и дискуссия
. Отсутствие современной мировоззренческой парадигмы,
дисбаланс интересов, неэффективное расходование ресурсов
обозначают проблему формирования контура экономической
безопасности
- Несовершенное законодательное окружение, отсутствие
реакции
системы
государственного
регулирования
процессами обеспечения экономической безопасности
создали критические условия в Украине, России и других
странах СНГ, угрожающие потере государственности,
экономической и политической независимости.
Рост уровня теневой экономик, как комплекса разных видов
экономической деятельности, осуществляемой вне рамок
законодательного окружения обуславливает асимметричность
в экономическом развитии.
Причина:
асимметричность
цены
легальности
и
нелегальности
пользования
рыночным
механизмом
(трансакционные издержки).
- Минимизация асимметричности и асинхронизации
становится стратегической задачей, что требует обращения к
современной трансдисциплинарной теории, в том числе и
теории сложности.
Теория сложности базируется на введении в научный
инструментарий факторов неопределенности, необратимости
и «стрелы времени». Составляющая организации сложной
системы- минимальная конфигурация внутренних компонентпроцессов, синергетически определяющих сущностные
характеристики сложной системы. Теоретическая модель,
структура системы – это допустимая, физическая
материализация сущности системы . Диссипативная
структура – это неравновесная термодинамическая система,
которая при определённых условиях, поглощая энергию из
окружающего пространства, может совершать качественный
скачок к усложнению. Такой скачок не может быть
предсказан, исходя из классических законов статистики.
Точка бифуркации – это порог устойчивости в неравновесном
состоянии, где структура диссипативной сложной системы
может либо разрушиться, либо прорваться к одному из

Заключение
По нашему мнению, обобщенные золотые сечения являются
инвариантами, которые обеспечивают функциональную
устойчивость экономической системы как аттракторы, или
множества,
характеризующими
значение
параметров
системы, располагаясь на альтернативных траекториях,
обеспечивая операциональную замкнутость экономической
системы, ее устойчивость и самоорганизацию во время
бифуркаций или кризисных явлений .[10]...
Гармонизация экономической системы содержит в своей
основе сложную интегральную меру, подобно тому как в
природе естественные системы представляют собой синтез
мер, подчиняющихся строгому математическому закону.
Данная гипотеза может быть использована при разработке
модели экономической системы с заданными свойствами и
характеристиками, с целью обеспечения минимизации
возникновения диспропорций и для недопущения трансфера
кризиса в экономику страны со стороны более развитых стран
рыночной экономики.
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UTILIZATION OF INNOVATIVE TECHNIQUES IN ULTRA-LIGHT
AUTOMOBILE PRODUCTION
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Abstract: The paper presents the results of research focused on the use of innovative processes in the production of composite materials.
The experimental work was focused on the use of Vacuum Bag Molding technology in the production of the prototype of the Shell Ecomarathon formula. The car body was designed with 3D modeling and optimized with airflow simulation. Carbon fibers have been used to
reduce the vehicle's weight. Some complementary parts were produced using 3D printing.
Keywords: COMPOSITE MATERIALS, CARBON FIBERS, VACUUM BAG MOLDING TECHNOLOGY, 3D MODELING,
AIRFLOW SIMULATION

1. Introduction
The Faculty of Engineering of the Technical University in
Košice has been actively participating in the Shell Eco Marathon
since 1994. Over the past years the vehicle body has evolved
significantly. Initially, it was a monopost construction of iron frame,
vehicle body served as a cover. The further effort in vehicle body
development was to reduce the weight of the vehicle, reduce rolling
resistance and resistance in wheel bearings.
The vehicle underwent facelift since 2006, where the top cover
was relocated as close as possible to front axle and drivers
compartment. Vehicle B&S 3 facelift at Paul Armagrac circuit in
Norgama reached performance of 783.1 km/l of fuel and ranked
47th out of 263 participants.
Since 2016 in vehicle construction a lightweight, carbon fiberbased top cover is used. It is lighter and better in terms of
aerodynamic
resistance.

Fig.2 CAD design of body vehicle a) the vehicle bonnet, b) the vehicle
internal support frame

For the improvement of body shapes consecutive testing of
designed proportional shapes was carried out. Several designs of
vehicle body shapes were tested. Although each component of the
vehicle influences its performance, attention has been paid mostly
to airflow, reducing the weight and increasing body strength. All
designed variants of body were tested and the best result was
chosen. The resistance force of the best model represents 25% of
the resistance force of the previous model from year 2016.

Fig.1 Experimenal vehicle Prototype 2017

During the development of new body model, current
information were evaluated and used to design new vehicle. These
findings led to a design of new vehicle called Prototype 2017.
Composite sandwich body was equipped with carbon frame, that
was central and carrying element of the whole vehicle. Steering was
improved by reduced friction when cornering. New ceramic
bearings that have minimal rolling resistance and high inertia
contributed to improved driving performance. Vehicle was also
equipped with new engine with capacity of 35 cm3 and power of 1
kW.
The design of new body was carried out in CAD program
CATIA V5/R16. Vehicle body was adapted to already designed
frame, which ensured perfect rigidity and safety of the vehicle.
The shape of the body was designed based on the optimization
of the air flow, Fig.2. Aiflow testing was performed in SolidWorks
program and CFD analysis was also processed in Ansys program.
Two variants of body vehicle were tested, based on the CFD
analysis results better variant was selected, Fig. 3-5.

Fig.3 Testing of experimental vehicle
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Body requirements for Shell Eco - Marathon vehicle
Shell company sets the rules for Shell Eco - Marathon vehicle
competition. Bodywork requirements are rigidity, low vehicle
weight, safety of driver, airflow, manufacturability, surface quality
of upper sandwich structure and overall body price. Every team
must present technical drawings or overall animation respectively
for the project approval. No mechanical part of the vehicle can be
visible. The wheels must be placed under the body of the vehicle.
Choosing a sandwich core for Shell Eco - Marathon body
When selecting appropriate material, several aspects had to be
taken into account. Material had to be strong enough, but also light
to achieve low consumption of the experimental vehicle. Sandwich
structure application achieved the mean of these properties. Core of
sandwich structure allows the body to be lightened by glass fibers,
which are heavier compared to PVC foam and nonwoven polyester
by 30%. Experimental vehicle body was composed of two parts, the
lower and upper part of body. For the production of body Coremat
XM 2mm material was chosen.

Fig.4 Airflow of the vehicle - side view, lower part, top view

This type of material is based on a nonwoven polyester, which
was optimized for improved tensile strength properties achieved by
resin saturation through hexagonal cells of this material.
Microspheres, which prevent excessive imbibition of resin into the
polyester, are part of the material as well. Hexagonal structure
under the layer of resin stays invisible. The manufacturer indicates
reduction of resin by 1000 g.m-2 per layer thickness. Compared to
glass fibers, up to 30% of weight in one composite layer is saved.
Using Coremat reduces production time. It is flexible and easy-toshape material and is suitable in technology of manual composite
deposition. It is not suitable for technology of infusion of resin into
a closed space. Its application is mostly found in RC models and
smaller boat trunks. Coremat XM is available in 2 to 4 mm
thickness.

Fig.5 Airflow - view of the rear and front part of vehicle; scale of pressure

2. Production of a vehicle model
This process is based on designed 3D model, based on which a
model with dimensions corresponding to the final shape of the
vehicle was produced. For the mold manufacturing a method of
manual deposition was chosen. The principle lies in manual
deposition of glass fibers pre-treated with epoxy resin. This method
was chosen due to its lower difficulty and low price. The beginning
of model production was carried out in a machining centre, where
individual parts of the model were milled from excruded
polystyrene. After completion all parts were joined together using a
polyurethane adhesive.

Table 1: Mechanical properties of material Coremat XM 2mm

3. Process of production of experimental vehicle
Shell Eco Marathon – Prototype 2017 body
In the production of experimental vehicle body the sandwich
composition of carbon fiber fabric and material Coremat XM was
used. Among the first steps of production of the lower part of body
was the degreasing of the mold. This step was necessary also due to
the prior smoothing of the surface using wool polishing wheels
combined with abrasive 3M polishing paste. After degreasing,
lower part of produced vehicle body was waxed using application
microfibre wipes with basic wax in several layers. After waxing the
last layer using basic wax, PVA coating was sprayed on the surface
of lower part of produced body vehicle. This coating served as an
interlayer, which prevented the joining of two arbitrary coatings
with each other. After application of PVA coating, accelerator
transparent HAVELpol 1 resin was applied for better bonding with
the epoxy resin.

Fig.6 Rough milling of one model part

Fig.7 Experimental vehicle - milled model
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This way was used to form all layers of composite structure.
After completing the seventh final layer, the lower part of body was
moved to foil sleeve. The suction of resin to fabric was carried out
using Vacuum Bag Molding technology over 12 hours.
VBM technology (Vacuum Bag Molding) uses a similar procedure
to manual wet deposition. On the last layer perforated separating
foil is deposited. Next layer is formed by suction layer (absorbent
fabric), purpose of which is to absorb excess resin. Mold layered
this way is then inserted into space, from which air is sucked out.
Vacuum ensures the reduction of pores in composite, compression
of reinforcement layers by atmospheric pressure and extrusion of
excess resin.

Fig.8 Interconnecting resin HAVEL 97

After hardening of connecting resin, other type of resin was
applied. This type of resin is characterized by lower viscous density.
Its task is to secure connection between deposited fabrics and
sandwich core. Epoxy resin was applied separately on both layers.
An uniform layer was formed over the entire lower part of the
finished mold. The first application of this type of resin was
important mainly in terms of better deposition of fabric and molding
into desired shape. This process of resin application firstly into the
mold is better in terms of improved oversaturation of fabric by
resin.

Fig.11 Typical components of a Vacuum Bag Molding Proces

In the production of upper part of experimental vehicle body,
formation of air bubbles occured during the deposition of first
carbon layer. These air bubbles are classified as white spots, that
can not be removed even by polishing. The cause is an uneven layer
of resin and weak contact of first carbon layer with experimental
vehicle mold. In the production of lower part of body these errors
did not occur due to the smaller surface area and more uniform
application of epoxy resin.
The indisputable advantage of the manual deposition of these
sandwich compositions is mainly affordability. Technology is very
applicable in prototype production, which was used to produce also
described experimental vehicle. However, in the production of
experimental vehicle body, functional nature of the vehicle was
more important than cosmetic errors on the bodywork.
Negative side of this technology is subjective impact on the
quality of produced parts. Another error in the production process
of experimental sandwich bodywork was the formation of uneven
surface and depressions on the rear rounding.

Fig.9 Depostion of carbon fabric into front part of the mold

The fourth layer was formed by Coremat XM material. This
material in sandwich structure acts as a sandwich core. Material was
not applied to the space reserved for wheels. Similar to the previous
layers, resin was applied on top. Gaps between the Coremat bands
were enhanced by carbon roving. The Coremat layer was closed by
glass fabric.

The resulting body of experimental vehicle without carbon
frame, engine and accessories weighed about 20 kg. The total
weight of the Shell Eco Marathon experimental vehicle was reduced
compared to previous experimental model by one third. Current
vehicle has a strong carbon frame, but also solid sandwich body. To
achieve lower fuel consumption in the next stages of the vehicle
development, it is necessary to use sandwich materials. Lower part
of the body would have to go through optimization of the sandwich
composition to increase the strength of the self-supporting body.

Fig.10 Fourth layer Coremat XM
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The use of composites in automotive industry has an increasing
tendency. The greatest credit for the rising use of these progressive
materials lies with large automotive companies focused on
production of luxury and electric automobiles. They collaborate
with different factories, which focus on development but also the
production of carbon fibers itself. More available are also
technological production methods of sandwich materials. The
greatest potential lies in technologies that are fully capable of series
production. 3D trial printing of sandwich structures is also at the
forefront of technological options. Evidence is also the new
collaboration of automobile manufacturer Honda with one of
companies, that deals with these 3D printing technologies. In the
process of experimental vehicle production the most available
technological method was chosen, namely manual deposition of
sandwich structure. Sandwich structure of experimental vehicle has
a strength of 70 MPa. Experimental vehicles are great tool for
testing a variety of materials and manufacturing processes. The
process of manual deposition and using the sandwich structure itself
might not be directly applicable in current automobile generation,
but it is an inspiration for addressing the topics of fuel-reduction
and related new emission limits. The process of manufacturing of
experimental vehicle can be improved by proposed solutions such
as enhancing the suction of epoxy resin and change of technology to
a vacuum infusion. Strong sandwich body has a great potential for
creating self-supporting body of experimental vehicle.
The development and production of experimental vehicle Shell
Eco Marathon was also attended by students of Faculty of
engineering, TUKE. In 2017 they participated with this vehicle in
international Shell Eco-marathon Europe race in London and
officially achieved a distance of 586 km per liter of fuel. In the
category of combustion engines they ranked 18th. Race took place
at the Queen Elisabeth Olympic Park in London on May 25.-28.
Students from Košice competed with nearly 200 teams from 28
countries.
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Abstract: Innovative solutions that can be applied in contemporary forensic science, including the examination of the place of the
incident or crime, are still being sought. One of them is the preservation of evidence by means of 3D scanners. In Europe, 3D scanners have
got, among others, Police services of the following countries: Switzerland, Germany, France, Spain and Italy In the paper, the results of
research on the preservation of the crime scene using 3D scanning techniques have been presented. The research used Creaform hand
scanners, both laser and structural light, Smarttech3D portable 1.3MPix, a scanner on the measuring arm - FARO Laser ScanArm AND
TERRESTIAL scanners (Faro, Leica, Z + F). The accuracy and precision of scanners were carried out on a certified measurement pattern.
The obtained accuracy results for the tested scanners are within the accuracy range given by the manufacturers in the technical
specifications of the devices. To examine the scanners' resolution, an object with a complicated shape and many small elements was used. It
was examined how the tested scanners behave when attempting to scan surfaces generally considered as hard to scan surfaces. Attempts
have also been made to use a 3D structural light scanner to scan snow tracks. The possibilities of combining scans from a portable scanner
(Go! SCAN50, Smarttech) and a scanner on a measuring arm (Faro), with scans obtained from long-range were examined. It has been found
that it is possible to supplement clouds of points acquired in 3D scanning technology with photos from digital cameras, detailed scans of
selected traces and precise geographical locations.
Keywords: 3D SCANNING, CRIME SCENE, LASER SCANNERS, STRUCTURED-LIGHT SCANNERS

can be compared with each other. The diameter of the bullets is
38.107 mm (left ball) and 38.111 mm (right ball). In addition, the
distance between the ball centers, which is 648.413 mm, was
determined. Each scanner was tested with 6 pattern scans each time
placing them in a different position on the pad. Measurements on
scans were made using the manufacturer's software - VXelements.

1. Introduction
Preservation of the crime scene and the discovered forensic
evidence is the first and very important stage in the investigation
process. It is important to document the crime scene, possibly
without any changes, so that it is a reliable material in further
investigations, reconstructions or trial experiments. The results of
the Research Project, implemented by the authors as part of the
"Polish State Security and Defense Research Program", have
allowed the development of innovative solutions supporting the
preservation of the crime scene and the detection process based on
evidence recorded using 3D scanning techniques. The developed
methodology assumes that both the terrestrial and portable scanners
will be used at the crime scene (terrestrial scanners to scan the
entire scene of the event, usually often hundreds of meters in size).
The presented article discusses only chosen test results.
The world is constantly looking for modern solutions that can
be applied in contemporary forensic science, including the
examination of the crime scene. 3D scanning technology is such a
solution. The most common 3D scanning techniques are used by the
US police services, primarily in the forensic examination of traffic
incidents and on the spot of the most serious criminal events, most
often with the use of weapons. In Europe, 3D scanners have, among
others, Police services of the following countries: Switzerland,
Germany, the Netherlands, Luxemburg, Italy, and Spain. Danish
and British Polices assume that in the near future they will
introduce 3D scanning into routine forensic work. Currently, the
Police use the help of external companies in the field of 3D
scanning, handling complex and extensive incident scenes. In
Poland, so-far, 3D scanning technology applied to the investigation
of the crime scene has been used only incidentally. The main goal
of the research and development project carried out by the authors,
was the implementation of 3D scanning for the Police practice.

Fig. 1 The pattern for testing scanners’ precision.

The results of the measurements are presented in the table 1.
For each measurement, precision was determined and the average
value was calculated.
Table 1: Results of portable scanners’ precision testing [CaspSystem 2016]

Scanner type

Handy
SCAN

Metra
SCAN210

Go!Scan50

Average value - left
ball [mm]

38,117

38,159

38,159

Average error - left
ball [μm]

19

52

52

Average value
right ball [mm]

-

38,110

38,156

38,147

Average error
right ball [μm]

-

23

45

36

Average value –
between balls [mm]

2. Testing portable 3D scanners
The research used Creaform [Creaform 2017] portable scanners,
both laser (HandyScan, MetraScan), KonicaMinolta Range 7 and
structured-light (Go!Scan), Smarttech3D, and a scanner on the
measuring arm - FARO Laser ScanArm.

2.1 Testing scanners’ precision

648,371

648,512

648,621

Average error –
between balls [μm]

49

107

322

Average scanner’s
precision [μm]

30

68

137

2.2 Testing scanners’ resolution

The accuracy test was carried out on a certified measurement
pattern (determined with an accuracy of one micrometer). Due to
the fact that scanners use different methods of positioning, the
measured pattern was placed on a specially prepared pad with
markers (Fig.1). Thanks to this solution, each of the scanners will
be able to position themselves appropriately and the obtained results

To examine the scanners' resolution, an object with a
complicated shape and many small elements was used. Thanks to
the use of such model, it was possible to check the accuracy of grid
mapping. During the examination, the object was scanned four
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times each time with different resolution of: 0.5mm; 1.0mm;
1.5mm; 2,0mm.

Fig. 3 Results of a nickel element scanning: laser and structured-light
scanners.

Attempts have also been made to use a 3D structured-light
scanner to scan snow tracks [Smarttech 2017]. The
MICRON3Dgreen 10Mpix scanner, manufactured by Smarttech3D,
with the accuracy of 0.041mm was used for the measurements. Six
scans of the snow track were carried out, moving the scanner
around the object being scanned. The resulted cloud of points has
been transformed into a grid of triangles, becoming the model of the
tested track. In order to confirm the high accuracy of the scan, a
computer model of the shoe was made, and then both models were
compared. The results are presented in a colorful deviation map
(Fig.4). The green color means a practical lack of errors, which is
fulfilled for almost the entire print.

Fig. 2 The map of deviations compared models scanned with 0,5 and 2mm.

The change in scanning resolution for all examined scanners
achieved similar effects. In the case of scans made with high
resolution, the model had more clearly visible edges and better
mapped smaller elements. In the case of smaller resolutions,
however, the scans were smoother, and in some cases the
reproduction of small elements was impossible. The figure 2 shows
a colorful map of deviations resulting from a comparison of
averaged models scanned with a resolution of 0.5mm and 2.0mm
(green color, practically no errors). The maximum errors are
marked in the figure (blue color negative deviation, red positive).
The biggest deviations can be observed at the edges of the model.
Certain fragments (purple) are off the scale. They represent
fragments that could not be measured at all, while scanning at a
resolution of 2mm.
Another aspect of resolution changing is the scan time and the
size of the resulting scan files. Higher resolution scans have a larger
number of triangles. Please note that the mesh of the tested element
(about 240x320x80mm) when scanning with a resolution of 0.5mm
has got more than 800,000 triangles. The highest resolution, this
number can reach tens of millions, which of course also affects the
scanning time, strongly enlarging it. That’s why, it is so important
to find the right compromise between the resolutions, the size of the
files and the time of scanning.

Fig. 4 Results of a shoe print in snow scanning - a map of deviations (source
[Smarttech 2017]).

2.3 Scanning of different surfaces

Transparent materials are virtually invisible for scanners. If the
pattern emitted by the scanner is not reflected and the registered
creation of the model is impossible. This is exactly what happens
with all transparent materials, i.e. glass or plexiglass. The
transparent surface was not registered for both the laser scanner and
the structured-light scanner (fig.5). On the other hand, the effects of
light passing through the transparent plate are visible. The edges of
the scanned plate are clearly visible. The scanners captured all the
elements of the environment, i.e. the base with markers, on which
the plate was placed and the protective foil glued on the bottom of
the half of the plate.

The tested portable scanners are based on optical systems,
therefore the optical parameters of the object being scanned are very
important to them. In order for the scanners to be able to correctly
acquire the data, the light beam displayed by them (whether it be a
laser beam or a structural pattern) must be properly visible on the
scanned surface. Therefore, surfaces that are highly reflective,
transparent, strongly absorbing light or causing its dissipation are
difficult materials to scan.
The tests were carried out on six samples of materials. It was a
black polyurethane foam, a piece of fabric with a weave, a nickel
element with a high degree of reflexivity, an acrylic glass plate, a
steel plate and a white sponge with a small bubble structure filled
with air.
Surfaces with high reflectivity are very difficult for 3D
scanners. They cause so-called mirror effect. To investigate this
effect, a polished nickel-plated component and a steel plate were
used. Both the laser scanner and the structural light scanner had
very big problems with scanning the nickel element (fig.3). The
correct surface could not be scanned. As a result, an uneven and
jagged surface was obtained. The solution to the problem with
scanning highly reflective surfaces may be the use of surface
matting powders. But in the case of crime scene, the method cannot
be used because of traces contamination. Similar materials with a
high reflectivity (steel plate) were tested. For such elements, both
laser scanners and structural light were able to create a very good
surface model.

Fig. 5 Results of a plexiglass element scanning: structured-light and laser
scanners.

A sample, which absorbed light very much, was a white sponge
made of bubbles filled with air. The structure of this material causes
very strong penetration of the light inside without the possibility of
leaving it. In addition, the white color makes it difficult to recognize
the pattern especially for structured-light scanners, due to the very
low contrast between the pattern and the surface. In the case of laser
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scanners, the result is correct, whereas the structured light scanner
had problems with surface acquisition. The structure of the material
caused a very large loss of pattern visibility on the scanned surface.
The obtained surface had discontinuities (fig.6).

Drawer handle – cupboard’s top corner

7085

7098

Thickness of the table top

18

20

The width of the door

940

949

Lath-threshold

1955

1952

The width of the lamp

1265

1249

RD – real distance; DMS – distance measured on the scan
Some of obtained errors could be considered as too big (i.e. 16
– 38 mm). But the problem was to properly determine equivalent
point in the scan e.g.: drawer handle – reflective, shining surface,
corner of cabinets - overlapping edges in the scan, rounded edges of
the washing machine, lamp housings made of transparent plastic
etc. The most important causes of errors and difficulties occurring
while dimensioning objects on the scan:
 surfaces difficult to scan (e.g. reflective),
 carefully choose the perspective to mark the measurement
point because often the edges overlap,
 for small objects (e.g. table top thickness) problems occur
due to the scanner's resolution (at a further distance from
the scanner the resolution is a few mm),
 errors done by measurements in the real scene.

Fig. 6 Results of scanning of a white sponge made of bubbles filled with air:
structured-light and laser scanners.

3. Testing terrestrial scanners accuracy
An important issue is to determine the distance between two
selected points on the scan (e.g. the position of the object and the
assumed reference point of measurements in the scene). The
precision of determining the distance consists of two factors - the
first is the precision of the scanner itself, the second is the precision
of pointing of the measuring points on the scan. Accuracy tests of
measurements making on the scan were carried out for scanners:
Faro, Trimble, Z + F, Leica. Many testing measurements have been
taken on different scans made either inside buildings, like at the
simulated “scene of crime” - fig.7 or outside. In tab. 2 example
results have been presented.

Accuracy of measurements taken on the scan strongly
dependent on the software and an operator's skills. Z+F Laser
Control software supports distance measurements by introducing
the so-called "spatial grabs”, i.e. characteristic elements - planes,
edges and corners, so that the measurement is better suited to the
characteristics of the object being measured. This solution is very
useful, because it allows to reduce the error resulting from the
imprecise indication of the measurement point.

4. Integration of 3D models
An important aspect for the documentation of the crime scene is
the integration of data from various types of devices. It is possible
to supplement the cloud of points obtained in the technology of
scanning 3D by photos from digital cameras, detailed scans of
selected traces and precise geographical locations. Therefore, the
possibilities of combining scans from a portable scanner (Go!
SCAN50, SmartTech) and a scanner on a measuring arm (Faro)
with scans obtained from terrestial scanners (Faro, Leica, Z + F)
were tested. Attempts to integrate scans were carried out using the
following programs: VXelements - Go! SCAN scanner software,
SCENE - Focus 3D X130 scanner software, Leica Cyclone - P40
scanner software, 3D Systems Geomagic Design X, CloudCompare
(Open Source Project). Each of the tested software has various
possibilities of importing and exporting files in given formats.
Terrestial scanners operate on point clouds, while portable scanners
(in particular the Go! SCAN scanner and measuring arm scanner),
as a result of the scan, immediately generate a grid of triangles. In
all cases, therefore, format conversions were carried out. All scans
were made in one room in similar time intervals and the individual
elements of the scene are in the same position in relation to each
other on each of the scans performed. The study locations were
simulated crime scenes with many key elements. Using terrestial
scanners, a general overview of the scene was made, and scans of
key elements of the scene of traces discovered at the scene were
made using portable scanners. In all attempts, the resulting files
have a total size of GB and work with them is extremely timeconsuming and cumbersome, requiring the highest-class computer
equipment. For example, in the case of a simulated crime scene
with 7 detailed evidences, the editing of the joint model was
possible only on a computer with an i7, 2.6GHz processor and with
16GB RAM memory. That is why the Project was proposed as final
solution to create a full documentation of the crime scene in the
form of a set of files, linked together with hyperlinks. Since all
native programs of the examined scanners allow to attach a label
and assign a link to an external file or application, the resulting set
can be protected as a whole (folder).

Fig. 7 Simulated “scene of crime” for scanners accuracy testing.

To test the accuracy of measurements on 3D scans a series of
measurements was made on the real scene (for long distances with
accuracy ±1 cm, for small elements ±1mm), and then the same
measurements were made on 3D scans. Considering accuracy of
measurements taken on scans we should notice that the data
acquired by the scanners are useless unless they are processed using
specialized software (we tested Faro Scene, Leica Cyclone, Z+F
Laser Control).
Table 2: Results of terrestrial scanners’ precision testing

Description

RD [mm]

DMS
[mm]

Left drawer handle – left leg of the chair

2270

2286

Washing machine-cabinet: corner-corner

195

198

Corner to corner of higher cupboards

2875

2860

Floor – top of the wall cabinet

1999

1961

Width of the beam

135

137

Table in the room

500x1500

498x1488

Heel - the corner of the table

960

911

45

Preparation of documentation of the crime scene (in the form of
a set of files) using 3D scanning requires adaptation of the
methodology to secure the integrity of the registered space to
current Police standards [Wieczorek T. at all. 2017]. Applicable
standards include the need to calculate checksums (hash functions)
of data recorded at the scene (results of the process of image or
sound recording for process purposes) and attach them in the form
of a certificate to a record prepared for each medium on which the
image was registered. The certificate must be made obligatorily and
the check sums should be calculated and attached to the record. The
following applications were tested, mainly in terms of their
functions and capabilities: SHA256 Checksum Calculator,
#hashing, HashTab, HashMyFiles, Febooti fileTweak Hash & CRC,
WinMD5Free, Microsoft File Checksum Integrity Verifier,
HashCalc, Md5sum, ComputeHash 2.0, MD5 & SHA-1 Checksum
Utility 1.1, File checksum integrity verifier, Md5 checker 0.9,
Checksum control 2.0, MultiHasher. In the course of the research, it
was found that only the application SHA256 checksum calculator
v.1.2 meets the main criteria set (in particular the criterion of the
ability to calculate checksums for many files at once). Therefore,
the program was selected for further testing. Next, the software
license of the program was analyzed, in terms of the possibility of
its use to secure the integrity of the documentation of the crime
scene inspection. It was stated that the license terms of the program
allow its use in order to safeguard the integrity of the
documentation of the crime scene. Finally, as the suggested
application to secure the integrity of the inspection documentation
of the crime scene, the application "SHA256 checksum calculator
v.1.2" is indicated. This application has met all the requirements.
The results of the research have allowed the development of a
methodology in the application of methods of securing the
documentation of the crime scene in investigative practice. This
methodology is currently being tested under real conditions of
crimes and road accidents.

functionality during the inspection of the crime scene. As a result of
the research, a technology for performing spatial scans, their
processing, combining and matching was developed, taking into
account the diversity of devices used.
In the investigative practice of the methods of securing the
documentation of the inspection of the crime scene, it is necessary
to calculate checksums for "each file included in the record" and
attach them to the media record. During the research, the procedure
of securing the documentation (using a 3D scanner) of the
inspection of the crime scene was carried out. The procedure
presents step by step how to calculate checksums (using program
SHA256) for a 3D scanner result files and finally execute and attach
the checksum printout to the media record.
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5. Summary
Analysis of devices for spatial scanning in the form of
commercially available systems was carried out. An analysis was
also carried out in the field of forensic technology used in the
world in investigating of crime scenes, stating that in many EU and
other countries 3D scans are used by the Police of these countries,
also to inspect the crime scenes and places of incidents.
It was stated that the precision of devices declared by
manufacturers corresponds to the requirements set in the project
(i.e. for long-range scanners: 3 mm for 50 m and 6 mm for 100
meters, and 35 μm for the scanning head mounted on the measuring
arm) - [Wieczorek T. and Górawska A. 2017]. The use of the
measuring arm is associated with numerous limitations regarding
the scanning conditions, and the precision of the measuring arm
itself used for positioning the scanning head. The work of the
measuring arm can easily be disturbed (in experiments in the case
of an unstable floor there are disturbances resulting from the
trembling of the floor caused by cars passing the nearby street),
which means that they can only be used in laboratory conditions.
Series of 3D measurements were made using various 3D
scanners in terms of construction and technology. Terrestrial 3D
scanners, portable scanners with dynamic positioning in relation to
the scanned object and measuring arms with 3D scanning heads
were tested. The tests carried out in laboratory conditions allowed
to check devices using various 3D scanning techniques and various
techniques of light projection and scanner positioning. Further tests
were carried out at measurement stations that mapped real
conditions. These tests were aimed at determining the limitations of
the use of individual devices in real conditions. Both in laboratory
measurements and measuring in conditions close to real, accuracy
measurements and analysis of the influence of changing
environmental conditions on measurement accuracy. For this were
used measurement patterns and markers provided by equipment
manufacturers. The conducted research allowed to select devices
that meet certain technical parameters and to determine the
functional properties of these devices, which will affect their
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Abstract: The results of experimental and theoretical studies of the crystallization regularities of polymer micro- and nanocomposite
materials based on polyethylene, polypropylene and polycarbonate filled with high-heat-conducting fillers - carbon nanotubes,
microparticles of aluminum or copper are presented. The mechanisms of structure formation at the stage of the formation of individual
ordered structures in the material and the formation of such subregions in the entire volume of the polymer composite were established
based on the analysis of the crystallization exotherms obtained within the scope of the nucleation equation and Kolmogorov-Avrami.
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The second stage of the applied technique consisted in the
theoretical determination, based on the experimental data obtained,
of the structure formation characteristics at the stage of formation of
separate ordered structures (the nucleation stage) in the material and
in determining the formation parameters of such structures at the
stage of their formation in the entire volume of the composite. At
the initial stage, the corresponding analysis was carried out using the
nucleation equation.

1. Introduction
The effectiveness of the use of polymer micro- and
nanocomposite materials in engineering practice is largely due to
their characteristics, such as a wide range of heat-conducting
properties, increased corrosion resistance, low specific weight, etc.
[1-10]. Thus, the high heat-conducting properties of these materials
determine the prospects of their use for the manufacture of heat
exchange surfaces for various purposes, elements of electronic
equipment, etc. Increased corrosion resistance of polymer
composites allows their operation in various aggressive
environments. A relatively small specific weight makes it possible
to create from these materials details and nodes of different
equipment with low mass size parameters, etc.
One of the important trends in expanding the fields of
application of polymer micro- and nanocomposite materials is the
use of their high-heat-conducting modifications. The tasks of
developing such materials require in-depth investigations aimed at
studying the features of their structure formation in the
crystallization processes, which to a large extent determines the
properties of the resulting materials.
This article is devoted to experimental and theoretical studies of
the regularities of the structure formation of a wide class of highheat-conducting polymer micro- and nanocomposite materials.
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where m - is the dimensionless parameter of the form; TN temperature of the beginning of crystallization; ΔT - temperature
range of crystallization; TM - is the melt temperature corresponding
to the maximum value of the heat flux Q on the crystallization
exotherm; Km - reduced transport barrier; am is the reduced
nucleation parameter.
At the stage of crystallization in the entire volume of the
composite as a whole, the determination of the parameters of the
structure formation was carried out on the basis of the standard and
modified Kolmogorov-Avrami equation
(2)
    1  exp  K  n



(3)

2. Prerequisites and means for solving the problem
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Here α (τ) - is the relative volume fraction of the crystalline phase;
τ - is the reduced time, τ = Vt·t, where t - is time; f - is the relative
fraction of the crystallization mechanism associated with
crystallization on polymer density fluctuations; Kn - is the effective
velocity constant; n - is the pseudo-parameter of the form; n', n" are the values of n corresponding to the crystallization on density
fluctuations of the polymer and the filler particles, respectively.
The fillers used in the polymer composite materials studied
corresponded to the following geometric characteristics. For CNTs
obtained by the chemical vapor deposition method, their outer
diameter is 20 nm, the length is from 1 to 5 μm, the wall thickness is
5 nm, and the specific surface area is 190 m2/g. Dimensions of
microparticles of aluminum and copper were in the range
0.5 ... 1 μm. They were obtained from the corresponding sawdust by
grinding in a ball mill.

The research task included the establishment of mechanisms of
structure formation during cooling of polymer composites from the
melt. These mechanisms were subject to consideration at the stage
of nucleation of individual structurally ordered subregions
(nucleation stage) and at the sta ge of formation of such subregions
in the entire volume of the composite (the crystallization stage in the
volume of the material as a whole). The studies were carried out for
polymer composites based on polyethylene (PE), polypropylene
(PP) and polycarbonate (PC) filled with carbon nanotubes (CNTs)
or microparticles of aluminum or copper with a change in their mass
fraction from 0.2 to 4% and varying the cooling velocity of the
composite from 0.0083 K/s (0.5 K/min) to 0.333 K/s (20 K/min).
The experimental-theoretical technique used to establish the
mechanisms of structure formation involved two stages, the first of
which consisted in the experimental determination of the
solidification exotherms of the composite when it was cooled from
the melt at a given constant velocity. Here, the specific heat flux Q
removed from the composite was determined in a dry nitrogen
atmosphere by differential scanning calorimetry method on a Perkin
Elmer DSC-2 unit with modified IFA Gmb, Ulm software. In this
case, the sample placed in the cell was heated to a temperature
exceeding the melting point of the matrix by approximately 50 K,
held at this temperature for 180 s and then cooled to a temperature
of 400 K at a fixed cooling velocity Vt. Samples were prepared by
the method of hot pressing the composition obtained as a result of
mixing in magnetic stirrer its components that are in a dry state.

Results and discussion
An analysis of the results of the experimental studies carried out
to determine the exotherm of crystallization showed that for all the
composites under consideration there is a generally similar pattern
of change of these exotherms as a function of the cooling velocity Vt
and the mass fraction ω of the filler. In Fig. 1 and in Table 1 as an
example, the corresponding data for a polycarbonate filled with
aluminum microparticles are given. Here, first of all, a very
significant decrease in the maximum of the specific heat flux Qmax
taken from the composite with an increase in the cooling velocity Vt
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Table 1. Characteristics of the crystallization process of polymeric
composites based on polycarbonate filled with aluminum microparticles with
different filler contents ω and different cooling velocity Vt of the composite
from melt

is noticeable, with a shift of this maximum position on the curve
Q = f (T) to lower temperatures. Thus, for a microcomposite
containing 0.2% aluminum, the value Qmax = 1.84 W/kg at
Vt = 0.0083 K/s and decreases to 1.02 W/kg at Vt = 0.333 K/s. As for
the temperature TM corresponding to the heat flux Qmax, for the
indicated velocities Vt it is 463.5 K and 448.9 K, respectively.
An increase in the cooling velocity Vt of the composite also
leads to a decrease in the temperatures of the beginning of the TN
and the end of the TK crystallization. In this case, the temperature
range of the crystallization ΔT (ΔT = TN-TK) is markedly increased.
For example, for a composite based on polycarbonate containing 4%
aluminum microparticles, this ΔT interval is 7.7K at Vt = 0.0083 K/s
and reaches 17.2 K at Vt = 0.333 K/s.

ω, %

TN, К

0
0.2
1
4

467.5
468.0
468.7
468.5

0
0.2
1
4

465.2
465.7
466.3
466.2

0
0.2
1
4

461.2
461.7
462.4
462.2

0
0.2
1
4

456.5
457.0
457.7
457.4

TМ, К
TК, К
Vt = 0.0083 К/s
463.0
460.0
463.5
460.6
463.8
460.5
464.4; 463.7
460.8
Vt = 0.0333 К/s
460.0
457.0
460.5
457.6
460.8; 460.0
457.5
461.7; 460.4
457.8
Vt = 0.0833 К/s
455.4
451.9
455.9
452.3
456.9; 455.5
451.9
458.0; 455.5
452.1
Vt =0.333 К/s
448.4
441.5
448.9
440.6
450.9; 447.5
440.4
451.0; 447.8
440.2

ΔT, К

Qmax, W/kg

7.5
7.4
8.2
7.7

1.79
1.84
1.81
1.75

8.2
8.1
8.8
8.4

1.55
1.59
1.57
1.41

9.3
9.4
10.5
10.1

1.32
1.38
1.22
1.14

15.0
16.4
17.3
17.2

0.97
1.02
0.94
0.90

As can be seen from the data presented in Fig. 1 and in Table 1,
with an increase in the mass fraction of the filler from 0.2 to 4.0%,
for all values of the cooling velocity Vt, a certain decrease in the
value Qmax occurs. In this case, there is a transformation of the
monodalous type on the curve Q = f (T) to the bimodal one.
On the basis of the experimental data on the crystallization
kinetics of composite materials for the initial stage of crystallization
- the nucleation stage, the crystal formation dimension m was
determined from the results of solving the nucleation equation (1).
The obtained data showed that for all the composites studied, there
are two mechanisms of structure formation: two-dimensional,
planar, (m = 1) and three-dimensional, volumetric (m = 2) in the
investigated mass fraction of the filler. In this case, the threedimensional mechanism predominates over the planar one.
As for the second stage of crystallization (crystallization
throughout the volume of the composite), experimental
crystallization exotherms were considered under the assumption of
present of two mechanisms of crystal formation, the first of which is
associated with the crystallization of the polymer matrix (which is
realized on polymer density fluctuations) and the second of which
with crystallization in which the filler particles play the role of its
centers. Accordingly, the results of experiments on the kinetics of
crystallization were analyzed according to the Kolgomorov-Avrami
equations (2) and its modified version (3). The data obtained (Table
2) indicate that for composites based on the polyethylene, both
mechanisms are volumetric (n ≈ 3) for all fillers in the entire range
of variation of ω. For composites based on PP and PC,
crystallization on density fluctuations of a polymer occurs by the
mechanism of a strained matrix. Regarding the mechanism of
crystallization on the filler particles, for these polymers, when they
are filled with copper microparticles, it is the same as for the
polymer matrix. The same mechanism is also preserved for PPbased composites filled with aluminum microparticles.
According to the data obtained, the crystallization mechanism
on the filler particles depends significantly on their mass fraction ω
for PP-based composites filled with CNTs and for PC-based
composites filled with CNTs or aluminum microparticles. Thus, for
a PP filled with a CNTs, at ω = 0.2%, the mechanism of a strained
matrix is realized, with ω = 1.0%, there is a three-dimensional
(volumetric) mechanism, which is preserved with a further increase
in ω. For a PC filled with CNTs, with increasing ω, this mechanism
transforms from the mechanism of a strained matrix to a planar
(two-dimensional) one, and when PC is filled with aluminum
microparticles, from the same mechanism of a strained matrix to a
rod matrix (one-dimensional).

Fig. 1. Crystallization exotherms for polymer composite materials based on
polycarbonate filled with aluminum microparticles with filler content
ω = 0.2% (a), 1.0 (b) and 4.0% (c) at different cooling velocity of the
composite from melt: 1 - Vt = 0.0083 K/s; 2 - 0.0333 K/s; 3 - 0.0833 K/s; 4 0.333 K/s.
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Table 2. Parameters of the structure formation (n', n'') in the crystallization stage in the volume of polymer composites based on polyethylene, polypropylene
and polycarbonate for different filler content ω of fillers (CNT, microparticles of copper or aluminum) for different cooling velocity Vt
Vt ,
К/min.
CNTs
0.2
0.5
2
5
20

n'
3.2
3.3
3.2
3.2

1.0
n''
3.1
3.0
3.1
3.0

n'
3.2
3.2
3.1
3.2

n''
2.9
2.8
2.7
2.8

4.0
n'
3.1
3.1
3.0
3.1

n''
2.8
2.9
2.9
2.7

CNTs
0.2
0.5
2
5
20

n'
5.0
4.9
4.9
4.8

n''
4.6
4.6
4.5
4.4

1.0
n'
5.1
5.1
5.0
4.9

n''
3.3
3.2
3.3
3.4

4.0
n'
5.1
4.9
4.9
4.8

n''
3.2
3.3
3.2
3.3

CNTs
0.2
0.5
2
5
20

n'
4.8
4.6
4.5
4.4

n''
4.0
3.8
3.9
3.8

1.0
n'
4.5
4.4
4.3
4.2

n''
2.3
2.1
2.2
2.2

4.0
n'
4.3
4.2
4.2
4.1

n''
2.2
2.2
2.1
2.0

Matrix PE
Fillers
Copper
ω, %
0.2
1.0
n'
n''
n'
n''
3.1
3.1
3.2
3.0
3.0
3.2
3.0
2.9
3.1
3.0
3.2
3.0
3.1
3.0
3.0
2.9
Matrix PP
Fillers
Copper
ω, %
0.2
1.0
n'
n''
n'
n''
5.1 4.5
5.0 4.6
5.0 4.6
5.1 4.4
4.8 4.5
4.9 4.4
4.9 4.4
4.8 4.5
Matrix PC
Fillers
Copper
ω, %
0.2
1.0
n'
n''
n'
n''
4.6
4.6
4.7
4.0
4.7
4.4
4.5
4.0
4.6
4.2
4.5
4.1
4.5
4.3
4.4
4.1

Aluminum
4.0
n'
3.1
3.0
3.1
3.2

0.2
n''
3.2
3.1
3.1
3.2

n'
3.2
3.1
3.2
3.3

1.0
n''
3.0
3.0
3.2
3.1

n'
3.2
3.0
3.2
3.1

4.0
n''
3.0
2.9
3.0
2.9

n'
3.1
3.1
3.0
3.1

n''
3.1
3.0
3.0
3.1

Aluminum
4.0
n'
5.1
4.9
4.9
4.7

n''
4.4
4.5
4.5
4.4

0.2
n'
4.9
4.9
4.8
4.8

n''
4.6
4.6
4.4
4.4

1.0
n'
4.8
4.7
4.6
4.6

n''
4.1
4.1
4.0
3.9

4.0
n'
5.1
4.9
4.8
4.9

n''
4.0
4.0
3.9
3.8

Aluminum
4.0
n'
4.5
4.4
4.3
4.4

n''
4.0
4.0
3.9
4.1

0.2
n'
4.8
4.6
4.5
4.4

n''
4.6
4.3
4.2
4.2

1.0
n'
4.6
4.6
4.5
4.4

n''
1.2
1.3
1.1
1.2

4.0
n'
4.7
4.5
4.4
4.7

n''
1.2
1.2
1.2
1.3

Industrial heat engineering. 2016. №1. P. 5-14. (Dolinsky, A.A.,
N.M. Fialko, R.V. Dinzhos, R.A. Navrodskaya)
4.
Fialko N.M. Heat conductivity of polymer micro- and
nanocomposites based on polyethylene with different methods of
their production. Industrial heat engineering. 2017. №4. P. 21-25.
(Fialko, N.M., R.V. Dinzhos, Yu.V. Sherenkovsky, N.O. Meranova,
R.A. Navrodskaya)
5. Dolinsky A.A. Structurization of polymer micro- and
nanocomposites based on polycarbonate in the processes of their
crystallization. Industrial heat engineering. 2015. № 3. P. 5-15.(
Dolinsky, A.A., N.M. Fialko, R.V. Dinzhos, R.A. Navrodskaya)
6. Dinzhos R.V. Modeling of structural relaxation in the field of
glass-forming composite polymer materials filled with carbon
nanotubes. Physico-mathematical modeling and information
technology. 2015. Issue 21. P. 100-108. (Dinzhos, R.V., N.M.
Fialko, E.A. Lysenkov, R. A. Navrodskaya)
7.
Dolinsky A.A. Thermophysical characteristics of highheat-conducting polymer micro- and nanocomposites. Industrial
heat engineering. 2015. №5. P. 5-15.( Dolinsky, A.A., N.M. Fialko,
R.V. Dinzhos, R.A. Navrodskaya)
8.
Dolinsky A.A. Thermophysical properties of low-heatconducting polymer nanocomposites for power equipment
components. Industrial heat engineering. 2015. №6. P. 5-14.
(Dolinsky, A.A., N.M. Fialko, R.V. Dinzhos, R.A. Navrodskaya)
9. Dinzhos R.V. Analysis of thermophysical properties of
polymer nanocomposites based on polypropylene. Collection of
scientific works of the National University of Shipbuilding. 2015. N
2. P. 35-40. (Dinzhos, R.V., N.M. Fialko, M.A. Rekhteta, V.M.
Mahrovsky)
10. Dinzhos R.V. Theoretical analysis of thermophysical
characteristics and thermoelastic behavior of aerosil based
nanocomposites. Collection of scientific works of the National
University of Shipbuilding. 2013. №2. Pp. 64-69. (Dinzhos, R.V.,
N.M. Fialko, M.A. Rekhteta, E.G. Privalko)

Conclusions
For polymer micro- and nanocomposite materials based on
polyethylene, polypropylene and polycarbonate filled with highheat-conducting fillers (carbon nanotubes or aluminum or copper
microparticles)
using
exotherm
crystallization
obtained
crystallization mechanisms are established for two stages of
structure formation in the range of changes in the mass fraction of
the filler from 0.2 to 4% and the cooling velocity of composites
from the melt in range from 0.5 to 20 K / min. Wherein:
1. At the initial stage of crystallization, based on the results of
the solution of the nucleation equation, the presence of two
mechanisms of structure formation, planar and volumetric, is shown,
with a certain predominance of the latter for all investigated
composites.
2. In the second stage of crystallization (the stage of
crystallization in the entire volume of the composite), the
investigations were performed assuming the presence of two crystal
formation mechanisms, the first of which is associated with the
crystallization of the polymer matrix proper, the second with
crystallization, in which the microparticles of the filler play the role
of its centers. According to the results of the analysis performed
using the modified Kolmogorov-Avrami equation, it was shown that
at this stage the crystallization mechanisms can depend substantially
on the type of polymer matrix and filler, its mass fraction and the
cooling velocity of the composite from the melt.
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CHEMICAL NANOTECHNOLOGY OF MOLECULAR LAYERING AND
INNOVATIVE SOLUTIONS BASED ON IT
ХИМИЧЕСКАЯ НАНОТЕХНОЛОГИЯ МОЛЕКУЛЯРНОГО НАСЛАИВАНИЯ И ИННОВАЦИОННЫЕ
РЕШЕНИЯ НА ЕЕ ОСНОВЕ
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Department of Chemical Nanotechnology and materials for electronics,
Saint-Petersburg State Technological Institute (Technical University), Russia, malygin@lti-gti.ru
Abstract: The principles and peculiarities of the molecular layering (ML) method, known often in foreign works under the name of Atomic
Layer Deposition, are considered. ML method was created in the middle of the last century by Soviet-Russian scientists V. B. Aleskovskii and
his student S. I. Koltsov. Among the first who after Russian scientists began to carry out research on the method of ML were scientific groups
from Finland (T. Suntola, S. Hauk, M. Leskela, M. Rital, etc.), the GDR (V. Hanke, G. Olman, B. Horvath and others), Bulgaria (G.
Bliznakov, K. Petrov, D. Mekhanjiev, D. Damianov and others). The structural-dimensional effects manifested in products obtained using the
ML method are analyzed. The results of practical application of nanotechnology on the principles of the ML method in various high-tech
industries are presented: sensor sensors, membrane catalytic processes, catalysts, sorbents, composite materials, alternative energy sources,
electret materials etc.
KEYWORDS: SOLID, SURFACE, NANOTECHNOLOGY, STRUCTURAL DIMENSIONAL EFFECTS, FUNCTIONAL PROPERTIES,
HIGH-TECH, MOLECULAR LAYERING

1. Introduction
The method of molecular layering (ML), created more than
half a century ago, seems to be very promising for the synthesis of
materials of the "core—shell" type[1, 2]. The main idea of the ML
method consists in the sequential build up of monolayers of
structural units of a given chemical composition and structure on
the surface of a solid phase matrix due to the realization of chemical
reactions between functional groups (FGs) of a solid and the
reagents supplied to them under conditions far from
thermochemical equilibrium. The process is self organizing, since
after the entry into the reaction of all available FGs, no more than
one monomolecular layer is formed on the surface of the substrate.
The process is most often carried out in the gas phase at
atmospheric pressure in a carrier gas stream or in a vacuum.
The method of ML on the surface of solids, different in size,
shape, structure, and composition, can be used to synthesize
monolayers, including multicomponent ones, new functional
groups, and to carry out atom by atom chemical assembly of surface
nano-, micro- and macro- structures by repeatedly alternating
chemical reactions according to a given program [2, 3].
In general, synthesis by the ML method can be represented by
the equations (1, 2):
(1)
(2)

Fig. 1. Chemical constructing of nanostructures on the surface of
solids by the Molecular layering method
The aim of this article is to present some results of
research in Russia in the field of the creation by ML method of
materials with various functional properties.

2. Results and discussion
Theoretical and experimental studies of products obtained by
the ML method allowed us to reveal fundamental structural and
dimensional effects associated with the synthetic capabilities of this
precise synthesis and affecting the functional properties of
materials:
- the monolayer effect — drastic changes in properties of the
material after one - four ML cycles;
- the substrate shielding effect is physical overlapping of the
surface after four - six ML cycles;
- the effect of a multicomponent system is regular or non
additive (synergistic effect) change of properties of material at a
given ratio and mutual arrangement of mono and nanolayers;
- the mutual structural coordination effect of surface of
substrate and growing layer — influence on the conditions of phase
formation and solid state reactions in the system.
Following main routes for the application of the ML method
can be distinguished after the analysis of possible areas of
application for new precision technology and taking into account
the observed regularities and various directions in the development
of chemical material science using "core—shell" systems:
— synthesis of extremely thin coatings with a thickness from
one to several monolayers, when it is necessary to obtain and evenly
distribute very small amounts of substance on the surface of a
solid phase matrix in such a way that each attached atom or group
of atoms is available for further physicochemical transformations;
— creation of relatively thick coatings, up to several tens and
hundreds of nanometers thick, formed with an accuracy of up to one
monolayer, which is important for optimizing the composition,
thickness, and structure of the layer, and, consequently, the
functional characteristics of the material;

2MnB + AC4 → (Mn)2AC2 + 2BC
(Mn)2AC2 + AB4 → (Mn)2AAB2 + 2BC

It is possible to obtain a layer of A atoms whose thickness will
be determined by the number of ML cycles by repeating the cycles
of ML reactions (1) and (2) as many times as necessary:
(3)

(Mn)2AAB2 + AC4 → (Mn)2AAAC2 + 2BC

etc.

It is possible to obtain multizone layers with a given mutual
arrangement of layers of a given thickness, but differing in chemical
composition, by using the reagents of different chemical nature (for
example, NB4 ) at different stages of synthesis (4):
(4)

(Mn)2AC2 + NB4 → (Mn)2ANB2 + 2BC

The transformation schemes shown in Fig. 1 illustrate the
main synthetic routes of different coatings by the ML method. Thus,
it is possible using the ML method to design the surface of solids at
the atomic-molecular level, creating the structures of any given
composition and the structure chemically bound to the matrix.
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— formation of multicomponent mono- and nano-layers, when
it is necessary to create polyfunctional coatings or synergistic
systems;
— regulation of interactions between the surface centers of a
solid and the reagents supplied to them in obtaining a coating with
the specified composition and structure, which is of interest for the
subsequent optimization of the regimes of secondary
physicochemical and thermal transformations of the ―core — shell‖
type composition.

PhS-1-3 also adsorbs of ammonia, of organic vapor. New
sorbents are used in the industry for clearing and stabilization of the
gas atmosphere in devices.
The other example - doped ceramics for ceramic insulators in
the technology of X-ray tubes [2, 7].
Several years ago industrial company ―Svetlana-Roentgen‖
addressed us to do research to reduce the sintering temperature of
ceramic mass by at least 100 degrees. We synthesized titaniumoxide layers on the surface of particles by the ML method.
Characteristics of sintering of the initial and modified ceramic
mass by ML and mechanical mixing methods are presented in Table
3.
Table 3. Characteristics of sintering of the initial and modified
ceramic mass by using of ML method (nTi - after 1 – 4 cycles ML)
in compare with mechanical mixing

The monolayer effect (ME), consisting in a sharp change in the
properties of the matrix after the deposition of from one to four
monolayers of new structural units, has found application for
objects where it is required to distribute evenly and attach firmly
small quantities of the substance on a sufficiently developed
surface, including a porous space (with a specific surface area from
units to hundreds and thousands of square meters per 1 g). This
concerns layers from partial monolayer to several monolayers of
doping additives for different purposes (activating or inhibiting
physicochemical transformations of the matrix, protective,
strengthening, etc.). [2 – 6].
Such materials include, first of all, catalysts, sorbents, highly
disperse fillers of composite materials, pigments, etc.
The reaction of VOCl3 with surface hydroxyl groups of silica
gel results in the formation of monolayer of groups with main
formula (≡Si-O-)3VO on pore support. It was used to obtain the
indicator for water vapours. The color of vanadium-containing
silica gel (IVS-1) is essentially dependent on the humidity of air
flow (Table 1).
Table 1. Indicator characteristics of vanadium containing
silica gel (IVS-1)
Relative
humidity
given at
20°C, %
0.05
0.5
1.6-4.5
6-10
10-13
15-45
48-60
70-95

Response time
(no more
than), min

Sample
Initial
Initial
+TiO2
1 Ti
2 Ti
3 Ti
4 Ti

0,21
0.26
0.42
0.57
0.70

Тinitial
о
С

- Т
о
С

Shrinkage
%

874

0

0.50

864

-10

0.66

780
740
740
740

-94
-134
-134
-134

0.99
1.11
1.20
1.20

As can be seen from the data in the Table 3, after 2-4 ML
cycles, the sintering start temperature is reduced by 134 degrees.
This material is used for the manufacture of ceramic insulators
in the production of X-ray tubes.
Rather interesting direction of ME application in the creation
of electret polymer materials has been formed in recent years[8 10]. It is known, that upon irradiation of polymer dielectrics with a
flux of charged particles (ions, electrons), a charge is accumulated
on their surface, i.e. an electret state occurs. The charged state of
such materials, which are called electrets, can persist for a fairly
long time (up to several years).
Electrets are used in modern hightech products, in particular,
in creating electroacoustic transducers, sensors, and also nonlinear
optical elements [11, 12]. An important factor for the practical
application of these systems is the stability of their electret state.
Very interesting perspective results on the use of monolayer
effect when creating electret materials.
Polytetrafluoroethylene (PTFE) films were modified using ML
method by treatment with titanium tetrachloride and water vapor.
Film samples were pretreatment in a positive corona discharge.
The charge stability on the surface of polymer was then investigated
at different temperatures. It was found that the decrease of surface
potential in modified films begins at higher temperatures (fig. 2).

Coloring of face layer
of IVS-1

20
20
15
15
15
15
25
25

TiO2
% by
weight
0,06

Pale yellow tone
Lemon
Yellow
Bright - orange
Dark - orange
Red, dark - red
Brown
Black-brown

It is a reversible sorbent - indicator for water vapors, and it is
regenerated at 200-400°C. It is important to note, that the sample
with two or more V-O monolayers on silica loses of indicator
properties.
It is known that phosphorus (+5) oxide actively reacts with
vapors of water. And it can be used for drying of gases. But it is
rather bad that the phosphoric acid is formed and it regeneration is
difficult. It was created a sorbent on a basis of silica with P-oxide
nanolayer (PhS-1-3). It is an active sorbent of vapors of water and it
is better in 5-6 times, than initial silica (Table 2).
Table 2. Moisture capacity of initial and of phosphorus containing silica gel (at humidity about 70 %)
Sample
The content of Adsorption
Remark
P, mmol/g
capacity, %
1
2
3
5
Initial silica gel
ShSK
ShSK impregnated
by Н3РО4

0

6

-

4,06 - 1,02

20

The sample is
covered with
a sticky film

PhS 1

1,0

20

PhS 2

1,3

25

PhS 3

1,6

35

Fig. 2. The charge stability of thermally stimulated surface of
PTFE nanocomposite:1 – original, 2 - plasma treated, 3 – modified
by TiCl4 and H2O, 4 – plasma treated and modified by TiCl4 and
H2O
The first results on the creation of electret materials with the
use of ML were further developed using other polymers and
modifiers
The substrate shielding effect (SSE) is manifested after the
formation of a nanolayer with the thickness of more than four or six

—
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monolayers, physically screening the sur face from external
influence. The thickness of such a coating was calculated
theoretically [13].
One of the promising areas is the use of SSE in a creation of
shell pigments and fillers. Using a particle of cheap material (for
example, waste products in metallurgy and mining) as a "core", the
ML method can be used to form a "shell" of the optically active
product on their surface (titania, zinc oxide nanolayers in the
production of white pigments, chromium oxide, iron oxide
nanolayers for the creating of color pigments). A complex of such
studies was carried out at the end of the last century [14 – 17].
Today is a very dynamically developing direction for the
creation of sensors. One of the most promising is a fiber-optic
sensors (FOS). One important characteristic is the magnitude of the
reflected light output from the end face of the optical fiber (fig 3).

Fig. 5. AFM image of a side surface of the sapphire fiber: the initial
(upper image) and the modified (bottom drawing) by Zr- oxide
layer (400 ML cycles) (scanned area size 1 × 1 microns) (left topography mode, right – mode of phase contrast)
Fig. 3 Diagram of the FOS element
A – functional nano-coating; B – quartz optical fiber; C optical fiber with a polymer coating)

The results obtained make it possible to predict with sufficient
confidence the application of the ML method and the mutual
structural coordination effect of the synthesized layer and matrix in
the processes of compaction of highly dispersed products widely
used in the technology of binders, ceramic materials and products
[20, 22, 23].

It was shown, that with increase of number of ML cycles also
increase reflected light power (fig 4).
To further increase the value of the reflected power is
necessary to create on the surface of a two-component nano-coating
with thickness corresponding to the first maximum in the sine wave.

Fig. 4 The magnitude of the reflected light power depending
on the number of cycles ML (Laser with a wavelength of 1310 nm)

t, min

Fig. 5 shows AFM data for zirconium-oxide coating on the
lateral surface of fiber that provides increased strength of fiber, as
well as resistance to high temperatures.
Interestingly, there are defects on the original surface of the
fiber (fig 5, upper image), but after deposition of coating, these
defects are no longer visible (fig 5, bottom drawing).
The mutual structural coordination effect (MSCE) is due to the
chemical interaction of the atoms of applied low molecular weight
reagents and the atoms of the original matrix.
As it was noted, the MSCE can significantly influence phase
transformations of both the matrix and the growing layer, increasing
the rate of solid phase reactions in the system. The results of a
comparative study of phase transformations in a nanocomposite and
in a mechanical mixture of a similar composition are presented in
[18 – 21]. For example, it has been shown that the formation of
mullite in a nanostructured composition takes place in just a few
minutes (Fig. 6). The degree of conversion reaches only 0.4 at a
much longer time in products of a similar composition obtained by
mechanical mixing of silica and aluminum oxide.

Fig. 6 Transformation (α ) of SiO2 and Al2O3 nanolayers into
mullite: A- in nanosized structure of Al2O3 /nanolayer (4 Nm of
SiO2); B – in mixture of SiO2 and Al2O3
The effect of a multicomponent system (MS) is regular or non
additive (synergistic effect) change of properties of catalists,
sorbents, fillers of composite materials etc.
Multicomponent systems created by layer-by-layersynthesis
have found application in the production of membrane catalysts.
First, an oxide layer of one chemical nature with a certain thickness
was created. This regulated the membrane pore structure. Then a
catalytically active additive was applied to its surface [24 – 28] (fig
7).
The ML method was applied successfully to obtain
nanostructured composite membrane catalysts by depositing metal
oxide structures on the surface of a porous carrier. Low dimensional
chromium—phosphorus oxides and other structures were used as
the catalytically active compound.
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Fig. 7 Change in pore diameter and application of the
catalytically active component in the sequential treatment of the
membrane with various reagents
To prepare a membrane catalyst for the oxidative
dehydrogenation of methanol to formaldehyde, vanadium and
vanadium—phosphorus oxides were synthesized in the pores of an
asymmetric tubular membrane of αAl2O3 with a thin layer of
narrow porous γAl2O3. The synthesis was carried out by the ML
method directly in the membrane reactor by alternative treatment of
the carrier surface with VOCl3—H2O or PCl3—H2O.
The results described in the publications [29, 30] have showed
for the first time that the ML method is a simple and flexible way of
modification of a porous inert membrane carrier, ensuring the
application of the active component not only to the surface, but also
to micro- and nanopores.
Thus, the presented results allow to draw a conclusion that
using the ML nanotechnology, it is possible to assemble
nanostructures of various functional purposes on the surface of
porous carriers in a single chemical technological cycle. These
nanostructures regulate the pore size of the carrier and impart the
required catalytic properties to the system. The synthetic program
includes as the main parameters the selection of the necessary
reagents and the sequence of their feed to the reaction chamber.
Previously was investigated the catalytic properties of the
VOx/TiOy/γ-Al2O3 systems (obtained by ML with using vapors of
TiCl4 и VOCl3) in the reactions of oxidative dehydrogenation of
methanol to formaldehyde, and ethane to ethylene. At the present
time there were obtained and investigated multicomponent systems,
such
as
Mo(Nb)Ox/TiOy/γ-Al2O3;
VOx/Mo(Nb)Oy/SiO2;
NbOx/VOy/SiO2 and others.
3. Conclusion
Thus, the analysis of the results presented in this report allows
us to conclude that to date a sufficiently reliable theoretical,
experimental, and applied physicochemical basis has been created.
It is really possible using this basis to set specific targets for the
widespread introduction of nanotechnology in the industry for the
production of solid phase materials and products for various func
tional purposes. Based on the principles of the molecular layering
method, taking into account the structural and dimensional effects
in ML products, it is possible to adopt and implement innovative
solutions in the most diverse directions of solid-phase materials
science, to create new materials with various functional properties.
The work has financial support from the Russian Ministry for
Education and Science (Project № 16.1798.2017/4.6).
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Abstract: The shape of the tooth profile affects the stress-strain state in gears. In the case of fatigue failure, the stress level is a decisive
criterion for the lifetime of the gear. The shape of the tooth flank affects the magnitude of the contact pressure in the contact of the meshing
teeth. The consequences of which are surface cracks and pitting. The shape of the tooth root influences the magnitude of the root stress,
which, when the limit is exceeded, leads to root cracks and teeth breakage. Many different types of tooth profiles are known, but in practice
the most widely used is the involute one. Other types of tooth profiles are interesting especially when polymer materials are being used,
while at the injection-molding the tooth profile does not affect the cost of the tool. If the gears are injection-molded, the type of gearing does
not affect the cost of the tool. In the case of metal gears, standardized tools for involute gears make the use of other special tooth profiles
economically unjustified. Our research is focused on S-gears, which got their name from the S-shaped path of contact. The paper presents
the research of how the defining parameters of S-gears impact the stress-strain state in the gear. This was done using a numerical model
which simulates gear meshing. The stress level of two different types of S-gears was compared with the stress in an involute gear of the same
dimensions (same module, number of teeth, and width). It was found that with the proper choice of tooth profile we can improve the load
bearing capability of the gear pair. The numerical model was also used to analyze the impact of the tip relief on the stress state. The
numerical model was validated for steel involute gears, where the results can be compared with the results according to the ISO 6336
calculation. A good match between the results of the model and results according to the standard ISO6336 was obtained. The same
numerical model was used for the calculation of the stress-strain state in S-gears. This was then calculated for metal and polymer (POM/PA)
gear pairs.
Keywords: S-GEARS, POLYMER GEARS, NUMERICAL SIMULATION, STRESS-STRAIN STATE

parameters on the S-gear tooth profile shape. Duhovnik et al. [12]
tested the lifespan of injection-molded polymer S-gears and
compared the results of the tests with polymer involute gears. They
found that the S-gears are sensitive to the quality of the
manufacturing, for which, in the case of injection molding, a wellcontrolled technological process is required. In one of our previous
works we experimentally compared the lifetime of the machine cut
S and involute gears. S-gears have shown a longer lifetime [13].
The aim of our work presented in this article was to use numerical
methods to study the influence of the tooth shape on the stressstrain state in the gear.

1. Introduction
Gears are often used machine elements for the transfer of
mechanical power. With the increasing supply of polymeric
materials and their ever-increasing mechanical properties, the use of
polymer gears increases. The reason for the growing use of polymer
gears are some of the advantages when comparing them to metal
gears. The most important ones are the lower mass, cheaper mass
production, easier production, operation without lubrication, and
better dampening of the vibrations. Partially crystalline
thermoplasts are mainly used for the production of polymer gears.
Various reinforcing fibers can be added to these materials, as well
as materials that reduce wear and improve sliding properties, e.g.
PTFE, MoS2 [1-4].

2. Methodology
Gear geometry

There is a valid international standard ISO 6336 [5] for the
conversion of steel involute gears. Also, the German standard DIN
3990 [6] is often used. According to both of these standards, the
conversion is divided into the calculation of the root and flank
strength, as well as the calculation of thermal scuffing. There is no
valid international standard yet for the conversion of polymer gears.
The most commonly used is the recommendation VDI 2736 [7]. In
recommendation VDI 2736, the calculation of tooth root and flank
strength is summarized and simplified according to DIN 3990. The
recommendation offers a very limited set of the necessary data for
the calculation, as these are only defined for some basic engineering
polymer materials. Existing calculation models only apply to
involute gears. Our work will focus on the research of S-gears,
which in certain conditions have better properties than the involute
ones. This means a certain competitive advantage. Thus, the
problem arises how to reliably dimension the polymer S-gears.

The S-gear profile shape depends on two parameters, namely
the size factor ap and the exponent n [8]. The stress state was
calculated for two different S-gear geometries and compared to the
involute one. The parameters of the analyzed geometries are given
in Table 1, and the analyzed teeth geometries are shown in Fig. 1.
Table 1: Specification of the gear parameters. *Note: For the S-gears this is
the initial pressure angle at the kinematic point C. In the case of S-gears the
pressure angle is variable along the path of contact.
Parameter
involute
S-gear 1
S-gear 2
module [mm]
1
1
1
number of teeth
20
20
20
width [mm]
6
6
6
pressure angle [°]
20
18*
23*
exponent - n
/
2.05
1.3
size factor - ap
/
1.5
1.8
reference diameter [mm]
20
20
20
tip diameter [mm]
22
22
22
root diameter [mm]
17.30
17.70
17.60
center distance [mm]
20
20
20
contact ratio
1.557
1.383
1.352

Hlebanja [8] proposed the shape of a tooth flank that defines the
S-shaped path of contact, and which has some advantages over the
involute flank profile. The main advantages are the convex/concave
contact at the beginning and end of the meshing, and consequently
the smaller flank stresses, smaller sliding speeds, more favourable
rolling/sliding ratio, and consequently fewer losses. The S-gears’
roots are wider than the involute ones at the same normal module,
leading to higher root strength. Hlebanja et al. [8-10] confirmed the
advantages of S-gears in several studies, comparing them to the
involute ones. They tested and compared the lifetime of steel
involute and S-gears, and analyzed the damage mechanisms.
Kulovec and Duhovnik [11] analyzed the influence of individual

Fig. 1 The geometry of analyzed gears: involute gear (blue), S-gear 1
(green), S-gear 2 (red)
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Numerical model
For all gear pairs analyzed, a load of 0.4 Nm was simulated.
When a good match between the results of our numerical model and
the ISO 6336 calculation was achieved, we upgraded the simulation
by modeling friction in the contact between the meshing flanks.
This is not taken into account by the standard ISO 6336. Steel gears
are mostly lubricated with oil, so the influence of friction on the
stress is also negligible. The frictional coefficient μ = 0.1 was
prescribed when modeling the frictional contact between the steel
gears. Polymer gears often operate without additional lubrication, in
which case the friction affects the stress in the gear. In order to
calculate the stress state in the polymer gear, the same numerical
model was used, which was previously validated in the case of steel
gears. The material combination POM/PA6 was analyzed, where
the drive gear was made from POM, and driven from PA6. This
material combination was tested in our previous works [12, 13].
Due to the short duration of the load, the polymer material was
modeled as linear elastic. The material parameters considered were:
EPOM = 2800 MPa, EPA6 = 3500 MPa, νPOM = 0.35, and νPA6 = 0.4.
The friction coefficient μ = 0.28 was prescribed for this material
combination.

Due to the nature of the problem, the numerical model was set
in 2D, taking into account the plane stress state. This reduces the
use of computer resources, and the calculation times are much
shorter. The time it takes to solve the problem on a better desktop
computer is approximately 20 minutes, which also makes it easy to
use the model in practice. The advantage of the modeling in 2D is
also the possibility to obtain a denser mesh in the contact area of the
teeth, Fig. 2, without making solving times too long. Therefore, we
expect a more accurate calculation of the flank stresses. We
modeled the entire gear body and only five teeth, since the load is
cyclically the same for each tooth. Stresses are examined on the
central tooth, which passes through all the characteristic points of
meshing.
In order to validate the model, in the first step we simulated the
meshing of steel gears without considering the friction between the
tooth flanks. This is an example that can be compared with the
calculation of the stress according to ISO 6336. After the standard
calculation, the maximum values of the root and flank stresses that
occur during meshing are calculated. With our numerical model, we
can calculate the stresses at all points of contact. According to ISO
6336, the actual root stress in the gear is calculated by the equation:

3. Results
Steel gear pair, frictionless contact

𝜎𝐹 = 𝜎𝐹0 ∙ 𝐾𝐴 ∙ 𝐾𝑉 ∙ 𝐾𝐹𝛽 ∙ 𝐾𝐹𝛼

When simulating the meshing of the involute gear pair, the
stress pattern (Fig. 3) corresponds to the theoretical stress, which is
found in the literature [14]. The stress at the tooth root and on the
flank appears at the initial meshing point A. When the gears are in
mesh, the contact point moves towards the tip of the tooth. In point
B, the single-tooth contact zone begins, where the previous pair of
teeth leaves the meshing. In the area of single-tooth contact, the
stresses increase rapidly, as the total load is transmitted only over
one pair of teeth. The more the contact point moves towards the tip
of the tooth, the longer the lever is, and consequently the greater the
root stress. This reaches the maximum value in the point D, which
is the outer point of the single-tooth contact area of the drive gear.
This appears shortly before the next pair of teeth gets into the mesh.
The reversed image of the stress pattern occurs in the driven gear,
where the maximum value of the root stress appears in point B. On
Fig. 3 all the characteristic meshing points are indicated by the
dotted lines for individual gear geometries. The stress pattern for
both S-gear shapes is similar to the involute one, except that both Sgear geometries have a wider area of single-tooth contact as a result
of a smaller contact ratio. The minimum root stress is calculated in
the gear S2, which has the widest root, and the root stress in the
involute gear and the highest in the gear S1 is slightly higher, where
the calculated stress is higher in spite of the broader root. The
higher stress in the gear S1 occurs due to the wider area of singletooth contact, where the distance from point D to the root is larger
than in the involute one. This means a greater bending moment of
the tooth and, consequently, higher stress at the tooth root. The gear
S1 also has a smaller rounding radius in the root, which is also the
reason for higher root stress.

The nominal tooth root stress 𝜎𝐹0 is calculated by the equation:
𝜎𝐹0 = 𝑌𝐹𝑎 ∙ 𝑌𝑆𝑎 ∙ 𝑌𝜀 ∙ 𝑌𝛽 ∙ 𝑌𝐵 ∙

𝐹𝑡
𝑏∙𝑚

where: 𝑌𝐹𝑎 is the form factor, 𝑌𝑆𝑎 is the stress correction factor, 𝑌𝜀 is
the contact ratio factor, 𝑌𝛽 is the helix angle factor, 𝑌𝐵 is the rim
thickness factor, 𝐹𝑡 is the nominal tangential force, 𝑏 is the gear
width, and 𝑚 is the normal module.
The actual tooth flank stress 𝜎𝐻0 is calculated by the equation:
𝜎𝐻 = 𝜎𝐻0 ∙ 𝐾𝐴 ∙ 𝐾𝑉 ∙ 𝐾𝐻𝛽 ∙ 𝐾𝐻𝛼
The nominal tooth flank stress 𝜎𝐻0 is calculated by the
equation:
𝜎𝐻0 = 𝑍𝐻 ∙ 𝑍𝐸 ∙ 𝑍𝜀 ∙ 𝑍𝛽 ∙

𝐹𝑡 𝑢 + 1
∙
𝑏 ∙ 𝑑1
𝑢

where: 𝑍𝐻 is the zone factor, 𝑍𝐸 is the elasticity factor, 𝑍𝜀 is the
contact ratio factor, and 𝑍𝛽 is the spiral angle factor. The
application factor 𝐾𝐴 takes into account the overloads during the
operation, the dynamic factor 𝐾𝑉 takes into account the internal
dynamic forces and factors 𝐾𝐹𝛽 , 𝐾𝐹𝛼 , 𝐾𝐻𝛽 , 𝑎𝑛𝑑 𝐾𝐻𝛼 take into
account the manufacturing accuracy on the load distribution
between the teeth. These effects are not considered in our numerical
model, so the calculated stresses are compared with the nominal
stresses 𝜎𝐹0 and 𝜎𝐻0 . According to recommendation VDI 2736, the
same equations are used to calculate the nominal root and flank
stresses. The difference in the calculation of the actual stresses is
that the coefficients 𝐾𝐴 , 𝐾𝑉 , 𝐾𝐹𝛽 , 𝐾𝐹𝛼 , 𝐾𝐻𝛽 , 𝑎𝑛𝑑 𝐾𝐻𝛼 are not defined
for polymer gears, but rather it is recommended to take a
factor 𝐾𝐹 ≈ 𝐾𝐴 , the value of which is 1 − 1.25.

Fig. 3 Root stress (left) and flank stress (right) in the driver gear

If we look at the flank stresses, we see that stress peaks occur at
the beginning and at the end of the meshing. These peaks occur due
to the narrow contact area, where the tooth tip is pressed against the
flank of the other tooth. The flank stresses are similar to theoretical
ones, with the difference in the stress peaks at the beginning and

Fig. 2 Geometry of the numerical model and presentation of the mesh
density
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end of the meshing, resulting from the transfer of force through the
narrow contact area. We can see that the flank stresses in the two Sgear geometries in the A-B and D-E range are smaller. In the singletooth contact area B-D the flank stresses in all three analyzed
geometries are approximately the same.

here is a bit larger, the maximum occurs in point D in both the drive
and the driven gear.

Polymer gear pair, frictionless contact
The stress pattern is different for the polymer gears comparing
them to the steel gears, Fig. 4. Due to the small elastic module, the
same load will result in a significantly greater deformation of the
teeth. This results in an increase of the contact ratio, which results
in the narrower single-tooth contact zone. The maximum root stress
in the drive gear appears in the point D, and in the driven gear in
point B. The calculated root stresses are practically unchanged
between the polymer and steel gear pairs, as the gear pair in both
simulations was loaded with the same moment load.

Fig. 6 Root stress (let) and flank stress (right) in the driver gear

In the case of flank stresses, the initial peaks are considerably
higher for S-gears. This could most likely be avoided with a greater
rounding of the tooth tip, which will be analyzed in the future. The
teeth of the S-gears are also less deformable than involute, so no
adaption is given which leads to a greater force at the stroke.

4. Discussion
Stresses calculated with the numerical models were compared
with those analytically determined according the standard or
recommendation. Comparison of the root and flank stresses in the
steel gears is shown in Fig. 7. With the numerical model obtained
maximum root stresses correlate well with the stresses calculated
according to the standard. With the model that simulates a frictional
contact between the meshing flanks, the calculated root stresses are
approximately 8.5% larger, while in the frictionless model they are
2% smaller, compared to the standard calculation. A big difference
occurs when comparing the flank stresses. Here, it turns out that our
model does not calculate the flank stress sufficiently precisely. In
the case of steel gears, the contact area is very narrow, so there was
a lack of elements in the contact area in spite of the very dense
mesh. With further mesh refinement in the contact area, we
managed to reduce the deviations to 7.5%.

Fig. 4 Root stress (left) and flank stress (right) in the driver gear

Large differences can be observed when looking at the flank
stresses, where these calculated for polymer gear pairs are much
smaller. The elastic modulus of the material has an effect on the
magnitude of the flank stress. In the standard calculation this effect
is taken into account by the coefficient of elasticity ZE. The flank
stress peaks that occur at the start and end of the meshing are also
present in the polymer gears.
Steel gear pair, frictional contact
In the following step, the numerical model was upgraded, taking
into account the friction between the meshing flanks. The results
obtained with this model are shown in Fig. 5. If the friction is taken
into account, the stress pattern is similar, only in the kinematic point
C there is a jump in the stress. This is due to the change in the
direction of sliding, consequently the frictional force reverses the
sign. Due to the wider tooth root in the S2 gear, the root stress was
expected to be smaller. In the gear S1 with a similar profile to the
involute gear, the root stress was even slightly larger. Even for the
flank stresses, a smaller leap in the stress at the kinematic point C is
observed.

Fig. 7 Comparison of the stresses calculated with our numerical model and
according the standard ISO 6336

Comparison of the root and flank stresses in polymer gears is
shown in Fig. 8. In the case of polymer gear pairs, both the root and
the flank stresses have a good match with the calculation, according
to VDI 2736. Based on this, we claim that our numerical model is
also good for calculating the stress state in S-gears. Results obtained
with the numerical model, which models a frictional contact,
deviated by 2% from the calculation according to VDI 2736 in the
case of root stress, and in the case of flank stress by 3.6%, (Fig. 8).
Fig. 5 Root stress (left) and flank stress (right) in the driver gear

Polymer gear pair, frictional contact
In the last step, the same numerical model was used to calculate
the stresses in the polymer gears. The stresses, both the root and the
flank ones, differ considerably from those of the steel gear pairs,
Fig. 6. The reason is in the much smaller elastic modulus of the
polymer gears, which leads to a greater deformation of the teeth. A
rather large difference in the pattern of root stress also occurs in
comparison with a frictionless model. The calculated root stress

Fig. 8 Comparison of the stresses calculated with our numerical model and
according the recommendation VDI 2736
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The calculation of the tooth root stress is still acceptable, but an
excessive deviation occurs in the calculation of flank stress. We
checked for the mesh density that would be needed to reduce the
deviation between the flank stresses. When the mesh on the flank
was refined for three times, the deviation of the flank stress was
7.5%.

When calculating the flank stresses with our numerical model,
the stress peaks that occurred at the beginning and end of the
meshing were observed. These peaks are ignored by the standard
calculation. In practice, these peaks can be avoided by correcting
the tooth profile, adding tip relief. This is reflected by improved
meshing, leading to an extension of the lifetime of the flank, and a
reduction in noise during the operation of the gears. For the analysis
of the effect of the profile correction, three different examples were
examined. These were: a gear pair without any flank modification, a
gear pair with the tip rounding of R = 0.05 mm, and a gear pair with
tip relief (Ca = 0.015 mm to the diameter of the outer point of
single-tooth contact) and tip rounding of R = 0.05 mm. When
adding the tip rounding, the results are much better, as seen in
Fig. 9. The stress peaks at the start and end of the meshing, in this
case, smaller than the flank stress at the kinematic point C. When
adding a tip relief, it is necessary to pay attention to the diameter to
which it will go. In our example, the relief ran to the diameter
where the single-engagement point B is located on the driven gear
and point D on the drive gear. Due to the large teeth deformation of
the polymer gears, we expected this correction to be appropriate. It
turned out that when there is a tip relief the flank stress peaks are
completely avoided, Fig. 9.

With the use of a numerical model, we have proved that with a
proper tip relief we can avoid the stress peaks at the beginning and
end of the meshing. From practice we have experience that this has
a beneficial effect on the lifetime and the noise of the gears.
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In the case of polymer involute gears, the deviation between
results obtained with our numerical models and those according
recommendation VDI 2736 is minimal. Thus, our assumption is that
our numerical model can also accurately calculate the nominal
stresses for polymer S-gears. In the recommendation, for the
calculation of the actual stress, the nominal stress is multiplied by
the factor of application KA, whose recommended values are from 1
to 1.25. In the case of dimensioning of S-gears, the same value of
the application factor should be used.
In the case of steel gears, the deviation between the numerical
models and the calculation according to ISO 6336 is slightly larger.
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Abstract: This paper investigates stress state in connection of pipes with flat ends used in pressurized pipelines and steam boiler
connections. Flat ends are designed according standard EN 12952-3 and later numerically checked using linear elastic material model.
These analyses showed areas with increased stress. Therefore, additional analyses were performed using linear elastic-ideally plastic
material. The maximal pressure loads are obtained for series of pipes with flat ends and compared to calculated results according EN
12952-3 norm.
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1. Introduction

2. Analytical and numerical analysis, results and
discussion

A large number of structures in the engineering industry are
pressure vessels and pipelines used for different purposes, mainly
for transport and storage of liquids, gases and grain matter. They are
made of various materials who can operate from low temperatures
and pressures to very high pressures and temperatures1. There are
different perpendicular cross sections of pipes and pressure vessels
from rectangular and other non-circular shape to cylindrical ones
which are the most commonly used because cylindrical shape
provides the maximum strength and can withstand the maximum
applied internal pressure for the structure. This is due to the absence
of bending stresses in the cylindrical shell wall2. Cylindrical crosssection pipes are commonly used in thermoenergetics,
hydroenergetics and process technics but due to various
thermotechological requirements it is necessary to disrupt the ideal
continuity of the cylindrical shape, which can cause an increase in
local stresses in that place. Such discontinuities in pipeline
geometry are branching of pipeline, connecting pipes of different
wall thicknesses, transition of cylindrical to conical shape, placing
the connectors on pressure vessels, connecting cylindrical shapes
with flat ends and in many other cases3.

EN 12952-3 standard defines when numerical calculations can be
used. Numerical calculations apply to components where there were
no rules in their construction or where we cannot accurately
determine the strength of components according to the equations
prescribed by European standards. The methods used for the
calculations are: the method of free bodies, the finite difference
method and finite element method.
The assessment of the stresses of each component must be
carried out in accordance with EN 13445-3. The stresses in this case
are checked using strains occurring in the material. For each case of
load or combination of loads, the verification must be carried out
under the assumptions of linear elastic-ideally plastic material
behavior and Tresca’s flow condition. The maximum permissible
strain value is 5% under normal operating conditions and 7% in test
conditions5.
Three main parameters are selected on multiple levels. The
selected parameters are the outer diameter of the pressure vessel
connection, the thickness of the pipe wall and the thickness of the
flat wall end (cap).
Parameters are selected on multiple levels in order to obtain the
wider range of allowable pressure for as many different cases in
production. It was chosen that the outer diameter of the connection
of the pressure vessel and the thickness of flat end the wall are
analyzed on three different levels, and the thickness of the pipe wall
on four levels. The selected parameter levels are shown in Tab. 1.
According to EN 100296 the upper and lower tolerances on the end
thickness for thicknesses ≥ 25 and <40, as all selected parameters
are within this range, are -0.7 and +1.3. Considering the nominal
thickness of the pipe wall in the calculation, tolerances with a
negative sign are used in order to obtain less wall thickness and
more secure calculations.

Nowadays, almost all parts of the metal structure are mainly
produced partly or completely using welding process. Since pipes or
pipe fittings are integral parts of most pressure boilers or boilers,
their installation, shape and geometry are prescribed by standards.
This paper investigates stress and strain state in connection of pipes
with flat ends used in pressurized pipelines and steam boiler
connections.
Flat end connection to pipes are commonly used in pressure test
of pressure vessels where pressure connections are needed to be
closed in order to apply internal pressure inside pressure vessel.
Investigated flat ends are designed according standard EN 1295234.

Tab1e 1: Parameter level and design thickness (with lower tolerance values
in parenthesis)

The calculation according to this standard can be divided into
two parts: DBF (design by formula) – doing calculation using the
formulas that are prescribed in the standard and DBA (design by
analysis) – calculations based on analysis, experimental
deformation methods or numerical calculation using finite element
methods. After designing, flat ends are later numerically checked
using linear elastic material model. These analyses showed areas
with increased stress. Therefore, additional analyses were
performed using linear elastic-ideally plastic material. The maximal
pressure loads are obtained for series of connections of pipes with
flat ends and compared to calculated results according EN 12952-3
standard. Therefore it was necessary to carry out calculations
according to elastic-ideal plastic law referring to EN 13445-3 which
describes that at maximum test conditions maximal principal
deformation should not exceed 7%5.

Level

Outside
diameter of
connection, mm

Wall
thickness, mm

Flat end
thickness, mm

1

219.1

20 (17.50)

30 (29.30)

2

168.3

22.2 (19.42)

28 (27.30)

3

139.7

25 (21.87)

25 (24.30)

4

28 (24.50)

The materials used in the manufacturing of connections of pipes
with the flat ends are construction steel for pressure equipment. The
pipe material is 16Mo3 and the flat end material is P235GH (Tab.
2). For weld material, due to conservativism, a P235GH material
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In finite element analysis the quickest and simplest way to
perform analysis is to use linear elastic material behavior. It was the
first step in this investigation too, but most of models showed
significant stress concentrations i.e. areas where local stress values
exceed allowable stress for materials P235GH and 16Mo3. Fig. 2
shows one finite element model where can be seen significant
exceeding of allowable stress in the place of welded connection of
the flat end with the pipe.

with lower mechanical properties is chosen. Weld is predicted as
homogeneous throughout the entire cross section. The following
table (Tab. 2) show the main mechanical properties of the materials
used at a test temperature of 20 °C.
Table 2: Mechanical properties of materials P235GH and 16Mo3

Rp0.2, MPa

A,

16 < T ≤ 40 mm

Rm,
MPa

P235GH

225

360-500

25

0,285

210

16Mo3

270

440-590

24

0,285

210

Material

ν

%

E,
GPa

Numerical analyses are performed using the finite element
method in ANSYS 14.5 software7. In this investigation, 108
different calculations were performed using three-dimensional
models created in SolidWorks 20138 and only a quarter of the entire
model is modeled in order to reduce the time of the analyses due to
the symmetry of the problem. Maximum design pressure and weld
dimensions are determined and calculated from EN 12952-3 for
each geometry.
Fig. 2 Equivalent von Mises stress distribution in finite element model with
linear elastic material model, MPa

In order to determine can this local increases in equivalent von
Mises stress value be accepted and considered safe, an additional
analyses had to be performed. That was done using different
material models. Standard EN 13445-3 suggests using linear elasticideally plastic material models and checking principal strain limit.
All models are analyzed with this material model and it is shown
that models loaded with calculated design pressure give lower
values of strain than the 7% permissible by EN 13445-3 standard.
Part of these results are shown in Tab. 3 where table contains
dimensions of pipe and flat end connection, design pressures
according to EN 12952-3 and strains caused by design pressure.
Since all investigated models give lower values compared to
allowable strain, another set of analyses are performed to obtain
maximal pressure that produce maximal allowed values of principal
stress of 7%. Every model had to gradually loaded with small
pressure load step in order to precisely determine maximal pressure.
Part of results of maximal pressure which gave maximal principal
deformation of 7% with pipe diameter of 219.1 mm are also
presented in the same Tab. 3.
Table 3: Design pressure and principal strain for pipe to flat end
connection with constant pipe diameter of 219.1 mm

Fig. 1 Meshed model with second order tetrahedral elements along with
detail of finite element mesh refinement in one quarter of pipe with flat end
connection

The numerical analysis are done with second order tetrahedral
elements. Because of the geometrical discontinuities around the
connection of the pipe with flat end, where the stress concentration
is expected, it was necessary to refine the finite element mesh to
obtain more accurate stress and strain distribution.

Connection of
pipe with flat end
dimensions, mm

Design
pressure,
MPa

Maximal
principal
strain for
design
pressure, %

Maximal
pressure with
maximal
principal strain
of 7%, MPa

219.117.529.3

32.29

1.60

53.42

219.117.527.3

28.03

0.89

42.42

219.117.524.3

22.21
33.68

0.87
1.35

41.59

29.24

0.75

51.21
47.67

219.119.4224.3

23.17

0.75

42.83

219.121.8729.3
219.121.8727.3

35.59
30.89

1.20
0.98

59.43
55.09

219.121.8724.3

24.48

0.53

48.79

219.124.529.3

37.82
32.83

0.70
0.47

65.28

26,02

0,5

219.119.4229.3
219.119.4227.3

The rest of the model is without discontinuity, so good results
can be obtained with meshing with larger elements to reduce the
time needed for analysis. The size of a single element in the part
where meshing was coarse was 4 mm, while the size of the element
on the finer part of the finite element mesh was 1.5 mm. Such level
of mesh refinement was obtained using convergence of equivalent
stress and strain solutions.
Because of the different dimensions of individual models, the
number of elements and nodes varied from model to model. For
largest model used in this investigation, the number of elements
were 418195 and the number of nodes were 605250.

219.124.527.3
219,124,524,3
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64.13
36,98

Since presenting of all results of this investigation in form of
tables or in form of diagrams would be impractical, only part of
these results, where one geometric parameter (pipe outside
diameter) is constant, showing dependence of design pressure and
maximal pressure regarding wall and flat end thickness are
presented in the following figures. Fig. 3, 4 and 5 show dependence
of design pressure regarding end and wall thickness with constant
pipe diameters of 219.1, 168.3 and 139.7 mm. It can be noted that
thicker wall and thicker flat ends give higher values of design
pressure. When comparing all three diagrams it is obvious that
situation with same wall thickness but smaller pipe diameter also
gives higher values of design pressure.

Fig. 5 Dependence of design pressure on flat end and wall thickness with
constant pipe diameter of 139.7 mm

Fig. 6, 7 and 8 show dependence of maximal pressure causing
strain of 7% on flat end and wall thickness with constant pipe
diameter of 219.1, 168.3 and 139.7 mm from which it can be
concluded that generally and similarly to design pressure, a
maximal pressure which gives maximal principal strain of 7% is
also increased regarding higher values of wall thickness and thicker
flat ends.
When wall thickness and flat ends are kept constant, higher
values of pipe diameter give higher values of maximal allowed
pressure. All values of maximal pressure causing maximal strain are
higher than calculated design pressure. From that it can be
concluded that analytical calculation give more conservative values
of design pressure compared to maximal allowable pressure
obtained considering maximal strains.

Fig. 3 Dependence of design pressure on flat end and wall thickness with
constant pipe diameter of 219.1 mm

Fig. 4 Dependence of design pressure on flat end and wall thickness with
constant pipe diameter of 168.3 mm

Fig. 6 Dependence of pressure causing strain of 7% on flat end and wall
thickness with constant pipe diameter of 219.1 mm
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These analyses with linear elastic-ideally plastic material
behavior gave lower values of principal strain compared to
allowable strain. That can lead to conclusion that analytical
calculation gives more conservative values of design pressure
compared to maximal allowable pressure obtained considering
maximal strains.
Another set of analyses are performed to obtain maximal
pressure that produce maximal allowed values of principal stress of
7%, there results also showed conservatism in calculation of design
pressure. The results obtained through the numerical calculations
should not be taken as final but certainly confirm that the results
obtained by the analytical calculations using standard are
conservative and what is certainly appropriate because it strives for
a more conservative but safer solution.
To estimate how conservative calculations using standard can
be, these numerically obtained results, as a further investigation, are
also planned to be checked and verified by experiment.

4. References

Fig. 7 Dependence of pressure causing strain of 7% on flat end and wall
thickness with constant pipe diameter of 168.3 mm

Fig. 8 Dependence of pressure causing strain of 7% on flat end and wall
thickness with constant pipe diameter of 139.7 mm

3. Conclusion
Flat end connection to pipes are commonly used in pressure test
of pressure vessels where pressure connections are needed to be
closed in order to apply internal pressure inside pressure vessel. In
this investigation flat ends are designed according standard EN
12952-3, and 36 different geometries are modelled regarding
different pipe diameter, wall thickness and flat end thickness.
According to the linear-elastic material behavior, a total of 36
analysis were made, while with elastic-ideally plastic material
model 72 analyses were performed, giving total of 108 numerical
analyses. Linear elastic behavior of materials yielded to occurrence
of very large local stresses. The main problem with these
calculations was that it was not easy to determine limit of
acceptable local stress. Therefore it was necessary to carry out
analyses according to elastic-ideally plastic law referring to EN
13445-3 which describes that at the test maximum pressure cannot
lead to exceeding maximal principal stress of 7%.
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Abstract: The results of experimental studies of the thermophysical properties of high-heat-conducting polymer micro- and nanocomposite
materials based on various polymer matrices (polyethylene, polypropylene, polycarbonate and polymethylmethacrylate) and fillers (carbon
nanotubes, aluminum and copper microparticles) are presented. The data on study of the heat conductivity coefficient, specific heat, and heat
of crystallization of the composites in question are analyzed in a wide range of changes in the mass fraction of fillers from 0.2 to 10%.
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1.

were prepared by the method of hot pressing of the composition
obtained by mixing its components in the powder state in a
magnetic stirrer. The of heat conductivity coefficient of polymer
composites was determined using a modified IT-λ-400 device [9].
To find the specific mass heat capacity of the composites, a
differential scanning calorimetry method at the Perkin-Elmer
DSC-2 installation with the modified IFA Gmb Ulm software was
used.
Determination of the specific heat of crystallization qcr of the
investigated composites was based on the use of experimentally
obtained exotherms of crystallization during cooling of
composites from a melt with a given constant velocity Vt

Introduction

The prospects of using polymer micro- and nanocomposite
materials are associated with a complex of their unique physical
and technological characteristics [1-5]. One of the important
directions of application of these materials is the use of their highheat-conducting modifications. This circumstance makes it
necessary to study the various thermophysical properties of highheat-conducting polymer micro- and nanocomposites, such as the
heat conductivity coefficient, the specific heat, the heat of
crystallization, etc. It is necessary to obtain detailed information
on these properties, which includes their concentration,
temperature and other dependencies.
The creation of high-heat-conducting polymeric micro- and
nanocomposite materials is based, as is well known, on the use of
fillers with high values of the heat conductivity coefficients [6-7].
In this connection, it is of interest to consider the efficiency of
using these fillers from various materials to produce the required
high-heat-conducting modifications of polymer composites.
According to the available research data, the thermophysical
properties of polymer micro- and nanocomposite materials
substantially depend also on the type of polymer matrix [8]. This
one determines the importance of using these properties for
composites based on different polymer matrices.
The present article is devoted to experimental studies of the
thermophysical properties of high-heat-conductivity polymer
micro- and nanocomposite materials using various fillers and
polymer matrices (partially crystalline and amorphous) under
conditions of their different combinations.

TК

 (Q

П

 QПmax )dT

qcr  Т N

,
Vt
where T - is the absolute temperature; ТN, ТК - temperature of the
max
beginning and the end of crystallization; QП , QП
- the current
and maximum values of the heat flux per unit mass.

3. Results and discussion
The characteristic results of experimental studies of the
dependence of the heat conductivity λ of polymer composites on
the mass fraction ω of the filler are shown in Fig. 1 and 2. Here
Fig. 1 corresponds linear, and Fig. 2 - the logarithmic scale along
the ordinate axis. As follows from the data presented in Fig. 2, for
12 composite materials in question, there is a tendency to increase
the values of λ with increasing content of fillers ω. The obtained
dependences λ = f (ω) are characterized by the presence of the
effects of a sharp change in the value of λ for certain values of the
mass fraction ω of the filler. The two discontinuities in the heat
conductivity coefficient on the curve λ = f (ω), which were
discovered in the experiment, are explained within the percolation
theory by the formation of continuous percolation structures of
filler particles, which play the role of unique heat-conducting
channels. And the first critical concentration of the filler, called
the first percolation threshold, corresponds to the formation of
percolation clusters, while the second critical concentration (the
second percolation threshold) corresponds the formation of a
percolation grid. The Table 1 shows the values of the percolation
thresholds for the polymeric composites studied, determined from
the experiments. As can be seen, when using all considered
polymer matrices for CNT-based composites, both percolation
thresholds are lower than those based on copper or aluminum
microparticles. In this case, the differences in the values of the
first percolation threshold for polymers filled with CNT and
microparticles of aluminum or copper are relatively small. The
only exception is the situation corresponding to the polymer
matrix of polycarbonate filled with CNT and aluminum
microparticles.
The differences in the values of second percolation threshold
when using CNT, aluminum or copper microparticles as a whole
are noticeably higher in comparison with the first percolation
threshold.

2. Prerequisites and means for solving the problem
In the scope of this paper, the task is to create polymer microand nanocomposites with relatively high values of their heat
conductivity coefficients λ exceeding 20 W/(m·K). The possibility
of developing such composites based on partially crystalline polyethylene (PE), polypropylene (PP) and polycarbonate (PC),
and amorphous - polymethylmethacrylate (PMMA), polymeric
matrices using as filler carbon nanotubes (CNTs) and
microparticles of aluminum or copper is considered. The carbon
nanotubes used in the studies were fabricated using the CVD
method (chemical vapor deposition). The content of mineral
impurities in these CNTs was ~ 0.1%. The specific surface area of
the CNT, determined by the adsorption of N2, was 190 m2/g. The
outer diameter of the CNT, found using the method of small-angle
X-ray scattering, was 20 nm, the length was (1 ... 5) μm, the wall
thickness was ~ 5 nm [9]. The manufacturer of carbon tubes is
OOO “Spetsmash”.
Aluminum and copper microparticles used as fillers were
obtained from aluminum or copper sawdust by grinding them in a
ball mill to form particles (0.5 ... 1) μm in size.
In order to develop high-heat-conducting polymer composites,
a complex of experimental studies of their thermophysical
properties was performed with a variation of the mass fraction of
the filler from 0.2 to 10%. Samples of composites for the study
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Table 1. The values of percolation thresholds (%) for polymer microand nanocomposites studied
Filler

CNT

Matrices

1
0.55
0.40
0.30
0.55

PE
PP
PC
PMMA

Attention is also drawn to the lower values of the second
percolation threshold when using fillers of aluminum
microparticles, in comparison with microparticles of copper.
From the data shown in Fig. 1, it follows that in the range of
variation of the mass fraction of the filler ω, the use of CNTs
makes it possible to obtain composite materials with heat
conductivity coefficient values λ ≥ 20 W/(m·K) for all polymer
matrices in question except for PE. When using microparticles of
aluminum as the filler, these values of λ are achieved only for
composites based on PP and PC. As for the filler from copper
microparticles, then, as the results of the performed studies show,
in this case, composites with λ ≥ 20 W/(m·K) cannot be obtained
for the polymer matrices in question.
According to the data obtained under these conditions, the
maximum values of the heat conductivity coefficients of the
composites λmax are different from each other when different
fillers are used. Thus, the value of λmax is 48.7 W/(m·K) when
using CNTs and is only 29.4 and 11.7 W/(m·K) when the
polymers are filled with aluminum and copper microparticles,
respectively. The indicated maximum values of λ for these fillers
are achieved using different matrices, namely PC for CNT, PP for
aluminum microparticles and PMMA for copper microparticles
(Fig. 1).
It can be seen from Fig. 1 that when studying the heat
conductivity coefficient of composites using different fillers for a
particular polymer matrix, the value of λ for all polymers filled
with CNTs significantly exceeds these values when they are filled
with aluminum or copper microparticles in a range of ω values
corresponding to λ ≥ 1 W/(m·K). Regarding the ratio of the values
of the heat conductivity coefficients of composites when using
fillers of aluminum or copper microparticles, then in the indicated
region for matrices from PP and PC, the values of λ are
appreciably higher when filling polymers with aluminum
microparticles.

Fig. 1. Dependence of the heat conductivity coefficient λ of polymer
composite materials on the mass fraction of the filler when using
polyethylene (1), polypropylene (2), polycarbonate (3) and
polymethylmethacrylate (4) as polymer matrices and for different types of
filler: a) CNT; b) copper microparticles; c) aluminum microparticles
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Fig. 2. Dependence of the heat conductivity coefficient λ of polymer composite materials on the mass fraction of the filler when polyethylene (a),
polypropylene (b), polycarbonate (c) and polymethylmethacrylate (d) are used as polymer matrices and for different types of filler: 1 - CNT; 2 - aluminum
microparticles; 3 - copper microparticles
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observed in comparison with the unfilled matrix. And this
manifests itself, first of all, in the zone of the maximum of the
curve cp = f (ω), which corresponds to the melting temperature of
the composites. As shown by the analysis of research results, this
decrease in the heat capacity values is greatest when polymers
filled by CNT. The level of this decrease with respect to the
maximum value of cp for the corresponding unfilled polymer is the
largest for PP-based composites and is approximately 20%,
significantly lower when using a PC matrix (14%) and the lowest
for the PE matrix (7%).
The decrease in the values of cp for polymers filled with
aluminum or copper microparticles, compared with the situation
of an unfilled matrix, is significantly lower than when used as a
filler CNT. In the case of fillers made of aluminum or copper
microparticles, the decrease data are close in magnitude.
It is also noteworthy that for polymer PC and PE matrices the
deviations of values cp for composites based on aluminum or
copper microparticles is very small in relation to the maximum
values cp, and for a matrix of PP these deviations are quite
noticeable .
The obtained experimental results of the dependences
cp = f (T) also showed that the melting temperatures for all the
considered polymer composites practically do not differ from
these temperatures for the corresponding unfilled matrices.
The study of the heat of crystallization qcr for the polymer
composites under consideration and the corresponding unfilled
matrices in a wide range of variation of their cooling velocity Vt
from the melt (1 ... 20 K/min) and the mass fraction of the filler ω
(0.2 ... 10%) are performed. The results of the conducted studies
showed that the values of the heat of crystallization of composites
decrease with increasing Vt and ω. In this case, the differences in
the values of qcr for the composite and the corresponding unfilled
matrix are greatest for composite materials based on polyethylene
and substantially lower for composites based on polypropylene
and polycarbonate. It is also established that for all polymer
matrices, these differences depend on the filler used. They are
maximum for CNTs, noticeably smaller for aluminum
microparticles, and the smallest for copper microparticles
(Table 2).
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Fig. 3. Temperature dependence of the specific heat for polymer composite
materials based on polypropylene filled with aluminum (1), copper (2) and
CNT (3) microparticles with filler content ω = 10%, and for an unfilled
polymer matrix (4).

For matrices from PE, the above picture as a whole is
preserved with very small differences in the values of λ for the
two fillers under consideration. In the case of PMMA matrices, on
the contrary, the values of λ of composites filled with copper
microparticles are large.
Knowledge of the temperature dependences of the specific
heat of polymer composites is great interest for the practice of use
of these composites. These dependencies contain information on
the melting (softening) temperatures of composites, which
determines the temperature intervals for possible operation of
composites. In addition, they are necessary for solving nonlinear
non-stationary problems of heat conductivity for equipment
elements or instruments made of polymer micro- and
nanocomposites.
A complex of experimental studies of the temperature
dependence of the specific heat for the above-mentioned polymer
composites based on PE, PP, PC and PMMA filled with CNT and
aluminum or copper microparticles has been performed. Here
appropriate comparisons with unfilled polymers are made.
According to the obtained data, for composites based on partially
crystalline polymers, a certain decrease in the heat capacity is

Table 2. The values of the heat of crystallization, q cr (J/kg), for polymer micro- and nanocomposite materials based on polyethylene, polypropylene,
polycarbonate filled with CNT, aluminum or copper microparticles with an filler content of ω = 4% for different cooling velocity Vt of composites
Filler
Vt ,
К/min.
1
2
5
10
20

Unfilled matrix
PE
1624
782
306
146
73

PP
1073
528
209
103
51

CNTs
PC
529
262
104
52
24

PE
972
444
160
77
37

PP
1009
468
177
83
40

PC
448
217
84
41
10

PE
1430
684
265
131
63

Copper
Matrices
PP
1055
513
202
99
51

Aluminum
PC
508
247
96
48
23

PE
1286
625
237
119
56

PP
1048
507
197
96
47

PC
501
242
95
47
20

possibility of obtaining polymer composites with relatively high
heat-conducting properties up to λ = 48.7 W/(m·K) is shown at a
relatively low filler content (up to 10%).
2. Experimental dependences of the specific heat of
composites cp on temperature are constructed. It is shown, in
particular, that for composites based on partially crystalline
polymers, there is a some decrease in cp in comparison with an
unfilled matrix, this decrease apparent mainly in the region of the
maximum of the curve cp = f (T).
3. The values of the specific heat of crystallization of qcr of
polymer composite materials in a wide range of the change of
their cooling velocity Vt (from 1.0 to 20 K/min) have been
determined experimentally. It is shown that the heat of
crystallization of composites decreases substantially with
increasing velocity Vt and mass fraction of fillers ω.

4. Conclusions
A complex of experimental studies of the thermophysical
properties of polymer micro- and nanocomposite materials
obtained by hot pressing of the composition, which is formed as a
result of mixing its components in the powder state in a magnetic
stirrer are performed. The experiments were carried out for a wide
class of composites based on various polymer matrices
(polyethylene,
polypropylene,
polycarbonate
and
polymethylmethacrylate) when they were filled with CNTs or
copper or aluminum microparticles in the range of 0.2-0.10% of
the filler mass fraction. Wherein:
1. Experimental concentration dependences of the heat
conductivity coefficients of materials are obtained and their
interpretation is given on the basis of percolation theory. The
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Abstract: To improve the operational and environmental performance of steam and water-heating gas-fired boilers, is proposed the
efficient technology based on an complex heat-recovery system with heating and humidifying the blown air and heating the cold water of the
chemical water-purification system. The results of studies on the reduction of harmful emissions into the environment by gas-fired boilers
equipped by deep recovery systems of heat of the exhaust-gases are presented. The efficiency of use for reducing the fuel consumption and
the level of formation of nitrogen oxides in the boiler furnace of such complex heat-recovery systems is considered. It is shown that the use of
these systems secures reducing nitrogen oxide emissions by up to 60% by suppressing their formation in the boiler furnace at the
introduction of moisture with blown air and decrease by 8-12% other harmful emissions from fuel combustion due to a reduction in its
consumption.
Keywords: EXHAUST-GASES; BLOWN AIR; NITROGEN OXIDES; CHEMICAL WATER-PURIFICATION SYSTEM
system is served to increase the efficiency of fuel use in the boiler,
and its humidification - to reduce the level of formation of nitrogen
oxides due to a decrease in the combustion temperature in its boiler
furnace.

1. Introduction
Problems of environmental protection and energy-saving
became priority in world practice. The main directions of deciding
these pressing problems in municipal heat-power engineering is to
improve the environmental indicators of heating boiler plants and
increase the efficiency of using fuel in them through the use of
technologies for deep recovery of the exhaust-gases heat [1-6]. The
relevance of scientific problems in these directions is increasing due
to the steady increase in the fuel-energy costs and the amplification
of requirements to reducing environmental pollution.

The aim of the investigation is to estimate the levels of
reduction of harmful emissions into the environment by hot-water
and steam boilers in different modes of their operation when using
heat-recovery technologies with humidification of the blown air
entering the combustion zone.
The schematic circuit of a complex heat-recovery system with
heating and humidifying the blown air and heating the cold water of
the chemical water-purification system is shown in Fig. 1.

2. Prerequisites and means for solving the problem
To improve the environmental indicators of boilers, the efficient
method is to reduce emissions of nitrogen oxides into the
environment due to the suppression of their formation in the boiler
furnace by the decrease in the combustion temperature. Reduction
of this temperature can be achieved, in particular, by injection
moisture into the combustion zone [5, 6]. Increase of thermal
efficiency of boiler plants is realized at application of modern heat
recovery technologies with deep cooling of exhaust-gases [4, 7-9].
In these technologies, the condensation mode of the heatrecovery equipment is realized, when, in addition to the so-called
apparent heat of these gases, the latent heat of condensation of the
water vapor contained therein. The implementation of the
condensation mode also improves the environmental performance
of the boiler by reducing fuel consumption and dissolving in the
resulting condensate a part of the harmful emissions generated by
its combustion.
In traditional heat-recovery systems, which are used primarily
for heating boilers and intended only for heating the return heatnetwork water entering the boiler, this condensation regime is
usually realized only in the autumn-spring time of the heating
season under relatively low boiler load. In order to ensure this
regime throughout the entire heating period, it is necessary to use
the recovered heat also for heating the heat-transfer agents more
coldest than the return heat-network water. Such heat-transfer
agents can be blown air, cold water of the chemical waterpurification system of the boiler plant, water for technological needs
and other heat-transfer agents [1-3].

Fig. 1 Schematic circuit of a complex heat-recovery system with
heating and humidifying the blown air and heating the cold water of
the chemical water-purification system: AP1 – first air preheater;
CAH – contact air heater; AP2 – second air preheater; WO –
water-overheater; SWH – surface water heater; WH CWPS – water
heater of chemical water-purification system; EGH – exhaust-gas
heater; WC – water collector; CP – the centrifugal pump.
In this system, by using the heat of the exhaust-gases in the
surface water heater SWH, the water of the circulation circuit is
heated, part of which is directed to the contact air heater CAH. In
the heater CAH through the contact of blown air with heated water
in a layer of a filling of a certain type, occur heating and
humidifying the air entering to the combustion in the boiler furnace.
After the heat-exchanger SWH, the exhaust-gases are aftercooled in

3. Solution of the examined problem
This work is devoted to research on the efficiency of using
complex heat-recovery systems for gas-fired boilers intended for
heating and humidifying blown air and heating cold water for
chemical water-purification system. In these systems, the heating
the blown air and the water of the chemical water-purification
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the water heater WH CWPS of this complex system. When the
gases are cooled in the heat-exchangers SWH and WH CWPS, a
part of the moisture content of exhaust-gases condenses. The water
collector WC is used to collected condensed formed in the SWH
and WH CWPS and chilled water from the contact heater CAH.
Before entering the chimney pipe, the cooled gases are dried in the
exhaust-gas heater EGH to a level that prevents the condensate
formation in this pipe. Water-overheater WO is designed to increase
the thermal potential of water, the use of which is realized in the
exhaust-gas heater EGH. Heat-exchangersAP1 and AP2 serve to
preheat the blown air before it enters the contact air heater CAH and
to heat the humidified air to prevent condensation in the chimney
ducts. Heated and humidified air is direct to the boiler furnace. An
increase in air temperature ensures a corresponding reduction in
fuel consumption, and humidification of this air helps to reduce the
formation of nitrogen oxides due to a decrease in the combustion
temperature by using a portion of the thermal potential of the flame
to heat the introduced moisture.

As can be seen from the presented results, the use of the
proposed complex heat-recovery system provides for the boilers in
question a significant increase in the coefficient the use heat of fuel,
and, consequently, a decrease consumption of natural gas.
Specifically: the value of the increase in the coefficient the use heat
of fuel of boiler, depending on the operating mode, is 10.8 ÷ 16.6 %
for the water-heating boiler, and for the steam boiler it is
11.1 ÷ 17.5 %. Reduction of fuel consumption ensures a
corresponding reduction in emissions of harmful substances into the
environment during the operation of these boilers.
The results of the investigation carried out to reduce the levels
of formation of nitrogen oxides are shown in Fig. 3.

When carrying out investigations of the thermal and
environmental indicators of this system, the load of the waterheating boiler was accepted in accordance with the temperature
chart of the boiler with the temperature difference of the heattransfer agent of 95-70° C, and the steam one - corresponded to two
modes of its operation according to the order, namely: 100% and
50%. The environment temperature tenv changed during the
operation of boilers during the heating season from minus 20 to plus
10°C.

Fig. 3 Dependence on the environment temperature the relative
decrease of nitrogen oxides in the boiler furnace of the water and
steam boilers in different modes of their operation with the use of a
complex heat-recovery system under consideration: 1 – water
boiler; 2, 3 – steam boiler with a capacity of 100 and 50%,
respectively.

Determination of the thermal characteristics of the complex
heat-recovery system under investigation was carried out according
to known methods [10] using the calculated experimental
dependences for the operation of equipment in the condensation
modes obtained at the Institute of Engineering Thermophysics of
National Academy of Sciences of Ukraine [11].

The obtained data show that for the water-heating boiler, when
using the proposed heat-recovery system, there is a relative decrease
in NOxout /NOxin volumes of nitrogen oxides formation, from 22 %
to 63%, depending on the operating mode of the boiler in
accordance with the environment temperature tenv. The minimum
value area NOxout /NOxin corresponds to the warm period of the
heating season. This is due to the higher air temperature at the
entrance to the system, and therefore into the contact heat
exchanger CAH, and the decrease in its consumption in accordance
with the operating mode of the boiler. This makes it possible to
moisten the blown air to a higher level, and, accordingly, to increase
the water-fuel ratio. This circumstance ensures a reduction in the
volumes of nitrogen oxides formation in the boiler furnace.

The volumes of NOx reduction were dependent on the waterfuel ratio β in the boiler furnace according to the data of [12].
Namely, the relative decrease in nitrogen oxides in combustion
products due to the humidification of the blown air was calculated
by formulas:
(1)

in
0,995β
NOout
 0,066
x / NO x  0,947  е

(2)

β = Gw/Gng, кг/кг

where  is water-fuel ratio; Gng,Gw – mass flows of natural gas
and moisture introduced into the boiler furnace with blowing air.

4. Results and discussion

For a steam boiler, the obtained data show that the range of
variation of NOxout /NOxin also depends on the its operating mode
and the inlet temperature of the heated air. The more significant
reduction in the NOxout /NOxin ratio corresponds to 50 % of the
boiler power. This is explained by a decrease in the consumption of
blown air. So at the given load, the relative levels of reduction in
the formation of nitrogen oxides vary from 27 % to 63 %, and at a
load of 100 % – only from 21 % to 54 %. In this case, the larger
values of this decrease correspond to elevated temperatures tenv,
which is caused, as noted, to higher levels of air humidification, and
hence also to the water-fuel ratio.

Calculated data on the thermal efficiency of the use of the
complex heat-recovery system under consideration for the two types
of boilers are shown in Fig. 2.

The work also assesses the reliability of the results obtained
when estimating the level of nitrogen oxides emission reduction due
to the introduction of moisture with blowing air into the boiler
furnace by comparing the calculation data and experiments. The
corresponding results are shown in Fig. 4.
The calculated values of the relative decrease in NO x (curve 5)
were determined from formula (1). The experimental points
corresponded to the results of other investigators [6] and personal
measurements of NOx at the outlet from the complex heat-recovery
system for heating and humidifying the blown air that is installed in
the boiler-house of PSC “KYIVENERGO” (Kyiv, Ukraine).

Fig. 2 Dependence on the environment temperature the increase of
the coefficient the use heat of fuel of boiler  of complex heatrecovery system with heating and humidifying the blown air and
heating the cold water of the chemical water-purification system for
hot-water and steam boilers:1 – water boiler; 2 – steam boiler with
a power of 100%; 3 – steam boiler of 50% capacity.
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Comparison of these results shows a satisfactory coincidence
between the calculated and experimental data.

12. Dashevskii Yu. Some environmental aspects of the
implementation of environmental and energy-saving technologies at
TPPs - Thermal Power Engineering, 1991, № 4, P. 61–63.
(Dashevskii, Yu., B. Novikov, L. Hasanov-Agaev).

Fig. 4 Comparative of calculated and experimental data of the
relative NOx concentration in the exhaust-gases from the boiler
with air humidification in the contact air heater of the complex
heat-recovery system, depending on the water-fuel ratio β: 1, 2, 3 –
experimental data of other researchers [12]; 4 – experimental data
of personal tests; 5 – theoretical curve.

5. Conclusion
Application for gas-fired boilers modern technology with
complex using recovery heat to heat the boiler water, water of
chemical water-purification system and combustion air reduces the
nitrogen oxide emissions to 60% by suppress their formation in the
combustion chamber of the boiler. The use of this technology also
ensures the reduction in fuel consumption in boilers by
10.8% ÷ 17.5 % and the corresponding reduction in other harmful
emissions from combustion of fuel.
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Abstract: The paper presents results of research of the essential characteristics of two kinds of advanced coatings applied by HVOF
technology. One studied coating: WB-WC-Co (60-30-10%) contains two types of hard particles (WC and WB), the second coating is ecofriendly alternative to the previously used WC-based coatings, called "green carbides" with the composition WC-FeCrAl (85-15%). In green
carbides coating the heavy metals (Co, Ni, NiCr) forming the binding matrix in conventional wear-resistant coatings are replaced by more
environmentally friendly matrix based on FeCrAl alloy. On the coatings was carried out: metallographic analysis, measurement of thickness,
micro-hardness, adhesion, resistance to thermal cyclic loading and adhesive, abrasive and erosive wear resistance. There were also
determined corrosion characteristics of the coatings in NaCl and SAR solutions.
Keywords: HVOF TECHNOLOGY, ADHESION, WEAR, FRICTION COEFFICIENT, THERMAL LOADING, CORROSION RATE

WC-FeCrAl (85/15), agglomerated and sintered, grain size
+15/-45 µm, wear resistant coating with Ni- and Co-free metallic
binder, replacement for WC-Co or WC-Ni

1. Introduction
The components of production machines in technical practice
are stressed by various operating conditions (transmitted forces,
pressures, temperature, environment, etc.). By the influence of
these diverse effects, in the majority of machines and their
components stresses occurs, which causes unwanted damage of
the surface (wear, deformation, corrosion, cracks, fractures etc.).
To avoid substantial damage of surfaces of machinery
components, there have been developed various methods of
forming protective layers, resistant to operating conditions.
Thermal spraying technology also belongs to such methods.
Coatings formed using thermal spraying technology for its high
hardness and wear resistance even at higher operating
temperatures are often applied in many fields of industry,
especially in automotive, aerospace, energy, engineering,
manufacturing and mining industry.

The structure and thickness of coatings were assessed on
metallographic sections using light and electron microscopy. The
microhardness was evaluated using test load 980,7 mN and dwell
15 s.
The coatings were evaluated as-sprayed and after 5 and 10
thermal cycles. One thermal cycle consisted of heating to 600 °C,
dwell time of 20 min in furnace, followed by cooling to room
temperature using still air.
Adhesion of coatings was determined by pull-off test (using
2K adhesive Loctite 9497) and wear resistance of coatings by pinon-disc test (load 1.5 N, velocity 0.02 m.s-1, duration of test
60 min, environment: atmosphere and immersion in 1 M NaCl
solution, a static counterpart SiC ball, diameter 6 mm). Abrasive
resistance was determined using abrasive belt (mesh 80 and 120,
load 10 N, speed of abrasive 0.33 m.s-1, wear track: 40 m) and dry
erosion test in pin mill (abrasive: brown corundum, grain size: 1.2
mm, sample speed 1.74 mps, sample angle 45° and 90°, duration 8
hours).

Recently, just cermet coatings containing hard WC particles in
metallic matrix applied using HVOF (High Velocity Oxygen Fuel)
technology was seen as a less dangerous and more
environmentally friendly alternative to hard chrome plating [1].
Because the WC-based powders contain heavy metals such as Co
and Ni [2-15], there is very strict logistics of powders used for
coatings formation in the HVOF process. Currently, effort of
materials scientists is focused on developing new powders, in
which these elements in metallic matrix is eliminated and are
replaced by other alloys. One of them is the powder WC-FeCrAl,
called "green carbides".

Measurement of corrosion properties of coatings was realized
by potentiodynamic test. Samples were exposed to 3.5% NaCl
solution and SAR (simulated acid rain, pH=5) solution. Tests were
performed on device Potentiostat SP 150(Bio-LOgic Science
Instruments) and were processed using software EC-Lab V10. As
the reference electrode was used saturated calomel electrode
(SCE) and as an auxiliary electrode was used platinum electrode
(Pt). The start of the measurement consisted of stabilizing the
electrode potential Er [V] in time interval of 15 minutes. The
software recorded values every 5 seconds or 5 mV. The
polarization ranged from -0.30 V against the free potential, up to
1.00 V against the calomel electrode at polarization rate of 1
mV/s. After elapsing of the time sequence, the values most closely
related to observed potential values were recorded. The resulting
current densities depending on the inserted potential were plotted
in semilogarithmic coordinates and analyzed by Tafel analysis.

The aim of the experiment was to evaluate the characteristics
of the two types of coatings containing hard carbide particles in
Co and also in Co-free matrix with respect to their tribological
properties in atmosphere and in a corrosive environment [16-19].

2. Materials and Methods
The base material for production of test samples was stainless
steel AISI 316L. The test samples were of a cylindrical shape with
a diameter of 25 mm and a length of 70 mm. The coatings were
applied to the front area of the cylinder. Before powder spraying
the base material was cleaned by abrasive blasting using white
aluminum oxide with grain size of 0.56 mm, air pressure of 0.4
MPa, blasting angle of 90° and a blasting distance of 300 mm
[20,21]. The coating was applied by HVOF technology using
TAFA JP-5000 spraying system under spraying parameters
recommended by the powder manufacturer.

3. Results and Discussion
The thickness of the coatings was evaluated on several
metallographic cross-sections. The cross-section of the coatings is
shown in Fig. 1. There the thickness of the coatings can be seen.

Powders used:
WC-WB-Co (60/30/10), agglomerated and sintered, grain size
+15/-45 µm, used for wear and corrosion protection in molten
metal (for Zn bath rolls in Continuous Galvanizing Lines)
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a)

b)
Fig. 1 Metallography section of the coatings: a) WC-WB-Co, b) WCFeCrAl, LM

There is is a visible interface between the substrate and the
coating in Fig. 1. The interface is indented, corresponding to
profile of surface after grit blasting. The coating good fills all
valleys in the surface, in the interface are not present any defects.
The coatings are well anchored in surface irregularities. Average
coatings thickness varies from 145 to 174 µm.
More detailed analyses of the structure of coatings were
performed using SEM. The microstructure of the coating and EDX
analyses of hard particles and matrix are showed in Fig. 2.
b)
Fig. 2 SEM image of the coatings: a) WC-WB-Co, b) WC-FeCrA

The coating WB-WC-Co consists of two types of hard
particles (WC and WB) in soft binding Co matrix which ensures
the coherence of carbides. The coating WC-FeCrAl contains hard
particles of WC in a matrix based on FeCrAl alloy.
The hardness of the coating WC-WB-Co was found between
1200 and 1300 HV 0.1 and hardness of coating WC-FeCrAl
between 1000 and 1100 HV 0.1. Adhesion of both coatings as
sprayed, or after thermal cyclic loading exceeded the cohesive
strength of the adhesive used (>50 MPa). The results of
determination of thickness, hardness, and adhesion of coatings are
summarized in Tab. 1.
Table 1: Results of the tests

WC-WB-Co
Number of thermal cycles
0
Thickness / µm
145
Hardness HV0.1
1303
Adhesion / MPa
>56
WC-FeCrAl
Thickness / µm
165
Hardness HV0.1
1075
Adhesion / MPa
>50

5
151
1325
>51

10
160
1229
>50

157
1050
>56

174
1069
>54

Wear resistance of coatings as-sprayed and after the thermal
cycles was evaluated by pin-on-disc test under dry friction
conditions in the atmosphere and also immersed in the NaCl
solution. The course of the friction coefficient during pin-on-disc
test states Fig. 3.

a)
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grain is closer to the size of WC, WC and WB particles and more
intensively removes them compared to large abrasive grains.
Table 2: Wear of the balls in mm3

ATM

NaCl

Number
of thermal cycles

5

10

5

10

WC-WB-Co

0.03

0.04

0.04

0.06

WC-FeCrAl

0.05

0.04

0.02

0.05

Fig. 5 shows the weight loss of the coatings in abrasive wear test
using abrasive cloth.
a)

b)
Fig. 3 Friction coefficient of the coatings after 5 and 10 thermal cycles in
the atmosphere a) and in NaCl solution b)
Fig. 5 Weight loss of the coatings in dependence of abrasive cloth grain
size

Friction coefficient of the coatings in the atmosphere after the
initial start-up became stabilized slightly above a value of 0.1, and
immersed in NaCl solution was stabilized slightly below 0.1. The
appearance of the coatings surface in wear track and out of wear
track is shown in Fig. 4.

Fig. 6 shows the weight loss of the coatings in dry erosion test in
pin mill with sample angle of 45° and 90° depending on the
number of thermal cycles.

surface of coatings in wear track

Fig. 6 Weight loss of the coatings at particular sample angle

The results show that the coatings exhibit very good resistance
to erosive wear. Lower weight loss values were recorded for the
WC-FeCrAl coating. Due to the thermal cycles, the weight loss
decreased. The coatings exhibited higher wear at higher sample
angles. Despite of hard erosive conditions, the weight loss of
coatings was minimal. This is the manifestation of good adhesion
of the coatings to the substrate, but especially between the
particles and the matrix.

surface of coatings out of wear track
WC-WB-Co
WC-FeCrAl
Fig. 4 Surface of the coatings in wear track and out of wear track

Weight loss of coatings after pin-on-disk test was minimal so
could not be determined although the resolution of the balance
was 1×10-4 [g], as confirmed also appearance of wear track.
Surface of coatings in wear track and out of wear the track is
almost identical, they are visible no signs of particles removed
from coating material. Conversely, on the static counterpart was
found volume loss of material, Tab. 2.

Using Tafel analysis of potentiodynamic polarizing curves the
current densities of the measured samples and the calculated
corrosion rate of the evaluated coatings were determined. The
measured values of exposed samples in solution SAR and in
solution 3.5% NaCl are shown in Tab. 3.

From Fig. 5 can be stated that higher wear resistance showed
the WC-WB-Co coating. Differences in weight loss using smaller
abrasive grains (P120) were more pronounced. Smaller abrasive
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Table 3: Values of corrosion potential, current density, and slopes of
cathode and anode dependence
3.5 % NaCl
SAR
WCWC-WBWCWC-WBFeCrAl
Co
FeCrAl
Co
-432.876
-582.858
-276.291
-532.463
Ecorr [mV]
icorr [µA]

18.561

18.735

6.328

7. Wood R.J.K. (2010), Tribology of thermal sprayed WC–Co
coatings, International Journal of Refractory Metals and Hard
Materials, Vol. 28, No.1, 82–94.
8. Hulka I., Uţu D., Şerban V.A. (2011), Micro-scale sliding
wear behavior of HVOF sprayed WC-Co(Cr), Annals of
Faculty Engineering Hunedoara – International Journal of
Engineering, Vol. 9, No.2, 61-64.
9. Hong S., Wu Y., Zheng Y., Wang B., Gao W., Lin J. (2013),
Microstructure
and
electrochemical
properties
of
nanostructured WC–10Co–4Cr coating prepared by HVOF
spraying, Surface and Coatings Technology, Vol. 235, 582–
588.
10. Santana Y.Y., La Barbera-Sosa J.G., Caro J., Puchi-Cabrera
E.S., Staia M.H. (2008), Mechanical properties and
microstructure of WC–10Co–4Cr and WC–12Co thermal
spray coatings deposited by HVOF, Surface Engineering, Vol.
24, No.5, 374-382.
11. Berget J., Rogne T., Bardal E. (2007), Erosion–corrosion
properties of different WC–Co–Cr coatings deposited by the
HVOF process—influence of metallic matrix composition and
spray powder size distribution, Surface and Coatings
Technology, Vol. 201, No.18, 7619–7625.
12. Maiti A.K., Mukhopadhyay N., Raman R. (2007), Effect of
adding WC powder to the feedstock of WC–Co–Cr based
HVOF coating and its impact on erosion and abrasion
resistance, Surface and Coatings Technology, Vol. 201,
No.18, 7781–7788.
13. Zavareh M.A., Sarhan A.A.D.M., Razak B.B.A., Basirun W.J.
(2015), The tribological and electrochemical behavior of
HVOF-sprayed Cr3C2–NiCr ceramic coating on carbon steel,
Ceramics International, Vol. 41, No.4, 5387–5396.
14. Kaur M., Singh H., Prakash S. (2009), High-Temperature
Corrosion Studies of HVOF-Sprayed Cr3C2-NiCr Coating on
SAE-347H Boiler Steel, Journal of Thermal Spray
Technology, Vol. 18, No.4, 619-632.
15. Hong S., Wu Y., Wang Q., Ying G., Li G., Gao W., Wang B.,
Guo W. (2013), Microstructure and cavitation–silt erosion
behavior of high-velocity oxygen–fuel (HVOF) sprayed
Cr3C2–NiCr coating, Surface and Coatings Technology, Vol.
225, 85–91.
16. Brezinová J., Guzanová A., Egri M., Malejčík J. (2011),
Evaluation of thermal sprayed coatings properties in terms of
erosive wear, Chemické listy: special issue, Vol. 105, No. 17,
775-776.
17. Brezinová J., Guzanová A., Egri M. (2012), Change in
properties of HVOF coatings under conditions of thermal
cyclic loading, Chemické listy, Vol. 106, No. S3, 383-386.
18. Brezinová J., Guzanová A. (2012), Possibilities of utilization
high velocity oxygen fuel (HVOF) coatings in conditions of
thermal cyclic loading, Metalurgija, Vol. 51, No. 2, 211-215.
19. Brezinová J., Guzanová A., Draganovská D., Egri M. (2013),
Assessment tribological properties of coatings applied by
HVOF technology, Acta Mechanica et Automatica, Vol. 7,
No. 3, 135-139.
20. Brezinová J., Guzanová A., Draganovská D. (2015), Abrasive
Blast Cleaning and Its Application, 1st. Ed., Pfaffikon: Trans
Tech Publications, 107 p.
21. Staia M.H., Ramos E., Carrasquero A., Roman A., Lesage J.,
Chicot D., Mesmacque G. (2000), Effect of substrate
roughness induced by gritblasting upon adhesion of WC17%Co thermal sprayed coatings, Thin Solid Films, Vol. 377378, 657-664.

7.71

βc [mV]

121.9

310.8

277.8

309.9

βa [mV]

193.2

149.8

309.8

350.4

Based on experimentally obtained results, we can conclude
that the lowest current density was recorded on the WC-FeCrAl
coating exposed in SAR solution. The highest current density was
recorded on the WC-WB-Co coating exposed to 3.5% NaCl
solution. Regarding solution used, higher corrosion aggressivity
showed 3.5% NaCl solution compared to SAR. Higher corrosion
resistance in both testing solutions showed WC-FeCrAl coating.

4. Conclusion
Both coatings exhibited comparable properties as for thickness
(140-170 µm), hardness (1300 and 1050 HV0.1), adhesion (> 50
MPa), and also in terms of adhesive, abrasive and erosive wear
resistance (minimal weight loss, low friction coefficient: 0.1 in the
atmosphere and also in NaCl solution). It can be concluded that
“green carbides” coating is environmentally more friendly
replacement for coatings containing Co and Ni without reducing
the performance of the coating and with higher corrosion
resistance compared to WC-WB-Co coating.
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Abstract
The development of an innovative product that will be widely accepted on the market is not just a question of creating innovative
ideas and providing suitable functionality but also of good timing. In the last years we have seen a substantial increase in interest
into e-mobility and many producers have already recognized and ventured into this niche with high rewards. E-bikes are also an
emerging product in this field, which have gained a lot of interest in the last years, and are becoming widely demanded globally.
Being involved in the R&D process of a similar product, namely a central drive e-bike, in collaboration with several industrial
partners we have gained deep insight into the challenges of entering a by now fairly mature market with a new, high quality and
competitive product. The development methodology was first based on a thorough benchmarking process and the elaboration of a
functional structure that precisely describes the technical problem. This way we could identify the main functions that such a product
has to fulfil and pinpoint the areas and technologies that proved to be the most critical in achieving a robust and safe system.
Following the so called golden loop approach we could implement a systematical design process, where the key functional
requirements could be successfully fulfilled, enabling the formation of a fully operative technical system. We focus here especially
on the mechanical part of the product, i.e. the drive system and housing as this was also found to be the most challenging part of
the whole development process. Due to the very demanding requirements put forth by the customer many severe challenges emerged,
which could only be solved by a structured development methodology and very coordinate iterative process between all the partners.
Several cues can be outlined from the experience we gained, that can serve as a guideline for the development of competitive emobility products.
Keywords:
1.

E-MOBILITY, E-BIKE, DESIGN METHODOLOGY, GOLDEN LOOP, VDI 2221
We focus in this work specifically on a small segment
of the e-mobility market, namely pedelec (or pedal-assist) ebikes. E-bikes in general have gained a lot of traction in the
last years, with China constituting the large bulk of the
current e-bike market [5]. An annual growth rate of between
1 and all the way to 6% is estimated for this market between
today and 2025 with the largest part of this growth attributed
to Wester European countries. The current regulations in the
EU limit pedelec e-bikes to a power output of 250W and a
speed of 25km/h at which the assisting electric drive has to
shut down leaving the cyclist to provide the full pedalling
power [6]. In the work [7] the author uses a conceptual
model to analyse the data from national mobility surveys
conducted in the Netherlands between 2013 and 2015. It was
found that the implementation of e-bikes has a positive effect
on lower car usage and that car users are more willing to
switch to e-bikes as compared to regular bikes. Positive
findings are presented also in [8] where a trial done in the
UK showed that e-bike use reduced the user’s car mileage on
average by about 20%, and the users in generally shown great
interest to use this type of vehicle as means of transport in
the future. The data presented in [9] also present realistic
possibilities of the implementation of pedelecs and other ebikes in logistics for goods delivery in urban areas.
Our industrial partners recognized the potential of
pedelec e-bikes in the future of transport both as a means of
commute, as well as a product for recreational use (for

Introduction

The term electric mobility (or shorter e-mobility)
incorporates all products, technologies, infrastructures and
services that provide transportation based fully or partly on
electricity as power source. The main goal of e-mobility is to
provide efficient and environmentally sustainable vehicles
that also meet more and more stringent regulations set by
governments and lawmakers as a measure to curb climate
change effects and dangerous air pollution. In the last years
we have seen an exponential rise in electric vehicles present
on the roads globally. If we look specifically at electric cars
there were only about 700k such vehicle in use commercially
in 2014 [1]. By 2016 this number already rose to over 2M [2]
(these figures comprise fully electric and hybrid vehicles).
As noted in [3] the global e-mobility market is expected to
grow to $340 billion already by 2020, which will constitute
between 10 and 15% of the overall automotive market. In the
report [4] the authors present a thorough overview of the
electric vehicle (EV) market in Europe for 2014. Although
major challenges in a large scale adoption of EVs still persist,
i.e. due to the still relatively high TCO (total cost of
ownership) as compared to ICE (int. combustion engine) cars
and the necessity for huge investments into the EV
infrastructure, they see many opportunities for established
manufacturers as well as new entrants in this business.

73

example as electrically assisted mountain bikes). A growing
demand for these transport devices has given a good
incentive to invest substantial resources into the development
of a competitive pedelec product that would meet (end
possibly exceed) the demands of the present-day user. Given
that the market is by now already in a fairly developed stage
it turned out to be a great challenge to develop a solution that
would surpass existing competitors in terms of performance
and quality. A structured approach to the design of a new
product can be taken by following the VDI 2222 [10] and the
more updated VDI 2221 [11] guidelines which outline an
efficient product development procedure which is basically
divided into four main phases: Definition of the task, Finding
a rough concept, Designing of a basic (preliminary) solution
and Elaboration and detailing of the actual solution [12].
Following the principles outlined in [13] the so called
concurrent product development principle can be applied,
which enables further timewise optimization of the R&D
process.
2.

product development phase followed also the so called
golden loop approach presented in [14], [15] and [16].
Similarly to the VDI guideline the golden loop approach
dictates an iterative design method where the latter is carried
out as a sequence of loops. In the first loop a functional
structure is defined, that fulfils the demands posed by the
identified problem and the defined project specifications, the
technical principles for each function are chosen and a
preliminary model (typically using CAD software) is
formed. Consultation with experts and project managers
leads to identification of possible issues and necessary
upgrades which in terms leads to a new design iteration loop.
With each loop the specifications are rechecked, if necessary
the functional structure is updated in case any new subfunctions are identified and the design model is suitably
upgraded. In order to keep the development process in a
manageable time frame and the number of iterations as small
as possible we need to maintain effective communication
channels between all the partners involved in the project.
Efficient time and cost planning, involvement of industrial
designers, technologists and toolmakers during the R&D
process are also paramount for a successful and fast project
completion. An indispensable tool for a quick identification
of possible problems and failure modes has proven to be the
established and widely used FMEA method, which was
carried out several times during the process. With each
iteration a more and more detailed design model emerges,
until a solution ready for technical documentation and
prototype production is achieved.
Along with the use of a suitable CAD software that is
nowadays indispensable in any product design project our
experience showed that also high quality analysis software is
crucial. While standards and analytical tools enable a service
life estimation of machine elements like bearings, shafts and
gears, more custom load bearing components cannot be
suitably dimensioned and optimized without modern
numerical analysis tools like FEM or experimental testing.

Methodology

The industrial partners involved in the project identified the
e-mobility and specifically the pedelec market segment as
having big potential for growth in the future, especially in
western European as well as other industrialized countries.
A thorough examination of existing pedelec solutions on our
targeted market served as basis for the definition of initial
specifications, onto which the product development process
could start.
The main focus was in our case the development of the
product’s mechanical system, i.e. the drive train and its
housing. Further benchmarking was carried out by our R&D
team, with which the key functionalities of pedelec drives
were identified. The process was narrowed down to four
main competitors:





Bosch eBike systems (Performance Line®)
Brose e-bike System®
Shimano Steps E8000®
Yamaha PW® and PW-X® series

3.

Main challenges

The pedelec solution we aim at developing is primarily
intended for integration in mountain bikes and is targeting
especially Western European markets. As such it needs to
fulfil first the nominal power and speed requirements
dictated by the EU directives [6]. It is however also necessary
that the drive provides increased power output in cases of
steep climbs and off-road use for a sufficient amount of time.
Furthermore we needed to provide adequate robustness of
the whole system to withstand all the overloads that might
occur during use. A brief summary of the main drive
requirements is presented in Tab. 1. As visible the peak
output power exceeds substantially the nominal power. Also
the drive system and housing have to withstand high force
overloads in any given direction. Furthermore specific
attention must be given to elevated noise levels, housing
outer surface temperatures and also suitable water tightness.
The whole system also has to be enclosed in an as discrete
volume as possible.

A review of existing and pending patents enabled us also to
identify which technical solutions for a given function we
should avoid or develop in such a way that it wouldn’t
infringe any of the uncovered patents.
The VDI 2222 and VDI 2221 guidelines advocate a very
structured product development approach, divided into
several partially overlapping phases, which are in terms
subdivided into multiple design stages. During the process
we iterate back and forth between stages until a solution
ready for physical realization is produced. Typically it is
necessary to divide the designed product into modules that
can be developed in parallel which enables an accelerated
design process. These modules can be viewed as independent
functional subsystems. It is however very important to
precisely define what the inputs and outputs of each module
are in terms of mass, energy and information flow. Along
with recommendations given by the VDI guidelines, our
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Parameter
Nominal output power
Peak output power
(5min continuous)
Overloads
Cadence range
Max. noise level
Max. out. surface temp.
Water tightness
Tab 1.

Symbol [unit]
Pn [W]
Pp [W]

Value
250
770

Fo [N]
nc [min-1]
Lp [dB]
To [°C]
Class.

4500
40 -120
55
60
IP 56

solved by a combination of measures mentioned in the table
below.
1st stage - Planetary gear

Main drive requirements

The main function that the drive needs to fulfil is efficient
power transfer and a suitable transmission ratio from the
battery powered DC motor in use to the output shaft
connected to the bike chainring. A two stage gear
transmission was chosen with the first stage consisting of a
planetary gear train and the second of a normal gear pair as
shown in Figure 1. This configuration was chosen due to its
simplicity compactness and relative efficiency (less
components means smaller aggregate energy losses).
Developing a drive train design with very limited dimensions
that would withstand the required service life while still
providing a smooth and quiet ride and suitable
price/performance proved to be a rather demanding task.
Several measures were applied (some still being in the testing
phase) to achieve the wanted performance. The main
challenges in the design of the gear train and possible
technical solutions are noted in Tab. 2. Of special concern
here was the (first) planetary gear stage, which runs on much
more elevated rotational speeds than the second stage and
can hence produce much higher noise levels. Several
measures were necessary to achieve smooth running
conditions there. First of all a helical gear geometry was
used, that enables an increase contact ratio and lower
transmission error which in terms positively influences the
noise level. Furthermore it was necessary to switch from
metals to polymers as structural materials for the planet and
ring gears, while retaining a steel sun gear. These changes
lead to several additional performance issues that are being
Performance goal
Suitable
service life

Smooth and
quiet running

Reduced friction
without use of oil

2nd stage - Gear pair

Freewheel clutch 1

Positioning of the freewheel
clutch – critical components
Figure 1. Pedelec drive train solution

A range of tools was necessary for the design of a suitable
drive train solution. The initial geometry design and
structural evaluation of the used gears was performed using
software KissSoft. The latter follows available standards and
established models to estimate the life expectancy of the
developed drive while also enabling CAD model generation
for further gear production. For metal gear design the
software offers fairly reliable evaluation methods while for
designing polymer gears things are somewhat less trivial.
Especially for high performance plastics like PEEK used in

Technical solution
Resulting issues
Adequate gear sizes (module, width,
Exceeded volume
etc.)
limitations
High performance materials
Higher cost
Lubrication
Leakages
Switch metals with plastics on first Lower accuracy of the
gear stage (for planet gears and ring
produced gears
gear)
Lower stiffness of the
gears

Helical gear design with suitable
helix angle
Grease application

Freewheel clutch 2

Further upgrade
Geometry optimization
Price/performance compromise
Suitable sealing
Switch gear injection modelling with milling (more
expensive)
Use of high performance plastics (i.e. PEEK or similar)

Surface treatment of the sun gear’s teeth
Use of wear reduction coatings
Lower wear resistance
Wear resistance fillers (PTFE or graphite)
Temperature sensibility Gear geometry optimization - reduced contact stresses and
sliding speed during gear meshing
Lower frictional coefficient – suitable material pair choice
High axial forces
Suitable design of associated components

Tab 2.

Poorer frictional
conditions

Appropriate grease for given running cond.

Gear drive train design challenges
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our case for the planet gears (commercial type Victrex 650g)
the available data necessary for the evaluation are very
incomplete. Hence we needed to turn to experimental tests
using a testing rig developed at our institute [17]. The results
achievable for a simplified gear geometry can be
extrapolated and projected to the running conditions present
on the planetary stage to obtain a rough service life
estimation. A possible and in fact typical failure mechanism
present on polymer gears is the effect of wear, especially
common in application where we have steel-polymer gear
meshing. Wear is driven by several factors, most importantly
the sliding contact conditions and resulting temperature
increase due to friction which typically accelerates this
process. Several evaluation tools are being developed by our
team to predict the frictional thermal effects, and consequent
probabilities of excessive wear. Figure 2 presents some
exemplary results for the evaluation of the thermal state
present during gear meshing of a POM-PA66 polymer gear
pair. The overall temperature rise is a sum of two temperature
components- the local flash and long term nominal
temperatures. These results can help estimate whether the
chose loading conditions are critical for the desired service
life of the gear pair.
a)

an insufficient concentricity is achieved due to the tolerance
chain of all other associated components. In our case this
proved to be the case for the larger Freewheel clutch 1, with
the main issue being the housing bearing seat tolerances and
a spline joint used between the main shaft and the sleeve used
for pedalling torque measurement (Figure 3). Initially the
positioning of the sleeve was achieved by the contact of the
spline teeth flanks as seen in Figure 3a which resulted in
inadequate concentricity. A suitable positioning that enabled
the desired functionality of the clutch was achieved by
transferring the centring surfaces from the joint teeth flanks
to the inner diameter of the spline.
Torque sleeve

a)

Flank centering
b)

b)

Main shaft

Diametral
centering

Figure 3. Torque sleeve and main shaft spline joitn: (a) flank
positioning- insufficient positioning accuracy; (b) outer
diameter positioning – adequate centering of the sleeve
Figure 2. Evaluation of the flash (a) and nominal (b)
temperature rise due to frictional effects during gear meshing
(example results for POM-PA66 gear pair with 1Nm torque
load and 1392rpm)
The pedelec drive also has to provide three modes of
operation:
1. Simultaneous action by the drive and cyclist.
2. Independent running of the drive train.
3. Independent pedalling by the cyclist.
These modes in essence provide different types of power
transfer to the frontal bike chainring. They can be achieved
in a single drive mechanically by a suitable configuration of
freewheel clutches as visible in Figure 1. A combination of
two frictional sprag freewheel clutches was used to achieve
the desired operation modes and here again several
challenges emerged in achieving the desired power transfer.
This type of freewheel clutch requires rather demanding
preparation of the running surfaces both on the shaft and hub.
A surface hardness of 700+100HV is necessary with a depth
of 1.3mm and a roughness grade Ra0.4 or less. While this is
achievable with different alloy steel grades, the required
hardness depth can result in excessive brittleness and fracture
of the associated hub or shaft. A further aspect to consider is
the positioning of the clutches. Even though both the hub and
shaft are produced in the required tolerances it is possible that

Due to the all mentioned requirements and complications
which led to rather costly upgrades we decided to switch to
a simpler and more robust clutch solution where the one-way
torque transfer is provided by detents and a suitably designed
ratchet (Figure 4a). This custom solution was designed based
on results from FEA, with which we could attest that the
anticipated loads wouldn’t result in too high structural
stresses (Figure 4b).
Clutch detent

Ratchet

Figure 4. (a) Custom freewheel clutch solution as a cheaper
and more reliable alternative to commercial sprag clutches;
(b) evaluation of internal stresses due to pedalling torque
transfer using FEA.
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and Research, IntechOpen, 2012, pp. 327-346.
[13] J. Kušar, J. Duhovnik, J. Grum and M. Starbek, “How
to reduce new product development time,” Robotics
and Computer-Integrated Manufacturing, vol. 20, pp.
1-15, 2004.
[14] J. Duhovnik, “Development Process with Regard to
Customer Requirements,” Concurrent engineering:
Research and Applications, vol. 14, no. 1, pp. 67-82,
2006.
[15] J. Benedičič, R. Žavbi and J. Duhovnik, “An
oportunity search method for new products
development,” in International Design Conference Design 2008, Dubrovnik.
[16] Ž. Zadnik, Matrix of functions and functionalities in
preliminary product development process, doctoral
work, Ljubljana: Faculty of mechanical engineering,
University of Ljubljana, 2012.
[17] D. Zorko, S. Kulovec, J. Duhovnik and J. Tavčar,
“Different teeth profile shapes of polymer gears and
comparison of hteir performance,” The JSME
International Conference on Motion and Power
Transmission, Proceedings of MPT2017-Kyoto,
February-March 2017.

The presented problems are only a part of the challenges that
were met during the design process. With them we wish to
point out the fact that even with a structured design
methodology it is not always possible to predict and resolve
in advance all the functionality issues that might occur. Small
inconsistencies like inadequate tolerance chains or
inappropriate surface finishes can set back the project for
weeks or even months and add to unnecessary project costs.
While the use of modern design tools proves indispensable
for a rapid design development, the expertise of the team
members and a suitable project management with regular
design checks and open communication channels between all
involved parties is really crucial for a successful project
completion.
4.

Conclusion and discussion

A structured design process based on the VDI 2222 and VDI
2221 guidelines and following the golden loop approach is
presented as was applied to the development of a novel
pedelec central drive system. The process was split into
several stages and the product divided into a manageable
number of independent modules. Following this approach
the developed product can be brought to a functional level if
a team with suitable expertise is involved. However, even
with expertise and modern design tools, the complexity of
the system made it difficult to predict whether the service life
and all the functionality requirements would be met. The
production of several iterations of prototypes and extensive
testing proved essential in identifying several remaining
weaknesses that needed to be properly addressed and
corrected. A systematic R&D approach can however
substantially reduce the number of needed design iterations
and lead to a much faster transfer of the product from the
proverbial drawing board to the production line.
5.

Bibliography

[1] Automotive world, “E-mobility and the untapped
potential of emerging markets,” 29 October 2015.
[Online].
Available:
https://www.automotiveworld.com/analysis/emobility-untapped-potential-emerging-markets/.
[Accessed 7 May 2018].
[2] International Energy Agency, “Global EV Outlook
2017 - Two millions and counting,” OECD, 2017.
[3] A.T. Kearney, “eMobility: The Long Road to a
Billion-Dollar Business,” Korea, 2011.
[4] McKinsey&Company, “Electric vehicles in Europe:
gearing up for a new phase?,” Amsterdam Roundtable
Foundation, 2014.
[5] R. Citron and J. Gartner, “Exclusive summary: electric
bycicles, Li-Ion and SLA E-Bikes: Drivetrain, Motor,
and Battery Technology Trends, Competitive
Landscape, and Global Market Forecasts,” Navigant
Research, 2016.

77

A LOAD ADAPTIVE CONTROL SYSTEM OF MANIPULATOR ROBOT’S DRIVE
АДАПТИВНАЯ К НАГРУЗКЕ СИСТЕМА УПРАВЛЕНИЯ ПРИВОДОМ МАНИПУЛЯЦИОННОГО
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Abstract: The control dynamics for the electric drive of manipulation robot (MR) link is considered. Joint-drives in mobility degrees of MR
experience the variable loads caused by changes of a spatial configuration of MR in the course of motion, mass and dimensions of the moved
payloads, etc. Changes of load can happen over a wide range and cause the essential deterioration in dynamic properties (speed, damping,
etc.) of the system of automatic control (SAC) of drive. With the aim to stabilize the desired dynamic properties the algorithm of drive control
is proposed which is adaptive to changes of load. The unknown parameters of drive load, necessary to form the adaptive control algorithm,
are identified in observing device (OD). The work algorithm of OD to identify the unknown parameters of drive load is proposed. For the
proposed control and work of OD algorithms the structural scheme of drive control is construction. The simulation results on computer are
proved that in considered SAC of drive the stabilization of desired dynamic properties are ensured.
KEYWORDS: MANIPULATOR ROBOT, DRIVE OF JOINT, LOAD ADAPTIVE CONTROL SYSTEM, OBSERVING DEVICE
unknown value of moment of inertia of load of dc electric motor is
proposed in following form:

1. Introduction
Spatial movements of the end-effector of the multi-joint
manipulator robot (MR) are carried out by operations of its jointdrives [1]. Joint-drives of the MR experience the variable
mechanical loads caused by changes of a spatial configuration of
MR in the course of motion, mass and dimensions of the moved
payloads and also technology factors, etc. [2]. Variable load of each
drive is characterized by changes of a moment of inertia and an
external moment of the mechanical load. The moment of inertia is
the parameter (coefficient of the differential equation) and the
external moment of load is the external disturbing signal of the
system of automatic control (SAC) of the drive [3]. Changes of
these variables of load can happen over a wide range and cause the
essential deterioration in the dynamic properties (speed, damping,
etc.) of the SAC of drive. There is a problem of creation in each
joint of MR of a load adaptive SAC of drive which dynamic
properties do not depend on changes of load. Therefore, it is
necessary to define and use the variable parameters of load of drive
for the stabilization of desirable dynamic properties of the SAC of
drive. If MR moves unknown payloads, then these variables of load
will be not only changing, but also unknown. Both the unknown
and changing parameters of load necessary to form a load adaptive
control algorithm of SAC it identifies (defines, estimates) by means
of the observing devices (OD) [4].

(3)

where 𝐽 is the estimation of value of moment of inertia 𝐽
identified in the OD;
𝜔𝑚 is the estimation of the speed of rotation of the shaft of
motor 𝜔𝑚 received in the OD;
𝑘𝑠 is the transfer coefficient of sensor of angular speed of a
shaft of the motor;
𝛿1 , 𝜆1 are the constant coefficients.
However in this OD described by the equations (3) the
influence of the external moment 𝑀 of load of the motor isn't
considered, while it can cause the instability work of OD. Therefore
in [6] by analogy with a “mechanical” part (1) of the dc motor the
algorithm of work of OD of identification of moment of inertia of
load is proposed in following form:
(4)

𝑑 1 𝐽

𝑑𝑡 = 𝛿1 𝑘𝑚 𝑖𝑎 − 𝑀 𝑘𝑠 𝜔𝑚 − 𝜔𝑚 ,

𝑑𝜔𝑚 𝑑𝑡 = 1 𝐽 𝑘𝑚 𝑖𝑎 − 𝑀 + 𝜆1 𝑘𝑠 𝜔𝑚 − 𝜔𝑚 .
In expressions (4) it is supposed that the external moment 𝑀
of load of the motor is measured by the sensor of moment and its
value is known. However a measurement of the external moment 𝑀
is difficult to realize and it isn't always possible, therefore it is
required to develop the OD in which both the moment of inertia 𝐽
and the external moment 𝑀 of load are identified in common.

Thus for stabilization of desirable dynamic properties of SAC
of joint-drive of MR is to make a load adaptive control system with
the OD of identification of unknown parameters of load. The OD of
identification of parameters of load it makes for the “mechanical”
part of the drive which is described by the equation of the moments
on a shaft of the direct current (dc) electric motor [2]:

3. Resolving the problem
Let's consider the equations of the drive of rotation of a link of
MR being the control object (CO) and consisting of the amplifier of
power, the dc electric motor and the mechanical transfer (reducer)
with the variable mechanical load [3].
The equation for an electric circuit of the dc motor is:

𝐽𝑠𝜔𝑚 = 𝑀𝑚 − 𝑀,
where 𝐽 is the moment of inertia;
𝑀 is the external moment of load;
𝜔𝑚 is the speed of rotation of the shaft of motor;
𝑠 = 𝑑 𝑑𝑡 is the differentiation operator;
𝑀𝑚 is the moment of motor.

(5)

𝑢𝑎 = 1 + 𝜏𝑎 𝑠 𝑅𝑎 𝑖𝑎 + 𝑒𝑚 ,

where 𝑢𝑎 is the armature voltage;
𝜏𝑎 , 𝑅𝑎 are the time’s constant and the resistance of
armature;
𝑒𝑚 is the motor’s back-emf.

The moment of the dc motor is formed according to a formula:
(2)

𝑑𝑡 = 𝛿1 𝑖𝑎 𝑘𝑠 𝜔𝑚 − 𝜔𝑚 ,

𝑑𝜔𝑚 𝑑𝑡 = 𝑘𝑚 𝐽 𝑖𝑎 + 𝜆1 𝑘𝑠 𝜔𝑚 − 𝜔𝑚 ,

2. Preconditions for resolving the problem

(1)

𝑑 𝑘𝑚 𝐽

𝑀𝑚 = 𝑘𝑚 𝑖𝑎 ,

The equation of the motor’s back-emf is given by:

where 𝑘𝑚 is the motor’s torque constant;
𝑖𝑎 is the armature current.

(6)

𝑒𝑚 = 𝑘𝜔 𝜔𝑚 ,
where 𝑘𝜔 is the motor’s back-emf constant.
The equation of the amplifier of power of the drive is:

In [5] based on the main provisions of the theory of observing
devices [4] the algorithm of work of OD of identification of
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(7)

1 + 𝜏𝑠 𝑢𝑎 = 𝑘𝑢,

properties of the SAC of the drive, we choose a control algorithm of
the drive, being adaptive to changes of the moment of inertia 𝐽 and
the external moment 𝑀 of load of the drive [7]:

where 𝑘 , 𝜏 are the coefficient of amplification and the time’s
constant of the amplifier of power;
𝑢 is the input voltage of the amplifier of power of the drive.

(10)

We will notice that in the equation (1) in relation to MR link
drive the quantities 𝐽 and 𝑀 mean the following:
𝐽 = 𝐽 𝑞, 𝜉 is the moment of inertia of a load of the drive
changing in dependence on a 𝑞 vector of generalized coordinates
and a 𝜉 vector of parameters of MR and its payload (geometrical,
weight-inertial parameters, etc.) [2] - it is the unknown parameter of
a CO;
𝑀 = 𝑀 𝑞, 𝑞 , 𝜉 = 𝑀𝑒 𝑞, 𝑞 , 𝜉 𝑖 is the counted to a shaft of
motor the external moment of the drive load which changes are
caused by mutual influence of movements on degrees of mobility of
MR, moments from the gravity of links and a payload of MR, etc.
[2] – it is the external disturbing signal for a CO;
𝑀𝑒 is the external moment of load of the drive;
𝑖 is the gear ratio of the coupling from the motor to the MR
link.
In expression (1) 𝐽 and 𝑀 quantities are variables and
characterize the variable mechanical load of the drive of a link of
MR.
There are following kinematic ratios of the drive:
(8)

−𝑘𝑠 𝑘2 𝜔𝑚 )𝐽 + 𝑘𝑠 𝑘3 𝜔𝑚 + 𝑘4 𝑀,
where 𝜑 ∗, 𝜑 are respectively the demand and the actual
angular positions of an output shaft of the drive;
𝑘𝑝 , 𝑘𝑠 are respectively the transfer coefficients of
sensors of angular position of a shaft of the drive and angular speed
of a shaft of the motor;
𝑘3 = 𝑘𝜔 𝑘𝑠 𝑘 , 𝑘4 = 𝑅𝑎 𝑘𝑚 𝑘
- the constant
parameters;
𝐽 and 𝑀 are the estimations of 𝐽 and 𝑀 quantities of the
load received in the OD of identification of these quantities.
In expression (10) the 𝑘1 , 𝑘2 constant parameters are selected
with the accounting of values of 𝑘𝑚 , 𝑘𝜔 , 𝑅𝑎 , 𝑘, 𝑘𝑝 and 𝑘𝑠
parameters so, that at 𝐽 = 𝐽0 = 𝑐𝑜𝑛𝑠𝑡 and 𝑀 = 0, set in models of
the drive (9), the desirable transition process of the SAC at 𝜑 ∗ 𝑡 =
1 𝑡 will have the set duration 𝑇, s and the set overshoot 𝜎 = 0, %
[8]:
𝑘1 = 9𝑖𝑅𝑎 𝑘𝑘𝑚 𝑘𝑝 𝑇 2 ,
𝑘2 = 6𝑅𝑎 𝑘𝑘𝑚 𝑘𝑠 𝑇 .
In our case for clear proof the desirable transition process is
chosen aperiodic (monotonous) (Fig. 2, the curve 3). Setting various
values of the moment of inertia 𝐽 and the external moment 𝑀 of
load in model of the drive (9) with the not adaptive to a load control
algorithm when in expression (10) 𝐽 = 𝐽0 = 𝑐𝑜𝑛𝑠𝑡 and 𝑀 = 0 it is
possible to see that to increase in the values of 𝐽 and 𝑀 there is a
deterioration in characteristics of transitional functions ℎ 𝑡 = 𝜑 𝑡
(duration, overshoot and steady-state error increase) - in the Fig. 2,
the curves 1 and 2. In this regard there is a problem of stabilization
of desirable dynamic properties of the SAC of the drive with the
variable mechanical load. The solution of this task is carried out due
to development of the self-adjusted control system of the drive,
adaptive to changes of the moment of inertia 𝐽 and the external
moment 𝑀 of load which uncertain values are estimated in the
identification OD which also is adaptive to changes of the specified
quantities of drive’s load.

𝜔 = 𝜔𝑚 𝑖 , 𝜑 = 𝜑𝑚 𝑖 ,

where 𝜔 is the angular speed of an output shaft of the drive;
𝜑𝑚 , 𝜑 are respectively the angular positions on a shaft
of the motor and an output shaft of the drive.
Solving in common the equations (1), (2), (5)-(8) and
neglecting the lag effect of the electric circuit since 𝜏 = 𝜏𝑎 = 0 we
will receive the following equation of the drive (of the CO):
(9)

𝑢 = 𝑢 𝜑, 𝜔𝑚 , 𝐽, 𝑀 = (𝑘𝑝 𝑘1 𝜑 ∗ − 𝜑 −

𝐽𝑠𝜔𝑚 + 𝑘𝑚 𝑘𝜔 𝑅𝑎−1 𝜔𝑚 = 𝑘𝑚 𝑘𝑅𝑎−1 𝑢 − 𝑀,

where 𝑢 is the control signal of CO.
The block diagram of the electric drive, i.e. СO, made on the
equations (1), (2), (5)-(8) at 𝜏 = 𝜏𝑎 = 0, is submitted in Fig. 1.
In expression (9) the changes of 𝐽 and 𝑀 quantities will
worsen dynamic properties of the SAC of the drive. Therefore for
compensation of influence of variables of load to dynamical

Fig.1 - Block diagram of the load adaptive system of automatic control of drive
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where 𝐽 = 𝑐𝑜𝑛𝑠𝑡
quasistationarity interval.

For receiving of 𝐽, 𝑀 estimations, the algorithm of operation
of the OD of identification of the moment of inertia 𝐽 and the
external moment 𝑀 of load has the following form [8, 9]:
(11)

𝑑 1 𝐽

-

because

it

corresponds

to

a

Considering that
𝜇 = 𝑀 − 𝑀 = 𝑀𝑚 − 𝑀 − 𝑀𝑚 − 𝑀 ,
let's write down a full derivative of function 𝑉 with respect to time
on the basis of system of the equations (12):

𝑑𝑡 = 𝛿1 𝑀𝑚 − 𝑀 𝑘𝑠 𝜔𝑚 − 𝜔𝑚 ,

𝑑𝜔𝑚 𝑑𝑡 = 1 𝐽 𝑀𝑚 − 𝑀 + 𝜆1 𝑘𝑠 𝜔𝑚 − 𝜔𝑚 ,

𝑑𝑉 𝑑𝑡 = −𝜆1 𝑘𝑠 𝑒 2 .

𝑑𝑀 𝑑𝑡 = −𝛼𝑘𝑠 𝜔𝑚 − 𝜔𝑚

Let's show that at 𝑒 ≡ 0 there are also 𝜈 ≡ 0 and 𝜇 ≡ 0. For
this purpose we will consider at 𝑒 ≡ 0 the system of equations (12):

with the initial conditions:
𝜔𝑚 0 = 0, 𝐽−1 0 = 𝐽0−1 , 𝑀 0 = 0,

0 = 1 𝐽 𝑀𝑚 − 𝑀 − 1 J 𝑀𝑚 − 𝑀 ,

where 𝐽0 is the average value from the possible range of
changes of moment of inertia 𝐽.

𝑑𝜈 𝑑𝑡 = 0,

𝑑𝜇 𝑑𝑡 = 0.

The equality of zero of the first expression means 1 𝐽 = 1 𝐽
and 𝑀 = 𝑀, therefore at 𝑒 ≡ 0 the identical equality to zero the
𝜈 = 1 𝐽 − 1 𝐽 and 𝜇 = 𝑀 − 𝑀 parameters is obviously.
Therefore the function 𝑑𝑉 𝑑𝑡 is negative-definite and at
construction the OD of identification according to expressions (11)
the 1 𝐽 and 𝑀 estimations asymptotically approach to their actual
values of the moment of inertia 1 𝐽 and the external moment 𝑀 of
load of the drive. The convergence of process of estimate depends
on 𝜆1 , 𝛿1 and 𝛼 coefficients, which can be practically always
chosen from a condition that the estimate processes in OD occur
quicker than the main transition process in SAC of the drive.

4. Results and Discussion

Fig.2 – The graphs of ℎ 𝑡 transition functions
1 – SAC without OD at 𝐽 =7 kg*m2 and 𝑀 =10 N*m;
2 – SAC without OD at 𝐽 =25 kg*m2 and 𝑀 =100 N*m;
3 – SAC with OD at the same values of 𝐽 and 𝑀 of load

Simulation of dynamics of control of the drive of rotation of a
link of MR is carried out by method of numerical integration of the
equations (9) of the drive and writing the program on the computer.
For this purpose equation (9) of CO with accounting of the
kinematic relations (8) was considered as the following system of
differential equations:

In expressions (11) for formation of the moment of the motor
𝑀𝑚 according to expression (2) the armature current of motor 𝑖𝑎
which values are measured by the current sensor with transfer
coefficient 𝑘𝑐 is used.
The block diagram of the load adaptive SAC of the drive
consisting of a CO (9), control algorithm (10), OD of identification
of variables of load (11) is shown in Fig. 3.
Let's consider the stability of the adaptive OD of identification
of 𝐽−1 and 𝑀 variables. Let's use the following designations
𝑒 = 𝜔𝑚 − 𝜔𝑚 ,

𝜈= 1 𝐽 − 1 𝐽 ,

𝑑𝜔𝑚 𝑑𝑡 = 1 𝐽 −𝑘𝑚 𝑘𝜔 𝑅𝑎−1 𝜔𝑚 + 𝑘𝑚 𝑘𝑅𝑎−1 𝑢 − 𝑀 ,
𝑑𝜑 𝑑𝑡 = 𝜔𝑚 𝑖.
In the program of simulation the different values of the
moment of inertia 𝐽 and the external moment 𝑀 of load are set in
this expression (9), these given values of load are estimated in
identification OD on an algorithm (11) and used for formation of a
control algorithm (10). Therefore, for simulation are necessary the
equations (9)-(11) and the ratios (8).
Results of simulation of dynamics of control of a rotation link
drive of MR at variable values of mechanical load are given in
Figures 2, 3 and 4. Modeling was carried out at the following
parameters of the electric drive with dc motor and OD: 𝑘 = 10; 𝑖 =
1; 𝑘𝑝 = B/rad; 𝑘𝑠 = 3,5 Vs/rad; 𝑘𝑚 = 0,7 N*m/A; 𝑘𝜔 = 0,8 V*s/rad;
𝑅𝑎 = 3 Ohm; 𝑇 = 0,03 s; 𝜆1 = 38; 𝛿1 = 0,0009; 𝛼 = 3000; 𝐽0 = 16,5
kg* m2. So, in SAC without adaptation to load (𝐽= const = 𝐽0 ,
𝑀 = 0 - isn't used) at working off of an input signal 𝜑 ∗ 𝑡 = 1 𝑡
with increase in values of load happens the deterioration in
characteristics of the transitional functions ℎ 𝑡 of SAC (duration,
overshoot and steady-state error increase) – in the Fig. 2: a curve 1
at 𝐽 =7 kg*m2 and 𝑀 =10 N*m; a curve 2 at 𝐽 =25 kg*m2 and 𝑀
=100 N*m.
While in SAC with OD at these different values of mechanical
load corresponding to different configurations of MR and masses of
moved payloads, characteristics of transitional functions don't
change (the Fig. 2, a curve 3), i.e. independent of changes of load in
SAC with OD the set duration and overshoot of desired transition
process always take place, and the steady-state error of the SAC is
completely eliminated.
In the Fig.3 are shown curves 1 - 4 of transition processes in
OD at the identification of unknown values of the moments of
inertia 𝐽 set in the drive model (9) together with the external
moments 𝑀 of load: 1 is the estimate of 𝐽 =7 kg*m2 at 𝑀 =10 N*m;
2 is the estimate of 𝐽 =10 kg*m2 at 𝑀 =40 N*m; 3 is the estimate of

𝜇 =𝑀−𝑀

and take into account that
𝑠𝜔𝑚 = 𝜔𝑚 = 𝑑𝜔𝑚 𝑑𝑡 = 1 𝐽 𝑀𝑚 − 𝑀 ,
then the operation algorithm of the identification OD in 𝑒, 𝜈 and 𝜇
coordinates can be described by the equations:
(12)

𝑑𝑒 𝑑𝑡 = 1 𝐽 𝑀𝑚 − 𝑀 −
− 1 𝐽 𝑀𝑚 − 𝑀 − 𝜆1 𝑘𝑠 𝑒,
𝑑𝜈 𝑑𝑡 = −𝛿1 𝑀𝑚 − 𝑀 𝑘𝑠 𝑒,
𝑑𝜇 𝑑𝑡 = 𝛼𝑘𝑠 𝑒.
At the same time we will accept initial conditions:
𝑒 0 = 0,

𝜈 0 = 𝐽−1 − 𝐽0−1 ,

𝜇 0 = 0,

and on the basis of a hypothesis of quasistationarity [4] we will
consider that on the time interval corresponding to transition
process in OD the 𝐽−1 and 𝑀 variables do not change.
Let's prove that the position of balance of system of the
equations (12) is asymptotically steady, i.e.
lim𝑡→∞ 𝑒 = 0,

lim𝑡→∞ 𝜈 = 0,

lim𝑡→∞ 𝜇 = 0.

Let's consider a positive-definite function of Lyapunov of a
following form:
1

1

2

2𝛿 1 𝑘 𝑠

𝑉 = 𝑒2 +

𝜈2 +

1
2𝛼 𝑘 𝑠 𝐽

𝜇2 ,

80

𝐽 =20 kg*m2 at 𝑀 =70 N*m; 4 is the estimate of 𝐽 =25 kg*m2 at 𝑀
=100 N*m. In the Fig. 4 are shown the corresponding curves 1 – 4
at the identification of unknown values of the external moment of
load 𝑀 set in the drive model (9): 1 is the estimate of 𝑀 =10 N*m
at 𝐽 =7 kg*m2; 2 is the estimate of 𝑀 =40 N*m at 𝐽 =10 kg*m2 ; 3 is
the estimate of 𝐽 =20 kg*m2 at 𝑀 =70 N*m; 4 is the estimate of 𝑀
=70 N*m at 𝐽 =25 kg*m2 .

properties of the SAC of drive it is required to use the actual values
of the moment of inertia and the external moment of load to
forming a control algorithm of the drive. However when the MR is
moving unknown payloads the values of these parameters of load
will be unknown. For the identification of the unknown parameters
and external disturbing signals of the SAC it uses the ODs [4]. So,
in [5] the algorithm of work of OD of identification of unknown
value of moment of inertia of load of dc electric drive is proposed.
However in this OD described by the equations (3) the external
moment 𝑀 of drive load isn't considered, while it can cause the
instability work of OD. Therefore in [6] by analogy with a
“mechanical” part (1) of the drive the algorithm (4) of OD of
identification of moment of inertia of load of drive is proposed in
which the external moment 𝑀 of drive load is considered. As in
algorithm (4) the measurement of the external moment 𝑀 is
difficult to realize and it isn't always possible, in this report was
proposed the algorithm (11) of the OD in which both the moment of
inertia 𝐽 and the external moment 𝑀 of load are identified in
common.
The proposed algorithm (11) of OD has asymptotically
stability of identification of unknown values of the moment of
inertia and the external moment of load of the drive during
necessary time that allows their use in an algorithm of adaptive
control (10) and provides elimination of their disturbing influence
on dynamics of control of the drive (9) of a link of MR.
Results of simulation on the computer illustrate that, first,
variables of the unknown parameters of load of joint-drive of MR
cause inadmissible deterioration in dynamic properties of the SAC
of drive, and secondly, use in a load adaptive algorithm (10) of
control of the drive (9) instead of unknown values of the moment of
inertia 𝐽 and the external moment 𝑀 of load of the drive their values
𝐽 and 𝑀 estimated in the OD described by the equations (11)
provides stabilization of desirable dynamic properties of the SAC of
link drive of MR. The set of a load adaptive drive control systems
each of which is in the degree of mobility of MR will provide
desirable dynamics of control of movement of end-effector of MR
in the course of performance of production tasks.

Fig.3 - Transition processes of identification
of the moment of inertia of load
1 is the estimate of 𝐽 =7 kg*m2 at 𝑀 =10 N*m;
2 is the estimate of 𝐽 =10 kg*m2 at 𝑀 =40 N*m;
3 is the estimate of 𝐽 =20 kg*m2 at 𝑀 =70 N*m;
4 is the estimate of 𝐽 =25 kg*m2 at 𝑀 =100 N*m.
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From curves in Figures 2, 3 and 4 it is also visible that process
of estimate of unknown variables of the moments of inertia 𝐽
happens quicker than transition process in the main contour of SAC,
that is necessary for the steady work of a load adaptive SAC of the
drive, and the estimated values of the unknown external moments
𝑀 of load eliminate a steady-state error of the drive.
The graphs in Figures 2, 3, 4 of transition processes in OD at
the identification of different values of the moment of inertia 𝐽 and
the external moment 𝑀 of load set in model of the drive (9) have
shown that the use of the values 𝐽 and 𝑀 estimated in OD to form
an adaptive control algorithm (10) provides the invariable
characteristics of transitional functions in the control system, i.e.
independent of changes of mechanical drive load in SAC with OD
the desirable transition process - a curve 3 in the Fig.2 always takes
place.

5. Conclusion
Variable mechanical load of joint-drive of MR is characterized
by changes of the moment of inertia and the external moment of
drive load. The moment of inertia is the parameter and the external
moment is the external disturbing signal of the SAC of the drive.
Changes of these variables of load cause essential deterioration in
dynamic properties (duration, overshoot and steady-state error
increase) of the SAC. For the stabilization of desirable dynamic
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Abstract: The results of microprocessing by the ribbon-shaped electron beam of the elements of optical measuring
instruments (the material of such elements - K8 glass) with the initial nanorelief of surfaces 15-22 nm after industrial
grinding and polishing are presented. Based on the results of studies using a computerized complex control system based on
an atomic force microscope, it was established that after electron-beam microprocessing, the nanorelief of optical elements
of measuring instruments decreased to 1.5-2.2 nm, satisfying to the requirements put forward to their surfaces.
Keywords: ELECTRON-BEAM MICROPROCESSING,
COMPUTERIZED SYSTEM, ATOMIC-FORCE MICROSCOPY
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nanorelief of the surface of elements from optical glass
under the influence of a low-energy electron beam and to
establish the relationship between the size of the modified
nanorelief and the parameters of electron-beam
microprocessing.

1. Introduction
For the manufacture of optical elements of
measuring devices and the formation of their microprofile
of the necessary size and shape on them, over the last
decades all known materials of amorphous, crystalline,
polycrystalline structure have been tested, and for their
processing various methods were used, including:
industrial deep grinding and polishing methods, grinding
and polishing, and the etc.
As research has shown, modern ukrainian optical
production is not guaranteed to receive surfaces on an
optical glass that would satisfy the requirements imposed
on such optical elements. Herewith, the nanorelief in
industrially manufactured products exceeds the value of 5
nm, which limits their further use as precision optical
elements of optical measuring systems.
At the same time, the impact on the surface of the
optical material of abrasive, washing and pickling
solutions in the grinding and polishing stages inevitably
leads to the formation of chemically heterogeneous defect
and fractured layers, the total depth of which can exceed
tenths of micrometers. This, in many cases, limits the use
of electronic lithography and photolithography
technologies.
The problem of compliance with the necessary level
of nanorelief of the surface layer of optical materials in
the manufacture of elements of a new generation,
increasing the productivity of their manufacture is one of
the most relevant in the technology and technology of
processing optical materials.
One of the ways to overcome this problem is to
attract new tools for the energy microprocessing of
optical surfaces, including concentrated electron fluxes.
The efficiency of processing optical glass by a
ribbon-based electron beam was first shown in the works
V.M. Lisochenka [1].
In papers [2, 3], is shown the possibility of flexible
control of the process of electron-beam processing of
optical glass and optical ceramics by melting the surface
to a depth of up to 200 μm. The authors [4-6] confirmed
the efficiency of the use of a ribbon-based electron beam
for surface treatment of both optical and technical glass.
At the same time, the question of the qualitative
changes in the nanorelief and the defective layer of the
optical glass of the silicate group from the action of the
low-energy electron beam (E ≤ 6 keV) has not been
studied sufficiently and the relationship between these
changes and the parameters of electron-beam
microprocessing.
The aim of this work is to determine the changes in

2. Experimental method
Objects that are treated with an electron beam:
plane-parallel round plates (diameter 20 mm, thickness 2,
4, 6 mm) from glass of optical colorless grade K8 with
silver metal coatings applied to their surface. Such
objects are widely used in measuring devices as
optoelectronic sensors (pressure, capacitance, density of
medium, etc).
The study of processing objects was carried out
using a computerized system of complex control,
manufactured on the basis of an atomic force microscope
(AFM)
“NT-206”
(the
manufacturer
of
“Microtestmashines”, Gomel, Belarus). For visualization
of the object of investigation at a magnification of 100
times, used optical chamber "Logitech", whose viewing
field is 1×0,75 mm2.
The schemes for determining the surface nanorelief
using a computerized integrated control system for noncontact (a) and contact (b) AFM schemes are shown in
Fig.1.

a.

b.
Fig. 1. Obtained surface profiles for noncontact (a) and contact
(b) operation schemes of a computerized integrated control
system based on the atomic force microscopy method.
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The sensitive element of the microscope is the
cantilever, the deflection of which, when in contact with
the surface, is determined by means of a laser beam. The
positioning of the surface to be measured under the
cantilever is carried out by means of high-precision
stepping motors (in the X-Y plane with a pitch of 2.5 μm,
along the Z axis with a step of 200 nm).
The profile of the surface to be examined is
determined by scanning the cantilever in the X-Y plane in
a 13×13 μm section using a piezoceramic scanner in steps
of up to 1 nm. The displacement of the cantilever along
the vertical axis is carried out by a piezotube with a pitch
of 0.02 nm in the range 3 μm. The image of the
microrelief of the optical surface was obtained by
applying the following operating modes of the AFM:
static (contact), Fig. 1a, and dynamic (noncontact),
Fig. 1b.
In dynamic mode, the cantilever is superimposed on
the vertical axis with a frequency of 10 Hz to 400 kHz.
The main advantages of this mode are the significantly
increased sensitivity of the measuring system (it is
theoretically possible to achieve an atomic resolution of
the device) and to ensure the mechanical integrity of the
probe and sample.
The positioning of the cantilever above the surface
of the optical glass and the further settings of the "laser
beam-cantilever" system occurs in manual mode using
the long-focusing camera "Logitech" built into the AFM
device with a 150-fold increase in the image on the PC
display. As can be seen from Fig. 2, the correct
positioning of the cantilever, which provides the most
complete and accurate information retrieval by the
sensitive AFM system on the topology of the surface, is
achieved by focusing the laser of the photo detecting
device on the upper edge of the cantilever.
The scanning process is completed automatically,
after which the computer monitor received a surface
image. For processing and analysis of data from the
microrelief, the programm Surface v.6.2 was used, which
provides such types of information: three-dimensional
visualization of the surface; surface profiling in the
required section; distribution of surface heights; angular
histogram.
The average time to prepare for work and scan one
sample is 10...12 minutes.
The use of the atomic force microscopy method, it
was possible to investigate the surface modified by the
electron beam and the surface layer of the K8 glass
product (Fig. 2).

b.
Fig. 2. Appearance (a) and nanorelief along the AB (b) line of
the surface area (12×12 μm) of the fragment of the plate of the
optoelectronic capacitance sensor from K8 glass with a metallic
thin silver film fused in its surface by an electron beam (film
thickness 350 nm).

3. Results and discussion
The results of the investigation and comparison of
the nanorelief of the element surface from the optical
glass K8 after machining, laser and electron beam
microprocessing with applying a modern computerized
complex control system for nanometric studies have
shown the promise of this method in metrology, in
integral optics at the manufacture and use as elements of
measuring devices of micro- and nano-optical elements
[7].
According to the profiles shown in Fig. 3, it can be
concluded that both after mechanical (deep grindingpolishing) (profile 1, Fig. 3a) and after laser
microprocessing (profile 3, Fig. 3b), the surface of the
plate from optical glass has a characteristic nanorelief,
which is much higher than the allowable value of the
arithmetic average of the nanoscale, which is 5 nm.
This indicates the inability to use these methods of
surface microprocessing in the manufacture of optical
elements
of
measuring
systems
of
modern
instrumentation.
At the same time, the nanorelief of the surface
obtained after electron-beam microprocessing (profile 2,
Fig. 3a, b) indicates high accuracy and uniformity of the
surface created, and the use of this method allows
obtaining high-quality surfaces with guaranteed levels of
purity and microroughness, whose value does not exceed
5 nm.

a.

b.
Fig. 3. The characteristic nanorelief of the surface of optical
elements from K8 glass after mechanical (1), electron beam (2),
and laser (3) processing (NT-206).

а.
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b.
Fig. 4. Dependence of the average arithmetic roughness of the
nanorelief Ra on the specific power of the electron beam Р (а)
and the speed of electron-beam micromachining v (б): ○ – by the
works [8, 9]; ● – by the advanced technology; -- -- -- the
maximum permissible values of the nanorelief on surfaces for
optical elements

Further studies of the nanorelief of the surface of
elements (on the example of circular plates with a
diameter of 20 mm and a thickness of 2 mm, optical glass
K8) made it possible to establish the dependence of the
arithmetic average roughness Ra on the specific power of
the electron beam Р (Fig. 3a) and on the speed of the
electron beam V (Fig. 3b).
As can be seen from the dependences shown in
Fig. 4a, b, according to the technological regimes
described in Refs. [8 and 9], an increase in the specific
power of the electron beam at 300 W/cm2 for electron
flow velocities of the order of 1 cm/s sec to 750 W/cm2
for electron flow velocities of 8 cm/s leads to a decrease
in the arithmetic average of the surface roughness below
the permissible value of 5 nm. Herewith, according to the
technological regimes obtained for improved technology
for electron flow rates of 1-8 cm/s, the average arithmetic
nanovelities for the entire range of specific power (1001000 W/cm2) is 2.2-1.5 nm.

4. Conclusion
In the process of performing scientific research,
changes in the nanorelief of the surface of optical
elements from glass for measuring system devices from
the action of low energy electron flux have been
determined, and the relationship between the size of the
modified nanorelief and the parameters of electron-beam
microprocessing.
It is established that as a result of electron-beam
microprocessing the nanorelief of the surfaces of
products from optical glass K8 decreases from 4-9 nm to
1.5-2.2 nm. This is achieved by controlling the speed and
power of the electron beam.
The obtained surfaces of optical elements made of
K8 glass with a nanorelief of 1.5-2.2 nm satisfy the
requirements imposed by modern production of
metrological measuring means for such optical elements.
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WATER MONITORING IOT SYSTEM FOR FISH FARMING PONDS
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Abstract: Fish like many living organisms have specific tolerant range of various environmental parameters, thus fish farming of specific
types of fish species requires certain conditions that have to be reached. Moreover, the people that work in the fish farming ponds have to be
engaged in all day activities to maintain the living fish habitat. Therefore, monitoring and taking actions to maintain the habitat’s
sustainable environment for certain fish species inside of fishing ponds over distributed machine to machine communication, which will
shorten the time needed for some basic actions, is the main motivation for this paper. In this paper we present an upgrade on a functional
Internet of Things (IoT) system for monitoring fish farming ponds. The IoT system consists of various sensors that measure important factors
of the water quality like temperature, light intensity or water level, as well as small board computer that processes the data and sends sound
and visual notifications to the fish farming manager. The current system lacks the ability to process the data to the end-user via web or
mobile platform. Due to remote distance of the fish farming ponds and their location dependence of clean fresh water, one solution of this
problem is using expansion module like Wivity modem to enable the end users in real time to monitor and control certain aspects of the fish
farming pond IoT system. Wivity modem allows user to communicate to the IoT system via WiFi connection, cellular, LoRaWAN or satellite
communication; all in one product. Later on, this module can be integrated with IoT platforms including Japser, Microsoft Azure or Amazon
Web Services. For future work, we plan to expand not only the applicable services on different platforms, but also add more control modules
and sensors to the existing IoT system for specific fish species.
KEYWORDS: FISH FARMING PONDS, MONITORING, WIVITY, TEMPERATURE, PH, AUTONOMOUS
monitoring of the fish farm environment. Authors in [1], have
1. INTRODUCTION
provided an automated IoT system for automated fish farming
In the recent years with advancement in monitoring and
where they monitor the water temperature, pH and water level,
automation technology, research in aquaculture resulted in
using Wi-Fi remote connection, which could be a problem for
development of production technologies that improved the quality
systems that are placed far from areas where cellular or any type of
of the fish farming ponds, thus leading to improvement and
internet connection is available. In order to address this problem,
increasing of fish production. Fish farming pond is an artificial
the authors in [2], proposed a GSM type of notification by sending
man-made eco-system and on the most basic level we can
SMS messages to the end-user. One disadvantage of this proposed
differentiate two types of ponds, ponds that breed tropical fish that
system, is the process of notification to the end-user after specific
are used as pets commonly known as aquariums in stead of ponds,
time intervals or after a certain parameter value is reached, and not
and ponds that breed fish for food. Our focus in this paper are the
in real-time. To overcome this in one sense of real-time monitoring,
ponds that bread fish for food, typically build and maintained in
the authors in [3], proposed combination of IoT system in [2] with
remote eco-clean areas, near to water springs, and any outside
CCTV cameras, which constantly monitors the fish farming pond.
environmental stress will negatively impact on the fish production.
Other authors investigate the possibility of using power out of the
This is due to the fact that fish are cold-blooded animals that
standard power grid [4], which is typical for remote places. This
regulate their temperature directly by the surrounding environment.
raises other important problem for fish farming ponds remotely
Consequently on this, temperature is one of the many key
located in a forest or in mountains terrain, and that is the availability
parameters that is needed to be monitored, combined with other
of internet connection. One possible solution is to use LoRaWAN
important factors like light intensity, water level in the pond and
or satellite networks that can be used to cover large areas, and
etc. Therefore, the monitoring of this eco-system is a problem
especially satellite communication where we can reach areas that
combined of some multiple sub problems that are linked between
are typically not covered by mobile cellular networks. Wivity [5]
each other, and they are in constant interactions. Their interaction is
works with all these types of networks worldwide, across different
a complex process that needs a lot of time, dedications and
networks - without requiring different designs for every region,
knowledge by humans to be controlled and maintained.
supporting various connections (Wi-Fi, 3G, 4G, LTE, SIGFOX,
LoRaWAN and satellite connections). Another positive impact of
In the past decade we have witnessed an enormous progress in
this module is the elimination of expensive truck rolls and skilled
the exploitation of the power that is offered to us by the computing
techniques, this modem can be easily hot-swapped on the small
machines into almost every field of production process. The
board computer directly on the site to the required type of
machines are usually used to automate the processes and lower the
connection. With this modem, IoT devices can support new form of
human interactions steps to reduce the risk of an error. The idea of
connectivity and the proposed water monitoring fish pond farming
such a system that automates the fish farming industry, came from a
IoT system can be used in very remote areas, typical for eco-tourist
couple of problems that this technological process faces. One of the
sites where fish farming ponds are usually placed.
problems is the time consuming process of manually checking and
measuring every parameter and every part in a fish farming pond.
The rest of the paper is organized as follows; in Section 1 we
Second problem is the lack of possibility to put them in sort of
will present the current state of the monitoring system for fish
remote location which you can check once a day, not multiple times
farming ponds and detail description of the sensors used for the
in very remote areas, most of the time without any internet
monitoring system. Section 2 presents the current state of the water
connection. Furthermore, we have to include the problem of
monitoring IoT system for fish farming ponds, followed by section
running the fish farm sometimes without human presens even for a
3, which discusses the benefits from the implementation of the
couple of days.
Wivity module for remote communication and potentially new
sensors that will increase the the fish quality and their production.
In this direction, the paper aims to present a smart IoT system
The conclusion of the paper is given in Section 4.
that is used to automate the monitoring and maintenance of a fish
farming pond in remote locations, with a goal to bring it closer to its
2. CURRENT STATE OF MONITORING SYSTEM FOR FISH
natural form by the most effective means using remote monitoring
FARMING PONDS
via wireless communication technologies like cellular, LoRaWAN,
WiFi or Satellite communication. This smart system aims to
The current system includes the Arduino Mega2560 [6] board
reduction of the environmental stress that affects the fish population
one of the many small board computers, that consumes very low
in the fish farming pond. This is a very active research area and
power and it is widely available. Connected to this control unit are
researchers have developed similar systems, that try to automate the
various sensors for monitoring some of the parameters which can be
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labeled as input units, actuators such as relays that can be labeled as
output units, executive units that affect some parameters, such as
the heater and some interactive elements such as LEDs, buzzer,
LCD display presented on Fig. 1

The role of the light intensity in the fish breeding process is
very important because only with fully securing the proper lighting,
natural or artificial, you are allowing the fish and the plants to have
a normal life cycle. If you are breeding a fish type that is a natural
occupant in that area where the pond is, the needs of light are
automatically satisfied, but if you are breeding other types of fish
you need to control it. It is important to determine what type if light
is most suitable, in which intensity and the time interval. Basically
you need to determine the day/night cycle. The lightning parameter
affects the fish color, feeding habits, mating drive, orientation and
territory placement, and also affects photosynthesis of the plants
and the oxygen levels in the water. The most suitable “day” period
in the ponds is between 10 and 12 hours, it can be longer but it can’t
be lower in any case. In our system we regulate the day-night cycle
using RTC module (DS1302 RTC [8] - (see Fig. 2 - Box 3)) which
indicates the time and depend on it we switch on or off the light.
We use LED for lightning and with a little more complex solution
you can even control the LED intensity depending on the clock, you
can have less bright light in the morning and evening and highest
brightness during mid-day.
Every change in the water level, either raising or lowering, it
affects in a great manner the finishes in the pond and causes suitable
reaction from them. The fish occupy some area of movement,
feeding and relaxing, either at the bottom or at the top of the pond,
and by lowering the water level that area shrinks and causes
inadequate living conditions and may cause battle for survival
among the fish. This is why we need to keep the amount of water at
some constant level. The IoT monitoring and control system
measures the water level in the pond using a simple magnetic float
sensor, Water level sensors float switch P45 [9], which notifies the
end-user when the water drops below our desired limit. Using a
float sensor instead of the conventional electric sensor such as
droplet depth detection sensor is much more friendlier to the
occupants of the pond because there is no water-electricity contact.

Fig. 1. System schematic of the water monitoring IoT system for fish
farming ponds.

The IoT smart monitoring system includes several sensors to
sense the environment and based on the readings from these
sensors, the fish pond manager can make important decisions for
improving the quality and quantity of the fish production. We give
detail explanation of the sensors and the actuators used in the
current IoT system (see Fig. 2)
The temperature is the driving factor of all processes that
happen in the fish pond. It’s not only affecting the development and
growth of the plants and other animals in the pond, but also
regulates the oxygen level in the water. The optimal temperature for
tropical fish is 25°C with allowed deviations of 2°C and for fish that
live in rivers like the trout that temperature is too hot so the optimal
temperature for it is around 14°C. Therefore is a need to monitor
and regulate this parameter through additional equipment. The
monitoring is done by a waterproof DS18b20 [7] digital
temperature sensor with accuracy of ±0.5°C (See Fig. 2 - Box 1).
Data is read from the sensor and depending on the values the board
sends control values to the heating equipment. The regulation or
heating of the water is done by an Omron GL3 205p1c Solid-StateRelay (see Fig. 2 - Box 2), which receives the control signal from
the board and then turns off or on the heater. This kind of relay is
used because it has a fast reaction time, it is electronic (there are no
mechanical contacts as in standard relay) and it’s more durable of
the harassment done by the PID heating algorithm. Also in this
parameter there is a heater element. All of the standard heaters for
fish pond or aquariums have a thermostat built in, but in this system
with the control of the heater from the board the risk from
malfunction of this element is lowered multiple times.

The IoT system at this stage communicates to the end-user to a
set of sound and light (visual) notification that are placed in the
control room of the fish farming pond. The sound notifications are
produced using buzzer (see Fig. 2 - Box 4), which sends sound
signals whenever some of the measured parameters goes out of the
desired range. This is very important in many monitoring systems,
not just to notify the fish farm manager when he decides to change
some important monitoring factor(s), but also for the alerting when
some of the critical factors are mismanaged. Another important
aspect of the IoT monitoring system is the light notification, which
in our system we achieved by using RGB LED diode (see Fig. 2 Box 5) [10]. This diode presents the current temperature state using
different voltage levels (blue, green and red color) thus representing
the temperature degree of the fish farm water (cold, normal and
hot). If the measured temperature is out of the predefined range, or
out of the defined min and max range, the RGB diode together with
the sound buzzer will notify the fish manager with applicable color
(blue for cold, red for hot). And finally, we implemented an LCD
notification screen (see Fig. 2 - Box 6), that displays the current
state of the monitored parameters and controlled using from the IoT
sensors for the fish farming ponds. If something goes out of hand it
displays text message with the problem that is detected.

3. REMOTE MONITORING AND OTHER SENSORS
Current IoT system lacks the ability to process the data to the
fish farming manager via any remote platform: web or mobile
platform. However thanks to the great robustness of the Arduino
platform, by using various expandable modules, the current system
can be expanded using different types of modems. In our case in
this paper work, we decided to use Wivity module [5], which can
provide internet connectivity through GSM, Wi-Fi, LoRaWAN or
satellite communication. This is very important in our case of fish
farming ponds, since the location of the fish farming pond can be
very remotely and in many cases no mobile and thus no internet
communication is available.

Fig. 2. Implementation of the IoT water monitoring and control system for
fish farming ponds.
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The Wivity module is a interchangeable modem that offers a
modular approach to the IoT connectivity part (see Fig. 3). By using
the plug-and-play technology in a form of USB pluggable module,
it can be easily installed and maintained. This doesn't requires any
technical knowledge for the fish farming managers and more
important it can interconnect several fish ponds in different areas,
so you can easily use the modem that suits the most for that location
and without code changes. Another aspect of this device is power
flexibility, beside the main power is drawn from the Arduino Mega
256, the device has additionally micro-USB connector that supply
more power. The next feature that allows better and faster
connection is the possibility of interchange between fixed and
movable antenas. The device also supports Java execution on board,
and have built in SIM module. From the connection perspective, it
has an built in protocol stack, that offers transparent and nontransparent TCP/UDP client and server, as well as SMPT/
FTP/HTTP/DNS and Ping client. Another great aspect of this
device is the support of the TLS for all previous mentioned
protocols, thus providing better security for IoT devices. A typical
communication between two IoT devices with this module is
initiated with HTTP request which is passed to the Wivity modem
using the usb or serial port. This HTTP server resides on the Wivity
modem, and this server pushes data to the backend cloud server no
matter what communication network is used. For all this is to work,
we can use development kits like SIGFOX [11], in order to make
more functions available to the end-user. On top of this layer for
remote monitoring and control, an application interface for a web or
mobile application which will indicate the status of the pond and it
will give possibility to set some new values to the parameters of the
system like new min/max temperature, working light hours etc,
should enable the end-user more pleasant experience. Since the
Wivity modem can be expanded not by other hardware, but also
with other software modules, we can can use to further ease the
enchant the notification panel for the fish farming manager. One
such option will be sending SMS messages for the most vital events
that can jeopardize the fish environment.

tissue etc, and will eventually die. Aeration or measuring dissolved
oxygen is another factor that is vital for fish farming ponds. This
parameter describes the level of dissolved oxygen in the water. It is
affected by the temperature, pressure and salinity. It's utilized in
aerobic decomposition of organic matter, respiration of the fish, and
chemical oxidation of minerals. Low dissolved oxygen levels will
slow or stop the fish growth. If it drops below the level of
endurance of the fish it will cause death. There are several sensors
for measuring dissolved oxygen, but there is already a pre-built one
for arduino from DFRobot[13]. Another idea is to use this sensors
to connect to an air pump and automatically control the level of
oxygen in the water. Depending on the dissolved oxygen level you
can add or lower the power to the pump.

4. CONCLUSION
In this paper we have presented water monitoring IoT smart
system for managing and improve the fish productions in fish
farming ponds. The current implemented system consists from the
most vital sensors that are needed to monitor the water quality and
notify the fish pond manager on-site. We upgraded this system by
adding a hardware module that will allow the end-user to monitor
and in the future to control vital parameters in the most remotely
fish pond locations. The Wivity module can be easily installed and
configured, without the need of any high level of technical
knowledge. Additionally to this, if the end-user requests, the
Arduino platform can be remotely configured as remote server or
client with ease, as well as other hardware settings. Further on,
module for mobile and web interface should be developed for more
easy user interaction. In future we plan to expand the IoT water
monitoring system by adding a variety of other sensors, like sensors
that will measure pH or dissolved oxygen vital for the fish life
cycle.
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Abstract: In the paper, fuzzy logic is used to simulate active suspension control of a one-half-car model. Velocity and acceleration of the
front and rear wheels and undercarriage velocity above the wheels are taken as input data of the fuzzy logic controller. Active forces
improving vehicle driving, ride comfort and handling properties are considered to be the controller outputs. The controller design is
proposed to minimize chassis and wheels deflection (sky-hook concept) when uneven road surfaces, pavement points, etc. are acting on tires
of the running car. As a result, a comparison of an active suspension fuzzy control and a spring/damper passive suspension is shown using
MATLAB simulations.
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model that uses linear electrical motor as an actuator. There are
taken velocity and acceleration of the front and rear wheels and
undercarriage velocity and vertical acceleration above these wheels
as input data of the fuzzy logic controller, and active forces f1 and f2
as its output data. The objective of fuzzy control is to minimize
chassis deflections to reach passenger comfort and wheels (not to
damage the road surface, respectively) when road disturbances are
acting upon the running car.
Passenger comfort can be interpreted as an attenuation of
sprung mass acceleration or as peak minimization of sprung mass
vertical displacement, while good handling can be characterized as
an attenuation of unsprung mass acceleration. This effort devoted to
passive suspension design is ineffective because improvements to
ride comfort are achieved at the expense of handling and vice versa.
Instead, the best result can be achieved by active suspension, i.e.
when an additional force acts on the system and simultaneously
improve both of these conflicting requirements. Another important
goal of the control design is to maintain robustness of the closed
loop system.

1. Introduction
At the Czech Technical University in Prague various
alternative strategies and innovations to classical passive suspension
systems improving ride comfort of the passengers, providing
steering stability, maximizing safety and improving handling
properties of vehicles has been researched. In order to improve
handling and comfort performance instead of a conventional static
spring and damper passive system, an alternative active suspension
system has been developed. Certainly, there are numerous
variations and different configurations of vibration suspension. In
known experimental active systems the force input is usually
provided by hydraulic or pneumatic actuators. As an alternative
approach to active suspension system design, electromechanical
actuators have been studied by the research group. Such actuators
provide a direct interface between electronic control and the
suspension system. Connection of a passive spring-damper
suspension to an active system has a potential of improving
safety and comfort under nominal conditions. Perhaps more
important is that such a combination allows continuous adaptation
to different road surface quality and driving situations.
A number of studies on structural vibration control have been
done recently and practical applications have been realized [1]. It is
used both, passive solutions for vibration isolation, and active
systems, usually based on PID controllers. In addition, semi-active
vibration isolation methods are often proposed and used. Yoshida
and Fujio applied such a method to a base in which the viscous
damping coefficient is changed for vibration control. Fukushima
developed a semi-active composite-tuned mass damper to reduce
the wind and the earthquake induced vibrations on tall structures.
Different active control methods of various structures were offered
by Nishimura et al.. Yagiz applied sliding mode control for a multi
degree of freedom analytical structural system. In the area of semiactive structural control, Zhou and Chang developed a fuzzy
controller and an adaptation law for a structure MR damper system.
Shurter and Roschke used a neuro-fuzzy technique to control
building models [2]. Liu et al. designed a slightly more intricate
fuzzy controller for a magnetorheological damper and were able to
reduce vibrations of single-degree of freedom bridge model
subjected to random inputs. Simulation of active vibration isolation
of a one-quarter-car model with fuzzy logic device has been
designed by Nastac [4].

3.Active Suspension System
All suspension systems are designed to meet various specific
requirements. In suspension systems, mainly two most important
points are supposed to be improved – vibrations absorbing
(videlicet passenger comfort) and attenuation of the disturbance
transfer to the road (videlicet car handling). The first requirement
could be understood as an attenuation of the sprung mass
acceleration or as a peak minimization of the sprung mass vertical
displacement. The second one is characterized as an attenuation of
the force acting on the road or – in simple car models – as an
attenuation of the unsprung mass acceleration. The goal is to satisfy
both these contradictory requirements.
Satisfactory results can be achieved when an active suspension
system generating variable mechanical force acting between the
sprung and unsprung masses is used.
Such an actuator can be a linear electric motor [3]. In
comparison with traditional actuators that use revolving
electromotors and a lead screw or toothed belt, the direct drive
linear motor enables contactless transfer of electrical power
according to the laws of magnetic induction. The gained
electromagnetic force is applied directly without the intervention of
mechanical transmission then. Linear electric motors are easily
controllable and for features like low friction, high accuracy, high
acceleration and velocity, high values of generated forces, high
reliability and long lifetime, their usage as shock absorbers seems
to be ideal.
Fig.1 shows the basic principle and structure of the linear
electric motor used as an actuator in the designed unique active
suspension system. The appreciable feature of linear motors is that
they directly translate electrical energy into usable mechanical force
and motion and back. They are linear shaped.

2. Problem Formulation
For the design of active suspension we know how to create a
suspension model and how to define objectives of control in order
to reach a compromise between contradictory requirements like ride
comfort and road holding by changing the force between a wheel
and chassis masses. In the past, it has been reported on this problem
successively, about the base of optimization techniques, adaptive
control and even, H-infinity robust methods [5]. In this paper, fuzzy
logic is used to control the active suspension of a one-half-car
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Linear motor translator movements reach high velocities (up
to approximately 4 m/s), accelerations ( up to g multiples) and
forces (up to 10 kN). The electromagnetic force can be applied
directly to the payload without an intervention of mechanical
transmission.

Fig. 3 Linear motor input/output model for dynamics verification.

Fig. 1 Linear motor basic design (manufacturer spread sheet).

4.Linear Motor Model
In order to verify control algorithms we created a linear
motor model including a power amplifier in Matlab/SimulinkTM.
The model enables to demonstrate the conversion of electrical
energy to mechanical energy.
In the model, it is assumed that the magnetic field of the
secondary part with permanent magnets is sinusoidal, the phases of
the primary part coils are star-connected, and a vector control
method is used to control the phase current [5]. Here, PWM voltage
signal is substituted by its mean value to shorten (about 10 times)
the simulation period (inaccuracies caused by such a substitution
can be neglected).
The principal inner representation of the model is shown in
Fig.2. The model input vector is given by the instantaneous position
[m] necessary to compute the commutation current of the coils,
instantaneous velocity [m/s] (the induced voltage of the coils
depends on the position and velocity) and desired force [N].
The designed model function we verified comparing
dynamics of the model in Fig.3 and the real motor. The simulation
parameters correspond to catalogue parameters of TBX3810 linear
motor fy Thrust-tube.
For example, time responses caused by changes of the desired
force have been compared.

Fig.4 Simulated time response.

Fig.5 Real time response.

Comparing the time responses in Fig.4 and Fig.5 it can be
seen very good matching level of the model and the real motor
behavior.
On the base of the experiments that we completed on the
model, we gained values of electric power necessary to be supplied
or consumed when velocity and force of the motor are constant. In
Fig. 6 an input/output model of the linear motor (with concrete
simulation values) is represented.
It results from many experiments we made [5] with TBX3810
linear motor that the designed model describes the real linear motor
equipped with necessary auxiliary circuits very authentically and
enables to verify control algorithms developed to control the linear
motor as an actuator of the active suspension system.

Fig.2. Principal inner model representation.

Fig.6 Linear motor input-output model.

The linear motor input-output model is shown in Fig. 3
Fig.4 and Fig.5 represent simulated and real time responses,
respectively (rightangular force signal: 0→200 [N], power supply
of 150 [V], velocity: 0 [m/s]).
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variables vector u (14), and the vector of disturbances v (15), are
considered:
(9)



x  x1 , x2 , x3,x4 , x5 , x6,x7 , x8

T

Where:
(10) … x1  zb1  zw1
(11) x2  zw1  zr1
(12)
x3  zw1
(13)
x4  zb2  zw2

x5  zw2  zr2
x6  zw2
x7  vT

x8  ω

(14) u   f1 , f 2 T

(15) v  zr1 , zr2 T

Then the motion equations of the one-half-car model for the
active suspension can be written in the state space form as follows:

x  Ax  Bu  Fv

(16)

where for the given data A, B and F are stated in [3][5].
Thanks to the negative real parts of all eigen values of matrix A,
the model is stable.

Fig. 7 One-half-car model.

5.One-half- car Suspension Model

7. Fuzzy Logic Controller

In this paper, we are considering a one-half-car model in Fig.7
which includes two one-quarter-car models connected to a
homogenous undercarriage [2]. The undercarriage is determined by
its mass - m [kg] (taken as one half of the total body mass - 500 kg),
length L [m] (L = L1 + L2 = 1,5m + 2,5m = 4m) , center of gravity
position T [m] (given by L1 and L2) and moment of inertia

The fuzzy control system consists of three stages: fuzzification,
fuzzy inference and defuzzification [3], [4].
The fuzzification stage converts real-number (crisp) input
values into fuzzy values whereas the fuzzy inference machine
processes the input data and computes the controller outputs in cope
with the rule base and data base. These outputs, which are fuzzy
values, are converted into real-numbers by the defuzzification stage.
The fuzzy logic controller used for the active suspension has
nine inputs (13):

JP=2700 kgm2.
The motion equations of the car body and the wheels are as
follows:
,
(1)
m w1Z ,w1
 f1  k b1 (Z b1  Z w1 )  k w1 (Z w1  Z r1 )  b b1 (Z ,b1  Z ,w1 )
(2)

m

(3)

m Z,b1,  f1  k b1 (Z b1  Zw1 )  b b1 (Z,b1  Z,w1 )  F1

(4)

m Z  f 2  k b2 (Z b2  Zw2 )  b b2 (Z  Z )  F2

Z , ,  f  k (Z  Z )  k (Z  Z )  b (Z ,  Z , )
w2 w2
2 b2 b2 w2
w2 w2
r2
b2 b2 w2
,,
b2

,
b2

vb1,vb1,vb2 ,vb2 ,vw1 ,vw2 ,vT ,vT ,ωT

(13)

and two outputs: f1 and f2. All membership functions are of
triangular form. Variables ranges are stated experimentally [2] and
are given in Tab.1a andTab.1b bellow.

,
w2

where the position variables respect the static equilibrium
position: mw1, mw2 - wheel masses (35 kg each), kb1, kb2 - passive
suspension spring stiffness (16 kN/m each), kw1, kw2 - .tire stiffness
(160 000 N/m each), bb1, bb2 - passive suspension damping
coefficients (980 Ns/m each), f1,f2. - active forces between the

Table 1a: Variables ranges
zr
׀f1׀max
׀f2׀max
[cm]
[N]
[N]

zr1, zr2 ..- road

Table 2b: Variables ranges
׀vb1׀max  ׀v
 b1 ׀max ׀vw1׀max
[m.s-1]
[m.s-1]
[m.s-2]
0,3
6,8
2,4
0,5
13,5
4,8

front/rear sprung and unsprung masses[N],

displacements [m], zb1, zb2 - body (chassis) displacements [m],

5
10

zw1,

zw2 .- .wheel displacements [m].
To model the road input, we assume that the vehicle is
moving at a constant forward speed. Then the vertical velocity is a
white noise process which is approximately true for most of real
roadways.
The pitching equation is given as :
(5)
F1L1  F2 L2  J p ω  0

2876,4
5752,8

׀vT׀max
[m.s-1]

2949,4
6062,5

׀v
 T ׀max

0,3
0,5

׀vb2׀max
[m.s-1]
0,3
0,5

 ׀vb2 ׀max
[m.s-2]
6,8
13.5

[m.s-2]
6,6
13.5

ω
}[rad.s-1]
0,1
0,2

׀vw2׀max
[m.s-1]
2,2
4,9

The rule base used in the active suspension system for onehalf-car model is represented by 160 rules [3], [5] with fuzzy terms
derived by modeling the designer’s knowledge and experience.
There are two types of rules for the one-half-car model. The
rules for unsprung masses are corresponding to the rules of the
one-quarter-car model [3], [4], [5] and considering:
[vb1 , vb1 , vb2 , vb2 , vw1, vw2 ] as fuzzy controller inputs, and f1 and f2 as
controller outputs.
The output of the fuzzy controller is a fuzzy set of control
forces. As processes usually require non-fuzzy values of control, a
method of defuzzification called “center of gravity method” is used
here [3], [4], [6].

and motion of the gravity center as:
(6)
F1  F2  m p vr  0
Note, that:
vb1  vT  ωL1
(7)
and
vb2  vT  ωL2
(8)
where the meaning of constants and variables is as follows:
vT [ms-1] - velocity of the center of gravity, ω [rad s-1] - angular
velocity, vb1 [ms-1] - undercarriage velocity above the front wheel,
vb2 [ms-1] - undercarriage velocity above the rear wheel.

8. Simulation Results
In this section, the controller was tested in order to compare the
results of the designed fuzzy logic control with a traditional passive
suspension system. As an example, step responses of the unsprung
and front/rear sprung masses are shown in Fig8- Fig.11

6. State-space Model
To transform the motion equations of the one-half-car model to
a state space model, the following state variables vector x (9), input
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From Fig.9 and Fig.10, it is evident that fuzzy controlled
active suspension efficiently suppresses sprung mass oscillations
that occur when only passive suspension was used.
Diagram in Fig. 13 represents active forces acting on front and
rear wheels in order to optimize ride comfort and good handling of
the vehicle.

9. Conclusion
In the paper, we briefly described a basic way of fuzzy
controlled active suspension system designed for a vehicle
one- half-car model.
The entire analysis was developed in MatlabTM - Simulink,
with Fuzzy Logic Toolbox. The fuzzy inference machine is also on
custody of a special module of Simulink. Practically, the entire
process of fuzzification - inference – defuzzification is automaton
made by the Fuzzy Logic Controller of SimulinkTM. The inference
machine operation is based on the set of rules which link the input
variables by the outputs. The set of input variables, output variables
and inference rules base derived by modeling the designers
knowledge and experience on vibro-isolation devices.
The simulation results have been successfully verified on an
experimental test stand. The same configuration like in Fig.7 has
been used for test stand design and real experiments. Mechanical
configuration of the test stand is obvious from Fig.13. Under the
tyre there is placed another linear electric motor that uses an input
experimental signal described in [5] to generate road displacement
(road deviations) under the running wheel.

Fig.8 Sprung mass deflection above front wheel.

Fig.9 Sprung mass deflection above rear wheel.

Fig10 Front unsprung mass (front wheel) deflection

.

Fig.13 Experimental test stand

As is mentioned in [2],[3] the controller is developed via Matlab
implemented into dSpace a connected to the test stand system.
Acknowledgement: This research has been supported by the

MSMT CR project INTER VECTOR No. LTV 17019.
Fig.11 Rear unsprung mass (rear wheel) deflection
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Abstract: The paper deals with a variable multifunctional simulation tool that enables to design and assemble animated models of various
technological processes controlled by externally connected fuzzy logic unit. It enables to verify the correctness of fuzzy controller settings in
the future control of real technological processes in practice. This tool represents an effective, innovative, and creative concept important to
understanding control approach of technological processes modeling as an insight to behavior of real industrial processes and their control
which is based on fuzzy logic. On the base of this animated simulation, real technological processes control can be realized successfully
according to producer demands afterwards. Models of technological processes assembled by this simulation tool can be then externally
controlled by various control strategies (traditional PID controllers, ON-OFF controllers,PLC controllers, fuzzy logic controllers etc.) via
a proper real controller connected to the computer. In the paper, two-conveyor-belt system for product packing is shown. The goal consists
in control of synchronization of products and boxes placed on individual conveyor belts in order to pack the product into the box. The main
concern here is to improve dynamic performance and control efficiency with the help of assembling an animated model of the controlled
technological process and its external control by a fuzzy logic unit.

Keywords: CONTROL, CONVEYOR, SIMULATION, FUZZY LOGIC, PROCESS, CONTROLLER
Such models of technological processes can be externally controlled
by traditional PID controllers, PLCs, fuzzy logic controllers, etc.
The attention was focused on creating a universal, modular and
user friendly system that would be easily extendable according to
user demands. To satisfy all these requirements, we created a
system with a built-in editor, compiler, and simulation modules that
allows assembling wide class of technological scenes. The block
diagram illustrating communication between the individual modules
is shown in Fig.1.
To ensure correct understanding behavior of the simulated
technological processes, we created a concept of real-time
animation. The only part with the help of which standard users can
build up the simulated technological scene is the editor module. It
contains a library of various objects which is comfortably
extendable according to user demands. The objects can be sorted
into six categories:

1. Introduction
It is desirable nowadays for researchers in engineering to
try to use some of their more understandable and/or practical work
as a material to give an insight to behavior of real industry
processes to industry technologists as much as possible. In industry,
there are still mostly used PID control, sliding mode control for
multi degree of freedom analytical structural systems, PLC control,
fuzzy logic control, and their modifications like neuro-fuzzy
techniques etc.
The main goal of the research was to create a variable
multifunctional simulation system that enables to design and
assemble animated models of complicated technological processes
with the help of personal computers and their external control by a
real fuzzy logic control unit connected to the computer. In the
paper, the main concern is to study dynamic performance of
conveyors synchronization and control efficiency with the help of
assembling an animated model of the controlled technological
process and its external control by fuzzy logic unit. The simulation
technique that is discussed in the paper can take many forms and
offers interesting ways for the technologists to explore and navigate
them through the possibilities [1].
The presented paper reports how the work, we carried out in
the areas of control of technological processes, has been used as a
simulation tool to gain optimal settings of technological processes
fuzzy controllers to reach the best process behavior in practice. In
case of control of technological processes, the research is concerned
on the development of advanced solutions in fuzzy control strategy.
These solutions are simulation-based and implement an active
approach whereby control schemes react to random disturbances.

● input objects (generators of analog and binary signals ...)
● drives
● actuators (conveyor belts, robots, start and destination points
of transported subjects, ...)
● sensors (position sensors, tachogenerators, counters, etc.)
● output objects (scales, displays...)
● connections / linkages (cables, wires, pipelines)
The editor is equipped with a built-in checker for testing if all
objects of the created scene are correctly located and do not cover
each other. After the compilation command has been received, the
compiler executes syntactic tests of the built scene and creates
connections between the individual objects. If the compilation
process is successful the compiler gives control back to the editor
module that runs the simulation phase and announces a message
about successful compilation.
In case of abortive compilation, the editor takes over the error
code and announces an error message. The simulation module is
represented by a simulation cycle that ensures testing of all scene
objects every 50 ms. The simulation process can be externally
interrupted by the user (by pushing a key) or internally by an error
whose code is immediately announced in the form of an error
message.
The simulation module is a useful tool to check the knowledge
of hardware structure and connections in the controlled process. It
leads not only to understanding which components are suitable or
necessary for the real design but also gives a real imagination of all
parameter levels in the process (supply voltages, actuator revolves,
etc.). The simulation itself gives immediately information to the
user whether the created configuration of the simulated scene is
correct or not.

2. Simulation Tool
At the Czech technical University in Prague, a variable
multifunctional simulation tool that enables to design and assemble
animated models of technological processes with the help of
personal computers has been developed.

Fig. 1 Communication between modules
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4. Process Control

3. Simulated Technological Process
To illustrate a built up scene and its connection to external control
executed by a fuzzy logic controller, an illustrative exampleexternally controlled conveyor belt process by the modular PLC
C200H with fuzzy logic unit FZ001 OMRON is shown in Fig.2.
The unit is used to control two conveyor belts for products
packing. The products are carried on the conveyor belt A at random
intervals, but at a fixed speed. The boxes are carried in regular
intervals on conveyor belt B, which runs in parallel to conveyor A
at speed controlled by fuzzy logic unit. The fuzzy logic unit adjusts
the speed of conveyor B so that the boxes arrive to the same point at
the same time as the products. Actually, the goal is to synchronize
occurrence of boxes and products at a specific place where the
product will be packed in the box. The required information for
conveyor B control is the offset E between the product and the box
and the rate DE that the offset is changing.
The components of the simulated process and their function are
given in the part list (Tab. 1).

To control the technological process described above the modular
PLC C200H with fuzzy logic unit FZ001 OMRON [1], [2], [3], [4],
[5] is used. It controls the process via interface boards AX 5212 (8
output analog voltage/current channels) and AX 5411 ( 16 input and
2 output analog channels, 24 input and output binary channels)
manufactured by AXIOM. External control of the simulated
process is executed by PLC C200H OMRON with fuzzy logic unit
FZ001 of the following configuration:
● binary inputs (sensors PH1, PH2, PH3 and PH4)
● analog inputs (conveyor A speed, Conveyor B speed)
● binary outputs (random frequency generator generating products
and adjustable frequency generator generating boxes)
● analog outputs (conveyor A speed, conveyor B speed)
● PLC configuration [4] :
C200H-CPU31
C200H-FZ001
C200H-OD212
C200H-ID21
C200H-DA001
C200H-PRO15-E
C200H-AD002
C200H-BC081
C200H-LK20
The way how to set the fuzzy controller is explained in the next
paragraph. Fuzzy logic controller provides an effective tool of
capturing the inexact nature of the described industrial process.
Basically, fuzzy logic controller converts linguistic control rules
based on expert knowledge and experience into automatic control
[1]. As the process behaves randomly conventional precise
mathematical control is impossible.

4. Fuzzy Controller
The basic configuration of the fuzzy logic controller is
shown in Fig.3. It consists of four basic components: fuzzification
interface, knowledge base, decision making logics (fuzzy inference
system), and defuzzification interface.
y(t)
u(t)

Controlled
process

Sensors

y(t)

Actuators

e(t)
Denormalization

Knowledge base

Fig. 2 Simulated technological process - two conveyor belt
system
Defuzzification

Fuzzy
Inference
system

w(t)

Normalization

Fuzzification

Fuzzy controller

Table 1: Component list

Component

Component function

Motor A (B)

Drives conveyor belt A (B)

Tachogenerator A (B)

Tachogenerator
conveyor belt A (B)

Photoelectric sensors (4)

Sense passing products and
boxes

Input unit

Receives
photoelectric
sensor inputs

Output unit

Outputs to
conveyors

Analog input unit

Converts analog speed data
to digital form

Analog output unit

Converts the digital output
from fuzzy logic processing
to analog data and outputs it

Fig. 3 Fuzzy controller structure

motors

The fuzzification converts crisp output data of the controlled
process into suitable linguistic variables [5].
To adjust the conveyor B speed VB to move the boxes to the
same point where products occur at the same time, the information
about offsets E between the products and the boxes and the rate DE
that the offset is changing is necessary.
● The input data for product/box offset are taken from the relative
product/box offset position E:
(1) E=POS(Product) - POS(Box)
● The input data for the rate of change of the offset DE is
the difference between the most recent value of E (i.e. E(n))
and the previous value of E (i.e. E(n-1)):
(2)
DE=E(n)-E(n-1)
The condition/conclusion membership functions that assign
numerical values to how well a specific value of a fuzzy variable
(E, DE, VB) satisfies the condition/conclusion part of the rule are
shown in Fig.4.

for

and
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Table 2: Converting to lables
Product/box Offset E
NL

NS

ZR

PS

PL

Offset

NL

NL

NM

NS

PS

PM

Rate of

NS

NL

NM

NS

PS

PM

Change

ZR

NL

NS

ZR

PS

PL

DE

PS

NM

NS

PS

PM

PL

PL

NM

NS

PM

PM

PL

Centre of gravity method computes the center of gravity of
singletons (Fig.4c) that have been defined by firing of any of the
rules. These singletons are weighted by the given rule weight. It
can be immediately verified on the computer screen that the simple
knowledge base shown above gives surprisingly good results.

Fig. 4. Condition membership functions for:
product/box offset E (a), offset rate of change DE (b), and
function ( conveyor B speed VB
conclusion membership
adjustment) (c)
In Fig. 4:
● NL… Negative Large
● NM… Negative Medium
● NS … Negative Small
● ZR … Zero
● PS … Positive Small
● PM … Positive Medium
● PL … positive Large
The rules were created by organizing common know-how about
the simulated process in everyday expressions. These IF-THEN
statements that show how much the conveyor B speed has to be
adjusted depending on E and DE are presented in Table. II.
The linguistic rules given in Tab. II need to be converted to a
simplified form (Table III) than can be entered into the fuzzy logic
unit.
The final result of the fuzzy logic processing for the fuzzy logic
outputs is calculated by center of gravity method.
The final result of the fuzzy logic processing for the fuzzy logic
outputs is calculated by center of gravity method.
The crisp value of the controller output defuzzification is
calculated according to the following center of gravity formula:

5. Results
A simple example of simulated externally controlled technological
process has been presented. A series of such illustrative examples is
used in the university courses ”Processes Control” at the Dept. of
Digital Design at the Czech Technical University in Prague to make
control strategies and techniques more understandable and creative.
The simulation tool has been tested in industry, namely in a soap
manufacture. On the base of the simulation, they reached
satisfactory results in fuzzy logic control of synchronized conveyor
belts in practice. They set the same fuzzy controller parameters like
during the simulation and gained very satisfactory synchronization
of products and boxes carried on the conveyer belts.
Acknowledgement: This research has been supported by the
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where
is the area line determined by the output value
membership function. reliability and long lifetime, their usage as
shock absorbers seems to be ideal.
Table 2: Expressing rules
E
DE

Box
ahead
lot

is
a

Box
ahead

is

Box is
much
faster

Slow box
a lot

Slow box

Box is
faster

Slow box
a lot

Slow box

About
even

Slow box
a lot

Slow box
a little

Box is
slower

Slow box

Slow box
a little

Box is
much
slower

Slow box

Slow box
a little

About
even
Slow
box
little

a

Slow
box
a
little
Do not
change
Speed
the box
up
a
little
Speed
the box
up
a
little

Product
is ahead

Product
is ahead
a lot

Speed the
box up a
little

Speed the
box up

Speed the
box up a
little
Speed the
box up a
little
Speed the
box up

Speed the
box up

Speed the
box up

Speed the
box up a
lot

Speed the
box up a
lot
Speed the
box up a
lot
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OBTAINING THE PROTEIN FODDER ADDITIVE ON THE BASIS OF THE DAIRY SERUM
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Abstract. Milk whey processing based on biosynthesis of yeast microorganisms has been investigated. The screening of eight strainsmicroorganisms in nutrient media based on curd, cheese and casein milk wheys has been presented. The composition and amount of microelements necessary to enrich the culture medium for maximal accumulation of biomass have been established. It has been shown that the
selected producer the microbial protein Debaryomyces hansenii var hansenii Y-4 (D.h.v.) is able to process curd, cheese and casein milk
wheys with the accumulation of biomass in the range of 30-35 g/dm3 that presents a practical interest; herewith the lactose content is
reduced to a concentration of less than 0.5%. The technology has been successfully tested in industrial conditions in the production of a pilot
batch of protein feed supplement from whey.
KEY WORDS: MILK WHEY, BIOSYNTHESIS, LACTOSE, STRAINS-PRODUCERS OF PROTEIN, PILOT BATCH, PROTEIN FEED
ADDITIVE

microbial protein Debaryomyces Fanseniivarhansenii Y- 4 (D.f.v.).
So, the amount of absolutely dry biomass with the addition of
microelements, vitamins and mineral salts, when using this producer
and depending on the type of whey is in the range of 30-35 g/dm3; it
is 10-29 g/dm3 in other producers. As an example, the table shows
the results of biomass accumulation of industrial strains-producers
of microbial protein using a nutrient medium based on casein milk
whey.

1. Introduction
Milk whey, which is an accompanying product of milk processing,
contains 50% of milk solids, including up to 250 different
compounds (including nitrogenous, micro and macro compounds,
milk fat, mineral salts, lactose, vitamins, enzymes, organic acids)
[1]. State-of-the-art technologies of milk whey processing are
related to the production of dry whey, lactose, biogas, beverages,
and feed protein [2-4]. However, they are either not wasteless, or
low-tonnage, or very costly, and the produced products do not
contain enough protein to be used as a feed additive.

Table – The results of biomass accumulation of industrial strainsproducers of microbial protein using a nutrient medium based on
casein milk whey

The purpose of the work is to study the process of milk whey
processing with yeast cultures in order to produce feed protein.
2. Results and discussion.
Name of producer

Eight strains-microorganisms were used as the objects of the study:
Candida tropicalis CK-4-1; Candida tropicalis BUMj-2172;
Candida tropicalis BKMP P-5; Candida famata M-2;
Saccharomyces cerevisiae ВКМПj-1217; Candida famata M-1;
Debaryomyces hansenii var hansenii Y-4; Varrowia lipolytica.
Preliminary filtrates of cheese, casein and curd milk whey were
used as the main component of the nutrient medium for protein
production, which were enriched with microelements, vitamins and
mineral salts. Moreover, 2% of the chalk was added during the
studies using nutrient media based on cheese and casein milk whey.
This is due to the fact that the processes of cultivation of the protein
producer on nutrient media containing curd, cheese and casein
whey differ, because environments have different chemical
composition.
Providing producers with dissolved oxygen was carried out by
bubbling sterile air. Air consumption for aeration was 0.8-1.2
volumes per volume of fermentation medium per minute.
As a result of the selection works, eight industrial strainsmicroorganisms were investigated regarding the ability to form a
protein biomass on a nutrient medium. The components of curd,
cheese and casein milk whey were used as a source of
carbohydrates and the main growth factors. It has been found that
the highest activity is produced by the strain-producer of the

Candida tropicalis
CK-4-1
Candida famata
M-2
Candida famata
M-1
Candida tropicalis
BUMj-2172
Candida tropicalis
BKMP P-5
Debaryomyces
hansenii var
hansenii Y-4
Varrowia
lipolytica
Saccharomyces
cerevisiae
ВКМПj-1217

The amount of absolutely dry biomass g/dm3
Without
With
With
With
addition
addition
addition
addition
of salts,
of salts,
of salts,
of salts
micromicrovitamins
elements, elements,
vitamins
vitamins
9,0

9,6

9,5

9,5

9,1

10,1

10,4

11,0

8,6

16,0

16,2

17,0

9,4

10,5

11,4

11,0

16,0

17,5

18,0

18,0

21,0

30,0

29,8

29,5

16,4

20,0

19,0

18,6

14,6

18,8

20,0

20,6

The study of the main factors influencing the process of biosynthesis
has showed the following. The temperature of cultivation is to be
maintained within 30-32 °C. This is due to the fact that at a
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temperature of 30-32 °C, the protein content in yeast was 48-52 %.
It is higher in comparison with other investigated ranges (42-45 %
at 26-28 °C, 48-50 % at 34-36 °C). Also, according to the amount
of produced protein, it has been found that the cultivation process
should be carried out at a pH of 5.5 ± 0.1; the oxygen level in the
medium should be maintained in the range of 25-30 % of the
maximum saturation.
The amount and rate of accumulation of yeast biomass are of
practical interest. This is most affected by the amount of seed yeast.
Curd milk whey was used in the experiments, and seed yeast was
added to the seeding nutrient media at a rate of 5, 10, 15, 25 and
40 % of the lactose content in the medium. Experimental data
showed a direct dependence of the rate of lactose utilization on the
amount of D.h.v. seed culture. It has been established that the less
yeast culture is introduced during seeding, the lower the rate of
lactose utilization is. However, when 40 % of the seeding material
is applied, the growth of the producer and the rate of lactose use
become almost the same as when 25 % of the seeding material is
applied. It should be noted that the lactose content tended to 0 and
was less than 0.5 % at the end of the cultivation process for almost
all curves. The results of studies of the use rate of milk whey by the
D.h.v. producer depending on the amount of seeding material are
shown in the figure.

tons of whey, a pilot batch of feed additive was produced in the
amount of more than 3 tons.
The developed feed additive has the following characteristics:
moisture content – 8.0-10.0 %; crude protein content – 45.0-50.0 %;
fat content – 5.0-6.0 %; pH of the reduced product – 6.0-6.8.
Conclusion
The process of milk whey processing based on the biosynthesis of
yeast microorganisms has been investigated. The strain-producer of
the microbial protein Debaryomyces hansenii var hansenii Y-4
(D.h.v.) was selected, which showed the greatest activity. The
composition and the amount of mineral additives necessary to enrich
the culture medium for maximum biomass accumulation have been
established. The optimal amount of seeding material was
determined; the effect of various factors of biosynthesis was studied.
It has been shown that the selected D.h.v. producer is able to process
curd, cheese and casein milk whey with accumulation of biomass
being of practical interest in the range of 30-35 g/dm3; in this case,
the lactose content is reduced up to a concentration of less than
0.5%. The technology of milk whey processing has been developed
and successfully tested under production conditions.
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Time of cultivation (hour)

Fig. 1 The rate of use of milk whey by the D.h.v. producer
depending on the amount of seed: 1 – 5 %; 2 – 10 %; 3 – 15 %;
4 – 2 5%; 5 – 40 % of the lactose content in the medium
The relative rate of biomass formation (g/dm3 h) of the D.h.v.
producer was determined at different amounts of seeding material,
and it has been established that by increasing the percentage of seed
yeast, the growth phase can be reduced to a certain extent.
Moreover, the maximum growth rate in each individual case is
achieved more quickly, when the more seeding material was
introduced. So, the maximum growth rate is reached by 15 hours of
growth with the introduction of 10% of the producer, and by 10
hours of cultivation – at 15 and 25%. And, finally, with the
introduction of 40% of seeding material, the relative growth rate
reaches a maximum already in the first 6 hours. According to the
obtained experimental data, it can be concluded that, whatever the
initial amount of seeding culture, it affects only the growth rate of
the producer's population, and the biomass buildup remains almost
the same and is directly dependent on the amount of nutrients
available in the medium. Consequently, an increase in the amount
of seed yeast makes it possible, to a certain extent, to reduce the
production of protein biomass. However, since this process is
related to a specific mass exchange, where each microbial protein
producer cell needs free access to nutrients, an increase in the
concentration of the producer of the seeding material is beneficial
only up to a certain limit.
On the ground of the carried out studies, an experimental
technological regulation was developed for the production of
protein feed additive. According to it, as a result of processing 50
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According to this technology, first a layer is formed, for
example, a dose of powder material is poured onto the surface of the
working platform and the powder is leveled with a roller or "knife",
forming an even layer of material of a certain thickness.
Then, the powder is processed selectively in the formed layer
with a laser (Selective Laser Sintering), or otherwise, binding the
powder particles, for example with ultraviolet radiation.
2. Direct Deposition (DED) [2. 5].
Manufacturing companies of machines (technologies) –
Optomec (LENS), POM Group (DMD), Trumpf (DLF), Objet
(Poly-Jet), Stratasys (FDM, DoD), 3D Systems (MultiJet).
This process for metal powders is referred to as Direct Metal
Deposition (DMD).
Using this technology, energy is directed and the material is
deposited in a particular local area.

Introduction
The main relevant challenges in state-of-the-art machine
building are the use of new technologies and materials with high
physical and mechanical properties and an increase in the efficiency
of the use of energy and material resources. One of the modern
technological directions that provide solutions to these challenges is
the technological method of powder metallurgy, in particular
additive technologies - (Ad d i t i v e M a n u f a c t u r i n g ( A M )
[1-4].
According
to
ASTMF2792-10
standard,
additive
manufacturing is "a process of combining the material to create an
object from the 3D model data, usually layer by layer, unlike
"subtractive" manufacturing technologies such as, for example,
machining process. The most important advantage of AM
technologies is a single digital CAD/CAM/CAE environment for
all stages from development to direct performance in the material.
This significantly increases the speed of development and excludes
the production of traditional paper drawing and technological
documentation. This ultimately reduces the cost of production,
especially for small batches of parts, makes it possible to produce
parts of high quality, as well as parts that cannot be manufactured
by traditional "subtractive" technologies – machining process.
According to ASTM classification in the 2012 version,
additive technologies are divided into 7 categories:
1. Material Extrusion – layer-by-layer deposition of molten
building material through an extruder;
2. Material Jetting – layer-by-layer jet deposition of building
material;
3. Binder Jetting – layer-by-layer jet deposition of binder
material;
4. Sheet Lamination – layer-by-layer product formation from
sheet building materials;
5. Vat Photopolymerization – layer-by-layer setting of
photopolymer resins;
6. Powder Bed Fusion – sequential formation of layers of
powder building materials and selective sintering of the particles of
the building material;
7. Directed energy deposition – layered product formation by
applying the building material directly to the place of energy
supply.
However, in general, all technologies can be divided into two
main directions according to the method of layer formation:
1. Bed Deposition [2, 5].
Manufacturing companies of machines (technologies) – 3D
Systems (SLS, SLA), EOS (DMLS), Envisiontec (DLP), SLM
Solutions, (SLM), Realizer (SLM), ExOne (Ink-Jet), Renishow
(SLM), Voxeljet (Ink-Jet), Concept Laser, (Laser CUSING).

Results and discussion
Over the past three years, SSI Powder Metallurgy Institute has
been participating in the project of the 7th European Framework
Program, where a number of important issues on additive
metallurgical technologies for 3D printing of metal and cermet
powders are being actively solved.
Today, the Scientific Center for Special Powders and 3D
Printing has been established at the Institute.
Taking into account the existing scientific reserve and the
demands of the Belarusian industry, it is possible to formulate the
scientific directions of the Center:

Implementation of the production of 3D printed products
for aerospace and special equipment.

Development of manufacturing technologies for
composite powders of the specified chemical and granulometric
composition by various methods of melting in vacuum and
atomizing with inert gas, MASHS, mechanical alloying, grinding
technologies and classification of powders.

Expansion of the nomenclature of used materials owing to
the development of materials based on cermets.

Investigation of sintering modes for powder materials,
control of final properties and product geometry, taking into account
the dimensional changes occurring at all stages of the technology.

Investigation of the processes of the subsequent thermal,
thermo-mechanical and thermo-chemical treatment of powder billets
in order to give them the required operational characteristics.
The results of the research carried out at the Powder Metallurgy
Institute jointly with the Institute of Physics on the development and
manufacture of selective laser sintering (SLS) plant, which is used
for research purposes, were applied as a basic scientific reserve.
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As a result of the studies carried out, it was found that it is
possible in principle to achieve 100% density for samples made of
the heat-resistant IN718 alloy produced by selective laser sintering
(SLS).
An important effect of post-processing, including hot isostatic
pressing (HIP) of samples preliminary obtained by selective laser
sintering (SLS), is the correction of the structure typical for SLS.
From a layered structure (Fig. 2a), grains similar in shape to
equiaxial ones are formed (Fig. 2b) in the process of HIP. In this
case, an increase in density by 3.5% is observed, i.e. the density
after SLS treatment is 7.92 g/cm3 or 96.7%, and after additional HIP
processing, the density is 8.19 g/cm3 or 100%. This is very
important, because such alloys are intended for operation at high
temperatures and tensile loads.

a)

b)

c)

d)

Fig.1 General view of a selective laser sintering plant for metal
powders
Powder Metallurgy Institute carried out research of the
process of improving the physical and mechanical properties of the
part by hot isostatic pressing (HIP).
The results obtained when processing products made of heatresistant IN718 alloy are given in Table 1.

Fig. 2 Variation in the structure of IN718 after 3D printing followed
by hot isostatic pressing
а, с – After 3D printing;
b, в – After 3D printing + HIP

Table 1. Variation in the porosity of heat-resistant IN718
alloy after 3D printing followed by hot isostatic pressing
Sample №
i 3D-printing
p after HIP
1130 С, 100
МPа, 240 min.
Density increase,
%
Sample №
i 3D-printing
p after HIP
1150С,100
МPа,120 min.
Density increase,
%
Sample №

12

22

32

42

52

8,13/
99,27%

7,95/
97%

7,64/
93,3%

8,12/
99,15%

8,06/
98,41%

8.19/
100.0%

8.19/
100%

7.7/
94%

8.19 /
100.0%

8.19 /
100.0%

0.93

3

1.3

1.25

1.69

13

23

33

43

53

8,09/
98,78%

7,92 /
96,7%

7,6 /
92,8%

8,01 /
97,8%

8.12/
98,4%

8.17/
99.8%

8.19/
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Studies have shown that HIP significantly increases the impact
strength of parts produced by AM technology.

Fig. 3 The effect of HIP technology during post-processing on
the fatigue resistance at selective laser melting and electron beam
melting
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Conclusion
As a result of the studies carried out, it was found that it is
possible in principle to achieve 100% density for samples from the
heat-resistant IN718 alloy produced by selective laser sintering
(SLS).
The density of samples made of heat-resistant IN718 alloy
after SLS treatment is 7.92 g/cm3 or 96.7 %, and after additional
HIP processing, the density is 8.19 g/cm3 or 100 %.
Studies have shown that HIP significantly increases the
impact strength of parts produced by AM technology.
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