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Accounting education and sustainability reporting 

 
Eleonora.Stancheva-Todorova  

Faculty of Economics and Business Administration – Sofia University “St. Kliment Ohridski”, Bulgaria  

e_stancheva@feb.uni-sofia.bg 

 

Abstract: A recent challenge towards accounting education that is expected to amplify its transformation in a span of a decade is the 

sustainability reporting which has already started to reshape the corporate reporting landscape. As a result of its standardisation, a recently 

emerged trend that currently dominates the development of the sustainability reporting, the companies are forced to enhance disclosures 

about their environmental and social impact. This will increase the requirements of employers in regards of the core skills and competences 

of the future accountants. In light of this new trend that continues to reshape the future of the accounting education along with the Fourth 

industrial revolution, this paper aims at analysing the impact of sustainability reporting and approaches for implementing it into the 

accounting curriculum.  

Keywords: ACCOUNTING EDUCATION, SUSTAINABILITY REPORTING, IMPLEMENTATION APPROACHES 

 

1. Introduction 

In the last decade, the accounting educators have been 

experiencing high pressure from employers to enhance the 

technological content of the accounting modules by implementing 

data analytics, artificial intelligence, machine learning, blockchain 

and other recent technology advances. Moreover, the international 

professional accounting and accrediting bodies have been pushing 

universities to restructure their programmes and update their 

syllabuses in response to the current transformations of the 

accounting profession. Industry 4.0 continues to challenge 

academics by imposing new demands for graduate core 

competences and new educational standards in the technology-rich 

environment. A recent challenge towards accounting education that 

is expected to continue its transformation in a span of a decade is 

sustainability reporting which has already been started to reshape 

the corporate reporting landscape. Companies are forced by 

regulators to enhance disclosures about their footprint on the 

environment and society which will significantly impact the core 

skills and competences of the future accountants considered to 

become the “eco-warriors” of the organisations [1]. 

In light of this new trend that continues to reshape the future of 

the accounting education along with the Fourth industrial 

revolution, this paper aims at analysing the impact of sustainability 

reporting and approaches for implementing it into the accounting 

curriculum. 

 

2. Development of sustainability reporting  

Sustainability reporting is relatively new in the history of 

company‟s corporate reporting. According to [2], its origin might be 

traced back to 1980s when the stakeholders‟ focus in US was 

shifted towards the impact of organisation activities on the 

environment and the disclosure of non-financial information. [3] 

argue that its roots could be tracked down to 1960s when the 

volume and variety of environmental and social information 

included in corporate publications began to increase. The discussion 

paper “The Corporate Report” is considered to be the first formal 

attempt for reviewing users, purposes and methods of financial 

reporting. The document was published in 1975 as a result of the 

joint efforts of several well-known professional accounting bodies 

in UK, including the Institute of Chartered Accountants in England 

and Wales (ICAEW). The report identified a new trend in the 

corporate reporting by manifesting the need for additional 

performance indicators beside company‟s distributable profit [4]. It 

is also considered to be the origin of the integrated reporting, 

although the first integrated report of Novozymes was published 

few decades later in 2002. 

If we refer to the timetable suggested by [3] and further 

developed by [5] and [6], the initiation phase of sustainability 

reporting started in the early 1990s. The launch of the Global 

Reporting Initiative (GRI) in 1997 is considered to be one of the 

most notable events at that time. It was founded in Boston, USA as 

an international independent organisation aiming to improve 

sustainability reporting worldwide [7]. The first GRI guidelines 

were published few years later, providing the first global framework 

for sustainability reporting. They were updated and expanded in 

several versions and in 2016 the fourth version transitioned into 

GRI Standards. According to [8], [9] and [10], the GRI frameworks 

enhanced comparability of company‟s sustainability performance. 

They also improved the assurance level of sustainability reports and 

investors‟ confidence in the capital markets [11], [12].  

Another notable event that speeded up the development of the 

sustainability reporting was the launching of the United Nations 

(UN) Global Compact in 2000 by Secretary-General Kofi Annan. It 

introduced ten principles related to human rights, labor force, 

environment, and anti-corruption, to be followed by companies 

along with the UN 17 global goals set up in the context of 2030 

Agenda. At the turn of the century, the sustainability reporting 

became the mainstream corporate reporting. Тhe Accounting for 

Sustainability project (A4S) was set up by the Prince of Wales in 

2004 with the aim to support the development of practical guidance 

and frameworks and improve the tie between organisations‟ 

environmental and social performance and their strategy and 

financial performance. A4S is considered as the precursor of the 

integrated reporting movement, which intensified in the next years. 

Furthermore, in August 2010, the International Integrated Reporting 

Council (IIRC), previously the International Integrated Reporting 

Committee, was founded by the Prince of Wales‟s A4S, GRI and 

the International Federation of Accountants. Its main goal was to 

develop a globally accepted framework that helps companies to 

communicate with the stakeholders the value they create over time. 

The first Integrated Reporting (IR) framework was published in 

December 2013 to amplify the worldwide adoption of the integrated 

reporting which ties together in a structured and consistent way 

company‟s financial and non-financial information. The framework  

enhances the definition of the company‟s capital base by 

introducing new sources of capital such as intellectual, human, 

social and relationship, and manifests the importance of the 

integrated thinking, decision-making and actions of the 

organisations that are focused on the value creation over the short, 

medium, and long term. 

In October 2015, the UN 2030 Agenda for Sustainable 

Development was published and announced the 17 Sustainable 

Development Goals (SDGs) and 169 targets. Two years later, the 

Guidance for Corporate Reporting on SDGs was launched in 

collaboration between GRI and UN Global Compact. It aimed at 

helping companies to implement SDGs reporting into their existing 

processes. The Taskforce for Climate-Related Financial Disclosures 

(TCFD) was founded in the same year by the Financial Stability 

Board to provide guidance on how the information on financial 

implications of climate-related risks and opportunities should be 

disclosed as the financial risks associated with the climate change 

were underreported at that time [13]. 
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Despite the many undertaken initiatives and published guidance 

and frameworks, the lack of one single broadly accepted set of 

standards for non-financial reporting has been challenging 

companies and investors. The start of the standardisation period of 

sustainability reporting was marked by the establishment of the US 

Sustainability Accounting Standards Board (SASB), founded as a 

non-profit organization in 2011. It develops industry-specific 

sustainability disclosure standards which require the listed 

companies in the country to present qualitative information and 

industry-specific performance metrics in their corporate reports. 
The most important events and initiatives that labeled the 

standardisation of the sustainability reporting are presented in Table 

1 with a break down showing whether they were initiated 

internationally or at the EU level. 

Table 1: Standardisation of the sustainability reporting 

2010-

Present 

 

At the international level: 

 The launch of the Sustainability Accounting 

Standards Board (SASB) (2011) 

 GRI‟s Sustainability Reporting Guidelines G4 

transitioned into GRI Standards (2016)  

 The launch of the Global Sustainability Standards 

Board (2016)  

 The white paper of the World Economic Forum 

defining 21 core metrics (2020)  

 IIRC merged with SASB to form the Value 

Reporting Foundation (June 2021) 

 The establishment of the International 

Sustainability Standards Board of IFRS 

Foundation (3 November 2021) 

 The Climate Disclosure Standards Board (CDSB) 

was consolidated into the IFRS Foundation to 

support the work of ISSB (31 January 2022) 

 The ISSB‟s first published exposure drafts (March 

2022) 

 Value Reporting Foundation was consolidated 

into the IFRS Foundation to help establish the 

ISSB (June 2022) 

2014-

Present 

 

At the European level: 

 Directive 2014/95/EU on non-financial reporting 

 A proposal for a Corporate Sustainability 

Reporting Directive (21 April 2021) 

 Sustainability Reporting Technical Expert Group 

of EFRAG Sustainability Reporting Board (April 

2022) 

 The first set of exposure drafts of the EU 

Sustainability Reporting Standards (published on 

27 April 2022) 

Source: based on [6]. 

The transition of G4 Sustainability Reporting Guidelines into 

GRI Standards in 2016 is another significant event that marked the 

period. The GRI Standards became the first globally accepted and 

widely used standards for sustainability reporting. A special body - 

the Global Sustainability Standards Board, was formed to develop 

and approve the GRI Standards. The latter are regularly updated and 

evolve to cover new topics and sector specifics. With their last 

update in May 2022, they were linked to UN SDGs [14]. 

The sustainability reporting landscape is going to change 

significantly as a result of the establishment of the International 

Sustainability Standards Board of IFRS Foundation (ISSB) on 3 

November 2021. It was a response for the increasing demand of 

high quality, transparent, reliable, and comparable reporting by 

companies on climate and other ESG matters. It will push ahead the 

standardisation across markets by forcing the consolidation of 

standards and framework-setters and developing a comprehensive 

global baseline of investor-focused sustainability disclosure. ISSB 

published its first exposure drafts in March 2022 - IFRS S1 General 

Requirements for Disclosure of Sustainability-related Financial 

Disclosure and IFRS S2 Climate-related Disclosures. 

3. The sustainability disclosure standards of ISSB 

It is considered that the two sustainability standards when 

finalised will become a comprehensive global baseline of 

sustainability disclosures. Many well-known organisations support 

the idea such as the International Organisation of Securities 

Commission. ISSB standards are targeted to meet the demand of the 

global capital markets as investors have to be informed about 

sustainability related risks and opportunities when assessing 

enterprise value. The latter incorporates a broader concept as it 

encompasses company‟s impacts and dependencies on people, the 

planet and the economy along with the information reported in the 

financial statements. 

The draft IFRS S1 requires companies to disclose sustainability-

related financial information about its governance, strategy, risk 

management and the metrics and targets that are used to measure 

and mitigate significant related risks and opportunities. The 

disclosed information has to be fairly presented and reported as part 

of the general-purpose financial statements. When needed, the 

requirements of the ISSB standards might be complemented by 

other standards and frameworks which are designed to meet the 

information needs of investors, such as the industry based SASB 

Standards. The companies should apply them when identifying the 

sustainability related risks and opportunities or refer to other 

companies which operate in the same industry or geographical area. 

Applying judgement is another alternative in the absence of relevant 

standards or frameworks. The draft IFRS S1 also provides guidance 

on how the appropriate metrics, including cross-industry and 

industry-based metrics should be identified. [15] 

 The proposed Standard requires the sustainability-related risks 

and opportunities to be disclosed across the company‟s value chain, 

defined as „full range of activities, resources and relationships 

related to a company‟s business model and the external 

environment in which it operates‟ [16, p. 41]. Those activities, 

resources and relationships should be part of entity‟s operations and 

comprise of „human resources, those along its supply, marketing 

and distribution channels such as 

materials and service sourcing and product and service sale and 

delivery; and the financing, geographical, geopolitical and 

regulatory environments in which the entity operates‟ [16, p.41]. 

Sustainability related disclosures are specific for each company 

as they might be impacted by a variety of factors such as entity‟s 

activity or the industry in which it operates, its location, the 

manufacturing process, by its employees and supply chain and how 

it relies on them. 

IFRS S1 requires a disclosure of connected information which 

enables investors to assess the relation between different 

sustainability related risks and opportunities and how it is related to 

information in the financial statements. For instance, if the company 

closes a production facility because it generates high level of green 

house emissions, it needs to disclose an explanation about the 

financial implications of that decisions – how it affected its assets, 

the impairment losses, if any, the consequences for the employees 

who will lose their jobs and for the local businesses as this 

information impacts its reputation. 

The draft IFRS S2 deals with the climate-related physical and 

transition risks and opportunities. Physical risks emanate from 

climate change and could be event-driven, for instance the severity 

of extreme weather events such as cyclones, floods, etc., or related 

to longer-term shifts in temperature or increased variability in 

weather patterns, for instance the rise of the sea level. The transition 

risks, on the other hand, are associated with the transition to a 

lower-carbon and its impact on the company and the most common 

relate to policy and legal actions, market responses, technology 

changes and reputational implications. A market risk is the reduced 

demand for a company‟s product that is high-carbon manufactured, 

an example for a technology risk will be substitutes for diesel 

vehicles that produces lower carbon emissions. The company 

should identify and explain all its climate-related risks. [17] 

INDUSTRY 4.0 2022, WINNTER SESSION, vol 4

239

 

https://info.valuereportingfoundation.org/e3t/Ctc/I0+113/c2vMK04/MX8kB8g5XNLW8y0_Lg3pSHpYW2F3lfm4KPnSzN2z6H213lLB3V1-WJV7CgL7ZW5rnCWD9frpMZW5lgkX13lRNpMW5NTKT27rHXYVW2kXFDq5jxb1MW5RqMsv5Cx19gW9b4yXp4qQDBGW45XFvP8TGsghW3F9cPX8nLf3MW2vhZ5M2ctMKlVgwzhm6X6D1fW5RrfJw529P3NW4PvT2p7xtv-gW29mWfB4XjX6RW7hRWLP2dYx2YW5WFW8T2gGlfXW5lRLMF287F2FW7wM2kg35DcvWN8dVgCzj0-bFVCQ6TX8DWPZhW21tkhl4l49z43hCm1
https://info.valuereportingfoundation.org/e3t/Ctc/I0+113/c2vMK04/MX8kB8g5XNLW8y0_Lg3pSHpYW2F3lfm4KPnSzN2z6H2X3lLBZV1-WJV7CgMGFW1PlC-Z6d6h7MVn26Y41Qn_W3W2xjrBd6xPW_mW9k_LnL1RYXw6VzmfP95hXlwSVs8xVw6Pqr5kW7498cn5Ys4ybW6YwjRk7Pwm1JW8tCZS28ssQnyW118WZl8lLkSjW4Gwk2283MRB8MSCdf9ZkwBTN4cSL2ylMjqfW40CgjF3M3jF6W5xTwQ5427cKRW3NZySt1PTKmyW2TbtBX73KJ37N8gDT_lklnRjW8Xqh2w27mcCQW4-vC9m3xYw00V6L9XP6vHN88W3tH6WZ3Rt2TmW3ZFYjr4yL_ykW1ztzk44v-G1cW38-CRN4z-PQfW7YTQQL5WK7_c3jmv1
https://ec.europa.eu/info/publications/210421-sustainable-finance-communication_bg#csrd
https://ec.europa.eu/info/publications/210421-sustainable-finance-communication_bg#csrd
https://www.ifrs.org/projects/work-plan/general-sustainability-related-disclosures/exposure-draft-and-comment-letters/
https://www.ifrs.org/projects/work-plan/general-sustainability-related-disclosures/exposure-draft-and-comment-letters/
https://www.ifrs.org/projects/work-plan/climate-related-disclosures/
https://www.ifrs.org/projects/work-plan/climate-related-disclosures/


A summary of the draft IFRS S2 requirements related to 

governance, strategy, risk management, metrics and targets is 

provided in Table2. 

Table 2: Summary of the draft IFRS S2 requirements  

Governance 

 disclose information about company‟s governance board or 

committee with oversight of climate-related risks and 

opportunities – the terms of reference, the management‟s 

role, the skills and competences of its members 

 governance disclosures should be integrated with the 

company‟s oversight of sustainability-related risks and 

opportunities  

Strategy 

 disclose information about how climate change is expected 

to impact company‟s business model, strategy and cash flow 

over time – in the short, medium or long term 

 company‟s plans for responding to climate-related transition  

risks and opportunities – how the climate-related targets will 

be achieved, funded and reviewed; how it will adapt or 

mitigate the climate-related risks, incl. indirect ones; 

whether carbon-offsetting is included in its plan 

 disclose explanation of the impact of the significant climate-

related risks and opportunities on its financial position, 

financial performance and cash flows 

 company‟s expectation about how its financial position will 

change over time given its strategy to adapt or mitigate 

significant climate-related risks and opportunities 

 disclose information that will help investors to assess 

company‟s resilience to climate-related risks and 

opportunities, including its available finance to withstand 

those risks and take advantage of those opportunities 

 perform climate-related scenario analysis and disclose how 

it aligns with the recent international agreements on climate 

change 

Risk management 

 disclose information about the used processes for 

management climate-related risks and opportunities 

 explain how these processes are integrated into company‟s 

overall risk management process 

 disclose how it prioritises climate-related risks relative to 

other types of risks, including the used risk assessment tools 

Metrics and targets 

 disclose its absolute gross greenhouse gas emissions 

generated during the reporting period, measured in 

accordance with the Greenhouse Gas Protocol Corporate 
Standard, expressed in metric tons of CO2 equivalent and 

the intensity of those emissions.  

 Disclose industry-based information by referring to its 

business model and associated activities 

Source: [15], [17]. 

The draft IFRS S2 encompasses 77 industry classifications 

across 11 sectors and refers to SASB Standards for the related 

disclosures. Only nine of the industry-based sets of disclosure 

requirements do not include climate-related disclosure topics. 

IFRS Sustainability Disclosure Standards might be applied with 

any financial reporting frameworks and standards, including the 

International Financial Reporting Standards. They are not 

mandatory, but it is expected that companies will voluntarily apply 

them as they represent a comprehensive global baseline of 

sustainability disclosures. 

 

4. Implementing sustainability reporting into the 

accounting curriculum. Challenges for universities 

Sustainability reporting expands the knowledge and 

competences required from the accounting graduates. As a response 

to this challenge, some universities have already started to introduce 

it into their accounting curriculums. The insight form academia 

reveals that it is a common practice to implement sustainability 

reporting issues into Integrated Reporting module. For example, 

University of Sussex included such module in its bachelor‟ 

programme Accounting and Finance [18]. The Hague university of 

applied science incorporated Integrated Reporting module into 

Finance & Control degree programme. The course is also 

compulsory main subject in the English-language variant – the 

International Financial Management & Control curriculum and in 

the Dutch-language variant as of 2022 [19]. University of York, on 

the other hand, introduced Ethics & Sustainability Reporting 

module since 2020-2021 academic year onward. The module 

syllabus encompasses a range of approaches to measuring and 

reporting on social and environmental performance including, but 

not limited to Social Accounting and Triple Bottom Line 

sustainability reporting [20]. The Institute for Sustainability 

Leadership at the University of Cambridge offers a variety of online 

courses on sustainability issues such as Sustainable Finance, 

Business Sustainability Management, Sustainable Supply Chain 

Management, etc. and more than 16,000 students have already 

completed an online sustainability course [21]. Regent‟s University 

London developed a bachelor programme in Business and 

Sustainability with few sustainability core subjects included in its 

curriculum such as Sustainability Now, Sustainable Organisations, 

Sustainable Operations, Sustainability in Action and Sustainable 

Leadership. [22] 

Another alternative for accounting students is to take 

sustainability reporting course after graduation as part of their 

professional qualification. Currently, many professional education 

centers, consultancy firms and professional organisations offer 

training and certificates in sustainability reporting. For instance, 

Harvard Business School Online offers Sustainable Business 

Strategy course [23]. The Association of Chartered Certified 

Accountants (ACCA) provides Certificate in Sustainability for 

Finance [24].  

Universities need relevant education resources to support the 

implementation process. Sustainability reporting is relatively new 

form of corporate reporting that is still in its early stage. Training 

the academic staff on sustainability reporting issues, including 

applicable standards and guidance, good practices and ethical 

considerations requires time and resources. The development of 

high-quality study materials is also a challenge for the accounting 

educators. The accounting professional organisations and the Big 4 

companies might provide teaching resources – presentations, case 

studies, etc.   

5. Conclusion 

Currently universities follow two approaches for implementing 

sustainability reporting into their curriculums – a focused and 

integrated approach [25]. Sustainability reporting might be offered 

as a stand-alone module, or it could be implemented into the 

integrated reporting module. Furthermore, the development of one 

common single set of sustainability disclosure standards enables 

accounting educators to focus on one sustainability reporting 

framework presented by the ISSB standards instead of teaching 

different frameworks, guidance and standards.  
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Abstract: Humanity enters Industry 4.0. It is characterized by the emergence of numerous innovative technologies that should be produced in 

"smart" factories. However, this presents the entire Western world with a problem. Talking about the industry for machines, we immediately 

talk about machine engineers who power this industry. However, in the West, the crisis with this type of personnel is severe because of our 

previous ideology – "Knowledge Economy" which diverted many of the finest young people towards social science specialties and above all, 

those related to economics and management. Therefore, the West, is tasked with creating a new quality industry for machines without the 

engineering personnel to secure this process.This report presents a new approach to bring back the previous and well-deserved prestige of 

the all-important engineering profession through a fourth and final engineering wave in the development of a holistic business model 

ontology, a wave that will also generate a new quality of systemic economic engineers – the necessary engineering capital for realizing 

Industry 4.0. 
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1. Introduction 

For us, engineers, it is a well-known fact that the world we live 

in would not be as we know it today without the enormous advances 

of the industry for machines1,2. It is perfectly clear that today, the 

industry for machines represents the basis for the operation and 

development of all other industries. If some unknown force 

suddenly wiped out all machines in our contemporary world, this 

would lead to a devastating calamity comparable to a nuclear war.  

The fact is that the modern world owes its level of development 

precisely to the industry for machines. But it would be impossible to 

establish, maintain, or develop the industry for machines without 

the existence of a huge multitude of engineers. This status of the 

industry for machines as leading in the development of all other 

industries means that engineering positions must be of the highest 

level of importance and be desired by the most qualified young 

people in the modern world.  

And while this was the case for the majority of the 20th century, 

in the 21st century this significance and hence prestige have been 

questioned. The technical universities in the Western world find it 

increasingly difficult to fill their student quotas, while the industry 

has been experiencing ―acute hunger‖ for engineering personnel. At 

the same time, we observe huge growth in all kinds of socio-

scientific professionals and, above all, professional economists.  

With this concept paper, we will briefly outline the causes of 

the shocking loss of prestige of the engineering education, but most 

importantly, we will present a concept for a Fourth engineering 

wave in the development of the fundamental scientific knowledge 

of economy, which aims first, to reorient the population back 

towards the engineering profession and second, create a new 

generation of machine engineers called systemic economic 

engineering – the new quality human capital necessary for Industry 

4.0 to become a reality. 

 

 

                                                                 
1 Machine is a broad term – an object that transforms one kind 

of energy into another. This includes all electrical, automotive, 

aerospace, etc. machines as well as the machines that are used to 

manufacture all other machines. 
2 Industry for machines - the multitude of enterprises 

providing machines and spare parts to all industries as well as the 

multitude of enterprises providing services for those machines. 

2. The past, the present and the fourth engineering 

wave 

The state of the engineering education at the beginning of the 

20th century and the three engineering waves in the development 

of the fundamental scientific knowledge of economy 

By 1903 the United States of America and Europe were producing 

thousands of engineers per year, compared to the insignificant 

number of business personnel (about 30 people) [1, 2]. The 

engineering profession was particularly celebrated during that 

period due to the fact that most Western countries were in the 

process of industrialization, with the U.S.A. at the forefront of this 

process. Many famous engineers stood behind the industrialization 

of that time. But optimizing the management of all these enterprises 

for machines required the development of a new type of knowledge 

to complement the technical skills of engineers. A necessity 

emerged for knowledge of the principle set up and way of 

functioning of the enterprise for machines, which would derive 

universal approaches to management. Such knowledge — towards 

the end of the 19th century — was absent. The realization of the 

absence of such understanding gave rise to the First engineering 

wave in the development of the fundamental scientific knowledge 

of economy3.  

This wave is associated with the names of the engineers Henry 

Towne and Frederick Taylor, two prominent members of the 

American Society of Mechanical Engineers (ASME). Henry Towne 

reached the conclusion and declared in his work ―The Engineer as 

Economist‖ (1886) that “(Shop management) should come from 

those whose training and experience has given them an 

understanding of both sides (viz.: the mechanical and the clerical)... 

for the reasons above indicated, particularly from mechanical 

engineers.” [3] The First engineering wave creates, develops, and 

disseminates knowledge of operational modeling of the production 

processes in an enterprise.  

The First engineering wave is followed by another two. The 

Second engineering wave of development of the fundamental 

scientific knowledge of economy covers the 1930s, 40s, and 50s. It 

involves the creation, development, and dissemination of 

knowledge of production management focused on quality. It is 

associated with the names of the US engineers Walter Shewhart, 

William Deming, and Joseph Juran. 

By 1950, the number of engineering graduates compared to 

business and economy graduates was almost equal, but still in favor 

of the engineers. Dozens of people were fighting for a single place 

                                                                 
3 The knowledge about management of the enterprise processes 

is fundamental for the knowledge about management of the 

enterprise economy. 

INDUSTRY 4.0 2022, WINNTER SESSION, vol 4

242

 



in the technical universities, and the West held a ―comfortable‖ 

leadership position in a geopolitical plan. 

The Third engineering wave covers the 1970s, 80s, and 90s. It 

involves the generation, development, and dissemination of 

knowledge of computer-integrated modeling of the sales processes, 

manufacturing processes, and manufacturing supply processes. 

The key concepts for this knowledge are MRP I (Material 

Requirements Planning) and MRP II (Manufacturing Resource 

Planning). MRP I refers to knowledge of computer-integrated 

modeling of the sales processes, manufacturing processes, and 

manufacturing supply processes without taking into account the 

production capacity of the enterprise. MRP II refers to the same 

type of knowledge; however, it also takes into consideration the 

production capacity. The Third engineering wave of development of 

the fundamental scientific knowledge of economy stems from the 

work of two IBM engineers – Joseph Orlicky and Oliver Wight. 

The purpose of all three engineering waves was to address the 

deficit of knowledge of the management of the economy of the 

enterprise for machines. Even though they provided extremely 

useful practical solutions, they had not reached a holistic knowledge 

of management; holistic knowledge, which consisted of unified 

theory and terminology about the principle set up and way of 

functioning of the enterprise for machines.  It is not clear why 

American engineers abandoned that goal. The emergence of ERP, 

the successor of MRP, should have been a step in this direction, but 

by that time the positions of ―ideologues‖ who affected the direction 

of development had become the representatives of the different 

economic schools. They integrate various ―business‖ modules to the 

classic MRP system. However, this approach leads to the significant 

departure of the functional constructs of all modern ERP  systems 

from the cognitive universalism, which is inherent in the functional 

construct of every pure, application-free MRP system.   

Nevertheless, it is precisely the three engineering waves and the 

serious achievements of engineers that gave rise to the United States 

as a world economic power, as well as the "economic miracle" of 

Japan after World War II. 

The state of the engineering education today 

In recent years, we have observed a huge ―outflow‖ of students 

from technical universities in the West. An outflow, that is 

paradoxical, as it is the engineering profession that allowed the 

Western world to become a world leader. For technical universities, 

it has become increasingly difficult to fill their quotas of 

engineering majors due to a lack of candidates. According to data 

for 2020 at the Technical University of Sofia, the enrolled number 

of students is only 50 % of the university’s total capacity, even 

though the entry requirements are as low as possible (admission in 

the program is dependent upon a matriculation exam in Bulgarian 

language). [4] This is not an isolated case and unfortunately, it is 

not only happening in Bulgaria. It is a fact throughout the Western 

world. Even technical universities in countries with rich 

manufacturing history, such as Austria and Germany, cannot fill 

their universities’ capacities. Why do we say the Western world? 

Because in the East - China, Japan, and South Korea - the situation 

is rather different, as shown in Figure 1.  

Meanwhile, the Western industry is experiencing an ―acute hunger‖ 

for engineers and technical specialists. Therefore, we need to ask 

the question “Which majors related to the management of the real 

industry do students pursue?” The answer is the disciplines related 

to economic science - Economics, Business and Management, 

Entrepreneurship, etc. 

In the United States during the 2018-2019 academic year, 

426,000 undergraduates graduated with a Business and Economics 

major, and only 190,000 undergraduates graduated with an 

Engineering major. In the EU, the situation is no different: 459,000 

graduates with a Business and Economics major and 280,000 with 

an Engineering major [5] [6]. The quality of incoming students in 

the engineering majors is also questionable. In 2004, for every 100 

applicants, only 20 were admitted to the TU-Sofia, while in 2021, 

there was no competition whatsoever [7]. And as we know, quality 

is found in the competition. As of today, in the Western world, the 

number of undergraduates in business and economics disciplines 

has increased by a factor of 10 since 1950 and engineering only by 

a factor of 3. Perhaps the Western world’s loss of leadership in the 

global economy to the advantage of China is not accidental either. 

 

 

 

Causes of the loss of prestige in the engineering education 

The reasons for the loss of interest in the engineering field to 

the benefit of the economic field are numerous. The very word 

"Management" in the Business Management degrees gives the 

impression that it provides students with high-quality management 

skills and abilities. Indeed, it is a fact that an economics degree is 

required to undertake a managerial position. Another reason is the 

fact that an engineering degree is much more difficult to complete 

than an economics degree since economic science lacks uniform 

theory, terminology, and systematic upgrade of knowledge.  

However, there are also more global reasons, such as the 

political ideology of the knowledge economy adopted by the West 

between 2000-2010. According to the Lisbon Strategy, the countries 

in the West should “get rid of the outdated manufacturing and to 

focus on innovation,” and above all, focus on the services sector – 

financial services, legal services, and consulting services for 

―effective management of the economy‖. Thus, candidates began to 

shift from engineering professions to a range of social science 

professions, especially professional economics, and we can observe 

this decline as shown in Figure 1.  

This is all the more unwise because by giving up the industry 

for machines and the development of numerous and capable 

engineering professionals, Europe and the United States are 

voluntarily giving up their geopolitical leadership position.  

Furthermore, it is becoming more and more evident how they are 

losing their advantage in innovation and even worse - becoming 

extremely dependent on China’s industry for machines. A fact that 

was made clear during the ―COVID 19‖ crisis. What does the future 

hold? The cultivation of countless social scientists and, above all, 

professional economists at the expense of engineering specialists 

will lead the Western world to the inability to maintain and develop 

its current industry for machines, which would eventually lead to 

industrial collapse. But why can't we rely on modern economists to 

create, develop, and disseminate practically effective scientific 

knowledge for the management of the existing industry for 

machines?  

Our in-depth studies of the numerous parts of the modern 

fundamental scientific knowledge of economy show that the most 

significant ones (from a practical point of view) are: knowledge of 

accounting, knowledge of productivity and quality management, 

Figure 1. The trend of development of engineering 

personnel in the Western world and China. 
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and knowledge of production planning and control by utilizing the 

MRP algorithm. The first was the work of a monk, and the other 

three were the work of American engineers. Among these, and all 

other parts of the fundamental scientific knowledge of economy, 

there is a lack of unified theory and terminology that would allow 

graduates of this field to speak a common managerial language. For 

comparison, the state of medical science was similar before the 

introduction of the systemic anatomical and physiological model of 

the human body. This means that in the age of digital information 

technology, the fundamental scientific knowledge of economy is 

still at a scholastic level of development, compared to the level of 

development of the fundamental scientific knowledge of medicine. 

A fact that is reflected in numerous quotations from the great 

engineers before us:  

Henry Towne, 1886: “(Management of works as a science) is 

unorganized, is almost without literature, has no organ or medium 

for the interchange of experience, and is 

without association or organization of any kind.”; 

Oliver White, 1981: “…but where in our manufacturing economy is 

a school on how to run a manufacturing business in all of its facets? 

What about the subject of manufacturing itself? … There is not even 

a well-defined body of practical knowledge on the subject. There 

are virtually no college textbooks that address the subject from a 

practical viewpoint.” [8] 

What about today? Our survey of economics students from 

business universities has shown that even when allowed to use 

specialized literature economics students are incapable of providing 

a uniform explanation of the objective meaning of terms such as 

economy and economic science, goods and service, or explain the 

principle setup and way of functioning of an enterprise for 

machines. One disregarded reason for youth unemployment lies 

precisely in the fact that our educational system produces graduates 

who are incapable of meeting the demands of the labor market, both 

in terms of professional orientation and in terms of the quality of 

their preparation.   

Today we are witnessing how after enrolling in economics and 

business majors, Europe’s youth with the greatest potential do not 

receive practically useful knowledge for managing the real industry. 

It turns out that the European educational system has been turned 

into a machine for intellectual and professional distortion of its most 

valuable human resources. It sounds absurd, but this is a fact. A 

fact, which presents a grave issue for the future of the European 

world. 

A concept for a Fourth engineering wave in the development of 

fundamental scientific knowledge of economy 

Today we live in the age of the so-called ―Industry 4.0‖. An age 

when many new technologies are expected to emerge and be 

produced in ―smart factories‖. This poses a serious problem for the 

entire Western world, namely that modern economics education 

does not provide practically useful knowledge for re-engineering 

already existing enterprises, or for creating entirely new ones. At 

the same time, a huge number of young people are directed 

precisely towards an education in economics in search of this kind 

of knowledge. Unfortunately, it is not possible to rely on the elder 

generation that created the vast industry for machines of the West, 

as these people are either retired or no longer among the living. The 

currently existing huge shortage of engineers and technical 

specialists is of no help either. Thus, the Western world is faced 

with the task of creating an industry for machines of a higher 

quality without the know-how for this process and without 

sufficient engineering personnel to fulfill it. This is a prerequisite 

for a huge division between the West and countries like China – 

where the specific knowledge is also missing, but their enormous 

engineering armies and models derived from practice, which they 

duplicate with phenomenal speed have already earned them the title 

of ―new technological leader‖. 

This means that we, the engineers, especially those at the head 

of the engineering organizations of our Western World, need to take 

cardinal measures responsibly and quickly in order to return the 

interest, and hence the prestige, in the engineering education and to 

direct more and more young people back towards it [9]. This can be 

realized through a Fourth engineering wave in the development of 

fundamental scientific knowledge of economy. A wave that would 

complete the work of all the great engineers before us and would 

consist of the creation, development, and above all, dissemination 

of a new class of digital technologies for managerial modeling of 

the economy of the enterprise for machines. Technologies whose 

functional construction includes knowledge of a holistic business 

model ontology based on the economy of these enterprises, which 

describes their basic structure and way of functioning as a systemic 

object and subject. 

3. The holistic business model ontology based on 

the enterprise for machines and what's to come 

Is it possible to create a holistic business model ontology based on 

the enterprise for machines? 

Perhaps we also would not have arrived at the concept of a 

Fourth engineering wave if we were not convinced that such a 

model really exists. One such model, the only one we are aware of, 

is the result of more than 20 years of efforts by the Bulgarian 

Institute for Systemic Economic Engineering (ISEE). During all 

those years, the main goal of ISEE was to prove to the world that a 

new generation of holistic ERP systems can be created. ERP 

systems that are currently available on the market (without 

exception) are built on the basis of a fragmented (scholastic) 

fundamental scientific knowledge of economy – knowledge that we 

have repeatedly found to have large functional gaps.  

In this regard, the new ERP systems are completely different. 

Their engineering design is based upon a holistic fundamental 

scientific knowledge of economy, which provides a clear 

understanding of the principle set up and way of functioning of each 

enterprise for machines as a systemic object and subject. This 

knowledge is available in the form of hundreds of pages of theory 

and terminology. This difference opens up the possibility for the 

new ERP systems to entirely outperform the systems that are 

currently available on the market. This superiority is clearly 

observed through a direct comparison between the current prototype 

of the new holistic ERP system created by ISEE and all currently-

available ERP systems. All developments made by ISEE were 

subjected to practical testing in functioning enterprises for 

machines.   

A number of scientific discoveries were made as a result of the 

testing activity, two of which have the most significance. Both are 

defined as "cognitive engineering platforms" for understanding of 

the enterprise of machines as a systemic object and а systemic 

subject simultaneously. The first cognitive platform provides 

knowledge for the understanding of an enterprise for machines in its 

capacity as a systemic object, which exists as a result of the synergy 

of five functional systems. The visual representation of the 

cognitive platform created by ISEE for the understanding of an 

enterprise for machines as a systemic object has the form of a cross 

and is called the ―Industrial Cross‖ (Figure 2) [10].  

The second cognitive platform provides knowledge for the 

understanding of an enterprise for machines in its capacity as a 

systemic subject. Within the second cognitive platform, the 

enterprise for machines is considered as a complete subject, 

characterized by an inherent, hierarchical system of five types of 

knowledge, including a system of responsibilities for continuing its 

own existence. The visual representation of the cognitive platform 

created by ISEE for the understanding of an enterprise for machines 

as a systemic subject has the form of a tree and is called ‖The Tree 

of Industrial Cognition‖. The knowledge of the holistic business 

model ontology is extremely extensive and is not within the scope 

of the current paper. It is presented in the book ―Business Model 

Ontology: The Basis for Digital Reform of Economic Science‖. 
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Results of the implementation of the holistic ERP system, bearer 

of a holistic business model ontology, within enterprises for 

machines 

The developed knowledge of the holistic business model 

ontology and the holistic ERP system built on its basis have been 

applied and experimented within mid- and large sized enterprises 

for machines in Bulgaria and Russia. Once the engineering staff 

mastered the knowledge and application of the ERP system, they 

were able to carry out activities within their enterprises at a 

significantly lower cost of resources and within a shorter period of 

time than the much more experienced international consultants. 

Some of the experiments included: 

- Large-scale re-engineering of an enterprise for hydraulic 

cylinders, consisting of more than 500 workers. During the re-

engineering process, more than 70% of all workplaces were 

restructured and relocated. Notably, this process was completed 

without any suspension or even delay of the production processes. 

- Assimilation and modernization of the constructive and 

technological documentation of axial piston hydraulic pumps and 

motors and their subsequent implementation in production, 

technology which had previously never been produced in the 

Balkan Peninsula. The results of this experiment are spectacular: 

five young machine engineers, who did not have any prior 

experience in plant design but were very well versed in the ISEE 

ERP system, managed to design, build, and ensure the operation of 

the extensions of the technological environment of two plants. They 

accomplished all this for the same amount of time and money that 

foreign consulting companies required to simply update the product 

documentation. 

These, as well as other such results, have proven that after only 

several months of study of the holistic business model ontology, 

engineers with no substantial experience in managing enterprises 

can achieve practical results that even the most renowned 

professional economists cannot accomplish4. 

Potential outcomes of the Fourth engineering wave in the 

development of fundamental scientific knowledge of economy 

We will try to briefly present the potential effect of the 

theoretical and practical study of knowledge of the functional 

construct of the holistic ERP systems and its impact on Industry 4.0. 

The people who should consider this knowledge to be of the 

highest priority and should study this knowledge are engineers, and 

more precisely machine engineers5, as the real professionals who 

                                                                 
4 The experiments and some of the results are presented at 

https://isee.bg/en/. 
5 Machine Engineer – a practitioner of machine 

engineering. Machine engineering is the branch of engineering that 

 

create, develop, and manage the industry for machines. This view is 

in complete agreement with the concept of ―The Engineer as 

Economist‖ – an idea born in the late 19th century that led to the 

three engineering waves in the development of the fundamental 

scientific knowledge of economy, but which has remained 

incomplete to this day. 

The only viable chance for realizing "Industry 4.0 is through the 

realization of a Fourth engineering wave in the development of the 

fundamental scientific knowledge of economy. This wave will lead 

to the finalization of the work of the American engineers, Henry 

Towne and Frederick Taylor. A finalization, crowned by the 

emergence of a new generation of machine engineers, which we 

define as "systemic economic engineers" [11]. 

A systemic economic engineer is any professional machine 

engineer who, as a result of purposeful education, has acquired 

fundamental and specialized engineering knowledge in a certain 

field of the industry for machines, and has also acquired theoretical 

and practical knowledge of the new class of holistic ERP systems. 

The systemic economic engineer - as a result of several months of 

theoretical and practical study of the functional construct of the 

holistic ERP system - forms a cognitive potential for managerial 

modeling of the economy of the enterprises for machines, which is 

far superior to the one possessed by even the most renowned 

professional industrial economists. A superiority, which is 

expressed in the conscious understanding and application of: 

(1) knowledge of the principle set up and way of functioning of 

the enterprise for machines as a systemic object and subject;  

(2) practical knowledge for development of highly effective 

strategies for future economic development of the enterprise for 

machines with a focus on anticipating the development of its 

innovation potential;  

(3) practical knowledge for the development of highly effective 

programs for training, retraining, and motivation of the staff of an 

enterprise for machines – programs that aim toward the realization 

of the strategies for future economic development of the enterprise 

for machines;  

(4) practical knowledge for auditing enterprises for machines in 

order to assess the current and future development of their economy 

and to generate ideas to increase the effectiveness of this 

development;  

(5) conceptual knowledge for the creation and development of a 

truly effective accounting model of the economy of the enterprises 

for machines;  

(6) knowledge for the management of the cost and quality of a 

product and the ability to conduct a technological analysis of the 

process of creating the goods and services sold, while offering 

different options for implementing this process; 

(7) practical knowledge for the development and management 

of projects for implementation of systems for lean manufacturing 

(Single-Minute Exchange of Die – SMED) of goods and services 

sold by the enterprises for machines;  

(8) practical knowledge for the planning and management of the 

execution of engineering and reengineering of enterprises for 

machines or large parts of them. 

4. Conclusion 

The Fourth engineering wave in the development of the 

fundamental scientific knowledge of economy will lead to the 

emergence of a new generation of machine engineers – systemic 

economic engineers who represent the new quality human capital 

necessary for the successful realization of "Industry 4.0". . 

It is the managerial advantages of the new knowledge of a 

holistic business model ontology that will bestow huge prestige to 

                                                                                                              

involves the design, production, and exploitation of all types of 

machines. "Machine engineer" is the umbrella term that unites all 

those engineers dealing with machines, which include: mechanical, 

electrical, computer, automotive, aerospace, hydraulic, etc., 

engineers. 

Figure 2. The Industrial Cross 
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the engineering profession, which will naturally attract the young 

people who want to engage in industrial management. The 

emergence of systemic economic engineers and the shift of the 

human capital of the Western world back to engineering, the natural 

environment for cultivating quality executives for the industry for 

machines, will bring our Western world back to its morally 

responsible, creative foundations of the early and mid-20th century. 

The same foundations that made the Western world the 

technological and economical leader of the whole world.  

The success of "Industry 4.0" relies on the successful 

dissemination of the new quality knowledge for managerial 

modeling of the economy of the enterprise for machines. This 

dissemination should first be extended to all technical universities, 

and subsequently, the knowledge of a holistic business model 

ontology should become a standard for enterprise management. A 

standard controlled by the best technical universities of our world.  

The responsibility to make all this happen rests upon us, the 

engineers, and the engineering organizations concerned about both 

the future of our profession, as well as the future of our world. 
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Abstract: After general theoretical introduction referred on port related emissions, in this paper, special focus is given to emission to air in a 

seaport caused by dispersion of cargo through handling operation with dry bulk cargoes (and their storing on open storage area). In that 

context, on the concrete object of research – handling operations with dry bulk cargoes in the Port of Bar (Montenegro) – are analyzed 

elements which determine quantities of dispersed cargoes by handling operations types and their phases, considered intensity of emissions to 

air caused by cargo dispersion and recognized principal direction of action in order to reduce that dispersion (and consequent emissions to 

air). 
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1. Introduction 

Sustainable development of ports has to be based on reliable 

bases, officially adopted and widely recognized. In that sense, here 

are systematized some of the principal elements of strategic 

documents at the European Union level where port sustainable 

development goals and directions related to emissions to air can be 

recognized/are defined [1]. 

Sustainable and Smart Mobility Strategy – putting European 

transport on track for the future [2]: - the most serious challenge 

facing the transport sector is to significantly reduce its emissions 

and become more sustainable; - ports should become multimodal 

mobility and transport hubs, linking all the relevant modes. This 

will improve air quality locally thereby contributing to improved 

health of nearby residents.  

The European Green Deal [3]: - The European Green Deal calls 

for a 90% reduction in greenhouse gas emissions from transport, in 

order for the EU to become a climate-neutral economy by 2050. 

The 2030 Agenda for Sustainable Development [4] - adopted by 

all United Nations Member States in 2015: at its center are the 17 

Sustainable Development Goals (SDGs), which are an urgent call 

for action by all countries. Following SDGs are directly connected 

with reducing environmental impact of the port area: SDG3- good 

health and wellbeing, SDG7 – affordable and clean energy, SDG8 – 

decent work and economic growth, SDG9 – industry, innovation 

and infrastructure, SDG11 – sustainable cities and communities, 

SDG12 – responsible consumption and production, SDG13 – 

climate action, SDG14 – life below water, SDG15 – life on land, 

SDG17 – partnership for the goal; 

The environmental priorities in the European Union ports were 

changing over the previous years. If the period from 2017 to 2021. 

is considered [5], than following principal conclusions are clear: - 

Air quality (AQ) was constantly the first priority; - the biggest 

advancement (+8) is related to priority Climate changes (CC), from 

the rank ―10‖ in 2017 to the rank ―2‖ in 2021; - priority 

Garbage/Port waste fall from the rank ―6‖ in the 2017 to the rank 

―10‖ in 2021. 

As a result of the rapid growth of international trade, 

atmospheric pollution from transportation has been more topical 

than ever, especially in dense hub port-cities [6]. Approximately 

230 million people are directly exposed to the emissions in the top 

100 world ports in terms of shipping emissions [7]. The higher is 

the correlated risk of pollution due to higher traffics and related 

operations [8]. The severity of air quality degradation is all the more 

serious when taking into account the fact that 90% of European 

ports are spatially connected to cities [9]. The port emissions can 

significantly contribute to air quality degradation of urban areas 

[10]. 

A typical port layout includes areas dedicated to diverse 

functions. All of port facilities can be seen as potential sources of 

pollution, considering elements such as emissions from ships, cars, 

and other means of transport and correlate with port geographical 

location, fuel types, energy consumption, road traffic related to the 

port, and so on [8]. Air pollution emitted from port-related activities 

can  adversely affect the health of port workers, as well as residents 

of nearby port area, and contribute significantly to regional air 

pollution problems [11]. 

 

2. Categories of pollutant emissions 
 

There are two main categories of maritime polluting emissions: 

Common Air Contaminants (CAC) and Greenhouse Gases (GHG), 

plus an additional group if we want to consider other forms of less 

aggressive pollutants such as dust, smoke, odors, and even noise 

[7].  

There are broad and diverse emissions sources associated with 

port operations, but not all source types may be found in every port 

[12].  

Emission sources can be organized into two large groups: the 

first including stationary sources such as warehouses, mechanical 

plants, offices, portable or emergency generators, electricity 

consuming equipment, refrigeration/cooling equipment etc., and the 

latter including mobile sources such as ships, cargo handling 

equipment that is not designed to operate on public roads, transport 

vehicles that move goods on public roads, smaller on-road vehicles 

that transport people and supplies, such as cars and vans, railroad 

locomotives and so on [7, 12]. 

Sources can be further divided into emissions source categories 

within each source group. Another emissions source type related to 

port operations is unpaved areas used for cargo or equipment 

storage. Vehicles and equipment moving through these unpaved 

areas can disturb the soil surface with winds lifting fine dirt 

particles into the air. These areas are classified as ‗area sources‘ and 

are usually not included in a port emissions assessment as they are 

highly variable and difficult to quantify [12]. 

Cargo handling equipment (CHE) produce more particulate 

matter (PM) and hydro carbons (HC) emissions than any other 

emission source in the port. Pollutants from CHE mainly include 

PM, NOx, HC, COx, SOx, and other emissions that are harmful  

[13]. Fine particles are a concern because their very tiny size allows 

them to travel more deeply into lungs and enter the blood stream, 

increasing the potential for health risks [12].  

Dust, in general, can constitute a hazard threatening human 

health and the environment [8] 

 

3. Reducing emissions to air 
 

In 2013, the European Commission adopted the Clean Air 

Programme for Europe, with specific measures to achieve the 

existing air quality targets as soon as possible, and proposals for 

additional legislation to reduce harmful emissions [14].  

The establishment of a balance between economical and 

ecological interests will be the most important issue for the next 

decade for all modes of transport, including waterborne transport 

[15]. 

Efforts to make maritime transport less polluting must include 

ports [10]. There is growing pressure at ports around the world to 

address air pollution generated by cargo movement operations to 

minimize its impacts on human health and the environment. As 
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well, there is an increased focus on ports and the maritime industry 

to reduce emissions to protect public health and the environment 

[12].  

In essence, ports should understand the emissions that arise 

from their core operations, have an appreciation of the emissions 

that arise from other maritime activity (such as shipping and cargo 

operations) in areas under their jurisdiction, and develop responses 

to these emissions at an appropriate level that reflects their ability to 

influence the emissions source [16]. 

There are three key variables that should be considered when 

designing action – the level of influence a port can have, the time 

period for the intervention to have effect, and the impact. It is 

recommended that ports consider the growing range of innovative 

systems and technologies that provide integrated solutions to 

facilitate the reduction of emissions, for example use of wind, solar 

and tidal energy [16]. 

As modern automated terminals usually achieve high handling 

efficiency with electric or hybrid equipment, terminal automation is 

one of the tools to reduce emissions [17]. 

Many options for air reduction program are available. The 

selection of the most feasible actions will depend on many factors, 

such as laws and regulations, terminal set-up, the modal split of the 

port and the age of diesel engine equipment fleet, etc.[11]. 

Literature overview on port`s clean air strategies is given in 

reference [11]. 

In order to establish bases for adequate implementation of an 

emissions reductions program, it is necessary to monitor and 

estimate pollutant emissions in a port. An illustrative example of 

monitoring campaign conducted is elaborated in details in the 

reference [18]. Methodology of estimation of air pollutant 

emissions from ships in port environment and in navigation is 

developed in the reference [19].  

 

4. A research of emissions to air through handling 

operations with dry bulks 
 

In this segment of the paper are presented elements of a 

research conducted in the Port of Bar (Montenegro) related to 

emissions to air during handling operations with dry bulks, with 

special focus on emissions to air caused by dispersion of dry bulks 

through those handling operations. 

Principal classes of factors, Fjk, which generate emissions to air 

in the handling operations with dry bulks are (based on [1]): 

- F1k - Human factors (improper operating, opening grab at 

the bigger heights than recommended, ...);  

- F2k – Factors related to port infrastructure (problems with 

power supply, ...); 

- F3k – Factors related to port machinery: technical and 

exploitation performances of port machinery (energy 

consumption per hour, etc.); port machinery technological 

adequacy; port machinery downtime frequency; port 

machinery life cycle phase; etc.; 

- F4k – Cargo characteristics (cargo quantity dispersed 

during the handling operations, ...); 

- F5k – Factors related to port warehouses (open and 

closed); 

- F6k – Factors related to system of dust reduction/ 

elimination; etc. 

 

4.1 Object of research 

 

It is a fact that in the available references are not analyzed 

enough ―area emissions sources‖ (large open paved areas, dirty 

roads, unpaved areas) justifying it with their variability and 

difficulties in their quantification.  

Also, results of analyses presented in available references show 

that intensity of emissions to air in handling operations with dry 

bulk cargoes is determined by numerous factors, where quantity of 

dispersed cargo during that handling operations can be recognized 

as very important. 

Dispersed dry bulk cargoes during handling operations is 

distributed in different directions and, among others, can reach 

mentioned open areas (open paved areas, roads, unpaved areas) and 

under influence of port machinery and/or vehicle movements and 

winds can be emitted to air.  

Having all previously mentioned in mind, through this research 

are investigated elements which the quantity of dispersed dry bulk 

cargo during handling operations is depending on – all in order to 

establish bases for assessing emissions caused by dispersed cargo. 

Directions of reducing quantity of dispersed cargo are defined, too.  

Research is done in the cargo handling system in the Port of Bar 

(Montenegro). Importance rank of the research can be based on 

throughput structure data for the period from 2017 to 2021 (Table 

1), where dry bulk cargoes have the biggest share in overall 

throughput. 

 
Table 1: Overall throughput for the period from 2017 to 2021,  

per cargo groups 

Year Overall 

throughput (t) 

Dry bulk cargoes 

quantity (t) share (%) 

2017 1,700,204.86 1,349,415.40 79.37 

2018 1,382,563.42 1,035,112.00 74.87 

2019 1,562,003.91 1,223,176.54 78.31 

2020 1,645,542.36 1,380,555.21 83.90 

2021 1,457,244.89 1,142,953.56 78.43 

Table 1 - continuation 
Ro-Ro and general cargoes Liquid bulk cargoes 

quantity (t) share (%) quantity (t) share (%) 

83,181.86 4.89% 267,607.59 15.74 

67,280.94 4.87% 280,170.48 20.26 

69,688.55 4.46% 269,138.82 17.23 

40,834.98 2.48% 224,152.18 13.62 

49,692.87 3.41% 264,598.46 18.16 

(source: Port of Bar, 2022). 

 

In order to complete object of research, with the Table 2 are 

shown results of an analysis of dry bulk cargoes throughput 

structure for the period from 2017 to 2021. 

  
Table 2: Dry bulk cargoes throughput structure for the period  
from 2017 to 2021 

Dry bulk cargo type Quantity (t) Share (%) 

Bauxite 2,735,344.30 44.6 

Cement 1,070,527.07 17.5 

Stone 692,154.75 11.3 

Copper concentrate 392,849.36 6.4 

Petro-coke 396,724.65 6.4 

Iron ore 150,427.00 2.5 

Other 693,210.25 11.3 

Total 6,131,237.38 100 

(source: Port of Bar, 2022). 

 

Finally, object of research can be defined as follows: quantity of 

dispersed cargo during the handling operations (and storing period 

on open storage area)  with bauxite in the Port of Bar (Montenegro) 

for the period from 2017 to 2021. 

 

4.2 Objectives of research 

 

Objective of research has following components: defining 

principal relations for calculating quantities - from the aspects of 

emissions to air - during the phases of the cargo handling (and 

storing) process; defining parameters which can be used as bases for 

estimating emissions intensity during the different phases of the 

cargo handling (and storing process); identifying factors which 

intensity of emissions to air during handling operations with bauxite 

are depending on; calculating quantity of dispersed cargo through 

the cargo handling (and storing process); identifying directions of 

reducing dispersed cargo quantity; 
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4.3 Research methodology 

 

Research is realized using methodology, adjusted to the 

research object, whose key elements are presented with the Table 3. 

 
Table 3: Elements of the methodology 

Phase, PHi Expected result, Rj 

PH1: An analysis of parameters 

which characterize handling 

operations with bauxite wagon to 
open storage area and open storage 

area to ship: quantity of cargo 

unloaded, quantity of dispersed 
cargo, quantity of cargo stored, 

quantity of cargo loaded to ship, 

cargo quantity emitted to air from 
wagon, cargo quantity emitted to air 

from cargo piles (stored cargo), 

cargo quantity emitted to air from 
ship holds. 

R1: correlations between 

parameters. 

PH2: An analysis of time intervals 

and characteristic time moments in 

the handling operations with 
bauxite, ranking time intervals as 

per their duration, estimation of 

intensity of emissions per operation 
phases and identifying subjects 

participating in the logistic chain 
with dominant influence on 

recognized time intervals duration, 

identification of factors which 
determine intensity of emissions to 

air. 

R2: characteristic time intervals and 

time moments in the handling 

process relevant for assessing 
emissions to air; - ranks of time 

intervals as per their duration; -

identified/estimated intensity level 
of emissions per handling process 

phases (operations); - recognized 
subjects participating in the logistic 

chain with dominant influence on 

time interval duration; - defined 
factors which determine emissions 

intensity; 

PH3: Data systematization on 

bauxite quantities handled per 
operations and in total by months 

from the period from January 2017 

to December 2021.  

R3: quantities of bauxite handled per 

operations and in total by months 
from the period from January 2017 

to December 2021. 

PH4: Calculation of dispersed 

quantities of bauxite through 

handling operations by months from 
the period from January 2017 to 

December 2021.  

R4: dispersed quantities of bauxite 

through handling operations by 

months from the period from 
January 2017 to December 2021. 

PH5: Defining directions of 

reducing dispersed cargo quantities 
during handling operations with 

bauxite (dry bulks). 

R5: directions of reducing dispersed 

cargo quantities through handling 
operations with bauxite (dry bulks). 

PH6: Creation of a simulation model 
for assessing emissions intensity to 

air caused by dispersed cargo 

through handling operations with 
dry bulks. 

R6: simulation model for assessing 
emissions intensity to air caused by 

dispersed cargo through handling 

operations with dry bulks. 

 

4.4 Research results 

 

Result 1 -  Correlations between parameters 

 

In the Table 4 are defined parameters which calculation of dispersed 

cargo quantity is based on. 

 
Table 4: Characteristic parameters 

Wagon Handling operation 

CARGO QUANTITY, QW1 

CARGO UNLOADED, QH1 

Cargo emitted to air from wagon, qw1 

 
Cargo dispersed, qd1 

CARGO QUANTITY, QW2 

CARGO UNLOADED, QH2 
Cargo emitted to air from wagon, qw2 

 

Cargo dispersed, qd2 

.. ... 

CARGO QUANTITY, QWn 

CARGO UNLOADED, QHn 

Cargo emitted to air from wagon, qwn 

 

Cargo dispersed, qdn 

 

 

 

 

 

Table 4 - continuation 

Open storage area Handling 

operation 

ship 

CARGO STORED, QS1 

Cargo emitted to air 
from cargo piles, qs1 

Cargo dispersed, 

qD1 

CARGO LOADED, QL1 

Cargo emitted to air 
from ship holds, qS1 

CARGO STORED, QS2 

Cargo emitted to air 
from cargo piles, qs2 

Cargo dispersed, 

qD2 

CARGO LOADED, QL2 

Cargo emitted to air 
from ship holds, qS2 

 ...  

CARGO STORED, QSn 

Cargo emitted to air 
from cargo piles, qsn 

Cargo dispersed, 

qDn 

CARGO LOADED, QLm 

Cargo emitted to air 
from ship holds, qSm 

(source: author) 

 

Principal relations which characterize cargo handling process on 

the relation wagon-open storage are-ship are as follow: 

 

[CARGO QUANTITY (transported to the port with a train), 

QWi] = [CARGO UNLOADED (on the relation wagon to open 

storage area), QHi ] + [Cargo emitted to air from wagons, qwi (from 

the moment when the train is positioned for unloading to its 

unloading)]  (1) 

 

[CARGO STORED (on the open storage area), QSi] = [CARGO 

UNLOADED (on the relation wagon to open storage area), QHi ] – 

[Cargo dispersed (through the handling operation wagon to open 

storage area), qdi]  (2) 

 

[CARGO LOADED (in the ship holds), QLj] = [CARGO 

STORED (on the open storage area), QSj] – [Cargo emitted to air 

from cargo piles, qsi] – [Cargo dispersed (through the handling 

operation open storage area to ship), qDj] – [Cargo emitted to air 

from ship holds, qSj] (3) 

 

Cargo dispersed, qdisp.k = [Cargo dispersed (through the 

handling operation wagon to open storage area), qdi] 

 + [Cargo dispersed (through the handling operation open 

storage area to ship), qDj] +  [Cargo emitted to air from wagon, qwi] 

+ [Cargo emitted to air from cargo piles, qsj] + [Cargo emitted to air 

from ship holds, qSk]   (4) 

 

Quantity of dispersed cargo can be expressed in following way, 

too: 

 

Cargo dispersed, qdisp.k = quantity emitted to air, qeak +  quantity 

released to water, qrwk + quantity released to soil, qrsk + quantity 

becoming waste, qwk (5) 

 

Result 2 - characteristic time intervals and time moments in the 

handling process relevant for assessing emissions to air; ranks of 

time intervals as per their duration; identified/estimated intensity 

level of emissions per handling process phases (operations); 

recognized subjects participating in the logistic chain with dominant 

influence on time interval duration; defined factors which determine 

emissions intensity; 

 

In the Table 5 are systematized components of the Result 2. 

 
Table 5: Components of the Result 2 

Period 
of time 

(PoT) 

PoT from 
the moment 

loaded 

wagons 
enter port 

zone, t1, to 

their  

positioning 

at the cargo 

terminal for 
unloading, 

t2 

PoT from 
the moment 

of 

positioning 
loaded 

wagons at 

the cargo 

terminal for 

unloading 

t2, to 
beginning 

of 
unloading, 

t3 

PoT from 
beginning 

of loaded 

wagons 
unloading, 

t3, to 

unloading 

finishing, t4 

PoT from 
finishing 

unloading of 

wagons, t4, to the 
moment of 

finishing   

repairing of 

eventually 

damaged wagons 

and hand over of 
empty wagons 

between port and  
railway operator, 

t5  
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Table 5 - continuation 

Time 

intervals 

T1 = t2 – t1 T2 = t3 – t2 T3 = t4 – t3 T4 = t5 – t4 

Ranking 

of time 
intervals 

as per 

their 
duration 

7 6 3 4 

Quantity 

of cargo   

Average 

quantity per 
train 

Average 

quantity per 
train 

Average 

quantity per 
train 

Cargo 

residues in 
wagons 

(after their 

unloading) 

Estimated 

intensity 

of 
emissions 

Low Low Medium Very low 

Subject 

with the 

dominant 

influence 

on 

duration 

-Railway 

operator 

-Port 

operator 

-Custom 

forwarder 

-Port 

operator 

-Port  

operator 

-Railway 

operator 

Table 5 - continuation 

Period of 

staying 

empty 
wagons at the 

cargo 

terminal – 
time between 

the moment 

of hand over 
of the empty 

wagons to 

the moment 
of their 

hauling  out 
of the port 

zone is 

beginning, t6 

Period of 

time from 

the moment 
of wagons 

hauling  out 

of the port 
zone is 

beginning 

to the 
moment 

empty 

wagons 
leaved port 

zone,  t7  

Period of time 

from 

finishing 
unloading 

wagons, t4, to 

the moment 
of cargo 

loading to 

ship begun, t8 
- Cargo 

storing time 

on the open 
storage area 

Period of time from the 

moment loading of ship 

started, t8 to the moment 
of loading process 

finishing, t9 

T5 = t6 – t5 T6 = t7 – t6 T7 = t8 – t4 T8 = t9 – t8 

5 7 1 2 

Cargo 

residues in 

wagons (after 
their 

unloading) 

Cargo 

residues in 

wagons 
(after their 

unloading) 

Average 

stored 

quantity  

Average quantity per 

ship 

Very low Very low High Medium 

-Custom 
forwarder 

-Railway 

operator 

-Railway 
operator 

-Exporter 
-Custom 

forwarder 

-Port operator 

-Port operator 
-Harbor master office 

-Shipping agent 

-Custom Forwarder 

(source: author) 

 

Intensity of emissions to air through operations with bauxite 

(dry bulk cargoes) are depending on: 

- cargo characteristics; 

- quantity for a period (handled); 

- quantity dispersed through handling operations; 

- type of cargo handling operations; 

- period of exposure (storing period, ...); 

- climate characteristics (wind rose, ...); 

- implemented handling technology (port machinery, port 

machinery operaters, stevedores, etc.); 

- level of the environmental protection system development 

(existence of physical barriers, etc.); 

- characteristics of the transport means (wagons, trucks, 

ships); etc. 

 

Result 3 - quantities of bauxite handled per operations and in total 

by months from the period from January 2017 to December 2021. 

 

In the Table 6 are systematized data on quantities of bauxite 

handled per operations and in total by months from the period from 

January 2017 to December 2021. 

Table 6: Quantities of bauxite handled 

year/ 

month 

wagon- open 

storage (t) 

open 

storage-

ship (t) 

difference: 

stored – 

delivered (t) 

quantity 

handled (t) 

2017/1 72,964.00 19,852.44 53,111.56 92,816.44 

2017/2 65,946.00 159,725.78 -93,779.78 225,671.78 

2017/3 81,142.00 76,397.36 4,744.64 157,539.36 

2017/4 77,024.00 66,076.00 10,948.00 143,100.00 

2017/5 69,774.00 97,369.48 -27,595.48 167,143.48 

2017/6 70,354.00 0.00 70,354.00 70,354.00 

2017/7 49,010.00 94,951.96 -45,941.96 143,961.96 

2017/8 69,774.00 74,677.35 -4,903.35 144,451.35 

2017/9 66,990.00 75,032.34 -8,042.34 142,022.34 

2017/10 82,070.00 98,440.38 -16,370.38 180,510.38 

2017/11 66,584.00 21,679.30 44,904.70 88,263.30 

2017/12 76,792.00 126,838.55 -50,046.55 203,630.55 

 
 

   
2018/1 72,993.80 62,680.00 10,313.80 135,673.80 

2018/2 42,960.85 17,394.65 25,566.20 60,355.49 

2018/3 32,125.04 80,925.93 -48,800.89 113,050.97 

2018/4 18,564.71 0.00 18,564.71 18,564.71 

2018/5 26,079.34 0.00 26,079.34 26,079.34 

2018/6 7,948.29 63,938.52 -55,990.23 71,886.81 

2018/7 14,898.62 0.00 14,898.62 14,898.62 

2018/8 10,929.92 0.00 10,929.92 10,929.92 

2018/9 16,544.17 0.00 16,544.17 16,544.17 

2018/10 29,986.47 77,002.17 -47,015.71 106,988.64 

2018/11 19,812.50 0.00 19,812.50 19,812.50 

2018/12 45,520.11 66,294.30 -20,774.19 111,814.41 
     

2019/1 29,124.29 0.00 29,124.29 29,124.29 

2019/2 25,433.91 0.00 25,433.91 25,433.91 

2019/3 42,467.60 74,646.36 -32,178.76 117,113.95 

2019/4 46,808.17 0.00 46,808.17 46,808.17 

2019/5 45,584.91 64,521.54 -18,936.64 110,106.45 

2019/6 47,599.15 76,700.20 -29,101.06 124,299.35 

2019/7 41,612.16 0.00 41,612.16 41,612.16 

2019/8 38,658.60 28,967.84 9,690.76 67,626.44 

2019/9 51,722.16 117,343.58 -65,621.43 169,065.74 

2019/10 72,438.94 69,220.61 3,218.33 141,659.54 

2019/11 80,671.71 0.00 80,671.71 80,671.71 

2019/12 60,784.97 89,501.54 -28,716.58 150,286.51 
     

2020/1 53,862.44 73,847.81 -19,985.37 127,710.24 

2020/2 74,294.47 31,454.88 42,839.59 105,749.35 

2020/3 79,460.61 62,852.46 16,608.15 142,313.07 

2020/4 53,838.41 110,000.00 -56,161.59 163,838.41 

2020/5 64,196.19 0.00 64,196.19 64,196.19 

2020/6 58,838.23 80,309.43 -21,471.20 139,147.66 

2020/7 53,738.88 49,107.58 4,631.30 102,846.46 

2020/8 74,105.74 120,044.02 -45,938.28 194,149.76 

2020/9 58,828.17 0.00 58,828.17 58,828.17 

2020/10 45,358.85 95,718.45 -50,359.60 141,077.30 

2020/11 54,075.99 6,966.77 47,109.22 61,042.76 

2020/12 46,800.35 88,905.52 -42,105.17 135,705.87 
     

2021/1 28,129.05 4,840.99 23,288.06 32,970.04 

2021/2 51,693.81 6,999.08 44,694.73 58,692.89 

2021/3 38,734.51 6,100.21 32,634.30 44,834.72 

2021/4 3,543.83 46,922.06 -43,378.23 50,465.89 

2021/5 31,292.38 47,582.50 -16,290.12 78,874.88 

2021/6 35,896.77 45,727.50 -9,830.73 81,624.27 

2021/7 25,242.44 0.00 25,242.44 25,242.44 
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Table 6 - continuation 

2021/8 4,660.59 0.00 4,660.59 4,660.59 

2021/9 11,224.33 0.00 11,224.33 11,224.33 

2021/10 6,283.94 0.00 6,283.94 6,283.94 

2021/11 16,444.26 47,434.08 -30,989.82 63,878.34 

2021/12 16,431.50 0.00 16,431.50 16,431.50 
          

(source: author based on data from the Port of Bar, 2022). 

 

Result 4 - dispersed cargo quantities of bauxite through handling 

operations by months from the period from January 2017 to 

December 2021. 

 

Based on criteria defined in [20] and data given with the Table 6, in 

the next table (Table 7) are calculated quantities of dispersed cargo 

through handling operations with bauxite, taking as an initial 

assumption that dispersed cargo (MC) would be: 0.25%, 0.50%, 

0.75% and 1.00% of handled cargo. 

 
Table 7: Calculation of dispersed cargo 

year/ 

month 

quantity 

handled (t) 

MC-

0.0025 

MC-

0,0050 

MC-

0.0075 

MC-

0.01 

2017/1 92,816.44 232.04 464.08 696.12 928.16 

2017/2 225,671.78 564.18 1,128.36 1,692.54 2,256.72 

2017/3 157,539.36 393.85 787.70 1,181.55 1,575.39 

2017/4 143,100.00 357.75 715.50 1,073.25 1,431.00 

2017/5 167,143.48 417.86 835.72 1,253.58 1,671.43 

2017/6 70,354.00 175.89 351.77 527.66 703.54 

2017/7 143,961.96 359.90 719.81 1,079.71 1,439.62 

2017/8 144,451.35 361.13 722.26 1,083.39 1,444.51 

2017/9 142,022.34 355.06 710.11 1,065.17 1,420.22 

2017/10 180,510.38 451.28 902.55 1,353.83 1,805.10 

2017/11 88,263.30 220.66 441.32 661.97 882.63 

2017/12 203,630.55 509.08 1,018.15 1,527.23 2,036.31 
      

2018/1 135,673.80 339.18 678.37 1,017.55 1,356.74 

2018/2 60,355.49 150.89 301.78 452.67 603.55 

2018/3 113,050.97 282.63 565.25 847.88 1,130.51 

2018/4 18,564.71 46.41 92.82 139.24 185.65 

2018/5 26,079.34 65.20 130.40 195.60 260.79 

2018/6 71,886.81 179.72 359.43 539.15 718.87 

2018/7 14,898.62 37.25 74.49 111.74 148.99 

2018/8 10,929.92 27.32 54.65 81.97 109.30 

2018/9 16,544.17 41.36 82.72 124.08 165.44 

2018/10 106,988.64 267.47 534.94 802.41 1,069.89 

2018/11 19,812.50 49.53 99.06 148.59 198.12 

2018/12 111,814.41 279.54 559.07 838.61 1,118.14 
           

2019/1 29,124.29 72.81 145.62 218.43 291.24 

2019/2 25,433.91 63.58 127.17 190.75 254.34 

2019/3 117,113.95 292.78 585.57 878.35 1,171.14 

2019/4 46,808.17 117.02 234.04 351.06 468.08 

2019/5 110,106.45 275.27 550.53 825.80 1,101.06 

2019/6 124,299.35 310.75 621.50 932.25 1,242.99 

2019/7 41,612.16 104.03 208.06 312.09 416.12 

2019/8 67,626.44 169.07 338.13 507.20 676.26 

2019/9 169,065.74 422.66 845.33 1,267.99 1,690.66 

2019/10 141,659.54 354.15 708.30 1,062.45 1,416.60 

2019/11 80,671.71 201.68 403.36 605.04 806.72 

2019/12 150,286.51 375.72 751.43 1,127.15 1,502.87 
           

2020/1 127,710.24 319.28 638.55 957.83 1,277.10 

2020/2 105,749.35 264.37 528.75 793.12 1,057.49 

2020/3 142,313.07 355.78 711.57 1,067.35 1,423.13 

2020/4 163,838.41 409.60 819.19 1,228.79 1,638.38 

2020/5 64,196.19 160.49 320.98 481.47 641.96 

2020/6 139,147.66 347.87 695.74 1,043.61 1,391.48 

Table 7 - continuation 

2020/7 102,846.46 257.12 514.23 771.35 1,028.46 

2020/8 194,149.76 485.37 970.75 1,456.12 1,941.50 

2020/9 58,828.17 147.07 294.14 441.21 588.28 

2020/10 141,077.30 352.69 705.39 1,058.08 1,410.77 

2020/11 61,042.76 152.61 305.21 457.82 610.43 

2020/12 135,705.87 339.26 678.53 1,017.79 1,357.06 
           

2021/1 32,970.04 82.43 164.85 247.28 329.70 

2021/2 58,692.89 146.73 293.46 440.20 586.93 

2021/3 44,834.72 112.09 224.17 336.26 448.35 

2021/4 50,465.89 126.16 252.33 378.49 504.66 

2021/5 78,874.88 197.19 394.37 591.56 788.75 

2021/6 81,624.27 204.06 408.12 612.18 816.24 

2021/7 25,242.44 63.11 126.21 189.32 252.42 

2021/8 4,660.59 11.65 23.30 34.95 46.61 

2021/9 11,224.33 28.06 56.12 84.18 112.24 

2021/10 6,283.94 15.71 31.42 47.13 62.84 

2021/11 63,878.34 159.70 319.39 479.09 638.78 

2021/12 16,431.50 41.08 82.16 123.24 164.32 

(source: author). 

 

Result 5 - directions of reducing dispersed cargo quantities through 

handling operations with bauxite (dry bulks) 

 

Having in mind character of classes of factors which generate 

emissions to air through handling operations with dry bulks, as well 

as, influential factors which the emissions intensity through 

handling operations with dry bulks is depending on, principal 

directions of reducing dispersed cargo quantities are: 

- optimizing level of used port machinery technological adequacy 

level, fully respecting demands of the safety on works and 

environmental protection and results of economical justification of 

investments needed; 

- continuous training of port workers, port machinery operaters and 

all involved staff to carry out activities fully respecting demand to 

have minimized quantity of dispersed cargo – warnings on 

influences which that dispersed cargo cause in domains of health 

and safety on work, environmental pollution, negative impact on 

financial parameters, etc.; 

- improving system of prevention against dispersing cargo through 

handling operations with dry bulks: continuous collecting dispersed 

cargo-cleaning operational area in order to eliminate its further 

spreading through the port area-forced by winds, movements of 

vehicles, port machinery, etc.; 

 

4.5 Discussion of results 

 

Dispersion of dry bulk cargo appeared through the operation 

wagon to open storage area and open storage are to ship as well as  

a consequence of emissions from wagon, from cargo stored piles 

and from ship holds. Dispersion of cargo occurs and through other 

operations with cargo within the port, depending on concrete 

customer demands, cargo characteristics, disposition of the port 

facility, etc. 

Estimated intensity of emissions per characteristic phases of 

handling operations wagon – open storage area – ship with dry 

bulks vary from very law (during the period of staying empty 

wagons after unloading is finished – from cargo residues in wagons) 

to high (during the storing period). 

Characteristic periods of time during handling operations 

(wagon – open storage are – ship) depend on different actors 

participating in the port business (logistic chain). 

Quantity of bauxite handled on the relation wagon – open 

storage area – ship per month ranges from 4,660.99 t (2021/8) to 

203,630.55 (2017/12). Respecting a fact that cargo quantity handled 

is one of the factors with direct influence on emissions to air, it is 

clear that intensity of emissions is proportional to cargo quantity 

handled. 
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Under assumption that percentage of dispersed cargo is 0.25% 

of quantity handled per month, than estimated dispersed cargo 

quantity ranges from 11.65 t to 509.08 t. When the assumed 

percentage of dispersed cargo is 0.50% of handled cargo, than 

quantities of dispersed cargo per month vary from 23 t to 1,018.15 t, 

if the percentage of dispersed cargo is 0.75% of total quantity 

handled, than estimated quantities are within the range from 34.95 t 

to 1,527.21 t and for the variant of 1.00%, quantities of dispersed 

cargo are from 46.62 t to 2,036.31 t. Calculated values of dispersed 

cargo quantity per month clearly confirm a need for adequate 

treating this issue and for having an adequate management system 

in this domain in order to carry out all preventive and corrective 

actions on time, thus avoiding potential negative impacts. At the 

same time, by the approach proposed in this paper are established 

bases for assessing emissions caused by dispersed cargo through 

handling operations with dry bulk cargoes. 

     

5. Conclusions 
 

In general, considerations (and related research) given in this 

paper are more relevant for the ports with variations in cargo 

throughput structure over the period and in situation when 

investments in specialized facilities for handling operations with dry 

bulks are not justified from the aspect of cargo volume or financial 

parameters (investment capability of a port, …). 

All issues treated by the paper became more critical in case of 

powder cargo handled by port machinery with grabs and in case 

when more handling operations are needed, transport paths within 

the port are longer, etc. 

Author intend to continue work related to the topic treated with 

this paper, having as an objective to come to the simulation model 

for assessing emissions intensity to air caused by dispersed cargo 

through handling operations with dry bulks. 
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Abstract: After the adoption of the European Green Pact aimed at achieving the sustainability of the Union's economy, industrial enterprises 

are faced with the challenge of creating and implementing eco-innovations aimed at achieving the goals set in the Pact. Considering that the 

innovation activity is a complex, expensive and risky process, for a large part of the enterprises there is the possibility of taking advantage of 

the possibilities of technological transfer of eco-innovations. The purpose of this report is to present the essence, characteristics and main 

forms of transfer of eco-innovations.The results show that  the development and implementation of eco-innovations can be a complex, 

expensive and risky process that requires knowledge, effort and many activities that are beyond the power of every enterprise. This 

necessitates cooperation as a form of reducing costs and achieving a better economic effect. 
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1. Introduction 
In response to the challenges related to the climate and the 

environment, on 04.03.2020, the European Commission officially 

presented the European Green Pact, to achieve the sustainability of 

the Union economy [1]. This is the new growth strategy which aims 

to transform the EU into a fair and prosperous society with a 

modern, resource-efficient and competitive economy in which there 

are no net greenhouse gas emissions in 2050 and economic growth 

does not depend on the use of resources  [2]. 

The strategic elements of the Green Pact are presented in fig. 

1. 

 

 
Fig. 1. Strategic elements of the European Green Pact 

 

The conditions for achieving the goals set in the European 

Green Pact are: 
 

• Provision of "green" financing and investments. The 

realization of the objectives defined in the European Green Deal 

require significant investments. According to the Commission, 

Achieving the current climate and energy targets for the period up 

to 2030 alone will require €260 billion of additional investment per 

year (i.e. around 1.5% of GDP in 2018) This flow of investment 

will need to remain constant over time. The scale of the investment 

challenge requires mobilizing both the public and private sectors. 
 

• Greening of national budgets. Greater use of green budgeting 

tools will help redirect public investment, consumption and taxation 

towards environmental priorities and eliminate harmful subsidies. 

Mobilization of scientific research and promotion of innovation; 
 

• Development of new technologies, sustainable solutions and 

revolutionary innovations. To maintain its competitive edge in 

cleantech, the EU needs to significantly increase the large-scale 

deployment of new technologies across sectors within the Single 

Market by building new innovative value chains [3]. 
 

• Activation of education and training. Schools, training 

institutions and universities are in a position to prepare students, 

parents and the wider community with the changes necessary for a 

successful transition [4]. 

The concept of eco-innovation was first mentioned in the 

scientific literature by Fussler and James (1996). They consider eco-

innovation as "new products and processes that provide value to 

customers and businesses but significantly reduce environmental 

policy"[1]. Klemmer's definition is similar, according to which:  

―Eco-innovations are all measures of relevant actors (firms, 

politicians, unions, associations, churches, private households) 

which develop new ideas, behavior, products and processes, apply 

or introduce them and which contribute to a reduction of 

environmental burdens or to ecologically specified sustainability 

targets‖ [2]. 

By achieving the main goal - reducing the harmful impact on 

the environment, eco-innovations make significant progress towards 

the realization of the sustainable development of modern society, 

more efficient and responsible use of natural resources and 

achieving economic, ecological and social impact [3].  

In the nature of the innovation process lies the created as a 

result of creative activity products to have a practical focus and be 

applicable in the organization that creates them, or in the activity of 

another business entity [5]. Usually, the results of the research and 

development carried out are used to product and process 

development in fulfillment of the company's innovation strategy [6]. 

In addition, in support of long-term growth goals, they can 

become object of purchase and sale in the direction of companies 

from the same or other industries. In this case the two parties: the 

owner of an intellectual product and the buyer of certain rights on 

its use, enter into interaction within the national or the international 

market of scientific and technological products [7]. The process by 

which technology, knowledge and/or information developed into 

one organization, within one area or to achieve some goals 

assimilated and used by another organization, in another area or for 

the achievement of other purposes is defined as technology transfer 

[8]. 

     

2. Research 
The implementation of the strategic elements of the European 

Green Pact requires the development and implementation of eco-

innovations . 
According to the Environmental Technology Action Plan 

(ETAP), eco-innovation is defined as "the production, application 

or operation of a good, service, production process, organizational 

structure or management or business method that is new to the firm 

or user and which leads throughout its life cycle to a reduction of 

environmental risk, pollution and negative impacts of resource use 

(including energy use) compared to the relevant alternative‖ [9]. 

The development and implementation of eco-innovations can be 

a complex, expensive and risky process that requires knowledge, 

effort and many activities that are beyond the power of every 

enterprise. This necessitates cooperation as a form of reducing costs 

and achieving a better economic effect [10]. 
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The cooperation of organizations in modern conditions is a 

powerful factor for accelerating the technological level and 

innovation processes [11]. The need for cooperation is constantly 

increasing. The reasons for this are various: 

 The innovation process requires large costs and there is a 

tendency towards their increase; 

 The contraction of the market cycle of the products 

necessitates the need for their more frequent renewal; 

 The lengthening of the cycle for the creation of new products 

and the complexity of the necessary research works increase 

the costs of implementation; 

 The innovation process requires a material and information 

base, research and technological knowledge, current costs. 

In this regard, various forms of transfer of foreign experience 

and technical achievements or own corporate strengths and 

capabilities can be used for the realization of eco-innovations [12]. 

 

 The realization of eco-innovations with one's own forces is 

reduced to the implementation of the following tasks: 

 modification of manufactured products; 

 partial improvement of the technologies used; 

 mastering the production of new products; 

 renovation of equipment; 

 introduction of innovations in marketing (market 

innovations); 

 introduction of innovations in management, production and 

labor organization; 

 legal protection of the objects of intellectual property of 

enterprises - inventions, utility models, industrial design, 

trademarks; 

 providing licenses for inventions, utility models and 

industrial designs owned by enterprises; 

 provision of free licenses (know-how contracts). 

 

Each industrial enterprise forms its own eco-innovation goals – 

strategic, tactical or operational and builds the corresponding 

investment programs and projects for their realization [13]. The 

business plan is the main document that defines the main directions 

for planning alternative eco-investment projects in the enterprise's 

activities in the short-term and long-term perspective [14]. 

 

 Implementation of eco-innovations through the transfer of 

foreign experience and technical achievements. 

The transfer of foreign expertise and technical achievements is 

usually seen as technology transfer or technological transfer [15]. In 

essence, transfer is an intermediary organizational-management 

activity for the selection, transfer and adaptation of scientific and 

applied results and new technologies from scientific structures to 

business organizations (vertical transfer). In practice, there is also 

the spread of already implemented technologies in other companies 

and spheres of social practice (horizontal transfer) [16]. Between 

the two fields (scientific and economic) there are significant 

substantive differences that place numerous barriers to the transfer 

of knowledge from one field to the other, but what they have in 

common is that they represent the material expression mainly of 

human intellectual capital [17]. 

The transfer of eco-innovations through foreign experience and 

technical achievements can take place in different forms, presented 

in fig. 2. 

 

 

Forms of transfer of foreign experience and technical 

achievements of eco-innovations include: 

 Transfer of technology. This form refers to transfer of 

technology in its non-materialized form through various types 

of contracts and agreements, contracts for "know-how", 

"show-how", franchising. It is applied by industrial enterprises 

that do not have the opportunity to carry out relevant scientific 

research on their own. Of particular importance is the presence 

of a built-up scientific and scientific-technical potential in the 

enterprise to "take over" these technologies and bring them to 

their industrial application. 

 
          Fig. 2. Forms for the transfer of eco-innovations 

 

 Transfer of management. The transfer of management is 

carried out through a management contract (management 

contract) of a national or mixed company by the foreign 

company (team). In some management contracts, the manager 

company not only manages the finances, production and 

marketing of the product, but also conducts the relevant 

administrative and personnel policy [18]. In such cases, we 

speak of a full management contract. In practice, there are also 

incomplete forms such as "consulting contracts", which can be 

in the field of commercial and industrial activity; on the 

problems of industrial production itself (industrial 

consultations); on engineering and technical issues 

(engineering consultations); on the organization of the 

placement (marketing consultations), on management issues 

(managerial consultations)[19]. 

 

 Transfer of trademark. The trademark recognized by the buyer 

is associated with quality, secured markets, strict compliance 

with company standards and efficient control over the entire 

technological process [20]. The transfer of a trademark can be 

carried out in two ways:  

o By concluding a franchise agreement;  

o Through its direct purchase. 

 

"Branded" franchising means that the franchisor company 

provides the franchisor person not only with the right to 

manufacture by using the trademark, but at the same time provides 

the company's "know-how" and experience, company culture and 

strategy, quality control methods and company management [21]. 

 

 Turnkey contracts. Turnkey contracts are a non-equity form of 

investment that allows the national production base to be 

expanded and renewed entirely through foreign capital [22]. 

After the construction of the sites, they become the full 

property of the local contractor. The foreign contractor 

company usually undertakes all types of engineering-

consultative services (choice of the optimal project or the 

design itself), performs the full cycle of construction and 

installation works, supplies and adjusts the equipment, 

prepares it for operation and makes the trial run of the 

production facilities [23]. After handing over the object to the 

local contractor, the foreign contractor bears no responsibility 

for the further work of the object, which necessitates that 

turnkey contracts be supplemented by other types of contracts. 

It should be noted that the imposition of additional conditions 
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during the construction of "turnkey" objects significantly 

increases their value, and this may create additional financial 

difficulties for the contracting authority. 

The forms of transfer of eco-innovations through a 

combination of own forces with the transfer of foreign experience 

and technical achievements refer to:  

 Mixed entrepreneurship. This is the most common form. In 

practice, it manifests itself in the creation of joint ventures 

(Joint Ventures) between two or more countries. In developing 

countries, the creation of joint ventures is encouraged, as 

through them not only investments can be attracted, but also 

access to new technology, management, etc. It is done through: 

 license agreement between the patent, license, trademark 

owner company and the buyer company; 

 union of two or more enterprises to build a structure for 

joint research, most often of an applied nature. 

Common forms are – joint (mixed) enterprises, inclusion in a 

subcontractor chain, trade in knowledge-absorbing products, 

operational leasing, limited venture capital investment, engineering, 

joint scientific and technical research by two or more companies 

[24]. 

 Venture entrepreneurship. As a form of investment, it appears 

in practice in the form of special companies of the so-called. 

"venture" capital (venture capital firm). It is also found in the 

literature as an "associated" form of capital investment. The 

purpose of venture entrepreneurship is to invest in industries 

and industries where venture innovation and even scientific 

research are carried out. They mainly deal with risky 

productions. This form is specific, it has some features of the 

shareholder form, but differs in the distribution of the profit, 

with the largest share of the profit going to the shareholder 

with the smallest capital share. In this method of profit sharing, 

the large "associate" participants in the form of financial 

institutions pay the risk to the founders of the venture capital 

firm, since they risk their entire fortune. The associated form 

of capital investment in venture entrepreneurship can grow into 

a traditional shareholding form in the event that the venture 

(venture) is successful. 

 Transfer of eco-innovations through integration into a system 

of institutions. The connection between scientific research, 

training and business is achieved through various forms on the 

basis of two-element and three-element integration. A wide 

variety of connections between science, education and 

production shows that innovation is the basis of progress, and 

enterprises more quickly and easily deal with emerging crises 

and achieve better results when science, education and 

production are chained together in international, national and 

regional aspect. 

 

  3. Methods, research and discussions 
The methods used to achieve the objectives of the study are as 

follows: methods of description, comparison, analysis and 

synthesis, method of grouping, tabular and a graphic method, a 

survey method. 

 Main sources of information are statistics published by National 

Statistic intitute (NSI); European and national strategic documents; 

analytical materials of The European Commission and the World 

Bank; research and development of scientific institutions; results of 

a survey carried out in industrial enterprises of he territory of the 

Republic of Bulgaria. Industrial enterprises from the sectors of the 

economy requiring the transfer of eco-innovations are summarized 

in fig. 3. Sectors requiring the transfer of eco-innovations for 

transformation include energy, construction, sustainable transport 

and water, waste and land management. The eco-innovations 

implemented can be seen in the start-up industries of renewable 

energy sources such as solar, wind and geothermal energy. These 

renewable energies can be used to support green buildings and 

sustainable transport to make them more efficient and greener. 

Water and waste management is carried out through eco-

innovations related to water purification and recycling. Land 

management in the green economy can be transformed through 

green innovation for habitat restoration, national parks, nature 

reserves and forest restoration efforts, etc. A study of the 

investments made by the country's industrial enterprises in eco-

innovations related to environmental protection and restoration in 

the period 2010-2021 is presented in fig. 4. 

 

 
Fig. 3. Sectors for transformation through eco-innovation 

                      Source: Own calculations 
 

 

Fig.4. Changes in the total costs in the country for environmental 

protection and restoration , Source: Own calculations 

 

The trend shows an increase in spending, as by 2022, it 

represents 1.9% of the total gross domestic product. 

The distribution of the available long-lasting material assets 

with ecological purpose by ecological directions in the country by 

2022 is presented in Fig. 5. 

 

 

Fig.5. Investments in DMA for eco-innovations by directions 
Source:  Own calculations 

 

       The largest share is occupied by investments for DMA in the 

waste water direction (35%), followed by investments for DMA in 

the direction of waste treatment (32%) and investments in DMA for 

air protection (29%). 
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       In fig. 6, in a percentage ratio, are summarized the costs of 

industrial enterprises for the transfer of eco-innovations in separate 

ecological directions in Bulgaria in the period 2010-2021. 

 

 
Fig. 6. Costs for the transfer of eco-innovations in eco-directions in 

             Bulgaria for the period 2010-2021 (in %) 
                         Source: NSI, own calculations 

 

The data show that the largest investments of industrial 

enterprises for the considered period are related to eco-projects in 

the field of waste management (63.2%), soil protection (18.3%), 

water (18.3%), the air (11.7%). The least investments have been 

made in noise reduction, forest protection, and biodiversity in 

protected territories and areas. The low share of investments in 

research and development activity means that Bulgarian industrial 

enterprises rely mainly on the transfer of eco-innovations. 

 

4. Conclusion 

Innovations are of vital importance for the success of industrial 

enterprises in Bulgaria. Businesses need not only product or process 

innovation, but also innovation in the way business is run, building 

partnerships, winning over consumers and ensur-ing sustainable 

development. It is not enough to use innovation only to develop a 

new product or reduce production costs, it is necessary to apply new 

methods to gain pres-tige and trust of society. For the purposes of 

research, the theoretical statements related to innovation activity 

and efficiency have been examined. Definitions of eco-innovations 

have been studied and a connection between eco-innovation activity 

and the increase in the efficiency of industrial enterprises has been 

substantiated. In this context, the present work considers eco-

innovation activity as a means of increasing the efficiency, 

competitiveness, innovation and adaptability of enterprises. 

Bulgarian industrial enterprises still lack the entrepreneurial 

innovation culture and the understanding that it is necessary to 

invest in human capital, which is key to the creation of R&D and 

the increase of economic results and efficiency. It is necessary to 

invest in technological development and concentrate efforts in R&D 

to achieve higher eco-innovation activity, efficiency and 

competitiveness. The main goal has been achieved, namely – to 

examine the state of the eco-innovation activity of industrial 

enterprises and how it affects the efficiency of their activity and 

technological transfer in the conditions of a turbulent business 

environment and transit to a circular economy. 

This report is funded from the Science Fund of the University of Food 

Technology – Plovdiv, contract No 15 /21-H “Innovation as a strategic 

factor for entrepreneurial activity in the green economy" 
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 Abstract: The most important issues during designing a sustainable supply chain (SC) is to ensure satisfaction between various criteria such 

as environmental, economic, etc. However, the presence of uncertainties regarding various parameters of SC necessitates the application of 

special approaches for making sustainable decisions in the design process. This study proposes a MILP (Mixed Integer Linear 

Programming) model for the optimal design of a strategic SC for biodiesel / diesel satisfying a trade-off between environmental and 

economic criteria under the conditions of uncertainties. As an environmental criterion, the amount of greenhouse gas emissions generated 

during the entire life cycle of the product is considered, and as an economic criterion, the investment and operating costs of the planned SC. 

The model includes a 10-year planning period, taking into account the need for minimum amounts of biodiesel produced for the respective 

periods. As a result of its solution, optimal values of the two criteria were obtained, taking into account uncertainties regarding transport, 

product price and greenhouse gas emissions.  
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• Assumptions  

1. Two feedstocks (sunflower and rapeseed) are considered for biodiesel production. 

2. The potential biomass cultivation areas, locations, capacities of all facilities and cost parameters are predetermined. 

3. Facilities’ capacity is limited. 

4. Two type of vehicles for transportation of raw materials of different types and biodiesel are considered. 

5. Their payload capacities are predetermined. 

• Modeling of biodiesel / diesel supply chain environmental impact 

• TEIBDt = EILCPt + EIBCBt + EITBPt + EIBCt  

• TEIBDt the total environmental impact of the biodiesel/diesel SC, (kgCO2eq / d); 

• EILCPt the environmental impact of entire life cycle of the products 

• EIBCBt including biomass cultivation, biodiesel production and  

• EITBPt transportation of biomass and products, (kgCO2eq / d); 

• EIBCt the environmental impact related with biodiesel (B100) combustion in  vehicle engines, (kgCO2eq / d). 

• Modeling of biodiesel/diesel SC economic performance 

• TCBDt = TICBDt + TPCBt + TTCt + TCETt – TGIBt   

• TCBDt the total costs of biodiesel/diesel SC, ($ / y); 

• TICBDt the investment costs for biodiesel / diesel production capacity compared to the period of operation and the purchase of 

biorefineries ($ / y);  

• TPCBt the production costs in biodiesel production (B100), ($ / y); 

• TTCt the total transportation costs, ($ / y); 

• TCETt the carbon tax charged according to the total CO2 generated during the operation of the SC ($ /y); 

• TGIBt the government incentives for biodiesel production and consumption (B100), ($ / y). 
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Abstract: The objective of the paper is to analyze pros and cons of different generations from the point of view of their readiness to satisfy  

the required labor skills criteria for the Industry 4.0 workforce and  willingness to participate in the process of upcoming transformation. The 

basic conclusion is that  today´s coexistence of different generations should be transformed into an active and efficient collaboration. In 

many organizations  teams consisting of workers belonging to different generations will be working and in these teams older (or even 

middle-aged ) colleagues  should share their professional know-how and practical experience with younger colleagues and younger members 

should use their digital capabilities to achieve common objectives of the organization.  

KEY WORDS: INDUSTRY 4.0, NEW REQUIREMENTS ON LABOR SKILLS, MOTIVATION AND CREATIVITY, INTER-

GENERATIONAL DIFFERENCES IN EXISTING SKILLS, AGE DEPENDENT DIGITAL LITERACY 

 

1. Introduction 
The Fourth Industrial Revolution (Industry 4.0) represents a 

fundamental change in the way we live, work and relate to one 

another. It is a new chapter in human development, enabled by 

extraordinary technology advances. These advances are merging the 

physical, digital and human worlds in ways that create both huge 

potential benefits and promises as well as potential peril and risks. 

The speed, breadth and depth of this revolution is forcing us to 

rethink how countries develop, how organizations work and create 

value and even what it means to be human [18] 

It is clear that the 4.th industrial revolution is about more than just 

technology-driven change; it will impact everyone, including 

leaders, policy-makers and people from all income groups and 

nations. Human aspects of this transformation were first mentioned 

in connection with the potential losing of jobs due to robotics 

applications. It is expected that many routine and manual activities 

will be automated and people from these jobs can be fired. 

However, new jobs will be created, many existing activities will be 

transformed by radically changing labor skills requirements. [12] 

Practical experience shows that human skills and motivation are the 

crucial factor for the efficiency of smart factories and all 

organizations in the digital era [14, 12] The new business model 

requires rethinking of the whole HR functions,managememt  style, 

organization culture,etc.  [8]. 

     The crucial role of education and training to prepare the workforce 

of the future is generally accepted.  Not only radically new skills 

and knowledge will be important, but also the demand for different 

skills and their combination will change dynamically. Ability and 

willingness to learn will actually be a permanent requirement in 

almost all professions and is inevitable for adjustment to new 

dynamics of changes in environment [16]. 

The role of human factor in Industry 4.0 can be approached from 

different perspectives: regional aspects, professional and industry 

specificities, new demands on educational system, etc  In our paper 

we´ll deal with the inter-generational aspects of this wide problem 

area. In the center of our analysis will be the question what role can 

different generations play in implementing or even accepting the 

transformation to the Industry 4.0 economy and society. 

2. Why inter-generational aspects are important 

     Problems of intergenerational relations are not a new phenomenon. 

However, a significant increase in the share of seniors in the 

population of developed countries today, intensifies an interest in 

these issues. 
New technology connected with the Industry 4.0 raises radically 

new dimensions of the inter-generational cooperation problems. 

Firstly, it is clear that digital literacy and high level of digital skills, 

important for Industry 4.0, are unequally distributed among 

different generations. On the other hand, practical experience, tacit 

knowledge based on  lessons from previous development of 

organizations, industries, etc. are more embodied in workers in their 

40-ies or 50-s and sometimes even in seniors, These people can 

represent an important element of an intellectual  capital of 

companies, mainly established firms. Also such skills required for 

Industry 4.0 workforce, as emotional intelligence, empathy, 

communication ability and experience with leading teams, are 

differently dispersed in the population .Of course, these features  are 

strongly dependent  on the type of  a personality,  but  can be also 

supported by education system. However, the impact of an 

environment, in which a person has grown, is also important.  

        Life-long learning cannot be just a task of educational institutions. 

Companies should play an important role as well. Life-long learning 

does not mean just participation in training courses organized by 

employers, but to a significant degree it is based on learning by 

practical experience in teams or other communities. These teams 

include persons of different age, even belonging to different 

generations. For managers and companies, it is important to create 

such conditions that members of the team will effectively cooperate 

to achieve planned objectives. Transfer of knowledge (both explicit, 

but also tacit)  between team members is very important and its role 

will even increase on the path to Industry 4.0. 

3. How are different generations prepared and 

willing to participate in forming the Industry 4.0 

society 
      New requirements on labor skills, loss of some routine jobs and the 

transformation of existing jobs, are differently accepted by different 

generations and also by different professional groups within the 

same generations, This is relevant not only for manual  workers, but 

also some graduates of universities that are regarded as knowledge 

workers today, can become redundant due to  automation. Much 

more higher flexibility and willingness to learn will be important in 

many professions. Flexibility can be a permanent feature of some 

individuals, it  need not depend on their age. However it can be also  

learnt (but sometimes even reduced) by practical experience. 

Elderly people are mostly regarded as less flexible than the young 

generation. although there can be exceptions 

 It is well-known  and statistically proven for developed countries,  

that digital capabilities of the population are decreasing with the age 

[17 ]. However, digital capabilities can‟t be the only criterion to 

evaluate the readiness of different generations to participate in 

forming Industry 4.0. 

Let„s start our excursion into generational aspects of the problem 

„How ready is the workforce  for Industry 4.0“ by analyzing 

strengths and weaknesses of the youngest generation (millenials and 

Generation Z), which is usually regarded as the basic supporter and 

human driver of Industry 4.0. Our basic source of data will be The 
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Deloitte Global Millenial Survey 2019 [1, 2]. The 2019 report is 

based on the views of 13,416 millennials questioned across 42 

countries and territories. Millennials included in the study were 

born between January 1983 and December 1994. The report also 

includes responses from 3,009 Gen Z respondents in 10 countries. 

Gen Z respondents were born between January 1995 and December 

2002. The Survey was oriented on millennials‟ (millennials are 

sometimes called GenerationY) perception of the current economic 

development, business motivation and their relationship to 

technology, especially the advent of Industry 4.0. All the 

respondents from the millennial cohort were working. Most of the 

respondents from Generation Z were still studying; some of them 

were simultaneously employed. 

The views of respondents are rather pessimistic, and the Survey 

called them “a disrupted generation”. According to the Survey, 

young participants are increasingly pessimistic and mistrustful of 

both their careers and the world around them. Respondents 

expressed a strong lack of faith in traditional societal institutions, 

business motivation and macroeconomic perspectives. The top 

priorities of the respondents were: travel and seeing the world (57 

%), high salary (52%), buying a home of their own (49%). 

For our paper, the most important is the attitude of millennials to 

the advent of Industry 4.0 and its impact. Forty-nine percent of 

millennials believe new technologies will augment their jobs; 25 

percent expect Industry 4.0 to have no impact, and only 15 percent 

fear it will replace all or a part of their job responsibilities. Only 

about one in five respondents believe they have all the skills and 

knowledge they‟ll need for a world being shaped by Industry 4.0, 

and 70 percent say they may only have some or few of the skills 

required and will need to evolve their own capabilities to increase 

their value.  

A serious problem for companies can be a high fluctuation rate of 

young people. 49 percent of respondents would, if they had a 

choice, quit their current jobs in the next two years. If companies 

invest in the training of this youngest part of their human capital, 

this will lead to a loss. Although labor mobility is regarded as one 

of the requirements of the new era, there must be some limits to the 

drain of talent. The basic reason of this fluctuation is dissatisfaction 

with the pay 

According to the Deloitte Survey, millenials and Generation Z make 

up more than half of the world‟s population and, together, account 

for most of the global workforce. They can be – and should be – the 

crucial part of the workforce for Industry 4.0. They were educated 

for a digital society and wish to use and improve their digital 

capabilities to achieve their personal satisfaction but also some 

broader social objectives. 

However, if we communicate and work with these young people, 

we can realize that they are very good in IT, are able to construct 

up-to-date mathematical models, etc., however they do not 

understand enough, what is behind these models, what simplifying 

assumptions are included in the model  and what is the actual 

relation between virtual reality and actual economic, social etc. 

situation .To become more realistic and useful for actual problem 

solving, they have to systematically cooperate with more 

experienced colleagues. These colleagues can be sometimes even 

formally their mentors, but need not be. The knowledge transfer can 

be also spontaneous, informal in working communities. 

What generation can play this  supportive or even mentoring role? 

Another generation (passing from the youngest workers to higher 

age groups) is the Generation X. This cohort includes people born 

between late 1960s and the first half of 1980s. Due to a lower birth-

rate at that time, this demographic group is not large (in comparison 

with millennials) in many countries. As an opposition to their 

mothers„ workholism, they prefer balance between work and 

personal (family) life; work should be interesting and creative for 

them and independence is among their most important values. 

Members of this generation have some common features with 

millenials: independence, need of creativity, being skeptical of 

authority. The basic difference is their longer work (and practical) 

experience.  

Over 60 percent of the Generation X in developed countries have 

university education. They are technologically adept. They are 

comfortable with smartphones, e-mail, laptops, tablets, and other 

technology used in the current workplace. Technology is 

inextricably woven into their lives [7]. They are flexible, adapt to 

change, friendly and tolerant of alternative lifestyles. After some 

retraining in the up-to-date technology, they can be valuable 

members of the Industry 4.0 workforce. 

However there can be some limitations. Due to institutional and 

even political environment in many countries (Slovakia included) 

this generation did not occupy leading positions in organizations, 

their experience with leading teams and organizations is not 

sufficient, they used to be more passive workers, respecting 

regulations, than active independent decision makers.  

Next generation is the baby boomers – people born after the war, 

between 1946 and mid1960s. It was the largest generational cohort 

in the USA up to 2015, and it still is an economically and politically 

influential generation. Many of them are even today at the top 

management positions. Most of them entered the workforce in the 

period when computers were in their rudimentary stage. Those baby 

boomers that were using IT in their professional careers have basic 

IT capabilities. However, today most baby boomers are approaching 

the retirement age or are already retired and represent (in the USA 

and some other developed countries) a relatively wealthy group of 

the „silver generation“ – they form an important component of a 

demand for new products and services .  

The influence of this generation on the economy and markets is 

sometimes called  „baby boomer effect“ [10]. This term was 

originally used in the realm of technology and referred to the 

importance of simplifying the interfaces of consumer electronics to 

encourage the wealthy baby boomer generation to upgrade. 

Although today the term is used in a broader sense, problem of 

simplifying the consumer-new products interaction can be topical 

for the new, Industry 4.0 era. 

The generation of “veterans” (people born before the war or during 

the war) is usually not mentioned in connection with the digital 

society and forming Industry 4.0, although with the ageing 

population, the share of people in 55+ in the total population, and 

even in employment, is growing. The share of people aged 55 years 

or more in the total number of persons employed in the EU-27 

increased from 12 % to 20 % between 2004 and 2019.[6]. In V-4 

countries in 2016, the share of people in the age group 55-64 years 

that were working, was 41.6 percent, with the highest number in the 

Czech Republic (almost 90 percent). In Slovakia, this share was a 

little lower than 50%, but most of these workers were employed full 

time. Older seniors, in the age 65+ have a much lower employment 

rate and usually-are working at a part-time basis  In 2019, 48 % of 

all working men aged 65 years or more in the EU-27 were 

employed on a part-time basis compared with 60 % of women aged 

65 years or more [ 6, 12]. 

 

Veterans that are still working are usually in jobs where digital 

capabilities are not required. Many of them have access to the 

internet but they do not use it in their work. However, in this age 

group, we can also find specialists that are actually knowledge 

workers (mainly researchers and university teachers) and that have 
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been forced to acquire digital capability. Due to their tacit 

knowledge and experience, this part of the older generation can be 

valuable in educating the future workforce. 

In connection with the option to more include seniors in the 

employment, often the role of home office type of work is 

mentioned. Under pandemic and lockdowns, the use of home office 

as a type of work has been widely used in many countries. This was 

independent on the age. 

The long-term impact of widely using the home office work is still 

not sufficiently evaluated. Many problems are open. They include 

not only the impact on productivity, meeting company objectives, 

difficulties to apply a teamwork,etc.but also many problems from 

the worker´s point of view: a need of more intensive contacts with 

colleagues, a barrier to professional growth, another type of 

a disbalance between work and personal life, etc.  

4.Human factor are not only employees 
The human factor  includes not only workers or potential 

employees, but it also represents all the citizens, including children, 

retired persons and other individuals that are not working for 

various reasons. All of them are tax payers (at least of indirect 

taxes); they have to communicate with government authorities; they 

will be included in the e-health system, and, mainly, all of them will 

be final consumers in an ever more digitalized society. In the era of 

Industry 4.0, some digital literacy will be necessary for all the 

people. 

The digital divide, which exists not only between countries but also 

between different groups within the same country, is usually treated 

as the differing amount of information between those who have 

access to the Internet (specially broadband access) and those who 

do not have the access [13]. 

Let´s look at some data from a survey on access to the internet and 

use of it in Slovakia, during recent years [11]. Respondents of the 

survey were 2906 Slovak citizens older than 18 years. 60% of them 

were women, and 40% were men. The respondents were from 

various regions and age groups. 68% of the respondents had high 

school education, and 31% had university education. Digital 

capabilities were self-assessed by the respondents, at the scale 

ranged from one (I am able to do very well) to five (I am not able at 

all). 

There were 3 basic groups of criteria for the level of digital literacy: 

hardware (work with computers, mobiles, computer peripherals, 

access to the internet), software (work with various operating 

systems) and the way of using the internet (search for information, 

e-mail, chat, social networks, calling by internet, e-commerce, 

internet banking, communication with government institutions, 

etc.). In the 1st group of indicators (hardware), assessment of men is 

higher than that of women. About 10% of the whole sample are 

„not able at all“ to work with computers, and a similar share has no 

access to the internet. As can be expected, digital capabilities are 

increasing with the level of education and declining with the 

increasing age. In the age group 65+ there was the lowest value for 

almost all the indicators of digital capabilities. The lowest level of 

an individual indicator has been achieved for „the work with 

databases“, which is very important for the work skills in Industry 

4.0. Just 10% of respondents said they were able to do it very well. 

From the mentioned research and also from  “a common sense” 

point of view it is clear that a radical improvement in digital literacy 

of the population is badly needed . 

 

5.Conclusion 
Forming Industry 4.0 is impossible without preparing the human 

factor for its creation. Human skills, motivation, creativity, 

flexibility, critical thinking and ability to make independent 

decisions are very important. Some of these features can be 

purposefully formed by education system (both formal and life time 

education, based also on practical experience).Other features are 

dependent on a type of a personality and can be to a certain degree 

formed by practical experience and transfer of tacit knowledge in 

working communities.  

On the path to Industry 4.0, companies will hire talent from outside 

(graduates from universities, perspective workers with some 

practice in other companies or organizations) and retrain existing 

workforce to meet new requirements. In this process , often teams 

or working communities can be formed, consisting of workers of 

different age and belonging to different generations.  

In our opinion, a precondition for an efficient working of such 

teams is an atmosphere of trust and respecting specific preferences 

and values of different age groups. Moreover, people of different 

age must be motivated to cooperate and the collaboration should  be 

mutually advantageous. Young people can feel that the advice of 

older colleagues is useful for them and older members of the team 

can not only acquire higher digital skills in collaborating with 

young  colleagues (so called reverse mentoring), but have the 

opportunity to better understand the actual preferences   and life 

style of the young generation. However, it is important, that neither 

form of mentoring will  be misused  and lead to a manipulation. 
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Abstract: Nowadays, sophisticated models and approaches are used in the field of Malware classification or detection. Modern trends 

propose the use of black-box kind of models like Deep learning or Neural networks, thus, often, the results are not human-interpretable. In 

this paper we focus on the well-known EMBER dataset with the focus on interpretable models like Decision trees and Decision tables. We 

were able to generate interpretable classification trees, which can serve in conjunction with the concept-learning or as a support for 

ontology creation. 
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1. Introduction 

Traditionally, signature-based algorithms are used in antivirus 

detection schemas. It is a classical detection concept where parts of 

the malware code (signatures) are compared with the records of 

malicious signatures dataset. This classical concept requires a well-

prepared signatures dataset, frequently updated as new variations 

and modifications of malicious codes are manifested every day. No 

malware can be detected if its signature is absent in the dataset. 

Malware can be also modified by its author rendering its signature 

in the dataset useless. In general, we see three main disadvantages 

of this signature-based detection schema. The necessity of up-to-

date signatures dataset (1), detection is based only on signatures 

present in the dataset (2), modification of malware can bypass 

signature-based detection (3). To properly address these issues, we 

can alter an old, strict signatures-based detection schema with more 

detection flexibility. In that, signatures importance is balanced with 

additional information. For instance, features about whether a 

malware is using mutexes, what kinds of memory operations is it 

using and whether it is a DLL type of binary just to name few. 

In the literature, machine learning algorithms are used for 

malware classification (malign or benign code) with features 

extracted from the binary codes. A machine learning algorithm can 

deal with increased number of features and even the results of the 

malware classification can be interpretable. Interpretable results 

may be further used for detection process improvement. 

Interpretability answers why the code is determined to be malign or 

benign by the model. For the scope of this work, we limit our 

attention on the interpretable models because results – set of rules 

may be further used in the detection process improvement (malware 

detection ontology or general tasks in description logics). 

Romeo et al. [1] 2018 used decision trees for interpretable 

results with additional focus on monotonic static features. Kilgallon 

et al. [2] 2017 focused on the analysis of static and dynamic 

features. Beside SVM or neural network (NN) models they used 

also (potentially) interpretable Decision Tree and K-Nearest 

Neighbors models. While the interpretable models have lower 

accuracies, in general, it is not that dramatic if accuracy drops by a 

few percentual points in comparison to SVM or NN. The 

achievement of interpretability is of much greater value here. The 

motivation for us is the work of Švec et al. [3] focused on the 

malware ontology creation with the use of EMBER [4] dataset. 

Before we discuss deeper into the details of our research, we 

provide details on the model we use in this paper. 

2. Decision tree 

Regarding interpretable models, for this paper, we further limit 

our focus on Decision Tree model. More specifically C4.5 (marked 

as J48 in the program Weka) designed by Quinlan [5]. Decision tree 

type model maintains a hierarchic structure out of input features. 

This hierarchic structure (tree) is composed of nodes and leaves 

creating paths. Path begins in the root and ends in a leaf. Starting is 

a feature in the root covering most of the samples, next are nodes, 

each intended for a particular feature and subset of samples. Path is 

ending with the leaves. Leaf defines the class (malware or benign) 

of a particular sample. For instance, in the root, there may be most 

important feature, like whether a given sample is a DLL or 

executable type of binary. If the model is binary (true or false), then 

this feature effectively splits the whole dataset into two parts: DLL-

based and executable-based samples. Similarly other features in 

nodes further split these two parts to several subsets based on the 

sample’s value (true or false) of the feature present in a particular 

node. 

3. Experiment with the EMBER dataset 

In order to evaluate C4.5 Decision Tree model as a tool for the 

interpretable results creation, in this paper an experiment is 

presented on the well-known EMBER datset [4]. EMBER is a 

labeled benchmark dataset for training machine learning models to 

statically detect malicious Windows portable executable files. The 

dataset includes features extracted from 1.1M binary files: 900K 

training samples (300K malicious, 300K benign, 300K unlabeled) 

and 200K test samples (100K malicious, 100K benign). Each 

sample in the dataset consists of a single JSON file describing 

various features of a Portable Executable (PE) file. More details on 

the EMBER datset are given in [4]. For the features used, we follow 

Švec et al. [3] and limit feature space only to its fraction. To select 

features we first ranked them with Information Gain metrics and  

Table 1: Features used for our EMBER dataset experiment sorted by 

Information Gain metrics score. 

Feature 

Name 

Information 

Gain Score 

is_dll 0.159650061 

has_section_high_entropy 0.096905623 

has_debug 0.072046279 

has_write_execute_section 0.062346390 

has_multiple_executable_sections 0.060319408 

has_signature 0.044176818 

sect_rsrc_writable 0.040890224 

sect_pdata_has_CNT_INITIALIZED_DATA 0.040852220 

sect_pdata 0.040719546 

sect_pdata_readable 0.040719546 

has_clr 0.038817536 

has_nonstandard_section_name 0.034415923 

has_nonstandard_mz 0.033341221 

sect_reloc_readable 0.031287958 

sect_reloc 0.031177888 

sect_reloc_has_CNT_INITIALIZED_DATA 0.030850303 

sect_rsrc_has_high_entropy 0.030774806 

has_urls_strings 0.027751663 

sect_nhgxrnnn 0.027391387 

sect_nhgxrnnn_executable 0.027391387 

sect_nhgxrnnn_has_CNT_INITIALIZED_DATA 0.027391387 

sect_nhgxrnnn_has_high_entropy 0.027391387 

sect_nhgxrnnn_has_nonstandard_name 0.027391387 

sect_nhgxrnnn_readable 0.027391387 

sect_nhgxrnnn_writable 0.027391387 
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then used first 25 in descending order. Features used are listed in 

Table 1 along with their values of Information Gain metrics score. 

We use binary representation of the features. For our experiment we 

use WEKA, an open-source implementation of a collection of 

machine learning algorithms [6].  

4. Results and discussion 

Fig. 1 and Fig. 2 displays partial trees for benign and malign 

classes respectively. Table 2 lists evaluation measurements. 

 

Fig. 1 Resulting partial tree for benign class samples. Nodes are colored 
according to value of the feature (red for 0 and black for 1) as nodes are not 

placed logically (0 for left and 1 for right direction) but a layout algorithm 

is used to position the nodes. 

 

Fig. 2 Resulting partial tree for malign class samples. 

Table 2: Evaluation measurements of the C4.5 model used. 

 Accuracy Precision Recall 

C4.5 Decision 

Tree 
81.94 79,3 86,3 

Based on the Information Gain (IG) scores and results displayed 

in Fig. 1 and Fig. 2 we can assume “is_dll” is one of the most 

important features in this experiment as it is placed in the root of 

both malign and benign trees, and it has the highest IG score. Initial 

decision is given with this feature and even if there are cases (not 

displayed in the Fig. 2) where the malign samples have “is_dll” set 

to 1, based on our analysis, it is just a small set of samples (15,156 

in comparison to 109,843 benign samples). On the other hand, 

benign codes are more balanced with “is_dll” values of both values 

0 and 1 (1: 109,843 and 0: 130,080). Regarding another feature 

“has_signature” (digital signature from a trusted signer) we can 

agree with Romeo et al. [1] on that it is difficult for a malware 

author to add a signature to his malware. This can be observed on 

the Fig. 1 and Fig. 2.  In Fig 1. we can see that a benign code has 

always its feature of “has_signature” set to 1. Additionally, on the 

Fig. 2 for malware, we see only values of 0. This indicate that there 

is a lower malign samples distribution with “has_signature” set to 1 

(30,923 in comparison to 80,533 benign samples). Another feature 

ranked high in IG metric is “has_section_high_entropy”. When this 

feature is set to 1, a sample (either malign or benign) is using a kind 

of packer (UPX) to obfuscate its internal structure. Without a 

compatible unpacker it is merely impossible to analyze it properly. 

Again, a malware author could strongly benefit from such an 

obfuscated structure. We find that 122,931 malware samples had 

“has_section_high_entropy” set to 1 compared to only 40,935 

benign samples. 

 Using these features, we can construct two example rules for 

benign and malign code samples respectively: 

1)  ● “is_dll” = 1 

● “has_section_high_entropy” = 0 

● “has_clr” = 1 

result is benign (39,548 true positive and 336 false 

positive) 

2)  ● “is_dll” = 0 

● “sect_pdata_has_CNT_INITIALIZED_DATA” = 0 

● “has_write_execute_section” = 1 

● “has_debug” = 0 

● “has_section_high_entropy“ = 1 

● “has_signature” = 0 

● “sect_rsrc_writable” = 0 

● “has_urls_strings” = 0 

● “has_nonstandard_mz” = 1 

result is malign (24,626 true positive and 1,878 false 

positive) 

5. Conclusions and future work 

In this paper we used C4.5 Decision Tree model with EMBER 

dataset for malware classification. Train/test ratio was 80/20. We 

evaluated the model using standard metrics of precision, recall, and 

accuracy (Table 2) and visualized parts of the tree (Fig. 1 and Fig. 

2), that was used for classification (one subtree for benign samples 

and one subtree for malign samples). We successfully demonstrated 

the extraction of two rules from these visualized trees. Rules 

extracted can be further used to extend or modify the existing 

ontology proposed in [3] for the use with description logics 

malware classification algorithms. 

In the future we would like to improve the accuracy of this 

model by replacing current feature selection method of Information 

Gain with other method (ChiSquare [7] or two-criterial CFS [8]). 

Using finer selection of features could result in accuracy 

improvement. 
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Abstract: Иновацията е нововъведение, форма на проявление на съвременни подходи към изместване на традиционни, архаични и 

занаятчийски форми на дейност. Съвременни автори в тази област, отбелязват такива признаци на иновация като „фактор на 

икономическия растеж“ и действащи като форма на обективиране на новото чрез комбиниране на „синергетика на знанието“ и 

„внедряване на специфични значения“. С други думи, промяната на идеите, вярванията и поведението не само на собствените, но 

и на околните е процес, който съпътства иновативните промени и следователно е целта и източникът на изучаването на 

иновации. Връзката между образованието и бизнеса може да се осъществи посредством реализацията на проекти в контекста 

на отворената иновация. 

Keywords: ИНОВАТИВНИ ТЕХНОЛОГИИ В ОБРАЗОВАНИЕТО, БИБЛИОМЕТРИЯ, БИЗНЕС ИНОВАЦИИ 

 

1. Въведение 

Иновациите в образованието са актуално значими и 

системно самоорганизиращи се нововъведения, които 

възникват на базата на разнообразни инициативи и новости, 

които стават перспективни за еволюцията на образованието, 

влияят положително върху развитието на всички форми и 

методи на обучение. Понятието „иновативна дейност“ във 

връзка с развитието на съвременното образование може да се 

разглежда като целенасочена трансформация на съдържанието 

на обучението и на организационните и технологичните основи 

на образователния процес, насочена към подобряване на 

качеството на образователните услуги, 

конкурентоспособността на образователните институции и 

техните възпитаници, осигуряващи цялостното личностно и 

професионално развитие на студентите.[1] 

Въвеждането на иновативни технологии в образованието 

изисква нови подходи в обучението, базирани на съвременни 

образователни технологии. Образователната технология 

представлява целенасочено приложение на системата от 

средства в образованието, което обуславя получаването на 

определени характеристики на някое от образователните 

явление (определени качества на завършилите, съдържанието 

на учебния материал, повишаването на квалификацията на 

педагозите и др.). Съвременните образователни технологии 
преди всичко трябва да работят за креативното образование, 

като допринасят за творческото развитие на личността на всеки 

студент.[2] 

През 2019 г. УниБИТ печели проект за Фундаментални 

научни изследвания на тема: “Иновации в бизнеса и 

образованието. Разработване на концептуален комуникационен 

модел за иновации в бизнес-информационна организационна 

среда“ (ФНИ КП-06-Н35/5 от 18.12.2019 г.). В рамките на 

неговия първи етап е създадена база от данни съдържаща над 

1100  заглавия на публикации в областта на бизнеса и 

образованието, на български и английски език. В рамките на 

настоящото изследване ще бъде направен съгласно 

библиометричните закони анализ на публикациите в областта 

на бизнеса и образованието. 

Една от стъпките за постигане на основните цели е да се 

установи какво е състоянието на научните публикации по 

основната тема на проекта. [3] Направено е библиографско 

проучване на публикации по теми свързани с иновации в 

бизнеса и образованието, издадени  в България, на български и 

чужди автори и на публикации на български автори, издадени в 

чужди изданания, както и на чуждестранни и български автори 

и техните публикации публикувани в чужбина. На базата на 

резултатите от проучването са представени резултати от 

библиометричен анализ въз основа на Законът за обратния 

квадрат на Алфред Лотка за публикационната активност на 

автори за определен период от време в дадена научна област. 

2. Библиометричен анализ въз основа на 

Закона на Алфред Лотка за обратния квадрат 

Библиометрията е научно направление, което са заражда 

през 60-те години на ХХ в. и е свързана с количествения анализ 

на документалния поток. В основата на този анализ лежат 

библиографските данни на публикациите. При 

библиометричния анализ се използва предимно вторична 

информация за публикациите, съдържаща се в различни бази от 

данни. Тази информация има значение за изучаване на многото 

страни на човешката дейност.  

Основателят на ISI (Institute for Scientific Information, 

Philadelphia, USA) Юджийн Гарфийлд в статията си 

"Количествен анализ на библиографската информация" 

определя библиометрията, като метод за количествено 

изследване на документите, съществуващи във вид на 

материални обекти или библиографски единици. 

Обекти на изучаване в библиометричните изследвания са 

публикациите, често групирани по различни признаци: автори, 

списания, тематични рубрики, страни и др. 

Могат да се отделят три основни направления в 

библиометричния анализ: 

 Анализ на данните по източници, тоест брой 

публикации, брой автори, време на издаване, стойност. 

 Изучаване на коцитирането. 

 Анализ на данните по проблемите на индексирането, 

социология на науката и научна политика.  

В настоящето изследване са представени резултати по 

направлението анализ на данни по източници, въз основа на 

закона на Алфред Лотка за обърнатия квадрат. Според този 

закон броят на учените с определен  брой публикации е 

обратно пропорционален на квадрата на броя на публикациите 

им. Броят на авторите,  които имат  n публикации е равен на 
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1/п2 от броя на авторите, които имат само 1 публикация; През 

1926 г. Алфред  Лотка проучва зависимостта за учени, които са 

написали 1, 2 ,3 и т.н. статии за период от 10 години, които са 

реферирани в дадено списание, при което се получава  число,  

което  за всеки учен е равно на 1.  

Съгласно закона на А. Лотка за обратния квадрат: 

приблизително 60% от общия брой публикации са на автори, 

които имат само 1 публикация,  15% от публикациите са на 

автори с 2 публикации, 7% - на автори с 3 публикации, 6% са 

на автори с повече от 10 публикации.  

Този закон показва, че в научната общност по принцип 

рядко се срещат автори с много голям брой публикации; 

Законът на Лотка се изразява с формулата: 

 f (x) = k / xa  -  k> 0 и a> 0 са константи, 

 за които е в сила зависимостта:  x - 1, 2, 3,4, 

 където (x) е броят (или съотношението) на авторите с x 

публикации;  

a = 2 и k = 0.608  са константи, установени от  Lotka за 

съвкупност от 1000 автори; 

На тази база се прави прогноза  колко автори (x) ще имат 

(х) публикации – колко автори ще имат 1 публикация, 2, 3 и 

т.н.  

3. Библиометричен анализ на публикациите 

на български и чуждестранни автори в България, 

както и на български автори в чужбина 

В рамките на проект „Иновации в бизнеса и образованието. 

Разработване на концептуален комуниукационен модел за 

иновации в бизнес-информационно организационна среда“ за 

определяне съотношението между броя на авторите и 

публикациите въз основа на създадена база от данни, с автори и 

публикации в областта на иновациите в бизнеса и 

образованието публикувани в България през последните 20 

години е направен опит за прилагане на закона на Алфред 

Лотка. [6] 

 На базата на проучването относно авторите, които имат 

публикации на български език в областта на иновациите в 

бизнеса и образованието, можем да кажем, че са открити 48 

автори, от които 40 автори имат само една публикация в 

тематичната област, един автор има 6 публикации и един автор 

има 4 публикации. След прилагане на закона на Алфред Лотка 

за обратния квадрат отнасящ се за съотношението на броя на 

авторите и публикуваните от тях публикации за период от 20 

години в областта на иновациите в бизнеса и образованието, 

бяха получени следните резултати: 

Прилагайки формулата на Лотка за определяне на процентното 

съотношение и на база общия брой открити публикации, който 

е 50, N = 40/50*100 = 0,8*100 = 80 %  публикации, които са от 

автори с 1 публикация или общо 40 автори.   

От останалите 10 публикации са разпределени както следва: 

6 публикации са на един автор и представляват след прилагане 

на Закона  2,4  % или  

N = (1/62)*80 % = 0,03*80 = 2,4 % от общия брой публикации.  

4 публикации, които също са от един автор отново след 

прилагане на формулата по Закона на Лотка  ще имат  % от 

общия брой или N = (1/42)*80 % = 0,12*80=9,6 %.  

От разгледаните български автори, които имат публикации в 

чужбина в близки, гранични тематични области, за темите, 

касаещи конкретно проекта, са открити 3 публикации на един 

автор на английски език,  както и по една публикация на трима 

други автори.  

Тук трябва да се отбележем, че в процеса на библиографското 

проучване бяха открити голям брой публикации на български и 

чужди автори, издадени на български език, свързани с 

иновациите само в бизнеса или само в образованието, но те не 

са включени в анализа. Обект на разглеждане са публикации, 

които разглеждат вързите между двете сфери. 

Графика 1. Брой на публикациите за година в периода 
от 2001 до 2021 г. 

От библиографското проучване ясно се вижда малкия брой 

публикации на български автори за периода от 2001 до 2021 г. 

В Графика 1. нагледно  са представени броя на публикациите за 

всяка година. Впечатление правят малките количества, дори 

през седем от годините няма публикации. През последните 

шест години (от 2015 до 2021) се наблюдава увеличаване на 

броя им, което би могло да се тълкува като засилване на 

интереса към проблематиката. 

Графика 2.  Публикации в периодични издания, научни сборници 

и монографии 

В графика 2 се представя процентово съотношение на 

публикациите в периодични издания, научни сборници и 

монографии. На фона на общия брой публикации и особено 

ниският процент от броя на монографиите до известна степен 

потвърждава факта, че научната област не е особено позната и 

популярна в България и има все още  малко учени, които 

работят в това направление. 
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4. Библиометричен анализ на публикациите 

на чуждестранни автори  

В рамките на изследването бяха проследени публикациите 

излизали в чужбина в областта на иновациите в бизнеса и 

образованието. В следствие на създадената в рамките на 

проекта база от данни са открити 1055 публикации на 584 

автори публикувани в периода 2001-2021 година.  

На база проучването можем да кажем, че от тези 584 автори 

520 от тях имат само една публикация в тематичната област, 

четиридесет и седем автора имат 2 публикации, дванадесет 

автора имат 3 публикации, трима имат 4 публикации, един 

автор има 5 и един има 8 публикации.  

Прилагайки формулата на Лотка за определяне на 

процентното отношение и на база общия брой открити 

публикации, който е 675, N = 520/675*100 = 0,77*100 = 77 %  

публикации, които са от автори с 1 публикация или общо 520 

автори.  

Останалите 155 публикации са разпределени както следва: 

94 публикации са на 47 автора и представляват след 

прилагане на Закона  0,38 % или  

N = (47/942)*77% = 0,005*77 = 0,4% от общия брой 

публикации.  

36 публикации, които са от 12 автора след прилагане на 

формулата по Закона на Лотка  ще имат  0,69 % от общия брой 

или  

N = (12/362)*77% = 0,009*77 = 0,69 %.  

12 публикации, които са от 3 автори след прилагане на 

закона на Лотка ще имат  1,54 % от общия брой или  

N = (3/122)*77% = 0,03*77 = 1,54 %. 

5 публикации са на един автор и след прилагане на Закона 

представляват   3,08 % или  

N = (1/52)*77% = 0,04*77 = 3, 08%. 

8 публикации са на един автор и след прилагане на Закона 

представляват    1,54 % или  

N = (1/82)*77% = 0,01*77 = 1,54%. 

На база направеният библиометричен анализ трябва да 

отбележим, че в процеса на библиографското изследване на 

публикациите в областта на иновациите в бизнеса и 

образованието бяха открити около 450 публикации на 

чуждестранни автори, свързани само с бизнеса или иновациите 

и не касаещи пряко настоящото изследване и изпълнението на 

основната цел на проекта „Иновации в бизнеса и 

образованието. Разработване на концептуален комуникационен 

модел за иновации в бизнес-информационна организационна 

среда“ 

5. Заключение 

Иновациите и тяхното управление се превръщат в 

съществена част от визията и стратегията на организацията, 

която иска да поддържа и повишава конкурентоспособността 

си, както и да си подсигури определена степен на устойчивост 

на „ръба на хаоса”. Образованието има съществено значение за 

усъвършенстване на тези умения. [1] 

0 400 800 1200

Български и чужди автори

Публикации на български 
език

Публикации на английски 
език

 Графика 3.  Съотношение на публикациите на български и 

английски език, спрямо  броя на българските и чуждите 

автори. 

От графика 3 нагледно е представен малкия процент на 

български автори и броя на публикациите на роден език, които 

разглеждат връзките между бизнеса и образованието, на фона 

на публикациите от чужди автори, издадени предимно на 

английски език в научни издания с международно участие. 

Въпреки неголемия брой български учени в тази област, 

интересът към иновациите в бизнеса и образованието се 

засилва. Благодарение на електронни издания на свободен и 

платен достъп, специалисти от практиката, а и по-широката 

публика в България може за се запознае с новите тенденции в 

актуални публикации. Изготвената библиографска база по 

проекта би могла да спомогне за по-бързо и ефективно 

намиране на желаната информация и да послужи за 

популяризиране на международни и български публикации по 

темата.  

От своя страна библиометричните показатели са особено 

важни показатели (или може би даже ориентири) при 

планирането на учебния процес и формирането на научните 

планове и задачи. Те отразяват степента на активност и 

продуктивност на фундаменталните и приложните изследвания 

в дадена страна, техият принос за развитието на научното 

знание. По такъв начин един от подходите за изследване на 

науката може да бъде библиометричният.  

Фактите, регистрирани в библиометричните обекти донасят 

до следващите поколения не само пряка информация за 

състоянието на обектите, но и косвена, запечатала белезите на 

времето, по които може да се съди за различни страни на 

живота на обществото: за науката, културата, икономиката и 

пр. [4] Засилването на възките между науката, образованието и 
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бизнеса е от особено важно значение успешното реализиране 

на младите хора в съвременния свят. 
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Abstract: The main issues considered in this article: the development of recreational areas during the period of overcoming the 

consequences of the war on the example of Ukraine; the importance and content of pre-project studies regarding the implementation of 

programs and projects of recreational development of territories; the need to use methods of analysis and comparison when researching the 

experience of successful countries in the field of recreational development, in particular Southern Europe; attraction of investments, loans, 
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1. Introduction 
 

The development of recreational areas is important for every 

person and for society as a whole. Such development depends on 

many factors. The development of recreational areas and relevant 

facilities is of particular importance in post-crisis periods, when a 

large number of people need to restore their physical strength and 

psychological state. That is why, when studying the process of 

development of recreational areas, it is necessary, first of all, to pay 

attention to the peculiarities of people's condition and behavior, to 

their requests for recreation, reactions to the services provided. 

Secondly, from the position of service providers, it is necessary to 

respond in a timely manner to the requested types of services and 

the forms of their provision. It is necessary to develop the 

infrastructure of recreational areas in accordance with the 

expansion of the range of services. Expansion may require new 

construction, renovation of existing facilities, retraining and 

increased staffing. The entire development complex of recreational 

areas is a set of sociological studies, the development and 

implementation of projects for the development of the material and 

technical base, the formation of financial plans and the conclusion 

of the necessary agreements for the performance of the necessary 

works with specialized enterprises and institutions. 

Analysis and comparison should be important methods of 

researching the problems of the development of recreational areas. 

It is necessary to analyze the activities of those countries where 

recreational areas have acquired such importance that they have 

become the main donors of the budgets not only of individual 

regions, but also of the state as a whole. At the same time, the 

comparison should find not only certain common features of the 

economic activity of recreational areas. Differences between 

countries, their socio-economic level, people’s mentality, their 

willingness to accept people, both internally organized tourists and 

foreigners, are of great importance. 

 

2. Preconditions and means for resolving the 

problem 
 

The solution to the problem of the development of recreational 

areas is determined by certain ascending prerequisites and the 

composition of the appropriate necessary means. 

The ascending prerequisites for the development of 

recreational areas include: 1) composition and content of people’s 

needs for recreational services; 2) cost of relaxation services; 3) 

social assessment of recreational opportunities. 

The means of solving the problems of the development of 

recreational areas are: 1/ correct assessment of the state and 

development prospects; 2/ development of the program, project and 

pre-project plan; 3/ assessment of opportunities and activation of 

the potential of all types of development resources. 

Regarding the composition and content of the needs of 

people who apply for recreational services, the following can be 

noted. Depending on the socio-economic development of the 

country, its citizens may or may not have the opportunity to rest 

outside of working hours. The world practice of leading countries 

has long recognized the need for employee relaxation. Relaxation is 

a complex process that requires a change of environment in the 

broadest sense. For a short rest, it is sometimes quite enough to visit 

a theater, cinema, club, sports ground. As for the cost of such a 

short vacation, it is quite affordable if you have to move far away 

from your home. 

Instead, a long period of rest requires the availability of 

recreational infrastructure. Because of this, there is a problem with 

the cost of relaxation services, the sufficiency of funds for moving 

and staying in the desired place of rest. Of course, in different 

countries, the assessment of the sufficiency of funds for such a 

dynamic rest (that is, with a significant number of crossings by 

different vehicles) differs. For example, Ukrainian citizens do not 

have the opportunity to rest for a long time due to lack of funds. 

The social assessment of recreational opportunities is of 

great importance, which significantly affects people’s choice of 

territory, as well as post-rest feelings: satisfaction, or even 

disappointment. In addition to the value assessment, traditions and 

social assessments should also be taken into account. Traditions can 

be based on purely climatic considerations, and social evaluations 

are related to the attitude of the environment of a particular person 

to whether the vacation was spent in prestigious places. 

At the same time, the requirements for recreation 

infrastructure are individual. It can be argued that the infrastructure 

should correspond to the declared content of the services. People 

should be able to choose from a sufficient number of sanatorium-

treatment and rest facilities in those regions that are traditionally 

considered recreational, where there is clean air, clean water, 

perhaps natural mineralized springs, thermal waters, enough sunny 

days, or ski slopes, etc. Also, the choice depends on the time of year 

planned for rest. Even in those cases where recreation even looks 

like a sporty, consists in tourist crossings, appropriate routes, 

recreation centers, places of safe parking should be equipped. The 

specified conditions and requirements require systematic 

development in accordance with changes in public views, in 

achieving a certain level of well-being of people.  

To determine the composition of means of development of 

recreational areas, the correct assessment of the state and 

development prospects is of great importance. Firstly, their 

ascending position is important for the development of recreational 

areas. In some cases, the territories have long been recreational with 

relevant facilities, services, personnel and service traditions. In 

other territories, the development of recreation business and the 

development of recreational infrastructure are beginning. Secondly, 

both in the first and in the second cases, development should 

involve innovative changes that meet the requirements of modern 
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society and modern man. This means that, under any circumstances, 

a person, being on rest, should not voluntarily lose the usual 

amenities: communication with the outside world, comfortable 

conditions in the apartment, the opportunity to receive transport 

services, medical consultation at any time or help. 

In Ukraine, all such conditions were foreseen in previous 

years, and the development of appropriate institutions in villages 

and towns took place. Such projects were implemented on the 

shores of the Black and Azov seas, in Volyn, where there are a 

number of lakes, in Prykarpattia and Transcarpathia. Unfortunately, 

many such institutions, especially in the East and South of the 

country, were destroyed. That is, it is necessary to develop or 

restore such objects, which requires significant financial resources. 

At the same time, the question arises of the recovery of the 

country’s economy as a whole. It will be necessary to rebuild the 

production base, which should provide Ukrainians with jobs. Yes, 

recreational infrastructure also creates a certain number of jobs. 

Such a structure of the economy was not characteristic of Ukraine 

in previous decades. However, the restructuring of the economy in 

the post-war period may involve a change in the structure of 

economic activity and a possible increase in the share of enterprises 

and institutions specifically related to the provision of people’s 

recreational needs. 

The need to develop a program, project and pre-project 

plan should be emphasized separately. This is an important means, 

since the formation and implementation of programs and projects 

for the structural restructuring of the economy and giving it a 

greater recreational orientation is possible only on the basis of 

accordingly developed plans. Such work plans must contain a 

number of studies on the assessment of the state of territories and 

objects of recreational use and are of a pre-project nature. The pre-

project nature of the plan means that it precedes the development of 

the proposed project or program for the development of the 

recreational territory, is drawn up at the pre-project stage. Based on 

it, a project or program is already being developed. 

Of course, there may be a different composition of territories 

and parameters for evaluation. З If there is a large share of 

recreational areas in the state, as well as a high or medium level of 

development of recreational areas, the smallest number of 

parameters can be selected for evaluation. Instead, with a small 

number of recreational areas and a low level of their development, a 

significant number of calculations are required for the creation of 

appropriate institutions and enterprises. Of particular note are 

situations where, for various reasons (whether earthquake, tsunami 

or major floods, or war), the loss of recreational infrastructure 

facilities has occurred. Under such circumstances, there is a need 

not so much for renewal as for the reconstruction of recreational 

areas and destroyed objects. 

The pre-project stage is extremely important. After all, it is 

necessary to clearly identify the resources that are necessary to 

implement the restructuring of the region's economy in order not 

only to rebuild destroyed enterprises, but also to determine the 

profile of their activities. As an example, we can take Ukraine, in 

which there was a situation of the destruction of many enterprises, 

the loss of certain industries, the death of a large number of able-

bodied people of various professions and specialties. Of course, the 

question arises regarding the possibility of restoring the production 

potential, the structure of industrial production that existed before 

the war. The pre-project study itself should answer such a question. 

Ukrainian entrepreneurs have already gained experience in the 

development of recreation sectors. Although this sector of the 

national economy was not sufficiently developed. Therefore, in the 

future, the question arises only about the availability of the 

appropriate potential for the development of recreational areas, 

filling them with recreational facilities and necessary related 

enterprises to ensure full-scale and large-scale service for 

vacationers. 

It is impossible to implement any project without appropriate 

assessment of opportunities and activation of the potential of all 

types of development resources. Ukraine has sufficient natural and 

human potential for such development. In other words, in the future, 

the country's economy should be based not only on the mining, 

metallurgical, and chemical industries, but also on the recreational 

sector and the development of tourism. These areas of economic 

activity should become leading in the national economy. Such 

development should be based on all-season resorts, recreation 

centers in mountainous areas, seaside towns, green tourism estates, 

and other such facilities. Along with the development of 

recreational facilities, it is necessary to develop related enterprises 

to provide vacationers with food products and means for effective 

and interesting recreation. 

Pre-project studies should take into account the real situation 

in different territories. Under normal circumstances, in particular in 

peacetime, it is quite likely to bring all resources in line with the 

needs of the economy and society. That is, it is possible to use 

budget financing if the central and local authorities are interested. 

Accordingly, funds from the state budget will be used, and funds 

from the local budget may be sufficient. Special trust funds can also 

be used. Provided a stable situation that guarantees minimization of 

risks, we can hope to attract credit resources, and possibly at the 

expense of investors. Such a development of events is possible, 

provided not only a peaceful stable state in the country, but also 

with some accumulated and working capital, assets in working 

order. Yes, it is possible that these assets (meaning fixed assets such 

as buildings, structures, equipment) are somewhat worn out. 

Instead, the task of development is their renewal, replacement with 

innovative means of production, transition to new materials, and so 

on. A significant factor can be the presence of qualified personnel. 

New technologies require some retraining, but we can talk about the 

presence of people who are already carriers of a certain 

technological culture. In this case, there is no need to explain to 

workers, engineers, agronomists, animal technicians the basics of 

industrial or agricultural production. At the same time, it is the 

presence of a certain production team that can guarantee the receipt 

of investments, loans for the successful implementation of an 

innovative project. 

Another situation is when, as a result of the war, enterprises 

are destroyed, fixed assets are destroyed, looted, workers are killed 

- carriers of the same technological culture, without which the 

development of new technologies is not only difficult, but almost 

impossible. Training and gaining some experience in working with 

machines, tools, devices require considerable time. Especially in 

modern computerized systems, when not only engineers, but also 

workers must have sufficient knowledge not only of materials 

science, the peculiarities of processing metal and non-metal 

workpieces, assembly operations and quality control, as well as 

possess the skills of setting up, adjusting, and repairing machine 

tools, devices, apparatus, machines and mechanisms. In the same 

way, specialists should be involved in agricultural production, for 

whom there are no secrets in crop production or livestock 

production, in the logistics of agricultural products. These are 

problematic upward conditions concerning human potential and its 

material and technical support. 

Speaking of human resources, the human potential of each 

enterprise should also be understood the need to preserve, and under 

crisis circumstances, the formation of a new production team. This 

means the need to take into account the peculiarities of the 

psychological compatibility of the persons who will make up the 

teams, sites, workshops and enterprise as a whole. Aspects of the 

compatibility of people who have to cooperate effectively have long 

been studied, including by Nobel Prize laureates [1]. For this, the 

management has developed the necessary recommendations. It is 

well known that the adaptation of each individual employee to the 

requirements of a particular team sometimes does not go as quickly 

as you want. As a result, labor productivity, product quality, and the 

company's profitability suffer. Adaptation in a team that is already 

functioning is a rather difficult issue. Instead, the formation of a 

new team is an even more complicated process. Meeting people, 

establishing cooperative relations between them, appointing formal 

leaders and identifying informal leaders is a compromise and long-

term process. A process that is filled with many small and large 

conflicts. 
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Instead, the implementation of all programs, projects, and 

plans requires a financial base, investments, and loans. Internal 

financial resources, budgetary and extra-budgetary funds are also 

important. As for own budget funds, which are formed at the 

expense of taxes, it is necessary to use the experience of such 

countries in which the tourism business is one of the key sources of 

revenue in their budgets. In particular, the experience of Albania, 

Bulgaria, Greece, Croatia, which is closer to us, can be useful. At 

least in the post-war period, recreational areas can act as certain 

"locomotives" of economic progress. It is necessary to study the 

experience of these and other countries to ensure rapid and 

innovative development of recreational areas. It is necessary to 

revise the tax system in such a way that it helps the development of 

the specified sphere of activity, encourages entrepreneurs to invest 

in relevant institutions, to attract Ukrainians and foreigners to rest in 

Ukraine, and accordingly to fill local budgets with funds. The 

granting of preferences should, of course, be temporary, until the 

relevant institutions and related enterprises stabilize their activities 

at a level sufficient for effective profitable operation. 

The issue of attracting funds is even more complicated. 

Investors and lenders are dealing with extremely important and at 

the same time most vulnerable resources. It is generally accepted 

that funds are needed to implement any program or project. In the 

economic sphere, where it is necessary to acquire licenses for the 

relevant activity, for the production of products or services, to 

purchase equipment, equipment, raw materials, materials, tools, to 

pay for labor, funds are the first necessary prerequisite. The lack of 

necessary financial resources immediately endangers any promising 

idea. There are not many free funds in the world. This is evidenced 

by a number of publications. Some emphasize a significant number 

of countries seeking investment [2]. Others talk about the best 

countries for investment, in particular by leading the world rankings 

[3]. At the same time, the owners of financial resources should 

receive extremely reliable guarantees in their effective use and 

receiving a certain benefit from it. Lenders must be sure of 

repayment and payment of loans. Investors usually seek not only 

dividends on their invested capital, but also a return equal to their 

investment. Owners of funds do not want to take risks, as is 

commonly known. Instead, new publications appear in accordance 

with current conditions in the financial markets [4]. The 

International Monetary Fund systematically monitors the state of 

financial markets and identifies problem areas [5]. At the same 

time, the time dimension of the return of credit and invested funds 

is also important. This is emphasized by financial funds that provide 

their resources for various needs in the form of grants and in other 

forms [6]. 

Separately, it should be emphasized, what level the program 

or project is being implemented. The sources of funds depend 

significantly on whether the program is nationwide or whether the 

project is implemented at the local government level. Of course, it 

is desirable to invest in programs that are national in scope. 

Sometimes investors seek to obtain government guarantees in what 

is to be created. After all, foreign companies may not know the 

peculiarities of the functioning of national legislative norms. This 

requires appropriate consultants - specialists of economic and legal 

profile with perfect knowledge of Ukrainian economic realities. Тhe 

same can be said about regional projects. After all, different tax 

conditions may exist for different regions, including those 

established by local authorities and management. There may also be 

local regulations limiting economic activity in various territories, 

such as national parks, nature reserves, sanctuaries. And it is 

necessary to recognize the special attractiveness of these natural 

zones for people and, accordingly, for recreational establishments. 

There are also features in the field of environmental legislation and 

its compliance in some territories. 

В Taking into account these prerequisites and means of 

realization of recreational development are serious factors in 

organizing such types of business that fill the recreational sphere. 

 

 

 

3. Solution of the examined problem 
 

We study the problems of development of recreational 

territories on the example of Ukraine. It is this example that is 

marginal in terms of the conditions that have developed as a result 

of the war. Therefore, this example may contain the maximum 

number of requirements and means for solving the problem under 

investigation. The limits of one article do not allow a detailed 

consideration of all aspects. Instead, the specific and most important 

directions of the development of recreational areas, the use of some 

means of solving problems in the post-crisis (post-war) period are 

determined in general. 

Consideration of the problem of the development of the 

country and its territories in the period after the end of the war is 

extremely relevant for Ukraine today. Discussions are already 

taking place and the directions of economic activity are being 

determined in order to solve such complex issues among Ukrainian 

specialists [7]. The international community is also exploring the 

possibilities and determining specific measures to help Ukraine 

restore its economic potential [8]. Power structures also take care of 

these problems, in particular, the National Council for the Recovery 

of Ukraine from the Consequences of the War was created [9]. 

An important aspect of economic recovery in the period after 

any crisis, and even more so after a war, is the determination of 

strategic directions of development. One of these strategic 

directions is considered by state leaders to abandon the raw material 

economy [10]. The need to ensure this type of development of the 

Ukrainian economy has been recognized for a long time, even 

before the war. On the other hand, regarding the implementation of 

such ideas, during the thirty years of the existence of the Ukrainian 

state, there was no political will and desire of certain oligarchic 

circles. The concentration of key, including financial, resources in 

the hands of oligarchs interested in trade in raw materials did not 

allow the authority to change the nature of the domestic economy. 

The Government of Ukraine is aware of the potential risks that 

have arisen as a result of the war. However, these risks are 

exacerbated by external influences, which, in particular, the World 

Bank warns about. The authors of the report "Global Economic 

Prospects" from the World Bank emphasize such changes in the 

world economy that will negatively affect not only low-income 

countries, but also middle-income countries [11]. Special attention 

is paid to the impact of the war against Ukraine. After all, after the 

negative impact of the COVID-19 pandemic, which led to 

lockdowns and a reduction in the volume of world trade, the said 

war caused a series of measures that strengthened the negative 

trend. This primarily refers to the markets of hydrocarbons and 

food. That is why the authors of the report consider it necessary to 

influence the situation by market means, not to apply measures to 

regulate economic processes by the governments of countries. At 

the same time, the need to strengthen the role of local authorities 

and management in stimulating the economy of individual regions 

is emphasized. 

Considering the problem of economic development of Ukraine 

in the post-war period, the following can be noted. It is now clear 

that the government should differentiate its efforts in relation to 

different areas. After all, the aggressor completely destroys 

individual settlements and enterprises. Because of this, it will be 

necessary to carry out complete reconstruction of social and 

economic infrastructure in some cities and villages, and to carry out 

partial restoration of infrastructure facilities in some settlements. 

Instead, the losses caused in industry, agriculture, on transport 

highways will require a radical restructuring of the country’s 

economy. After all, the disappearance of certain enterprises causes 

the destruction of economic ties, the disappearance of suppliers and 

the possibility of carrying out usual production activities. In 

particular, in Ukraine, this applies to such industries as 

metallurgical, chemical, metalworking and, accordingly, mining, 

mechanical engineering and instrument engineering. 

The traditional specialization of territories is changing, as it is 

already happening. The surviving industrial enterprises from the 

eastern regions that were attacked are moving to the western 
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regions, which were recently mostly recreational and had prospects 

for development in this direction. Of course, the global and regional 

(especially Eastern European) division of labor will have an impact 

on the specialization of territories and the country as a whole. 

Whether it will be necessary to return to the types of economic 

activity that have been traditional in previous decades, will be 

decided in view of the prospects of cooperation with the countries 

of the European Union, the countries of North America, Asia and 

Africa, which were traditional trading partners of Ukraine. At the 

same time, it is worth strengthening the recreational opportunities of 

those Ukrainian territories where appropriate enterprises have 

already been created, taking into account the available natural 

resources and climatic conditions. 

 

4. Results and discussion 
 

The results achieved in the development of recreational areas 

and the creation of appropriate enterprises should certainly not be 

lost. First, it is important for Ukrainians, especially those who do 

not have high incomes. Secondly, the development of recreational 

areas meets the requirements of ecological development of regions 

and the state. Thirdly, such conditions can be attractive for foreign 

tourists who appreciate the opportunities for a good and fairly 

budget-friendly rest. 

Provision of the specified direction of socio-economic and 

ecological oriented development requires financial support of 

appropriate measures. It is well known that ecological measures 

(preservation of mountain and forest areas, water bodies - lakes, 

rivers) require a lot of funds and do not bring large profits. This, in 

the post-war reconstruction of the country, requires a revision of the 

state’s tax policy. 

In previous years, the tax policy of the state was given a lot of 

attention, both practitioners and scientists [12]. New economic 

circumstances require greater attention to regional finances and, 

accordingly, differentiation of taxation conditions by region. In 

particular, this is important taking into account the above-

mentioned considerations regarding recreational areas, parallel 

innovative development in them both of sanatorium-treatment 

profiles, and of industrial enterprises relocated from other regions. 

There is already a scientific work on the budgeting of territorial 

communities [13]. Instead, it is necessary to develop research in this 

direction, taking into account the need to overcome the 

consequences of the war. 

 

5. Conclusion 
 

The development of recreational areas in Ukraine in the 

process of overcoming the consequences of the war requires 

significant efforts. One of the directions that should contribute to 

this process is the improvement of the taxation system. The entire 

complex of tax instruments should be used to attract investments, 

loans, and perhaps most importantly, budget funds. At the same 

time, budget funds should contribute to the innovative development 

of recreational areas not so much as budget expenditures, but as a 

part of potential budget revenues, which, as a result of the benefits 

granted to the territories, would be used for the implementation of 

relevant target programs. 
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Резюме: Използването на ролеви игри, групови дискусии, анализ на различни ситуации и други подобни иновативни подходи в 

образователния процес са предпоставка за успешна реализация на студентите в обществената и бизнес сфера. Лекционните 

курсове, протичащи в игрова форма, притежават редица предимства, сред които са консолидирането на получените знания, 

формиране на творческо мислене, способност за дискутиране и решаване на конкретни казуси. 

В Университета по библиотекознание и информационни технологии интегрирането на иновативни методи за усвояване на 

учебния материал се използват в лекционните курсове по „Интегрирани маркетингови комуникации“, „Публична комуникация“, 

„Бизнес психология“, „Основи на креативното мислене“, „Креативна комуникация“, „Бизнес и административна сигурност“, 

където успешно се прилагат методите на дискусии и ролеви бизнес игри.  

Ключови думи: образование, иновативни образователни технологии, бизнес комуникации. 

 

1. Въведение 

Основната особеност на информационното общество е 

икономиката, развиваща се на базата на знания и ново виждане 

за понятието „иновация“. Интернет превръща знанията в 

икономически и социални блага, в маркетингов пазарен 

продукт за милиони потребители. Появява се нов ефект в 

обществото на знанието: новите технологии и образованието 

помагат да печелят, не страните, които ги създават, а тези, 

които бързо и умело ги внедряват. Този ефект оказва огромно 

влияние върху хората и качеството на техния живот. Той 

променя ролята и социалния статус на висшите училища. 

Завършилите висше образование трябва не само да притежават 

високо ниво на теоретични знания, но и да имат практическа и 

техническа подготовка, съответстваща на глобалното 

информационно общество, както и на търсенето на кадри от 

страна на бизнеса. 

Идеите за изграждане на икономика и общество на 

иновациите вече се реализират. Европейският съюз е приел 

редица документи, регламентиращи процесите на развитие на 

ЕС като иновативни. Стратегия „Европа 2020” подчертава три 

приоритета: - развитие на икономика, основана на знанието и 

иновациите; - насърчаване на по-ефективно използване на 

ресурсите, по-екологична и по-конкурентоспособна икономика 

(устойчива); - създаване на икономика с висока заетост, която 

осигурява социално и териториално единство (интегриране). 

Въвеждането в учебния процес на иновативни технологии е 

определящо качество за съвременното образование. 

Иновациите в сферата на образованието са насочени към 

формиране на личността, на нейната способност към научно-

техническа и иновативна дейност, за актуализиране на 

съдържанието на образователния процес.  

Съвременните образователни технологии преди всичко 

трябва да работят за креативното образование, като допринасят 

за творческото развитие на личността на всеки студент. 

2. Иновативни форми на обучение 

Същността на иновативните методи е да организират 

образователния процес под формата на диалог, който ще 

помогне на студентите да се научат да изразяват своите мисли, 

да анализират проблемни ситуации и да намерат ефективни 

начини за тяхното решаване. Такива методи позволяват да се 

повиши нивото на образование, да се формират знания и 

умения, които ще бъдат използвани от студентите в бъдещите 

им професионални дейности. [1] 

Лекционните курсове се провеждат под формата на разговор с 

елементи на дискусия, обмен на мнения, мозъчна атака, която 

позволява на студентите да бъдат въвлечени в разговора и  

колективно изследване на проблема.  

   Методът на образователните дискусии е ефективен при 

изучаване на сложен и обемен материал.  Предимството му е в 

това, че студентите не само усвояват учебния материал, но и 

развиват своите комуникационни умения, способности за 

работа в екип и формиране на независимо мислене.  

     Този метод може да бъде наречен и „учене в 

сътрудничество“, тъй като целта му е да формира умения за 

ефективна работа във временни екипи и групи за постигане на 

качествени резултати. Това е такава организация на лекциите и 

упражненията, на входа на които студентите формират 

информационни и комуникативни компетенции, развиват 

мисловна способност в резултат на решаване на проблемна 

ситуация, подготвена от преподавателя. Работата на студентите 

се изгражда около ключовите проблеми, подчертани от 

преподавателя. Обучавайки се с помощта на този метод, 

студентите развиват способността да организират съвместни 

дейности, основани на принципите на сътрудничество. В 

същото време се формират такива лични качества като 

толерантност към различни гледни точки и поведение, 

отговорност за общите резултати от работата, формира се 

способността да се уважават гледните точки на другите ,да се 

слуша партньора, да се води бизнес дискусия, да се постигне 

съгласие в конфликтни ситуации и спорни въпроси – с една 

дума, всички онези качества, които са необходими за 

ефективна работа в екип. [3] 

Друг метод широко използван в университетите днес е 

метода case study, чиято основна концепция се състои в  

описание на сложна ситуация с придружаващи факти, чието 

разбиране изисква разделянето й на отделни относително 

независими части и след това анализ на всяка част и 

комбиниране на заключенията, за да се получи цялостна 

картина.  

Технологията „case study“ се използва от почти всички 

бизнес училища по света при обучението на бъдещи 

мениджъри за прилагане на теоретични знания на практика. 

Методът се основава на теорията на практикуващия. Методът 

на казусите е разработен през 20-те години на XX век в 

Харвард. В момента има две класически училища за казуси: 

Харвард и Манчестър (американски и западноевропейски). От 

гледна точка на получения резултат от ситуацията, случаите 

могат да бъдат разделени на проблемни и проектни. В 

проблемни ситуации, резултатът е определянето и 

формулирането на основния проблем и винаги има оценка на 

сложността на решението. За проектни ситуации резултатът е 

програма от действия за преодоляване на откритите проблеми.  

[4]   

Има три вида казуси:  

- практически казуси, отразяващи реални житейски 

ситуации;  

- образователни казуси, основната цел на които е 

обучението;  

- изследователски казуси, фокусирани върху 

осъществяването на изследователски дейности.  

В практиката на висшето образование се срещат следните 

видове казуси: казуси-случаи, спомагателни казуси, казуси-

упражнения, казуси-примери, казуси-решения и други. При  
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споменаване на думата „казус“ се подразбира, че студентът 

трябва да анализира информацията от случая и да 

идентифицира най-важните връзки между различните 

компоненти. Обикновено тук възниква въпросът: защо всичко 

се е случило погрешно и как би могло да се избегне това? С 

технологията „case study“ се спомага студентът:  

да вижда (открива) проблеми;  

да анализира професионални ситуации;  

да прави оценка на алтернативите и на възможните 

решения;  

да направи избор на  най-доброто решение; 

да направи план за изпълнението на неговите желания; 

да повиши на мотивацията си; 

да развие комуникационни умения. 

Бизнес игрите се използват за решаване на сложни 

проблеми за овладяване на нови неща, затвърждаване на 

учебния материал, развиване на творчески способности, 

формиране на общи и професионални компетенции, 

образователни умения, дава възможност на студентите да 

разберат и изучат учебния материал от различни позиции. В 

образователния процес се използват различни модификации на 

бизнес игрите: имитация, оперативни, ролеви игри, бизнес 

театър, психо- и социодрама. [2] 

Имитационни игри. В университетската аудитория се 

имитират дейностите на организация, предприятие или тяхно 

подразделение, например рекламна агенция, PR отдел, борд на 

директорите на спортен отбор, сайт и т.н. Могат да се имитират 

събития, специфични дейности на хора (бизнес среща, 

обсъждане на план, провеждане на разговор, пресконференция, 

промоция на продукт и др.), а също така и ситуацията, 

условията, при които се провежда събитието или се извършва 

дейността (кабинет на ръководителя на магазина, конферентна 

зала и др.) Сценарият на симулационната игра, освен сюжета 

на събитието, съдържа описание на структурата и 

предназначението на симулираните процеси и обекти. 

Ролевата игра е сложна методическа техника на обучение, 

при която малка група под формата на игрово представяне 

критично разглежда важна за нея тема, най-често социален 

конфликт (диагноза и решение) и в същото време участниците 

в защитена въображаема ситуация, както в модел на реална 

ситуация, играят ролите на различни предполагаеми хора или 

вариации към една и съща роля и има критично разглеждане на 

сложността на социалното поведение, което има гъвкаво и 

критично, т.е. компетентно ролево отношение към 

образователната цел. Дидактическата цел на ролевата игра е 

преди всичко да допринесе за развитието на компетентността 

на действието, показвайки и обосновавайки възможностите за 

алтернативно действие. Методическата цел на ролевата игра е 

да играе и експериментално да тества стратегии за решаване на 

проблеми в конфликтни случаи, както и да осъзнава и 

анализира собствените или чуждите действия, ако е 

необходимо, да променя гледната точка и поведението. Преди 

всичко се стимулират съпричастността, способностите за 

наблюдение, сътрудничество и комуникация с други хора и за 

решаване на проблеми за постигане на учебната цел. [5] 

3. Интегриране на иновативни образователни 

методи в Университета по библиотекознание и 

информационни технологии, София 

 

В Университета по библиотекознание и информационни 

технологии интегрирането на иновативни методи за усвояване 

на учебния материал в дисциплини свързани с бизнес 

комуникациите се използват от доц. Яница Димитрова, която в 

своите лекционни курсове по „Интегрирани маркетингови 

комуникации“, „Публична комуникация“, „Бизнес 

психология“, „Основи на креативното мислене“, „Креативна 

комуникация“, „Бизнес и административна сигурност“ 

успешно прилага методите на дискусии, case study и ролеви 

бизнес игри.  

 

 
Фиг.1. Интерактивна игра - как правилно и безопасно да стигнем до 
училище. 

 

 
Фиг.2 „Безопсаността на движението“, представена креативно пред 

учениците от 4 а клас, от студенти от специалност „Комуникации и 

информиране“ 

 

В курса на обучение по „Интегрирани маркетингови 

комуникации“ доц. Димитрова въвлича студентите в интересни 

дискусии свързани с брандовете и тяхното присъствие в 

ежедневието на хората, както и в търсенето на отговора на 

въпроса: Дали живеем в брандиран свят? Също така под 

формата на увлекателна задача-игра студентите трябва да 

опишат своето ежедневие от ставането до лягането в брандове. 

За да затвърдят знанията получени по време на занятията 

студентите от специалност „Информационни ресурси на 

туризма“ трябва да влязат в ролята на маркетингов специалист, 

като целта е да се разработи стратегия за успешно представяне 

на пазара на продукт или услуга от идеята за неговото 

създаване до финалната му реализация. Използването на 

технологията case study в обучението дава възможност на 

обучаващите се да затвърдят знанията си в областта на 

маркетинговите комуникации като всеки от тях трябва да 

опише по какъв начин компанията или организацията в която 

работи прилага микса на интегрираните маркетингови 

комуникации.  

 

 
 
Фиг. 3 За какъв период от време могат да се разградят различните 

продукти? 
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Курса на обучение по „Публична комуникация“ включва 

усвояването на знания и умения свързани със създаването на 

преспапка, съдържаща следните материали: изготвяне на 

прессъобщение, организация и провеждане на 

пресконференция и PR кампании, създаване на анкети. Съща 

така се проследява връзката на иновациите и прилагането на 

принципите на корпоративната социална отговорност в 

българските компании, както и каналите за реализиране на 

вътрешните комуникации използвани от респондентите и 

осъществяваните дейности в контекста на PR т.е. външните 

комуникации. Успешното усвояване на учебния материал на 

курса на по „Публична комуникация“  открива възможност 

пред студентите за бъдеща реализация като ръководители в 

корпоративни организации, експерти в сферата на 

комуникациите и консултанти по организационно развитие и 

управление на промяната.  

 

 

 
Фиг. 4 Посещение на студенти от 3 курс специалност 

„Иновативни комуникации и медийни технологии“ на 

Международното изложение „Machtech & innotech expo“ 2022 г.  

 

В рамките на дисциплините „Основи на креативното 

мислене“ и „Креативна комуникация“ чрез организирането на 

различни ролеви игри се стимулира развиването на уменията 

на студентите да мислят в перспектива, различна от 

общоприетите норми. Усвояването на различни креативни 

техники събужда интерси в обучаващите се за прилагането им 

в сфери извън професионалната например: креативни 

кулинарни идеи, създаването на оригинални фигури от хартия, 

дърво и всякакви материали и т.н., т.е. спомага хората да 

открият в себе си неподозирани заложби и скрити таланти. 

Може да се обобщи, че креативността е врата зад която се 

крият мечтите ни, а ключът се намира в самите  нас. [2] 

 

 
Фиг.5 Представяне на проекти от студенти в специалности 

„Комуникации и информиране“ и „Обществени политики и практики“ 

в рамките на дисциплината „ Онови на креативно мислене“ 

 

4. Заключение 
 

В съвременния свят бързата промяна и динамиката във 

всяка една сфера – лична, обществена, професионална, 

неминуемо води до увеличаване на казусите, критичните 

ситуации, изборите пред които човек се изправя в ежедневието 

си. Необходимостта да вземе най-доброто решение за 

справянето с конкретен проблем, изисква и съответната 

подготовка. Застъпването на тези теми в обучението, 

използването на иновативни методи за усвояването на знания и 

умения е важно за поставяне на основа у студентите за по-

добрата реализация и адаптация в реална бизнес среда и в 

различни житейски ситуации. [6] 

От друга страна масовото използване на информационните 

технологии сред младите хора, като основно средство за 

комуникация, и предвид пандемичната обстановка през 

последните години, рязко измести общуването от реална среда 

във виртуална. Това води до необходимост да се обръща все 

повече внимание в образователния процес на 

комуникационните умения у студентите, необходими им за 

работа в група, в екип и други ситуации в реалния свят.  
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Abstract: Industry 4.0 (I4.0) provides the framework for a new industrial revolution based on digitalization and networking. This production 

concept is based on the intelligent connection of mechanical engineering, electronics and software. The development of the I4.0 concept has 

directly contributed to the development of new technologies and business models as well as new ways of working and thinking. The 

implementation of Industry 4.0 technologies in the education of engineers is a basic prerequisite for the development of the economy and 

society. For this reason, university education of production engineers must constantly change and adapt to modern production technologies 

and systems. The widespread application of new technologies in production practise requires a rapid response from the university 

community, which is reflected in the introduction of innovations in the traditional education of production engineers. The paper analyses the 

current curriculum of production engineering studies at the Faculty of Technical Sciences in Novi Sad (Republic of Serbia, AP of Vojvodina) 

and the Faculty of Mechanical Engineering in Banja Luka (Bosnia and Herzegovina, Republic of Srpska) in terms of the requirements and 

needs of Industry 4.0. Based on the analysis, proposals and guidelines for their innovation were given. 

Keywords: PRODUCTION ENGINEERING CURRICULUM, INDUSTRY 4.0, STATE OF ART, NECESSARY CHANGES 

 

1. Introduction 

By implementing the concept of Industry 4.0 in production, 

employers will demand new skills and abilities from their 

employees. The implementation of this concept in manufacturing 

will have a positive impact on companies in Serbia and Bosnia and 

Herzegovina by enabling: an increase in the competitiveness of 

companies, greater flexibility in production, an increase in 

productivity and ultimately an increase in their profitability. The 

impact of the I4.0 concept on occupational health and safety and the 

environment should not be neglected either. For this reason, 

teaching and training techniques must be changed, especially at 

universities that train production engineers.  

In the last decade, a large number of papers have been 

published on the topic of education in the context of Industry 4.0. In 

these papers, the focus is on different areas, such as: new 

qualification requirements, new subject areas that should be 

included in curriculum, the transformation of education itself 

(Education 4.0), and the development of new laboratory concepts 

that would bring students closer to the Industry 4.0 production 

environment. 

The general conclusion is that the new industrial practice 

reminds us every day that education as we know it today must 

significantly change its character. The workforce of the future will 

have to work with big data. They will need to be able to quickly 

find the information they need and then put it into practice. 

Communication technologies are bringing rapid change, so the 

answer to the question of how and in what way to educate the 

engineers of the future is by no means easy or simple. The main 

objective of this work is to determine the current state of art of 

production engineering curricula at the University of Novi Sad and 

the University of Banja Luka, in order to identify the areas on 

which the content of engineering education should be focused in the 

future with regard to the concept of Industry 4.0 (I4.0).  

The University of Novi Sad, i.e. the Faculty of Technical 

Sciences (acronym: UNS-FTS), is the engine of industrial 

development in AP Vojvodina and the Republic of Serbia. On the 

other hand, the University of Banja Luka and its Faculty of 

Mechanical Engineering (acronym: UBL-FME)  are the carriers of 

the development of the Republic of Srpska and Bosnia and 

Herzegovina. AP Vojvodina and Republika Srpska have a very well 

developed cultural, educational and scientific cooperation. This 

paper is the result of joint research by colleagues from these two 

universities within the project entitled: "The impact of the Industry 

4.0 concept on the transformation of modern university engineering 

education in AP of Vojvodina and Republic of Srpska", and has 

been  supported by the Provincial Secretariat for Higher Education 

and Scientific Research AP of Vojvodina. 

2. Competencies and skills for Industry 4.0 

The term Industry 4.0 can be explained by different concepts, 

such as smart factory, cyber-physical systems, self-organization and 

adaptation to human needs [1]. The final goal of the I4.0 concept is 

the creation of smart factories, where there will be autonomous 

systems with the possibility of self-configuration and self-

monitoring. The new production processes will be based on 

collaboration between humans and machines. This collaboration 

will not be possible without the application and integration of the 

following technologies in practice, Fig. 1: Robotics, IoT, Additive 

Manufacturing, Virtual (VR) and Augmented Reality (AR), 

Simulation, Systems Integration, Big Data, Artificial Intelligence, 

Industrial Security, CPSs, Mobile and Wearable devices, and Cloud 

Computing. The Industry 4.0 model promotes the connection of 

physical components such as sensors, devices and machines, both to 

each other and to the Internet. 

 

Fig. 1 Industry 4.0 technologies [2] 

Figure 2 shows the new skills and competencies that Industry 

4.0 requires from workers, as well as their integration and 

importance depending on. These skills can be divided into: 

technical, methodological, social and personal. Each of these skills 

has a corresponding importance, depending on the employee's role 

in the company. It is obvious that, for example, technical workforce 

must have a good knowledge of equipment, process and production 

technologies. Production engineers and managers of production 
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facilities, of course, must have the necessary knowledge for a 

methodological approach, creativity, problem solving, decision 

making, and analysis and research skills. Their social and personal 

skills (communication, cooperation, leadership, autonomy, 

flexibility and responsibility) are no less important than technical 

and methodological skills. The new technological world will require 

people who can make quick decisions based on the information 

available to them. The amount of intangible work will increase with 

digitization, robotization, artificial intelligence, and the Internet of 

Things, so the human skills of sharing ideas and thinking critically 

will become increasingly important. Based on the above facts, the 

current educational system should be transformed in the following 

main directions: incorporating technical multidisciplinarity into the 

curriculum, incorporating non-technical courses into the curriculum, 

offering problem-based learning, updating teacher skills, promoting 

innovation in teaching, organizing collective training programs and 

apprenticeships, accepting the concept of lifelong learning [4]. 

 

 

Fig. 2 Industry 4.0 competencies and their importance for perfoming roles in the company [3] 

Technical competencies in the context Industry 4.0 

The European Union - funded project entitled "The Universities 

of the Future" has identified the technical competencies that the 

engineers of the future should possess. These competencies are 

listed in the Table 1, and divided into the areas of engineering, 

business and design [6]. 

Table 1: Mechanical Engineering, Business and Design Elements of I4.0 

Engineering 
Competencies 

Business 
Competencies 

Design 
Competencies 

Data Science and 

advanced (Big Data) 
analysis 

Technology awareness 

Understanding the 

impact of 
technology 

Novel human-

machine interfaces 

Change management 

and strategy 

Human-robot 

interaction and 

user interfaces 

Digital-to-physical 
transfer, technologies, 

such as 3D printing 

Novel talent 

management strategies 

Tech-enabled 
product and service 

design 

Advanced 
simulation and 

virtual plant 

modeling 

Organizational 

structures 
and knowledge 

Tech-enabled 
ergonomic 

solutions and user 

experience 

Data communication 
and networks and 

system automation 

The role of managers 

as facilitators 
 

Artificial 
Intelligence 

Tech-enabled 

processes: Forecasting 
and planning metrics, 

scheduling 

 

Robotics   

Programming skills   

Closed-loop 
integrated product 

and 

process quality 
control/management 

systems 

  

Real-time inventory   

and logistics 

optimization systems 

 

Advanced manufacturing technologies are an important factor 

that will lead society to higher industrial competitiveness, 

sustainable growth and job creation. The number of high-skilled 

manufacturing jobs will increase in the near future. The growing 

demand for higher-skilled workers includes those with traditional 

engineering profiles - process engineers, quality control engineers, 

mechanical or mechatronics engineers. At the same time, there will 

also be demand for newer skills - particularly designers, industrial 

data scientists, 'Big Data' statisticians/mathematicians and data 

security analysts. The most in-demand profile is likely to involve a 

combination of engineering and information and communications 

skills. 

3. Production engineer profile in Industry 4.0 

The production engineer is a professional capable of performing 

a range of activities within industrial manufacturing methods and 

production lines, as well as other related services. These activities 

include coordination, planning, feasibility studies, technical 

services, audits, research and teaching, budget preparation, and 

quality monitoring. However, with the advent of Industry 4.0 and 

the associated digitalization, these definitions need to be revised and 

updated. The classic profile of engineers’ work will increasingly 

have to dive into the world of information and communication 

technology to deal with the modelling of processes and complex 

systems [7]. It is fair to ask whether the production engineers 

graduating today will be able to perform the tasks that Industry 4.0 

and the new digital environment will demand of them. Classical 

teaching methods based only on lectures will not be sufficient to 

develop the necessary skills for future production environments. 

Numerous publications on the topic of education in the context of 

Industry 4.0 propose the development of new laboratory concepts 
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that enable students to experience a production environment like 

that of Industry 4.0 [8]. 

In Industry 4.0 tasks will be complex and require collaboration 

with machines [9]. Production engineers will be tasked with the 

following in Industry 4.0 [4]: pre-production & planning (research 

& development and product design; resource planning & 

procurement; staff augmentation & management), production & 

logistics (machining, production & assembly; supply chain 

management; warehousing & transportation), monitoring & control 

(operations, maintenance & continuous improvement; quality, risk 

& compliance; health, safety & environment), new paradigms 

(cybersecurity; product service systems; sustainability & circular 

economy). Industry involvement in education and training is seen as 

a key element in ensuring that production engineers are trained for 

the skills required by Industry 4.0. 

The new profile of a production engineer in Industry 4.0 should 

be based on the following five pillars [4] : basic technical 

knowledge in the field of production engineering; methodological 

skills such as process-related and systemic thinking; basic cross-

disciplinary knowledge in the fields of mechanical engineering, 

electrical engineering and electronics, as well as data science for 

computer science; contextual knowledge, i.e. knowledge of the 

conditions, requirements and perspectives in other fields and 

disciplines; and interdisciplinary skills, in particular the ability to 

work in a team, independence, motivation, problem-solving skills, 

the ability to learn and adapt, openness and communication skills.  

Figure 3 shows the pillars on which the new profile of a 

production engineer is based and the tasks that this engineer will 

perform in Industry 4.0.  

 

 

Fig. 3 Knowledge house of production engineering in Industry 4.0 

4. Current state of art in production engineering 

curricula at UNS-FTS and  UBL-FME 

In the past, the university education system has often been slow 

to embrace innovation. Educational institutions are reluctant to 

introduce systemic changes and wait years, if not decades, to 

change. Innovations in the education system are difficult to spread 

because they disrupt established routines. This can also be 

explained by specific barriers that prevent change in education, 

which relate to the following:  

   Professors are very often suspicious of brought about changes 

and have very little tolerance for something new and 

unknown, 

   Lack of trust in professors when proposing innovations,  

   Professors have little incentive to develop and introduce 

innovations in education, 

   Introducing innovations often requires tremendous effort and 

commitment from many stakeholders, 

   Lack of modern equipment and infrastructure, the acquisition 

of which would require large investments. 

Currently, in the Republic of Serbia and Bosnia and 

Herzegovina, there are no national curriculum guidelines for the 

education of production engineers in the context of Industry 4.0. For 

this reason, analyzing the compliance of current production 

engineering curricula with the requirements of Industry 4.0 is a very 

complex task. In this analysis, it is important to keep in mind that 

the results of numerous studies show that companies are 

increasingly demanding soft skills, especially communication skills, 

over and above technical expertise. In addition to reading and 

writing skills, foreign language skills are also part of these 

communication skills and are in high demand by companies [10]. 

Table 2 shows when production engineering curricula were  last 

accredited at UNS-FTS and UBL-FME. Both faculties have 

organized academic studies (Bachelor and Master) according to the 

principles of the Bologna Declaration based on the 4+1 system. The 

programmes consist of compulsory and elective  courses. 

 
Table 2: Latest revisions of the curricula of production engineering 

courses 

University - 
Faculty 

Latest revision of the 

curriculum of the 
production engineering 

course 

Study model 

UNS-FTS 

2020 (there were no 

changes compared to the 
accreditation 2013) 

4+1 

UBL-FME 

2016 (study model 3+2 

replaced by study model 
4+1) 

4+1 

 

The analysis of the compliance of current production 

engineering curricula with the requirements of Industry 4.0 was 

carried out by comparing the knowledge offered by these programs 

with the tasks that production engineers (tasks are shown at the top 

of Figure 3) will have to perform in the context of Industry 4.0. The 

results of the analysis are presented in Table 3. 

 

Table 3: Major university disciplines that could encompass skills and 

competencies of Industry 4.0 
The 

main 
task 

Subtasks Disciplines 
UNS-

FTS 

UBL-

FME 

P
r
e
-p

ro
d

u
c
ti

o
n

 &
 p

la
n

in
g

 

Research & 

Development and 
product design 

Science in the context 

of production 
engineering 

(mathematics, physics, 

mechanics, 
thermodynamics, fluid 

mechanics, materials) 

+ + 

Basic cross-

disciplinary knowledge 
(electrical engineering, 

mechatronics) 

+/- + 

Computer programming - + 

Applied programming 

and computer science 
- - 

Engineering graphics 
communications 

+ + 

Fundamentals of 

design 
+ + 

CAD techniques and 
rapid prototayping 

+ + 

Reversible 

engineering 
+ - 

Virtual, augmented or 
mixed reality 

(VR/AR/MR) 

+ - 

Resource Planning & 
Sourcing 

Probability and 
statistics 

+ + 
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Applied engineering 

statistics and time 
series analysis (Big 

Date analysis) 

- - 

Database of 
production processes 

+ - 

Production systems + + 

Modelling, 

optimisation and 
simulation of 

production systems by 

artificial intelligence 
methods 

- - 

 Staff augmentation & 

Management 

Organization of 

production 
+ + 

Automation in 
production 

engineering – 

numerical control 
machines and 

systems  

+ + 

P
r
o

d
u

c
ti

o
n

 &
 l

o
g
is

ti
c Machining, 

Production & 
Assembly 

Manufacturing 

technologies 
(machining, metal 

forming, welding, 

etc.), machine tools, 
tools and fixture 

+ + 

Additive 

manufacturing 
+ - 

CAD/CAE/CAM and 
CIM systems 

+ + 

Process planning and 

CAPP systems 
+ + 

Modern industrial 
metrology 

+ + 

 Assembly 

technologies  
+ + 

Digital factories - - 

Supply chain 
management 

Optimization and 

logistics in 

production 

+ - 

Warehousing & 

Transportation 

Robotics - + 

Autonomous vehicles 

within warehouses 
- - 

M
o

n
it

o
r
in

g
 &

 c
o

n
tr

o
l 

Operations, 

Maintenance & 
Continuous 

Improvement 

Contemporary 

Maintenance 

Techniques 

- + 

Quality, Risk & 
Compliance 

Quality control + + 

Health, Safety & 
Environment 

Basics of work safety 

on processing 

machines 

+ - 

Ecological 

technologies and 

systems 

+ - 

N
e
w

 p
a

ra
d

ig
m

s Cybersecurity 
Cybersecurity in 
manufacturing 

- - 

Product-Service 

Systems 
PLM systems - + 

Sustainability & 

Circular Economy 

Circular 
manufacturing 

systems 
- - 

5. Discussion of results 

When analyzing the disciplines studied in production 

engineering curricula at the University of Novi Sad and the 

University of Banja Luka, it is clear that these disciplines most 

often deal with traditional production processes and technologies. 

The current curricula still do not fully include the skills and 

competences in the context of Industry 4.0, although these curricula 

were revised in 2020 and 2016, respectively. 

The majority of disciplines in production engineering subjects 

focus on production processes and technologies, while very few 

disciplines deal with computer science, applied programming, 

applied engineering statistics, time series analysis (Big Data 

analysis), and artificial intelligence, and these disciplines are the 

pillars on which Industry 4.0 rests. In addition, it is necessary to 

include disciplines related to digital factories, cybersecurity in 

manufacturing, and circular manufacturing systems in both study 

programs. The study program of production engineering at UNS-

FTS should be enriched with additional knowledge in the areas of 

mechatronics, robotics, autonomous vehicles within warehouses, 

contemporary maintenance techniques and PLM systems. 

The production engineering study program at UBL-FME, on the 

other hand, should be additionally enriched with knowledge in the 

area of virtual, augmented or mixed reality, database of production 

processes, additive manufacturing, autonomous vehicles within 

warehouses, optimization and logistics in production, basics of 

work safety on processing machines, ecological technologies and 

systems. 

6. Conclusion 

Digitalization will bring new challenges and change the skills 

required for successful production engineering. The aim of this 

study was to investigate the impact of Industry 4.0 on the 

development of production engineering curricula at two universities 

in AP Vojvodina and the Republic of Srpska. It is evident that the 

curricula and study programs that currently exist in production 

engineering programs at UNS-FTS and UBL-FME should be 

redesigned to include the skills and competencies required by 

Industry 4.0.  
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Резюме: Непрекъснатото увеличаване на потреблението на мобилни комуникационни устройства, както и нарастващата 

зависимост на хората от тях са предпоставка за появата на различни психологични и физични ефекти върху човека. 

Провеждането на обширни и задълбочени изследвания на ефектите, предизвикани от прекомерната употреба на мобилните 

устройства върху човека, могат да се използват за превенция от негативни последствия и подобряване на качеството на живот 

на хората. В настоящата статия се изследват термалните ефекти върху човешкото тяло, предизвикани от продължително 

използване на мобилни телефони и по-специално от облъчването му с високочестотни електромагнитни полета.  

 

Ключови думи: електромагнитно поле, инфрачервена термография, мобилни устройства 

 

1. Въведение 

Мобилните технологии и комуникации заемат важно място 

в живота на хората. Последните десетилетия оказаха силно 

влияние върху тяхното развитие, което доведе до драстично 

увеличение на броя абонати и свързаните в мрежата 

устройства. Наред с тази тенденция и всички удобства и 

комфорт, които предлагат мобилните устройства, те могат да 

имат и значително негативно влияние върху психическото и 

физическото здраве на хората [1, 2, 3]. През последните години 

скоростта на пренос на данни многократно се увеличава, което 

направи мобилните услуги по-атрактивни и желани от 

потребителите. От друга страна, нарастването на броя на 

потребителите и броя на свързаните устройства доведе до 

значително нарастване на количеството пренесени данни от 

мобилните оператори и интернет доставчиците. За сравнение в 

Германия преносът на данни от мобилните оператори за 

периода 2010 – 2020 г. се е увеличил с около 40 пъти [4]. С 

развитието на технологиите използваният честотен диапазон 

непрекъснато се увеличава, като в днешно време най-широко 

използваните честоти са между 900MHz и 5GHz. Тенденцията е 

той да се увеличи до стойности от около 300GHz, с което ще се 

надвиши долната граница на диапазона на международно 

дефинираните екстремно високи радиочестоти [5, 6]. 

Например, честотният спектър на пето поколение мобилни 

комуникации (5G) достигна работни честоти до 54GHz, като 

тенденцията е те да се увеличават.  

Както е известно от физиката, сигналите с по-висока 

честота затихват по-бързо при своето разпространение. Това 

означава, че в 5G мрежите, предвид по-високата работна 

честота, сигналът ще затихва по-бързо, което ще наложи 

използването на по-мощни излъчващи сигнали с по-висока 

амплитуда и/или повече на брой базови станции. В същото 

време източниците на високочестотно електромагнитно 

замърсяване непрекъснато нарастват. Изграждането на 

спътниковата система Starlink има за цел да покрие цялото 

земно кълбо със сигнал и на практика да осигури достъп до 

интернет от всяка точка на света [7]. Въвеждането на все 

повече „умни“ устройства, комуникиращи си безжично, 

допълнително натоварва радиоефира с електромагнитни вълни 

(ЕМВ). От изложеното дотук става ясно, че информационните 

технологии, и в частност технологиите за мобилна 

комуникация,  са удобни и полезни от гледна точка на 

свързаността и възможностите за свободна комуникация, която 

предлагат. Наред с това обаче поради нарастването на 

устройствата многократно се увеличава и електромагнитното 

замърсяване. В тази връзка в настоящата статия ще бъдат 

разгледани и анализирани някои от възможните ефекти на 

създадените електромагнитни полета (ЕМП) върху човешкото 

тяло, като ще се обърне по-специално внимание на ефектите от 

повишаване на телесната температура в областта на главата по 

време на използване на устройства за мобилна комуникация. 

2. Инфрачервена термография 

Инфрачервената термография регистрира енергийния 

обмен, предизвикан от топлопроводимостта, топлинната 

конвекцията и инфрачервеното излъчване на даден обект. Тя 

пресъздава моментното, статично, стационарно състояние на 

пространственото разпределение на топлинния поток върху 

наблюдаваната повърхност. Всичко в природата, което има 

температура по-висока от абсолютната нула, излъчва на 

повърхността си електромагнитни вълни в инфрачервения 

диапазон, пропорционални на неговата температура. 

Инфрачервеният спектър, използван за целите на 

термографията, е с дължина на ЕМВ от 14µm до 780nm. 

Развитието на технологиите през последните десетилетия 

прави възможно този тип инструменти да стават все по-

достъпни, популярни и удобни за употреба. В наши дни 

термографските уреди намират приложение в много сфери на 

живота (медицина, индустрия, отбрана и др.) [8, 9]. 

Посредством интензитета на електромагнитните вълни, 

излъчени от повърхността на едно тяло в даден момент от 

време, може да бъде определена неговата температура. Това 

става чрез фокусиране на инфрачервената радиация, излъчена 

от тялото върху детектора, който я превръща в електрически 

сигнал. След като сигналът бъде обработен, се получава 

двумерно термоизображение. За да бъде определена 

температурата, трябва да се вземат под внимание няколко 

фактора, които могат да окажат съществено влияние върху 

точността на измерването, като: материалът, от който е 

съставено външното покритие на обекта, отдалеченост, вид на 

използвания детектор (неговите спецификации) и др. 

Излъчваната енергия от едно тяло е пропорционална на 

неговата температура според закона на Планк, даващ връзката 

между температурата и спектралното излъчване на абсолютно 

черно тяло (АЧТ) [8]. Това се изразява със следното уравнение: 

   (1) 

където: c – скоростта на светлината, h – константата на Планк, 

к – константата на Болцман, λ – дължината на вълната, Т – 

температурата (°K). Връзката между температурата и 

дължината на вълната е показана на фиг. 1 при температури 

300°K, 350°K, 400°K, 450°K, 500°K, които съответстват на 

26,85°C, 76,85°C, 126,85°C, 176,85°C и 226,85°C. От фигурата 

се вижда, че увеличаването на дължината на вълната води до 

увеличаване на интензитета на излъчване, а от друга страна 

това е свързано и с температурата на тялото. Може да се 

направи заключение, че при покачване на температурата на 

АЧТ над 550°C – 580°C,  дължината на вълната започва да 

навлиза във видимия за човешкото око диапазон на ЕМВ, 
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отговарящ на червения цвят. С други думи, с нарастването на 

температурата дължината на вълната намалява [10, 11].  

 

Фиг. 1. Интензитет на излъчване във функция на дължината на 

вълната 

3. Експериментални резултати 

Целта на изследването е да се оцени промяната на 

температурата в областта на главата и гърдите по време на 

използване на мобилен телефон. Експериментите са проведени 

при стриктно спазване на определени правила с цел да се 

избегнат неточности по време на провеждането на опитите. 

3.1. Правила за провеждане на експериментите 

Всички експерименти са проведени в едно и също 

помещение при стайна температура от 20-21°C. Всеки участник 

в експеримента престоява 10 мин. в стаята преди началото на 

експеримента с цел климатизация, като през това време той не 

носи и не използва мобилно устройство или каквото и да е 

друго устройство, създаващо ЕМП. Продължителността на 

експеримента с активно използване на мобилния апарат е 40 

мин. Температурата се отчита непосредствено преди започване 

на експеримента, на 20-тата минута след започването и в края 

на експеримента. Отстоянието между два експеримента с един 

и същ участник е минимум 45 мин., в които той не използва 

мобилен телефон. За провеждане на експериментите е 

използвано мобилно устройство Huawei P30-G със SAR = 0.7, 

работна честота на сигнала по време на експеримента Downlink 

796MHz, Uplink – 806MHz и мощност около 96dBm. 

Регистрирането на температурата се осъществява с 

инфрачервена камера Optris Xi80, снабдена с детектор FPA 

(34µm Pitch) с резолюция 80х80 пиксела и спектър на действие 

(8 – 14 µm), в комплект с USB 2.0 кабел за връзка с компютър 

[9]. 

Софтуерът Optris PIX Connect е версия 3.5.3057, 

предназначена за ОС – Windows 10 64 Bit. Емисионните 

лепенки за определяне на емисионен фактор са кръгли с бял 

цвят, ε = 0,95, Ø = 20мм. Използвано е Raspberry Pi 3B 2GB за 

калибриране на камерата и измерване и архивиране на стайната 

температура по време на провеждане на опити, термодвойка 

(Thermocouple) тип К (NiCr-Ni ) с диапазон -270°C до +1297°C, 

както и сензор (MAX31855 K Type Temperatur Sensor SPI 

Konverter Modul 3-5V 14-bit ESP8266). Той отчита промяната в 

напрежението на термодвойка тип К (NiCr-Ni), преобразува го 

в цифров сигнал и показва температурата с точност до втория 

знак след десетичната запетая. Компютърът и лаптопът са с 

операционна система Windows 10 64 Bit за обработка на 

данните. G-Mon Pro е софтуер за Android, с който е възможно 

определянето на параметрите на мобилна мрежа, към която е 

свързано мобилното устройства. Рутерът (за опитите с Wi-Fi 

сигнал) e Telecom Speedport W 724V, поддържащ Wi-Fi на 

честоти от 2,4GHz и 5GHz. 

Преди всеки експеримент се извършва еднократна проверка 

и калибриране на инфрачервената камера. За целта се използва 

Raspberry Pi 3B устройството в комбинация с MAX31855 K – 

конвертора и прикачената към него термодвойка от тип K. С 

помощта на езика Python е изработен софтуер за четене и 

архивиране на температурата от сензора. Тази система е 

предварително калибрирана чрез професионално устройство за 

калибриране на термодвойки на марката Fluke – 

Thermoelement-Kalibrierofen 9118A. Калибрирането е 

извършено от фирма през месец май 2022 г. Проверката на 

инфрачервената камера е направена посредством взимане на 

референтна температура от термодвойката и сравняването й с 

показателите от камерата, като са използвани температури от 

15 до 125°C. Отчетените разминавания са в порядъка на 

±1,31%, което за целта на експериментите е приемливо 

отклонение и не са правени допълнителни настройки.  

За отчитане на точната температура в изследваните области 

са използвани емисионни лепенки с цел да се определи 

емисионният коефициент на човешката кожа. Използвани са 

емисионни лепенки, за които производителят е упоменал 

точния коефициент на излъчване (в случая ε = 0,95). Лепенката 

се поставя върху обекта и вследствие на контактното предаване 

на температура от обекта върху лепенката можем да сравним 

показанията на камерата за температурата върху лепенката и 

тази в съседна на нея област. Знаейки коефициента на 

излъчване на лепенката, можем да определим коефициента на 

кожата. За сравнение на получените резултати е взето под 

внимание даденият базов коефициент на излъчване на 

човешката кожа, който е ε = 0,95 – 0,98 [6]. Отчитането на 

реалното затопляне и сравняването му с началната 

термоснимка е комплексен процес. За по-ясното тълкуване на 

резултатите е разработена програма в средата на MATLAB, 

която изпълнява следната задача: данните от инфрачервената 

камера се извличат във формат (csv), като всяка термоснимка 

се зарежда отделно. Програмата може да сравнява две снимки, 

т.е. данни от две термоизображения. След прочитането данните 

се запазват под формата на матрици от реални числа. В 

следващата стъпка алгоритъм намира най-високата стойност на 

температурата, измерена в първата термоснимка. След това 

проверява колко пъти тя се съдържа в нея, т.е. колко пъти тази 

температура се наблюдава на заснетата сцена. Следващата 

стъпка е да се провери колко пъти същата или по-висока от нея 

температура е открита във втората термоснимка. На базата на 

това сравнение може да се направи заключение колко е 

нараснала температурата между първата и втората снимка. 

Друга задача на програмата е да открие най-топлата точка 

(пиксела с най-висока температура на втората снимка) и да 

изведе разликата между първата и втората термоснимка, което 

показва реално с колко градуса се е повишила температурата в 

сравнените сцени. Тук трябва да се има предвид, че най-

високата температура на всички термоизображения трябва да е 

част от тялото на участника в експеримента – в противен 

случай данните и направените заключения може да бъдат 

компрометирани. Друго важно условие е да се вижда цялата 

площ, заемана от мобилното устройство и зоната около него. 

По този начин се гарантира, че в анализираните данни ще 

попаднат и тези на експеримента, дори и при него да не са 

установени значителни термоефекти върху тялото. При 

провеждането на настоящите експерименти този факт е взет 

под внимание и всички термоизображения са направени така, 

че да изпълняват това условие. Като база ще служи най-топлата 

точка от снимката преди началото на експеримента, като 

впоследствие ще се сравнява колко точки (пиксела) от 

снимките, направени на 20-тата и 40-тата минута, имат същата 

или по-висока температура.  

3.2. Експерименти 

Експеримент 1: Целта на този експеримент е изследване на 

промяната на температурата в областта на главата по време на 

активно използване на мобилен телефон в LTE 4G+ мрежа. 
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Участниците в експеримента са мъж на 33 г. и жена на възраст 

35 г. Продължителността на експеримента е 40 мин., като 

температурата е отчетена в началото, на 20-тата минута от 

започването на експеримента и след края му. Мобилният 

телефон се поставя в непосредствена близост до дясното ухо. 

Резултатите са представени на фиг. 2. 

 

Фиг. 2. Термоизображения от началото и края на експеримента 

(след 40 мин.) при използване на LTE+ 800MHz 

Според данните, получени от експеримента, се забелязва 

покачване на температурата от страната на главата, където е 

било използвано устройството. За първите 20 мин. в 

маркираната област се отчита покачване с около 2,8°C при 

мъжа и около 2°C при жената. При приключването на 

експеримента на 40-тата минута температурата в областта на 

ухото се е покачила с около 3,6°C при мъжа и около 3°C при 

жената. Получените резултати (средна температура) се отнасят 

за отбелязаната област от изображението, докато промяната на 

максималните температури и площта на затопляне на главата 

са показани в таблица 1.  

Таблица 1. Резултати от експеримент 1 

 Мъж Жена 

Начало на експеримента 

Максимална температура в два 

пиксела преди започването на 

експеримента 

35,6°C 34,8°C 

20-та минута от експеримента 

Брой пиксели с температура 

равна или по-голяма от 

максимално измерената в 

началото на експеримента 

64 пиксела 

от общо 

3600  

51 пиксела 

от общо 

3600  

40-та минута от експеримента 

Брой пиксели с температура 

равна или по-голяма от 

максимално измерената в 

началото на експеримента 

159 

пиксела от 

общо 3600  

183 

пиксела от 

общо 3600  

Максимална температура, 

измерена в края на експеримента 
37,1°C 36,1°C 

Промяна на средната 

температура на главата 
1,5°C 1,3°C 

 

Експеримент 2: Целта е изследване на промяната на 

температурата в областта на главата по време на активно 

използване на мобилен телефон, свързан към частна Wi-Fi 

мрежа. Участниците в експеримента са отново същият мъж и 

същата жена. Използвано е същото мобилно устройство Huawei 

P30-G, като работната честота на сигнала по време на 

експеримента е 5,18GHz с мощност около 72dBm. 

Продължителността на експеримента е отново 40 мин., като 

температурата е отчетена в началото, на 20-тата минута от 

започването на експеримента и след края му. Мобилният 

телефон се поставя в непосредствена близост до дясното ухо. 

Термоизображенията от направения експеримент са показани 

на фиг. 3. 

 

 

Фиг. 3. Термоизображения от началото и края на експеримента 

(след 40 мин.) при използване на Wi-Fi 5,18GHz 

Експерименталните данни разкриват покачване на 

температурата от страната на главата, където е било използвано 

устройството. За първите 20 мин. в отбелязаната област се 

регистрира покачване с около 1°C при мъжа и 1,3°C при 

жената. След приключването на експеримента на 40-тата 

минута температурата в областта на ухото се е покачила с 

около 1°C при мъжа и 1,7°C при жената. Средните температури 

са получени в маркираните области от изображението. 

Промяната на максималните температури и площта на 

затопляне на главата от експеримент 2 са представени в 

таблица 2. 

Таблица 2. Резултати от експеримент 2 

 Мъж Жена 

Начало на експеримента 

Максимална температура в два 

пиксела преди започването на 

експеримента 

36,3°C 35,2°C 

20-та минута от експеримента 

Брой пиксели с температура 

равна или по-голяма от 

максимално измерената в 

началото на експеримента 

14 пиксела 

от общо 

3600  

14 пиксела 

от общо 

3600  

40-та минута от експеримента 

Брой пиксели с температура 

равна или по-голяма от 

максимално измерената в 

началото на експеримента 

15 пиксела 

от общо 

3600  

67 пиксела 

от общо 

3600  

Максимална температура, 

измерена в края на експеримента 
37,2°C 36,1°C 

Промяна на средната 

температура на главата 
0,9°C 0,9°C 
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Експеримент 3: Целта е да се изследва промяната на 

температурата в областта на гърдите и гръдния кош, докато 

телефонът се намира в джоб на дреха, в непосредствена 

близост до гърдите. Избрано е помещение със слаб интернет 

сигнал, както и със слаб Wi-Fi сигнал. Целта е телефонът да 

поддържа връзка с базовата станция и с рутера, но без да се 

осъществява какъвто и да е разговор, в която и да е от мрежите. 

Мобилното устройство остава свързано в LTE 4G+ мрежа, като 

амплитудата на сигнала варира от 90dBm до 114dBm. Wi-Fi 

мрежата остава свързана към локална мрежа чрез честотен 

канал на 5,18GHz и амплитуда между 68dBm и 82dBm. 

Участникът в експеримента е мъж на възраст 33 г. Използвано 

е същото мобилно устройство Huawei P30-G. 

Продължителността на експеримента отново е 40 мин., като 

температурата е отчетена в началото, на 20-тата минута от 

започването на експеримента и непосредствено след края му. 

Термоизображенията от експеримента се виждат на фиг. 4. 

 

Фиг. 4. Термоизображения от началото и края на експеримента 

при неактивен режим на работа на GSM 

Експерименталните резултати показват повишаване на 

температурата в областта на лявата гърда, където е било 

поставено устройството. За първите 20 мин. в отбелязаната 

област се регистрира загряване с по-малко от 1°C. При 

приключването на експеримента на 40-тата минута 

температурата се е повишила с около 1,8°C (средна 

температура за отбелязаната област) в сравнение с началото на 

експеримента. Дрехата, носена по време на експеримента, е 

сваляна само за контрол и заснемане на термичната снимка, 

тъй като материята, от която е произведена, не пропуска ЕМВ в 

инфрачервения диапазон (т.е. τ = 0), което би възпрепятствало 

точното отчитане на температурата. От своя страна, платът на 

дрехата също спомага за запазването на топлината на тялото. 

Поради тази причина е избрана дреха, произведена от тънка 

ленена материя, която да задържа по-малко топлина. Снимките 

са заснети няколко секунди след събличане на дрехата с цел да 

се разсее повърхностната топлина, създадена от материята и да 

се получат възможно най-точни резултати. 

Сравнявайки резултатите от експеримент 1 и 2, се забелязва 

по-голямо нарастване на температурата на активната част на 

главата при участника от мъжки пол, при равни други условия. 

Това се дължи на факта, че мъжете са с по-високо съдържание 

на вода в тъканите и с по-голяма телесна маса. Тук трябва да 

бъде отчетено и влиянието на защитните фактори на организма 

при повишаване на температурата, като се има предвид, че 

всеки организъм може да реагира различно при подобни 

явления. 

От сравнителния анализ на изложените данни може да се 

направи заключение, че при всички проведени изследвания 

покачването на температурата е най-осезаемо през първите 20 

минути, след което тази тенденция на затопляне намалява. При 

всички проведени експерименти не се забелязва покачване на 

температурата в срещуположната част на главата, от което 

следва, че ефектът от затоплянето се наблюдава само в 

областта на тялото, която е в непосредствена близост до 

източника на ЕМВ. След приключване на експеримента 

ефектът от затоплянето отслабва сравнително бързо. 

4. Изводи 

От направените експерименти категорично се потвърждава 

хипотезата, че съвременните мобилни телефони и тяхната 

продължителна употреба могат да окажат  физическо влияние 

върху човешкото тяло под формата на затопляне, породено от 

генерираното от тях електромагнитно поле. Препоръките на 

повечето експерти, свързани с употребата на мобилни 

телефони, са: да бъде ограничено времето на разговорите, да се 

намали мощността на ЕМП посредством увеличаване на 

дистанцията между GSM апарата и тялото на човек, дори и 

телефонът да не е в режим на разговор.  
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Резюме: В съвременния технологичен свят с бързото развитие на микроелектрониката и информационните технологии става 

възможно да се създават технически решения, осигуряващи автоматизиране на редица процеси в дома. Изграждат се 

самостоятелни системи, които наблюдават, контролират и управляват многобройни устройства. Благодарение на 

специализиран софтуер тези интелигентни системи имат способността да вземат логически решения и да реагират адекватно 

дори при разрешаване на възникнали проблеми. В настоящата статия се предлага и тества алгоритъм за откриване на обекти, 

движещи се в мрежа от безжични комуникационни сензори. За откриването на подвижните обекти се използва явлението на 

пряко разпространение на сигнала при пресичане на базовата линия между предавателите и приемниците. Предложеният 

алгоритъм е реализиран и вграден в система на умен дом.  

 

Ключови думи: умен дом, вторично приложение на безжичните технологии, охранителна система 

 

1. Въведение 

Съвременните системи за охрана на сгради и обекти са най-

разнообразни, използващи различни технически решения. За 

ограничаване на достъпа до определени охранявани зони се 

използват системи за идентификация и достъп. За осигуряване 

на сигурността на дадени обекти се прилагат различни 

сигнално-охранителни системи, задействането на които става 

от сензор, измерващ дадена физична величина [1]. Това най-

често става чрез инфрачервени обемни датчици за движение. 

Те са евтини и ефективни, което ги прави предпочитани от 

охранителните фирми. За повишаване на надеждността на 

охранителните системи се използват и много други сензори за 

измерване на температура, вибрации, звук и др. За 

подсигуряване на охраняваната област се използва 

видеонаблюдение, което е ефективно, но изисква обслужващ 

персонал, който да следи за евентуални нарушения. При по-

специални зони на охрана е възможно да се изградят радио- 

и/или инфрачервени бариери, пресичането на които да включи 

охранителната система. Всички тези системи притежават 

различни предимства и недостатъци и в зависимост от 

важността на охраняваната зона се взема индивидуално 

решение за изграждане на охранителна система [2]. 

С развитието на технологиите, в това число и 

увеличаването на броя и вида сензори, използвани в умните 

домове, възниква въпросът възможно ли е под някаква форма 

да се използва информацията, генерирана от вече 

съществуващите сензори в умните домове за създаване на 

охранителна система? Тази охранителна система ще 

представлява специално проектиран софтуер, който ще 

обработва получените в него данни от многобройните и 

разнообразни сензори, предназначени за решаването на 

различни практически задачи в умния дом. Вторичното 

приложение на данните от вече съществуващите технологии 

ще спести средства от изграждането на стандартните 

охранителни системи, ще намали броя и видовете сензори в 

умния дом, ще намали консумираната електроенергия и не на 

последно място – ще подобри качеството на живот в резултат 

на намаляване на радиоизлъчването в умните домове [3]. 

Развитието на такъв вид зелени технологии е много 

перспективно и приоритетно направление. За създаването на 

подобна охранителна система ще са нужни подходящи 

алгоритми и програми за обработка на сигнали и подходящи 

методи за обработка на получените данни [4]. В настоящата 

статия ще бъде разработен алгоритъм за откриване на 

подвижен обект в мрежа от Wi-Fi сензори в сграда, 

използвайки принципите на радиобариерите, създадени между 

рутер и Wi-Fi приемник. Статията е структурирана в следните 

раздели: секция 2 разглежда принципа на предлаганата 

охранителна система, предназначена за умен дом; в секция 3 е 

отделено специално внимание на физичните ефекти, 

предизвикани от подвижния обект върху радиосигнала, 

използван за радиобариера; секция 4 разглежда алгоритъм за 

откриване на подвижен обект, който поддържа постоянна 

вероятност на лъжлива тревога; в секция 5 е проведен 

експеримент и е приложен алгоритъм за откриване на движещ 

се човек в сграда. В заключението са формулирани изводи и 

препоръки за бъдещи изследвания.  

2. Система за охрана  

Предлаганата система за охрана на умни сгради се базира 

на предположението, че в сградата има голямо количество 

сензори, комуникиращи помежду си безжично с помощта на 

радиосигнали. Наличието на всички тези радиоизлъчватели и 

приемници образува в пространството мрежа от радиобариери, 

както е показано на фиг. 1. Пресичането на тези бариери би 

довело до времена промяна на амплитудата на 

комуникационния сигнал. Тази промяна се получава в резултат 

на дифракцията на сигнала, предизвикан от обекта, намиращ се 

на пътя на разпространение на радиосигнала [5]. При наличие 

на подходящи алгоритми за обработка на сигналите от 

множеството радиобариери е възможно да се открие и 

локализира местоположението на подвижния обект [6]. На фиг. 

1 е показана примерна умна къща с множество сензори за 

измерване на различни физични параметри, както и множество 

устройства, комуникиращи помежду си безжично.  

 

Фиг. 1. Радиобариери в умен дом 

В единен център за управление е възможно да се следи 

нивото на сигнала от всеки един сензор [7]. Промяна на 

амплитудата на сигнала е предпоставка за преминал обект 

между предавателя и приемника. В резултат на дифракционния 

ефект би трябвало да се получи радиосянка в близост до обекта 

и амплитудата на приетия сигнал да намалее. Промяната в 

амплитудата на сигнала означава, че е открит преминаващ 
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обект [7]. Ако този обект бъде засечен от няколко 

радиобариери, е възможно да се определи неговото 

местонахождение. При по-детайлна обработка на получените 

многосензорни данни е възможно да се оценят някои важни за 

системата параметри като посока на движение, скорост на 

движение и др. Предложената система за охрана се базира на 

дифракционния ефект на радиосигнала при срещата му с 

подвижен обект.  

3. Дифракция на вълната  

Дифракцията представлява отклонението на вълната от 

праволинейното й разпространение при преминаване покрай 

препятствие [5]. Дифракцията се наблюдава при всички видове 

вълни, включително звукови, електромагнитни, радиовълни и 

рентгенови лъчи. В нашия случай препятствието е подвижният 

обект, а вълната е радиовълната, излъчвана от даден 

радиоизлъчвател в умната сграда. Дифракцията зависи от 

дължината на вълната на радиосигнала, големината на обекта и 

разстоянието от обекта до радиоприемника. Дифракционният 

ефект, предизвикан при облъчване на сферичен обект, е 

показан на фиг. 2. Както се вижда от фигурата, в района в 

близост до обекта, в който не достига радиовълната, се оформя 

зона на радиосянка. Размерът й зависи от размера на обекта и 

дължината на вълната на сигнала. Ако дължината на вълната е 

много голяма в сравнение с това препятствие, то почти няма 

зона на сянка. След сянката следва зоната на Френел, която се 

характеризира с променяща се амплитуда на вълната. По-

далечната зона е позната като зона на Фраунхофер, където се 

получава усилване на амплитудата на вълната или т.нар. пряко 

разсейване на сигнала [8].  

 

Фиг. 2. Дифракция на различни разстояния от сферичен обект 

Видът на дифракционния модел съществено зависи от 

връзката между размера на обекта ω, дължината на вълната λ и 

разстоянието от препятствието до точката на наблюдение z. 

Съответно: 

 

 

(1) 

В нашия случай площта на обекта ще е с размери от 

порядъка на 0.5-1 м2, дължината на вълната ще е около 12 см, а 

разстоянията ще са от порядъка на няколко метра, което 

oзначава, че ще очакваме приемникът да попада в радиосянката 

или във Френеловата област. Получените промени в 

амплитудата на сигнала са носители на информация за 

пресичане на радиобариерата от подвижен обект. Откриването 

на радиосянката, предизвикана от подвижното тяло, може да се 

реализира по много начини, но в настоящата работа е избран 

алгоритъм, поддържащ постоянна вероятност на лъжлива 

тревога (Constant False Alarm Rate – CFAR). 

4. Алгоритъм за откриване 

Блоковата схема на алгоритъма на CFAR откривателя е 

показана на фиг. 3. Алгоритъмът обработва последователно 

записа на сигнала, като всяка клетка се сравнява с адаптивен 

праг, получен като произведение на оценката на нивото на 

шума около тестващата клетка с предварително зададен 

скаларен коефициент, гарантиращ поддържането на зададена 

вероятност на лъжлива тревога. Оценката на нивото на шума 

около тестваната клетка се получава като средноаритметична 

стойност на всички клетки в обучаващия прозорец.  

Откриването на радиосянката се извършва съгласно 

критерия за взимане на решение (проверка на две хипотези) за 

наличие (Н1) или отсъствие (Н0) на полезен сигнал [8]: 

 

 

(2) 

където H1 е хипотезата, че тестваната извадка е подвижна цел, 

а H0 е хипотезата, че в тестваната извадка се съдържа само шум 

на приемника. 

 

Фиг. 3. Алгоритъм за откриване, поддържащ постоянна 

вероятност на лъжлива тревога 

Алгоритъмът за адаптивно откриване на подвижния обект 

извършва прагова обработка на сигнали на фона на смущения с 

неизвестна интензивност. Процесът на вземане на решение за 

наличие или отсъствие на подвижна цел се базира върху 

проверка на статистическата зависимост, гарантираща 

откриването на целта с постоянно ниво на лъжлива тревога. 

5. Експериментални резултати 

За тестване на предложената идея е проведен експеримент, 

използващ приемник HackRF One. Сценарият на експеримента 

включва човек, пресичащ радиобариера, образувана между 

рутер и Wi-Fi приемник (фиг. 4). Директният сигнал между 

предавателя и приемника е с висока амплитуда и е сравнително 

постоянен във времето. В резултат на преминаването на човека 

между предавателя и приемника се получава временно 

намаляване на амплитудата на приетия сигнал, както е 

показано на фиг. 5.  

 

Фиг. 4. Сценарий на експеримента 

Човекът пресича базовата линия за около една секунда, в 

резултат на което амплитудата на приетия сигнал намалява.  

След пресичането на радиобариерата амплитудата на сигнала 

се възстановява до първоначалната й стойност. Посредством 

осредняващ филтър, реализиран с помощта на осредняващ 

скачащ прозорец, се получава резултатът от фиг. 6. Големината 

на скачащия прозорец е 200 ms. 
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Фиг. 5. Радиосянка, получена при пресичане на радиобариера 

На фиг. 6 е показана осреднената стойност на обвиващата 

на сигнала и много ясно се забелязва момента на пресичането 

на базовата линия. Получената радиосянка е с 

продължителност около една секунда и съвпада с времето на 

пресичане на радиобариерата. 

 
Фиг. 6. Сигналът след обработка с осредняваш скачащ прозорец 

След инвертиране на сигнала се прилага прагова обработка 

със CFAR алгоритъм и се получава резултатът, показан на фиг. 

7. Както се вижда от фигурата, инвертираната радиосянка 

надскача прага на CFAR откривателя, което е предпоставка за 

нейното откриване. 

 

Фиг. 7. Инвертиране на сигнала и прага на CFAR алгоритъма 

На изхода на CFAR откривателя се получават две 

стойности – нула и единица. Нулевата стойност означава, че не 

е открит сигнал, а единицата, че е надскочен прагът на 

откривателя и е открита радиосянката, както е показано на фиг. 

8. 

Ако едновременно във времето се обработват сигнали от 

повече на брой сензори, ще е възможно да се определи 

посоката на движение, скоростта на движение и 

местонахождението на обекта. Подобен алгоритъм е в процес 

на разработка. 

 

 

Фиг. 8. Изходът на CFAR алгоритъма 

5. Изводи 

Изследваният алгоритъм за откриване на подвижни обекти 

е базиран на съществуващи радиобариери в умните сгради и е 

подходящ за използване в охранителни системи. Вторичното 

използване на безжичните технологии ще намали прилагането 

на допълнителни радиоизлъчватели, откъдето ще се намали и 

радиозамърсяването, а оттам ще се подобри качеството на 

живот в умните сгради. 
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Abstract: The increasing application of NoSQL database technology and the neural networks raises the question of how compatible and 

applicable are the NoSQL databases to the neural network prediction models. This paper examines the applicability of a traditional 

relational database for storing air quality data and compares it to a NoSQL database performing the same functions. The possibility of the 

NoSQL database to feed a neural network model for predicting the atmospheric air quality is evaluated. The tendencies in the data are 

studied, and some solutions for improving the air quality are proposed. An analysis and a comparison of the performance of both relational 

SQL and NoSQL database systems by using real-world data for the Air Quality Index in the city of London is assessed and their performance 

is compared. Bivariate analysis on the data in order to assess the quality of the neural network forecast is performed. 
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1. Introduction 

Recently, the document-based databases (NoSQL) are gaining 

more and more popularity. What they have in common is that the 

data is stored in the form of a table that is not fully normalized, and 

the level of normalization in the tables depends on the complexity 

of the data to be processed. Unlike relational databases (SQL 

based), which are organized around the concept for a table for each 

object in the information system. The various objects are connected 

to each other through relations (a relational tables for many-to-

many relationships or index columns in the other cases). In the 

document [1] the applicability of the Cassandra NoSQL data base 

management system is considered. The latest releases of some 

NoSQL systems (Cassandra) use the so-called CQL (Cassandra 

Query Language), which resembles SQL in the way the queries are 

structured, as well as in the way the tables are defined 

(METADATA). For the most modern applications, Apache 

Cassandra is considered a good choice in the application and web 

services development environments. 

It offers many advantages, including easy data portability on a 

global scale and outstanding performance. Today, Apache 

Cassandra is amongst the most popular NoSQL database 

management systems. It is used for online retail applications, for 

internet portals, for time series databases, for mobile applications, 

for internet banking. 

The development of the right data model is critical to achieving 

a good application performance and future scalability. Creating the 

right data model is important for any application, but its importance 

increases when it comes to applications that require minimal 

latency, minimal blocking, and global scalability. 

An application must be able to work both with thousands of 

records and several hundred concurrent users, and even when the 

number of records and users is in the millions or even billions 

figures. At the same time, the target is to minimize the waiting time. 

Regardless of whether a SQL or NoSQL database management 

system is used, if the data model is not developed correctly or does 

not fit the underlying architecture of the chosen database, it can lead 

to performance degradation, long query wait times, data loss or 

corruption. It may be necessary to change the data model 

(migration) after the application is created and deployed, but this 

could prove to be an expensive and complex operation. Therefore, it 

is a good idea to select a proven methodology for designing a 

scalable, extensible and easy-to-maintain data model during the 

development process. 

2. Differences between Cassandra and the 

relational databases 

Most professionals are familiar with the relational databases 

such as Oracle, MySQL, SqLite, PostgreSQL. Before moving on to 

the data modeling with NoSQL, it is a good idea to pay attention to 

some differences between NoSQL-based and relational databases. 

Relational databases prioritize the data size minimization over the 

response time – a piece of information exists at only one place in 

the database (this is guaranteed by the Normalization rules, 1st, 2nd, 

3rd, 4th Normal forms), but when retrieving data (SELECT 

statement) many joins (JOIN operations) have to be done. This 

results in slow execution of even trivial-to-fetch queries. NoSQL 

systems, on the other hand, prioritize the execution time for the 

retrieval query, and for this purpose, a given information is 

presented in several places in the database, and they are not so well 

normalized. On the other hand, the requests to update data 

(UPDATE, INSERT statements) are executed much faster on a 

relational databases, since a given information needs to be updated 

at only one place, unlike the NoSQL-based ones. In general, it can 

be concluded that with the traditional databases, normalization is 

highly recommended, while with NoSQL databases, the lack of 

normalization can be a sign that a good data model has been 

created. Researchers who came to similar conclusions are [2]. 

When creating a data model with the traditional databases, the 

approach is to take the initial data, then the work that is done is in 

the direction to define and decompose granular groups of objects 

that have common characteristics, and subsequently a separate table 

with the characteristics of the object is created. Relations between 

individual objects are defined by relations (1-1, 1-many, many-

many). After that, when the application runs, the individual objects 

(tables) are combined into larger tables, and each of them contains 

information about several objects at once achieved through joins 

(JOIN operators). These combined tables are called lookups, or 

retrieval queries. They are the product of objects decomposed into 

separate tables, which are combined in order to extract common 

information about the relationship between several objects. An 

example of this is a database for books. One object is obviously a 

Book (with attributes Title, Price, ISBN, and Number of Pages). 

The other object could be Author (with characteristics First Name, 

Middle Name, Last Name, and Date of Birth). When implementing 

this model through the relational model, it represents a many-to-

many relationship. This type of relationship also requires an 

additional table BooksFromAuthor. After that, by means of 2 JOIN 

operators, a reference such as Titles of books written by a certain 

author can be retrieved, which is a product that represents a table, 

and it is obtained by combining data from the tables Book and 

Author and BooksFromAuthor. While the organization of the data 

in this way saves space (there are no duplications in the Authors nor 

in the Books tables), data extraction is done by the computationally 

expensive join operator JOIN, applied twice in combination with 

the GROUP_CONCAT function, or its analogue (if the DBMS is 

different from MySQL), making it twice as slow. 

From the point of view of the implementation of such a data 

model by means of NoSQL DBMS, the opposite approach is 

applied - First, the joins that are needed are defined, in this case a 

reference such as Titles of books written by an author, their price 

and ISBN number. A table is then created in the database for each 

such a join. 

The arrangement made in this way can be realized by making a 

table BooksByAuthor, in which the first column is the name of the 
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book, and the second - a list of the names of the authors. In this 

scenario, in order to change the name of one of the authors, the 

entire record that contains the list of the names of all authors must 

be changed. This can lead to creating a source code of the 

information system that is difficult to write and maintain in the 

future. Fortunately, Cassandra CQL provides an easy way to modify 

a list of values. For example, a user can update the record for the 

book "The Last Thing He Told Me: A Novel" and add author 

"Laura Dave" in case the author is omitted as follows: 

UPDATE BooksByAuthor SET Authors = Authors + {‚Laura Dave’} 

WHERE ISBN = ‚978-1501171345‘; 

Here the ISBN field is used as a natural key, but the table index 

could be used instead. 

Separately, the Author and Book tables will exist so that all author 

names and all book names can be looked up. Obviously, when 

changing the author's name, it must be changed in the Author table 

as well as in the BooksByAuthor table that is, in 2 places, which 

leads to slower execution of UPDATE, INSERT and DELETE 

requests. In some information systems, some of the characteristics 

of objects in the data change very rarely or never (the Author of a 

book does not change because it is already printed), but at a 

minimum such information systems must support the ability to edit 

the data (for example incorrect initial entry and subsequent need for 

editing). NoSQL DBMS rely on exactly this, as well as on the 

optimization, if necessary, to retrieve the data with a JOIN request 

from the table, so that they are executed faster. 

On the other hand, a NoSQL data model can also be implemented 

entirely through a relational DBMS, adding loosely normalized 

tables to the model to serve as the basis for frequently executed 

retrieval queries. The opposite - implementing a relational model 

using Cassandra is not possible because Cassandra does not support 

the JOIN operator and is not optimized to support the relational 

model.   

3. Air quality reporting system 

The GAIA air quality monitoring stations use high-tech laser 

particle detection sensors to measure the PM2.5 pollution, one of 

the most harmful air pollutants in real-time. They are very easy to 

set up and only require a WIFI access point and a USB power 

supply. Once connected, the air pollution levels are monitored and 

reported instantly in real-time on an Internet-based mapping 

application. 

Regarding the system, the relational data model could look like this: 

CREATE TABLE SENSOR STATION_INDEX INTEGER, 

SENSOR_DESCRIPTION TEXT (35), SENSOR_LONGTITUDE FLOAT, 

SENSOR_LATITUDE FLOAT, LAST_UPDATE_TIME TIMESTAMP; 

CREATE TABLE READINGS STATION_INDEX INT, PARAMETER TEXT 

(35), VALUE INT, DATATIME TIMESTAMP; 

CREATE TABLE HISTORY STATION_INDEX INT, PARAMETER TEXT 

(35), VALUE INT, DAY DATE; 

CREATE TABLE FORECAST STATION_INDEX INT, PARAMETER TEXT 

(35), VALUE INT, DAY DATE; 

The PARAMETER field can have one of the following values: 

PM25, O3, NO2, CO2, SO2, TEMERATURE, RH, PRESSURE, 

HUMIDITY, WIND_SPEED, WIND_DIRECTION. 

This database model is fed with standard real CSV (Comma 

Separated Values) format from the https://www.londonair.org.uk 

web service. They can easily be imported into the data model 

constructed this way, and are compatible with it. 

In [3] is investigated the applicability of the NoSQL databases in 

the research of Air Quality Index, by using MongoDB. On the other 

hand, in the document [4] several steps that lead to the construction 

of a NoSQL data model are outlined. These are: Step 1: Build the 

application workflow; Step 2: Model the requests required by the 

application; Step 3: Create the tables; Step 4: Create the primary 

key; Step 5: Effective use of basic data types. 

Step 1. The main screens of the application must be identified, as 

well as the data that is required for each screen. 

 

Figure 1. Data, required by each application screen 

The sequence of the workflow steps is important because it helps to 

determine what data is available and required for each screen. For 

example, before the detailed information about a station can be 

displayed (User Step 03 above), a station identifier (StationIndex) is 

required. Likewise, to display a forecast for a station (User Step 04), 

its ID is required. 

Step 2. A diagram of the interrelationships in the application is 

prepared, and at this step the attention could be returned back to the 

previous Figure 1 to correct it. 

 

Figure 2: User steps and modeling of the requests when working 

with the application. 

Step 3. Create the tables. The next step is to structure the tables to 

support the required queries of the application. 

Tables are designed to match the individual views /screens/ of the 

application. In general, the application has the following screens: 

Initially, a world map is loaded, with POI (Point of Interest) 

markers marking the various measuring stations around the world. 

To be fed with data, this screen needs only one table that contains 

the coordinates of all the measurement points, as well as a key to 

the table with the data of all measurements for a given point. 

If the table is called StationCoordinates, then it will have the 

columns StationIndex, Latitude, Longitude, StationName. 

Another screen with data appears when the mouse cursor is 

positioned over a measuring station. Then a request is sent to the 

database to load the data for the measuring station in question. The 

table that supports this screen should contain the data for the current 

values of the indicators and should have columns: index of the 

measuring station - StationIndex, AQI name, forecast for the next 3 

days of the AQI indicator. Historical data for indicators PM25, 

PM10, NO2, SO2, CO, for the last 12 months, can be stored in the 

LastYear table with columns StationIndex, Indicator, Date, Value, 
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and retrieved with a separate query to the database when the screen 

loads. 

It is beyond doubt that all air quality sensors (AQS) around the 

world generate a huge amount of relatively well-structured 

information, over large periods of time. Therefore, when working 

with a lot of data, the advantages of one or the other technology will 

become even more obvious. From this point of view, it is of interest 

to build a relational and NoSQL model of the data and to compare 

their performance in different scenarios - writing, editing and 

extracting data. 

 4. Forecast 

Contamination prediction is of particular importance to the users of 

such a system. It is needed by the citizens who are interested, as 

well as by the state administration, which could introduce social 

incentives, for example, higher parking fees in the polluted areas, or 

a cheaper or even free ticket for the public transport in a case of a 

bad trend. The accumulated information can help in making such a 

forecast. The aim is to test how well it is possible to predict days 

with poor air quality indicators. On colder days, the burning of solid 

fuel sources can be expected to increase, and combined with a lack 

of wind, can lead to smog in a given area. Unfortunately, the 

cleanliness of the air also depends to a large extent on the weather 

forecast. The region that is studied also has an impact, as forecasts 

may differ for different regions. The area for which the research is 

being done is the center of the city of London in Great Britain, 

because the indicators of air pollution have been measured and 

recorded there for a long time, and also the information is freely 

available. Other researchers are also examining data about this city 

[5], [6]. For such a forecast, also the statistical methods can be used 

(linear regression, following the example of scientists [7]), as well 

as neural networks (time series of indicators, as the following 

researchers have done [8], [9] and [10]). Statistical data for past 

periods as input parameters of the model could be accepted – what 

air pollution was in the past when the conditions were similar, and 

their development over time. 

The aim is to extract some general trend in the data by which to 

impose restrictions on the population, which could be ban on cars, 

high bills for heating during the dirty period, a ban on burning coal, 

high electricity bills, an increase in the excise duty on fuels, 

stoppage of warm water, etc. as this could lead to an improvement 

in the air quality during the period in question. 

Table 1 contains monthly average data for PM 2.5 in (ug/m3) taken 

from [11] for the period 2018-2021. In the last column, the values 

of this indicator for the year 2022 are predicted by the means of a 

neural network with a radial basis function. The error obtained 

during the preparation of the forecast is within 1.51%. The error is 

calculated in percentage as a deviation when comparing the forecast 

for 2022 with the actual data from it. 

Month 
Year 

2018 2019 2020 2021 2022-forecast 

I 10.23 11.81 9.89 11.52 10.83 

II 14.42 15.41 12.47 13.83 15.21 

III 10.95 10.32 8.68 12.62 11.64 

IV 20.38 22.74 18.41 17.02 19.25 

V 7.54 10.84 9.55 6.93 8.55 

VI 9.98 9.26 8.40 6.99 8.85 

VII 7.31 8.76 6.64 7.78 9.23 

VIII 8.65 9.27 11.52 10.43 10.73 

IX 9.02 6.71 9.54 9.73 10.31 

X 7.81 7.35 5.74 6.93 6.18 

XI 12.58 13.28 15.9 14.33 15.21 

XII 9.95 8.46 9.15 10.45 11.13 

Table 1. Average data for the period 2018-2021 and the 

forecast for the 2022 for the air pollution indicator PM 2.5 

 
Graph 1. Forecast for PM2.5 for the 2022 

 

The graph shows that, in general, the air pollution with PM 2.5 

particles reaches its highest value in the month of April, from May 

to October it moves in more moderate limits, and then during the 

cold winter months it starts to increase until the month of April. 

The authors [12] also investigated the prediction of air pollution 

by regression analysis. The bivariate analysis (correlation matrix) 

with the Pearson's coefficient allows to evaluate both the prediction 

obtained and the interrelationships between the data [13]. In 

general, it can be concluded that every year the trend of PM 2.5 

particle pollution is uniform, which is repeated every year. That is, 

to a certain extent, we can talk about the predictability of the 

pollution in question. 
Year 2018 2019 2020 2021 2022 

2018 1.000 0.934 0.852 0.881 0.931 

2019 0.934 1.000 0.853 0.806 0.885 

2020 0.852 0.853 1.000 0.860 0.926 

2021 0.881 0.806 0.860 1.000 0.954 

2022 0.931 0.885 0.926 0.954 1.000 

Table 2. Correlation matrix with the Pearson coefficient. 

Table 2 shows that there is a high degree of correlation both 

between the individual variables used for forecasting /the data for 

the years 2018-2021/, and between them and the forecast for 2022 

prepared by the neural network. 

5. Conclusion 

The authors [14] investigate the performance of different DBMS 

when running on devices with reduced power consumption and 

large amounts of data. For these devices, the speed is critical 

because the devices in question have limited resources. To evaluate 

the performance of the different data management systems, the 

neural network prediction process was run twice, in one case using 

the Python Datastax driver to connect to the Cassandra database, 

and in the second case using the MySQL Connector driver to 

connect to MySQL. In both cases, the time to prepare the forecast 

was recorded, and in the first case it was prepared in 4704 

milliseconds, and in the second in 3987 milliseconds. The data was 

extracted raw from the database and averaged at runtime to get a 

better idea of which of the two systems would be faster at the 

extraction itself. The data covers a 4-year interval and is only for 

the PM2.5 metric measured every 15 minutes, or about 143,080 

records that include date, time, and metric value. Keras library was 

used for preparing the neural network forecast. 
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Abstract: The outbreak of COVID-19 pandemic and the related containment measures had a significant influence on the Bulgarian labour 

market. Economic activities where it was difficult to apply flexible regimes of work allowing the physical absence of the employee from the 

location of production or service provision were hit particularly high. Therefore, it is interesting from the research point of view to analyse 

the influence of the COVID-19 pandemics on the changes in the distribution of the remote work not only with a view of its coverage and 

frequency of application, but mainly in terms of its social, occupational, and sectoral characteristics. Such an analysis would contribute to 

better understating of the readiness of the Bulgarian labour market to implement the flexible regimes of work mediated by information and 

communication technologies. The analysis is based on the 10th round of the European Social Survey for Bulgaria. 
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1. Introduction 

For many years, technologies and their impact on work, 

employment, and labour markets have attracted the attention of 

sociology. Currently, the research focus is on the transformative 

role of the digital, microchip or computer-assisted technologies 

which widespread use in all economic sectors is as an attempt to 

push production beyond the limits shaped by the industrial era 

mass-production technologies. This trend is often called 

“digitalisation”.  

According to Eurofound, the impacts of digitalisation on work 

will be channelled by three phenomena with enormous economic, 

social and policy implications: 1) automation of work; 2) 

digitisation of production processes, and 3) establishment of 

platforms – digital networks facilitating labour market interactions 

[1]. In his famous book The Fourth Industrial Revolution, Klaus 

Schwab, the founder of the World Economic Forum, uses the term 

human cloud to describe metaphorically the platform work. This 

witty analogy to cloud computing technologies emphasises that the 

digitalisation has made it possible to bring together workers from all 

geographical locations to carry out common assignments or 

projects. In 2016, when The Fourth Industrial Revolution was 

published, Schwab was certain that this was a part of an ongoing 

“flexible work revolution” [2].  

In this context, sociologist agree that digitalisation of work, 

among its other hypothesised effects such as job cuts and modified 

skill requirements, is most likely to transform existing jobs rather 

than create new ones [3]. Therefore, it is essential to track the 

changes in working conditions imposed by digital technologies. 

COVID-19 pandemic has given rise to new causes of 

uncertainty. Employment in many economic sectors was severely 

affected and containment measures enforced by public authorities 

created a different context of the social reproduction of „worker-

employer‟ and „worker-worker‟ relations. As a result, digitalisation 

has gained pace and the use of some flexible forms of employment 

such as teleworking and working from home become more 

common. At EU-level, in 2021 more than 20% of all employees 

worked from home for some time while in many countries 

(Denmark, Belgium, Ireland, Finland, Luxembourg, Sweden, and 

Netherlands) the share of employees having some spells of 

teleworking reached or even exceeded 40% [4]. However, the 

manifestation of this trend was uneven across sectors and 

occupations. It has once again magnified the importance of the 

concept of teleworkability [5] meaning that the effects of 

digitalisation on spatial division of labour could be modified by the 

technical aspects of job-related tasks in each economic sector. 

Existing studies of the Bulgarian labour market show similar 

picture. Even before COVID-19 pandemic, the incidence of 

teleworking was low [4] which can be explained not only by the job 

characteristics but also by many other variables such as digital 

competences, access to Internet at home, computer- or mobile 

device availability, family situation, income level, etc. [6]. Studies 

present different scenarios about the future of work in technological 

era; however, it is still unclear how Bulgarian firms will adapt to the 

upcoming structural shits [7].  

Therefore, it can be concluded that available evidence about the 

influence of the COVID-19 pandemic on work and working 

conditions in Bulgaria is still in a fragmentary state. This paper does 

not have an ambition to solve this problem but rather to contribute 

to enriching the existing body of knowledge by exploring the social, 

occupational, and sectoral dimensions of teleworking, which is only 

one of the many aspects of the digitalisation of work. In that regard, 

the choice of topic just highlights the need for further research. 

2. Methods and data 

This paper employs the definition of teleworking presented in 

Sostero et al. [5]. It is a sub-category of the broader concept of 

remote work where work is carried out at a place which is different 

from the usual place of work. It can be either the home of the 

worker or another place. A distinctive characteristic of teleworking 

is the mediating role of electronic devices. In contrast, working 

from home does not imply the presence of another (usual) place of 

work and although electronic devices may be used in some cases, it 

is a different concept from teleworking. Finally, teleworking is 

often used to describe a specific form of work organization 

applicable to dependent workers, i.e., employees, while working 

from home (regardless of the means and tools) can be performed by 

both dependent and independent workers (self-employed). 

In this regard, the paper seeks to answer the question of how (i) 

the prevalence of teleworking and (ii) the profile of workers 

performing teleworking have changed due to COVID-19 pandemic.  

Analysis is based on data for Bulgaria from the 10th round of the 

European Social Survey, edition 1.3 data set [9]. Data has been 

collected by the Institute of Philosophy and Sociology at the 

Bulgarian Academy of Sciences between 28.06.2021 and 30.9.2021. 

The number of valid respondents is 2720.  

For the purposes of this analysis, a sub-sample of 1199 

respondents is created. Following the definition of teleworking, the 

sub-sample consists of respondents with a status of dependent 

workers (employees) in the last 7 days prior the moment of data 

collection.  

It is also assumed that employees who report some periods of 

remote working but at the same time declare that they do not have 

online or mobile communication with the people who they work 

with, do not telework. Therefore, remote working and teleworking 

are not considered synonyms.  

3. Results 

Data from the European Social Survey shows that 73.4% of all 

employees report that they do not work remotely compared to only 

26.6% who do. The share of employees who report some periods of 
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remote working but do not have online or mobile communication 

with people who they work with, is very low – only 0.5% of total 

number of employees.  

 

Fig. 1 Prevalence of teleworking in Bulgaria 

 

In that regard it could be concluded that 26.1% of all workers 

have some experience of teleworking. Among them, 4.4% do 

telework every day. 

How has the COVID-19 pandemic changed the prevalence of 

remote working? Approximately 7 out of 10 workers report that 

they cannot work from home or from another place of choice.  

 

Fig. 2 Prevalence of teleworking compared with before COVID-19 

 

Among the others, 30.5% report experience of teleworking, 

with 15.6% reporting more frequent digital contacts with colleagues 

since the coronavirus outbreak, less than 2.9% report a decline, and 

12.1% do not report any changes. 

It is interesting, however, to investigate to what extent the 

observed variability of working arrangements could be attributed to 

COVID-19.  

 

Fig. 3 Changes in incidence of teleworking due to COVID-19 

 

In that regard, it should be noted that almost 98% of 

respondents reporting that teleworking has become a more frequent 

feature of their working conditions since the start of COVID-19 

pandemic (15.6% of the workers) tend to explain this shift in whole 

or in part with the coronavirus outbreak. This explanation is valid 

for approximately 80% of respondents reporting a lower frequency 

of teleworking (2.9% of the workers). So, it could be concluded that 

COVID-19 has brought observable changes in the frequency of 

teleworking among those who already had some experience of 

teleworking. Nevertheless, the share of workers having observed 

any changes remains rather low – 18.5%.  

The most important question, however, remains unanswered. It 

is related to the profile of workers who work remotely.  

Sectoral distribution of teleworking 

The sectoral distribution of teleworking shows that more than 

90% of all workers reporting some periods of teleworking are 

concentrated in 20 economic activities. It seems that more than one 

third of these employees work in sectors where the state is the 

biggest employer (education; public administration and defence; 

compulsory social security). On the other hand, almost all workers 

in ICT-intensive activities (computer programming, consultancy 

and related activities; information service activities; programming 

and broadcasting activities) and activities where work is performed 

predominantly in an office (for example real estate; other 

professional, scientific and technical activities; architectural and 

engineering activities; technical testing and analysis) report that 

they had some period of teleworking. 

Table 1: Sectoral distribution of employees who report at least some period 
of teleworking 

Economic activity % of total 

Education 23.2% 

Public administration and defence; compulsory social 

security 13.5% 

Retail trade, except of motor vehicles and motorcycles 12.3% 

Computer programming, consultancy and related 

activities 6.4% 

Legal and accounting activities 6.0% 

Land transport and transport via pipelines 4.2% 

Human health activities 4.0% 

Information service activities 2.7% 

Financial service activities, except insurance and 

pension funding 2.4% 

Construction of buildings 2.2% 

Insurance, reinsurance and pension funding, except 

compulsory social security 2.2% 

Manufacture of fabricated metal products, except 

machinery and equipment 1.8% 

Advertising and market research 1.5% 

Scientific research and development 1.5% 

Real estate activities 1.5% 

Manufacture of wearing apparel 1.2% 

Electricity, gas, steam and air conditioning supply 1.1% 

Social work activities without accommodation 1.1% 

Programming and broadcasting activities 1.1% 

Manufacture of food products 0.7% 

Repair and installation of machinery and equipment 0.7% 

Postal and courier activities 0.7% 

Publishing activities 0.7% 

Other (19 activities) 7.0% 

No workers reported teleworking (32 activities) 0.0% 

Occupational distribution 

Approximately 4 out of 10 workers who report at least some 

periods of teleworking represent the occupational group of 

Professionals. The other three groups having the biggest share of 

the total number of employees who telework are Clerical support 

workers (18.5%), Technicians and associate professionals (15.8%) 
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and Managers (12.5%). It is evident that these are occupations 

having higher qualification and skill requirements.  

Table 2: Occupational distribution of employees who report at least some 

period of teleworking 

Occupational status 

% 

within 

group 

% of 

total 

Armed forces 0.0% 0.0% 

Managers 54.8% 12.5% 

Professionals 66.5% 43.2% 

Technicians and associate professionals 37.4% 15.8% 

Clerical support workers 44.6% 18.5% 

Service and sales workers 9.7% 5.2% 

Skilled agricultural, forestry and fishery 

workers 32.6% 0.4% 

Craft and related trades workers 4.7% 1.9% 

Plant and machine operators, and assemblers 5.2% 1.8% 

Elementary occupations 2.2% 0.7% 

Armed forces 0.0% 0.0% 

 

Socio-demographic distribution 

To understand better which other factors except sectoral and 

occupational status influence the prevalence of teleworking, a 

binary logistic regression in SPSS is used. The sample includes 973 

employees who reported that they were able to use online or mobile 

communication tools to interact with people who they worked with. 

Among them, 29.6% had some experience of teleworking and 

70.4% - did not. The following variables are included in the model:  

Table 2: Sectoral distribution of employees who report at least some period 

of teleworking 

Predictor 

variable 
Categories 

1. Education 

Basic of lower, including without education; 

Secondary education; Post-secondary and higher 

education (reference category) 

2. Region 

Sofia – capital (reference category); The six NUTS 

level 3 regions with the largest population (Sofia – 

district; Plovdiv; Varna; Burgas; Stara Zagora; 

Blagoevgrad); Other NUTS level 3 regions.  

3. Type of 

organisation 

Public organisation; Private organisation (reference 

category). 

 

The model was statistically better than the baseline at 

explaining the probability someone to have some experience of 

teleworking [𝑥2(1) = 207.148;𝑝 = 0.000;  𝑝 < 0.001; R2 = 0.192 

(Cox-Snell), 0.273 (Nagelkerke)]. The model correctly predicted the 

experience of teleworking of 72.9% of respondents including 78.2% 

of respondents without experience of teleworking and 60.1% of 

those who have. The results also suggest that people with post-

secondary or higher education are much more likely to telework. 

The probability for people with secondary (exp(β) = 0.147, Sig. = 

0.000) or less than secondary education (exp(β) = 0.053, Sig. = 

0.000) is very low. Compared to employees living in Sofia (capital), 

for workers living in one of the top six, in terms of their population 

size, NUTS 3 regions it is less likely to telework (exp(β) = 0.519, 

Sig. = 0.001). The same could be concluded for workers living in 

smaller NUTS 3 regions (exp(β) = 0.524, Sig. = 0.001). 

Furthermore, the probability that people working in public 

organisations (central administration, public financed educational or 

health organisation, etc.) have some experience of teleworking is 

significantly, almost 60%, higher (exp(β) = 1.586, Sig. = 0.005) 

compared to private firm workers. 

 

4. Conclusion 

The results from the 10th wave of the European Social Survey 

show a worrying picture. On the one hand, the prevalence of 

teleworking in Bulgaria remains low despite the impact of COVID-

19. This suggests that many Bulgarian employers are unwilling or 

unable to provide opportunities for flexible working arrangements, 

both with a view to protecting workers‟ health and maximising 

efficiency. On the other hand, there are some signs that differences 

in the prevalence of teleworking could reinforce existing divisions 

between public and private sectors, between high and low ICT-

intensive industries, and between higher and lower skilled 

employees. Therefore, further research into the implications of this 

flexible work revolution, as Klaus Schwab named it, on the workers‟ 

wellbeing and quality of life, is more than necessary as many of the 

driving causes of these changes remain insufficiently explained.  
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Abstract: The advent of technologies such as artificial intelligence, big data, collaborative robotics, the Internet of Things, algorithms and 

digital work platforms and at the same time a significant increase in the number of people working remotely brings opportunities as well as 

new challenges and risks in the field of health and safety. Addressing challenges and risks and maximizing opportunities depend on how 

technologies are used, managed and regulated in the context of social, political and economic trends [1]. This post describes digitization and 

its use in the field of safety. 
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1. Introduction 

The digitalization and automation of production and logistics 

technologies as part of Industry 4.0 bring a number of positive 

aspects to enterprises. They create conditions for expanding 

production capacities, asserting themselves in the competitive 

environment by increasing productivity and quality of manufactured 

products, new opportunities, and new customers, replacing humans 

in hazardous operations and events [1]. The introduction of modern 

technologies into education primarily requires the required 

infrastructure of the school, teachers who have the necessary digital 

competences and digital materials and concepts that will be used in 

teaching. 

2. Industry 4.0 

As Madsen [2] clearly summarized in his article, the concepts of 

modern management have evolved significantly in the last few 

years (e.g., Agile Management, Big Data analysis, Customer 

Relationship Management). As he said, I4.0 can be understood as a 

highly normative management concept that improves the 

performance of the organization, respectively: flexibility, 

productivity, and quality of processes or production. The versatility 

of this concept is that it includes many partial management 

concepts, such as the Internet of Things (IoT), Big Data, and 

digitalization, see Fig.1 [2,3,4]. 

Fig. 1 The relationship between Industry 4.0 and digitalization. 

Digitalization in all areas of life (Industry 4.0) has now become 

a trend, but also a necessity for obtaining information, storing and 

processing it so that it is the basis for correct decision-making. It is 

interesting that in Industry 4.0, the management of a manufacturing 

organization in particular is understood mainly as the 

implementation of 9 basic pillars representing modern technologies 

(technological pillars), see Fig. 2. These technologies make it 

possible to process data from the design of the product to its 

delivery to the customer, even allowing to track its entire life cycle 

in a given market environment. 

 

 

      Fig. 1 Pillars of Industry 4.0 [5]. 

 

In recent years, the development of digital technologies has had 

a major impact on the economy, the functioning of companies and 

also on safety. Industry 4.0 has brought about a revolution through a 

high degree of automation and digitization of work activities. This 

has a significant impact on the competitive struggle not only on the 

part of companies, but also on the competition on the part of 

individual countries, which must make significant changes in 

preparation for the transformation of companies. The new 

transformation is based on new technological procedures, which are 

made possible by digitization processes. These changes have direct 

impacts on the operation of new intelligent operations. They must 

incorporate into their functioning: 

 interoperability of machines and equipment, 

 transparency of information, 

 technical support of cyber systems,  

 decentralized decision-making processes,  

 virtualization,  

 the ability to make changes in operation in real time, 

 modularity and flexibility of processes [6]. 

Building upon its foresight study on digitalisation and OSH, 

EU-OSHA is running an ‘OSH overview’ research project (2020-

2023) to provide in-depth information for policy, prevention and 

practice in relation to the challenges and opportunities of 

digitalisation in the context of OSH. [7]. 
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Five priority areas give structure to the campaign: 

1. Digital platform work. 

2. Advanced robotics and artificial intelligence. 

3. Remote work. 

4. Smart digital systems. 

5. Worker management through artificial intelligence 

[7]. 

3. Digital transformation 

Digitization in the enterprise, see Fig. 3, is considered the first 

stage of digitalization of information and data. At this level, it does 

not affect business processes, it only provides information. 

Digitalization is associated with the introduction of new digital 

technologies into life. It is focused on the implementation of digital 

technologies in business processes [8]. From the point of view of 

the company, it means the digitalization of a certain specific area, 

process, or the creation of a digital workplace. The pursuit of such a 

workplace is also the support of new technologies among 

employees, which includes mobile devices, social cooperation, 

various communication and management platforms. Digital 

transformation is a complex and extensive process in which 

existing or even new business processes are either digitally 

modified to effectively meet changing business and market 

demands. It follows that digital transformation requires a significant 

re-engineering of processes to become digital and re-engineering of 

customer experiences to match the digital environment. Digital 

business models are based on a radical rethinking of the way a 

business interacts with its customers, which brings a fundamental 

change in performance. 

 

Fig. 3 Degrees of digitization in the company [8]. 

The new digital business model brings the linking of processes 

that are comprehensively digitized from the beginning to the end 

outputs [8]. 

4. Augmented and virtual reality in the field of 

safety 

Augmented and virtual reality, which is part of the pillars of 

Industry 4.0. allows you to simulate any situation without any safety 

or financial risks.  

Based on Garzon's analysis of its development, three 

generations of augmented reality (AR) applications in education are 

defined (see Figure 2). The first generation covers the period from 

1995 to 2009 and could be described as hardware-based AR, as the 

delivery technology was the protagonist of the AR experience. The 

second generation covers the period from 2010 to 2019 and could 

be described as application-based AR, as the AR experience 

focused on AR applications rather than AR hardware. Finally, the 

third generation runs from 2020 onward and seems to be 

characterized by dedicated AR devices such as smartglasses and 

Web-based AR [9]. 

 

Fig. 3 Three generations of AR in education [9] 

Augmented reality applications are a combination of digital and 

visual content into an individual's real environment. This 

combination of information can be used in many ways in the field 

of security. New combinations of simultaneously used technical 

devices, e.g. mobile phone, tablet, etc., also offer new possibilities 

in the field of security in the form of training for businesses. In 

essence, all the mentioned procedures can be represented as a 

combination of the real world and a model represented in various 

forms, from text to metadata [10]. Having immediate access to the 

necessary information right on the spot is very advantageous and 

thanks to this, AR finds application in industrial production as well. 

Virtual reality (VR) technologies bring several possibilities of 

use in the field of security: 

1. crisis situations that cannot be simulated in any way 

until they actually happen, 

2. preparing employees for any risky activities, 

3. consistent formation of correct habits that can lead to 

a reduction of risks in real operation, 

4. employee training, which brings countless benefits 

that put this technology at the forefront of the ways in 

which training can be done. Among the most 

fundamental ones is, for example, the complete 

autonomy of training, in other words, the employee 

can learn and develop anywhere and at any time, 

moreover, there is no need for the presence of any 

other person, everything will be taught by a 

specialized VR application. 

Another advantage of using VR compared to conventional 

training methods is that it can ensure the attention of the user, who 

performs the tasks in the training scenario completely naturally and 

subconsciously, so he remembers much more information. An 

indisputable advantage is also the fact that the VR application can 

monitor the user's behavior in detail, his strengths and weaknesses, 

according to which the training lessons can be modified, repeated, 

etc. [11]. 

The use of virtual and augmented reality has key impacts in the 

field of occupational health and safety: 

 Increasing the quality and effectiveness of training 

and training of the OSH legislation,  

 Freeing human resource capacities and reducing the 

burden on experienced workers through the 

automation of training and training, remote 

monitoring and control of the correctness of 

execution, 

 Possibility of remote/contactless training and training, 
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 High added value of the project (influence of training 

in practice/efficiency) and at the same time easy 

accessibility for users [11]. 

5. Conclusion 

The 4.0 industrial revolution is characterized by automation and 

digitization in various sectors, not excluding the field of education. 

Currently, digital technologies have an increasing impact on safety 

and health protection at work. Online OSH training tailored to your 

needs or classic training with new interactive elements, 3D 

technologies, virtual reality, and other elements can be combined 

for training. Of course, the expertise and experience of the trainer is 

important. And it is the same with other tools, the main competent 

creative team is always to clearly define the requirements, the target 

group and what the goal is, so that the use of new modern 

technologies is effective and contributes to safety and health 

protection at work and the prevention of occupational and 

occupational diseases accident. 

 

This contribution is the result of the projects implementation: 

APVV No. 19-0367 Integrated Process Safety Management 

Approach Framework for the Smart Enterprise. 
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