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The necessity of applying new directions of ergonomics to improve safety at work is
considered. The relevance is conditioned by the awareness of the problem of limited natural
resources and the negative impact of human activity on the environment. It led to the
necessity of rethinking the concept "security" from the standpoint of sustainable development
of society. Today, safety is the procuring of harmonious relations between human and the
environment in all spheres of activity. In terms of occupational safety, new areas of ergonom-
ics such as ergoecology, green ergonomics and eco-ergonomic designing can be useful in
creating such balance. The work focuses on using eco-ergonomic designing principles in mat-
ters of ensuring industrial safety. Thus, the aim is the practical application of the eco-
ergonomic designing principles to improve safety at working place. At researching the basic
eco-ergonomic designing principle was applied - the search of an optimal combination of work-
ing conditions and technical procuring at the workplace, which would suit modern psychophys-
iological, social, engineering and ecological requirements. The prime tool of researching is a
practical analysis of workplaces, an essential component of which is the assessment system.
Based on the study results, problematic issues at workplaces got identified, and a search for
their solutions got carried out. It is shown that using eco-ergonomic designing in matters of
ensuring safety at the workplace makes it possible to implement the trinity necessary to main-
tain and preserve human health - eco-friendliness, comfort and safety. The work results: 1) for
effective management of industrial safety it is necessary to make a transition from closed sys-
tems “man-machine-working environment” to open systems “man-machine-working environ-
ment-environment” through the application of the eco-ergonomic designing principles; 2) the
method of eco-ergonomic assessment got proposed as the first step to a qualitative improve-
ment in the interaction between humans and the environment; 3) modern engineers in eco-
ergonomic designing should be trained in this area, taking into account the principles of hu-
man factor engineering. The practical significance of the results is in identifying problems in
the functioning of the system "man-machine-working environment-environment" and determin-
ing effective measures to eliminate them. The results of its approbation proposed assessment
system at the flexo printed product's enterprise confirm the effectiveness.

Keywords: safety, ergonomics, ergoecology, green ergonomics, eco-ergonomic designing,
working environment.

Introduction

Designing the human environment in the context of new technologies and
requirements of ecological society is a complex organisational and creative process
that involves a systematic analysis of each decision for compliance with the
principles of sustainable development. This approach envisages the implementation
of information technology, a theory of human activity, the concept of ecological
thinking and the psychology of environmental attitude to the environment. The central
notion of this approach is the analysis of the man-machine system lifecycle through
the prism of eco-friendliness. It allows minimising the impact of the man-machine
system on the environment. At the same time, the consequences of the designer’s
activity get apparent not only directly, but in the distant future also. The practical
implementation of such a concept requires the designer to expand the worldview and
collaboration with experts in other fields of knowledge significantly.
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The working environment is a complex system of natural and artificially
created environments, where there is a synergy of influences of physical, chemical,
biological and psychophysiological nature. Such factors as microclimate, insolation
and light, electromagnetic radiation, noise, polymer contaminants, aerosols of
synthetic detergents and household chemicals, dust, viruses and bacteria always
present in human being life. In turn, it stimulates the rapid progression of an eco-
approach to designing of the working environment. It is the only way to slow down
the psychophysiological degradation of human being and society. The use of an eco-
approach in the designing of the working environment directly affects the physical,
mental and social health of human being and community; this determines the
relevance of the formation of ecological thinking and contributes to the development
of society in a whole.

Any kind of human activity is potentially dangerous. In other words, at any
level of science and technology development, safety management issues will be
relevant. This fact necessitates the constant search for new means and measures to
ensure human safety both during working and in everyday life. As a result, new
scientific fields (for instance, risk management, psychological safety, etc.)
continuously emerge. They engage in detail research and study of various aspects of
the multifaceted concept “safety”. A similar trend occurs in ergonomics. In recent
years, new ergonomics areas emerged, such as ergoecology [1, 2] and green
ergonomics [3, 4]. Their fundamental principles are the study and analysis of the
relationship between the man-machine system and the environment. This moment is
essential today because to ensure safety and manage by it is impossible without
taking into account the principles of sustainable development of society. It should be
noted that both directions arose because of the real need to revise and radically
change the approach to the issue of working safety [3 - 5]. Until the early 2000s,
there were four main approaches in safety management: 1) technical (increasing the
level of safety of existing equipment, development and implementation of new safer
types of equipment, etc.); 2) physiological (research and analysis of employee’s
physiological indicators, application of methods of medical professional selection,
etc.); 3) psychological (research and analysis of subjective indexes employees, using
methods of psychological and psychophysiological professional selection, etc.); 4)
social (research and analysis of human interaction in the team, determining the
impact of the team on the performance of the employee, etc.).

Shown approaches could be used both separately and in interaction.
However, today the boundaries of the concept “safety” have expanded, that requires
the implementation of two essential conditions: 1) comprehensive application of
existing approaches in safety management, which will provide an opportunity to
ensure a detailed study of safety issues and find their optimal solutions; 2) the
transition from safety assessment of closed systems “man-machine-working
environment” to open interconnected systems “man-machine-working environment-
environment”.

The principles of ergoecology and green ergonomics ensure the fulfilment of
these conditions, as they have an interdisciplinary approach and have an aim at
implementing the policies of sustainable development of society. Therefore, the
introduction of ergoecology and green ergonomics in the safety management system
is essential to increase the level of safety of the working environment and, in
consequence, the safety of society in a whole.
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1. Literature review

Ergoecology arose in the late 90s of the twentieth century. There are two
reasons for this. Firstly, humanity realised the problem of limited natural resources,
which stimulated the transition from the paradigm of “consumer society” to “green
society”, in consequence, there was a need to rethink the concept of “safety”.
Secondly, this period was the beginning of mass computerisation of production,
which radically changed the conditions of human being activity, so there was a need
to create new approaches to safety management. As a result, conditions arose in
which traditional ergonomic approaches to the creation of safe working conditions
became unadaptable; therefore, a new direction emerged — ergoecology, which was
founded by Gabriel Garcia-Acosta [1, 2]. Ergoecology is a product of an interaction
between the ergonomic system, physical space and the environment of a system
(political-legal, economic, financial, socio-cultural, techno-scientific and ecological-
geographical factors). Principles of ergoecology: 1) anthropocentric approach taking
into account the impact on the ecosphere; 2) focus on the principles of sustainable
development of society; 3) Systematisation in the designing, analysis and evaluation
of ergonomic systems. According to the founder of ergoecology, to the ergonomic
system to meet modern safety requirements, it is necessary to implement steps that
were not given importance in the framework of classical ergonomics (Fig. 1).

THE ESSENTIAL STEPS TO OPTIMISING
THE ERGOSYSTEM

CONSUMABLE MATERIALS FINAL PRODUCT
Materials used in the manufacturing of products The output of product have to be
have to be oriented (the usage of the most controlled (production volumes —
appropriate resources for the particular industry), calculation value), oriented
controlled (the usage only the required number of (preliminary definition of the sales
resources) and streamlined (minimising the market), streamlined (minimisation
number of consumable supplies) of waste and spoiled materials)

Fig. 1. Steps to optimise the ergonomic system from the ergoecology point of view

It ought to be remarked that the implementation of these steps would allow
moving gradually to a new type of ergosystems (Fig. 2).
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Fig. 2. Types of ergonomic systems from the classical ergonomics point of view
and ergoecology one
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Effective safety management requires a shift to the open systems offered by
ergoecology. It will help to solve two problems simultaneously. The first problem is a
natural resource scarcity (through more efficient using of them and allocation). The
second one is a high level of environmental pollution (through the assessment of the
risks of adverse effects on the environment and finding ways to reduce them at the
stage of system designing). Besides, one of the ergoecology statements is the
responsibility of the ergonomist (designer) for participating in the creation of
environmental standards in the workplace, and the implementation of restore
environment programs [1 - 3]. It means an active adaptation of “green” solutions in
the workplace (for instance, reduction of electricity consumption during operation,
shortening of waste and their efficient utilisation, using of secondary raw materials,
etc.). It is also important that from the ergoecology standpoint, to increase the level of
safety of the ergonomic system, it is necessary to take into account the ecological
and geographical features of the region; for example, which natural resources it has,
the most acute environmental problems and so on. Based on the analysis of these
characteristics to determine the most effective ways to optimize (and an increase in
safety) ergonomic systems.

A decade later, another direction in ergonomics emerged, which was called
“‘green ergonomics” [4 - 8]. From the green ergonomics standpoint, today, it is
impossible to achieve sustainable human well-being in conditions of constant
environmental degradation, so the main emphasis is on the preservation of natural
ecosystems and their restoration. According to this, green ergonomics works in three
directions: the development of low-resource systems and products, designing of
“green” workplace and the development of methods to orient employees to “green”
behaviour. The principles of green ergonomics are: 1) ecological efficiency and eco-
productivity; 2) environmental sustainability; 3) focus on the study of natural systems.

Of course, ergoecology and green ergonomics have a common goal; however,
the fundamental difference is in the levels of problem assessment of the interaction
between man-machine systems and the environment, and ways to solve it [4].
Ergoecology is the basis for the development of approaches such as green
ergonomics and the study other macroergonomic methods related to the
environmental aspects of ergonomic systems, such as ‘“life cycle ergonomics” [7, 8]
“eco-ergonomic designing” [9, 10]. Thus, ergoecology focuses on deriving concepts
to create practical solutions that deal with green ergonomics, eco-ergonomic
designing and others, which allow increasing the effectiveness of safety management (Fig. 3).

SAFETY MANAGEMENT

Increasing safety The transition

through the ERGOECOLOGY from closed to
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Fig. 3. The place of ergonomic trends in safety management
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A separate segment in ergoecology should be eco-ergonomic designing. The
essence of eco-ergonomic designing is to find the optimal combination of working
conditions and technical support in the workplace that meets modern
psychophysiological, social, engineering and environmental requirements. Eco-
ergonomic designing has its base on the results of practical research of workplace.
Therefore, its essential component is the estimate system, the results of which will
identify problem issues in the working environment and implement the search of their
solutions. The application of eco-ergonomic designing principles allows implementing
the following components of sustainable development of society:

1) the environmental sphere: to reduce or even eliminate the likelihood of
adverse effects on human health through the usage of eco-friendly materials;

2) the social sphere: to determine the ecological and ergonomic employees’
priorities and, thus, to reduce the likelihood of such adverse psychological conditions
as depression, stress, absenteeism, etc.;

3) the economic sphere: to increase financial performance through the
increase of employees’ performance.

Thus, there is a need to apply ecological principles for further successful
ergonomics development.

However, there is another moment that also is important to provide an
increase in ergonomic solution efficiency: it is the need to study and take into account
the employee eco-needs. The importance of this component in ergonomics
connected with the point that human being is a crucial element of any man-machine
system, so the use of the eco-ergonomic designing will make sense only if the
human being needs are taken into account.

Today, the notion of eco-needs is not well known and does not have a specific
definition. This situation connects with the fact that this notion “eco-nned” often
related to the social manifestations of human behaviour. In accordance, it is not an
independent category of human being needs. The existing definitions of eco-needs
[11, 12] systematised as follows (Fig. 4).

Human needs that occur due to the demand in the relation of
people with nature in the broadest sense of the word — from
the need for natural resources to aesthetic contact with it

ECO-NEEDS Needs related to the cleanliness of the
environment, the living environment in general

The requirements sum of the organism,
population or species to the natural habitat

Fig. 4. The review of definitions of “human eco-needs” notion

The general disadvantage of these definitions is the vagueness, the lack of
specifics that reduce their quality. The need is a category of notions that requires a
clear explanation of the object or subject that is a human need. Therefore, the
statement, that eco-needs are the sum of the organism’s requirements for the natural
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environment, is not enough, it is necessary to specify which requirements exactly: air,
water, soil, food quality and so on. It similarly sounds the statement that eco-needs
are human needs that stem from the people need to linkage with nature in the
broadest sense of the word. The questions arise: “What are the links between human
and the environment? Why are they necessary?” The use of the phrase “cleanliness
of the environment, the living environment in general” is not entirely understood,
because cleanliness is a subjective concept. None of the presented definitions is the
basis of the notion. However, the importance of the defining mentioned notion is
undeniable. Therefore, there is a sense to analyse this concept objectively and
determine its role in ensuring the man-machine system safety that will allow the most
accurate formulation of the definition.

2. Aims

Based on the above, we can formulate a scientific problem: finding ways to
implement the principles of sustainable development of society in different areas of
human activity. The unresolved part of the scientific problem is the application of
mentioned principles in safety management through applying the principles of eco-
ergonomic designing of working environment.

Researching aims to find ways of practical implementation of the principles of
eco-ergonomic designing to increase safety management.

3. Methods and results

There are the following methods researching and processing of data for the
achievement of the aim: a collection of statistical and experimental data, systems
analysis, and the line diagrams construction.

The definition of the concept “eco-needs”. The notion of “eco-needs” combines
two components “needs” and “eco-friendliness”. In general, the meanings of the two
concepts sound as follow:

1) the need is a human psychophysiological state, which is formed in
response to the absence (or insufficiency) of the primary life elements and motivates
him to specific actions in the direction of their receipt;

2) eco-friendliness is the environment state in which its characteristics meet
modern environmental standards and requirements [13].

Therefore, the eco-friendliness of the environment has a direct impact on
human health, so it is essentially an element of his life, and consequently a need.
Summarising the above and taking into account the previously mentioned
shortcomings of the suggested definitions, the concept can sound as follow: eco-
needs is the human being needs in an eco-safe living environment.

Let’'s consider the place of eco-needs in the general system of human being
needs. There are many classifications of human being needs on various grounds.
We apply the classification of needs by origin (or significance), according to which
they can be primary and secondary. Primary ones are the essential physiological
human needs (sleep, food, rest, etc.), a safety feeling, health, which are genetic.
Secondary ones are the needs associated with the socio-psychological
manifestations of human life, such as the need for self-realisation, success,
development, communication and more.

The fundamental difference between these two types of needs is that human
being physical life is possible without the implementation of the needs of the second
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group, but without the first one - no. Thus, eco-needs are among the primary needs,
because they directly affect human health, and determine the life quality. Other
words, the preservation of human health, longevity, quality of life depend on the eco-
needs implementation.

At the same time, there is a tendency to increasing the workers eco-culture.
We can observe this trend in the example of employee’s attention to the level of eco-
safety at the workplace. For instance, they want to know which materials they contact
during work, which hazard factors can affect them, the possibility to choose how to
ensure individual safety, etc. It evidences that employees’ eco-needs develop, and
the employers have to take into account this moment to ensure the efficiency of
safety management. Simultaneously, the worker eco-needs implementation means
creating not only working conditions that meet regulatory requirements for labour
protection, but also take into account ecological requirements, thereby improving
employee safety, which is a prerequisite for a high level of performance.

Along with the theoretical issue about the definition of the “eco-needs”
concept, there is also a practical one: “How to assess the degree of employee eco-
needs implementation?” It is necessary to find out because it will allow us to choose
the most effective measures to meet the employee eco-needs. Analysis of
information on this issue showed the absence of any methods for assessing the
degree of eco-needs implementation. In this case, it makes sense to start by
interviewing employees about their subjective assessment of the working
environment eco-friendliness.

The eco-ergonomic designing principles. A few decades ago, the safe
production issue was in the application only of the labour protection principles, i.e.
measures of technical, sanitary hygienic and social character. Today, safe production
IS a set of economic, social, technological and ecological solutions. Thus, the
technical-economic approach to safe production today also includes eco-socio one
aimed at preserving the environment and further advancement of the concept of
sustainable development [14 - 17]. Besides, there is the emergence of new directions
in other areas that also contribute to developing safe production, for example, green
infrastructure and green building [10, 18 - 22]. In combination, this allows to move to
a new level in the safety management at working place, and the basis of this process
should be the eco-ergonomic designing principles [10], combining the basic ideas of
ergoecology and green building and infrastructure. Consider in more detail the basic
principles of eco-ergonomic designing:

1) designing of the eco-ergonomic workplace, namely: maximum using of eco-
friendly materials, taking into account their ergonomic qualities in the creation
process, which involves assessing the ecological quality of work furniture material,
technical equipment one, etc., as well as ergonomic feasibility of their using;

2) using eco-friendly materials for interior decoration, which involves
assessing the ecological quality of finishing materials for floors, ceilings, walls, the
guality of the materials for windows, etc.;

3) assessment of ecological safety and energy efficiency of life support
systems in the rooms, namely: estimating of the quality of ventilation, air conditioning,
heating, artificial and natural lighting systems, etc.;

4) assessment of ecological safety of the building exteriors and infrastructure
quality, including the estimate of the building materials eco-friendliness, the parking
areas quality, the presence of area green landscaping, the energy efficiency of
outdoor lighting, etc.;
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5) introduction of training programs for employees on eco-culture and safety;

6) assessment of employees socio-psychological comfort from the
implementation of the ecological solutions;

7) evaluation of employees ergonomic comfort of the implementation of the
ecological solutions, etc.;

Eco-ergonomic designing principles can be applied both for the working
environment designing and to assess the eco-ergonomic quality of the existing
working environment.

The eco-ergonomic method of the working environment assessment. Consider
and analyse the methods of the working environment estimating, which we used to
develop of the eco-ergonomic method of the working environment assessment: the
Elmery system, the Fine and Kinney method, ergonomic evaluation of the system
“man-machine-environment”.

The Elmery system is a reliable system for monitoring occupational safety in
the industry. The Elmery system was tested at many enterprises and can be used in
any industry.

The Elmery system includes the observations that cover all essential
components of occupational safety, such as using protective equipment, workplace
organisation, safety during the work with the machine, occupational health and
ergonomics. The Elmery system estimates the enterprise level according to a safety
index, the value of which can be from 0 to 100 points. Besides, the researcher can
determine which issues need further improvement. Thus, the Elmery system is a
means by which the company can identify opportunities to improve occupational
safety, identify hazards and, at the same time, the activity on occupational safety will
be more effective.

A significant disadvantage of the Elmery system is that all factors that affect
safety worker are taken equal, i.e. any element has one point. This moment is
contradictory because at the workplace there is always a specific differentiation of
factors that affect the employee by the degree of significance that, in turn, affects the
prioritisation of measures to improve safety.

To assess occupational risk in enterprises often use the Fine and Kinney
method, which uses the degree of the hazard effect, the likelihood of hazard arising
at the workplace and the consequences for workers health in case of hazard
occurrence [23]. It can be presented in formula (1):

R = effect x likelihood x consequences. (1)

The Fine and Kinney method varies the degree of the hazard effect from 0
(never effect) to 10 (the permanent impact). The likelihood of hazard arising varies
from O (absolutely impossible) to 10 (the high probability). The consequences range
from 1 (minimum damage) to 100 (disaster). The risks classification according to the
seriousness degree: R = 0 — 20 a small risk, possibly acceptable, R => 400 very high
one, immediate cessation of activity. The Fine and Kinney method classifies
occupational risk into five groups: very mild; little; an average; high; extremely high.

In each case, the workers themselves determine how a violation of labour
protection requirements can lead to occupational injury or occupational disease.
They analyse all stages of the working process: from the preparation to the
completion. According to the assessment, workers form the risks into a matrix that
takes into account all components of risk.
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The disadvantage of the Fine and Kinney method is the significant subjectivity
of the evaluation results because employee carries out all researching work by
yourself. Thus, the worker estimates factors that affect him during the working
process by yourself and he relies, in this case, on his own experience, which is not
always enough to choose the most effective means of hazards protection.

Researchers also use “the ergonomic scheme of the workplace evaluation”.
According to the scheme, researchers select the workplace characteristics, which
form in a table, and describe them quantitatively using two parameters a and (3.

1) a is the indicator that has a range from 0 to 5 points. The characteristic that
has O points is the most negative one, the characteristic that has 5 points is the one
that ensures safe work;

2) B is the indicator specific weight. This indicator depends on the significance
of the characteristic for the evaluated system and taken as a percentage. The most
significant percent means that the characteristic is essential for the safety of the
evaluated system.

Further, researchers determine a general ergonomic assessment of the
workplace (y) by formula (2):

Yy = Z((a + B)/100). (2)

The main disadvantage of the ergonomic scheme of the workplace evaluation
is that the choice of employee’s protection means based primarily on the opinion of
invited ergonomists or safety auditors, and the employee's view is not taken into
account.

All mentioned methods have their advantages and disadvantages. However,
to achieve the work aim, it is necessary to try to combine them into a general system.
It means to choose specific elements in each method and to implement them in
creating the eco-ergonomic method of the working environment assessment.

The main element should be the ergonomic scheme of the workplace
evaluation because the nomenclature of indicators used for man-machine system
assessment is open; therefore, it can be complemented. Elements from the inquirer
used in the Elmery method should be additional items in the scheme because they
contain essential data that the scheme does not consider. Besides, along with the
indicators a, B, it is necessary to add components to assess the eco-friendliness
working environment, taking Fine and Kinney method as a prototype that will
increase the accuracy of the results. The algorithm for eco-ergonomic assessment of
the working environment can be as follow (Fig. 5).

The eco-ergonomic method of the working environment assessment includes
three stages. The first one is the eco-ergonomic assessment of the working environ-
ment. The following step is the construction of linear diagrams of the eco-ergonomic
assessment results and identification of problem areas. The final stage is the conclu-
sions on the results of the evaluation, suggestions for possible improvement.

As mentioned before, the eco-ergonomic assessment combines two types of
activities simultaneously — ergonomic and ecological analysis of the working envi-
ronment characteristics. We used the ergonomic scheme of the workplace evalua-
tion to assess the ergonomics of the man-machine system, and the Fine and Kinney
method adapted version to determine the ecological component [23, 24]. It made it
possible to assess the degree of positive or negative impact on a worker of the work-
ing environment characteristics.
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WHO DOES IT?

THE EMPLOYEE WITH THE SAFETY SPECIALISTS SUPPORT (SPECIALIST OF
THE LABOUR PROTECTION SERVICE, ERGONOMIST, ETC.)

A

HOW IS THE ASSESSMENT MADE?

THE MAIN THE ADDITIONAL ITEMS
ELEMENT

1. ELEMENTS FROM THE INQUIRER USED
IN THE ELMERY METHOD.

1

1

! THE ERGONOMIC
I SCHEME OF THE
1
1
1
1
1

1 1

1 1

| ! |

| ! |

| ! |

! ED:I | 2. THE COMPONENTS TO ASSESS THE :

WORKPLACE ! ! !
| ! |

| ! |

| ! |

ECO-FRIENDLINESS WORKING
EVALUATION ENVIRONMENT, TAKING FINE AND KINNEY
METHOD
RESULTS

1. THE IDENTIFICATION OF SHORTCOMINGS IN THE ORGANISATION OF
THE WORKING ENVIRONMENT.
2. IDENTIFYING WAYS TO INCREASE EMPLOYEE SAFETY.

Fig. 5. The algorithm for eco-ergonomic assessment
of the working environment

Eco-indicators of the working environment:

1) the influence frequency indicator measured in the range from 0 to 1 point (O
points — no influence, 1 point — constant one);

2) the influence quality indicator measured in the range from 0 to 1 score (O
points — negative meaning, 1 point — neutral one);

3) the consequences indicator measured in the range from 1 to 5 points (1
point — severe consequences (temporary health deterioration, occupational diseas-
es), 5 points — no adverse effects (no deterioration signs);

4) e is the eco-friendliness coefficient of the element or characteristic deter-
mined according to the formula (3):

e = frequency x quality x consequences, (3)

5) egeneral IS the arithmetic mean of the eco-friendliness coefficients of the sys-
tem elements or characteristics.

The values of e and egeneral are in the range from 0 to 5 points. In this case,
the closer the indicator value of the eco-friendliness of the system to mark 5, the bet-
ter its eco-friendliness quality. The generalised form of the system of eco-ergonomic
assessment is in the table 1.
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Table 1
The eco-ergonomic assessment of the working environment

Elements and Ergonomics The eco-friendliness coefficient
Ne | characteristics of
the system

a, points | B, % | frequency | quality consequences e

The eco-ergonomics
assessment results:
The employee’s subjective assessment of the degree of the eco-
needs realisation, points
The employee’s subjective assessment of the degree of
ergonomic needs realisation, points

The conclusion and recommendations:

Y=05 egeneral=0...5

It should be noted, that the eco-ergonomic assessment contains subjective
indicators of employee satisfaction with the ergonomic and ecological conditions at
the workplace, thus, we paid attention to assessing the implementation of employees
eco-needs, which were discussed earlier. This point is essential for obtaining
objective results, because the subjective perception of the employee may differ
significantly from the general indicators. The subjective evaluation has a range of 0 to
5 points (0 — inappropriate conditions, 5 — optimal ones).

The next stage in the work the construction of linear diagrams of the eco-
ergonomic assessment results and the identification of problem areas (Fig. 6).
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Fig. 6. The linear diagrams of the eco-ergonomic assessment results
of the working environment (diagram sample).

The assessment of the working environment according to the proposed algo-
rithm makes it possible to increase the quality of data on the level of safety produc-
tion. The movement from consideration and analysis of closed systems “man-
machine-working environment” to open systems “man-machine-working environ-
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ment-environment” will make it possible to take adequate measures in matters of
safety management in the future.

Practical implementation of the eco-ergonomic method of the working envi-
ronment assessment. We realised the eco-ergonomic assessment method at the en-
terprise on the flexographic printed products production. The enterprise has the op-
portunity to apply in its activities best practices in ecological issues.

We estimated working environment of the manager and economist. The main
characteristics of activities at these workplaces are computer work, document pro-
cessing. During the study, employees got forms for eco-ergonomic assessment of
the working environment, which they filled out independently, based on their own
opinion. A simplified version of the eco-ergonomic assessment is in table 2. An er-
gonomist processed completed forms. The study involved 23 employees.

Table 2
The eco-ergonomic assessment of the working environment
(a simplified version)
Initial data:
Enterprise name: Gamma Period: 21/09/2019
Workplace: manager Implementer name: Ivanov, Alex
Elements and char- | Ergonomics The eco-friendliness coefficient
Ne acteristics &, B, % | frequenc ualit conseqguences e
of the system points | P ”° quency | qually q
The transport
1 | infrastructure of the 5 5 1 0,5 4 2
object
> The Ievel_ of 3 4 1 0.6 5 3
landscaping
3 The bU|Id|_ng general 4 5 1 08 5 4
characteristics
4 Sanitary condition of 5 5 1 1 5 5
the rooms
5 | Desktop 3 5 1 1 5 5
6 | Work chair 5 5 1 0,8 4 3,2
7 | Technical equipment 4 10 1 0,6 5 3
8 | Indoor lighting 3 8 1 1 5 5
9 | Indoor air exchange 5 10 1 1 4 4
10 | Air conditioning 5 10 1 1 5 5
The eco-ergonomics _ _
assessment results: | ¥ 4,54 Egeneral = 4,2
The employee’s subjective assessment of the degree of the eco- P.=5
needs realisation, points e”
The employee’s subjective assessment of the degree of P.=4
ergonomic needs realisation, points v
The conclusion and recommendations: to improve the level of landscaping, indoor
lighting, replace the desktop
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The assessment results are the following:

1) the indicators of eco-ergonomic assessment of working environment have
an optimal or acceptable level, which indicates the awareness of employees and
employers in modern society's demands on the concept of “safety” and an
appropriate conscious approach to environmental and occupational safety at the
workplace;

2) according to the assessment results of the realisation degree of employees
eco- and ergonomic needs at the workplace, 98% of respondents determined that
they have a comfortable working environment;

3) employees identified that periodic eco-ergonomic assessment of the
working environment is a necessary element to ensure an appropriate level of safety
and effective management.

Further, we are going to conduct an eco-ergonomic study of the working
environment of a computer graphics specialist and a printing operator.

The need to train of eco-ergonomic designing principles of man-machine
systems designers. Modern designers to create safe, reliable and stable man-
machine systems need to be aware of the peculiarities of human existence in man-
machine systems. The human factor principles should be applied to designing safe
man-machine systems. The issue of the human factor in training is multifaceted and
is at the intersection of psychophysiological and cognitive capabilities of workers and
the influence on them of various stressors [25 - 27]. The most significant stressors
are:

1) ergonomic factors related to the organisational structure of the system and
statistically have a 90% influences on a safety;

2) ecological factors that often have a hidden effect, but at the same time, a
significant impact on human health and functional health state.

The safety, reliability and stability of the man-machine system directly depend
on the consideration of the possible influence of the human factor. Therefore, today
educational institutions of engineer-technology direction pay attention to both
traditional interdisciplinary natural sciences and new ones (cyber physics,
bioengineering, cognitive and neuroscience). They widely use the terms viability,
resilience and recoverability. In particular, the links between them are discussed in
the discipline “Human factors engineering”. The discipline uses interconnected
complementary system principles of man-machine system development and
ergonomic laws (mutual adaptation and transformation) with obligatory consideration
of an ecological component. Such knowledge is necessary for designers to reduce
the risks of the incident at the system designing stage yet. It is the consideration of
likely changes in physical, psychological, physiological and cognitive capabilities of
human under the influence of eco-ergonomic factors that will contribute to the design
of safer and more stable systems.

Thus, the solution of complex ecological aspects in the designing of the
subject environment directly affects the physical, psychological and social health of
the individual and society in a whole. Methods of ecological factors assessment
occupy a special place in the designing of the environment. Among them:

1) effective using of materials in design, production and operation;

2) the possibility of long-term using of equipment and materials;

3) secondary using of materials;

4) using of eco-friendliness materials and raw materials;

5) designing of objects based on natural analogues;
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6) creating objects with the possibility of their updating and improvement;

7) designing items with rational using of energy resources during their
operation and transportation;

8) objects design with the possibility of increasing the duration of their life
cycle.

The designing process has an iterative nature, i.e. its implementation requires
a consistent refinement of decisions made at the earlier stages of designing. Training
of the eco-ergonomic designing principles and assessment plays a crucial role in this
case. It allows refining the decision, increases the level of specification, and provides
criteria for the creation of the right solution.

Conclusions

The researching results are the following:

1) ensuring the implementation of the principles of sustainable development of
society is a prerequisite for any activity, and ergonomics is no exception. Moreover,
in this case, ergonomics must play a crucial role because man-machine systems are
a significant part of human life; therefore, they must meet modern safety
requirements, and the leader in this issue should be ergonomics;

2) the principles of classical ergonomics should be supplemented by new
areas such as ergoecology, green ergonomics, eco-ergonomic designing and
assessment of the man-machine systems, etc. to increase the level of safety
management. The introduction of these principles will allow moving from the
consideration and analysis of closed systems “man-machine-working environment” to
open ones “‘man-machine-working environment-environment”, which will take into
account various aspects of interaction between human and the environment, which
previously did not pay attention;

3) the method of eco-ergonomic assessment is proposed as one of the first
steps to take into account the interaction of human and the environment;

4) the necessity of training modern engineers in eco-ergonomic designing,
taking into account the principles of human factor engineering is shown.
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IKO-IProHOMHUYECKOE NMPOEKTHUPOBAHUE Padoyeid cpeabl

PaccmoTpeHa Heo6xoaAMMOCTb NMPUMEHEHMUS] HOBbIX HanpaBneHUn SProHOMMKM
AN NoBbiWeHUs 6e3onacHOCTU Ha NPoM3BOACTBE. AKTyarnbHOCTb 06yCroBneHa oco-
3HaHuem npobnemMm orpaHNYeHHOCTU MPUPOAHBIX PECYPCOB U HEraTUBHOIO BIUSIHUS
YerioBEeYECKOM OeATENbHOCTUN Ha OKpYXXaloLyo cpeay, YTo NpuBeno k Heobxoammoc-
TW NEepPeoCMbICNEHNSA NOHATUSA “Ge30nNacHOCTb” C MO3MLUMIA KOHLUEMNUUN YyCTONYNBOro
pa3sutua odbuectea. CerogHa 6e3onacHocTb — obecneyeHne rapMoOHUYHbBIX OTHO-
LWEHNN MexXAy YernoBEKOM U OKpyKatoLLen cpeon Bo Bcex cpepax aeatesribHocTu. B
BOMpOCax NPOW3BOLACTBEHHOW ©e30MacCHOCTU WMHCTPYMEHTOM Afi CO3[4aHUs TaKoro
GanaHca MOryT cTtaTb HOBbl€ HamnpaBfiEHUS 3ProHOMMUKU TaKuMe, Kak dproekosniorus,
3efieHas 9proHoMMKa U 3KO-3ProHOMUYECKOE NpoekTupoBaHue. B paboTe akueHT
cAenaH Ha UCnonb30BaHMM B Bonpocax 6e30nacHOCTM Ha NPoOn3BOACTBE NMPUHLMMNOB
9KO-3ProHOMUYECKOrO MPOEKTUPOBaHMA. Ha ocHoBaHum 3TOro cchopmynupoBaHa
uenb paboTbl — NPaKTUYEeCKoe NPUMEHEHNE NPUHLMIMOB 3KO-3ProHOMUYECKOro npoe-
KTMpOBaHNA 4N NOBbILWEHNs 6e30MacHOCTM Ha Npou3BoacTBe. [Ans AOCTMXKEHUN Le-
N1 NpUMeHeH 6a30BbIN NPUHLMIM 9KO-3PrOHOMUYHOIO MPOEKTUPOBAHNA — MOUCK OMT-
MarnbHOro CoOMeTaHus YyCNoBUn Tpyaa N TEXHNUYECKOro obecnedeHnsa Ha paboyem me-
CTe, KoTopoe OyaeT COOTBETCTBOBaTb COBPEMEHHBIM MCUXOU3NOSTOrMYECKNM, CO-
UnanbHbIM, MHXEHEPHO-TEXHMYECKMM U 3Konorndeckum TtpeboBaHmam. OCHOBHOWM
WHCTPYMEHT paboTbl — NpakTuyeckoe uccnegoBaHne paboymx MecT, BaXKHOW cocTa-
BNSAIOLWEN KOTOPOro sIBNAETCS cucTeMa oueHuBaHus. Mo pesynbTaTtam mccneposa-
HUI onpefeneHbl NpobnemMHble BONPOCHl Ha pabounx Mectax U OCyLLEeCTBIEH NOUCK
nx peweHun. MNMokasaHo, YTO NPUMEHEHNE IKO-IPrOHOMMUYHOIO MPOEKTUPOBAHNSA B
Bonpocax obecrneyeHns 6e30MacHOCTM Ha NMPOM3BOACTBE MO3BONSET peanusyeTcs-
BaTb HeobxoaMmoe Ans noaaepXXaHnsa n CoOXpaHeHUsl 340POBbs YenoBeka TpueanH-
CTBO — 3KOJSIOrMYHOCTb, KOM(OpT 1 6esonacHocTb. Pesynbtatel paboTsbl: 1) o6ocHO-
BaHO, YTO AN 3PPEKTUBHOrO ynpaeneHms 6€30nacHOCTbLIO Ha NPOn3BOACTBE HEOL-
XOOMMO OCYLLEeCTBUTb Nepexod OT 3aKpbITbiX CUCTEM “4enoBeK-TEXHUKa-paboyas
cpena” K OTKPbITbIM “4enoBek-TEXHUKa-pabovas cpega-okpyxawwas cpena” vyepes
NPUMEHEHNE MPUHLMNOB 3KO-3PrOHOMUYECKOrO NPOEKTUPOBaHMUS; 2) NPeaSIOKEH Me-
TOA 93KO-3PrOHOMWYECKON OLIEHKM KaK OAWH M3 MNEPBbIX LUAroB K Ka4yeCTBEHHOMY
YNyyLlEeHUIo B3aMOAENCTBUS YerioBeKa U OKpyXatoLlen cpeapbl; 3) nokasaHa Heob-
XOOMMOCTb 0BYYEeHUs1 COBPEMEHHbBIX MHXEHEPOB 3KO-3PrOHOMMYECKOMY MPOEKTUPO-
BaHMIO C y4eTOM MpPUHLMNOB WMHXEHepun yernoBeveckoro dpakrtopa. ogTeepxae-
HMemM a(pPEKTUBHOCTN NPEOSTIOKEHHON CUCTEMbI OLIEHMBAHUSA ABNAOTCS peayrnbTaThl
ee anpobauun Ha NpeanpuUsiTUM NO U3roTOBMEHMIO PNEKCOAPYKOBaHOM NPOAYKLMN.

KnioueBble cnoBa: 6e30MacHOCTb, 3ProHOMMKA, 3Proekosiorns, 3eneHasa ap-
FrOHOMMKA, 3KO-3ProHOMUYECKOE NPOEKTUPOBaHME, paboyas cpeaa.

Exo-epronoMiute npoekTyBaHHs po0040ro cepeoBHINA

Po3rnaHyTo HeobXigHICTb 3aCTOCYBaHHA HOBUX HaNpsIMiB €proHOMiKM Ansg nig-
BULLIEHHA ©e3nekn Ha BUPOBHULTBI. AKTyanbHICTb 06yMoOBIieHa YCBIAOMMAEHHAM Mpo-
6rnem obMeXeHOCTi NPUPOAHMX PECYPCIB i HEraTMBHOMO BMNAMBY MOACHKOI OissNbHOCTI
Ha HaBKOMWLLHE cepefoBuLle, WO NpuBeno Ao notpebu nepeoCMUCIEHHST NOHATTA
“6esneka” 3 NO3nLiM KOHLUEeNUjii cTanoro po3suTky cycninbctea. CborogHi 6esneka —
3abe3neyeHHs1 rapMOHINHUX BIQHOCUH MiX FTIOOUHOK | HABKOMULLHIM CepeaoBULLIEM Y
BCiX cipepax QisinbHOCTI. Y NUTaHHAX BUPOOHUYOI Be3nekn iHCTpYyMEHTOM Ans CTBO-
PEHHS Takoro GanaHcy MOXYyTb CTaTWU HOBI HaNpPsiMWU €ProHOMIKM Taki, Ik eproeko-
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norisi, 3eneHa eproHoMika Ta €KO-eproHOMIYHEe NPOEKTYBaHHSA. Y poOOTi akueHT
3po6neHoO Ha 3acToCyBaHHI Yy NUTAHHAX Ge3nekn Ha BUMPOOHMLUTBI MPUHUMMIB €KO-
€pProHOMIYHOro NpoekTyBaHHA. Ha niactasi Lboro copmMyrnboBaHO MeTy poboTn —
MOLLYK LWNAXIB MPaKTUYHOIo BNPOBaLXXEHHA MPUHLMMIB €KONOro-eproHOMI4YHOro npo-
eKTyBaHHs Ansa nigsulleHHs 6e3nekn Ha BUpOBHUUTBI. [Nna 4OCArHEHHS MeTun 3acTo-
COBaHO 6a30BUN NPUHLIMM €KO-€ProHOMIYHOIO NPOEKTYBAHHSA — MOLUYK ONTUMarbHOro
noeaHaHHA YMOB npali i TexHiyHoro 3abesneyveHHs Ha pobovyomy Micli, ske BignoB.i-
AaTMMe Cy4aCHUM McuxoqisiosnioriYyHNM, couianbHUM, iHKEeHEePHO-TEXHIYHUM i eKoslo-
riYHUM BMoram. OCHOBHWI IHCTPYMEHT Y poBOTi — NpakTUYHE LOCHIAKEHHA po6oUumx
MiCLib, BaXXIMBOI CKITaZI0BOK AKOro € CMCTeMa OUiHIOBaHHSA. 3a pes3ynbTaTaMun JOC-
nigXXeHb BU3Ha4YaoTb NPOBMEMHI MUTAHHA HAa POBOYMX MICLSX i 34IMCHIOTL NOLUYK iX
piweHb. MNMokasaHo, WO 3aCTOCYBaHHS €KO-eProHOMIYHOIO MPOEKTYBAHHA Y NMUTAHHAX
3abe3neyeHHs 6e3nekn Ha BUPOOHMLTBI JO3BONSIE peanidyBat HeOOXiaHy ans niar-
PUMKM | 36epexxeHHs1 340POB’A NIIOANHN TPUEOHICTb — €KOMOriYHICTb, KOMAOpPT i 6e3-
neka. PesynbTatn poboTtun: 1) obrpyHTOBaHO, WO ANst ePeKTUBHOIO ynpaeriHHS 6e3-
NneKkor Ha BMPOBHMUTBI HEOBXIAHO 34IMCHUTY Nepexia Big 3aKpUTUX cUCTEM “NtoanHa-
TEeXHika-poboye cepenoBue” OO BIOKPUTMX “nioauHa-TEXHiKa-poboye cepenosuLe-
HaBKOMULLUHE cepefoBuLLe” Yepes 3acTOCyBaHHS NPUHLMMIB €KO-epProHOMIYHOMO Mpo-
€KTYBaHHs1; 2) 3anponoOHOBaHO METOL €KO-EProHOMIYHOIO OLHIOBAHHA SIK OOMH 3 ne-
PLNX KPOKIB A0 BpaxyBaHHS B3aeMofil NMOOWHM i HABKOSMIMLWIHBLOIO cepegoBula; 3)
nokasaHa HeobXigHICTb HaBYaHHS Cy4aCHUX iHXEHEPIB eKO-€ProHOMIYHOMY NPOEKTY-
BaHHIO 3 ypaxyBaHHAM MPUHLUMMIB Ta 3acap iHxXeHepil NIACLKOro YnHHUKa. ligreep-
PKEHHAM edEeKTMBHOCTI 3anponoHOBaHOI CUCTEMU OLIHIOBAHHA € pesynbTaTu i an-
pobauii Ha NiANPUEMCTBI 3 BUTOTOBIIEHHA (PieKCcoApyKOBaHOI NPOAYKLi.

KnrouyoBi cnoBa: 6e3neka, eproHoMika, eproekosoris, 3ernieHa eproHomika,
€KO-eproHoMiYHe NPOoeKTyBaHHA, poboye cepeoBuLLE.
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