.

UDC 331.461-047.44
A.P. BOCHKOVSKYII, PhD, ass. professor, N. Yu. SAPOZHNIKOVAZ, PhD, senior lecturer
'Odessa National Polytechnic University, Odessa
?Odessa National Academy of Food T. echnologies, Odessa

THE THEORY AND PRACTICE OF RISK ASSESSMENT
OF PROFESSIONAL DANGERS

3epHoBi NnpoaykTu i kombikopmu, Vol.18, 1.2 /2018

oM

Abstract

In the paper, on the basis of the conducted analysis of the dynamics of the spread of dangers in the context of evolutionary
development of society, it is determined that the global problems have become complex, which appears in interdependence
of natural, technogenic, socio-political, economic, scientific-technological and other risks. The main source of danger, at the present
stage of development of society, is an industrial environment.

The analysis of known theoretical studies to appearance of dangerous is carried out and it is defined that none of consid-
ered theories can be treated as absolutely correct and generally accepted. First of all the conceptuality of given theories that is, lim-
ited practical usage, second of all the insufficient attention and underestimation of the role of the "human factor" as a fundamental
factor in the process of creating dangers are the meanest drawbacks.

Notice, that in the European Countries exist around 100 differents methods of assessment of the risk of occurrence dangers,
according them quantitative measurement of the risks is carried out by the three meanest methods: statistical, expert and analog.

British Standard BS-8800 (GB), risk assessment based on probability-loss matrix (GB, France, Latvia, the USA, Austral-
ia), construction of risk assessment scales (Germany, Finland), the methodology of the National Research Institute of Occupational
Safety and Health (NRIOS) in Ukraine, risk score (the USA), risk assessment code (GB), method of verbal functions (European Un-
ion), assessment of occupational risks by the Elmer system, risk assessment based on requirements level ranking (OIR index) are the
most often used methods for the risks evaluation. On basis of the analysis of the above mentioned methods, two main problems were
identified. The first problem that exists in the risks evaluation of occurrence dangerous is the lack of a unique unified methodology.

The second problem is the underestimation of the significance of the "human factor" in the "man-machine" system. It is
pointed out that due to underestimating the role of the "human factor” as a key component of risk one cannot consider any of the
known risk assessment methods to be effective and universally accepted. Based on conducted research, the need for a principal-

ly new universal and effective methodology for quantitative risk assessment is identified.
Key words: human factors, risk, sustainability, Technosphere, danger, methodology

The evolutionary development of society over
the last hundred years is characterized by a steady ten-
dency to increase the size of the human population and
the urbanization level, which in turn facilitate the process
of technosphere intensification. From ancient times to the
end of the nineteenth century, the population size did not
significantly change and at the beginning of the nine-
teenth century it remained close to 1 billion people.
However, after 100 years with the beginning of the in-
dustrial period, the population has doubled, and in about
30's of the twentieth century — increased by a factor of
three. In 1975, it exceeded 4 billion people, and in 1987 —
5 billion. In 1999, on October 12, the world's population
reached 6 billion people. At the average, the population
of the planet is growing by about 86 million people per
year, which correlates with the population of a country
such as Germany. In accordance with the UN demo-
graphic forecast, in 2050 the population could approach 9
billion people.

The level of urban population, which is the di-
rect creator of an anthropogenic environment is increas-
ing even more significantly. If in 1830 there were about
3% of the population in cities, in 1960 — 34%, then in
2020 the urban population can be about 60% of the total.
Starting from 1970 the total population of the planet was
growing at an average of 1.7%, while the urban popula-
tion at the same time was increasing by 4% annually. In
the general background of urbanization, the number of
metropolises where the anthropogenic environment is
concentrated is increasing, being the main source of haz-
ards (risks). If in 1800 only one place in the world — Bei-
jing had a population of more than 1 million people, then

in 1900, the number of such cities was 16 units, and in
2025 it is expected to be around 639. In accordance to the
UN estimates, by 2020, the total area occupied by the
metropolis will be increased by 2.6 million km? and will
make about 4% of the area of the entire land [1]. The
fastest growth of metropolitan areas is observed in devel-
oping countries. It should be noted that they are often
built without respective investment in land development
and improvement of the reliability of urban facilities and
communications. This, in turn, massively increases the
risk of natural and anthropogenic hazards. Taking into
account the tendencies of rapid expansion of the
technosphere boundaries, the complication of technolo-
gies and the restructuring of the human life environment
to a complicated socio-natural-anthropogenic complex,
one of the main problems that society needs to address in
the 21st century is the development of a single, universal-
ly accepted methodology for identifying, assessing and
managing hazard risks. It should be emphasized that the
overwhelming majority of states of the world today con-
sider this problem as the most urgent in ensuring the im-
plementation of the concepts both of humanity sustaina-
ble development and national security.

The objective of this work is to analyze known
theories and techniques and the aspects of a perspective
methodology for assessing the risk of hazards as an
object of research.

The objective of this work is assumed to be
achieved during the process of solving the following
issues:

e analysis of the dynamics of spreading haz-
ards in the society evolution;
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e anthropogenic component in occurrence of
hazards;

e analysis of known studies on the etiology of
emerging hazards (risks);

e the role of the "human" factor in modern risk
assessment techniques;

e aspect of the methodology for quantitative
risk assessment.

Despite the gradual transition of the world's
leading countries to the sustainable development model,
which was announced at the United Nations Conference
on Environment and Development in Rio de Janeiro
(1992) and developed at the UN World Summit on Sus-
tainable Development in Johannesburg, the tendencies to
the spread of hazards dynamics on the global scale in the
last years of the 21* century, not only survived, but also
increased.

Since the second half of the 20" century, there
has been a steady increase in the number of natural and
industrial disasters caused by increasing population den-
sity and increased number of hazardous facilities which
use radiation, chemical, biological, fire and explosion
and other hazardous substances in their technological
processes. From the 60s of the 20™ century to the begin-
ning of the 21 century, the number of accidents at such
facilities and the number of deaths in them increased by
almost 62 and 10 times, respectively. The financial losses
from natural and industrial disasters also grew no less
dynamically. If from 1950 to 1975 the losses from them
did not exceed 10-20 billion dollars per year, then since
the second half of the 70s of the 20™ century they were
constantly increasing and by the period from 1995 to
2005 they reached the level of 200 billion dollars per
year [2].

Analysis of dependencies Fig. 1 - 3 indicates the
steady development of the tendencies that have been
formed lately. Between 2014 and 2017, the total number
of disasters has increased almost threefold, from 335 to
952 units, the total financial losses amounted to about
629 billion US dollars, and the death toll in them reached
more than 600 thousand people.

In general, over the past fifty years, the number
of reports of natural and anthropogenic hazards has risen
by an order of magnitude more, and the number of af-
fected people has increased by 250 times [3].

The industrial-technological revolution, which
began at the end of the nineteenth century, has led to the
global human intervention in all geographic environ-
ments of the Earth, especially in the lithosphere, atmos-
phere, and biosphere. For example, human geological
activities have already exceeded the volumes of natural
geological processes. Nowadays, during the construction
and extraction of minerals, people move more than 100
billion tons of rocks over a year, which is approximately
4 times the mass of the material, which is carried by all
the world's rivers during erosion. Anthropogenic human
impact on the lithosphere leads to large-scale changes in
the natural environment, it causes the occurrence of new
(techno-natural) processes and phenomena, among which
the largest hazard is posed by the induced seismic activi-
ty, land subsidence, underflooding and others.
Technogenic impacts can accelerate the stress accumula-
tion in the Earth crust which increase the frequency of

5

1000

800

600

400

Number, units.

200

2014 2015 2016

Year

2017

Fig. 1 The total number of disasters

=
]
=

B Do W

n

]
-
5

1

x|

=]

|

50 7

Losses, billion US dollars

OPIrAHI3ALIA TA YIPABIJIIHHA

L

" ﬁ

2014 2015 2016 2017

Year

Fig. 2 Financial losses from natural and industrial
disasters

2015

Deaths, thousands of people

Year

Fig. 3 Number of deaths in natural and industrial
disasters

earthquakes [4].

Anthropogenic impact on the environment con-
duces to climate changes, causing a concentration in-
crease in the atmosphere of greenhouse gases, aerosols
(small particles) and clouded sky. Since the beginning of
the industrial era, the general effect of human activity is
the global warming — about 1-1.5 degrees, which signifi-
cantly exceeds by its dynamics the impact on the envi-

http://grain-feed.onaft.edu.ua
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ronment of natural phenomena such as changes on the
Sun and volcanic eruptions. This process is particularly
intensive in the last 20-25 years.

In the process of natural resource use humanity
annually moves more than 4 trillion tones of substances
on our planet, creates thousands of new chemical com-
pounds, most of which are not included in the cycle of
substances and eventually accumulates in the biosphere,
causing its pollution [5].

The modern technically oversaturated world is
in a state of unstable equilibrium when even a small false
action can cause a huge on its scale and consequences
industrial or natural disaster. UN data shows that anthro-
pogenic hazards (disasters) rank third among all types of
disasters by the number of deaths. Rank first is hydro-
meteorological disasters (floods and tsunamis), geologi-
cal disasters rank second (earthquakes, volcanic erup-
tions, etc.). The share of the total financial loss from the
consequences of industrial disasters, according to some
studies, amounts from 20 to 40%, and from natural disas-
ters from 60 to 80%. However, these data require, in our
opinion, some refinements towards the anthropogenic
component increase, since a very large number of haz-
ards that are classified as natural ones may arise as a re-
sult of anthropogenic activity (the destruction of tradi-
tional ecosystems — floods, hurricanes, landslides, earth-
quakes) and vice versa (earthquake, tsunami — accident at
the Fukushima NPP - 1) [6 - 10]

Industrial and to a certain extent natural disas-
ters are based on social reasons as technical systems are
designed, manufactured and managed by humans to en-
sure the achievement of certain socially important goals.
Energy, nuclear, infrastructural, transport, ecological,
space accidents and disasters are ultimately caused in-
consistencies complex systems elements interaction, the
creation and operation of which involves both people and
elements of their technologies. Thus, there is the inevita-
bility of building the risk society by humanity in the very
structure of modern civilization.

It is very important to understand how and why
the risk occurs to be able to detect and regulate the it. In
various areas of human life, experts analyze the hazard
phenomena and unfavorable events commonly found
exactly in their specialization. Nevertheless, there has not
yet been created the only general theory of risks realiza-
tion, which would fully describe the causes and the pro-
cess of their occurrence. It is mainly caused by a too
large variety of the risks themselves and spheres of life
where they occur. However, attempts to create theories
that explain the behavior of certain risks groups have
been made numerous times [8-10].

Studies on the etiology of hazards (risks) occur-
rence were developing at the beginning of the 20™ centu-
ry in such well-known theories as: “Domino”; “Multiple
Causation”; “Pure chance”; “Biased liability theory”;
“Accident proneness”; “Symptoms versus causes”; “Ice-
berg” and “Energy release ".

According to the Domino Theory (V. H. Hein-
rich 1931), it was assumed that 88% of all accidents were
caused by staff erroneous actions, 10% by the unreliabil-
ity of equipment and 2% by force majeure. W. H. Hein-
rich offered a "Five-factor sequence" of an accident,
where each factor brings into action the next one, like the
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fall of the dominoes placed in the string of tiles. The se-
quence of factors includes the following: 1. Ancestry and
social environment; 2. Worker's fault; 3. Unsafe act to-
gether with mechanical and physical hazard; 4. Accident;
5. Damage or injury. The key factor was considered the
one related to unsafe act together with mechanical and
physical hazard. The disadvantage of this theory can be
deemed the guess that removal of at least one event
(domino tile) from a chain will lead to the exclusion of
the occurrence of a hazardous event. However, the posi-
tive feature of the Domino theory is undoubtedly the fact
that the wrong actions of workers are more frequent
cause of accidents in the workplace than the machinery
breakdown.

The particular attention not to the technical as-
pects of risk, but to the "human factor" was unquestiona-
bly revolutionary for that time. Prevention of specifically
the "dangerous behavior" of employees was considered
by W.H. Heinrich as the most efficient risk reduction
measure.

The Multiple Causation theory is the developed
Domino theory. According to this theory, the factors giv-
ing rise to occurrence of accidents can be divided into
two categories:

e Dbehavioral — factors related to the employee,
such as wrong actions, lack of knowledge or skills, as
well as inadequate physical and mental condition;

e environmental factors, these include improp-
er protection of potentially dangerous elements of
equipment, as well as the destruction of equipment as a
result of exploitation or erroneous actions.

The main advantage of the theory is the discov-
ery of the fact that the basis of an accident is almost nev-
er only one single cause or wrong action.

The Pure chance theory argues that every one of
any given group of employees has an equal chance of
being involved in an accident. This means that there is no
unambiguous sequence of events leading to an accident.
According to this theory, all accidents correspond to
force majeure of W.H. Heinrich and no external interven-
tion can prevent them.

Biased liability theory is based on the view that
once a worker is involved in an accident, the chances of
the same worker becoming involved in future accidents
are either increased or decreased as compared to the rest
of workers. The positive aspect of this theory is that it
considers such an aspect of the "human" factor as an ex-
perience that can lead both to an increase and to a de-
crease in the probability of hazards occurrence, but other
aspects of this multi-faceted concept are not taken into
account. This theory is in point of fact conceptual, but
does not explain the concrete causes of hazards.

Accident proneness theory states that within a
given group of workers, there exists a subset of workers
who are more liable to be involved in accidents. The re-
searchers could not prove this theory conclusively, since
the findings were incomplete and contradictory. This
theory is currently not universally accepted.

The “symptoms versus causes” theory is not so
much a theory as an admonition needed to be taken into
account to understand accident etiology. Usually, when
investigating accidents, we concentrate upon the obvious
causes and neglect the root ones. The main conclusion of
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the theory is that the wrong acts and unsafe conditions
are the symptoms, but not the root causes of the accident.
However, in our opinion, this is the main disadvantage of
the theory, because the false actions of the employee
shall be understood as a one of the manifestations of the
"human" factor, which is always the root cause, not the
symptom of an accident.

According to Iceberg theory, there is a propor-
tion and dependence between the number of fatal acci-
dents, minor accidents, incidents and events without the
consequences which happen at the enterprise. This theory
also argues that they all have common causes. Conse-
quently, the investigation and analysis according to the
method of studying incidents without consequences is an
effective way of identifying the potential causes of acci-
dents, as well as determining the necessary precautions.

In the 70's of the twentieth century in the United
States the researcher William Haddon proposed a theory
that could be used to describe the causes of the risks real-
ization in many spheres of life, including technical, natu-
ral and even social. The uncontrolled release of energy
and its impact on objects are thought of in this theory as
the main cause of all dangerous accidental occurrences.
At the same time, the concept of "energy" was interpret-
ed quite broadly, covering not only the traditional "phys-
ical" types of energy (potential, kinetic, electrical, nucle-
ar, etc.), but also the energy (motive force) of humanity,
active living organisms, and so on. Proceeding from the
basic idea, this theory was called the Energy release theo-
ry, which can be translated as "the theory of energy re-
lease." It allowed the denoting of several general direc-
tions (strategies) of risk management that can be applied
in completely different areas. The disadvantage of the
theory of W. Haddon can be failure to take account of the
fact that in most cases the uncontrolled release of energy
(both physical and energy of humanity) occurs due to
human error — the impact of the "human" factor.

Analyzing the development path of theoretical
research, we can draw the following conclusion: in the
20s of the 20th century, insufficiently and poorly planned
technological systems were considered to be the causes
of accidents in the workplaces; in the 30s, the emphasis
shifted towards human behavior (in particular, the wrong
behavior in meeting safety requirements), and in the
1960s the emphasis in explaining the accident causation
was transferred to the so-called "social-technical sys-
tem", that is, the interaction between workers and ma-
chines.

Beginning in the 1970s, after the emergence of
system theory, the hazard causation began to be analyzed
in a single socio-technical, environmental and organiza-
tional context. In the studies of given times, emphasis
was made on the role of the system of occupational safe-
ty management at enterprises in the prevention of acci-
dents and occupational diseases. In particular, nowadays
system defects, incorrect managerial decisions, non-
compliance by the employer with the relevant require-
ments and a lack of work culture are often considered to
be their causes rather than the hazardous actions and
working conditions. Despite the diversity of theoretical
studies in the field of etiology of hazards occurrence,
none of them can be considered absolutely correct and
universally accepted. The disadvantages of these theories
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can be first of all their conceptual importance, that is, the
limitations of practical use, and secondly, the lack of
attention and underestimation of the role of the "human"
component as a fundamental factor in the process of cre-
ating hazards. Nevertheless, these theories are unques-
tionably necessary, although are insufficient for a full
understanding of the nature of the causation of hazard
risk occurrence.

Today, it is believed that there are about 100 dif-
ferent risk assessment techniques only in Europe, which
rely on the above-mentioned theoretical studies one way
or another. According to them, the quantitative risk eval-
uation is carried out by three main methods: statistical,
expert and analog. Statistical and analog methods are
used when there is a certain series of analogical cases,
which is not always available. The expert method of risk
assessment is based on a survey of specialists. For this
purpose, a point scale of measuring the risk probability
and the risk consequences is used.

In practice there are approximate methods of
risk assessment, both direct and indirect. The most com-
monly used direct risk assessment techniques include:
British standard BS-8800 (Great Britain) risk assessment
based on probability-loss matrix (Great Britain, France,
Latvia, USA, Australia), construction of risk assessment
scales (Germany, Finland), the methodology of the Na-
tional Research Institute of Occupational Safety and
Health (NRIOSH), Risk assessment code (Great Britain);
verbal functions (European Union).

A classic example of direct quantitative risk as-
sessment methods is the British Standard BS-8800,
which became the basis of such international documents
as: Guidelines on Occupational Safety Management Sys-
tems ILO-OSH-2001 and OHSAS 18001. The BS-8800
Standard includes:

e identification of potential hazards;

¢ estimating the probability of each hazard reali-
zation in different variants and the expected severity of
the consequences of each variant realization.

According to the BS-8800 standard, the risk lev-
el (R) shall be calculated as follows:

R =)' PixSi> (M
i=1
where Pi — probability of each hazard
realization, Si - severity of the consequences of each var-
iant realization.

Such calculations are made for each of the iden-
tified hazards at each workplace. The coefficients from 1
to 5 are used to determine the hazard probability Pi (A -
high, B - average and C - low probability) and severity of
the consequences Si (I - high, II - average and III - low
severity of consequences). Herewith the risk level in-
creases proportionately with the event probability Pi and
the severity of the consequences Si and is determined
according to the matrix of the risk category (5 - very high
risk, unacceptable, 4 - high risk, unacceptable, 3 - aver-
age risk, acceptable with control, 2 - low risk, acceptable;
1 - very low risk). If the risk is estimated at levels 4 and
5, the company shall implement preventive measures.
The positive side of this technique is its ease of use in
practice. And the disadvantage can be the absence of
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evaluation criterion of possible manifestations of the
"human" factor in the structure of derivates of the risk
calculating formula.

The possibility of direct quantitative assessment
of risk without calculating event probabilities is realized
in the well-known method of risk assessment based on
the "probability-loss" matrix. The principle of the method
is that the expert determines the rank of the probability of
occurrence for each situation (for example: low probabil-
ity, average probability, high probability) and a potential
damage corresponding to this situation (for example:
small, medium, large). This method is most commonly
used in developed countries because of its simplicity. In
addition, since in most developed countries, risk assess-
ment in the workplace is a statutory obligation of the
employer, its application allows the employer to comply
with state regulatory requirements for occupational safety
as economically as possible. The obvious drawback of
this method is its exceptional subjectivity (the "human"
factor). The use of this method is more appropriate in
cases where enterprises with a large number of identified
hazards have already developed a hazard list(register)
and when there is evidence of injuries for a long period
of time.

Risk assessment scale. According to this meth-
od, the level of risk shall be determined as follows:

R=SxE xBxP, (2)

where R — risk level; S — expected loss; E - ten-
dency towards hazard; B — the effectiveness of protection
against hazards; P — hazard proneness.

The methodology for constructing the risk as-
sessment scales is based on the BS-8800 standard rec-
ommendation, yet the positive feature is the introduction
to the calculation formula of derivatives such as the pro-
pensity to hazard (E) and the effectiveness of protection
against hazard (B), which is an attempt to take into ac-
count a possible mistake ("human" factor). However, the
practical definition of risk in accordance with this meth-
odology is a rather inaccurate and difficult task from a
practical perspective.

Risk assessment by the methodology of the Na-
tional Research Institute of Occupational Safety and
Health (NIOSH) is based on the assessment of the actual
condition of the technical safety level of equipment,
buildings (structures); compliance with the current rules,
regulations and instructions of the occupational safety by
the employees; an analysis which takes into account the
occurrence of accidents and excesses of maximum per-
missible norms at workplaces or concentrations of harm-
ful production factors over the reporting period. The risk
level according to this methodology shall be determined
as follows: )

P =K, K, (7800- Ky+Sy6+0,1):9-10 7, 3)

where K, — coefficient of equipment technical
hazard; K, — coefficient of buildings (structures) tech-
nical hazard; 7800 — empirically determined needed max-
imum score at which the risk of an accident is minimal;
K, — administration security; S,s- amount of penalty
points, which is evaluated on a score scale.

Coefficient of technical equipment hazard K,
shall be determined as follows:

K;=0,0,, 4)

where O, — number of equipment, machines,
mechanisms at the site (in the structural subdivision, at
the enterprise) that meet the safety requirements; O, —
total number of equipment, machines, mechanisms at the
site (in the structural subdivision, at the enterprise) that
meet the safety requirements).

The organizational security coefficient K, con-
sists of the sum of evaluation points of each statutory
indicator and shall be determined as follows:

K, =; M, Z; (Eyi xH,), ®)

where M; — evaluation point of the correspond-
ing normative indicator; b,; — conditional score for the
risk assessment of the relevant normative indicator; H,; —
the implementation level of the normative indicator,
equal to the ratio between the actually received and the
normatively established indicators (Hg; + Hy). Condi-
tional indicators and types of risks are determined ac-
cording to reference tables. The positive feature of the
NIOSH methodology can be considered an attempt to
take into account such an important component as a
"human" factor in the process of risk detecting (however
not in the full extent), but the complexity and cumber-
someness of the implementation of this process may lead
to a certain amount of errors in performing calculations.
It should be noted that these calculations require a large
amount of statistical data that is not always available.
Also, the statistical data for the reporting periods, in our
opinion, cannot be considered reliable for future risk cal-
culations, since they are not stable.

Risk score method — Risk accounting. This
method was developed in the USA and according to it
the risk shall be calculated as follows:

R=SxExP, (6)
where: R — risk; S — potential consequences of
hazard; E — hazard exposure time; P - hazard occurrence
probability.

Risk assessment code methods shall determine

risk as follows:
R=SxP, @)
where R — risk; S — potential losses; P — proba-
bility. There are four degrees for the likelihood of event
occurrence according to this method P (probable, remote,
extremely remote and extremely improbable and poten-
tial losses — S (unacceptable, unfavorable, low and ac-
ceptable).

The risk assessment code methods and risk ac-
counting methodology is a reflection of the classical risk
assessment methodology in the BS-8800 standard.

Verbal functions method consists in the fact that
each quantitative value of the likelihood of event occur-
rence is put in correspondence with a verbal description
of the completely particular situation. Herewith every
time while describing any given likelihood one must be
guided by the following rules: any situation that does not
correspond to this description corresponds to another
description, in other words the same situation can lead to
various consequences: from light injury to death. There
are only two results taken into account while calculating:
the most probable and most unfavorable ones. The risks
are evaluated for each result. The calculation takes a
greater risk. If reducing of both risks requires different



3epHoBi NpoaykTu i kombikopmn Vol.18, 1.2 /2018

-

protective measures, then both risks need to be taken into
account. In this case, the risk is assessed without estimat-
ing the frequency of the probable event. The matter point
of the approach is as follows: if the exception of the un-
favorable result is not guaranteed, then this result is
bound to come sooner or later. The advantage of this
technique is the practical exclusion of subjectivity in
assessing the likelihood of events occurrence and their
consequences, but this method requires very careful pre-
liminary work and very high qualifications of experts.
Moreover, it is arguable that this evaluation will be con-
sciously overestimated, and the complete elimination of
risk can only be achieved by eliminating the source of
risk.

Indirect risk assessment methods do not involve
the direct detection and identification of hazards in the
workplace and in carrying out the production operations.
The most common indirect methods for assessment of
hazard occurrence risk include the assessment of occupa-
tional risks under the Elmeri system; risk assessment
based on ranking of requirements level (OIR index).

Elmeri system is the easiest indirect method of
quantitative risk assessment, which does not directly af-
fect the detection of workplace hazards. The disad-
vantage of the method is that all factors that affect the
work safety are assumed to be equivalent. Despite this,
the use of Elmeri's system allows planning of occupa-
tional safety measures to eliminate identified inconsist-
encies. For a more adequate risk assessment, an im-
proved version of the Elmeri system - the OIR index is
used. By analogy with the Elmeri index, the index that is
being investigated is expressed as the ratio of "corre-
sponds" - "does not correspond" The discrepancies are
classified by three ranks: items O — contain obligatory
safety requirements, the non-compliance of which can
directly lead to the hazard; items I — contain important
safety requirements, the failure to comply with which
does not directly lead to hazards, but can lead to the en-
cumbrance of the consequences of a hazardous event;
Points with index R contain recommendations on work
places arrangement and working process. The implemen-
tation of each item O, I, R is estimated at 3, 2, and 1
points, respectively. Risk assessment by the OIR index
allows you to more accurately assess the actual rick level
and indicate the measures to be taken first of all, as well
as measures with the most expected effectiveness. The
OIR index, as well as the Elmei's index, is not directly
related to the presence and assessment of specific risks in
the workplace and is based on the assumption that the
severity of the consequences associated with potential
hazards is already taken into account in health and safety
requirements by referring them to certain levels of the
labor protection system (state, industry, inter-industry
normative legal acts, etc.).

Thus, if we analyze the above methods, we can
distinguish two main problems. The first problem that
exists in assessment of hazards occurrence risks is the
lack of a single unitized methodology. The second and
perhaps the main problem is that these techniques indi-
cate the need to consider the "human" factor, as one that
"may" affect the risk level. The "human" factor in them
is interpreted as: the interaction between a human and a
machine; interconnection between people; psychological
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and ergonomic aspects; the capacity for recognition of
danger in a particular situation, which depends on the
experience level, education and abilities of a person. The
authors emphasized the word "may" as something minor
not without a reason, because in our opinion the main
disadvantage of all modern methods of risk detecting is
an underestimation, and in some cases a misunderstand-
ing of the significance of the "human" factor as the key
factor of any risk, including the industrial one. [2]

The mistake ("human" factor) is being laid dur-
ing the process of creating the technosphere at each stage
— from idea to implementation and operation and directly
depends on the actions of a human as the main creator of
the technosphere. It is also fair to think that there is a
mistake in the very methodology of all known methods
for risk assessment whether expert or statistical or ana-
log. That is why we have no reason to consider any of the
well-known methods to be perfect and satisfy the modern
requirements of ensuring occupational safety, in identify-
ing and assessing risks at all stages of their formation.

The past and future periods of evolution have
always been and will be associated with the development
of a anthropogenic environment. Considering the concept
of sustainable development of humanity, which the mod-
ern progressive society seeks to achieve, the issue of en-
suring the safety of the human and the harmonious coex-
istence of the technosphere and the natural environment
becomes urgent. And this is impossible without the crea-
tion of a fundamentally new, universal and effective
methodology of quantitative assessment of the hazard
occurrence risk.

The scientific aspect of this problem is the sci-
entific substantiation of the integral criterion of quantita-
tive risk assessment on the basis of the components of
the complex criterion of estimating the "human" factor
and the complex criterion that objectively evaluates the
working conditions.

The complexity of the scientific problem in-
volves multicomponent and multifactority of the speci-
fied complex criteria, the definition of which is possible
only with the use of the mathematical technical cybernet-
ics apparatus.

The development and further implementation of
a new methodology for quantitative risk assessment will
allow to objectively reduce existing risks at all stages of
their formation and improve the modern system of occu-
pational safety management, which today is not an effec-
tive instrument for the reduction of industrial risks and in
real life most often performs the role of observer.

The conducted researches allow to draw the
following conclusions:

1. Since the second half of the twentieth century,
global threats have gained an integrated nature, manifest-
ed in the interdependence of natural, industrial, political,
economic, social, environmental and technical-scientific
risks.

2. The modern stage of society evolutionary de-
velopment produces a positive dynamics of the spreading
hazards, the main source of which is the anthropogenic
environment.

3. Known theoretical studies on the etiology of
hazards (risks) are inherently conceptual and therefore
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their practical utility for the prevention of accidents is 5. The development of society in accordance
limited. with the model of sustainable development requires the

4. The underestimation of the "human" factor creation of a fundamentally new, universal and effective
role as a key component of risk does not make it possible methodology for quantitative risk assessment.

to consider any of the known risk assessment methods to
be effective and universally accepted.
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TEOPIA I IPAKTHKA OLIHIOBAHHAl PU3UKIB BUHUKHEHHA
IIPO®ECIHHHX HEFE3ITEK

Anomauisn

Y cmammi, na ocnoei npogedenoeo ananizy OuHamiku nowupents Hebesnex y KOHmeKkcmi egoaoyititHo2o pos-
BUMKY CYCHIIbCNEA, BUSHAYEHO, WO 2I00ANbHI 3a2P03U HAOYIU KOMIIEKCHO20 XAPAKMepY, SIKULl NPOSIGISEMbCsL Y 830¢-
MO3ANEHCHOCME NPUPOOHUX, MEXHOLEHHUX, COYIANbHO-NONMUYHUX, eKOHOMIYHUX, HAYKOBO-MEXHIYHUX Mda [HUWUX PU3U-
Ki6. OCHOGHUM QJiCepeNoM BUHUKHEHHS. HeOEe3NeK, HA CYHACHOMY emani po3eUumKy CYCHilbCmed, € MEeXHO2EHHe Cepedo-
suuye.

Ilposedeno ananiz gidomux meopemuyHux OOCHONCEHb W00 emioNo2il BUHUKHEeHHsl Hebe3neK (PU3uKis) ma
BUBHAYEHO, WO ICOOHA 3 PO3THYMUX MEOPIll He MOodce 88adCaAMUCS AOCONIOMHO GIpHOIO ma 3a2anbHosusHaHolo. Oc-
HOBHUMU HEOOIIKAMU OAHUX MEOPill MOJICHA B6ANCAMU NO Nepule iIX KOHYenmyaibHicms, moomo ooMedHceHicms oo
NPAKMUYHO20 UKOPUCMAHHA, A NO Opyee HeOOCMAMHIO Y8az2y ma HeQOOYIHKY PO «I00CbKO20 (Pakmopay, K 0CHOBO-
HOOAHCHO20 YUHHUKA Y NPOYECi CMBOPEHHS HeDe3Nex.

3asnaueno, wo y kpainax €C icnye oauzvxo 100 pisnux memooux oyiHIO8aAKHs PU3UKY GUHUKHEHHS Hebe3nex,
32I0HO 3 AKUMU KUILKICHUL 8UMID PUSUKY HPOBOOUMBCSL MPbOMA OCHOSHUMU MEMOOAMU: CIMAMUCIUYHUM, eKCNepIMHUM
i ananozogum. Jlo HAUOIbUW PO3NOBCIOONCEHUX METNOOUK OYIHIOBAHHS PUSUKIE BIOHOCAMbCA. OPUMAHCHKUL CMAHOapm
BS-8800 (Benuxobpumanis), oyinka puzuxie Ha 0CHO8I Mampuyi «MosipHicmu-30umoky (Benuxoopumanisn, Opanyis,
Jlameis, CIIIA, Ascmpanis);, nobyoosa epapu oyinku pusuxy (Himewyuna, @innandis); memoouxa Hayionarvrnoeo ua-
YK080-00CaiOH020 incmumymy oxoponu npayi (HHIIOII) ¢ Yxpaini; Risk score (CLLIA); Risk assessment code (Benu-
KoOpumauis);, memoo gepoanvrux Qyuxyit (E€eponeiicorutl Coros), oyinky npogecitinux puzuxis sa cucmemoro Enmepi;
OYIHKY PUBUKIB HA OCHOBI PAHIICUPYB8AHHS PigHs gumoe (inoexc OBP).

Ha ocnosi ananisy suwesasnauenux memooux 8usgieHo 08i ocnosui npobnemu. Ilepuia npobnema, axa icHye
npu oYiHYI pU3UKi6 BUHUKHEHHs] Hebe3nek - 8I0CYmHicmb €OuHOI yHipikosanoi memoodonocii. [pyea npobrema — Hed0oo-
YIHKA 3HAYYWOCMI «II00CbK020 hakmopay 6 cucmemi «1oouHa-mawunay. Iliokpecierno, ujo HeOOOYiHKA POl «I00Ch-
K020 (pakmopay, 5K KIo4080i CKIA0080i pusuKy, He 0d€ Npaso G8ANCAMU HCOOHY i3 GIOOMUX MEMOOUK OYIHKU PUSUKY
epexmueHoI0 ma 3a2a1bHOBUSHAHOIO.

Ha ocnosi npogedenux docuiodcenv, 8U3HAUEHO HEOOXIOHICMb CMBOPEHHs. NPUHYUNOBO HOBOI, YHIGEPCATbHOL
ma epexmusnoi Memooon02ii KitbKiCHOT OYIHKU PUSUKY.

Kniouosi cnosa: nioocokuii haxmop, pusux, Cmanutl po3sumox, mexuocgepa, Hebezneka, Memooono2is.
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FEATURES OF THE TECHNOLOGICAL LINE OF
THERMAL PROCESSING OF SMALL-SEEDED CROPS

Abstract

Despite successes, many problems are encountered with small-seed crops (sorghum, turnip, mustard, linen, etc.), for
many of them there are not enough recommendations of regulations and other normative and technological documentation.
The article is devoted to ways of improving the drying process of freshly harvested grain. It is known that during post-harvest
processing, small-seeded crops undergo a certain thermal effect at certain stages of it. First of all, this regards, drying and cooling
processes. Meanwhile, heat treatment is a complex technological process in which numerous physical-mechanical and biochemical
changes, sometimes irreversible, occur in oil seed. In addition, heat treatment is the most energy-efficient.

Timely and proper drying of grain not only increases its stability during storage, but also improves food and seed quality of
grain. As a result of drying, post-harvest maturing is accelerated, humidity is leveled and technological properties change. Drying
has a positive effect on the yield and quality of grain and products of its processing. To our regret, there are almost no studies of
drying process of small-seeded crops grown in Ukraine. Meanwhile, drying is an important link in the post-harvesting process of
corn.

The paper gives recommendations on drying technology of crops (sorghum) and oilseeds (turnip, mustard, flax) of small-
seeded food crops in grain-harvesting enterprises. The basic scheme of technological line of heat treatment of small-seeded crops
and recommendations for reducing energy intensity and increasing the efficiency of heat treatment and improving their quality are
developed.

The main purpose of this article is to familiarize a wide range of specialists in the field of post-harvest processing and
storage of grain with drying regimes and the scheme of technological drying line of small-seeded crops.

Keywords: moisture content of grain, small-seeded cultures, post-harvesting processing, heat treatment, drying

Introduction

High-quality grain storage is possible only in
case of thorough understandingof processes, with
precise consideration of physiological properties,
occurring in grain masses at all stages of their post-
harvesting processing anf following storage. Especially
a lot of problems occur with small-seeded crops
(sorghum, turnip, mustard, linen, poppy etc.), for many
of them there are not enough recommendations of
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regulations and other normative and technological
documentation.

The considered crops refer to so-called small-
seeded crops (SSC) because of their geometric sizes and
low weight of 1000 grains (up to 6 g of oilseeds, 25 g of
grain seeds). Firstly, this forces to adjust technological
modes of their post-harvest treatment substantially [1].

Wet and damp SSC should be cleaned and dried
before placing them into storage. For safe storage of
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