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Abstract. There are many methods to determine the economic efficiency
of implementing the labor safety activities. But in most cases, they cannot
completely take into account the aggregate change in the effects of harmful
and dangerous occupational factors on the human body before and after the
implementation of relevant measures, and therefore they cannot give a fairly
objective economic evaluation. This primarily relates to non-stationary
workplaces, where production-related factors can be changed to a large
extent during one shift. Therefore, it is expedient to evaluate economic
efficiency for such jobs on the basis of the analysis of workers disease rate,
which depends on the impact of all production-related factors on the human
body. It is possible to distinguish production-related workers disease from
the entire morbidity of employees including occupational injuries using the
method of integrated assessment of working conditions through the losses
of working time from morbidity with temporary incapacity for work
(integrated assessment methodology). This technique can be used to
calculate the economic efficiency when implementing labor safety activities
at non-stationary workplaces (e.g. driver’s workplace).

1 Relevance

All measures for improving the working conditions are developed to completely or partially
eliminate the adverse effects of harmful and dangerous occupational factors on workers’
health. A sufficient number of techniques are available to determine the economic efficiency
of these measures. But in most cases, they do not take into account the aggregate change in
the effects of harmful and dangerous occupational factors on the human body before and after
the implementation of appropriate measures, and therefore cannot give a fairly objective
economic evaluation. This primarily relates to non-stationary workplaces, where production-
related factors can be changed to a large extent during one shift. But even in stationary
workplaces, many production-related factors do not have constant values during one work
shift: temperature and humidity, natural and artificial lighting, noise, vibration, labor related
factors, etc. Therefore, it is expedient to evaluate the economic efficiency for stationary and
especially for non-stationary workplaces using the analysis of workers morbidity, which
depends on the combined effect of all production-related factors on the human body.
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2 Theoretical justification

Currently, there are a number of methods for calculating the economic efficiency when
implementing some labor safety activities. Economic analysis is considered in detail in the
works of Shkrabak V.S. [1]. When applying some methods [2-5], which are the most suitable
for both stationary and mobile workplaces (e.g. workplaces of truck drivers), the annual
economic efficiency is determined as follows

E=A-(D,—D,), 1)

where A is the average amount of damage, rubles/day; D1 and D- are the losses of days due
to employees’ incapacity for work before and after the implementation of labor safety
measures, days/year.

In order to carry out the calculations according to the expression (1), it is necessary to
know the number of days of disability before and after the implementation of labor safety
measures. This information is available in sick leave of employees in any company. But the
disadvantage of the expression (1) is that the data from sick leave gives the information about
all the workers” morbidity including those that is not related to the production process. It
should be noted that workers’ morbidity is conditionally divided into production-related and
not related to the production process [6]. Therefore, when using the information from sick
leave only, the morbidity that is not related to the production process can cause a significant
error in calculating the economic efficiency.

3 Research results

It is possible to distinguish a production-related workers disease from the entire morbidity of
employees including occupational injuries using the method of integrated assessment of
working conditions on the basis of the standard for the losses of working time from morbidity
with temporary incapacity for work (integrated assessment methodology) [6-8]. Production-
related morbidity serves as a “measure” of conditions and labor safety, since their
deterioration leads to an increase in production-related morbidity of workers, and vice versa.
Production-related (limit-exceeding) incapacity for work (morbidity) of workers in general
case is determined by the expression (2) [9]

TIWLE = TIW, - TIW, | (2)

where TIW, is the average actual incapacity for work of employees in a structural unit
(workplace, etc.), days/year; TIW, is the average regulatory (not related to the production
process) incapacity for work in a structural unit (workplace, etc.), days/year.

It should be noted that the actual incapacity for work includes the morbidity caused by
production-related and not related to the production process and is determined from the sheets
(sick leave) of employees about their incapacity for work. Regulatory incapacity for work is
not related to the production process (domestic) incapacity for work. It is determined from
the directory of regulatory incapacity for work for each employee according to his/her socio-
demographic indicators using a specially developed program [9, 10].

Before creating safer working conditions, the regulatory and actual temporary incapacity
for work of employees are found as follows [11]

TIWE = 3" TIW 3)
TIWE = Y " TIWS )

where TIW,® is the total regulatory temporary incapacity for work of employees until safer
working conditions are created, people/days/year; TIW,® is the total actual temporary
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employees incapacity for work until safer working conditions are created, people/days/year;
TIW,2 is the regulatory temporary incapacity for work of the i-th employee until safer
working conditions are created, people/days/year; TIW.% is the actual temporary incapacity
for work of the i-th employee until safer working conditions are created, people/days/year; n
is the number of people in the workplace (in a structural unit) until safer working conditions
are created, people.

By analogy, it is possible to determine the regulatory and actual temporary employees’
incapacity for work after creating safer working conditions [11]

TIW? = 3, TIWG (5)
n
TIW, = ),._ TIWS (6)

where TIW/is the total regulatory temporary employees incapacity for work after (post)
creating safer working conditions, people-days/year; TIW/is the total actual temporary
employees incapacity for work after creating safer working conditions, people-days/year;
TIWT? is the regulatory temporary incapacity for work of the i-th employee after creating
safer working conditions, people-days/year; TIWaZ;is the actual temporary incapacity for work
of the i-th employee after creating safer working conditions, people-days/year; m is the
number of people at the workplace (in a structural unit) after creating safer working
conditions, people.

Taking into account the expressions (2-6), a decrease in the average excess morbidity
after creating safer working conditions TIW,,, is determined as [12]

n d_yn d m P _ym 14
Ting TIWg =Xt TIWyg  Biny TIWg %= TIWy;

TIW,, =

()

If the average cost of one man-day is known, then you can find the additional annual
savings Eaq, which is observed after the creation of safer working conditions [12]

Ead = TIVVaV ' Cp.cl. 'm, (8)

n m

where C,, 4 = G./T is the average cost of one person-day, rubles/person-day; G. is the cost
of gross output (work, services) for the year, rubles/year; T is the number of man-days worked
per year, people-days/year.

Then the annual economic effect 7, . due to the creation of safer working conditions

through the implementation of labor safety measures can be found from the expression [12]
1
Eg;f =E.q— ' Clsaf : Vsaf' )

where P is the payback period of capital investments in labor safety measures, years; Clsa 1S
capital investments in labor safety measures assigned to the unit of working time, rubles/unit
of working time; Vs is the working time of a new variant during the payback period (after
the implementation of labor safety measures), unit of working time.

Taking into account the formulas (7-9), the annual economic effect Esyaf will be

determined from the expression [12]

- C,

n d_yn d m P _ym 14
BV = (ZileIWai—ZileIW“- XL TIWG N TIWH-)
p-

saf —

1
a4 m-— P Clsaf ’ Vsaf- (10)

n m

If one person works at his workplace (e.g. a truck driver), then the values of nand min
expression (10) will be equal (n =m = 1). Then expression (10) takes the following form

1
EN = ((TIWg = TIW) = (TIWE = TIWE)) - Cpo - =3+ Clygy *Vigp. (1)
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4 Conclusion

Using the obtained formula (11), it is possible to determine the annual economic effect for
jobs where one person works. As an example, we make a calculation related to the
improvement of the microclimate in the workplace when an electric heating device is
mounted on the truck driver's seat. For calculation, we take Cpq = 3000 rubles/person-day
and P =5 years. It should be noted that the values TIW,2 and TIW,4 for one person should
be determined before the improvement of working conditions, and the values TIW." and
TIW?, should be defined one year after this upgrading. The calculation results are shown in
table 1.

Table 1. Initial data and the annual economic effect Esyalf obtained from implementing the measures

when mounting an electric heating device on a seat in a vehicle

TIWY, TIWS, TIWE, TIW?, y1
a rl Clsaf . Vsaf! E ,
people-days/ | people-days/ | people-days/ | people-days/ saf
rub. rub/year
year year year year
17 3.9 9 4.4 4200 24660

Thus, the calculation of the economic effect when using the method of integrated
assessment of working conditions is applicable for any activities to improve labor safety and
working places including the operators of motor cars (drivers of vehicles).
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