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Increase in complexity and speed of production processes puts forward strong requirements for accuracy of operators' actions, quick
decision-making in performance of management functions. Statistical analysis of data on the oil refining industry showed that a
refinery with a capacity of 10 million tons of oil per year loses in average $ 4 million only from accidents caused by operator's
errors. Around 40 % of accidents and incidents occur due to operator's errors. Reasons for such errors are related to personal
qualities, lack of education, training, as well as to factors of low intensity of production environment. A complex of factors of low
intensity can lead to hidden up to a certain time “compensated” homeostatic disturbances or modify harmful effect with
demonstration of inadequate reactions. The article presents results of study of operators of central control room of two technological
departments of high-tech and hazard production (oil and gas) complex to assess combined influence of factors of low intensity of
production environment and labor process on work ability and error of actions during labor process. Studies have showed that a long
intense functional load on body's systems with influence of factors of low intensity of production environment and labor process
lead to development of fatigue and increased tension that operators suffer during day and night shifts. Significant tension of sensory
and intellectual systems of the organism with fatigue determines high physiological cost of labor of high-tech production operators.
That indicates a need to develop preventive innovative methods to correct a physiological state of operators to improve their
performance and take errors off labor, which reduce risk of physical illness.

VBesuUeHne CIOKHOCTH M CKOPOCTH MPOU3BOJICTBEHHBIX TPOLIECCOB BBIIBHIACT IMOBBIIICHHBIC TPEOOBAHKS K TOYHOCTH JCHCTBUI
OIepaTopoB, OBICTPOTE MPHHATUS PEIICHUH B OCYILECTBICHHM YIpaBlIeHUYeCKMX (yHKimi. CTaTHCTHYECKHil aHaIM3 JaHHBIX IO
HedTeriepepadaThIBalOIIeH 0TPACIIH MOKa3al, 4To HedyrerepepadaThIBaONIHiA 3aB0I MOIIHOCTBIO 10 MITH T He()TH B IO/ TEPSIET TOJIBKO
OT aBapHii 13-3a OIIMOOK ONEPaTOPOB B CpetHeM 4 MITH 1OJUT. B rog, 40 % aBapuii ¥ HHIMICHTOB IPOMCXO/IAT HEMOCPEICTBEHHO H3-3a
olmooK orepatopoB. IIpUUMHBI TaKMX OMIMOOK CBS3aHBI C JIMYHOCTHBIMU KaueCTBAMHM YEJIOBEKA, HEJOCTATKAMM OOydeHHs,
TPEHHUPOBKH, a TakKe ¢ (pakTopamy Manoi MHTEHCHBHOCTH MPOM3BOJICTBEHHON cperbl. Komriieke (hakTopoB Masioi HHTEHCHBHOCTH
MOJKET MPUBOJIUTH K CKPBITHIM JI0 OIPEACICHHOIO BPEMEHH «KOMIICHCHPOBAHHBIMY HAPYLICHHSIM TOMEOCTAa3a HIIH MOAU(HIIIPOBATH
BpEIHOE [CHCTBHE C MPOSIBICHUCM HEANCKBATHBIX peakiyil. B crarbe HpHBEICHBI PE3yJIBTAThl HCCICIOBAHUS OMEPAaTOpPOB
LEHTPATHHOTO IyJIbTA YIIPABICHUS ABYX TEXHOIOTMYECKHX OTHCNCHHH BBICOKOTEXHOJOTMYHOTO M OMNACHOTO MPOM3BOICTBEHHOTO
(HeyTera3oBoro) KOMIUIEKCa [UIs OLCHKM COYETAHHOIO BIMSHKS (HaKTOPOB MASIO HMHTCHCUBHOCTH MPOM3BOICTBEHHON CpeIbl M
TPYAOBOTO Ipolecca Ha PabOTOCIIOCOOHOCTh U OMIMOOYHOCTD JIBHCTBHIT B XOZie TPYAOBOro npouecca. MccienoBaHust MoKa3aim, 4To
JUITENbHAS HaNpsDKCHHAs (DYHKIMOHANBHAS HArpy3ka Ha CHCTeMbl OpraHusMa Ha (poHe BoszieficTBus (HaKTOPOB Manoi
MHTEHCHBHOCTH TIPOW3BOJICTBEHHOH Cpebl M TPYAOBOIO IPOLECCA HPHBOAMT K PasBUTHIO YTOMJICHHS W TOBBIIICHHOMH
HAIpPSDKCHHOCTH y OIIEPaTopOB B JHEBHBIC M HOYHBIC CMEHBI. 3HAYUTEILHOE HANPSDKEHUE CEHCOPHBIX U MHTEIUICKTYaIbHBIX CHCTEM
opraHusMa Ha (DOHE BBIPHKCHHOTO YTOMIICHHS OIpEENSeT BBICOKYIO (DH3MOJIOTHYECKYIO CTOMMOCTh TpyJa OIEpaTopoB
BBICOKOTEXHOJIOTHYHOTO TIPOM3BOZICTBA. DTO CBHCTEIBCTBYET O HEOOXOAMMOCTH Pa3pabOTKu MPOMUIAKTHYECKIX HHHOBALMOHHBIX
METOZIOB KOPPEKLHH (DH3HOIOTHUECKOTO COCTOSHISI OHIEPATOPOB IS MOBBIIICHUS UX PAbOTOCIOCOOHOCTH 1 6€30IMO0YHOCTH TPy Aa,
TO3BOJISIFOLLMX CHU3UTb PUCK BO3HUKHOBEHHS COMATHUECKHX HAPYIIICHNH 3710POBBSL.
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Introduction

Increase in complexity and speed of industrial
processes causes strong requirements for accuracy
of actions that an operator does and quick
decision-making in management [1-5]. The
degree of responsibility for actions is increased
greatly, because operator's mistake can lead to
disruption of the entire system human-
technology-environment, create an emergency
situation with a threat to people's lives. According
to the statistics 70 % of world accidents and
incidents at hazard industrial sites are caused by
operators’ faults [5-9].

According to Honeywell, a typical oil refinery
with a capacity of 10 million tons of oil a year
loses around $ 4 million per year from accidents
only due to operator's errors, 40 % of accidents
and incidents occur directly due to operator's
errors [10-14].

Analysis of causes of such errors showed that
most of them are related to qualities of a person,
lack of education, training. But quite often the
issue of influence of a complex of factors of the
low-intensity production environment is ignored.
At the same time, a complex of low intensity
factors can lead to "compensated" disturbances of
homeostasis hidden up to a certain time or modify
a harmful effect and cause inadequate reactions
[10-13]. Therefore, screening for characteristics
and indicators that allow to identify the negative
impact of low-intensity factors and ensure
optimization of efficiency and prevention of error
actions of personnel is considered as a promising
one [11, 12, 14-18].

It is known that the factors of low intensity
should be considered those with concentration
levels are much lower than permissible and do not
cause firm biological changes in case of isolated
action. However, a complex effect in the
conditions of long time (12-hour shifts) can lead to
negative results that are not so known. At the same
time, work features can contribute to a change in a
functional state of an organism, tension of
adaptation mechanisms, formation and
development of diseases that have complex
multifactorial etiology such as hypertension,

disorders of nonspecific resistance, metabolism,
musculoskeletal system and formation of diseases
caused by a specialty [19-23].

The purpose of the research is to evaluate joint
effect of factors of low intensity of the production
environment and labor process on work ability and
error of action of operators of high-tech energy
complexes.

The object of the research were operators of a
central control room (CCR) of two technological
departments of high-tech and dangerous industrial
complex.

Results and discussion

Personnel of CCR 1is represented mainly
(almost 80 %) by young people (up to 25 years)
and only 3 % of employees belong to a category
who are over 50.

Among the factors of low intensity affecting
operators of a high-tech production complex, it is
necessary to note sanitary and hygienic state of the
thermal environment with low relative humidity of
30%; long impact of low levels of electromagnetic
fields of radio frequencies on personnel; an
unfavorable state of an aeroionic composition of
the air with predominance of average aeroions of
positive charge [1-3].

Assessment of work conditions
of operators in terms of ergonomics
and aesthetics

Since the main activity of operators is related
to remote monitoring of a technological process,
assessment of ergonomics provided and placement
convenience of workplace is important especially.
The analysis showed that up to 30% of work places
did not meet the anthropometric parameters of
workers. Long stay in a forced sitting position
contributes to increase in load on the
musculoskeletal apparatus and development of
fatigue especially when recently the duration of
shifts of operators of high-tech production
complexes is increased up to 12 hours. Performed
ergonomics assessment of work conditions
revealed a number of disturbances in a
composition of workplaces, balance of static and
dynamic parameters and placement of video
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equipment. There are 30 % of workplaces
incompatible to anthropometric parameters of
operators, lack of adjustment in height and angle of
inclination, disturbance of placement of control
elements, borders of reach zones.

The aesthetic characteristic of the production
environment has shown that color and composition
solutions of the production environment and
equipment do not contribute to optimization of
work conditions and prevention of intensity of the
labor process.

Thus, a complex of factors of low intensity
(sanitary hygienic, ergonomic and aesthetic),
affecting the operators of the CCR was revealed.
The regime of work of studied personell should
also be classified as unfavorable.

Analysis of the impact of low-intensity
factors on health of operators

Hours-long shifts with night duty lead to
disruption of habitual biorhythms (sleep,
wakefulness, working capacity), changes in
metabolic processes and hormonal metabolism,
contribute to a more rapid development of fatigue
[1, 3, 4, 6, 7]. Most often employees complain for
drowsiness. The impact of shift work on sleep
disorder is more often seen in employees that have
small amount of work experience. The most tough
demonstration of circadian desynchrony can be
decrease in efficiency, attention but also that could
be the background for development of pathological
states, in particular, diseases of a cardiovascular
system and oncopathology [6, 18, 19]. According
to the International Agency for the Study of
Cancer, night shift work belongs to the category of
probable carcinogenic factors (group 2A) [24-27].

Thus, CCR operators are exposed to factors of
low intensity of production environment and labor
process, which creates objective conditions for

fatigue, desynchronosis and subsequent formation
of professionally conditioned pathology.

Assessment of key health indicators of
operators in the dynamics of shifts

We performed an assessment of organism
functioning in dynamics of work shifts and
conducted a study of health status of personnel by

age groups (Fig.).

= 20-29 years
® 30-39 years
40-49 years

= 50 years and more

Fig. Age structure of CCR personnel

Health indicators of personnel should be
consider as an integral indicator of the assessment
of influence of factors in the production
environment.

Dynamics of health indicators of personnel
over a five-year period indicates an increase in
heart disease, varicose veins and diseases of
analyzers such as an eye and nose. According to
medical examination material it was determined
that only 12.1 % of the total number of people can
be classified as absolutely healthy, even though the
age of composition of CCR personnel, as noted
above, can be characterized as close to the optimal
one (see Fig. 1). Up to 70 % of the operators were

overweight, which indicates a violation of
metabolic processes.
An analysis of available information of

contingent studied most often showed deviations
from physiological norm for a cardiovascular system,
vision organs, nose; varicose disease of lower
extremities was recorded. Frequency of heart disease
was 36.56 per 100 examined, eye diseases — 29.8 per
100, diseases of a nasal cavity — 12.43, varicose

development of hypodynamia, monotonies,  disease of lower extremities — 12,56 (Table 1).
Table 1
Frequency of registered diseases per 100 examined in different age groups
Age group, Frequency Frequency of diseases Frequency Frequency of nasal
years of cardiovascular diseases of vision organs of varicose veins cavity diseases

30-39 33.30 23.30 8.50 6.70

40-49 37.90 27.60 10.50 13.80

50 and older 38.50 38.50 18.70 16.80

Average value 36.56 £2.84 29.8 +7.83 12.56 +5.40 1243 +£5.18
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It was noted in a number of studies that body
mass index is significantly higher for persons
working on night shifts or with long shift
(p < 0.001) [28, 29]. The inverse relationship
between lack of sleep and body mass index was
revealed. The sleep duration of workers with
obesity was 18 minutes less each day (p < 0.05)
than their colleagues with normal body weight [24,
28]. To ensure work ability, reliability and
efficiency of operators at work the problem of
assessing the functional state is fundamental.
Quantitative assessment of the parameters allows
us not only to estimate, but also to predict the level
and volume of functional reserves in professional
activity [29-32].

During the research performed a functional
state was determined by the time of simple and

complex sensorimotor reactions to light and sound
stimuli, reactions to a moving object, critical
frequency of light flashes, stability of attention and
error in actions. The data obtained were estimated
by methods of mathematical statistics with use of
an application package Statistica v. 6.0. The
probability of a null hypothesis (p) was determined
using the Mann-Whitney criteria and Student's t-
criterion depending on the normality of sample
distribution.

The studies were conducted during shifts
(beginning, end) in two departments and two age
groups such as up to 35 (1) and after 35 years (2").

The rate of a simple sensorimotor reaction in
all age groups of people working in day shifts
increased by the end of the work shift, but
worsened during the night shifts (Table 2).

Table 2

Psychophysiological characteristics of operators during day and night shifts

Working shift Visual-motor Hearing-motor lefe'rentlatlc.n.l Stability o.f atter}tlon
Age group . . . and noise stability and error in actions
period reaction, ms reaction, ms o
total volume % total volume | number of errors
I Beginning 362+2 206+3 2308 +7 12 406 +2 6
End 296 + 1.5 196 +2 2048 + 6 8 496 + 4 7.7
nd Beginning 488 +2 208 +£2.5 3801 + 10 9 3804 4
End 542+ 3 286 +2 2794 £ 8 9.7 458 £3 6.7
3ud Beginning 303+2 192425 2200+ 10 9 570+ 4 5
End 267+ 1 19142 1601 +5 10 621 +5 9
4 Beginning 347 +2 181+ 1.5 3360+ 9 6 424 +2 2.5
End 514+3 198 +3 2478 7 14.5 450+ 3 4.5

Change in the state of operators in the end of
the work shift can be traced by the reaction of
stability of attention and error in actions.

As it is shown in the Table 2, speed of work
performance by the end of the shift grows in both
age groups by 10-15 %, which indicates the effect
of training principles. Neverthelles, at the end of
the work shift stability of attention and the number
of errors increase, which indicates fatigue caused
by hypodynamia that is almost twice higher in the
first age group of up to 35 years. Thus, a high level
of neuro emotional tension of personnel and
increase in speed of work performance is
accompanied by an increase in errors in actions,
which proves that functioning of body regulatory
systems was changed, a central nervous system
and analyzers are loaded, and objectively indicates

the onset of fatigue. Important results were
obtained in evaluation of the noise resistance
reaction. Attention and efficiency at the beginning
of work shifts against the background of visual and
auditory noise were fairly steady. By the end of the
shift attention in surveyed groups was decreased as
by 12 % for the first group and more than by 20 %
for the second group. At the same time, the
operator's error in actions with the background of
visual and sound noise in the first group was 12-18
% higher and almost twice as high in the second
group. That reaction indicates the onset of a
change in fatigue and the need to activate
physiological reserves of the body for the
fulfillment of professional duties by the workers.
Results of the personnel survey confirm the
established class of work conditions in terms of
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indicators of intensity of the labor process. It is
established that on the background of nervous
emotional, sensory tension of personnel the
number of errors in actions increases at the end of
shifts when personnel performs specific tasks that
reveal functional reserves of an organism, which
allows to talk about the signs of monotony.

The research conducted showed that during
work operations CCR personnel suffer fatigue by
the end of the work shift. Nevertheless, strong-
willed efforts, attention, concentration,
purposefulness of actions, operators control a
technological process adequately.

At the same time, reactions caused by fatigue
among the whole team of operators testify the need
to justify and develop measures to prevent
development of fatigue, hypokinesia and
monotony during work shifts.

Thus, development of fatigue during shifts
leads to a significant decrease in the excitability of
the central nervous system (thresholds of
perception increase), decrease in the quality of
cognitive processes and difficulty in heuristic
thinking. Reliability and efficiency of operators'
activity is reduced, but the probability of missing
significant signals increases, especially in tracking
and monitoring regimes. The state of health and
mood is deteriorating, asthenovegetative state is
developed. There is an increased number of errors
noted by the end of the shift.

Performed studies have shown that during the
day and night shifts operators suffer fatigue. At
the same time, physiological indicators of the
organism's activity and parameters of assessment
of activity of sensory systems indicate significant

loads, but operators activate attention, focus

on a task and control the technological
process adequately. Consequently, it should
be considered that the physiological value

of the labor process of operators is quite high
and the need for the optional activation of
physiological reserves of the organism to perform
professional tasks significantly increases the
intensity of labor.

Conclusion

Evaluation of factors of the production
environment and the labor process at workplaces
of operators at CCR of high-tech energy
complexes allowed to classify them as a group of
low-intensity factors.

Health as an integral indicator shows the
generation of a number of negative states of
operators including cardiovascular, sensory
systems and metabolic syndrome.

Long tough functional load on body systems
against the backdrop of the influence of factors of
low intensity of the production environment and
labor process lead to the development of fatigue
and increased tension that operators suffer during
day and night shifts.

Significant tension of sensory and intellectual
systems of the organism against the backdrop of
strong fatigue determines the high physiological
cost of labor of high-tech production operators.
That indicates the need to develop preventive
innovative methods for correction of physiological
state of operators to improve their ability to work
and error-free work that can reduce the risk of
somatic disorders of health.
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