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Abstract: The construction of electric power substations poses a great number of risks due to its
dangerous environment. The objective of this work was to evaluate the perception of construction
workers on risks, methods they use for evaluation and managing risks to which they are exposed.
This study carried out a qualitative and quantitative analysis during the expansion of one electric
substation, adding an additional 100 MVA power transformer. The risks were identified and
analysed by using the Preliminary Risk Analysis (PRA). Additionally, a questionnaire on
construction safety was created and applied on all 27 workers which participated in the
construction. The results showed which activities are present during the construction of a power
substation, which risks are involved and how to manage them. It was found that among several,
the PRA and Checklists were the most commonly used analysis tools. Further on, it was found a
relation between training and risk perception. Among perceived risks were: noise, working at
heights, electric shocks, traffic accidents, poisonous animals, dust, fire and explosions. The
conclusion of this study was that the construction of electric power substations brings several
safety risks and that the instruction of workers allows an effective risk management, and can
reduce the number of accidents in this type of working activity.

Keywords: Work safety; Civil construction; Electrical energy substation transmission; Electrical
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1 INTRODUCTION

The demand for electricity has a global growing trend. In Brazil, despite recession, it has been
growing during the last years. Future prospects for the evolution of electricity consumption depend
on some assumptions and possible macroeconomic scenarios. In order to serve consumers with
supply and quality, some investments are required to improve its infrastructure works in the
generation and transmission sectors. According to the Brazilian Energetic Research Company
(EPE, 2017), the prediction of electrical consumption for residential, industrial and commercial
customers in Brazil is that it should increase from =450 GWh in 2016 to ~700 GWh in 2026. The
Brazilian government estimates 39 billion BRL (=0.42 billion USD) to be invested in construction
of transmission sectors in the period between 2015 and 2018. Most of the companies responsible
for the construction are still to be hired, while currently under contract there are already around 22
billion BRL (=6.94 billion USD) (Brasil, 2015).

In the transmission sector, the construction works for new substations and transmission lines, or
expansion of existing facilities, are generally authorized by the Brazilian National Electric Energy
Agency (Agéncia Nacional de Energia Elétrica - ANEEL), through transmission auctions under a
concession regime, authorizing resolutions or permission contracts. The construction sector
involves a high number of workers which are involved in building electrical substations. As the
civil construction implements new technologies (automation, telecontrol, telesupervision and
computerization), there is a significant change in work organization, including outsourcing, adding
cooperatives and voluntary redundancy plans. These changes have brought significant harm to
workers, as it resulted in increased unemployment and a lack of health and safety conditions.
Consequently, the construction industry suffered an increase in the number of work-related
accidents involving the electric risk (Miranda & Sica, 2017), which is just one of many risks
present during the construction, expansion and renovation of Eletric Power Transmission
Substations.



The construction work on electric power transmission substations includes electrical energy
related risks, in addition to physical, chemical, ergonomic, and commonly presents construction-
related risks. According to Barkokébas (2014), 28% of accidents in construction were related to
falls, 17% to falls from height, and 2.8% to electrical shocks. However, these 2.8% represented
50% of fatal cases. For Roberts (2016), electricity is an omnipresent risk; it must be managed
differently than any other type of risk. Work on expansions or nearby services around powered
installations is conducted in presence of high voltage electricity with values ranging from 69kV to
750kV, which are fatal for humans. In this work scenario, electrical accidents can easily occur,
representing significant causes of occupational fatalities in the world (Koustellis et al., 2013).

In Brazil in 2016, compared to the previous year, there was an increase of work-related accidents
and illnesses, costing the National Institute of Social Security (INSS, 2017) an additional 4.2
billion BRL (=1.33 billion USD). In order to avoid accidents, the risk analysis has been widely
used in different sectors.

An individual method may not achieve the optimal risk assessment results for workplaces
(Marhavilas et al., 2013). It is possible to associate several analysis tools, which aim to facilitate
the study and direct to appropriate control actions. According to legal requirements, the
Occupational Health and Safety Management guidelines, as a part of the quality system, oblige
the employer to promote health and integrity to workers, including phases from implementation
to maintenance of systems.

Nevertheless, although there are legal requirements, developed safety-management tools and
techniques, the work-related accidents and illnesses continued to grow. Future trends show that
electrical requirements will continue to grow, creating a need to build new power stations, and
therefore remaining a high risk for those building them. There is an urgent need to improve safety
conditions in construction of electrical energy transmission substations in order to improve the
safety and health of workers involved. The objective of this work was to evaluate the perception
of construction workers on risks to which they are exposed, investigate on which methods they
use to evaluate and manage those risks. Further on, the objective was to discuss and compare these
results with currently available data on work-related accidents and illnesses, finally to give
suggestions for improving occupational safety and health.

2 Bibliografic review

The bibliographic review was conducted in order to review current knowledge and information on
construction work safety in the electrical sector. The review was conducted on statistical data of
accidents from construction in the electrical sector (FUNCOGE, 2018; INSS, 2018) and the
Brazilian regulatory norms. Additionally, the review was conducted in 8 databases: Academic
Search Complete; Cite Seer; Library Information Science and Technology Abstracts, Scopus, Web
of Science; IEEE explore; Science Direct; and PubMed/Medline. For searching purposes,
keywords and expressions were used: “construction”; ‘“substations”; “transmission”; “risks”;
“accident prevention”; “techniques for risk analysis”; “occupational risks”; “safety in electric
installations”; which resulted in 11 articles.

2.1 Global data on work accidents in the electrical sector

In the United States in 2016, out of 4,693 work-related fatalities in private industries, a number of
991 (21.1%) were in construction. The leading causes of deaths (excluding traffic-related deaths)
in the construction industry were due to falls (38.7%), followed by struck by an object (9.4%),
electrocution (8.3%), and caught-in between (7.3%) (OSHA, 2018).



In Great Britain in 2017, fatal injuries in the construction industry represented 30% of all work-
related fatal injuries, with electrocution representing 8% of all causes (Edwards, 2017).

According to the International Electrical Safety Foundation, the highest rate of electrocution
occurs among construction contractors. In the United States, the Agency of Labour Statistics
registered electricity as the major cause of death between 2003 and 2011 with a record of 40% of
cases (Zhao et al., 2016).

Nevertheless, although the construction industry is responsible for a high number of fatal
accidents, it is important to consider that it also employs a high number of workers. According to
the annual average from 2012 to 2017, in terms of the number of fatalities per 100,000 workers
employed, the rate of fatal injuries in the construction industry was 1.82, while for the agricultural
industry 8.44, and the waste and recycling industry with 6.80.

2.2 Brazilian data on work accidents in the Electrical Sector

Brazilian data on work accidents are registered in documents issued by companies. The document
is based on the procedure for preparation of the Work Accident Communication (Comunicacéo de
Acidente de Trabalho - CAT) and it consider both work-accidents and occupational diseases. The
rules are specified by the norm NBR 14280 (ABNT, 2001), establishing criteria for registration,
communication, statistics, investigation and analysis of occupational accidents, its causes and
consequences.

There are two main registries related to the Brazilian Electrical Sector on work accidents
considering phases of generation, transmission and distribution of electrical energy. These are: the
Statistical Yearbook of Labour Accidents (Anuario Estatistico de Acidentes de Trabalho - AEAT),
prepared by the Ministry of Labour and Employment (Ministério do Trabalho e Emprego - MTE);
and the Statistics Report for Accidents in the Brazilian electric sector, prepared by the
Management Committee Foundation (Fundacdo Comité de Gestdo Empresarial - FUNCOGE).

2.2.1 The statistical yearbook of labour accidents

The statistics of occupational accidents can be presented according to some criteria, such as the
International Classification of Diseases (ICD) and the Brazilian National Classification for
Economic Activity (Classificacdo Nacional de Atividade Econémica - CNAE). The National
Classification for Economic Activity is a standard officially adopted by the National Statistical
System. However, there is not a specific code for economic activity of an electric energy substation
(Subestacdo de Energia - SE). The construction of an Electric Energy Substation involves several
activities, each having its National Classification code.

For example, the National Classification code 4321 represents accidents in the electrical sector
(illustrated in Figure 1). On that figure it was observed that some accidents were registered
(Typical, Communication, Work Sickness), while others were not (“sem cat” or Without Work
Accident Communication). The accidents were separated by type: work sickness; commuting; and
typical accidents. Between 2014 and 2016, it was recorded a slight decline, but still showing high
values. Through 2016, the accidents in the electrical sector occurred on daily bases, emphasizing
the need for actions to minimize them.
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Figure 1 Work Accidents in the electrical sector. Adapted from Instituto Nacional de Seguridade
Social (INSS, 2018)

Figure 2 shows the data of the Brazilian Association for the Awareness of the Dangers of
Electricity (ABRACOPEL, 2018) in relation to the number of fatal and non-fatal accidents caused
by electrocution in Brazil during the years from 2003 to 2017.

Adapted from ABRACOPEL (2018).
Figure 2 Total number of accidents of electrical origin in Brazil from 2013 to 2017

Compared with the number of non-fatal accidents in Brazil during the past years, there is an
increase during the year 2016 and 2017. As it could be noted from the Figure 2, the number of
registered fatal accidents is much higher than the number of non-fatal accidents. This could be
explained with a high number of not recorded non-fatal accidents, while all fatal tend to be
recorded.

2.2.2 The statistics report for accidents in the Brazilian electric sector

The Management Committee Foundation has been releasing reports since 1977. The reports serve
as a management tool for companies from the electrical sector. The Figure 3 illustrates the numbers



of typical fatal accidents which occurred in the Brazilian Electrical Sector from 2004 to 2016,
between electricity generation and transmission companies. During this period, the electric sector
was a sector with a high number of fatal accidents.

30
70
60
50
40
30

A Nl

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

| Contracting Company Outsourced

Adapted from Fundacdo Comité de Gestdo Empresarial (FUNCOGE, 2018).
Figure 3 Number of fatal accidents in the electricity sector for contracting and outsourced
companies in the period from 2004 to 2016

The Figure 3 illustrates the data of Funcoge on the number of fatal accidents in the electricity
sector for contracting and outsourced companies in the period from 2004 to 2016. The vertical axis
represents the number of fatal injuries, while the horizontal axis represents the years in which the
fatal accidents occurred.

The number of accidents in outsourced companies has been decreasing over the years, decreasing
from 74 in 2006 to 16 in 2016. Nevertheless, the number of fatal accidents in outsourced
companies is still high in comparison with contracting companies.

2.3 Electrical substations

The Electrical Energy Substation is an installation composed of a set of equipment used to control,
modify, command, distribute and direct the electric power flow in an electric system. It has one or
more of the following functions: Manoeuvring, which allows connecting and disconnecting
electrical equipment; Transformation, which allows increasing or decreasing the voltage levels
according to the electrical system operation; and Distribution, which allows the power flow
subdivision to meet different feeders.

The network substation in the Brazilian electric transmission system is with voltage levels of 230
kV (ANEEL, 2017). The activities in this work environment, in addition to all possible risks
present in the construction industry, include also risks related to high voltage electricity, where
any mishandling can be fatal. During the development of construction services, it is necessary to
include professionals from different areas, in order to ensure safety. The tasks of construction
include building bases for different equipment, installing current transformers or potential
transformers, disconnecting switches and circuit breakers, fire wall construction,
electromechanical equipment and setting up of high voltage buses, setting-up and cabling of de-
energized and powered panels.



2.4 Risks management and evaluation systems

There are several national and international laws regarding this issue. The Occupational Health
and Safety Assessment Series (OHSAS 18.001) represent an international standard which
establishes requirements related to occupational health and safety management. It is expected to
be replaced by ISO 45001 (BSI, 2017), a new publication from the International Organization for
Standardization. The aim of risk management is to eliminate risks, and when it is not possible, to
minimize them. According to the study analysing data from the International Labour Organization
(ILO), 96% of accidents could be avoided by analysing incidents or probable incidents
(Barkokébas, 2014).

In France, the International Conference on Large High Voltage Electric Systems (CIGRE)
suggested the creation of a working group for 2017 with the proposal to investigate on experiences
of companies from the electrical sector in relation with risk management in substations. One of
the main objectives is to promote safety in several stages of an enterprise: construction; operation;
and maintenance during the installation (CIGRE, 2014).

2.5 Risk analysis techniques

There are several techniques for Risk Analysis: “Failure Mode and Effect Analysis” (Analise de
Modo de Falha e Efeito - AMFE); Fault Tree Analysis (Analise de Arvore de Falha - AAF); “What
if?”, which indicates possible risks; “Checklists” (used in daily activities based on certain
parameters); “Hazard and Operation-ability Identification Studies (HAZOP)”; and the
“Preliminary Risk Analysis (APR)” (Cardella, 2013).

3 CASE STUDY

A quantitative and qualitative study was conducted on an Electric Power Substation located in
Recife, Pernambuco, Brazil. The type of facility was the Air Isolated Substation (AIS), with
capacity of 300 MVA. The construction works contemplate the expansion of a new transformer
section, together with associated equipments, in order to increase the transmission capacity.

According to the “Consolidation plan for transmission works” (Brasil, 2015), it was decided to
expand the facility in order to increase the transmission capacity of electric power for additional
100 MVA. The National Agency for Electrical Energy (ANNEL) authorized the implementation
of the fourth three-phase power transformer of 230/69kV, 100MVA, to be installed alongside other
existing and powered electrical equipments with voltage levels of 69kV and 230kV. The electric
Substation is provided with access roads and buildings which serve as a base, like the control house
which houses the operators, allocates protection panels and the equipment panels.

3.1 Construction process and activities
The construction process (illustrated in Figure 4) could be divided into several working activities:

a) cable-ducts excavations; b) concreting the bases; c) construction of oil containment basin; d)
fire-wall construction; and €) grounding through the exothermic welding process.
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Figure 4 The construction activities

a. The cable-ducts are required to accommodate all wiring needed to interconnect the courtyard to
their respective protection and control panels which are located in control rooms and relay huts.
Excavations (illustrated in Figure 4a) could be handled manually by using conventional tools (with
shovels, picks, diggers and jackhammers) or mechanically (with backhoe loaders);

b. Concreting the bases is required to cover and protect the cable installation after finalizing the
base frame activities. Concreting (illustrated in Figures 41, 424c) could be handled manually using
the wheelbarrow, or it could be supplied directly from the concrete mixer truck;

c. Construction of oil containment basin are required to contain the transformer insulating liquid
from a possible leaking, avoiding soil and groundwater contamination, and in case of fire, not to
reach parts of the substation. It is required by the Brazilian Standard Norm NBR 13231 (ABNT,
2015), dealing with fire protection in Electrical Substations and by environmental legislation and
fire departments. The basin (illustrated in Figure 4d) is interconnected through the structure
(separator container), allowing the separation of water from the oil. In this venture, the oil separator
container was already built, and it was part of the construction site. There was an interconnection
between the new containment basins, the new transformer and the reactor with the existing oil
separator container;

d. Fire-wall construction is required to act as a barrier in case of fire and explosions in any electrical
transformer, containing the fire from spreading to other units. The structure (illustrated in Figure
4e) is made from pre-moulded concrete slabs covered with anti-thermal material, needed to be
higher that the transformer, reaching altitudes higher than 10 meters;

e. Grounding through the exothermic welding process should be done with special care concerning
the soil loop at an electrical energized substation. The workers will find the existing ground during
excavation services, which in normal conditions, shouldn’t present a risk to the workers.
Nevertheless, in case of a short circuit, high currents could circulate, and pose risks of accidents.

3.2 Participants

As explained through the previous chapter, the construction process involved various activities.
The activities were carried-out by professionals from different areas of expertise, from carpenters



and masons to technicians and engineers. In total, 27 workers participated in the interview survey:
civil engineers (3); electrical engineers (1); safety engineers (2); safety technicians (5); electrical
technicians (1); construction technicians (1); workers performing iron and concrete services (1);
carpenters (2); civil workers (1); backhoe operators (1); masons (4); jackhammer workers (1);
assistant mason (1); assistant electrician (1); general assistant (2); construction assistants (2). From
interviewed participants, 17 were full-time workers of the Electrical Substation (belonging to the
hired company), while 10 were employees of the contracting company.

3.3 Methods

For analysing risks, this study used the technique of Preliminary Risk Analysis. This technique
allows analysing risks in a conscious and anticipated way, allow the evaluation of events with
higher danger and risks (Tavares, 2012), and identify their causes and consequences, finally to be
able to establish planned control measures.

For the purpose of the study, a questionnaire was elaborated. The questions were based on
literature dealing with environmental and accident risks, risk analysis tools, controlling measures
and trainings useful for these types of operations. It included 21 questions in relation to the workers
identification, profession, health history, the trainings they passed, how they plan and organize
their work, risks to which they are exposed, equipment and safety measures they use, and general
satisfaction on their work safety.

The questionnaire evaluated workers' perceptions regarding occupational hazards, awareness on
safety issues and risks involved during the development of their activities, workers' adoption of
risk analysis tools and control measures. Additionally, conducted activities were photographically
recorded for risks identification and mappings, and to be used in further data analysis.

3.4 Data analysis

All gathered data were analysed by using the Excel statistical tool-box, evaluating risks perception
among workers, making it possible to compare acquired data with previously conducted studies.

4 RESULTS

The results from the questionnaire survey were illustrated in the following figures. Workers
perform activities in the open air, which is called the patio of energized equipment (where the
presented risks are highly present) and in offices - those working in planning and inspection
activities.

The Figure 5 illustrates the workers by their work experience (from 0 to 10 years). As it could be
noted, 5 (19.2%) had more than 15 years of experience, 7 (26.9%) had between 10 and 15 years,
1 (3.8%) had between 5 and 10 years, 4 (15.4%) between 1 and 5 years, while 9 (34.6%) had less
than 1 year of experience. Figure 6 shows that 14 (52%) of the interviewed workers had more than
5 years of professional experience.
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Figure 6 Usage of Risk Analysis Tools

As shown in Figure 5, nearly half of the workers (13/27, 48%) which participated in this project
had more than 10 years of working experience.

The Figure 6 illustrates most commonly used risk analysis tools. As it could be noted, the
Preliminary Risk Analysis (PRA) was used by 17 workers, the Preliminary Hazard Analysis
(PHA) was used by 10, check lists were used by 16, the Manner and Effect Analysis (FMEA) by
2, other tools by 1, while no answers were recorded on using Errors Analysis (EA), and not being
able to inform what is using.

The Figure 7 illustrates which occupational safety and health trainings and educations were
conducted by considered workers. As it could be noted, all 27 were trained in Electrical safety
(NR 10), 16 in construction safety (NR 18), 15 for working at heights (NR 35), 8 in Safety with
mechanical equipment (NR 12), 7 in Fire safety (NR 23), 6 in Safety signalization (NR 26), 3 for
working with flammable and combustible materials (NR 20) and working outdoor (NR 21), and 1
for Unhealthy operations (NR 15).
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Figure 7 Number of trainings and educations by Brazilian regulatory norms. NR = Represent the
Brazilian regulatory norm (Norma Regulamentadora)

The Figure 8 illustrates which personal protective equipment (PPE) was mostly used by considered
workers. As it could be noted, usage of 15 different PPE’s was evaluated.
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Figure 8 Personal Protective Equipment used by workers

The mostly used PPE was helmet (26 workers), safety boots (25), glasses (22), welding mask (21),
appropriate clothing (18), hood (15), air purificator (13), hearing protection (4), facial protection
(3), electrical isolation gloves (3), gloves (1), cream protection against agents (1), sleeves (1), other
(1), sunscreen protective cream (0).

The Figure 9 illustrates the perception of workers on safety solutions present at the construction
site. In total, one protective net was encountered, 2 safety signs, 4 safety nets, 5 fences, 16 barriers,
5 electrical parts with isolation, and 25 safety signalizations.
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Figure 9 Perception of workers on safety solutions at the construction site

The Figure 10 illustrates a list of 22 occupational safety and health risks identified/perceived by
workers.
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Figure 10 Identification of occupational safety and health risks

Among various risks present during this construction activity, most of the workers recognized:
noise (88.9%); electrical shocks (85.2%); traffic accidents (85.2%); poisonous animals (81.5%);
dust (77.8%); fire and explosions (74.0%); and falls (59.3%).

5 DISCUSSION

Although the construction industry usually involves a high number of risks, this type of
construction involves even more. Therefore, it is necessary to adequately assess risks, for all
workers to undertake trainings, to be able to perceive high risks and to protect them with adequate
PPE. The workers had to perform specific trainings (as required by regulatory norms specified by
the Brazilian Ministry of Labour and Employment) depending on their job description and the



activity they conduct. As illustrated in Figure 7, 100% of workers carried out the training on
electrical safety (NR 10). This was expected as the present construction activities were conducted
in powered areas. More than 60% of employees carried out the training on construction safety (NR
18). As activities were often performed at heights above 2 meters from ground level, 55% of
workers carried out the training for working at heights (NR 35). Other trainings had lower
frequency of participation.

As it is illustrated in Figure 8, the most used PPE were helmets (96%) and protective boots (92%).
This could be associated with mandatory requirements from the Brazilian legislation for all those
present on construction sites. Approximately 30% of the interviewed employees suggested training
with smaller breaks for acquiring new relevant knowledge to carry out their tasks properly, as well
as requesting some workload with practical classes in the training sessions. It is common for
workers to undertake compulsory training, but in addition to these, extra trainings such as lectures
can promote awareness and minimize risks.

5.1 Risk analysis tools

The risk analysis tools should always lead good safety management practices (Bridi et al., 2013).
Through analysing risks through the process of this type of construction, several analyses were
made. The cable-ducts excavations could be done faster by using mechanical tools, nevertheless,
the movement of backhoe loaders pose another type of risk, as its' spears might approach or even
touch the high voltage buses. Therefore, prior to any working activities it is necessary to conduct
a preliminary risk assessment. Once the excavations are finalized, it is important apply adequate
fall-protection measures around all holes and ditches. During the process of concreting the bases,
it is necessary to use concrete vibrators to improve the concrete densification. It is important for
all electrical equipment to be earthed and comply with the Brazilian Standard Norm NBR 5410
(ABNT, 2008). The construction of fire-walls requires the use of scaffoldings, for workers to be
able to assist during the placement of pre-moulded slabs. As work is conducted on heights, it is
necessary to carefully plan the working activity and apply fall-protection measures
(Nonnenmacher et al., 2017; Pefaloza et al., 2015) . Slabs could be lifted to a desired height by
using manual methods or by using the truck-crane. This activity poses great risk of electrocution
due to having moving parts in the proximity of powered transformers. For grounding through the
exothermic welding, several preventive measures should be applied. All elements should be
previously identified and employees should not have any contact with the soil loop. In the soil
loop expansion services, every new part should be made independently, leaving the
interconnection with the existing part for the last phase of work. This activity carries burning risk
to workers, once the exothermic solder is used to make the connections. Another risk is for
worker’s hands to be squeezed or getting their faces injured when working on the grounding.

The questionnaire results on most commonly used technique for risk analysis (as illustrated in
Figure 6) show that they were: the Preliminary Risk Analysis (PRA); check lists; and the
Preliminary Hazard Analysis (PHA). The reasons for using PRA could be associated to the same
reasons as why the authors selected it (it analyses and anticipates risks, it establish a plan through
control measures). As illustrated, workers commonly used more than one risk analysis tool. The
work should use risk analysis techniques and try to analyse the working activities in phases
(Cambraia et al., 2008).

5.2 The relation between training, risk perception and the use of PPE
Table 1 was created in order to facilitate the discussion on data illustrated in Figure 7 on trainings

which workers conducted, Figure 8 on PPE they used, and Figure 10 on their risk perception. As
answers were gathered from 27 workers, the collected data was classified into three main groups:



high number (group 1, from 19 to 27); medium number (group 2, from 10 to 18); and low number
(group 3, from 1 to0 9).

Table 1 The relation between collected data

Groups | Nr | Undertaken trainings | Nr | Risk Perception [ nr| PPE in use
27 electrical safety (NR 10) 24 noise 26 hialmet
23 electrical shocks 25 safety boots
{fru(l:zr:?il-épm; 27 23 Iranic aocidsn.ts 22 pru-ts_cmra glasses
22 poisonous animals 21 welding mask

workers)

21

dust

@

appropriate clothing

20 fires and explosions
16 construction safety (NR 18) 16 falls 15 hood
15 working at heights (NR 35) 14 cuts and perforations 13 air purificator
Group 2 13 repelitive movements
{from10to 18 12 excessive heat
workars) 11 vibrations
10 rusty cutting materials
10 flammable liguids
8 safety with mechanical equipment 9 handling vibrating equipment 4 hearing protection
(NR 12)
7 fire safety (NR 23) 7 mechanical shocks 3 facial protection
6 safety signalization (NR 26) 5 inadequate lighting 3 electrical
izolation gloves
working with flammable and 3 trash, virus, bacteria, fungus 1 gloves
Group 3 combustible materials (NR 20)
{trom 01 § 3 waorking outdoor (NR 21) 2 sanitary conditions 1 cream protection against
workers)
agents
1 unhealthy operations 2 burnings 1 sleeves
(MR 15)
2 abnormal pressures 4] sunscreen protective ream
2 gasses and vapours
2 humidity

As it could be seen from Table 1, a high number of workers were trained on electrical safety,
medium number on construction safety and working at heights, while a low number for safety with
mechanical equipment, fire safety, safety signalization, working with flammable and combustible
materials, working outdoor and unhealthy operations. Some risks, as for example the abnormal
pressure was perceived by workers. This type of answers should be rejected from consideration as
all activities were developed under normal pressure, and could be justified with workers not
understanding the question or the topic.

5.2.1 Unhealthy operations
The following Figure 11 illustrates data in relation to the training of unhealthy operation (NR 15),

and it compares with risk perception of each factor considered in that training (blue columns) and
the percentage of workers which used PPE to protect them from each of those risks.
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Figure 11 Unhealthy operations

As it could be seen from Figure 11, percentage of workers trained for unhealthy operations were
very low. In this group of risks, they were often perceived by a high number of workers, but those
which could be associated with not understanding the risk (not trained). Further on, although
workers perceived risks, often they didn’t wear adequate PPE to protect them for those risks, which
could be also associated to not being trained for it.

The risk perception of noise was high (89%), although the number of workers which used hearing
protection was low (15%). Onsite, it occurs in various activities, usually caused by vehicles
passing on roads nearby the area which was under construction. Further on, noise occurs when
turning on diesel emergency generator which serves as the temporary facility onsite, or with
operational equipments such as transformers, isolators, cement mixers, among others. Dust was
perceived as risk from a high number of workers (78%), but air purificators were used moderately
(48%). Dust is commonly present on constructions sites, therefore adequate PPE is necessary for
preventing this agent from entering into the human respiratory system.

Excessive heat was recognized by a moderate number of workers (44%). Adequate protection
through wearing hoods, sleeves and applying sunscreen protective cream was also used moderately
(56%). Usually, construction activities are carried outdoor, exposing workers to high temperatures
which makes the adequate clothing important. For other agents illustrated in the Figure 11, they
were perceived as risks, but no PPE was applied.

Vehicles and equipment that generate high vibration, such as: compactors; breakers; backhoes;
circular sawings; sanders; machines; marteletes; screwdrivers or forklifts; require adequate
protection and the use of the hearing protection. Exposure to this risk should be evaluated
according to limit values as specified by the regulatory norm NR 15 and according to the body
region which is subject to vibration as specified by the technical norm on Hygiene Occupational
Standards (Norma de Higiene Ocupacional - NHO). The PPE include anti-vibration gloves
(specified by 1SO 10819) and anti-vibration seats for vehicles. Another measure is to check the
defective parts and to regularly schedule maintenance and ensure that machines are in good
condition.

5.2.2 Electrical safety

The following Figure 12 illustrates data in relation to the training of electrical safety (NR 10), and
it compares with risk perception of electric shocks and the percentage of workers which used
electrical isolation gloves (PPE).
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Figure 12 Electrical safety



The number of workers which perceived electrical shocks as risk was in accordance with the
number of workers which undertook electrical safety training (NR 10). Electrical isolation gloves
were used by a low number of workers, which could be explained with a low number of workers
which were electricians. Other workers did not this PPE as they avoided any contact of this type.
In this case, the electrical risk could be ranked as the highest, not only due to what show us statistics
(FUNCOGE, 2018) and previous works (Barkokébas, 2014; Roberts, 2016), but also as workers
are located in the area with several powered equipments with high voltage levels. The consequence
of this risk could be fatal in just a matter of seconds. The risk includes the risk on low powered
electric bus areas. The construction activity of electrical substations requires trainings on electrical
risks, regardless of the employee's function.

5.2.3 Construction safety

The following Figure 13 illustrates data in relation to the training construction safety (NR 18) and
training for working on height (NR 35), and it compares with the perception of risk of falls, fires
and explosions, electrical and mechanical shocks.
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Figure 13 Construction safety.

The training on construction safety (NR 18) and working at heights (NR 35) was moderate (59%
and 56% respectively). It was in accordance with the number of those which perceive falls (59%)
as important risks for consideration.

Fires and explosions may occur due to the failures of electrical equipment and mechanical shocks,
while falls from heights due to the worker conducting his activity on heights. Nevertheless, as falls
represent a high percentage of accidents and death cases (Barkokébas, 2014), it was expected that
workers would have a greater perception of this risk. The risk of falls is highly present as work is
conducted on heights above 2 meters from ground level. Further on, falls can occur through the
openings of trenches for passage boxes and equipment bases. A possible solution is to improve the
number of safety signs. A common situation that causes an imminent risk of falling is to observe
workers passing over box channels through the courtyard. The worker may fall on through a
“false” cover, or a cover may rupture due to being prepared to support the workers weight, causing
him torsions, fractures or even death. This could lead to unnecessary work leaves for long periods
of time. Additionally, during rainy periods, slippery floors should be cleaned accordingly.

5.2.4 Other safety concerns

There were a low number of workers trained in fire safety, but the risk perception on fires and
explosions was represented by high number of workers. This could be explained with moderate
number of those which were trained for fire safety but through another standard (for example the
training on construction safety which includes fire safety). Fire and explosion represent a high and



very present risk. It is enough to observe the fire walls construction around the power transformers,
which have the function of not propagating fire and confining the fragments of an exploded-
equipment near its original area. In case of fire, a possible failure to insulate any equipment can
possibly cause an explosion. Therefore, the use of Personal Safety Equipments and Common
Safety Equipments is more than fundamental.

Similarly, the number of those trained for working with flammable and combustible materials was
low, while the risk perception was represented by medium number of workers. Flammable liquids
such as Diesel in the Emergency Generator Set require care when handling with or getting closer
to it. Cigarettes are strictly prohibited in this area, since any spark can generate a disastrous fire
that can be spread. It is recommended that everyone is familiar with the use of extinguishers as
well.

In third place for risk perception it was traffic accidents. Workers are conscious that long journeys
between their homes and workplace pose a risk for traffic accident. Although it is an external
factor, it is important to consider it and to give workers recommendations on using defensive
driving, not to consume alcoholic beverages and leave their home early to avoid rush-hours and
reduce this risk.As the substation construction environment is usually far away from large urban
centres, a risk from several poisonous animals should be considered: like snakes, scorpions, rats,
which could hide in cable-ducts inside the passage boxes. Before opening them, caution is required
and no one should perform any activity by himself.

The Repetitive effort, such as carrying cement bags and handling heavy equipment, require the
worker to be careful when distributing loads with someone else, observe their posture when
squatting and to climb adequately. Many accidents occur because of needless rush.

Another very present risk is while cutting materials. For this task are used various tools and
instruments such as: nails, wires, circular sawings, machines, drills, hoes, shovels, pliers,
hammers, among others. Some of them can even be oxidized, bringing serious health risks such as
tetanus. The equipment storage and organization with signs indicating the equipment’s name and
risks warning are very important. Therefore, edgy materials should be stored and packaged
properly, in order to avoid that improper manipulation causes undesired accidents to workers.

Cement is a very common chemical product used in the construction industry. It is necessary that
workers use appropriate gloves to avoid direct contact with the skin, as cement can cause risk for
professional dermatosis.

6 CONCLUSIONS

The construction held at electrical substations represents a dynamic environment where workers
with different areas of expertise work simultaneously.

The construction process of the electrical substation was found to pose several risks depending on
its phase. When using mechanical tools, it is necessary to conduct a preliminary risk assessment.
Once the excavations are finalized, fall-protective measures should be applied around all holes and
ditches. The concrete vibrators and all electrical equipment should be earthed. During the
construction of fire-walls scaffolds should be used and fall-protective measures should be applied.
Truck-crane should be avoided as moving parts in the proximity of powered transformers
posegreat risk of electrocution. During the process of grounding all elements should be identified
and employees should not have any contact with the soil loop.



Workers were found to apply several risk analysis tools, while the most commonly used was the
PRA.There is relation between training, risk perception and adequate use of PPEs. When workers
were not trained for working with some risks, they exaggerated or underestimated the risk.
Workers were mostly trained for electrical safety, construction safety a working on heights, where
the percentage of risk perception was in accordance with the percentage of workers which were
trained to identify and manage those risks.

The conclusion of this study was that the construction of electric power substations brings several
safety risks and that the instruction of workers allows an effective risk management, and can
reduce the number of accidents in this type of working activity.
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Pycckas Bepcus:
YnpasieHue pucKaMu IPH CTPOUTEJILCTBE JJIEKTPHYECKUX MOACTAHIN I

Annomayus: CTPOUTENHCTBO IEKTPUUECKUX MOACTAHIIUN COMIPSKEHO ¢ OOBIINM KOJIMYECTBOM
PUCKOB U3-3a OIACHOM OKpyxkKaromie cpensl. Llenbio ganHON pabOTHI sBIASETCS OIEHKA
BOCHIPUATHS CTPOUTEIBHBIMHA PAOOTHUKAMH PHCKOB, METOJIOB, HCIIOJIb3YEMbIX HMH JJIsl OLIEHKH U
yIpaBJICHUS PHUCKaMH, KOTOPBIM OHH IIOJBEPTalOTCs. B 1aHHOM HCClIeOBaHUM TPOBEICH
KA4eCTBEHHBIN 1 KOJIMYECTBEHHBIN aHAJIN3 IIPU PACLIMPEHUH OJHOM IIEKTPUYECKOU IIOICTAaHLIHH,
N00aBICHUH JIOTIOTHUTEILHOTO CUIIOBOTO TpaHchopmaTopa momHocThi0 100 MBA. Pucku Obun
UACHTU(HUIMPOBAHBI U MPOAHATU3UPOBAHBI C TOMOUIBIO MPEIBAPUTEIHLHOTO aHAN3a PHCKOB
(PRA). Kpome Toro, Oblia co3gaHa aHKeTa MO OE30MACHOCTH CTPOUTENBCTBA, KOTOpas ObLia
npUMeHeHa KO BceM 27 pabouyuM, y4acTBOBABIIMM B CTPOMTENBCTBE. Pe3ynbTaThl MOKa3aiH,
Kakhe BUABI JIESTEIFHOCTH TPUCYTCTBYIOT IPH CTPOUTEIBCTBE IIOJICTAHIINHU, KAaKHE PHCKH
3aJIeliCTBOBAHbl M KaK MMM YNpPaBIsATh. BbuUTo 0OHApy:KEHO, YTO CpeAar HECKOJIbKUX Hanbojee
9acTO HCIIOJIb3YeMbIX HHCTPYMEHTOB aHaymm3a sBIsitoTcs [IPA u xoHTponbHbIe crivcku. [lanee
ObuTa OOHapyXeHa CBsI3b MEXJIy 0OydeHHEM U BocHpusiTHeM pucka. Cpeau npeanoigaraeMbix
PHUCKOB OBLTH: IIIyM, paboTa Ha BBICOTE, YIapbl TOKOM, JIOPOKHO-TPAHCIIOPTHBIE MIPOUCIIECTBUS,
SITOBUTHIC JKUBOTHBIE, TTBLJIB, TI0KAP M B3PBIBBL. BBIBOJI ATOTO MCCIIEAOBAHUS COCTOSIT B TOM, YTO
CTPOMTENHCTBO AIIEKTPHUYECKUX IOJICTAHIIMNA HECeT B cebe psll PUCKOB OE30TMacHOCTH W UYTO
WHCTPYKTaX pabodmx 1Mo3BoysieT 3(P(PEKTUBHO YNpPaBIATh PUCKAMH, a TAK)KE MOXKET CHU3UTH
KOJIMYECTBO HECYACTHBIX CITyYaeB MPU ATOM BHJIE TPYAOBOH EATEITHHOCTH.

Kniouesvie cnosa: 6e30macHOCTD TPYAA; TPAXKAAHCKOE CTPOUTEIBCTBO; NIepeaada dJIeKTPHIECKOM
SHEPTHHU TOJICTAHITUSIMHE; AIEKTPHUECKAs SHEPTHS; OlleHKA MPO(HECCHOHAIBHBIX PUCKOB

1 BBEJEHUE

Cripoc Ha BJIEKTPOIHEPTUIO UMEET TII00aTbHYIO TCHACHIIHNIO K pocTy. B bpasunuu naxe HecMoTpst
Ha PEIECCHI0 B TOCIEAHUE TOMBI, CIPOC TMPOJOIDKAeT pacTH. [lampHEHIme MnepcreKTUBEI
ABOJIIOIUH TIOTPEOJICHHSI JICKTPOIHEPTHH 3aBHCAT OT HEKOTOPBIX JOMYIICHUH W BO3MOXHBIX
MaKpPOIKOHOMHYECKUX clieHapueB. i Toro 4to0bl 00ecneunTh NOTPeOUTeNeH MOCTaBKaMK |
Ka4ecTBOM, TPEOYIOTCSl OIpeelICHHbIE MHBECTUIMH JUIS YAYYIIEHUS ero MH(PACTPYKTYPHBIX
paboT B ceKTOpe TeHepalud U TIepenadd djaekTposHepruu. I[lo nganHeiM  Bpasmibckoit
SHEPIreTUYECKON MCCIIeIOBATEIbCKON KOMIAHWK TPOTHO3 TMOTPEOICHUS DIIEKTPOIHEPTUH LIS
KHJIBIX, TIPOMBIIIIJICHHBIX U KOMMEPUYECKHX MOTpeOuTeNei B bpasuinu 3akirouaeTcs B TOM, 4TO
oHO 110JpKHO yBenmnuuThes ¢ 450 I'Bt-u B 2016 roxy mo 700 I'Bt-u B 2026 roay. ITo onenkam
Opa3mIIbCKOTO MPaBUTENbCTBA, B epuo ¢ 2015 mo 2018 roa B CTpoOUTENBCTBO Ta30 TPAHCIIOPTHBIX
cucteM Oyner umuBectupoBano 39 mupa Opn (0,42 mupa mosutapos CIIA). BosbimuHCTBO
KOMIIAaHUH, OTBETCTBCHHBIX 3a CTPOMTEIBCTBO, €IIC MPEJACTOMT HAHATh, B TO BpEMs Kak B
HACTOSIIIIEe BPEMS M0 KOHTPAKTY YKE 3aKII0YEHO OKOJIo 22 MuiiuapaoB opi (6,94 muiinapaa
nosnapos CIIIA).

B cexTope nmepenauu 3NEKTPOIHEPTUN CTPOUTEIBHBIE PAOOTHI ISl HOBBIX MOJCTAHINN W JIMHUH
ANEKTPOTIEPEAAYH MU PACIINPEHHE CYIIECTBYIONINX 0OBEKTOB, KaK MMPABUJIO, CAHKIIMOHUPYIOTCS
Bpasunbckum HarmoHansHbIM areHTCTBOM 10 3nekTpodneprerrke (Agéncia Nacional de Energia
Elétrica - ANEEL) myrem mpoBeneHus ayKIIMOHOB Mepeiady B paMKax KOHI[ECCHOHHOTO PEXKUMA,
CaHKIMOHUPYIOMINX PE3OJIONHMN WM pa3pelInTeNIbHBIX KOHTPAKTOB. B cTponTenbHOM cekTope
3a7efiCTBOBAHO OOJBIIOE KOJMYECTBO pPa0d0YMX, KOTOPBIE 3aHMMAIOTCS CTPOUTEIECTBOM
ANMEKTPUUECKUX MoAcTaHIMi. [lo Mepe BHeOpeHHS B TPaXKIaHCKOM CTPOMTENIHCTBE HOBBIX
TEXHOJIOTUH (aBTOMaTH3alus, TeJIEeMEXaHHKa, TeIEMEXaHUKa U KOMITBIOTEPU3AIHS) TPOUCXOIAT
3HAUMTENbHbIE M3MEHEHHS B OpraHu3auuu paboT, BKJIIOYAs AayTCOPCHHT, J00aBICHUE
KOOINIEPAaTUBOB W JOOPOBOJIGHBIX ITUIAHOB pE3CPBUPOBAHUS. IJTH W3MEHEHHsS HAHECIU
3HAYUTENBHBIA ylepd paOOTHHKaM, MMOCKOJIBKY MPHBEIH K POCTY 0e3pabOTHIBI U OTCYTCTBHIO



yCIOBUM OXpaHbl TpyJa U TEXHUKH Oe30macHOCTH. B pesynpTaTe B CTPOUTEIBHOM OTpaciu
BO3POCJIO YHMCJIO HECUYACTHBIX CIIy4aeB HA IIPOU3BOJCTBE, CBSI3aHHBIX C DJIEKTPUYECKUM PUCKOM,
YTO SIBJISICTCS JIMIIb OJTHUM U3 MHOTHX PUCKOB, BOZHMKAIOIIUX [IPU CTPOUTEIILCTBE, PACIIMPEHUN
U PEKOHCTPYKIMH ICKTPUUECKHUX MTEPEAAOIINX [10ICTaHLIUM.

CrpourtelbHble pabOThI Ha MOJCTAHIMSAX MICKTPOTIEPEAadr BKIIOUAIOT B Ce0sl PUCKH, CBA3aHHBIC
C 3JICKTPORHEPrUeH, B JOMOJHEHHE K (PU3NYSCKUM, XUMUYECKUM, SPTOHOMHUUECKHM U OOBIYHO
NPEJICTABISIOT COOOM PHCKH, CBSI3aHHBIC cO CTpouTenscTBOM. Ilo nanueiM Barkokébas (2014),
28% HeCcUacTHBIX CIIy4aeB B CTPOUTENIBCTBE ObUIM CBSI3aHbBI ¢ majneHusiMu, 17% - ¢ mageHusMu ¢
BBICOTHI U 2,8% - ¢ mopaxkeHueMm snekTpudeckuM TokoMm. Omnako 3tu 2,8% cocraBmsuim 50%
cMepTenbHBIX ciydaeB. Jlnst PoOeprca »neKTpUYECTBO-3TO BE3ACCYIIMH PHUCK; UM  HYKHO
yIOPaBIsATh HMHA4Ye, YeM JIIOObIM JPYTUM BHJIOM pHUCKa. PaboThl MO pacHIMpPeHUIO WIN
OM3IIEKAIIUM CITY)KOaM BOKPYr HEPrOyCTAaHOBOK BEIYTCSI B MPUCYTCTBUU BBICOKOBOJIBTHOTO
aNIeKTpUYecTBa co 3HadeHUsIMU oT 69kB 1o 750kB, KOTOpbIe SBISIFOTCS CMEPTENbHBIMH JUIS
yejoBeka. B 3TOM cueHapuu pabOThl MOTYT JIETKO TIPOW3OWTH OSJEKTPUYECKUE aBapHH,
MPEICTABISIONINE COO0M 3HAYMTENIbHBIE TIPUYUHBI TPO(HECCHOHATBLHBIX CMEPTEIIBHBIX CITy4acB B
MHUpe.

B Bpazunmuu B 2016 roay mo cpaBHEHHIO ¢ MPEABLIYIIAM T'OJJOM MMPOU3O0IIIO YBETHUEHUE YHCIIa
HECYACTHBIX clTyyaeB M 3a00JIeBaHUM, CBSI3aHHBIX ¢ paboTol, yro obonuiocs HanmonampHOMY
HHCTHTYTY COIHAIBHOTO OO0ECIeYeHusl IOMOJHUTEabHO B 4,2 muutmapaa pyomeid (1,33
muwunapaa jgosutapoB CIHA). Bo u3bexaHne HECUACTHBIX CIIy4aeB aHAIN3 PUCKOB IITHPOKO
WCTIONB3YETCS B PA3IMUHBIX OTPACIISX.

WuauBHyaibHBIIA METOT MOYKET HE 1aTh ONITUMAIIBHBIX PE3YJIbTATOB OLIEHKU PHUCKA [T paboyvnX.
MoOXHO Ha3BaTh HECKOJIBKO HMHCTPYMEHTOB aHalIHW3a, KOTOpPbIE MPHU3BaHBI OOJETYUTH
WCCIIe/IOBAaHUE W HAlPaBUTh Ha COOTBETCTBYIOIINE KOHTPOJbHBIE ACUCTBUS. B cooTBeTCTBHH C
TpeOOBaHHUSAMHU 3aKOHOJATEIHCTBA PYKOBOJSIIME TMPHHIUIBI YIIPABJICHUS OXpPaHOW TpyAa H
MPOMBIIIJICHHOW O€301acCHOCThI0 KaK YacTh CHCTEMBI KauecTBa OOS3BIBAIOT paboTomaress
MOOMIPATh 37J0POBbE M JIOOPOCOBECTHOCTh PAOOTHUKOB, BKJIIOYAs STAalbl OT BHEIPEHUS [0
TEXHUYECKOTO OOCITY)KUBAHHSI CUCTEM.

Tem He MeHee, HECMOTpsS Ha HaJIMYHME 3aKOHOJATEIbHBIX TpeOOBaHUH, pa3pabOoTaHHBIX
WHCTPYMEHTOB M METOJIOB YIIpaBJICHUs OC30MaCHOCTBHIO TPyJa, YMCIO HECUYACTHBIX CIy4aeB U
3a00JI€BaHU, CBS3aHHBIX C paOOTOH, MPOA0DKAET pacT. byayiye TeHACHIIMN TOKa3bIBAIOT, YTO
TpeOOBaHUS K AIEKTPUUYECTBY OyIyT MPOJIOJIKATH PACTH, CO3[aBasi MOTPEOHOCTh B CTPOUTENIBLCTBE
HOBBIX 3JICKTPOCTAHIIUH H, CIICIOBATEIIHHO, OCTaBasCh BHICOKMM PUCKOM JIJISl T€X, KTO UX CTPOMT.
CyiiecTByeT ocTpas HEOOXOAUMOCTh B YIYUIIEHUH YCIOBHI O€30MacHOCTH MPH CTPOUTEIHCTBE
MOJICTAHIIUI TIepeIay AICKTPUUECKOW SHEPTHUH C 1EIbI0 MOBBIMICHHUs] 0€301TaCHOCTH M OXPaHbI
3I0POBBSI 3a/ICCTBOBAHHBIX PAOOTHHKOB. Lleab 3TO¥M pabOThI 3aKIOYaeTCs B TOM, YTOOBI
OIICHUTh BOCTPUITHE CTPOHUTEIBLHBIMH pPa0OYMMH PHCKOB, KOTOPHIM OHH TIOJIBEpPraroTcs,
HCCIEeA0BaTh, KAKUE METOIbl OHH HCIIOJB3YIOT JUIsl OLIEHKU M YIPABJICHHS 3TUMH puckamH. [lanee
1[eJTh COCTOSTIa B TOM, YTOOBI OOCYIUTh U CPAaBHUTD 3TU PE3yIbTAThl C UMEIOIIMMHUCS B HACTOSIIIEE
BpeMsi TaHHBIMU O HECUYACTHBIX CITyYasiX U 3a00JIeBaHUX, CBSI3aHHBIX ¢ pabOTOM, U, HAKOHEI, AaTh
MIPeIJIOKEHUS TI0 YAYUYIIeHUIO 0€30MacHOCTH U TUTUEHBI TPYAA.

2 bubaunorpaduyeckuii 0030p

bubnuorpaduueckuit 00630p ObUT TpOBEeNEH C LEAbI0 0030pa COBPEMEHHBIX 3HAHUNA U
nHpopMaluy Mo 0E30MaCHOCTH CTPOUTENBHBIX padOT B AMEKTpOoTeXHUUECKor oTpaciu. O630p
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2.1 T'106anbHBIE JAHHBIC 0 HECHACTHBIX CJIyYasaX Ha IMIPOU3BOACTBE B JJICKTPOIHEPI€TUKE

B Coemunennbix Lltatax B 2016 romay n3 4693 HecuacTHBIX cIy4aeB Ha IPOU3BOJICTBE B YACTHBIX
orpacisix 991 (21,1%) Obut cBsizaH co cTpouTeNbCTBOM. OCHOBHBIMH MPpUYMHAME cMepTel (3a
UCKITIOYEHUEM JIOPOXKHO-TPAHCIIOPTHBIX TPOUCHICCTBHI) B CTPOUTEIBHOW OTpaciu ObLIH
nagenust  (38,7%), 3a kotopeiMH cremoBanu  yaapbl npeameroM  (9,4%), mopakeHue
anekTpuueckuM TokoM (8,3%) u 3actpeBanue mexay Humu (7,3%) (OSHA, 2018).

B BenukoOpuranuu B 2017 romy cMepTeibHBIE TPaBMbl B CTPOUTEIHHON OTPACIH COCTABIISIIA
30% Bcex cMepTENbHBIX TPAaBM, CBSI3aHHBIX ¢ pabOTOH, a MopakeHUe IEKTPUIECKUM TOKOM-8%
BCEX MPUYHH.

[To mamapiM MexayHapoaHoro ¢GoHAA dIEKTPOOE30MaCHOCTH, CaMblii BBICOKHH YpPOBEHBb
MOPAXKEHUSI INEKTPUUYECKMM TOKOM HaONIOIaeTCsl Cpelud CTPOUTEIbHBIX MOJPSAYNKOB. B
Coenunennbix Illtatax ATEHTCTBO CTaTHCTHKM TpPyAAd 3aperHCTPUPOBAIO DIIEKTPUYECTBO B
KadecTBe OCHOBHOMU npuunHbl cMepTH B riepro ¢ 2003 mo 2011 rox, 3adukcuposas 40% ciydaes.

Tem He MeHee, XOTsI CTPOUTENbHAsI OTPacib HECET OTBETCTBEHHOCTH 3a OOJBIIOE KOJHMYECTBO
HECUACTHBIX CIIy4aeB CO CMEpTEIbHBIM HCXOJO0M, BaXKHO YYHUTBHIBATh, YTO B HEH TAaKKE 3aHATO
Oospioe kKoaudecTBO paboumnx. CornacHo cpeaHeromoBomy mokazarento ¢ 2012 mo 2017 rox, B
nepecuere Ha yncio noruommx Ha 100 000 3aHATHIX paOOTHUKOB, TIOKA3aTelb CMEPTEIBHOTO
TpaBMaTu3Ma B CTPOUTENIBHOW oOTpaciu coctaBua 1,82, B TO Bpems Kak A

CeJIbCKOXO3SUCTBEHHOU oTpaciu-8,44, a st MycoporiepepadaTbiBaolell MpOMbBIIUIEHHOCTH-
6,80.

2.2 bpa3uibcKue JaHHbIE 0 HECYACTHBIX CJIy4asixX Ha MPOM3BO/ICTBE B YJIEKTPOIHEpPreTHKe

Bpasunbckre TaHHBIC 0 HECYACTHBIX CITydasX Ha MPOHM3BOJICTBE PETUCTPUPYIOTCS B JOKYMECHTAX,
BBIJJAHHBIX KOMITaHUAMHU. JIOKYMEHT OCHOBaH Ha mpoueaype noarotoBku CooOuieHus o
HECUACTHBIX CIy4asX Ha TPOM3BOJICTBE W paccMaTpuWBaeT KaK HECUACTHBIC CIIydyad Ha
IIPOM3BOJICTBE, TaK M MpodeccHoHanbHble 3a0oieBanus. IIpaBuna onpenencHsl Hopmoit NBR
14280, ycranaBnMBaroOIIel KPUTEPUU PETHCTPALMM, CBSI3U, CTATUCTHKHU, PACCIEAOBAHUSA H
aHaJIM3a HECYACTHBIX CIIy4aeB Ha MPOU3BOJICTBE, UX MPUYHH U MOCIICACTBUM.

CYH_IGCTByeT ABa OCHOBHBIX pPErucTpa, CBA3aHHBIX C 6pa3I/IJ'IBCKI/IM QJICKTPOTCXHUYCCKUM
CCKTOPOM, IO HECYACTHBIM CJIydasAM Ha MMIPOU3BOJACTBEC, paCCMATPUBAIOIINUM 3Tallbl ITIPOU3BOACTBA,
nepeaaun " pacipeaciaCcHuA BHGKTpI/I‘leCKOﬁ OHCPTHUU. K HuM oOTHOCSTCA. CTaTUCTHYCCKUI
CKCTOJHUK HECUACTHBIX CJIYYAaCB HA MPOU3BOJACTBEC (HaLII/IOHaJ'IBHOe AréHTCTBO IO HAJIOT'OBOMY
aJIMHUHH CTpI/IpOBaHI/II-O) , MOATOTOBJICHHBIH MI/IHI/ICTepCTBOM Tpyaa u 3aHIATOCTH, u
CTaTUCTUYECKHM OTYET O HECYaCTHHIX ClIy4acB B 6pa3HHBCKOI>'I SJICKTPOSHECPICTUKH,
MMOArOTOBJICHHBIN KomureroMm mo YIIPABJICHUIO (I)OHI[OM.

2.2.1 CratucTu4eckmii e;KeroqHMK HeCYACTHBIX CJIyYyaeB HA IPOU3BOJACTBE



CraTucTHKa HECUACTHBIX CIIy4aeB Ha MPOM3BOJICTBE MOXKET OBbITh MPECTABICHA B COOTBETCTBUU
C HEKOTOPBIMH KPUTCPHUSIMH, TAaKUMH Kak MexayHapoaHas kiaccudukanus 3adbosesannii (MKB)
u bpasmibckas HarpoHaNbHAs KiIacCU(UKAIMS SKOHOMUYECKOH aesTenbHOCcTH. HanmonanpHas
Kjaccu(uKanus BUAOB SKOHOMHYECKOW MAEATENbHOCTH SIBISIETCA CTaHIAPTOM, O(HUIIHAIBHO
npuHATHIM  HanuoHanbHON — cratuctudeckod cucreMod. OJHAKO KOHKPETHOTO —KOJEeKca
XO3SMCTBEHHON JESITENbHOCTH AJIEKTPUYECKOM IHEPreTUUYECKOW IMOJCTAHIIMU HE CYLIECTBYET.
CrpoutenbCTBO DIIEKTPUUECKON MOJICTAHIIMK BKJIIOYAET B c€0sl HECKOJIBKO BUIOB JESTEIBHOCTH,
KaKJasi 13 KOTOPBIX KMeeT CBOM HanmoHanbHBIN KiTaccu(pUKAIIMOHHBIN KOJI.

Hanpuwmep, Hanmonaneuenii kinaccudukannonnsiii ko 4321 npencrasisier co00il HecyacTHBIE
ciydau B 3JekTpodHepretuke (puc. 1). Ha sToM pucyHke OBLJIO OTMEYEHO, YTO HEKOTOPBIC
HECUaCTHBIE CIIydal OBUIM 3aperHCTPHpPOBAaHBI, B TO BpeMs Kak Jpyrue He ObuH
3aperucTpupoBaHbl. HecwyacTHble ciiydan OBUIM pa3feieHbl 10 THIIAM. TPYAOBas OOJIE3Hb;
nmoe3/IKi Ha paboTy; M TUNMUYHBIE HecuacTHhle ciydan. B mepuon ¢ 2014 mo 2016 rox Owiio
3ahuKkcHpoBaHO HEOOIBIIIOE CHUIKEHUE, HO BCE K€ MMOKA3hIBAIOIIEe BEICOKUE 3HAUeHUs. B TeueHme
2016 roma aBapuu B DIIEKTPOIHEPreTUKE TPOWCXOJUIN E€XKEIHEBHO, 4YTO IOTYSPKHBAIO
HEO0XOIMMOCTh PUHSATHS MEp MO0 UX MUHUMH3AIINH.
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Pucynok 1 - HecuacTHple ciaydan Ha IPOU3BOICTBE B AJIEKTPOIHEPTE€TUKE
Ha PUCYHKEC 2 IpeaAcCTaBJICHblI JaHHBIC BpaSHHLCKOﬁ acconvanym II0 OCO3HAHHMIO OIIaCHOCTH

AJIEKTPUYECTBA B OTHOIICHWU YHUCIA CMEPTEIbHBIX M HECMEPTEIbHBIX HECYACTHBIX CIIydacs,
BBI3BaHHBIX MMOPAKCHUEM DJICKTpUUECKHM TOKOM B bpaszunuu B nepuoa ¢ 2003 mo 2017 rog.



Pucynox 2 - O01ee 9nciio aBapyii AIEKTPHUYECKOTo MpoucxoxkaeHus B bpaswmmun ¢ 2013 mo
2017 ron

[To cpaBHEHHWIO C YHCIOM HECYACTHBIX CIIy9aeB CO CMEpPTEIbHBIM HCXO0JOM B bpaswmmm 3a
nocieaaue roasl, B 2016 u 2017 romax Habmomaercs poct. Kak BHIHO W3 pUCYHKA 2, YHCIIO
3apETHUCTPUPOBAHHBIX HECUYACTHBIX CITYIaeB CO CMEPTEIIBHBIM HCX0JIOM 3HAUNTEIHHO IPEBHIIIACT
YUCJIO HECYACTHBIX Ciy4aeB 0€3 JEeTaThbHOTO HCXOJa. IJTO MOXXHO OOBSCHUTH OOJBIIAM
KOJIMYECTBOM HE 3apEerUCTPUPOBAHHBIX HECUACTHBIX CIIYYacB CO CMEPTEIbHBIM HCXOJOM, B TO
BpeMs KaK BCE CMEPTEIIbHBIC CIyJYaH, KaK MPaBHIIO, PETUCTPUPYIOTCA.

2.2.2 CTaTHCTHYECKHUIT 0TUYET 00 aBapHsX B OPa3HIBLCKOM 3JIeKTPOIHEPreTHYECKOM CEKTope

®onn Komurera mo ympaBieHHto myonukyeT otdetsl ¢ 1977 roma. OTdeTsl CiyaT
WHCTPYMEHTOM YIIPABJICHUS Ui KOMITAHHH DJIEKTPOTEXHUYECKOTO cekropa. Ha pucynke 3
MOKa3aHO KOJHMYECTBO TUIMHUYHBIX HECUACTHBIX CIy4aeB CO CMEPTEIbHBIM HCXOJIOM,
MPOM30LIEAINX B Opa3uiIbCKoM 3JekTposHepreruueckoM cekrope ¢ 2004 o 2016 rox mexay
KOMIAHUSAMH, TPOU3BOMAIIMMUA W TIEPENAIONIMMHU  3JICKTPOIHEprHio. B 3TOoT mepuox
ANIEKTPOIHEPTreTUKa ObLIa OTPaCibl0 C OOJIBIIMM KOJHMYECTBOM HECUYACTHBIX CIIy4acB CO
CMEPTEITBHBIM UCXOJIOM.
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Pucynox 3 - KonnuecTBo HECHACTHBIX CIy4aeB CO CMEPTEIBHBIM UCXO/IOM B JIEKTPOIHEPTreTHKE
JUTSL IOJIPSTHBIX U A@yTCOPCUHTOBBIX Komranuii B iepuo ¢ 2004 mo 2016 rox

Ha pucynke 3 noxa3zansl JaHHble FUNCOQE O KOJIMYECTBE HECYACTHBIX CIY4aeB CO CMEPTEIbHBIM
MCXOJIOM B AJIEKTPOIHEPIeTUKE ISl MOAPSIIHBIX U ayTCOPCUHTOBBIX KoMnanuii B nepuox ¢ 2004
no 2016 rox. BepTukanbHas 0Ch MPENCTABISET KOJIMYECTBO CMEPTEIBHBIX TPABM, B TO BpeMs Kak
TOPU30HTANIBHAA OCh IIPEACTABIISIET I'OJbI, B KOTOPBIE IPOM3OLIIN CMEPTEIbHbIE HECYACTHBIC
ClIy4au.

KoJin4ecTBO HECHaCTHBIX CIy4acB B ayTCOPCUHTOBBIX KOMITAHUSIX C TOJaMH COKpalaercsi-c 74 B
2006 romay mo 16 B 2016 roxy. Tem He MeHee, KOTMUECTBO HECYACTHBIX CITYy4aeB CO CMEPTEIBHBIM
MCXOJIOM B ayTCOPCHHIOBBIX KOMIIAHUSX TO-TIPSKHEMY BEJIUKO 10 CPABHEHHUIO C MOJPSAHBIMU
KOMITAHHSIMU.

2.3 DyiekTpuYecKHne MOACTAHIIUH

[ToncTaHuust SJIEKTPUYECKON DHEPTUU-3TO YCTAaHOBKA, cOCTOsImas w3 Habopa 000pyIOBaHWS,
WCIIOJIb3YeMOTO IS YIIPaBJICHHs, W3MEHEHUs, YIPABJICHUS, paclpeiesieHUus W HalpaBJICHUS
IIOTOKa DJJICKTPOOHEPTHUU B 3HeKT’pI/IquKOﬁ cucreMe. OH BEIIOJHIET OJJHY HJINU HCECKOJBKO
cienyromux  (QyHKIUNA: MaHEBPUPOBAHHE, TIIO3BOJIAIONICE TMOJKIOYATh W OTKIHOYATh
ANEKTPOOOOpYyAOBaHHUE, TTpeoOpa30BaHKe, MO3BOJISIONICE YBETUINBATh UM YMEHbBIIATh YPOBHU
HANPSOKCHUS B 3aBHCHMOCTH OT Pa0OTBHI DIIEKTPOCHCTEMBI, M paclpeieieHne, MO3BOJISIONICe
MOIPa3/ICIICHUIO MIOTOKA MOIITHOCTH YIOBJIETBOPSTH PA3IMYHBIC TATATEITH.

CereBas MoCTaHIUA B Opa3uiIbCKOM CHCTEME JIICKTpOIIepeaadn MeeT YpoBeHb HanpsukeHus 230
kB. JlestenbHOCTh B 3TOHM paboueil cpeie, B MOMOJHEHHE KO BCEM BO3MOXKHBIM PHCKaM,
MPUCYTCTBYIOIIUM B CTPOUTEIbHOW OTpAciad, BKIIOYACT TaKKE€ PHUCKH, CBSI3aHHBIE C
BBICOKOBOJIbTHBIM 3JIEKTPUYECTBOM, TJ€ JII000€ HEMpaBMWIbHOE OOpallleHne MOKET MPUBECTH K
netanbHOMY ucxody. Ilpu pa3paboTke CTPOUTENBHBIX YCIYr HEOOXOAMMO HPUBIIEKAThH
CHEIHAIMCTOB U3 pa3HbIX 00JacTei, YToObl 0OecneunTs 6e30MmacHOCTh. B 3a1aun cTpouteabcTBa
BXOJIUT CTPOUTENIHCTBO 0a3 pa3IMYHOTIO 000PYAOBaHUS, YCTAHOBKA TPAaHCPOPMATOPOB TOKA WU
TpaHcGopMaTOPOB NOTEHIIMANA, OTKIIOYEHHE BRIKIIIOUaTEeIel 1 aBTOMAaTHYECKUX BBIKITFOUATENIeH,
CTPOUTENIBCTBO MPOTUBOMOKAPHBIX CTEH, JJIEKTPOMEXaHUYECKOE O0OpYyIOBaHHME M HallajKa
BBICOKOBOJIbTHBIX IIMH, HaJIaJIKa U MPOKJIaJKa Kabesel 00eCTOUEHHBIX U 3alTUTAHHBIX MaHeNIeH.

2.4 Cucrtembl ynpaBJieHUs] PUCKAMHU U UX OLleHKH

CymiecTByeT HECKOJIbKO HAIMOHAIBHBIX W MEXIYHApOJHBIX 3aKOHOB, KACAIOIIUXCS 3TOTO
Borpoca. Cepusi OLIEHOK OXpaHbl TpyJa W TEXHUKH OE30MaCHOCTH IPEICTaBIIsET COOOI
MEKIYHAPOAHBIM CTAaHIApPT, YCTAHABIMBAIOIIMA TpeOOBaHUS, CBS3aHHBIE C YIPABICHUEM
OXpaHOM Tpyda M TexXHUKOH Oe3omacHocTH. O’kuaaercsi, 4ro OH OyAeT 3aMeHEH HOBOMU
nyonukanueil Mexx1yHapoJHOH OpraHu3alyy 1o cTaHAapTU3auuu. Llenpio puck-MeHeKMeHTa
SBIIICTCSI YCTpaHEHHWE PHUCKOB, a KOrJa 3TO HEBO3MOXHO, UX MuHUMM3anusg. CoriacHo
UCCIIEIOBAaHUIO, B KOTOPOM AaHAJIU3UPYIOTCA JaHHble MeXayHapoIHON OpraHM3allud Tpyaa
(MOT), 96% HecyacTHBIX CIy4acB MOXKHO ObLIO ObI M30eXkKaTh, MPOAHATM3UPOBAB HUHIIHICHTHI
WA BEPOSTHBIC MHLIUICHTHI.

Bo ®panmun MexayHapoaHass KOHGEpEeHIUsS MO KPYIMHBIM BBICOKOBOJIBTHBIM 3JEKTPHUYECKUM
cuctemam (CHUI'PD) mpemnoxuna co3math pabouyto rpymmy Ha 2017 ron ¢ mpeayioxeHuem
U3YUYUTH OMBIT KOMIAHUN IEKTPOTEXHUUYECKOTO CEKTOpa B CBA3M C YIPaBJIEHUEM PUCKAMHU Ha
nojcTaHuusax. OJHON U3 OCHOBHBIX 3a/1a4 ABJIsIETCs oOecrieueHne 6e30MacHOCTH Ha HECKOJIbKUX



sTanax paboThl MPEANPUATHUS: CTPOUTEIHCTBO, IKCILTyaTallus U TEXHUYECKOE 0O0CITyKHBaHUE BO
BpEMsI MOHTaXa.

2.5 MeToabl aHAIU32 PUCKOB

CymecTByeT HECKOJILKO METOJIMK IMPOBEICHUS aHAIM3a PUCKa: “cOolt peskuma u ClieICTBEHHOTO
aHaJM3a”; aHaAU3 JepeBa OTKa30B; “9TO €clu?”’, YTO YyKa3blBaeT HAa BO3MOYKHBIC PHCKH,
“KoHTposibHbIC KapThl” (MCIIOJIB3YETCS B TIOBCEAHEBHOM JACATEILHOCTH Ha OCHOBE OMPEICICHHBIX
apaMeTpOB); “OMACHOCTH U IKCILTyaTallMH-BO3MOKHOCTh UACHTU(DHKAIIMOHHOTO MUCCIICI0BAHMS
(mpoBeneHus onepaimii)”’; U “ipeaBapuTeNbHBINA aHanu3 puckos (ATP)”.

3 TEMATHYECKOE UCCJIEJOBAHHUE

KonnuecTBeHHOE U KaueCTBEHHOE UCCIEOBaHWE ObUIO TPOBENEHO Ha OJIEKTPUYECKOU
MOJICTAaHIINH, pacnojiokeHHoi B Pecudu, [lepnamOyky, bpaswmms. Tum o0bekra - Bo3mymiHo-
nzosmmpoBanHas mnojactanius  (AMC) wmomHocteio 300 MBA. CrpowutenbHble  pabOThI
MIPENIOoIaraloT pacliupeHre HOBOM TpaHC(HOPMATOPHON CEKIMH BMECTE C COIMYTCTBYIOLIUM
000pyIOBaHUEM C LIETBI0 YBETUUYCHUS MTPOITYCKHON CTIOCOOHOCTH.

B cootBerctBumM ¢ “IImaHoM KOHCOMMAAIMHU MEPENATOYHBIX paOdO0T”’ ObUIO MPUHATO PEIICHHE O
pacmpeHur O0BEKTa C MEeJIbI0 YBEIMYEHUS MOIIHOCTH TI€peladyd  DICKTPOIHEPTUH
nomoauTebHO Ha 100 MBA. HarmumoHansHOE areHTCTBO IO DJIEKTPOIHEPreTHUKE Pa3pelluiio
BHEJPEHHE YeTBEpTOro Tpexdasnoro cunoBoro tpanchopmaropa 230/69xB, 100MBA, koTopsrii
Oymer  ycTaHOBIEH  HapsAy C  JIPYTMMH  CYHIECTBYIOIIMMH W pabOTaloUMMU
AJIEKTPOOOOPYIOBAHUAMH C YPOBHAMH HanpsbkeHust 69xB u 230kB. Direkrpudeckast moACTaHINS
CHaO)KeHa IMOTHE3AHBIMU YTSIMH U 3JaHUSIMU, KOTOPBIE CITy)KaT 0a30i, 1M0100HO AUCTIETYEPCKOMH,
B KOTOPOH pa3MeENIaloTCs ONEPATOPBhI, PACTIPEACISIFOTCS NIMTHI 3alIUTHI H IIUTHI 000PYI0BaHUSI.

3.1 TIpouecc u AeSITETLHOCTH CTPOUTEILCTBA
IMpomecc crpouTesabeTBa (MPOMLIFOCTPUPOBAHHBIN HA pHC. 4) MOKHO pas3lIeiMTh HA HECKOJIBKO
BHJIOB paboT: a) paCKOINKH KabEIbHBIX KaHAIIOB; 0) O6ETOHUPOBAHKE OCHOBAHHUIA] B) CTPOUTEIILCTBO

pe3epByapa JuIsl yaepKaHusi HeTH; I') CTPOUTEILCTBO MPOTHBOIOKAPHON CTEHBI; /) 3a3EMJICHHUE
C TIOMOIIIBIO MpoIlecca FIK30TEPMHUUECKON CBAPKHU.

Pucynox 4 — CrpoutenbHas

4a) cable-ducts excavations: 4b1) concreting the bases: 4b2) concreting the bases

IEeITEIbHOCTD
a) KabembHble  KaHaJbI
HEOOXO0IMMBI IS
pa3MenieHus BCeH
MPOBOJKH,  HEOOXOIUMOI
JUISL COEIMHEHHS
BHYTPEHHETO JBOpa c
COOTBETCTBYIOIIUMU
MaHeIIMU 3aIHUTEI 51
yrpaBlIeHUs,
PacmoNOKeHHBIMU B

JUCTIETYCPCKUX U PENICHHBIX
pyOkax. Packomnku (puc. 4a)
MOKHO MPOBOJIUThH BPYYHYIO
C  TOMOLIBIO  OOBIYHBIX




MHCTPYMEHTOB (JIOMaThl, KHPKH, AKCKABATOPHI W OTOOWHBIC MOJIOTKH) WM MEXaHUYECKH
(9KCKaBaTOPBI-MIOTPY34YHKH);

0) BeronupoBaHue OCHOBaHMN HEOOXOJMMO JUIsl MOKPBHITUS M 3aIIUTHI KaOCIbHOW YCTaHOBKH
MocJie 3aBeplieHus paboT Mo OCHOBaHHMIO Kapkaca. beronupoBanme (puc. 41, 424c) moxer
OCYIICCTBJIATHCA BPYUHYIO C ITIOMOIIBIO TAYKU WJIM HEIIOCPCACTBCHHO U3 6CTOHOM€IH3,.HKI/I;

B) KoHcrpykuusi pesepByapa ist yaepikaHus HedTH TOJDKHA COAepKaTh TpaHC(HOPMATOPHYIO
M30JIMPYIOIIYIO )KUJKOCTh OT BO3MOYKHOM yTeukH, n30erast 3arpsi3HeHUs [IOUBbI U TPYHTOBBIX BOJ,
a B clly4ae 1oxapa-He JIOCTUraTh YacTeil mojcTaHuuu. IToro Tpedyer Opa3uiibckas cTaHaapTHas
nopma NBR 13231, kacaromasicst mpOTHBOIIOKAPHOM 3aIUTHI HA DJIECKTPHUSCKUX TOICTAHITUSX,
a TaKkKe IKOJOTUIECKOe 3aKOHOIATEILCTBO M MOXKAPHBIE CITyXObl. bacceiin (mponutrocTpupoBaH
Ha puc. 4d) coemuHeH MeXIy co0oil 4Yepe3 KOHCTPYKIHMIO (cemapaTopHbIii KOHTEHHEp),
MTO3BOJISIFOILYIO OTAEATH BoAy oT HeTu. Ha aToM npeanpusituu yxe Obl1 HOCTPOEH KOHTEHHED
JUIS. MacJIOOTIEIUTENS, ¥ OH ObUT YacThIO CTPOUTENBHOM Mmiomaaku. CyliecTBoBajia B3auMOCBSI3b
MEX1y HOBBIMH pe3epByapaMi 3allUTHON 000JI0YKH, HOBBIM TPaHC(HOPMATOPOM U PEaKTOPOM C
CYLIECTBYIOIIUM KOHTEHHEPOM MacJIOOTAEIIUTENS,;

r) IIpotuBomokapHass KOHCTPYKIIMs OOs3aHa BBICTYIATh B KadeCcTBE Oaphepa MpH IMOKape H
B3pBIBaX B JIIOOOM 3JIEKTPUUYECKOM TpaHCcPopMarope, CAEp>KHUBasi PACIPOCTPAHCHHE OTHS Ha
apyrue arperatbl. KoncTtpykius (MpOWIUTIOCTpUpOBAaHHAsT Ha puc. 4) BBINOJHEHA U3
Hpe)IBapI/ITeJ'II)HO OTJINTBIX 6eTOHHI)IX TIJINT, HOKpBITI)IX aHTHTepMHq€CKHM MaTepI/IaJ'IOM,
HEOOXOIUMBIM TSI TOTO, YTOOBI OBITH BBIIIE TPaHCHOPMATOPA, TOCTHTAONIETO BEICOTHI Oojiee 10
METpOB,

e) 3asemiieHHE B IMpOIECCE DK30TEPMHUUYECKON CBapKH JOJDKHO BBITOJHATHCS C  0COOOM
OCTOPOXHOCTBIO OTHOCHUTEIBHO KOHTypa TIpyHTa Ha TMOACTAHLUWH, HaXOAALIEHCS TOJ
HarnpsbkeHreM. Paboure HaliIyT CyIIEeCTBYIOIIMI TPYHT BO BpeMsl 3eMIISTHBIX PabOT, KOTOPHIC B
HOPMAaJIbHBIX YCJIOBUSIX HE JMOJDKHBI MPEACTaBIATh OMAcHOCTH i pabouux. Tem He MeHee, B
cllydae KOPOTKOTO 3aMbIKaHHS MOTYT LIUPKYJIUPOBATh OOJBIIME TOKH, YTO CO3/aeT OMAcCHOCTh
HECYACTHBIX CIIY4aeB.

3.2 YYacTHUKH

Kak 00BsICHSIOCH B MPEABIAYIICH TIaBe, MPOIECC CTPOMTENILCTBA BKIIIOYAT B ceOsl pa3iUuHbIC
BUJIbI JCATEIBHOCTH. JleATEIBbHOCTh OCYIIECTRIISIIACh MPO(ECCHOHANIAMH U3 Pa3HBIX OOsacTeit
3HAHW, OT IUIOTHUKOB M KaMEHIIMKOB 10 TEXHHMKOB M HMH)XEHEPOB. Bcero B ompoce MpUHSIIN
yyactiue 27 pabouux: urKeHepbl-cTpoutenu (3); umkeHephl-aaekTpuku (1); WHXKEHEpHI 10
texuuke Oe3omacHoctd (2); Texuuku OesomacHocTH (5); anekrporexuuku (1); cTpouTenbHBIE
texuukd (1); pabGoume, BBINOJHSIOMKE Kene300eronHble paborel (1); mmotHuku (2);
rpaxaaHckue padoune (1); omeparopsl skckaBatopoB (1); kamenmuku (4); padboune 0TOONHBIX
MoJ10TKOB (1).); momornHuk kameHinuka (1); momorauk saekrpuka (1); oburuii momMornHuk (2);
HNOMOIIHHUKK cTpouTens (2). V3 omnpomeHHbIX y9acTHUKOB 17 ObUTH IITATHBIMH PabOTHHKAMH
DieKTpUYecKoi mojacTaHIy (MpUHAICKAIIEH HaeMHON kommnanuu), a 10-paGoTHHKaMU
MOIPSTHOM KOMITAaHHH.

3.3 MeToanl
Jlis aHanM3a PUCKOB B JAHHOM HCCIEIOBAaHWU HCIIOJIB30BAIaCh METOAMKA MPEABAPUTEIHHOTO

aHaJIn3a PHUCKOB. Ota MCTOJHKA TIO3BOJIICT AHAJIU3UPOBATH PUCKU CO3HATCIIBHO U
NMPEABOCXUIICHHO, IMO3BOJISICT OLUCHHUBATDH coObITHS ¢ 00JIee BBHICOKOM OIMACHOCTBIO H pUucCKamMu



(TaBapec, 2012), BBISBIATH WX NPUYHHBI W TOCIEACTBHS, HAKOHEI, HMMETh BO3MOYXHOCTh
YCTaHABJIMBATH IIJIAHOBBIE MEPHI KOHTPOJIS.

Jiis ueneit uccnenoBanus Oblia pa3padoTaHa aHKeTa. Bompockl ObLIIM OCHOBAHBI Ha JIMTEPATYpE,
IIOCBSIIEHHON JKOJIOTMYECKUM U aBapUMHBIM pPHCKaM, HHCTPYMEHTAM aHajlu3a PUCKOB, MepaM
KOHTpOJII W TPEHHWHTaM, IOJIE3HBIM JUIS 3TUX BHJAOB omepanuid. OH Bkimowan 21 Bompoc,
Kacaromuics: uaeHTu(uKanum paboTHUKOB, podeccuu, UCTOpUM O0O0JIE3HH, TPOUICHHBIX UMHU
TPEHUHI'OB, TOTO, KaK OHU IJIAHUPYIOT U OPraHU3ylOT CBOIO pabOTy, PUCKOB, KOTOPHIM OHHU
MOJIBEPraroTcs, 000pyI0BaHHS U Mep OE30MIaCHOCTH, KOTOPbIE OHHM HCIIOJB3YIOT, a TaKKe 00IIen
YIOBJIETBOPEHHOCTH CBOEH 0€30M1aCHOCTBIO TPYAA.

B ankere oneHMBaJMCh TpEACTaBIEHUS PAOOTHUKOB O NPO(EeCCHOHATBHBIX OMACHOCTSIX,
OCBEIOMJICHHOCTh O BOINpOCAax O€30IacHOCTM U pHCKaX, CBSI3aHHBIX C pa3BUTHEM HX
NESITeIbHOCTH, MIPUHIATHE paOOTHUKAMU UHCTPYMEHTOB aHAJIM3a PUCKOB U Mep KOHTpoJsi. Kpome
TOT0, IPOBOAUMBIE MEPOIIPUITUS ObUTH QoTOrpaduuecku 3aUKCUPOBaHbI ISl UACHTU(UKALNN
PUCKOB M COIOCTaBJIEHUS! MX C JIAaHHBIMM, KOTOpbIe OYAYyT HCIOJB30BaThCS NpU AaJbHEHIIEM
aHaJIM3€e TaHHBIX.

3.4 AHanu3 JaHHBIX

Bce coOpaHHble JaHHBIE OBUIM TIPOAHAIM3HPOBAHBI C  IMOMOMIBIO  CTATHCTHYECCKOTO
uHcTpyMeHTapus EXcel, omenuBaromiero BocrpusTHe PUCKOB PaOOTHUKAMH, YTO MO3BOJIHIIO
CPaBHHTH ITOJIydCHHBIC TAHHBIC C PaHee MIPOBEICHHBIMU UCCIICOBAHUSIMH.

4 PE3YJIbTATDI

PesynbTaThl aHKETHOTO OTpoca OBUTH MPOMILTIOCTPHUPOBAHBI Ha CIEAYIOIINX PUCYHKaX. Paboune
BBITIOJTHSIOT Pa0OThI HAa OTKPBITOM BO3AyXE, KOTOPHI HA3bIBACTCS BHYTPEHHUM JBOPUKOM IO
HanpsbKeHreM o0opynoBanus (e MpeacTaBICHHbIC PUCKH CHIIBHO MPUCYTCTBYIOT), a B oucax
- T€, KTO paboTaeT B IUIAHOBO - MHCIICKIIMOHHOH JIESTEITLHOCTH.

Ha pucynke 5 mokazansl pabouue 1o ux tpymoBomy ctaxy (ot 0 go 10 met). Kak MokHO ObLIO
3aMeTHTh, 5 (19,2%) umenu crax pabotsl 6osee 15 ser, 7 (26,9%) - ot 10 mo 15 net, 1 (3,8%) -

ot 5 mo 10 ner, 4 (15,4%) - ot 1 1o 5 ner, a 9 (34,6%) - menee 1 roxa. Ha puc. 6 nokasano, 4to
14 (52%) onporieHHBIX PAOOTHUKOB MMEJH Oojiee YeM 5-j1eTHUi MpodecCHOHAIbHBIN CTaX.
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Pucynok 6 — Hcmoib30BaHre HHCTPYMEHTOB aHAJIM3a PUCKOB

Kaxk moka3aHo Ha pucyHKe 5, mouTH nojoBuHa padbotHukoB (13/27, 48%), y4acTBOBABIIMX B 3TOM
npoekTte, umenu ooJiee yeM 10-J1eTHU OMBIT paOboTHI.

Ha pucynke 6 moka3aHbl HauboJiee 4acTo HCIIOJb3yeMble HHCTPYMEHTHI aHajm3a puckoB. Kak
MO3KHO OBLITO 3aMeTUTh, [IpeaBaputensHbiii aHamu3 pruckoB (PRA) ucross3oBanu 17 pabOTHUKOB,
[Mpensaputensubiii ananu3 puckoB (PHA) - 10, koHTpoabHBIC CITUCKU-16, AHaIU3 croco00B H
apdextoB (FMEA) - 2, apyrue WHCTpYMEHTHI-1, Ipu 3TOM He ObUTO 3a()UKCHPOBAHO HUKAKUX
0TBETOB 00 HCMONb30BaHNK AHanu3a omnbok (EA) 1 HEBO3ZMOKHOCTH COOOIIUTH, YTO UMEHHO
WCTIOJIB3YETCH.

Ha pucynke 7 moka3aHo, Kakue TPSHHMHTH W TPEHHHTH IO OXpaHE Tpyda W THTCHEHE Tpyaa
MPOBOMJIMCH paccMaTpHUBaeMbIMU paboTHHKaMU. Kak MOXHO ObLIO 3aMeTHTh, Bce 27 MPOILTH
obyuenue mo 3nekTpobesomacHoctd (Nel0), 16-mo crpourenproit 6e3omacHoctu (Nel8), 15-mo
pabote Ha BbicoTe (Ne35), 8-110 TexHHKe O€30MMaCHOCTH C MEXaHHIeCKUM 00opymnoBanuem (Nel?2),
7-nio moxapHoi 6e3omacHoctH (Ne23), 6-110 TexHuke Oe3omacHOCTH curHanusanuu (Ne26), 3-1mo
paboTe ¢ JIErKOBOCILTAMEHSIOIUMUCS ¥ roprounMu MaTepranamu (Ne20) u paboTe Ha OTKPBITOM
Bo3ayxe (Ne21), 1-nio He3mopoBsiM omneparmsam (Ne 15).
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Pucynox 7 — KonnyecTBo TpEHHHTOB M 00y4eHHi 110 Opa3uiIbCKUM HOPMaTHUBHBIM HOpMaM.
NR mpencraBnsier coboii Opasunbckyro HopMaTusHyro Hopmy (Norma Regulamentadora)
Ha pucynke 8 mokasaHo, kakue cpeicTBa WHAMBUAyanbHOH 3ammthl (CHU3) warie Bcero

HCIOJIb30BAIIUCH paccMaTpuBaeMbIMU paboTHHKaMU. Kak MOKHO ObLIO 3aMETUTbh, OBLIO OIIEHEHO
ucnoiab3oBanue 15 pazmuunsix CU3.
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Pucynox 8 — CpencTBa HHIMBU/IyaTbHOM 3aIIATHI, HCIIOJIE3YEMbIe pabounMu

B ocnoBHOM ucnons3oBanucs CHU3: mem (26 pabounx), 3amutHbie 00THHKH (25), 0ukn
(22), cmapounas macka (21), coorBercTByromas oxaexnaa (18), kamromon (15), oumctuTenn
Bo3ayxa (13), sammra ciyxa (4), sammra jawuna (3), 3IEKTPOU3OJIAIMOHHBIE MepuaTku (3),
nepyatku (1), kpemoBas 3amuta oT arentoB (1), pykasa (1), mpouee (1), cosHIE3aIMTHBIN
samutHeIi kpem (0).

Pucyrok 9 wnmocTpHpyeT BOCHPHATHE pPa0OYUMH PEIICHUH 10 0O0CSCIeUCHHUIO
0€30MacHOCTH, TPHUCYTCTBYIOIIMX Ha CTPOMTENIBHOW IUIomaake. B obmel cimoxHocTH ObLTa
oOHapy)keHa OJlHa 3allUTHas ceTka, 2 3Haka Oe3omacHocTH, 4 CeTKH O0e30macHOCTH, 5
orpaxacHuii, 16 OaphepoB, 5 IICKTPUUYECKUX YACTEH C HM3OJLIMUEH M 25 CUTHAIHM3AIUd
0€30I1aCHOCTH.
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Pucynok 9 — Bocnipusituie pabounmu penieHuit o odecrnedeHno 0e30macHOCTH Ha
CTPOUTENBHOM MIIOMIAIKE

Ha pucynke 10 moxka3zan crnucok u3 22 pHCKOB i O€30MacHOCTH Tpyda MU 3I0POBBA,
BBISIBIICHHBIX/BOCIPHHSTBEIX PA0OOTHHUKAMH.
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Pucynox 10 — Unentudukanust puckoB st 0€30MaCHOCTH U 3I0POBhS HA TIPOU3BOJICTBE

Cpemy pasiIMYHBIX PHCKOB, TMPHCYIIUX O3TON CTPOMTENBHOW JESATEIBHOCTH, OOJBIIMHCTBO
pabounx mpusHanu: myMm (88,9%); mopaxkenue snekTpuueckuM TOKOoM (85,2%); mopoxkHO-
TpaHcnoptHbie mpouctiectBus (85,2%); smoBuThie xuBoTHBIE (81,5%); mbLis (77,8%); mokapsl
u B3pbIBbI (74,0%); u magenus (59,3%).

5 OBCYXJIEHUE

XOTs CTpoUTENbHAsL OTPAciab OOBIYHO COMpsKEHa C OOJBIIMM KOJWYECTBOM PUCKOB, ITOT BH]L
CTPOUTENIbCTBA COMpPsiKeH etlle ¢ OonbmuM. [1oaToMy HE00X0AMMO aIeKBATHO OIICHUBATh PUCKH,
4TOOBI BCE pAOOTHUKHU MPOXOAUIN 00ydYeHHE, YMEIH BOCIPUHUMATh BBICOKHE PUCKU U 3alUIIATh
ux aznekBatHbiMu CH3. PaGOTHHUKH MOJDKHBI OBUTM MPOWTH CIHEHHAIBbHYIO IMOATOTOBKY (B
COOTBETCTBUU C HOPMATHBHBIMH HOpPMaMH, YCTaHOBIEHHBIMU bpasuibCKUM MUHHUCTEPCTBOM
TPpyZla U 3aHATOCTH) B 3aBUCHMOCTH OT HX JOJDKHOCTHOW HMHCTPYKIMHM M BHUJA JICATEILHOCTH,
KOTOPYIO0 OHU ocyiecTBisAoT. Kak noka3ano Ha puc. 7, 100% paboTHUKOB mpouum oOydyeHHe 1o
anekTpobesonacuoctd (Nel0). DTo OBLIO 0KUAAEMO, TaK KaK HBIHEIIHHE CTPOUTEIILHBIC PAOOTHI
BeNMUCh B dHeprobmokax. bomee 60% corpyanukoB mnpouun oOydeHue Mo 0e30MacHOCTU
crpoutenbcTBa (Nel8). TTockoabKy pabOThl 4acTO BBINOJHSINCH HA BBICOTE 00Jice 2 METPOB OT
ypoBHst 3emiu, 55% pabounx npouun o0yuenue padore Ha Beicote (NR 35). [Ipyrue TpeHuHrn
uMenu 0oJiee HU3KYIO 4YacTOTY Y4acTHsl.

Kaxk moka3zato Ha puc. 8, Hanbosee yacto npumensembiMu CU3 6butn nutemsl (96%) u 3amuTHbIe
6otunkn (92%). ITO MOXKET OBITH CBSI3aHO C OOS3aTENBbHBIMU TPEOOBAHUAMH OPa3HILCKOTO
3aKOHOJATENThCTBA KO BCEM MPUCYTCTBYIOIIUM Ha CTPOHUTENBHBIX IUiomaakax. [Ipumeprno 30%
OTIPOIIEHHBIX COTPYJHUKOB TMPEAJOXKUIA TPEHUPOBATHCS C MEHBIIMMH TEpEepbIBaMU s
MOJIy4€HUsI HOBBIX COOTBETCTBYIOIIMX 3HAHUHM, YTOOBI MPABWJIHHO BBIMIOJHATH CBOM 33/a4yH, a
TaK)Ke 3aMpalirMBaTh HEKOTOPYIO HATPY3KY C MPAKTUYECKUMU 3aHATUSAMU Ha TpeHUHTax. OOBIYHO
pabOTHUKU TIPOXOJAT 0Os3aTenbHOE OOy4YeHHE, HO B JOMOJHEHHE K 3TOMY JOMOJIHHUTEIbHBIC



TPCHUHI'M, TaKWC KaK JICKIOUH, MOIryT CII0COOCTBOBATH ITOBBIIICHHIO OCBCIAOMIICHHOCTH H
MHWHUMHA3AIIUNU PUCKOB.

5.1 UHCTpYMEHTBI aHAJIN3a PUCKOB

WHCTpyMeHTBI aHalli3a PUCKOB BCET/Ia JIOJDKHBI OIUPAThCS HA XOPOIIME METObI yIpPaBICHUSI
0e3omacHocThio mosietoB (Bridi et al., 2013). Ananu3upysi pucku B HpOLECCE CTPOUTEIBCTBA
TAKOTO THUIA, OBLIO MPOBE/ICHO HECKOJIBKO aHAIM30B. Packonku KabenbHBIX KaHAJIOB MOXKHO OBLIO
Obl czenaTh OBICTPEE C MOMOIIBI0O MEXaHHYECKUX HMHCTPYMEHTOB, TEM HE MEHEE JIBUKCHUC
IKCKaBATOPOB-TIOIPY3YMKOB TPEJCTABISCT €Ile OJWH BHJ PUCKA, TaK KAaK UX KOMbS MOTYT
NPUOTM3UTHCS WM J[aXKe KOCHYThCS BBICOKOBOJIBTHBIX HIMH. [To3TOMY mepen iro0oit paboueit
JEeATEILHOCThIO HEOOXO0IMMO TPOBECTH MPEBAPUTEILHYIO OIICHKY PUCKOB. [lociie 3aBepiieHusI
PacKOTIOK BaKHO PUMEHHUTD aJ€KBaTHBIC MEPbI 3alIUTHI OT TAaJICHUSI BOKPYT BCEX SIM U KaHaB. B
nporuecce OETOHMPOBAHUS OCHOBaHMM HEOOXOJMMO HCIIOJIb30BaTh OETOHHBIE BUOpPATOpHI AJS
yIIydlIeHUs YIUIOTHEHus: OeToHa. BaxkHO, 4TOOBI BCe 31eKTpooOOpyLoBaHNEe ObUIO 3a3€MJIEHO U
COOTBETCTBOBAJIO Opasmibckoii cranmaptHoit Hopme NBR 5410 (ABNT, 2008). CtpouTenscTBO
MPOTHUBOTIOKAPHBIX CTEH TPEOYET MUCIOJIB30BAHUS CTPOUTEIBHBIX JIECOB, YTOOBI pabovne MOTIIN
MOMOYb MPH YKJIAJIKE TPEIBAPUTEIHHO OTIUTHIX TUTUT. [I0CKOIBKY paboThl BeIyTCs Ha BBICOTAX,
HEOOXOJMMO TIIATEIBHO IUIAHUPOBATH PAbOUYYIO NESITEIBHOCTh M MPUMEHSATh MEPhI 3aIlUTHI OT
nagenust (Nonnenmacher et al., 2017; Pefialoza et al., 2015) . [TauTel MOXHO OBIIO TOAHATH HA
HY)KHYIO BBICOTY PYYHBIM CIIOCOOOM WM C IOMOIIBIO aBTOKpaHa. JTa eSITENbHOCTh
MPEICTABISACT OOJBIION PUCK MOPAKECHHUS DICKTPHUCCKUM TOKOM HM3-332 HAJIMYHUS JBUKYIIHXCS
YJacTell B HEMOCPEJACTBEHHOW OJM30CTH OT CHJIOBBIX TpaHChopMaTopoB. [1iis 3a3eMyeHus depes
HK30TEPMUYECKYI0 CBapKy CIEAyeT HPUMEHATh HECKOJIbKO mpodumaktuueckux wmep. Bcee
3NIEMEHTHI JIOJDKHBI OBITh NMPEABAPUTENFHO HMIACHTH(UIIMPOBAHBI, U COTPYAHUKH HE JOJDKHEI
MMETh HUKAKOTO KOHTaKTa C MOYBEHHBIM KOHTYpoM. B ciyx0ax pacmmpeHus KOHTypa IpyHTa
KaXJIas HOBas JAETalb JIOJDKHA M3TOTABIMBATHCS CAMOCTOSTEIBHO, OCTABISS B3aMMOCBA3h C
CYIIECTBYIOIIEH NETaNbl0 JJIs TMOCIEeIHEro dTana padboT. JTa NesTeNbHOCTh HeceT B ce0e pHCK
ropeHust s paboymx, KaK TOJBKO SK30TEPMUYCCKHH MPUMOIN HCHONB3YeTCsl U CO3IaHUs
coepmHeHUH. Jpyroil puck 3aKio4aeTcs B TOM, 4TO pabouyre MOTYT CXKaTh PYKH WM HMOJTYYUTh
TpaBMYy JIUIIa IIpU paboTe Ha 3a3eMIICHHU.

Pe3ysbTaThl aHKETUPOBAHHUS 110 HAWOOJIEe YaCTO MCIOJIb3YyEMbIM METOIaM aHaIn3a PUCKOB (Kak
[OKa3aHo Ha puc. 6) mokaspiBaroOT, uTo 370 ObUM: IIpeaBapurenbHblii aHanmu3 puckoB (ITPA);
KOHTpOJIbHBIE criucku; U [Ipensapurensupiii aHamu3 puckoB (I1T'A). ITpuunHbI HCHOIB30BAHUS
ITPA MoryT OBITH CBSI3aHBI C TEMH K€ MPUYUHAMH, 10 KOTOPHIM aBTOpPbI BbIOpain ee (OHa
AQHAJIM3UPYET U MPEABHIUT PUCKH, OHA YCTAHABJIMBACT IUIAH C MOMOIIBIO Mep KOHTpoJis). Kak
MOKa3aHO Ha PUCYHKe, paOOTHUKU OOBIYHO HCIONB3YIOT 0OJiee OJHOTO MHCTPYMEHTAa aHaIu3a
puckoB. B pabote crnemyeT UCmoiab30BaTh METOAbI aHATN3a PUCKOB U MBITATHCS aHAJIU3UPOBATH
pabouyio nesirenbHoCTh TodtanHo (Cambraia et al., 2008).

5.2 CBs3b Mexk1y 00yuyeHHeM, BOCIIPUSITHEM PUCKA U ucnoab3oBanuem CHU3

Tabnuma 1 Osia co3mana Juist TOro, YT00bI 00JIerYUTh 00CYKACHNE JAHHBIX, TOKA3aHHBIX HA PHLC.
7 0 TpeHUHTaX, KOTOophie poBoAWIN paboTHHKH, Puc. 8 0 CU3, koTOphle OHU HCMONB30BAIH, U
puc. 10 06 ux BocmpuaTuM pucka. IlockoibKy OTBeTHl ObUIM MOJy4YeHbI OT 27 pabOTHUKOB,
coOpaHHbIe JaHHbIe ObUTH pa3jieeHbl Ha TPYU OCHOBHBIC TPYIIIIBI: BBICOKAS YHCICHHOCTH (IpyImna

1, ot 19 no 27); cpennss ynciaeHHocTh (rpynma 2, ot 10 no 18); u Hu3Kas yMcIeHHOCTH (rpyrma
3,0t 1 109).

Tabnuua 1 — CBsi3b MeXIy COOpaHHBIMU JJTAHHBIMU



Groups | Nr | Undertaken trainings | Nr | Risk Perception [ nr | PPE in use
27 alectrical safety (NR 10) 24 noise 26 hialmet
23 electrical shocks 25 safety boots
Group 1 23 raffic accident 22 rotective gl
{from 18 1o 27 ratflc acclgents e
workers) 22 poisonous animals Pl welding mask
21 dust 18 appropriate clothing
20 fires and explosions
16 construction safety (NR 18) 16 falls 15 hood
15 working at heights (NR 35) 14 cuts and perforations 13 air purificator
Group 2 13 repelitive movements
{fromi10to 18 12 excessive heat
workers) 11 vibrations
10 rusty cutting materials
10 flammable liguids
8 safety with mechanical equipment 9 handling vibrating equipment 4 hearing protection
(NR 12)
7 fire safety (NR 23) 7 mechanical shocks 3 facial protection
6 safety signalization (MR 26) 5 inadequate lighting 3 electrical
izolation gloves
working with flammable and 3 trash, virus, bacteria, fungus 1 gloves
Group 3 combustible materials (NR 20)
{from 1 § 3 working outdoor (NR 21) 2 sanitary conditions 1 cream protection against
workers)
agents
1 unhealthy operations 2 burnings 1 sleeves
{NR 15)
2 abnormal pressures 1] sunscreen protective ream
2 gasses and vapours
2 humidity

Kax BunmHO 13 Tabmuier 1, 6ombiioe KoJimuecTBO paboynx ObIO 00YYEHO JEKTPOOE30TmacHOCTH,
CpeHee-CTPOUTEIBLHOM 0e30IMaCHOCTH U PabOTe Ha BBICOTE, a HU3KOS-TEXHUKE 0E30MMacCHOCTH C
MEXaHWYECKUM O00OpYJIOBaHHEM, TOKAPHOW OE30MMaCHOCTH, CHUTHAIM3AIUN OE30MaCHOCTH,
paboTe C JISrKOBOCIUIAMEHSIFOIIIMMHUCS W TOPIOYMMHA MaTepHajiaMu, padoTe Ha OTKPHITOM BO3JIyXe
W HE3J0pOBBIM oreparusaM. HekoTopbele pUCKH, KaK, HalpUMEp, HECHOPMAJIbHOE JaBJICHHE,
BOCIIPHHUMAJINCh PA0OYUMHU. DTOT THI OTBETOB CIIEIyeT HWCKIIOYHTh M3 PACCMOTPCHUS,
MTOCKOJIBKY BCE BHUBI JICATEIHPHOCTH pa3padaThIBAIMCH TOJ] HOPMAJIbHBIM JIaBICHUEM W MOTJIH
OBITH ONPaBJIAHBI TEM, YTO PAOOTHHKH HE MOHUMATIU BOTIPOCA WU TEMBI.

5.2.1 He3nopoBble onepanuun

Ha cnenyromem pucynke 11 mnokasaHbl JaHHBIE, OTHOCALIMECS K OOYYEHHIO HE3JOpPOBOMU
skcrryatain  (Nel5), W OHM CpaBHHBAIOTCA C BOCHPHUSTHEM pHCKAa Kaxaoro (akTopa,
paccMaTpuBaeMoro B 3TOM OO0yueHHH (CHHHE CTOJOIBI), M MPOIEHT pPaOOTHHUKOB, KOTOPHIE
ucnosib3oBanu CU3 1st 3aIUTHI OT KaXA0TO U3 ITUX PUCKOB.
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Puc. 11 He3znopoBele onepanuu



Kak BugHO 13 pucyHka 11, mporieHT pabOTHHUKOB, TOJATOTOBICHHBIX ISl HE3AOPOBBIX OIEPAIIHiA,
ObUT OYeHb HU3KHM. B 3TOi rpynme puCKOB OHM YacTO BOCHPUHUMAIKCH OOJBIIAM YHUCIOM
pabOTHHUKOB, HO T€, KOTOPBIC MOTJIM OBITh CBSI3aHBI C HETOHUMaHKeM pucka (He oOyueHsr). Jaiee,
XOTs pabouue U BOCIIPUHUMAIU PUCKH, OHU YacTO HE HOCWIH aiekBaTHBIX CU3, 94TOOBI 3aIIUTUTH
ce0sl OT ITUX PUCKOB, YTO TAKIKE MOTJIO OBITh CBS3aHO C TEM, YTO OHU HE ObUTM 00yUYEHBI STOMY.

Puck BocnipusiTus niryma 6611 BeICOKUM (89%), XOTS 4KciI0 pabOTHUKOB, UCIIOJIB3YIOLIMX CPEICTBA
3amuThl ciayxa, Obuto Hu3kuMM (15%). Ha mecre OH BO3HMKAeT NpH Pa3IMYHBIX BHIAX
JEATeIbHOCTH, OOBIYHO BBI3BAHHBIX TPAHCTIOPTHBIMU CPEJICTBAMH, MTPOEIKAOIIUMHE 110 JOPOTaM
BOJMIM3M cTposiierocs paiiona. Kpome Toro, mrym BO3HUKaeT IPH BKIIOYEHUH TU3EIBHOTO
aBapUIHOTO TeHEPaTOpa, KOTOPHIH CIY)KUT BPEMEHHBIM 00BbEKTOM Ha MECTE YCTAaHOBKH, WIH MIPH
pabote ¢ TakuM 000pyJOBaHMEM, KaK TpaHC(HOPMATOPHI, H30JISTOPHI, IIEMEHTHBIE CMECUTENH H
ap. Ieiib BOCHpUHMMANIaCh KaK PUCK CO CTOPOHBI OOJbIIOro uucia padounx (78%), HO
OYKMCTUTEIM BO3JyXa HCIOJB30BATHCh yMepeHHO (48%). Ilbiib OOBIYHO MPHCYTCTBYET Ha
CTPOMTENBHBIX IUIOMIAJKAX, IMO3TOMY IS MPEJOTBpAIEHHUs TOMaJaHUs ATOTO areHra B
JIbIXaTEIbHYI0 CUCTEMY UeJIOBeKa HEOOX0AMMO JOCTaToyHOEe KoruectBo CU3.

UpesmepHas xkapa Obliia MpHU3HAHA YMEPEHHBIM YnCiIoOM pabounx (44%). AnexkBaTHas 3amura
yepe3 HOUICHHE KaMIOIIOHOB, PyKaBOB M HAHECEHHE COJTHIIE3AIMTHOTO 3allIUTHOTO KpeMa TaKxKe
ucrosb3oBanack ymepeHHo (56%). Kak mpaBuio, cTpouTenbHble pabOThl MPOBOIATCS Ha
OTKpPBITOM BO3JlyXe, MNOJBepras paboyuxX BO3JEHCTBUIO BBICOKMX TEMIIEpaTyp, 4TO JeNaeT
BAKHYIO DOJIb aJIeKBaTHOW onexabl. J[iIs Opyrux areHToB, MOKa3aHHBIX Ha puc. 11, onum
BOCIIPMHUAMAJINCH KakK puckd, HO CU3 He mpuMeHIINCH.

TpancropTHbIe cpencTBa U 000pyIOBaHKE, TEHEPUPYIOIINE BBICOKYIO BHOPAIIMIO, TaKHE Kak:
VIUIOTHUTEINN; BBIKIIIOYATEH; SKCKaBaTOPBI; HUPKYISAPHBIC MBI, NUIM(OBAIGHBIC CTaHKH;
CTaHKH; MapTeJeThl; OTBEPTKHA WM BHJIOYHBIC TOTPY3YHKH, TPEOYIOT aJeKBaTHOH 3aIlUTHl U
WCTIOJIb30BAHUSI CPENICTB 3aIIUTHI ciyXa. BosmeicTBre 3TOro pHcka IOJDKHO OIICHUBATHhCS B
COOTBETCTBUH C TIPEACIbHBIMU 3HAYEHUSIMU, YKa3aHHBIMA B HOopMmaTuBHOW HopMe NR 15, u B
COOTBETCTBHUU C 00JIACTHIO TENA, TIOJBEP)KEHHOM BUOPAIINH, YKa3aHHOW B TEXHHMYECKOW HOpPME TI0
THrHeHrYeCKuM mpodeccronansHbiM cranaapram (Norma de Higiene Ocupacional - NHO). C13
BKIIIOYAOT B ceOs aHTHBHOpanuoHHble mepuaTkd (ykasannele B cradgapre 1SO 10819) wu
AHTUBHOPAITMOHHBIC CUCHBS IS TPAHCIIOPTHBIX CPEACTB. Jpyras Mepa 3aKiito4aercs B IpOBEpKe
ne(eKTHBIX JeTaneld U peryasipHOM IUTAHUPOBAHUH TEXHUYECKOTO 0OCITY>)KUBaHUS U 00ECTICUCHUN
TOT0, YTOOBI MallIMHBI HAXOMIIUCh B XOPOIIIEM COCTOSIHUH.

5.2.2 DnekTpode30nacHOCTb

Ha cnenyromem pucynke 12 mokazaHbl JaHHbBIe, OTHOCANIMECS K  OOy4YCHHIO
anekTpobe3onacHoctd  (Nel0), ¥ OHHM CPaBHUBAIOTCS C BOCIPHUSATHEM pHCKA TMOPAKECHUS
JNIEKTPUYECKMM  TOKOM W TPOLEHTOM  pabOTHUKOB, KOTOpBIE  KCIIOJIb30BAIIN
AIEKTPOU30IIAIIMOHHbIe TiepuaTku (CU3).
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Yucio pa6OTHI/IKOB y BOCHPHUHABIINX MOpaXKCHUC QJICKTPUYCCKHUM TOKOM KaKk PpHCK,
COOTBETCTBOBAJIO YUCIYy paOOTHUKOB, MPOLISAIINX 00ydeHue 1o ektpodesonacHoctu (NR 10).
3HeKTp0H3OJ'I$IIII/IOHHBIe NEpUYATKHU HCIIOJIL30BAINCH HEOOJIBIINM YUCIOM pa60111/1x, YTO MOXHO
O0OBSICHUTH HEOOJBIIINM YUCIIOM Pab0unX-37eKTpUKOB. [Ipyrue padboune He nenamu storo CU3,
TaK Kak n30eraiau JrObIX KOHTAKTOB TAKOTO THIA. B 3TOM ciydae 3NeKTpUYECKHd PUCK MOXET
OBITh OIICHEH KaK CaMblii BBICOKHI, a HE TOJBKO M3-3a TOTO, YTO MOKA3bIBAIOT CTATHCTHYECKUE
nanusie CIIA (FUNCOGE, 2018) u npensiaymnme padotsr (Barkokébas, 2014; Roberts, 2016),
HO W B KauecTBe pPa0OUYMX, PACIIOJIOKEHHBIX B JTOM pailoHE C HECKOJBKAMHU IMHUTACMBIMU
YCTPOWCTBAMH C BBICOKAM YPOBHEM HampshKeHUs. [10CIeNCTBHS STOTO pHCKa MOTYT OKa3aThCs
(aTaTbHBIMU BCETO 32 HECKOJIBKO CEKYH/I. PUCK BKITIOYaeT B ce0sl pUCK Ha MAJIOMOIIHBIX y4acTKax
ANIEKTpUYEeCKrX aBTOOycoB. CTpoHTeNbHAs ACATEIBHOCTD AMEKTPHUSCKUX MOJCTAHIUN Tpedyer
0OyYEHHUS DIICKTPUUECKUM PHCKaM, He3aBUCHUMO OT (PYHKIIHI paOOTHHUKA.

5.2.3 Be3onacHOCTh CTPOUTEILCTBA
Cnenyrommii pucyHoK 13 WIUTIOCTPUpPYET JaHHBIC, OTHOCSIIHECS K OOYYCHHIO CTPOUTEIHHOU

oe3omacHocTr (Nel8) u 00ydenuto padore Ha BbicoTe (Ne35), U comoCTaBiIseT UX C BOCHPUSITHEM
pHCKa MaJICHUH, TI0KApOB U B3PBIBOB, DIICKTPHYECKUX U MEXaHHYECKHX YIapOB.
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Puc. 13. be3onacHOCTh CTPOUTENBCTBA.

O6yuenue o 6e3omacHocTi ctpoutenseTBa (Nel8) u padote Ha BeicoTe (Ne35) ObIII0 yMEpEHHBIM
(59% u 56% coOTBETCTBEHHO). DTO COOTBETCTBOBAIO YUCIY TEX, KTO BOCIHPUHUMACT IMaJICHHUS
(59%) kak Ba)kHBIC PUCKH ISl PACCMOTPEHHSI.

HO)I(apLI W B3PbIBBI MOT'YT BO3HHKATh H3-3da OTKA30B 3JICKTpOO60py1:[OBaHI/I$I 1 MCXaHHYCCKHUX
YAapoB, a MaACHUA C BBICOTBI-U3-3a TOI'0, YTO pa60q1/1171 BEJIET CBOIO JeSITEIbHOCTD Ha BBICOTE. TeM
HC MCHCC, NMOCKOJIbKY MaJACHUA NPCACTABIIAIOT c000#1 BBICOKHUI MPOUCHT HECUACTHBIX CIIYy4acB U



cinydaeB cmeptu (Barkokébas, 2014), oxunmanoce, 9to paboTHHKH OYayT Jy4Iille BOCIPUHUMATH
3TOT PUCK. PUCK MajieHns oueHb BBICOK, TaK KaK pabOThI BEIyTCs Ha BHICOTAaX BBILIE 2 METPOB OT
YPOBHS 3eMiM. B nanpHeiieM naaeHus MOTYT HMPOUCXOJUTh YEpPE3 OTBEPCTHS TpPAHILEH JyIs
npoxoAa SIIUKOB W 0a3 oOopymnoBaHUs. BO3MOXHBIM pelICHHEM SBISETCS YBEJIWYCHUE
KOJIMYEeCTBA 3HAKOB Oe3omacHOCTH. OObIYHAs CUTYAIHsl, KOTOpasi BHI3BIBAET HEMUHYEMBIH PUCK
NaJIeHus], - 3TO0 HaOIIofeHUe 3a pabouuMM, MPOXOJAIIMMHU 10 KOpOOUaThIM KaHalaM uepes
BHYTpeHHUI 1BOp. Pabounii MokeT ymacTb uyepe3 “JI0KHYHO” KPBILIKY, MM KPBIIIKA MOXET
pa3opBaTbCs U3-3a TOTO, YTO OHA TOTOBA BBIJEPKATh BEC pabd0Yero, BbI3bIBAsl Y HETO CKPYyUMBaHU,
MepesIoMbl WM JJa)K€ CMEPThb. JTO MOXKET NMPUBECTH K HEHYKHBIM OTIIyCKaM Ha JUIUTEIbHbIE
nepuoasl BpemeHu. Kpome Toro, B J0XKIUIMBBIE NEPUOABI CKOJIB3KUE TMOJbl CIEIYET
COOTBETCTBYIOIIUM 00pa30M UYHUCTUTh.

5.2.4 [pyrue Bonpochl 6€30MacHOCTH

boio HebombIIoe 4yncno pabOTHUKOB, OOYYEHHBIX MOKapHOW 0€30MacHOCTH, HO BOCHpPHUSATHE
pHUCKa TOKapoB U B3PBHIBOB ObLIO MPEACTABIECHO OOJBIIMM YUCIOM paboduX. ITO MOXKHO OBLIO
Obl OOBSICHUTh YMEPEHHBIM KOJMYECTBOM T€X, KTO ObLI 00yU€H MOKapHOW OE30MacHOCTH, HO C
MOMOII[BIO IPYroro cTanaapta (Hampumep, oOydeHue o 6e30MacHOCTH CTPOUTEIBCTBA, KOTOPOE
BKJIFOUaeT B ce0s mokapHyro 6e3omacHocTh). [Tokap U B3phIB MPEICTABISIOT COOO0M BHICOKUI U
OY€eHb cepbe3HbIN puck. JlocTaTouHO MOHA0II0IATh 3@ BO3BEICHHEM OTHEYITOPHBIX CTEHOK BOKPYT
CHJIOBBIX TpaHC(POpPMATOpOB, KOTOpPhIE HMMEIOT (YHKIMIO HE pacHpoCTpaHsITh OrOHb U
OTpaHWYMBATh (parMeHThl B30PBABIIETOCS OOOpPYIOBaHMS BOJM3M €ro TMEepBOHAYAIBHON
wiomaad. B ciaydae mokapa BO3MOXHas HECNOCOOHOCTh  H30JMpPOBaTh  Kakoe-nOo
o0opyIoBaHHE MOXXET MpuUBEeCTH K B3pbIBY. [losromy wucnonbszoBanue CpeacTB JIUYHOU
6e3omacHocTH 1 OOmUX cpencTB 0€30MaCHOCTH sABJIsIETCs 0osiee yeM (DyHAaMEHTAIbHBIM.

AHaJOTHYHBIM 00pa30M, YHCIO JHI, OOYYEHHBIX pabOTe C JIETKOBOCIUIAMCHSIONIUMUCS W
rOpIOYMMH MaTepuaiaMi, ObUIO HU3KKUM, B TO BpeMsl KaK BOCIPUSATHE pUCKa OBLJIO MPEICTaBICHO
CpPEITHUM YHCIOM PAOOTHHUKOB. JIerkoBOCIIIaMEHSIOUINECs JKUIKOCTH, Takue Kak JluzenbHoe
TOIJIMBO B ABapUIiHOM IreHEPATOPHOU YCTAHOBKE, TPEOYIOT OCTOPOKHOCTH IIPH OOpAIICHUH C HEH
WM NpUOIMKeHny K Heil. CurapeTsl B 3TOM palioHe CTPOro 3amlpelieHbl, Tak Kak Jrbas uckpa
MO>KET BBI3BaTh KaTacTpOo(UUECKHI OXkKap, KOTOPBIM MOXKET pacrpocTpanuTbes. Pekomenayercs,
YTOOBI BCE TAKXKE€ ObUIM 3HAKOMBI C UCIIOJIb30BAHUEM OTHETYIIUTEINEH.

Ha Tperbem MecTe 1o BOCHPHUATHIO PHCKAa OKA3aJIMCh JOPOKHO-TPAHCHIOPTHBIE MPOUCIIECTBHUSL.
PaGoTHMKM OCO3HAIOT, YTO AJUTENbHBIE MOE3AKH MEXAY HUX JOMaMH U pabOuYMMU MecTaMu
CO3JAI0T PHUCK JOPOKHO-TPAHCIIOPTHBIX MPOUCIIECTBUI. XOTA 3TO BHEUIHUH (DaKTOp, Ba)KHO
YUUTBIBATh €T0 U AaBaTh pabOTHUKAM PEKOMEHIAIMH 10 UCIIOIb30BAHMIO 3AIIUTHOTO BOXKICHMUS,
HE ynoTpeOIsITh aIKOT0JIbHbIE HAIUTKU U PaHO BBIXOAMTH U3 JIOMa, YTOOBI M30€KaTh YacOB MUK
U CHUBUTH 3TOT pUCK.IIoCKOIBKY MECTO CTPOUTENHCTBA MOJACTAHIINH, KaK MPaBUIIO, HAXOAUTCS
JalIeK0 OT KPYIHBIX TOPOJICKUX IIEHTPOB, CIEAYET YYUTHIBATh PUCK CO CTOPOHBI HECKOJBKHX
STOBUTBIX XKMBOTHBIX: 3M€H, CKOPIHOHOB, KpbIC, KOTOpPbIE€ MOTYT MpPSTAThCA B KaOEIbHBIX
KaHaJllax BHYTPH NPOXOJHBIX KOpoOok. IIpexne dyeM OTKpBITh MX, HEOOXOJUMO COOII0AATh
OCTOPOXHOCTB, 1 HUKTO HE JIOJKEH COBEPIIATH HUKAKUX ACHCTBUM CaMOCTOSTENBHO.

HOBTOprIOH_II/IeCSI yCulind, TaKHC€ KaK ICPEHOCKa MCHIKOB C INEMCHTOM H pa60Ta C TsOKCJIBIM
O60py,[[OBaHI/IeM, Tpe6y10T oT pa6OTHI/IKa OBITh OCTOPOKHBIM ITPH PACTIPCACIICHUHU I'Py3a C KEM-TO
ApYyrum, CO6J’IIO,Z[3TL CBOIO ITO3Yy IIpU CUACHUH HAa KOPTOUKAX U aACKBATHO IMMOAHUMATHCA. Mmorue
HECUACTHBIC CJIydau MPOUCXOAAT U3-3a HCHy>KHOI71 CIICIKH.

Eme oauH o4deHb Cepbe3HLII71 PUCK BO3HHUKACT IpPU PE3KE MATCPUAIIOB. I[J'Iﬂ 3TOM 3aJadu
MCIIOJIb3YIOTCSI PA3JIMYHBIC HMHCTPYMEHTBI M HMHCTPYMCHTHI, TAaKM€ KakK. T'BO31H, IIPOBOJIOKA,



HUPKYJIAPHBIC IIWJIbI, CTAHKH, CBCPJIa, MOTBIT'H, JIOIIAThI, HJ'IOCKOI‘Y6I_IBI, MOJIOTKH M ApYruc.
HCKOTOpBIe N3 HUX MOT'YT AK€ OKUCIIATHCH, YTO NPUBOAUT K CCPHC3HBIM pUCKaM JJId 310POBbA,
TaKUM Kak CTOJOHSK. O4YeHb Ba)KHBI XpaHEHHE W OpraHu3anus 000pynoBaHHSA C TaOIMYKaMHU,
yKa3bIBAIOUIMMH Ha3BaHHWE OOOPYAOBAaHUS M MPEAyNPExXAAOUIMMH O puckax. [Toatomy octpeie
MaTCpurajibl JOJIKHBI XPAHUTBHCA U YIIAKOBBIBATHCA JOJIKHBIM 06p8,30M, YTOOBI U30€XKaTh TOTO, YTO
HCIIPABHUJIbHBIC MAHUITYJIALUKW TPUBEAYT K HCKCIATCIIBHBIM HCECYACTHBIM ClIydasiM JId
pabOTHUKOB.

[lemMeHT-04eHP PACIPOCTPAaHEHHBIM XUMHUYECKHM IPOLYKT, HMCIHOJB3YEMBIH B CTPOUTEIBHOU
npoMbliieHHocTu. Heo6xoaumo, yTtoObl paboune MCIoJIb30BajIl COOTBETCTBYIOIIME MEPUATKH,
9TOOBI M30€XaTh MPSMOTO KOHTAaKTa C KOXeW, TaKk Kak I[EMEHT MOXET BBI3BAaTh PHUCK
Ipo(heCCHOHAIILHOIO JepMaTo3a.

6 BBIBO/1bI

CTpouTensCTBO, TMPOBOJAMMOE Ha JJIEKTPUUYECKUX TMOJICTAHIUAX, TMPEJACTaBIsSeT CcoOoOM
JUHAMHYHYIO Cpely, B KOTOPOH OJTHOBPEMEHHO paboTaroT pabOTHUKH C pa3IMYHBIMU 00JIaCTAMU
3HAHWI.

BbuTO yCTaHOBIEHO, YTO TPOIECC CTPOUTENHCTBA DJIEKTPUUECKOHN MOJCTAHIIUU TPEICTABISET
HECKOJIBKO PHCKOB B 3aBHCHMOCTH OT e¢¢ (a3pl. [IpW HCIONB30BaHUNA MEXaHHYECKUX
WHCTPYMEHTOB HEO0OXOJMMO MPOBECTU MPEABAPUTEIBHYIO OIEHKY pucka. [locie 3aBepiieHus
PACKOIIOK BOKPYI' BCEX sIM W KaHaB OOJI?KHBI OBITH MNPUMEHECHBI MCPBI 3alUTBI OT ITAJACHUA.
betonnple BHOpaTOpel M BCE AJIEKTPOOOOPYIOBAaHHME MAODKHBI OBITh 3a3eMieHbl. [lpu
CTPOMTENBCTBE TPOTHBOIMOKAPHBIX CTEH CIEAYeT WCIOIb30BaTh CTPOUTEIBHBIE Jieca H
MPUMEHSTh MEPHI 3alTUTHI OT aIcHHs. ABTOKpaH ClIeAyeT N30eraTh, TaK KaK JIBUKYIIUECS YacTh
B HEMOCPEICTBEHHOU OJM30CTH OT CHJIOBBIX TPaHC(HOPMATOPOB MOTYT IOJBEPTHYTHCS PHCKY
MOPAKEHUS DIIEKTPUIECKUM TOKOM. B mporiecce 3a3eMyIeHHs BCE DIIEMEHTHI JIOJDKHBI OBITH
UACHTU(GUIIMPOBAHBI M DPAa0OTHUKU HE JOJDKHBI MMETh HHUKAKOTO KOHTAKTa C TPYHTOBBIM
KOHTYPOM.

bbuto 00Hapy)KeHO, 4TO paOOTHUKHU MPUMEHSIOT HECKOJIBKO HHCTPYMEHTOB aHaJIN3a PUCKOB, B TO
BpeMsi Kak HauOoJiee yacto ucrnosb3dyembiM Obul PRA.CyiecTByeT CBsI3b MEXIy OOydeHHUEM,
BOCIIPUSTHEM pHUCKAa M aJeKBaTHbIM wucrosib3oBaHueM CH3. Korma paGoTHHKM He OBLIH
MOJITOTOBJICHBI K pa0OTe ¢ HEKOTOPHIMH PHUCKaMH, OHU MPEYBEIUYUBAIN WIH HEIOOICHUBAIH
puck. Pabourie ObLIIM B OCHOBHOM OOYYEHBI JIEKTPOOE30MaCHOCTH, CTPOUTEIBHOM O€30MaCHOCTH
1 paboTe Ha BBICOTAX, TJIE MPOICHT BOCIPHUSATHS PUCKAa COOTBETCTBOBAJ MPOICHTY PaOOTHUKOB,
KOTOpPBIE ObLTH 00yUEHBI PACIIO3HABATD ATH PHUCKH U YIIPABJISITh UMHU.

BrIBo 3TOr0 MCClieIOBaHUS COCTOSI B TOM, YTO CTPOUTENHCTBO DJIEKTPHUUECKUX IMOACTAHLIUN
HeceT B cebe psAl pUCKOB 0€30MacHOCTH M YTO MHCTPYKTaX paboumx mo3BojsieT 3((EeKTUBHO
YIOPABISTh PUCKAMH, a TAKKE MOXKET CHU3UTh KOJMYECTBO HECYACTHBIX CIy4aeB MPU 3TOM BHUJIE
TPYAOBOM JESTEINBHOCTH.

SUMMARY

| have read the article and would like to share my opinion about it with you. The article is titled
“Risk management during construction of electric power substationser”. It is written on the topical
and acute engineering theme. The authors of the article are Pereira, F. S. J., Soares, W. A,
Fittipaldi, E. H. D., Zlatar, T., & Barkokébas Junior, B.. The article was published in
http://www.scielo.br Internet site on,the 17th of October, 2019.



The paper dealt with the construction of electric power substations poses a great number of risks
due to its dangerous environment. The objective of this work was to evaluate the perception of
construction workers on risks, methods they use for evaluation and managing risks to which they
are exposed. This study carried out a qualitative and quantitative analysis during the expansion of
one electric substation, adding an additional 100 MVVA power transformer. It is reported that the
risks were identified and analysed by using the Preliminary Risk Analysis (PRA). Additionally, a
questionnaire on construction safety was created and applied on all 27 workers which participated
in the construction. The results showed which activities are present during the construction of a
power substation, which risks are involved and how to manage them. It should be stressed that it
was found that among several, the PRA and Checklists were the most commonly used analysis
tools. Further on, it was found a relation between training and risk perception. Among perceived
risks were: noise, working at heights, electric shocks, traffic accidents, poisonous animals, dust,
fire and explosions. The conclusion of this study was that the construction of electric power
substations brings several safety risks and that the instruction of workers allows an effective risk
management, and can reduce the number of accidents in this type of working activity.

The paper is of interest to engineers and risk managers.
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. the construction of electric power substations - cTpouTebCTBO MEKTPHUECKUX TOACTAHITHI
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25. developed safety-management tools and techniques — paspaGoTaHHbIE HWHCTPYMEHTBI U
METOTbI
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27. safety in electric installations — 6ezonacHOCTb B ANIEKTPOYCTaHOBKAX

28. accident prevention — npexynpexaeHne aBapuii
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is provided - caabxena

he control house — nucneryepckas

cable-ducts excavations — packonku KabeIbHBIX KAHAJIOB

concreting the bases — 6etonrpoBaHre OCHOBaHUI

construction of oil containment basin — crpoutenbcTBO pe3epByapa IJisl yaep:kaHus HeTu
grounding through the exothermic welding process. — 3a3zemiicHHe ¢ MOMOIIBIO MpoIlecca

3K3OTCpMH‘-ICCKOI>i CBapKu

75.
76.
77.
78.
79.
80.
81.
82.

unhealthy operations — He3mopoBbIe omepanun

perceive risks — BocmpuHUMAaTh PHCKU

emergency generator — aBapuiiHbIN T€HEPATOP

isolator - u3omsTOp

cement mixers- GeToHOMeIIaIKa

moderately - ymepenHo

human respiratory system — npixaTesbpHasi CHCTEMa YelIOBEKa
Vehicle — TpancniopTHOE CpencTBO



83. compactor — ynioTHUTENb

84. breaker — pa3beuHUTEIH

85. backhoe - skckaBaTop

86. circular sawing — uupKyJIsipHBIC TIHITBI

87. sander — nundoBaIbHBINA CTAHOK

88. screwdriver - oTBepTka

89. adequate protection — ajexBaTHas 3amuTa
90. hearing protection — 3amuTa opraHoB ciryxa
91. vibration — BuGparus

92. defective part — nedextHas nerannb

93. electrical isolation gloves — anekTpou30IAIUOHHBIC TEPYATKH
94. maintenance- cepBUCHOE 00CITY)KUBaHUE
95. check - mpoBepka

96. technical norm — rexuudeckasi Hopma

97. temperature - Temneparypa

98. hood - kartoron

99. sleeve - pykas

100. agent - mocpemHUK
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