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Modern working conditions of miners in the mining industry are characterized by intensive noise and vibration, high
dustiness, unfavorable microclimate, the levels of which often exceed hygienic standards. Unfortunately, the current
regulatory framework does not take into account the fact that in real life most of the production personnel are exposed not
to one but several factors of the working environment at the same time. Thus, the sanitary standarts established for factors
that act singularly and guarant the preservation of health precisely for these conditions may be untenable. Ensuring
sustainable safety when working in electrical installations should be achieved by complying with electrical safety
requirements. But permissible levels of contact currents and voltages currently recommended by the International
Electrotechnical Commission do not take into account the joint effect of electric current and other physical factors, and
noise in particular. The effect of sound pressure level and its frequency on the resistance of the human body is proved
earlier in V.V. Katsay's thesis. The study of the effect of noise on magnitude of threshold perceptible current is resumed in
laboratory conditions at the Department of Life Safety of the South Ural State University. To obtain reliable results a test
complex was designed and built. The complex includes a muffled chamber, sources of simulated voltages and noise, a
block of recording instruments. Primary electrical safety criteria are investigated for an increased frequency (5000 Hz)
under the influence of noise load. Voltages and currents that cause feelings are measured before the impact of noise and
under the influence of noise with a sound pressure level of 97 dB.

The dependence built calls into question the result obtained from results of previous studies on the need to reduce settings at
which tools of safety shutdown trigger.

CoBpeMeHHbIE YCIIOBHS TPy/ia TOPHOPaOOUMX B TOPHOJOOBIBAIOLICH MPOMBIILICHHOCTH XapaKTePU3YIOTCS MHTEHCHBHBIM ILIyMOM M
BHOpaLWel, BHICOKOH 3aIbUICHHOCTBIO, HEOArONPHSTHBIM MUKPOKIMMATOM, YPOBHH KOTOPBIX YacTO MPEBBIIIAIOT TMIMCHHYECKHE
HopMaTuBel. K coxkaneHnro, IEHCTBYIOIIas HOpMAaTuBHAs 0a3a HE YYMTBIBACT TOTO, YTO B PEATbHOM SKM3HM OONbIIAs YacTh
TIPOM3BOJICTBEHHOT'O IIEPCOHANA TOABEPTacTCs BO3ICHCTBHIO HE OJTHOTO, @ HECKOMIBKUX (paKTOpOB pabodeil cpepl otHOBpeMeHHO. Takum
00pasoM, CaHUTApHBIC HOPMbI, YCTAHOBJICHHBIC TS H30JIMPOBAHHO JCHCTBYIONMX (DAKTOPOB M TApaHTUPYIOLIME COXPAHEHHE 310POBbS
HUMEHHO Ul JTHX YCJIOBUI, MOIYT OKa3aTbCs HecocTosrelbHbIMH. OOecrieueHne YCTOHUMBOi OesonacHoCcTH Tpu paboTax B
AEKTPOYCTAHOBKAX JIOJDKHO JIOCTMIAThCS IyTeM coOMmoneHus TpeOoBaHuii anekTpodesonacHocTi. Ho pekoMeHIyemble B HAcTosiiee
BpeMst MexIyHapOIHON SMEeKTPOTEXHUYIECKON KOMUCCHEH MPENENbHO JOMYyCTUMbIC YPOBHU TOKOB M HANPSDKEHNH MPUKOCHOBEHUS HE
YUUTHIBAIOT COBMECTHOTO ISHCTBIS AIEKTPHYCCKOIO TOKA M HHBIX (PH3HHUECKIX (paKTOpOB, B YACTHOCTH ILiTyMa. Paree B IMCCEPTAIMOHHOM
pabore B.B. Kaaii 66110 10Ka3aHO BIMSIHIE YPOBHs 3BYKOBOTO JIABJICHHSI M €T0 YacTOTHI Ha CONPOTHBIICHHE Tesa derioBeka. Ha kadenpe
0E30MaCHOCTH  JKM3HEESTEITbHOCTH  HOKHO-YPaTbCKOro  TOCY/IAPCTBEHHOIO  YHHMBEPCHTETa OBUIM BO30OHOBIICHBI B JIA0OPATOPHBIX
YCJIOBUSIX MICCIIEIOBAHMSI BITMSIHUSL I1IyMa Ha BEJIMYMHY [OPOIOBOIO OIyTHMMOTO TOKA. J[jist MOJyueHHs! IOCTOBEPHBIX PE3yJIBTaToB ObUT
CIPOEKTHPOBAH M CO3JAH WCIIBITATENBHBIA KOMIUIEKC, BKJIIOYAROMMI B ce0s 3arilyllEHHYH0 KaMmepy, MCTOYHHKH MOJEIMPYEMbIX
HANPSDKEHHI 1 1IyMa, GJIOK PErHCTPUPYIOLMX HPHOOPOB. BbUi MpoBeieHb! HCCIEA0BAHNS IEPBUMHBIX KPHTEPHEB JICl 30aCHOCTH
JUT NOBBIIeHHOH YacToThI (5000 I'x) mpr Bo3AeHicTBIM IIyMOBO#A HAarpy3Ky. V3MepsuTich HarpspKEHIS M TOKH, BBI3BIBAOLIIHE OLITyIICHNS,
JI0 BO3JICHCTBYS LIyMa, a TAKoKe PH BO3ICHCTBHH IITyMa C POBHEM 3BYKOBOTO JiaBieHust 97 nb.

IMocTpoeHHasi 3aBHCHMMOCTb CTAaBHT I10J] COMHEHHE MOJIYYCHHBIH 110 MTOraM IIPOLUIBIX HCCISIOBAHUH pe3yibTaT o
HEO0OXOIMMOCTH CHI)KEHHS YCTaBOK CpabaThIBaHHs YCTPOMCTB 3aI[UTHOTO OTKIIIOUCHHSI.
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Introduction

Work activities of miners are characterized by
a complex of production and environment factors.
Physical factors such as noise, vibration,
unfavorable microclimate and high dustiness are
the main component of such a complex.

Under certain conditions, a sequential or
simultaneous (joint) effect on the human body of
each of them can cause more significant
consequences than with a single action.

Usually, there are potentiation, antagonism or
independent effect observed when combined
physical and chemical factors of high effect levels.
Additive dependences may appear in the opposite
case. Response of the body for combined effects of
industrial factors is determined by their physical
levels, functional state of master systems of the
worker's body and its individual sensitivity to an
irritant.

Assessing the combined effect of unfavorable
factors of the working environment, it should be
kept in mind that in case of low intensities changes
in the body can represent disruptions of adaptation
mechanisms. In case of long-lasting effect of levels
that are considerably higher than hygienic
standards frequency of occupation-caused diseases
increases, nature of their history may change or

new forms of illness may appear

Features of mining industry

working conditions

Modern working conditions of workers in the
mining industry as was already mentioned are
characterized by intense noise and vibration, high
dustiness, unfavorable microclimate, levels of
which often exceed hygienic standards [1].

Results of assessments of working conditions
show that the dust effect on the organism of

miners exceeds the influence of other factors of

the corresponding industrial environment [2].
Dust forms during the destruction and crushing of
the rock massif, loading and transportation of the
rock. Average dust concentrations during the
drilling are 22.3-38.6 mg/m’, for loaing and
transportation jobs — 13.2-28.6 mg/m’, which
exceeds the hygienic standards in 2.4 times and
more [3, 4]. The highest dust concentrations (tens
and hundreds of mg/m’) are observed when
working in mines of the Far North in the frozen
and thawed rocks zone. They are caused by
ineffective use or absence of dust suppression
means. In mines where automated mining
equipment with diesel drive is used the air of
working areas is significantly polluted by both
dust and components of exhaust gases and various
organic compounds. Gaseous exhaust products
are sorbed on dust and soot particles, increasing
the fibrogenicity of dust and complicating its
chemical composition.

Miners work in wunfavorable microclimate
conditions [3-5]. Working conditions such as low
freezing temperatures of air and rocks of Far North
affect

Microclimate of mines depends on the region

permafrost miners all year round.
climatic conditions, temperature of rocks being
developed and distance between the excavations
and air supply shaft. Microclimate parameters in
the mines vary within very wide limits (air
temperature from —30 to +31 °C, relative humidity
30-100 %, air speed 0.1 to 6 m/s).

All types of mining equipment used in
underground and open pits are sources of noise.
They include main and partial fans, pumping
drainage systems, transformer substations and
rectifiers,  compressor and  refrigeration
equipment with a continuous operation cycle.
Inconstant noise in the mine appears during the
cleaning and roadheaders, movement of vehicles,

operation of manual mechanized tools, lifting
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machines. Sound waves arise during blasting
operations. According to [4], high noise levels
are recorded at the workstations of machinists,
miners and workers of other professions: drilling
rigs — 95-105 dBA, roadheaders 95-100 dBA,
coal-mining combines — 85-95 dBA, electric
locomotives — 80-95 dBAv. A high level of
noise (more than 100 dBA at workplaces of
machinists of the rock loader and ventilation
units) is mentioned in [3].

Pneumatic jackhammers, perforators, hydraulic
monitors serve as sources of local vibration. Sound
levels of coal combines, mine transport are
associated with effects of general vibrations of low
and medium frequencies and exceed the standard
ones (by 8 dB or more) [6].

There is no daylight in mines. All works
and movements in mines occur under artificial
lighting.

The most dangerous production factors of
underground mining of coal seams are methane
release from the massif, formation of an explosive
mixture when methane is mixed with mine air,
spontaneous coal combustion [7].

Working conditions in quarries of various
regions differ significantly from underground
works of coal and ore extraction. They have their
own features depending on geographic, climatic,
mining and geological conditions (south, the Far
North etc.). The effect of unfavorable factors
during such jobs is much lower. At the same time,
the operation of all machines is accompanied by
the generation of noise and vibration, levels of
Their

characteristics depend on the type of machines,

which often exceed permissible ones.

work cycle, degree of deterioration of equipment,
strength of rocks etc. [4].

Differences in production technologies have
a significant impact on the formation of working

conditions that continue to be harmful, are

characterized by frequent excesses of hygienic
standards and determine the high professional
risk of disrupting the miners' health. Preventive
actions against the adverse effects on humans are
aimed to reduce the impact of hazardous and
harmful production factors to a safe level based
on their hygienic rationing. Most of the
established for the

permissible concentration, maximum permissible

standards maximum
level (MPC, MPL) represent the experimentally
established maximum permissible values.
Unfortunately, the current regulatory framework
does not take into account the fact that in real
life most of the production personnel
are exposed not to one but several factors
of the working environment at the same time.
Since the sanitary standards established for
single factors and ensuring safety for these
conditions in case of several factors joint can be
untenable, that is extremely important to study
the nature of the effects of joint action
for occupational health. For example, it is noted
in [8-10] that the joint effect of harmful
affects the

functional state of the organism as a whole and

production  factors adversely
in a number of cases promotes the development
of occupational diseases, even with small and
medium intensity of their parameters.

The joint action of physical factors with
harmful matter is mentioned in scientific
references more often. It is known that the
toxicity of poisons in the body in a certain
temperature range is the smallest, intensifying
both with

temperature. High air humidity and changes in

increasing and decreasing air

barometric pressure increase the risk of
poisoning. Noise and vibration always increase
the toxic effect of industrial poisons. Under the
ultraviolet radiation sensibilization of the body

to the action of certain harmful substances is
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possible. Most often there are various dust and
both

terrestrial environment as a whole. In addition,

gas compositions in production and

ultraviolet radiation has an effect on the
interaction of gases in atmospheric air and
promotes the smog formation.

effect

microclimate is mentioned in the papers of

The joint of noise and heating
domestic and foreign scientists. In that case there
are more significant changes in the functional state
of person and decrease in his capacity for work
than with an isolated effect of the factors
mentioned [11, 12]. The authors note the important
fact of negative joint influence of heat and sound
on the efficiency and intensity of labor of workers,
the need to establish safe noise levels and
microclimate parameters taking into account their
joint effect. It is said in [13] that the joint action of
a heating microclimate and noise at a level higher
than the MPL is accompanied by a large increase
in the incidence with a temporary loss of ability to
work according to the class of diseases of the
circulatory system (hypertension). The results of
studies of joint effects of noise, vibration, low
temperature and heating microclimate [11, 14-16]
indicate the methodological complexity of
evaluating the joint effect of factors, since the
biological effect is not an algebraic sum of
independent impacts.

It is

intermittent, affects the electrical characteristics of

also known that noise, especially
the human body [17], in particular, its resistance to
electric current. The effect of noise on human
electrophysiology was noted in [18]. However, the
nature of this phenomenon was not detected. In
addition to the effect on organs of hearing, noise
causes changes in the functional state of the body
and affects the mental state of a person. These
circumstances significantly increase the risk of

workers' electrical damage.

Studies of the joint action
of high frequency (5000 Hz) electric

current and noise

Permissible levels of currents and contact

voltages  currently recommended by the
International Electrotechnical Commission do not
take into account the joint effect of electrical
current and other physical factors and noise in
particular.

For this purpose, the Department of Life Safety
of the South Ural State University continues to
study the effect of noise on the threshold sensible
current in the laboratory conditions. In order to
obtain reliable results a test complex was designed
and built including the blanked off chamber,
sources of modeled voltages and noise and block
[19-21]. Modelled

voltages have such the features as possibilities of

of recording instruments
obtaining the influencing signals of any shape and
frequency as well as ensuring the constant rate of
increase of the signals.

Locomotive transport is the main transport in
horizontal shafts of the mines. Among the known
types of mine locomotives non-contact electric
locomotives in the complex of electrical
which  the

transmission

equipment  of principle  of

electromagnetic of energy of
increased frequency to mobile objects have
significant advantages [22].

Primary electrical safety criteria were studied
having electric high frequency current (5000 Hz)
Studies

considering the probability of body damage by

and noise joint. were performed

electric current during the operation of electric
of high

frequency with inductive energy transfer was

locomotives of alternating current
considered.
The studies were carried out in the ‘“hand-

hand” way. Voltages and currents causing feelings
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with no noise impact and with noise impact were
measured. The voltage applied to the electrodes
gradually increased from 0 to 20 V. Thanks to use
of a PC, the rate of increase of that signals was
constant in all experiments. In addition, at the
same low voltage of 2.6 V, electrical resistance of
the body of each
According to [23], the resistance of the human

subject was determined.
body depends on the applied voltage, starting from
3 V. In order to exclude the influence of this
parameter on the measurement results, the value
was used.

Noise load was evaluated on the basis of a
dose approach. From the physical point of view,
the equivalent sound level and noise dose are
analogous and connected mathematically [24—
28]. In order to reduce the time, duration of the
noise load impact during one experiment was
assumed equal to 30 minutes. The experimental
installation developed allows to simulate the
acoustic load with any parameters at the choice
of researcher and provide the necessary relative
dose of noise (Dy.) for the selected time interval.
According to the technique [29], simulated load
must correspond to the noise load per shift, i.e.
Dies = 100 %. It is also assumed that working
conditions meet allowable for the noise factor
values (80 dBA). Considering the duration of
each experiment equal to 30 minutes, the
equivalent sound level was obtained as a
function of the relative noise dose in accordance
with GOST 12.1.003-83:

L

equiv

=4,3536In(D,,) +76,972.

The dependence given above (with the reliable
value of approximation equal to 1) allowed
performing the reverse calculation of equivalent
sound level applied to experimental conditions.
Obtained sound level values and the measured

values of threshold perceptible current are given in
the table.

The function of the threshold perceptible
current of equivalent sound level at high-frequency

voltage is shown in Fig. a.

Experimental data (f;,, = 5000 Hz)

Equivalent sound Magnitude of threshold
level, dBA perceptible current, mA
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Fig. Function of the threshold value
of sensible current (a) and resistance
of the human body to electric current ()
on the equivalent sound level (f,. = 5000 Hz)
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From the mathematical point of view,
the function acquires a 2" order polynomial

character:

I =0,002

poten ‘equiv

-0,3052L,

‘equiv

+19,617.

The approximation reliability value in our case
was 0.9666.

It should be noted that the measured values
of threshold perceptible currents (more than
8 mA) exceed the primary electrical safety
criteria for currents of 5000 Hz (5.2 mA),
proposed in [30].

At the same time, studies of changes in the
electrical resistance of the human body were
carried out (Fig. b).

According to results of the research, the
fluctuations in resistance of a human body to an
electric current when exposed to noise during a
working shift do not have a clearly expressed
functional dependence. In this case, the oscillation
interval is of the order of 0.03 kQ.

Conclusions

In order to overcome the challenges connected
to the safety of electrical equipment operation
electrical safety criteria have to be considered.
Analysis of scientific electrotechnical references
revealed that there is no information for the effect on
primary safety criteria, including for high-frequency
harmful

According to the information on working conditions

current, production factor '"noise".
of personnel operating and servicing electrical
installations and to the factor under consideration, it
is necessary to carry out appropriate studies.

From the theoretical point of view the
studies will allow expanding understanding the
factors that affect the result of electrical injury in
working conditions. Practical outcome can be
implemented in use of the results obtained while
developing the calculation methodology for the
formation of the safe properties of a complex of
electrical

equipment for rail transport with

inductive energy transmission.
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