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ABSTRACT

Purpose. Setting of the work environment of workers at mining enterprises during thin coal seams extraction influ-
ence on the character and the rate of their aging by determination of the biological age and estimation of the occupa-
tional diseases development risk value.

Methods. The hygienic estimation of the work environment and the occupational diseases development risk value
have been determined according to known standard techniques. The approach developed at the Institute of Herontology
of National Academy of Medical Sciences of Ukraine has been used for determination of the miners biological age.
The aggregate dust load in the air of mining developments has been determined by “AERA” respirator. The follo-
wing equipment has been used for estimation of the human functional state: “Nissei DS-1902” and “Omron M10-IT”
tonometers, “Maniquick MQ-160" infrared contactless thermometer, “VM-150" medical balance. Sampling in the
miners breathing zone has been made by “AFA-20” analytical filters. The research results processing has been ful-
filled by the method of statistical analysis.

Findings. The exceeding of the maximum permissible rates of adverse factors for miners, such as dust, noise and
vibration has been set. The work environment is featured by the constant uncomfortable position of miners bodies
and the sufficient loading level. It is determined, that the maximum risk of occupational diseases development is
connected with the dust and the static loading factors. The work in such conditions leads to rising of the miners aging
rate. Thus, the aging rate is equal to 7 years while having 28.3 years of average age for less than 10 years of service
length, and correspondingly 9 years for more than 10 years of service length. The exceeding of the biological age on
the calendar age is 15 years in average after the shift.

Originality. The character of interrelation between the complex of harmful factors, the occupational diseases deve-
lopment risk and the workers aging rates has been set in the conditions of thin coal seams extraction.

Practical implications. It is necessary to change the working and recreation modes of miners and to guarantee the
work for not more than 4 hours with obligatory breaks for rest, in order to enhance the life time of the miners occu-
pied at coal-face works on the thin coal seams extraction.
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1. INTRODUCTION

Increasing of needs for coal extraction intensification
causes many problems in mine fund of Ukraine, leading
to its critical condition. Today, the majority of Ukrainian
mines have low seam thickness from 0.8 to 1.2 m, with
large amount of tectonic violations and weak side rocks
(Vivcharenko, 2012; Petlovanyi, Lozynskyi, Saik, & Sai,
2018). It gives no opportunity to implement modern, high
technological, powerful complexes for coal extraction.
Every year new seams are developed with depth more
than 700 m, also some mines provide works at depth even

from 1000 to 1400 m (Bondarenko, Kovalevs’ka, & Fo-
mychov, 2012). The length of longwall also increased
(Sdvyzhkova, & Patynska, 2016). According to (Reyn-
olds, Blackley, Laney, & Halldin, 2017), Ukraine has
about 90% of gas mines being dangerous on methane
releases, about 60% of mines are characterized by availa-
bility of explosive coal dust, the gasdynamic phenomena
appear at 42% of mines, also 23% of mines are dangerous
on coal spontaneous ignition (Bondarenko, Tabachenko,
& Wachowicz, 2010). Often such phenomena appears in
faulting zones (Lozynskyi, Saik, Petlovanyi, Sai, &
Malanchuk, 2018).
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The most harmful industrial factors at working places
for miners are coal dust, noise, vibration and adverse
environment (Mukhin, Peredrij, Kharkovenko, 2003;
Sokolov & Udalov, 2017). About 70% of miners work in
the conditions, that don’t correspond to sanitary stand-
ards. The deceases of dust aetiology are mostly spread in
the structure of occupational deceases, as it is noted by
the State Statistics Service of Ukraine (Fig. 1).

27%

= Respirator organs deceases Locomotorium deceases

= Vibrational decease Other deceases

Figure 1. Structure of occupational deceases in 2016

Recently, the registration of less number of occupa-
tional deceases (Fig. 2) in Ukraine, is connected first of
all with errors of their accounting and control. One of the
main reasons is the diagnostics of pathologies on the
latest stage (more than 50% of cases), but not during
periodic medical examinations. This can be explained by
the part-time employment of workers because of the
production volumes decrease, the absence of full and
adequate financing of laboratories, the partial complete-
ness or low qualification of medical personnel (Guber-
not, Anderson, & Hunting, 2015; Nandi, Dhatrak,
Chaterjee, Dhumne, & Ingole, 2017).
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Figure 2. Dynamics of occupational deceases "= com-
pared to the respiratory deceases ™= registered
in Ukraine from 2006 to 2016

The goal of coal industry is increasing of mining
minerals extraction. It is suggested to reach it mostly by
the branch reforming, the modernization of fixed assets
and the labor productivity enhancing (Halldin, Wolfe, &
Laney, 2015; Nandi, Dhatrak, Chaterjee, Dhumne, &
Ingole, 2017). Naturally, the latest one must take into
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consideration the functional state of miners, their work-
ing capacity, that is sufficiently depend on the sanitary
and hygienic working conditions (Halldin, Wolfe, &
Laney, 2015). The key question is the working safety
being influenced by the mining and geological condi-
tions, the stage of industrial processes modernization, the
working discipline etc. (Fig. 3) (Chigisova, Ogarkov, &
Maksimov, 2017; Shumate et al., 2017).
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Figure 3. Harmful industrial factors of environment, influen-
cing health of miners

Practice shows, that the largest number of accidents,
up to 80% occurs due to breach of discipline by miners
(Bhelkar, Ughade, Thakre, & Jogdand, 2015). But, there
are some cases, when the worker cannot adequately esti-
mate the situation because of presence of many distrac-
ting circumstances (noise, dust, increased temperature),
its own psychophysiological state, caused by intensity
and difficulty of operations fulfilling during working
shift. In that case the probability of errors emergence is
increased, the possibility “to read” the situation at the
working place is reduced, the working discipline is viola-
ted (Ishtiaq et al., 2014). That is why the research of min-
ers working conditions is an actual, especially if it allows
to reduce the rate of injury and occupational deceases.

Many works are devoted to the problem formulated
above. There have been more than 50 of them throughout
next several years. The research deals mostly with study-
ing of the injures reasons (Bhattacherjee, 2014; Buessing
& Weil, 2014). The research fulfilled by T.A. Negrei,
determining the working conditions for miners and their
influence on the injury level is one of interesting works.
Also A.M. Tairova contributed much in the injury rea-
sons understanding. She described in the published re-
search results the dependences of the industrial injures
rates on the coal extraction volume, the action or inaction
of the employer concerning creating of safety working
conditions, the operability level of the equipment being
used for work with accidents having serious consequenc-
es and other factors, based on the mathematical multifac-
torial models.
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The greatest attention by the mentioned authors is
paid to the establishment of the reasons having an impact
on the dust content level at working places of the miners,
and to the calculation of occupational risks for the miners
deterioration in health by influence of industrial dust.
There are also works focused on the hearing loss problem
solving for the workers at underground spots, and the
problems of locomotorium caused by complicated work-
ing activity. Let us note the works devoted to the miners
working conditions research. For example, the problem
of quantitative estimation of influence of the parameters
characterizing the miners readiness to technological
operations fulfillment and ability of miners to restore
forces, on the output of complex mechanized breakage
faces, is developed in the works (Shevchenko, 2017;
Palei, Karmakar, & Reddy, 2014; Sanmiquel, Bascomp-
ta, Rossell, Anticoi, & Guash, 2018).

Recently, modern medicine pays more and more
attention to such criterion of health estimation as biolog-
ical age (BA). It characterizes the functional condition
of an organism and displays the general “viability” of a
person. For this purpose to types of rates of the objective
and the subjective estimation are used. The functioning
of reserve capabilities of the cardiovascular and the
breathing systems with the locomotorium refer to the
first group, taking into consideration the age features of
examinated persons. The subjective estimation of health
according to questioning is put to the second group. This
estimation displays in a certain measure the characteris-
tics of the central nervous system (CNS) (Negrey,
2016a; Negrey, 2016b).

It is provided, that the work in conditions of the
harmful factors of industrial environment will not only
worsen the health state of miners of main professions and
will lead to the development of occupational deceases,
but will also decrease their life time because of difficult
working conditions.

In order to reach this goal, it is necessary to solve the
following problems:

—research of working conditions for the miners at
mines with coal seams of low thickness;

— determination of the occupational deceases deve-
loping risks;

— determination of the miners aging rates.

2. MATERIALS AND METHODS

2.1. Participants

The hygienic estimation of influence of main adverse
industrial factors (vibration, dust, noise, climatic condi-
tions etc.) was fulfilled at working places of the combine
operator, their accompanies, the miners of “Stepova”
mine of PJSC “DTEK Pavlohradvuhillia”. The workers
occupied the face contouring, its fastening, conveyor line
movement, they took place 5— 10 m upper the combine
(Sotskov, Demchenko, Salli, & Dereviahina, 2017;
Sotskov, Podvyhina, Dereviahina, & Malashkevych,
2018). Also we considered the workers, that carried out
the delivery of fastening materials to the longwall, took
part in the extension of water and air pipes etc.
(Fomichov, Pochepov, Sotskov, & Mamaikin, 2018;
Fomychov & Sotskov, 2018). This approach allowed to
take into consideration the maximum quantity of indus-
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trial factors influencing the miners health state, having
the working 173 longwall of C¢ seam off as an example
(Fomichov, Sotskov, & Malykhin, 2014).

10 men of the age from 27 to 45 years and the expe-
rience time from 5 to 20 years took part in the experi-
ment. The research had been carried out for half a year
since April till September 2017. The main characteristics
are shown in Table 1.

Table 1. Characteristics of the experiment participations

No.ofa  Age, Heart Bgdy Pressure, Wor}(mg
participant years  rate height, mmHg experience,
m years
1 27 65 1.78 120/80 6
2 29 71 1.85 125/76 7
3 26 75 1.69 121/87 5
4 31 69 1.91 130/85 8
5 33 72 1.75 130/90 10
6 35 78 1.72 135/90 11
7 38 90 1.63 145/90 11
8 40 91 1.80 140/85 16
9 43 85 1.71 140/90 16
10 45 73 1.87 145/95 18

2.2. Organization of research

The measuring of noise loading by noise sources
(NS) at working place of miners was fulfilled in service
zones provided by passport of works at the level of 1.5 m
upper the working ground, also at the middle between the
ground and the roof of the development, as it is showed
in Figure 4, according to DSN 3.3.6-037-99.
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Figure 4. Scheme of the noise sources (NS) and the measur-
ing points (MP) location in mining developments

Not less than 3 measurements of noise loading level
were made in each point of “Oktava-101" unit microphone
location. The arithmetic average values rounded to inte-
gers were took by results of measurements. The repeated
measurement was fulfilled if the difference between the
largest and the smallest values of the noise loading level
indicators in each point was more than 2 dBA.

The measurements of the temperature environment
parameters and the air content of working space for
miners were fulfilled according to the safety rules for
coal mines and DSP 3.3.1.095-2002. The places of
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measurements of environment parameters were close to
the proceeding and the main air streams of clearing,
preparatory and ventilated developments. The measur-
ing points were located at a distance from the wall
equal to 0.3 of the development width, and at a height
from the ground equal to 0.4 of the development height.
The measurements were made in two points from each
side of the development. The research was fulfilled by
MEC-200A meteometer.

The air sampling for the determination of harmful
substances concentration in the developments of “Stepo-
va” mine of PJSC “DTEK Pavlohradvuhillia” was con-
ducted at the distance of 15 — 20 m from the place of the
air current entrance to the clearing site.

“GKh” gas analyzers were used in a set with indicator
pipes for the control of methane, carbon oxide, carbon
dioxide and oxygen as ones of the certified in Ukraine.
Here, the intaking tube was located towards the air cur-
rent and was gradually moved zigzag from ground to
roof in a vertical plane.

The total concentration of dust in the air of mining
developments was determined by “AERA” aspirator. It
provided the air sampling in breathing zone of the miners
to “AFA-20” analytical filters, with air consumption of
20 liters per minute, also the following weighing at
“VLO-200” analytical balance. The time of sampling
was measured by “SOPpr-2a-2-10” stop watch. The
duration of measurement of the maximum single dust
concentration was not less than 30 minutes. The points of
sampling are shown in Figure 5.

Points of dust content
measuring unit location

& —0 Ventilation drift

10m
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Figure 5. Scheme of location of the constant control meters
for the dust content level in the air

The measurement of vibrational loading at the wor-
king place was fulfilled by VShV-003-M2 vibrometer
according to the DSN 3.3.6-039-99.

The following equipment was used for the estimation
of human functional state: “Nissei DS-1902” and “Om-
ron M10-IT” tonometers, “Maniquick MQ-160" infrared
contactless thermometer, “VM-150" medical balance.
The determination of the miners work severity was car-
ried out according to the recommendations of the
Hygienic Classification of Work by indicators of the
harmfulness and the danger of the industrial environment
factors, the severity and the tension of labor process,
approved by the Order of the Ministry of Health of
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Ukraine from 08.04.2014 No. 248. The subjective esti-
mation of health (SEH) was conducted by the question-
naire including 27 questions mentioned in the work (Sari,
Selcuk, Karpuz, & Duzgun, 2009). Biological age was
determined by the formula (Mahdevari, Shahriar, &
Esfahanipour, 2014):

BA4A=26985+0.215-S4AP—-0.149- BHD —

1
-0.151-8B+0.723-SEH, O

where:

SAP — the systolic arterial pressure;

BHD — the breath holding duration after deep breath;

SB — the static balancing on the left leg;

SEH — the subjective estimation of health.

The indicators of the body functional state, such as
the arterial pressure, the breath holding duration, the
static balancing, the self-rating index and the weight
were determined at the beginning of the working shift
during the obligatory medical examination before work.
It was proposed to the miners to control the change of
arterial pressure in a lunch break and after work making
the corresponding notes. The control of other mentioned
parameters was conducted one time per month for the
period of half a year, since March till September 2017.

2.3. Statistical analysis

The data processing was fulfilled by an application
the standard software package Microsoft Office — Excel
2010. The obtained results had the normal distribution
law of probabilities. We used mainly Student paramet-
rical models for their analysis. The number of tests was
enough to obtain the unbiased estimator of the first two
moments, such as the arithmetic average (M) and the
average square deviation (J). The Student criterion was
used for comparison of the quantitative indicators ave-
rage values for normal distribution of an indication.
The significance level of p <0.05 with 95% reliability
was considered to be reliable.

3. RESEARCH RESULTS

The working mode of 4 shifts, 30 hours per week and
6 hours per shift was approved, according to the sanitary
and hygienic characteristic of the miners working condi-
tions. Three shifts of extraction and one shift of repair
and preparation (3x6) E + (1x6) RP.

The results of the conducted research of working
conditions at workplaces in mining developments, the
obtained indicators of the adverse industrial factors are
given in Table 2. The information on the miners physical
loadings was got by the analysis of the filled cards of
working conditions. It is set, that the working conditions
refer to the 3™ class of the 2™ or the 3™ harm degree in
accordance with Labor Code.

The obtained results show, that mining enterprises
were undergone to insignificant modernization of pro-
duction. Thus, the operator of combine and his assistant
maintain high static loading almost three times more than
the admissible value during coal-face work. In work
(Mahdevari, Shahriar, & Esfahanipour, 2014), the
authors claim, that only 53% of coal-face works are
mechanized and provided with use of serial complexes.
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Table 2. Results of indicators measurement of the adverse industrial factors influencing the miners

Professions .
Operator of Max;m}lm
No. Indicator mining Miner of a Under- permissible
extracting clearing face grqund indicator
machines miner value
1 2 3 4 5 6
Levels of noise loading at miners workplaces
1 Level ofsound pressure in octava strips with 101 + 0.55 101 + 0.45 38 + 0.84 80
geometric average frequencies (500 Hz), Hz
Environmental conditions at miners workplaces
) Air temperature, °C 21 21-25
Relative moisture, % 87 75
Speed of air movement, m/s 0.25 0.25-0.50
3 Levels of dust content in the area of workplace, mg/m?
— in respiration area 129 £0.35 99.3+£0.43 113.3£1.5 4
Levels of adverse chemical substances content in the area of workplace
Level of adverse substance content, mg/m? Methane
4 — in respiration area >0.5 >0.5 >0.5 0.5
Level of adverse substance content, mg/m? Carbon oxide
— in respiration area 0.3 0.3 0.55 0.5/0.75
Levels of vibrational loadings
5 Corrected level, dB 103 — — —
Total equivalent level, dB 103 — — 101
Work severity
— power of outside work (W) 24008.7 2412.6 1465 up to 44000
— mass of lifted and moved load, kg 30 25 30 up to 30
Static loading
— loading value per shift(kg/s) 50450 62520 50340 70000
6 — including muscles of a trunk and legs 127008 658800 395280 43000
Working position
— time of being in an uncomfortable position,
% of shift duration ’ 47 S14 24 up 1023
— time of being in a forced position on a lap,
on all fours, "/;gof shift duraI:ion b 42.5 444 28 up to 10
Trunk bending more than 30° 125 156 120 51-100
7 Movements in an area (crossings caused 7 7 4 up to 4

by technological processes)

But, the sufficient number of tasks requires for manu-
al labor, takes the largest time part and is characterized as
hard work (Liu, Xu, Wu, Yang, & Wang, 2015). We can
fully refer the mentioned above also to the mines with
thin coal seams, where execution of labor duties is ful-
filled in limited space. The miners stay constantly in an
uncomfortable position, on a lap or on all fours. It lasts
up to 50% of a working shift, according to the analysis.
Besides, the movement in a breakage face is also carried
out in a same way. One more detail is that trunk bending
is combined with every working operation on loads car-
rying, due to the necessity for a miner to bend to a
ground in order to lift or to lower the load. The miners of
some professions have to fulfill only loads lifting and
carrying operations throughout all the shift. In such cases
the real number of bends up to 50% exceeds the admissi-
ble value of 100 bends, as one can see from Table 2. This
situation doesn’t only contribute to the working ability
increasing, but also enhances sufficiently the risk of
occupational deceases of locomotorium developing.

It is necessary to determine the risk of deceases
developing with help of the obtained data. For this pur-
pose, one should use the most useful for practice method
described in international standard OHSAS 18001:2010.
The essence is to set the degree of consequences for
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human organism (S), caused by the danger situation, to
determine the danger probability (P) and the frequency
of its emergence (E). So, its value is calculated by the
formula (Liu, Xu, Wu, Yang, & Wang, 2015):

R=S-E-P, @)

where:

R — the risk;

S — the degree of consequences;

E — the frequency of its emergence;

P — the danger probability.

The frequency of the danger situation emergence is
varied from O to 10 units. The probability of the danger
emergence and the degree of consequences are rated in the
three different levels (low, average, high). The combina-
tion of the mentioned factors classifies the professional
risk by the degree of acceptability (gravity) to five main
groups: from the minimum value 1 (insignificant risk) to
the maximum value 5 (inadmissible risk). The simplicity
and the possibility to involve the direct participants of
industrial process may be considered as the advantages of
this method. Besides, the presented result in a quantitative
form allows to obtain the sharp criteria of acceptability
(gravity) for occupational risks, also to estimate the corre-
sponding recommendations concerning their elimination.
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The probability of the occupational deceases develo-
ping risks, caused by the industrial danger factors, is
rated based on their action duration and emergence fre-
quency. In another way, they are compared with results

of the maximum permissible values measurements. The
results of the risk values calculation for the above men-
tioned working conditions (Table2) are presented in
Tables 3 and 4.

Table 3. Risk rating on the work severity

Danger factor
Static loading
Loading value per shift (kg/s)
while load retention by
muscles of trunk and legs

Working position
Being in uncomfortable working
position (on all fours, on a lap etc. —
51% of shift duration (rate is

Trunk bending

Trunk bends 101 — 200 times

Situation description (rate is 51 — 100 times)

up to 25 % of shift duration) (rate is 43000 kg/s)
Consequences Average Hard Light
Risk probability High High High
Risk level Sufficient 4 Inadmissible 5 Moderate 3
Table 4. Risk rating on the adverse factors influence
Danger factor
Vibration Industrial noise Air temperature Dust

in working area

Total action duration
of vibration per shift is
151 minutes for excess

of maximum permissible

Total action duration
of noise per shift is
340 minutes (excess of
maximum permissible

Danger class 4 is
120 mg/m? (excess of
threshold limit value

Air temperature
in underground
development is 21°C

Situation description

level (MPL) on 6‘dB (rate Jevel (MPL) on 20 dBA) (TLV) in 30 times)
excess on 30 minutes)
Consequences Average Average Light Hard
Risk probability High High Low High
Risk level Sufficient 4 Sufficient 4 Insufficient 1 Inadmissible 5

The analysis of the fulfilled calculation has shown,
that the action of miner dust and the static loading refer
to inadmissible risk. We suppose, concerning the last
one, that the workers of the basic professions are manual-
ly occupied for more than 5 hours per shift, that makes
correspondingly 90% of the shift duration. Here, the
average level of their energy consumption per shift is
high and equal to 4.4—6.4 kcal/min (Sari, Duzgun,
Karpuz, & Selcuk, 2004).

It should be noted, that adverse action of the coal dust
and the noise loading, having sufficient risk level, are
added to the influence of hard manual labor. The need
arises, for estimation of the general health state of
miners, working under action of the mentioned above
adverse factors, taking into consideration their cumula-
tive effect. The most acceptable method for such an es-
timation is the calculation of biological age and its fur-
ther influence on the degree of individual aging.

The biological age characterizes the organism func-
tional state and displays the general “viability” of a
person by certain indicators of the objective and the
subjective estimations of functioning and reserve abili-
ties of the cardiovascular and the respiratory systems,

the CNS, the locomotorium, when taking into conside-
ration the age peculiarities of the examined persons
(Browne, 1973). It is proved, that there is a close corre-
lation between the age and the deceases. The abilities to
adaptation of an organism have been decreasing as a
result of aging, making weak points in its self-
regulation system and simplifying the development of
deceases. Aging processes ‘“reduce” the organism
reserve abilities and lead to the development of patho-
logy. In such cases, the technique of the aging degree
estimation, based on the determination of biological
age, is one of the most reliable and acceptable.

The result of the biological age calculation is based
on determination of the arterial pressure and the static
balance indicators before the shift and after it. It is sup-
posed, that the breath holding delay and the self-rating of
health level index don’t change quickly, so they have
been checked only one time at the beginning of the ex-
periment. The results are given in Table 5. The fulfilled
calculation data specify on increasing of indicators of the
systolic arterial pressure and the heart rate (HR), also
decreasing of the static balancing time. The indicators of
the basic physiological tests are shown in Table 6.

Table 5. Calculated average values for indicators of the miners functional state at the beginning and at the end of a shift

Indicators Before shift After shift Student z-criterion Confidence interval (p)

SAP, mmHg 133.1 £ 0.96 137.64 £ 0.94 —2.9954 0.047
Pressure, mmHg 86.8 +0.81 91.64 £ 0.40 —-1.544 0.240

HR, beats/min 76.9 +0.46 89.3+£0.51 -9.2870 0.0002

SB, s 45.5+3.46 17.6 £0.61 -2.954 0.512

BHD, s 53.6 £0.81 34.5+0.91 -1.63 0.341

Biological age
Service length less than 10 years 35.5 44.1 — —
Service length more than 10 years 46.6 53.5 — —
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Table 6. Indicators of basic physiological tests of miners after work day

Service length, Nun}ber Average age, years S4P, BHD, s SB, s SEH, points BA, years
years of miners mmHg

5-10 4 28.3+0.9 128.5+2.1 43.6 0.7 489+1.5 44+0.6 441+ 1.1

10-15 3 353+ 14 138.6 £3.2 353+14 413+ 1.1 7.1+£0.7 50.8+0.9

> 15 3 424 +0.7 145.6 +£2.5 25.2+0.9 23.6+3.3 8.7+0.5 57.1+£0.9

The calculated biological age after the shift has been
about 15— 16 years, but it was sufficiently different
before the shift. Thus, the aging rate has been 7 years
while having 28.3 years of average age for less than
10 years of service length, and correspondingly 9 years
for more than 10 years of service length. So, the workers
with different service length (from 5 to 10 years and
more than 10 years) have different aging rate values.
It comes to conclusion, that the occupational activity
influences the aging rate and displays in some way their
health state. As a result, the biological age after the shift
exceeds the calendar age in average for 15 years.

4. DISCUSSION

The obtained result may be explained by the fact, that
the miners working conditions feature high degree of
physical loading. The human organism doesn’t manage to
restore fully after the working shift being influenced also
by another adverse factors like the dust and the noise. We
will use the calculation results of the heart rate depen-
dence on the energy consumption during the physiothera-
py exercises occupation of people (Sari, Duzgun, Karpuz,
& Selcuk, 2004), in order to prove this conclusion:

N=0.149- HR—10.68 . 3)

The same formulas were obtained in the work by
T.A. Negrey, based on the results of corresponding
research (Negrey, 2016a; Negrey, 2016b):

N=0.125-HR-7.526. )

We can see, that the heart rate value for miners are
higher, than for athletes. The calculated difference in
energy consumption for the exercises with same
loadings can be just explained by adverse influence of
the miners environment.

The borders between areas of the heart rate at rest and
the maximum value, when the worker is able to fulfill his
labor duties, are given in Table 7.

Table 7. The results of the human organism energy consump-
tion dependence on the heart rate

Energy consumption

HR, of human organism, kcal/min
beats/min during physiotherapy during miners

exercises work

80 1.24 2.47

90 2.73 3.72

100 4.22 4.97

120 7.20 7.47

The heart rate at rest depends on the age, the male,
the person’s way of life, and makes 60 — 70 beats per
minute for most of adult healthy people (Page, 2009).
The heart rate can reach the value of HR = 180 and even
more beats per minute during physical loadings. While
exceeding HRmax, the person’s productivity decreases,

because, since that moment, the pulmonary ventilation
rises faster than the work output. The zones are shown,
that refer to different categories of work severity (from
the light to very hard ones (Paul & Maiti, 2007)).

The inhaling of harmful aerosols is one more reason
for the miners premature aging. The most probable
explanation is reaction of the organism to the stress. It is
pointed in works of A.F. Verbov, that long, lasted for
many years influence of aerosols on the worker’s orga-
nism can be compared with the chronic stress state or the
stage of general adaptation syndrome by H. Sel’ye. It is
known, that every stress influence, also connected with
adverse occupational conditions, intensifies the aging
process. Besides, the pneumoconiosis development
during dust deceases can be considered as one of the
symptoms of the organism premature aging.

This situation leads to the development of new
deceases or to the aggravating of available chronic ones,
that accelerate the aging. It characterizes by displays of
hypertension, chronic coronary heart decease and sto-
mach ulcer. The direct dependence of the premature
aging on the working conditions is traced, if we take into
consideration the complaints of miners to doctors. The
analysis of biological age testing results has allowed to
allocate from the set of physiological indicators the main
factor, forming the biological age. This is the arterial
pressure (systolic and diastolic) for men. It is found out
by the analysis of disability papers, that hypertension
takes one of the first places among deceases.

Noise and vibration belong to adverse factors influen-
cing the miners health. The fulfilled research has shown,
that the miners work in the conditions of moderate risk
for development of occupational decease like sencorineu-
ral hearing loss. But, the hearing loss will reach 12 dB
for 50% of people just in 5 years of such work without
using of individual protection equipment of hearing
organs (IPEHO). The only real measure to protect from
noise is the time limitation for being in danger area.

So, it is necessary to decrease the influence of
adverse factors, in order to increase the life expectancy.
It is recommended to modify the modes of work and
recreation. The working time should not exceed 4 hours
per day with obligatory rest pauses.

5. CONCLUSIONS

The fulfilled analysis of working conditions proves,
that the work in the conditions of industrial environment
adverse factors influence not only worsen the miners
health, but also contributes to their life time decreasing. It
is due to reduction of the organism reserve abilities caused
by accelerated wear of the cardiovascular system. The
high degree of nervous and emotional tension, endured by
miners, influences the discrepancy of biological age to the
calendar one. It refers also to the overloading of muscles
during fulfilling physical work, making the same effect on
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the cardiovascular system. The review of lust publications,
together with measuring results of the adverse industrial
factors influence on the workers health and their biological
age, confirm the actuality of the research goal and the need
for more detailed analysis of the miners occupational de-
ceases risks. The main sense of the research results is
determination of interrelation between the adverse factors
complex, influencing the miners health, and the workers
aging rates. It means to determine the acceptable limit of
the occupational deceases development probability.
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AHAJII3 YUHHHUKIB, IO BIVIMBAIOTH HA CTAH
MPO®ECIMHOI'O 3/I0POB’SI TA BIOJIOTTYHOI'O BIKY I''PHUKIB
IPU III3EMHIN PO3POBIII BYTUIBHUX IIJIACTIB

C. Yebepsuxo, 0. Uebepsruko, B. Conkon, O. Tuton

Merta. BcTaHoBiIeHHs BIUIMBY YMOB Hpalli poOiTHHMKIB TiPHHYMX MiANPUEMCTB NPU PO3pOOLI TOHKHX BYTUIBHHX
IUIACTiB Ha XapakTep 1 TeMI iX CTapiHHS HIISIXOM BU3HA4YeHHS 010JIOTIYHOTO BiKy Ta OLIHKM BEJIMYMHM PU3UKY BUHHK-
HEeHH Po(deciifHUX 3aXBOPIOBAHb.

Mertoauka. ['irieHigHy OLIHKY YMOB TIpalli Ta BEIMYAHY PU3UKY BUHUKHEHHA MPo(eciifHIX 3aXBOpIOBaHb BU3HAYA-
JI 32 BiJOMUMH HOPMATHBHAMH MeTOIUKaMU. I po3paxyHKy Oi0JOTIYHOTO BiKY TipHHUKIB OyB BUKOPHCTaHHUN MiIXil,
po3pobnenuii B [HcTuTyTI reponTosnorii Akanemii MeIMYHUX HAayK YKpaiHu. 3arajbHy KOHILEHTPAIIO MUY B MOBITPi
TipHUYMX BHPOOOK BH3HA4YaIM 3a momomororo acmiparopa “AEPA”. Jlng ouiHky (yHKIIOHATBHOTO CTAaHY JIOIMHU
BUKOpHCTaHa HacTymHa TexHika: ToHomerp “Nissei DS-1902” ta “Omron M10-IT”, indpadepBoHHii OE3KOHTAKTHHIA
tepmometp “Maniquick MQ-160”, Baru meauuni “BM-150". Binbip mpoO y 30HI JuxaHHS TipHHUKIB 3[iiCHIOBAaBCS
aHanmiTHaHUME QinbTpaMu “ADA-20”. O6poOka pe3ysbTaTiB AOCIIPKEHb TPOBOIUIIACH 32 IOTIOMOT0K0 METOJIY CTaTH-
CTHYHOTO aHaJII3y.

Pe3yabTaTi. BcTaHOBIEHO NMEpEeBUIIEHHS IPaHUYHO JOIyCTUMHUX ITOKa3HUKIB HECTIPUATIMBHUX (DaKTOPIB AJIS Tip-
HUKIB — ITWITY, IIyMy Ta BiOpamii. YMOBH Ipalli XapaKkTepu3yIOThCsl HOCTIHHIM HE3pyYHHM HOJIOXKEHHSM TijIa pOOITHH-
KiB Ta 3HAYHUM piBHEM HAaBaHTAXXCHHA. BH3HaueHO, 10 HAHOLMBIINI pU3UK BUHUKHEHHS MpodeciiiHuX 3aXBOPIOBaHb
TIOB’SI3aHMH 3 MAJIOM Ta CTaTHYHWM HaBAHTAXKECHHSM, a poOOTa B TaKMX yMOBaxX IPHU3BOAUTH /10 30UIBLICHHS TEMITY
cTapiHHs TipHUKiB. Tak, mpu ctaxkeBi pobotu Menmie 10-TH pOKiB mpH cepeqHhOMY KaleHAapHOMY Billi 28.3 pokiB
TEMII CTapiHHSA CKJIaB 7 POKiB, a MPH cTaxkeBi podoTu Oinbire 10-TH pokiB el mMoKa3HUK cKiaB O1m3pK0 9 pokis. Ilepe-
BHIICHHS 010JIOTIYHOTO BiKYy HaJ KaJICHIAPHHUM ITiCII 3MiHHU B CEPEIHHOMY CTaHOBHTH 15 POKIB.

HaykoBa HoBH3HA. B yMoBax po3poOKHM TOHKMX BYTUIBHHX IUIACTiB BCTAHOBJICHO XapaKTep B3a€MO3B’S3KY
MK KOMILJIEKCOM LIKIATUBUX (PAKTOPIB, pU3NKOM BUHHKHEHHS NMPO(ECiiiHUX 3aXBOPIOBaHb Ta TEMIIaMHU CTapiHHS
POOITHHKIB.

IMpakTnyna 3HAYUMICTD. [1J151 301IBIICHHS TPUBAJIOCTI KUTTS POOITHUKIB, 3aITHUX HA OYHUCHUX pOoOOTaxX MPH Po-
3po01Ii TOHKMX BYTUIBHHX IUIACTIB, HEOOXiJHO MEPETITHYTH PEKMMHU POOOTH ¥ BiINOYMHKY Ta 3abe3neuuTy ix podoTy
He OunbIne 4 roauH 13 000B’I3KOBUMH ITEpepBaMH Ha BIAITOYHHOK.

Knrouosi cnosa: wikionusi éupobruyi paxmopu, moHKi 8y2inbHi naacmu, Oi0N02iYHULL 6IK, 2IPHUK, 2I2IEHIYHI GUMOU

AHAJIN3 ®AKTOPOB, BJIUAIOINNX HA COCTOSTHUE
INPOPECCHOHAJIBHOT'O 3JJOPOBbSI U BHOJIOTUYECKOI'O BO3PACTA
I'OPHSKOB ITPU ITIOJA3EMHOU PASPABOTKE YI'OJIBHBIX IIVIACTOB

C. Yebepsuxo, 0. Uebepsruko, B. Comnkos, A. Tutos

Hessb. YcraHOBIEHHE BIUSAHUS YCIOBHH TpyZa pabounX TOPHBIX MPEATPUATHH MpH pa3paboTKe TOHKUX YTOJIbHBIX
IUIaCTOB Ha XapakTep W TEMII UX CTApEHHMs MyTEM ONpPENENCHNsT OMOIOTMYIECKOrO BO3PacTa U OLEHKH BEJIMIMHBI PHCKA
BO3HUKHOBEHHS IPO(YECCHOHATBHBIX 3a00IeBaHHH.

MeToaunka. [ MTHEHNUECKYIO OLIEHKY YCJIOBUH TpyZAa M BEIUIMHY PUCKA BOSHUKHOBEHUS MPO(ECCHOHABHBIX 3a00-
JIEBAaHUH OIPEAENsIM 10 M3BECTHBIM HOPMAaTUBHBIM MeTojukaM. /it pacyera OMOJIOrMYECKOro BO3pacTa TOPHIKOB
ObUT KCIOJIB30BaH MOJX0J, pa3paboTaHHbId B MHCTUTYTE repoHTONIOrMH AKaaeMUH MEAWIMHCKUX HAayK YKpauHbI.
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OOIIyr0 KOHIICHTPAIUIO MBUIH B BO3IyXe FOPHBIX BBIPAOOTOK OMPEACsUIH ¢ MOMOINbI0 acruparopa “ADPA”. Jlns
OIICHKH ()YHKIIMOHAJIBHOI'O COCTOSHUS YEIOBEKa MCIOJIb30BaHA cienyromas TexHuka: ToHomeTp “Nissei DS-1902” u
“Omron M10-1T”, nadpaxpacHsiii 6eckoHTakTHBIA TepMomeTp “Maniquick MQ-160”, Becsl Mmeautuuckue “BM-150.
OT160p npoO B 30HE JbIXaHHS TOPHSIKOB OCYIIECTBISIICS aHaIUTHUeCKUMHU GribTpaMu “ADPA-20”. OOpaboTKa pe3yib-
TaTOB HCCIIEIOBaHUH IIPOBOJIMIIACH C TOMOIIBIO METO/Ia CTATUCTUYECKOTO aHaJIH3a.

Pe3yabTaThl. YCTaHOBICHO NPEBBIIIEHHUE MPEEIHHO AOIYCTUMBIX ITOKa3aTelleil HeOIaronpusTHeIX (haKTOpPOB IS
TOPHSKOB — IBUIN, ITyMa ¥ BUOpAIMK. Y CIOBUS TPYa XapaKTEPHU3YIOTCSl OCTOSIHHBIM HEYIOOHBIM ITOJIOKECHUEM Tella
paboumx M 3HAYUTENBbHBIM yPOBHEM Harpysku. OmnpeneneHo, 4To HanOONBIINN PUCK BO3HUKHOBEHHS MPO(ECCHOHAIb-
HBIX 3a00JIeBaHUIl CBSI3aH C MBUIBIO M CTAaTHYECKOW HArpy3Koi, a paboTa B TaKMX YCIOBHUSX NMPHBOIUT K YBEIHUCHUIO
TeMIla CTapeHWs TopHsIKoB. Tak, mpu craxke paboTel He MeHee 10-TH I€T MPH cpedHEM KaJlCHOApHOM BO3PacTe
28.3 roma Temm CTapeHus COCTaBWIJI 7 JIET, a TpH cTaxke paboTel Oosee 10-TH JI€T 3TOT MOKa3aTeNb COCTABUI OKOJIO
9 ner. IIpeBbleHne OMOIOTMUECKOTO BO3PACTa HAJ KaIEHAAPHBIM 110CJIE H3MEHEHUS B CPEIHEM COCTABISIET 15 sieT.

Hayuynasi nHoBH3Ha. B yciioBusiX pa3pabOTKM TOHKHMX YTOJIBHBIX IUIACTOB YCTAQHOBJIEH XapakTep B3aMMOCBSI3U
MEX/y KOMIUIEKCOM BpEIHBIX (PakTOPOB, PUCKOM BO3HUKHOBEHHS NPO(ECCHOHANBHBIX 3a00JE€BaHMH W TEMIIAMHU
cTapeHus pabouux.

[pakTHyeckasi 3HAYUMOCTB. /711 YBEJNIMUCHHSI NPOJODKUTEIFHOCTH JKU3HH pabouMx, 3aJelCTBOBAHHBIX Ha
OYHCTHBIX PaboTax MpH pa3pabOTKE TOHKHMX YTOJBHBIX IUIACTOB, HEOOXOAMMO IIEPECMOTPETh PEKUMBI PA0OTHI M OTIIbI-
Xa ¥ o0ecreunTh nX padboty He Oosee 4 yacoB ¢ 00s3aTENLHBIMU TIEPEPHIBAMHU HA OTJIBIX.

Knrouegvle cnosa: epednvie npouzsoocmeennvie Gaxmopvl, MoHKue y201bHble NAACmbl, OUOL02ULEeCKUll 803PACH,
2OPHAK, 2ucUeHu"ecKue mpebosanus
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