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The metallurgical industry is one of the most developed industries in Ukraine, where employees’ workplaces are
exposed to harmful and dangerous factors of the production environment of various natures, which can contribute to
the development of occupational and work-related pathology. Based on the results of the study protocols and maps
of working conditions for 2011-2021, the study of working conditions of workers in the open-hearth, sintering and
blast furnace shops of a metallurgical enterprise as a health risk factor was conducted. It has been determined that
the working conditions of the employees of the studied workshops are harmful, belong to class 3 of the 4th degree of
harmfulness, and correspond to a very high degree of suspected occupational risk. It is established that the leading
occupational risk factors at this enterprise include the production microclimate (class 3.4) and the content of dust
and chemicals in the air of the working area (classes 3.1-3.4), which in turn requires the use of effective preventive

measures aimed at preventing the adverse effects of production factors on the health of workers.
Key words: working conditions, occupational risks, metallurgical enterprise, production factors.

Connection of the publication with planned re-
search works.

The work is a fragment of the research work of the
Department of General Hygiene, Medical Ecology and
Preventive Medicine of the ZSMPU “Modern risk factors
and their prevention in the public health system”, state
registration number 0123U100215.

Introduction.

The metallurgical industry is one of the most de-
veloped production sectors in Ukraine, with the larg-
est number of enterprises located mainly in four re-
gions: Donetsk, Zaporizhzhia, Luhansk, and Dnipro [1].
Workplaces (WP) of metallurgical industry workers are
exposed to harmful occupational factors of various na-
ture that can contribute to the development of occupa-
tional and work-related pathology [2, 3]. Every year in
Ukraine, about 5-8 thousand occupational diseases are
registered, and the total morbidity of workers employed
in harmful and hazardous working conditions increases
by 32-50% due to occupational diseases. An analysis of
occupational morbidity by industry shows that the most
significant number of cases is registered in the coal (70-
79%), metallurgical (2.2-2.8%) and machine-building
(2.7-3.8%) industries [4, 5].

The working conditions (WC) of employees of met-
allurgical enterprises are actively studied and analysed,
but due to the modernisation of production, introduc-
tion of mechanisation and automation of various tech-
nological processes in production, there are changes
in the working conditions of employees in the main
and auxiliary workshops, which necessitates additional
study of them, research of the impact of harmful and
dangerous factors of the production environment on
workers. Therefore, the issue of studying occupational
health and safety in hazardous industries remains rel-
evant and requires attention to develop and implement
effective prevention measures [6].

The aim of the study.

To perform a hygienic assessment of the WC of em-
ployees of a metallurgical enterprise as a health risk fac-
tor.

Object and research methods.

The study of occupational health and safety of WC
at WP of a metallurgical enterprise in the open-hearth
shop (155 WP of the steelmaking shop and auxiliary
steelmaker of the open-hearth furnace), blast furnace
shop (77 WP of the blast furnace) and sinter shop (44
WP of the sinter shop) for 2011-2021 was conducted.
To assess the WC, 8287 studies of occupational environ-
mental factors were conducted and analysed, including
2366 indicators of the industrial microclimate in warm
and cold seasons, 5761 indicators of work area air pol-
lution (WAA), 220 indicators of industrial noise and vi-
bration, and 130 maps of WC to assess the severity and
intensity of the work process.

The results of the research were calculated math-
ematically on a personal computer using the statistical
package of the licensed programme “Statistica, version
13” (Copyright 1984-2018 TIBCOSoftwarelnc. All rights
reserved. Licence Ne JPZ8041382130ARCN10-J). The
normality of the distribution of quantitative traits was
analysed using the Shapiro-Wilk test. The studied pa-
rameters had a distribution that differed from the nor-
mal one, and therefore, the descriptive statistics were
presented in the form of the median with an interquar-
tile range —Me (Q,; Q).

The assessment and determination of the WC class
of employees were carried out following SSS 3.3.6.042-
99 “Sanitary standards of the microclimate of industrial
premises” and SSSandR “Hygienic classification of work
according to the indicators of harmfulness and dangers
of the production environment’s factors, difficulty and
tension of the labour process” (approved by Order of
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the Ministry of Health of Ukraine Ne 284 of 08.04.2014)
(after this referred to as HCofW Neo 248-2014).

Research results and their discussion.

The professional duties of a sinter operator in a sin-
ter shop during sintering include monitoring the service-
ability of sintering and roasting machines during their
operation, equipment maintenance (cleaning aspiration
ducts, placer hoppers of gas suction vacuum chambers,
collectors, multicyclones, exhauster bins, prepits, ex-
haust pipes during sintering or roasting machine shut-
downs). During the sintering of the sinter, the employee
breaks large pieces of hot sinter on the grates of the
hearths, unloads the sinter from the sin-
tering grate bowls, beats the sinter from
the grates and hearths, takes samples of

iron). Only the content of iron sinter and iron (l1) oxide
(in terms of iron) in the WAA exceeded the threshold
limit value (TLV). Thus, the median maximum one-time
concentration of iron sinter was 25.0 mg/m? and ranged
from 3.0 to 243.1 mg/m?3, where the maximum value ex-
ceeded the TLV by 60 times, which classifies the working
conditions as Class 3 of the 4th degree of hazard. The
median maximum one-time concentration of iron (lll)
oxide (in terms of iron) was 17.7 mg/m?3, with minimum
and maximum values exceeding the TLV by 2.5 and 3.4
times, respectively, corresponding to Class 3 of the 1st
degree of hazard.

Table 1 — WC by indicators of the production microclimate

at the sinter WP

the charge, sinter, pellets, sorts the sin-
ter and pellets, and supplies coke. He/
she is directly involved in the repair of

sinter shop equipment. The sinter opera-

tor performs physical work of moderate

severity (category Il b), which includes
work performed while standing, involv-

ing walking, moving small (up to 10 kg)

loads and is accompanied by moderate
physical exertion.

When studying the parameters of

the production microclimate, it was

found that the median air temperature
at the sinter WP in the warm season

was 35.2°C, and the temperature ranged

proqpicioselite | win | wox | Mot | | condiios
25775 class

Warm period of the year

Air temperature (°C) 20,4 43 35,2 (31,4;38,6) | 20-22 3.1-3.4

Infrared radiation (W/m?)| 142 1852 | 1054 (432;1316) | <140 3.1-3.2

Air humidity (%) 19 71 35(29,9;43,6) 40-60 3.1

Air velocity (m/s) 0,04 2,1 0,5 (0,3;0,6) 0,2-0,5 2-3.2
Cold period of the year

Air temperature (°C) 1,9 16,5 13,0(6,9;14,2) 17-19 3.2

Air humidity (%) 34 72 56 (40;60) 40-60 | 2-3.1

Air velocity (m/s) 0,4 1,5 0,6 (0,4;1,1) 0,4 2-3.2

from 20.4 to 43°C (TLL 20-22°C), which
exceeded the threshold limit level (TLL) by 0.4-13.2°C.
The median relative humidity was 35%, with a maxi-
mum recorded value of 71%, which is 11% higher than
the permissible level. The median air velocity at the
sinter WP was 0.5 m/s, with fluctuations ranging from
0.04 to 2.1 m/s, where the maximum value did not meet
hygiene requirements (TLL 0.2-0.5 m/s) and exceeded
the TLL by 4.2 times. The median intensity level of heat
exposure to the sinter from the heated surfaces of the
process equipment was 1054 W/m?, with a range of
142 to 1852 W/m? (TLL 140 W/m?), which exceeds the
permissible level by 2 — 1712 W/m?. During the cold
season, the median air temperature was 13°C, ranging
from 1.9 to 16.5°C. The median relative humidity was
56%, with fluctuations ranging from 34% to 72%, with
the maximum value exceeding the TLL by 12% (TLL 40-
60%). The median air velocity during this period was 0.6
m/s, with fluctuations ranging from 0.4-1.5 m/s, with
the maximum value exceeding the TLL
by 3.75 times.

Thus, following the HCofW No 248-

Due to the fact that unidirectional substances (nitro-
gen dioxide, carbon monoxide, sulphur dioxide) were
present in the sinter WAA, but the sum of the ratios of
the actual concentrations of each of them to their TLV
was 21 (1.21), the working conditions in this case are
classified as Class 3 of the 1st degree of hazard (table
2). It was found that industrial dust and chemicals in the
workers’” WAA and exceeding the established TLV affect-
ed sinter workers during 93.5% of their working time.

The median equivalent noise level at the sinter WP
was 85.4 dB, ranging from 60.5 to 96.4 dB, with the max-
imum value exceeding the TLL (80 dB) by 16.4 dB, which
places the WC in hazard class 3.3.

The median equivalent corrected total vibration
level at the sinter WP was 89.02 dB, with vibration levels
ranging from 69.1 to 103 dB, with the maximum exceed-
ing the TLL by 11 dB (3.1 WC class). It was found that

Table 2 — Hazardous substances content in the WAA

and assessment of the sinter WC

2014 criteria, sinters WC is classified as Concentration, mg/m? TLV, Working
Hazardous substances Hazard L

Class 3 of the 4th degree (harmful work- : Medi mg/ conditions
. .. : . . in the WAA Min | Max edian %> | class |
ing conditions) in terms of the industrial Q,;Q,) (0 Gl
mmrocl(;m:te (tfable 1)t;l EmP'OVeﬁS atrie Iron sinter 3,0 |243,1(24,97 (17,3;64,8)| 4 3 2-3.4
expo;g o un avmira € ml(.:roc |ma! N Sulphurous anhydride 0,65| 5,7 5,01 (4,9;5,1) 10 3
conditions for 93.5% of their working Carb d 29 [192] 7206680 | 20 4
time and high level of infrared radiation [=222n monoxide ] ) 12 (6,6,8, 3.1
for 87.1%. Nitrogen dioxide 0,2 | 1,2 0,66 (0,2;0,9) 2 3

The following chemicals were de- | Ammonia 1,0 | 91 | 5,0(5,0;5,01) 20 4 2
tected in the WAA of sinter: iron sinter, | man i

, ganese oxides .

sulphur dioxide, carbon monoxide, am- | (disintegration aerosol) 0,08 | 0,2 | 0,08(0,08,0,08) | 0,3 2 2
monia, n|tr.ogen d|0X|.de, manganese Iron (111) oxide (in terms 15,2 | 20,6 | 177 (16,9:18,2) | 6 4 231
oxide, and iron (Ill) oxide (in terms of Lofiron)
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industrial noise and general vibration affect workers
throughout their working hours.

When assessing the severity of the sinter labour pro-
cess, it was found that he has a forced working posture
during the work shift of about 30% of the total shift du-
ration — working conditions class (WCC) 3.1, the em-
ployee performs an average of 332 forced bends over
300 (WCC 3.2), the static load of the muscles of the body
and legs was 263124 kg*s (WCC 3.2). In terms of labour
intensity, the sinter has a three-shift work schedule
(night shift) (WCC 3.1), a working day of 8 hours (WCC
2), and a duration of concentrated observation of about
70% of the work shift (WCC 3.1). Thus, the WCs of sinter
are classified as Class 3 of the 3rd degree of hazard in
terms of labour intensity and Class 3 of the 1st degree
of hazard in terms of tension.

The responsibilities of the open-hearth furnace
steelmaker and their assistants include preparing the
steelmaking unit for melting, maintaining the techno-
logical process of steelmaking in open-hearth furnaces
and controlling technological parameters during melt-
ing, regulating the supply of charge, necessary additives,
fuel and air to the furnace. The steelmaker prepares the
steel outlet chute, drains slag and discharges steel into
the ladle, ensures timely sampling and determines the
readiness of the melting. He/she monitors the proper
functioning of the open-hearth furnace and the auto-
mation and mechanisms of various furnace equipment.
Performs hot and cold repairs of the furnace. Partici-
pates in acceptance of the furnace after repairs.

Among the most difficult operations performed by
steelmakers are filling furnace sills, introducing vari-
ous additives into molten steel during metal melting,
and processing and closing the tap. These technological
operations are performed manually and require signifi-
cant physical effort from employees (about 80% of the
time is spent working with manual labour). The open-
hearth furnace steelworker and steelworker’s assistant
perform heavy physical work (category lll), including
constant movement, carrying heavy (over 10 kg) loads
requiring great physical effort.

Numerous high-temperature sources (molten metal
and slag, heated surfaces of the open-hearth furnace,
etc.) contribute to creating unfavourable microclimatic
conditions at the WP in the warm and cold seasons. It
was found that the median air temperature at the WP
of the open-hearth furnace steelmakers and their as-
sistants in the warm season was 35.9°C, the air tem-
perature ranged from 26.0 to 59.6°C (TLL 18-20°C) and
exceeded the TLL by 6.0-39.6°C. The median relative hu-
midity in the open-hearth furnace shop was 26%, with
the relative humidity ranging from 7 to 55%, with the
minimum value being 33% below the TLL. The median
air velocity at the open-hearth furnace steelmakers and
their assistants was 0.6 m/s, ranging from 0.12 to 2.7
m/s, where the minimum and maximum values did not
meet the permissible level (TLL 0.5-0.6 m/s), and the
maximum value exceeded the TLL by 4.5 times (3.2 WC
class ). Steelmakers and their helpers are exposed to
thermal radiation, the intensity and duration of which
varies and depends on the type of steelmaking equip-
ment and the period of the technological process. Thus,
the median level of heat exposure intensity averaged
1590 W/m?, ranging from 342 to 4240 W/m? (TLL 140
W/m?), exceeding the permissible level by 202 to 4100

W/m?2. In the cold season, the median air temperature
was 28°C, ranging from 23 to 36.5°C, which does not
meet the TLL (16-18°C). The median relative humidity
was 42%, ranging from 22% to 62% (TLL 40-60%). The
median air velocity during this period was 0.5 m/s, with
fluctuations ranging from 0.2 to 1.2 m/s, with the maxi-
mum value exceeding the TLL by 3 times (3.2 WC class).
The median level of heat exposure intensity in the cold
season was 1260 W/m?, with both the minimum and
maximum values exceeding the TLL and ranging from
522 to 3210 W/m? (TLL 140 W/m?). Employees were
exposed to unfavourable microclimatic conditions for
94.2% of their working time, and infrared radiation for
88.5%.

According to the data obtained on the indicators
of the production microclimate, the workplace of the
open-hearth furnace steelmakers and their helpers
can be classified as Class 3 of the 4th degree of hazard
(harmful working conditions) according to the HCofW
Ne 248-2014.

The concentration of industrial dust and other
chemicals in the WAA of workers in the open-hearth
shop can reach significant levels. In the WAA of steel-
makers and their assistants, sulphur dioxide, carbon
monoxide, nitrogen dioxide, crystalline silicon dioxide
with a dust content of 2 to 10%, iron (l1) oxide (in terms
of iron), magnesite, chromium anhydride, nickel, nick-
el oxides, sulphides and mixtures of compounds were
present. Exceedance of the TLV was observed for the
content of crystalline silicon dioxide, iron (lll) oxide (in
terms of iron) and magnesite in the WAA. Thus, the me-
dian maximum single concentration of crystalline silicon
dioxide was 18.4 mg/m? with a fluctuation of this indi-
cator in the range from 4.1 to 192.1 mg/m?3, where the
maximum value exceeded the TLV by 48 times, which
places the WC in Class 3 of the 4th degree of harmful-
ness. The median maximum one-time concentration
of iron (lll) oxide was 9.1 mg/m?3, with a minimum and
maximum value ranging from 0.6 to 23.0 mg/m?3, where
the upper value exceeded the TLV and classified the WC
as Class 3 of the 1st hazard level. The median maximum
one-time concentration of magnesite in the workers’
WAA was 16.1 mg/m3 with a concentration fluctuation
from 0.03 to 35.5 mg/m3, exceeding the TLV classifies
the WC as Class 3 of the 1st degree of hazard. The WAA
of the open-hearth furnace steelmakers and their assis-
tants also contained unidirectional substances (nitrogen
dioxide, carbon monoxide, sulfur dioxide) that did not
exceed the TLV, but when calculated, the sum of the ra-
tios of the actual concentrations of these substances to
their TLV was 21 (1.72), the WC, in this case, belongs to
Class 3 of the 1st degree of harmfulness (table 3).

Workers are exposed to industrial dust and chemi-
cals almost throughout their working hours (94.2%).

The noise sources in the open-hearth shop are steel-
making units, the operation of the electric bridges and
overhead cranes; gas flows in the furnace during melt
blowdown, freight and railway transport, etc. The medi-
an equivalent noise level of the WC of the open-hearth
furnace steelmakers and their assistants was 92.9 dBA,
with fluctuations ranging from 67.3 to 98.9 dBA, where
the maximum value exceeds the TLL by 18.9 dB and
places the WCin hazard class 3.3. Industrial noise affects
employees throughout their working hours.
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When assessing the severity
of the work process of a steel-

Table 3 — Content of hazardous substances in the WAA and assessment
of the WC of the open-hearth furnace steelmaker and their assistants

maker of an open-hearth fur- - 3

d their hel . Concentration, mg/m O
nace and their helpers, it was Hazardous substances in the . TLV, [Hazard con?jritilggs
found that the employee lifts WAA Min | Max Median mg/m?| class <7
and moves up to 24.7 kg during (Q,;Q,)
a work shift (WCC 3.1), has a S - )

’ Crystalline silicon dioxide with a
static load per shift when hold- duzt content of 2 to 10% 41 (1921 18,4(11,8;33,3) 4 3 | 3134
ing a load with one hand 240 - -
kg*s, with two hands 77160 Sulphurous anhydride 2,4 | 10,3 5,7 (5,0;6,4) 10 4
kg*sl with the parﬁcipaﬁon of |Carbon monoxide 6,0 | 23,0 9,0 (8,0;12,0) 20 4 3.1
the muscles of the body and |Nitrogen dioxide 0,05 | 10,7 1,3 (1,1;1,7) 2 3
%

!eg.s 20.1600 kg.s‘. (wce 3.2), Magnesite 0,03 | 355 | 16,1(74;24,3) 10 4 2-3.1
is in a tilted position for more
than 27.3% of the total shift | Chromium anhydride 0,002 {0,006|0,002 (0,002;0,002)| 0,01 | 1 2
duration (WCC 3.1), performs |iron (Ill) oxide (in terms of iron) | 0,6 | 23,0 9,1(6,1;13,7) 6 4 2-3.1
an average of 224 forced torso Nickel, nickel oxides, sulphides
bends of more than 300 (WCC and mixtures of compounds 0,03 | 0,2 0,03 (0,03;0,03) 0,05 2 2-3.2

3.1), has horizontal movement

in space (transitions due to the technological process
during the shift) up to 7 km (WCC 2). In terms of labour
intensity, the worker has three-shift work (night shift
work), which corresponds to Class 3 of the 1st degree
of hazard, has a load on the visual analyser (blinding ef-
fect of molten metal), has an intellectual load (solving
complex issues with a choice according to a known algo-
rithm), which places the WC in Class 3 of the 1st degree
of hazard.

Thus, the WCs of the open-hearth furnace steel-
workers and their assistants are classified as 3rd class of
the 3rd degree of hazard in terms of hard work and 3rd
class of the 2nd degree of hazard in terms of intensity.

The blast furnace operator’s functional responsibili-
ties include producing iron and slag, drying the casting
trough, and replacing tuyere and cooling devices during
the maintenance of blast furnaces. Prepares iron and
slag troughs and other equipment for iron and slag pro-
duction. Prepares slag ladles for receiving slag and fills
castiron ladles with coke fines. Monitors the flow of iron
and slag in the troughs during their release. Regulates
the filling of ladles. Operates the appropriate equip-
ment during blast furnace operations, casting iron and
slag. Participates in the repair of furnace equipment.
The blast furnace operator performs heavy physical
work (category Ill), which includes work associated with
constant movement, carrying significant (over 10 kg)
loads that require great physical effort.

As a result of the assessment of the WC in terms
of microclimatic indicators, it was found that the me-
dian air temperature in the warm season was 35.80°C
with temperature fluctuations ranging from 25.9 to
57.40°C (TLL 18-200°C), with a maximum excess of TLL
by 37.40°C. The median relative humidity in the blast
furnace shop was 36%, with fluctuations ranging from
15% to 55%. The air velocity at WP of the blast furnace
operator ranged from 0.3 to 1.5 m/s with a median of
0.6 m/s, with the maximum value exceeding the TLL (TLL
0.5-0.6 m/s) by 2.5 times. The median level of heat ex-
posure intensity was 2468 W/m?, with fluctuations rang-
ing from 2100 to 4320 W/m? (TLL 140 W/m?). During the
cold season, the median air temperature was 30.4°C,
with temperatures ranging from 11.5 to 35°C. The me-
dian relative humidity was 43%, with fluctuations rang-
ing from 4 to 59% (TLL 40-60%). The median air velocity
during this period was 0.4 m/s, with fluctuations ranging

from 0.3-0.8 m/s and exceeding the maximum value of
the TLL by two times. Unfavourable microclimatic condi-
tions affect the blast furnace operator for a long time
during the work shift (88.7%). The median intensity level
of thermal exposure in the cold season was 846 W/m?,
with fluctuations ranging from 246 to 1460 W/m? (TLL
140 W/m?). The blast furnace operator is exposed to
an increased level of infrared radiation for 69.8% of the
working time.

According to HCofW Ne 248-2014, the blast furnace
operator’s operating conditions can be classified as
Class 3 of the 4th degree of hazard (harmful working
conditions).

The WAA of a blast furnace operator contains sul-
phur dioxide, carbon monoxide, nitrogen dioxide, crys-
talline silicon dioxide with a dust content of 2 to 10%,
iron (lll) oxide (in terms of iron), manganese oxide,
naphthalene, blast furnace slag dust, phenol, alumin-
ium oxide, and carbon dust. The TLV was exceeded
for crystalline silicon dioxide, iron (lll) oxide (in terms
of iron), blast furnace slag dust, carbon dust, and alu-
minium oxide. The median maximum one-time concen-
tration of crystalline silicon dioxide was 14.8 mg/m3. It
ranged from 1.8 to 201.9 mg/m?, where the maximum
value exceeded the TLV by 50.3 times and thus classified
the working conditions as Class 3 of the 4th degree of
hazard. The median maximum one-time concentration
of iron (lIl) oxide was 7.8 mg/m? with a minimum and
maximum value ranging from 3.0 to 25.2 mg/m?3, which
exceeded the TLV by 4.2 times at the maximum value
and corresponds to Class 3 of the 2nd degree of hazard.
The median maximum one-time concentration of blast
furnace slag dust in the workers’ WAA was 27.9 mg/m?3,
with dust concentrations ranging from 9.5 to 93.3 mg/
m3. These concentrations exceeded the TLV by 1.6 and
15.6 times, which places the WC in Class 3 of the 4th
degree of hazard. The median maximum one-time con-
centration of carbon dust in the employees” WAA was
5.7 mg/m?3, with a fluctuation in the range from 1.0 to
61.9 mg/m3, where the maximum value exceeded the
TLV by 10 times and thus classified the working condi-
tions as Class 3 of the 3rd degree of hazard. The median
maximum one-time concentration of aluminium oxide
in the WAA was 51.2 mg/m? with a concentration fluc-
tuation from 35.7 to 66.3 mg/™ and exceeding the TLV
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Table 4 — Generalised assessment of the factors of the working
environment of employees of a metallurgical enterprise

logical process is 12% of the work shift,
which places the working conditions in

@ - Class 3 of the 1st degree of hazard.

- — = [e) ’
oduction factor g |85 o 8|5 § >o General o riee | Thus, a blast fur.nace c_nperators WC,
S| S| EQ|E|®|8 |3 o|assessment] RISk 1 in terms of labour intensity, belongs to

. ola|lvwm|=z|5|wl| L 2| of working | level
Occupation S Sha == E|E€ 7| conditions Class 3 of the 3rd degree of hazard and,
= e in terms of intensity, to Class 3 of the 2nd
Sinter workshop degree of hazard.
Sinter |3.4|3.4| 3.1 |3.3|3.1| 3.1 | 3.3 | 3.4 very The analysis of the factors of the
1 production environment on the WP of
Blast furnace workshop . . .

Very workers in the sintering, open-hearth
Blast furnace operator 3.4(3.4| 3.4 |3.3] - 3.2 3.3 3.4 hlgh and b|ast furnace shops Of a meta”urgi_
Open-hearth furnace workshop cal enterprise allows us to conclude that
Steelmaker / the overall assessment of the WC for all
steelmaker’s assistant of |3.43.4| 3.2 3.3 - | 3.2 | 3.3 3.4 \klmfgrlz occupations at this enterprise belongs to
the open-hearth furnace class 3 of the 4th degree of hazard, which

by 17.9 and 33.2 times, which places the WC in Class 3
of the 4th degree of hazard.

The WAA of a blast furnace operator also contained
chemicals that did not exceed the TLVs but had a unidi-
rectional effect (nitrogen dioxide, carbon monoxide, sul-
phur dioxide). In the calculation, the sum of the ratios of
the actual concentrations of each of them to their TLVs
was 21 (1.6); thus, the pollutants, in this case, belong to
Class 3 of the 1st degree of harmfulness. Industrial dust
and chemicals are exposed to the blast furnace operator
during 83.7% of the work shift.

At the WP, industrial noise affects the employee dur-
ing the entire work shift. The median equivalent noise
level at the WP of a blast furnace operator was 81.9 dBA
with @ minimum and maximum value ranging from 72
to 101.1 dBA, where the maximum value significantly
exceeds the TLL (80 dBA) and places the WC in hazard
class 3.3.

When assessing the severity of the work process of
a blast furnace operator, it was found that he lifts and
moves up to 15 kg during a work shift (WCC 2), has a
static load per shift when holding a load with one hand
180 kg*s, with two hands 2040 kg*s, with the participa-
tion of body and leg muscles 141230 kg*s (WCC 3.1), is
in a tilted position for more than 27% of the total shift
duration (WCC 3.1), performs an average of 379 forced
bends over 300 (WCC 3.2), has horizontal movement in
space (transitions due to the technological process dur-
ing the shift) up to 5 km (WCC 2). In terms of labour in-
tensity, sinter operators work in three shifts (night shift),
which corresponds to Class 3 of the 1st degree of haz-
ard, has a load on the visual analyser (blinding effect of
molten metal), has an intellectual load (solving complex
issues with a choice according to a known algorithm),
and the time spent passively observing the techno-

corresponds to a very high level of occu-
pational risk (table 4).

Conclusions.

1. The obtained results of the general assessment of
the WC of employees of a metallurgical enterprise fol-
lowing the “Hygienic classification of work according to
the indicators of harmfulness and dangers of the pro-
duction environment’s factors, difficulty and tension of
the labour process” Ne 248 indicate that the WCs are
harmful and belong to the 3rd class of the 4th degree
of harmfulness and correspond to a very high degree of
suspected occupational risk.

2. The leading unfavourable factors of the produc-
tion environment among workers in the sintering, open-
hearth and blast furnace shops include the production
microclimate (class 3.4), the content of dust and chemi-
cals in the WAA (class 3.1-3.4), high levels of industrial
noise (class 3.3), hard work and intensity (class 3.1-3.3),
which form a high risk of occupational and work-related
pathology, and an increase in the incidence of morbid-
ity with temporary disability. The data obtained confirm
the need for further in-depth study of the factors of the
production environment and the application of effective
preventive measures to prevent the adverse effects of
production factors on the health of workers in this in-
dustry.

Prospects for further research.

Industrial dust is one of the leading risk factors for
workers at a metallurgical enterprise, where significant
exceedances of the TLV have been established. There-
fore, it is planned to study further industrial aerosols for
the content of ultrafine suspended particles of various
sizes and their chemical composition in various techno-
logical processes.
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YMOBMU NPALI AK PAKTOP PU3UKY ONA 300POB’A NPALIBHUKIB
META/TYPTINHOTO NIANPUEMCTBA

3anopi3bKuit gepaBHUi meguKo-papmaueBTUUHKUIA YHiBepcuTeT (M. 3anopixkka, YKpaiHa)
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MemanypeiliHa 2any3b € 00HiE i3 po3suHymux eany3eli supobHuUumea 8 YkpaiHi 0e Ha poboyux Micusax
npauieHuUKie npucymHi wkionusi ma Hebe3neyHi ¢hakmopu eupobHU4020 cepedosuwa pi3HOI nMpupodu, AKi
MOXCYymb CIIPpUAMU po38uUmky rnpogeciliHoi ma supobHUY0-3ymMmosaeHoi namoroeail. 3a pe3ynbsmamamu npomokKosie
docnionceHHa ma kapm ymos npaui 3a 2011-2021 pp. nposedeHO 00CAIOHEHHA YyMO8 npauyi npauyisHuKie
MapmeHiscbKo20, aznomepauyiliHoeco ma 00OMeHHO020 yexie memasnypeiliHo2o NiONPUEMCMEBa AK haKmopy pusuky
014 300pos’s. BusHavyeHo, w0 ymosu npauyi y npayisHukie 00cnioxceHux yexie € WKionusumu i Haaexams 00 3
Knacy 4 cmyneHs wkKidaueocmi ma eidnogioarome Oyxce 8UCOKIl Mipi nido3pros8aHo20 npogheciliHo2zo PU3uKy.
BcmaHosneHo, wo 00 nposioHuUx ¢hakmopie npogheciliHoeo pusuky Ha OAHOMY MiONPUEMCcMSi 8i0HOCUMbCA
8upobHu4uli mikpoknimam (3.4 Kaac) ma emicm nuay ma XiMiyHUX pe4yosuH y rnogimpi poboyoi 30HU (3.1-3.4
Knac), wo e ceoto vepay nompebye 3aCMOCYBAHHA eheKMUBHUX MPOPINAKMUYHUX 3aX00i8, CPAMOBAHUX HA

ronepeoxeHHs HecrnpuUAMAUB020 81Uy 8UPOBHUYUX YUHHUKIE Ha cmaH 300p08°s NPayieHUKie.

Knr4oei cnosa: ymosu npayi, npogpeciliHi pusuxku, memanypeiliHe nidnpuemcmao, 8UpobHUY] YUHHUKU.

3B8’A30K nyb6aikauii 3 Nn1aHOBMMKU HAyKOBO-A0CNIL-
HUMMK poboTamu.

MposegeHa poboTa € ¢parmMeHTOM HayKoBO-40-
cnigHoi pobotn Kadenpwn 3aranbHOI FirieHU, MeanyHoOI
ekosiorii Ta npodinaktnyHoi megnumHm 3AMOY «Cy-
YyacHi pakTopu pM3MKy Ta ix npodinakTMKa B cucTemi
rpomasacbKoro 340pos’a», Ne paeprkaBHOi peecTpauii
0123U100215.

Bcryn.

MeTanypriiiHa ranysb € OA4HIE i3 PO3BMHYTUX rany-
3e BUPObHMUTBA B YKpaiHi, Halbinblua KifbKicTb nia-
NPUEMCTB AKOi PO3TALLOBaHi B OCHOBHOMY Y YOTMPbOX
obnactax KpaiHu: [loHeupbKa, 3anopi3bKa, JlyraHcbKa Ta
[HinponeTtposcbKa [1]. Ha pobounx micusx (PM) npa-
LiBHUKIB MeTanypriiHoi ranysi npucyTHi WKignmei Bu-
PO6HUYI paKTOpW pi3HOT NPUPOAM, AKI MOXKYTb CNPUATU
pO3BUTKY npodeciiHoi Ta BUPOOHMYO-3yMOB/IeHOI Na-
Tonorii [2, 3]. WopiuHo B YKpaiHi peecTpyeTbca 6113bKO
5-8 Tncay npodeciinHux 3axsoptoBaHb Ta 36inbLIyeTbCA
Ha 32-50% 3aranbHa 3aXBOPIOBAHICTb MPALiBHUKIB, 3a-
MNHATMX B LWKIAMBMX Ta HeGE3NeYHNX ymosax npaw,i, 3a
paxyHOK BUPOBHMYO 06yMOBAEHUX 3axBOptOBaHb. AHa-
Ni3 BUNaZKiB npodeciiHOi 3aXBOPIOBAHOCTI 3a ranyss-
MW BMPOBHMLITBA CBiAYUTDb, LLO Hanbinblia iX KinbKicTb
peecTpyeTbCa y BYrinbHin (70-79%), meTanypriiHin (2,2-
2,8%) Ta maluMHobyaiBHIN (2,7-3,8%) ranyssax [4, 5].

Ymoeu npaui (YM) npauisHUKiB meTanypriiHux nig-
NPUEMCTB aKTMBHO BMWBYAOTbCA Ta aHani3ylTbCA, ane
3a paxyHOK MoAepHi3aL,ii BUpOOHMLTBA, BNPOBaAKEHHA
npoLeciB MexaHi3aLifl Ta aBTOMATM3aL,ii Pi3HWUX TEXHO0-
riYHMX Mpouecis Ha BMPOBHMUTBI BigbyBatoTbCA 3MiHM
YMOB NpaLi NpauiBHUKIB B OCHOBHUX Ta AOMNOMIXHUX
uexax, Wo obymoB/OE HeobXiaHICTb A40AAaTKOBOro iX
BMBYEHHSA, JOCNIAXKEHHA BNAMBY WKIANMBUX Ta Hebes-
neyHux akTopis BUPOOHMYOrO cepesioBuLLA Ha NpaLo-
toumx. Tomy NUTaHHA BUBYEHHA YTy WKIANMBUX rany3ax
BMPOOHMLTBA 3a/MLIAETLCA aKTyaNbHUM Ta noTpebye
yBarn ana pos3pobKku i BNpoBagKeHHA epeKTUBHUX 3a-
xoais npodinakTnkm [6].

MerTa gocnigKeHHs.

MposecTu ririeHivHy ouiHKy YT npaLiBHMKIB meTanyp-
riiHOro NiANPMEMCTBa K GaKTOPY PUSKKY A/1A 300POB’'A.

O6’eKT i MeToAUN AOCNIAKEHHA.

MNposepeHo pocnigxeHHA YIM Ha PM npauiBHukis
MeTaNypritHoro MiANpPMEMCTBA MAPTEHIBCbKOTO  Liexy
(155 PM crtaneBapa Ta nigpy4yHoro crasieBapa mapTe-
HiBCbKOI neuvi), gomeHHoro (77 PM ropHoBoro AoMeHHOoI
nevi) Ta arnomepaujinHoro uexis (44 PM arnomepaTHu-
Ka) 3a 2011-2021 pp. AHani3 YMHHWKIB BUPOBHUYOrO
cepefoBuMLLA NPOBOAW/M 33 pe3yibTaTamMu BAACHWUX A0-
CNif»KeHb Ta NPOTOKO/IB AOCNIAMKEHHS Bigomuoi nabo-
paTopii nignpuemcTea. Ana ouiHkm YI 6yno nposeaeHo
Ta npoaHanisoBaHo 8287 pocnigxeHb dakTopis BUPOL-
HUYOro cepeaoBuLLa, 3 HUX 2366 NMOKA3HWUKIB BUPOOHM-
4Oro MiKpOKNiIMaTy y TENNI Ta XONOAHWI Nepioan POKy,
5761 nokasHuKiB 3abpygHeHHA NosiTpA poboyoi 30HM
(MP3), 220 nokasHMKiB BUPOBHMYOrO LWyMy Ta Bibpalii,
130 KkapT YI 4Na OUiHKM BaXKKOCTi Ta HaNpy»XeHOoCTi Tpy-
[0BOrO npovuecy.

Pe3ynbratn gocnifeHb po3paxoBaHi MaTeMaTUYHO
Ha NMepcoHaNbHOMY KOMN'toTepi 3 BUKOPUCTAHHAM CTa-
TUCTUMYHOTO MaKeTy JiueHsiiHoi nporpamu «Statistica,
Bepcia 13» (Copyright 1984-2018 TIBCOSoftwarelnc.
Allrightsreserved. fliuensis Ne JPZ8041382130ARCN10-
J). HopmanbHicTb po3noainy KinbKiCHUX 03HaK aHanisy-
Banu 3a gonomoroto Tecty LLanipo-Yinka. JocnigxKysaHi
napameTpu Manu po3noain, Wo BigPI3SHAETLCA Bif HOP-
MasIbHOrO, Y 3B"A3KY 3 YUM OMMCOBA CTAaTUCTUKA Byna Ha-
OAHA Yy BUMNAAj MefiaHU 3 MiXKKBAPTUABHUM PO3MAXOM
—-Me (st; Q75).

OujiHKa Ta BM3HAYeHHA Knacy YI npauiBHMKIB npo-
Bogunaca 3rigHo 3 AOCH 3.3.6.042-99 «CaHiTapHUMMU
HOPMaMM MIKPOKIIMATy BMPOBHWUYMX MPUMILLLEHbY Ta
[OCHTal «TlirieHiyHa knacudikauia npaui 3a NnokasHMKa-
MW LWKIiANMBOCTI Ta Hebe3neyHocTi paKkTopiB BUPOOHM-
4YOro cepefoBMLLA, BAaXKKOCTi Ta HaMNPY»KeHOCTi TPyA0BO-
ro npouecy» (3atBepaskeHa Hakazom MO3 YKpaiHu No
284 Bipg, 08.04.2014 p.) (pani FKMN Ne248-2014).
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Tabnauuysa 1 — YI 3a noKasHUKaMKU BUPOBHUYOro MiKpoKaimaTty Ha

PM arnomepaTtHuKa

BiA, gonyctmmoro pisHA. MegiaHa weua-
KOCTi pyxy nosiTpa Ha PM arnomepaTHuMKa

cknana 0,5 m/c 3 KOAMBAHHAM NOKA3HMKA

HOKa3H}4KM BMPOGHVNOI’O Min | Max '(VIQEA-ICalH;; rop Knac YMOB| B MmeKax Big 0,04 no 2,1.M/c, F‘e Marfqm-
RURPCOR MY 255 75 MPaUl | manbHe 3HaueHHA He BiAnoBigae ririe-
Tennii nepiog poky HiYyHMM Bumoram ([P O,Z-O,S.M/C) i ne-

- pesuwye MAP y 4,2 pa3un. MegiaHa piBHA

TemnepaTypa nositps (°C) 20,4 | 43 | 35,2(31,4;38,6) |20-22| 3.1-3.4 IHTEHCMBHOCTI TEM/N0BOrO OMPOMIHEHHS
L*;ﬁf{i“{‘;ﬂxge BANPOMIHIO- | 14> 11852| 1054 (432;1316) | <140 | 3.1-3.2 | aioOMepaTHUKa Bif, HarpiTUX NOBEPXOHb
BosioricTb nosiTps (%) 19 | 71 | 35(299:43,6) |40-60| 3.1 | o HO/OTIMHOTO YCTAaTRyBaHHA ~ckaana
1054 BT/M? 3 KOAMBAHHAM MOKa3HUKa B

LsKnAakicTb pyxy nositpa (m/c)| 0,04 | 2,1 0,5(0,3;0,6) |0,2-0,5 2-3.2 meax Big 142 go 1852 Bt/m? ([OP 140
XonoaHuii nepiog, poky BT/Mm?), WO nepesuLLye AONYCTUMMUIA pi-

— 2 i ne-

TemnepaTypa nositps (°C) 1,9 |16,5| 13,0(6914,2) |1719| 3.2 BeHb Ha 2 — 1712 Br/m”. B xonopHwit ne
pioZ pOKy megiaHa TemnepaTypu NosiTpa

BonoricTb nosiTpa (%) 34 72 56 (40;60) 40-60 2-3.1 cknana 13°C i KonuBanach B Meax Big
LWeunakictb pyxy nositpa (m/c)| 0,4 | 1,5 0,6 (0,4;1,1) 0,4 2-3.2 1,9 po 16,5°C. MepgiaHa BigHOCHOI BO/O-

Pe3ynbTaT AOCNIAXKEHHA Ta iX 06roBopeHHs.

[o npodeciiHux 0b60B’A3KIB arlomepaTHUKA ario-
MepaLiiHoro uexy nig, vac cnikaHHA arnomepaty Bif-
HOCUTbCA CMOCTEPEXKEHHA 3a CNPaBHICTIO aromepa-
LiMHXX Ta BUNaNOBaNbHUX MaLWIMH Nig Yac X poboTwy,
obcnyroByBaHHA 06/1agHaHHA (0YMCTKa acnipauiiHmx
noBiTpoBOAiB, OYHKepiB pPoO3CMNy ra3oBiACMOKTYBa/b-
HUX BaKyyM-KamMep, KONEKTOPIB, MYy/IbTULLMKIOHIB, YNiTiB
eKcrayctepis, NPUAMOK, BUMYCKHMX Tpy6 nig yac 3ynu-
HOK arnomepauinHux abo BMNantoBaAbHUX MalumH). Mig,
Yyac crikaHHA arnomepaTy MpauiBHUK po3OMBaE BeNUKi
LUMATKM rapAYo0ro ariomepaTty Ha peLuiTKax Te4Yok, npo-
BOAMTb BMBAHTAXKEHHA ar/lomepaTy i3 CnikasbHUX pe-
WwiT4acTux Yaul, BiabuBae arnomepar Bifg, KONOCHMKIB Ta
TEYOK, BiAbupae Npobu WKXTK, arnomepaty, 0bKoTuLLiB,
COpPTYE arnomepaT Ta OB6KOTULI, nocTayae Kokc. Mpwu-
MMae 6esnocepesHIO y4acTb Y PEMOHTI YCTaTKyBaHHA
arnomepauinHoro uexy. Ar1oMmepaTHUK BUKOHYE Bi3NYHi
pob0oTn cepeaHbOI BaxKKoCTi (KaTeropia Il 6) kKyan Hane-
»KaTb POOOTHU, AKI BUKOHYIOTBCA CTOAYM, NOB'A3aHi 3 XO-
OiHHAM, NepemilLleHHAM HeBennKkux (4o 10 Kr) BaHTaxiB
Ta CYNPOBOAMKYIOTLCA MOMIPHUM I3UMHUM HanpyKeH-
HAM.

Mpwn pocnigxeHHi napameTtpis BMPOBGHMYOro Mi-
KPOKNiMaTy BCTAaHOBNEHO, WO MefjiaHa TemnepaTtypu
nosiTpA Ha PM arnomepaTHUKa y Tenauii nepiog poky
cknana 35,2°C Ta NOKasHWK TemnepaTtypu KONMBABCA B
mekax Big, 20,4 go 43°C (FA4P 20-22°C), wo nepesuLLy-
Ba/10 rpaHMYHO Aonyctummii piseHb (TAP) Ha 0,4-13,2°C.
MegjiaHa BigHOCHOI BonorocTi cknana 35% 3 makcmanb-
HO 3apeeCcTPOBaHMM NOKa3HMKOM 71%, wo Ha 11% suwe

Tabnuusa 2 — Bmict wkignmeux pevosuH y NP3

Ta oujiHKa YI arnomepaTtHuKis

rocTi cknana 56% 3 KOAMBAHHAM LbOro
NMoKa3HWKA B Mexax Big, 34 Ao 72%, Ae MakCUManbHWUM
NnoKasHuK nepesuwysas [P Ha 12% (I4P 40-60%). Me-
AiaHa WBMAKOCTI pyxy NoBiTpA y uel nepiog, cknana 0,6
M/C 3 KOAMBAHHAM MOKa3HKKIB y mexax Big 0,4-1,5 m/c,
[ MaKCMManbHUIA NOKasHMK nepesuwysas AP y 3,75
pasis.

Takum YmHom, BignosigHo Ao Kputepiis KM Ne248-
2014 YI arnomepaTHMKa 3a NOKa3HMKaMu BUPOBHMYOro
MIKPOK/IiMaTy BiHOCATLCA A0 3 Knacy 4 cTyneHs (wkia-
nuBi ymosu npaui) (tabn. 1). Hecnpuatamsi mikpokni-
MATUYHI YMOBW BNAMBAIOTb Ha MPALiBHMKIB MPOTArOM
93,5% poboyoro yacy, BUCOKMI piBeHb iHPpPayepBOHOTO
BUMNPOMiHIOBAHHA — 87,1%.

Y NP3 arnomepaTtHMKa BU3HAYa/IMCA HACTYMHI XimMiy-
Hi PeYOBMHM: 3a/1i3HNI arIOMeparT, aHrigpPUA CipYnCTUiA,
BYI/IELLIO OKCKA, amiaK, a30T AioKcMA, MapraHelb OKcuA,
3anisa (lll) okena (y nepepaxyHKy Ha 3ani3o). MNepesu-
LLEHHA FPaHUYHO AoNycTMMOI KoHueHTpauil (FAK) cno-
cTepiranoca nuwe 3a smictom y NP3 3anisHoro arnome-
paTy Ta 3ani3a (lll) okcuay (y nepepaxyHKy Ha 3aniso).
Tak, mefiaHa MaKCMMaNbHO PA30BOi KOHLEHTpaLLi 3a-
ni3Horo arnomeparty cknana 25,0 mr/m® i Konmnsanacsa y
meskax Big 3,0 o 243,1 mr/m3, ae MaKCManbHUI NoKas-
HUK nepesuuysas K y 60 pasis, L0 BiAHOCUTL YMOBM
npaui 4o 3 Kknacy 4 ctyneHa wkigameocTi. MegiaHa mak-
CMMabHO Pa30BoOi KoHUeHTpauii 3anisa (Ill) okcuay (y
nepepaxyHKy Ha 3ani3o) cknana 17,7 mr/m3, miHimanbHi
Ta MaKCMMasbHi 3HaYeHHA nepesuwysanu IAKy 2,5 Ta
3,4 pasu, Wwo signosigae 3 Knacy 1 cTyneHro WKiaAnMBoc-
Ti.

Y 38’A3KY 3 TUM, Wo Yy NP3 arnomepaTHUKa byaun npu-
CYTHIi PEeYoBMHM OAHOCMPAMOBAHOI Aji
(a30T mioKcua, Byrnewto okcua, aHriapua,
cipuncTuin) Aki He nepesuwysanu 1K,

KoHueHTpauis, mr/m? i

WiKiaAnei pedosmHi LeHTpaL, [OK, Kgac_ S ane npu pospaxyHKky Cyma BiAHOLEHDb
y NP3 win | Max MegjaHa mr/m3| Heoes npauj bAKTUYHMX KOHUEHTPALN KOXKHOI 3 HWX
Q,; Q) HICKA 0o ix [AK cknana =1 (1,21), ymosu npauj
3anisHunii aromepat 3,0 [243,1]24,97 (17,3;64,8)| 4 3 2-3.4 | Y UbOMYy BUMAAKY B'F'-_Hochb g-o ?é"”acy 1
AHrigpuna cipuncTunin 0,65| 5,7 5,01 (4,9;5,1) 10 3 ;LVHH:HHomglf'nggganll};an:j] i ));iM(i:::ro:-

Byrneuto oKkcua, 49 |19,2 7,2 (6,6;8,0) 20 4 3.1 » L K P . p
: YOBMHMU, AKi Bynn npucyTHi y NP3 npauis-
AsoTy Aiokena 02 | 12| 066(0209) | 2 3 HUKIB | nepeBuLLYBanun BcTaHoBAeH [K,
Amiak 1,0 | 91 5,0 (5,0;5,01) 20 4 2 BM/IMBAOTb Ha arn1OMepPaTHUKIB MNpoTA-

MapraHuio oKcam ] rom 93,5% poboyoro yacy.

(aep. pesiHTerpauii) 0,08 0,2 |0,08(0,08,0,08) | 0,3 2 2 MepjiaHa eKBiBasIEHTHOIO PiBHA LYMY
3anizo (Ill) okeng, (y ne- 15,2 | 206 | 17,7 (16,9;18,2) | 6 4 2.3.1 Ha PM arnomepaTHWKa cknana 8_5,4 ab,
pepaxyHKy Ha 3a.i30) NMOKA3HMK KONMBaBCA B mexax Big, 60,5
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00 96,4 ABA, e MaKCMMaNbHUI NMOKa3HUK NepeBuLLy-
BaB [P (80 ab) Ha 16,4 ab, wo BigHoCcUTL YI g0 3.3
KNacy WKignmeocTi.

MegiaHa eKBiBaNEHTHOr0 KOPEKTOBAHOrO pPiBHA 3a-
ranbHoi Bibpauji Ha PM arnomepaTHuKa cknana 89,02
Ab, piBeHb BibpaLii KonnBasca B mexax Big 69,1 ao 103
Ab, e MmakcMManbHWIM NoKasHUK nepesuilysas P Ha
11 ab (3.1 knac YM). BcTaHOBNEHO, LLLO BUPOOHUUMNIA LYM
Ta 3arasibHa Bibpauia BNMBalOTb Ha NpaLiBHUKIB NpoTA-
rom Bcboro poboyoro yacy.

Mpw ouiHL BaXKOCTi TPYA0BOro NpoLiecy aromepar-
HWKa BCTAHOB/IEHO, LLO BiH Ma€ BUMYLLEHY poboyy nosy
npotsirom poboyoi 3miHK 6amM3bko 30% Big, 3aranbHoOI
TPMBANOCTi 3MiHK — Knac ymoB npaui (KYM) 3.1, npauis-
HUK BUKOHYE B cepefHbomy 332 BUMYLLEHMX Haxunis
6inbwe 30° (KYM 3.2), BeNMUYMHA CTaTUYHOIO HaBaHTa-
EeHHA M'A3iB Kopnycy Ta Hir craHoBuaa 263124 kr*c
(KYN 3.2). 3a noKasHWKamK Hanpy»KeHOoCTi npaui aro-
MepaTHMK Ma€ TPU3MIHHY npauto (poboTa y HiYHy 3miHy)
(KYyn 3.1), TpuBanictb pobouoro aHa 8 roguH (KYM 2),
TPUBANICTb 30CEPEAKEHOrO CNOCTEPEKEHHAM 6M3bKO
70% pobouyoi 3miHm (KYIM 3.1). Takum unHom, YI arno-
MepaTHMKa 32 NMOKA3HUKaMW BaXKKOCTi NpaLli BigHOCATb-
cA 40 3 Knacy 3 CTyneHto WKigAMBOCTI, 32 NOKa3HUKaMm
Hanpy»KeHocTi Ao 3 Knacy 1 cTyneHto WKiaAnMBoCTi.

[o 060B’A3KiB CTa/leBapy MapTeHiBCbKOI Mnedi i ix nia-
PYYHUX BXOAMTb NiArOTOBKA CTaNenNaBUAbHOMO arperaty
[0 NaBKK, BEAEHHA TEXHOIOMNYHOIO NPOLLECY BUMIABKM
CTa/li B MAPTEHIBCbKMX NeYyax Ta peryatoBaHHA TEXHOMO-
rYHUMM NapameTpamu nif Yac NAABNEHHA, PeryatoBaH-
HA MOAABAHHA WWXTU, HEobXiaAHWMX [00aBOK, NanMBa Ta
nosiTpa B niy. Ctanesap NpoBoAMTb MiArOTOBKY CTane-
BMMNYCKHOIO ¥o0n06a, CAMB LWAAKy | BUNYCK CTani B pos-
JIMBHUI KiBW, 3abe3neyye cBOeYacHMI Bigbip npob Ta
BM3HAYaE rOTOBHICTb N1aBKNU. CTEXKMTb 3a CNPaBHUM CTa-
HOM MapTeHiBCbKOI nevi, poboTK aBTOMATUKM Ta Mexa-
Hi3MiB pPi3HOro ycTaTKyBaHHA nedi. BUKOHYE rapsaumin Ta
XONOAHWIN PEMOHT nedi. bepe yyacTb y npuiimaHHi nevi
nicna pemoHTiB.

Cepep, Habinblu BarKKMX onepaLiii, ki BUKOHYE CTa-
ieBap, € niacunKa Noporis neyen, BBeAEHHA B pO3naaB-
NeHy CTanb Pi3HOMaHITHUX f06aBOK Mg Yac NaaBKu me-
Tany, 06pobaeHHA Ta 3aKpUTTA NbOTKU. Li TexHoNOriYHI
onepav,ii BUKOHYIOTbCSA BPYYHY i BUMAratoTb 3Ha4YHUX ¢i-
3UYHUX 3yCWUb Bif, NpaLiBHUKIB (6an3bko 80 % pobouo-
ro Yyacy 3aiMae poboTa 3 3aCTOCYBaHHAM Py4YHOI NpaLi).
CTaneBap MapTeHiBCbKOI Medi Ta Migpy4yHUin cTanesapy
BUKOHYE Ba*KKy Qi3nuHy poboty (KaTeropis Ill) Kyan Ha-
NlexkaTb pob0oTK, NOB’A3aHI 3 NOCTIMHUM NepPeMiLLLEHHAM,
nepeHeceHHsAM 3Ha4HMx (NoHag 10 Kr) BaHTaxiB, AKi no-
TPebyloTb BENNKMX i3UYHMX 3yCUb.

YucneHHi BUCOKOTeMMepaTypHi axepena (posnnas-
JIEHUN MeTan Ta WaK, HarpiTi NoOBepxHi MapTeHiBCbKOT
rneui TOLLO) CNPUAIOTL CTBOPEHHIO Ha PM HecnpuaTAMBMX
MIKPOKNIMAaTUYHUX YMOB AK Y TEMNJIMI, TaK i XON04HWUN
nepioa, poky. BcTaHoOBNEHO, WO megiaHa TemnepaTypu
nosiTpA Ha PM cTaneBapy mapTeHiBCbKOI Neyi i ix niapyy-
HUX y TENAUN nepioa pokry cknana 35,9°C, Temnepatypa
noBiTpsA KonuBanacsa B mexax Big 26,0 go 59,6°C (AP
18-20°C) Ta nepesuwysana AP Ha 6,0-39,6°C. Megia-
Ha BiAHOCHOI BONOrOCTi Y MapTeHiBCbKOMY LiecCi CKnana
26%, BiAHOCHA BOMONICTb MOBITPA KO/IMBANACA B MeEMax
Big, 7 0o 55% ne MiHiManbHUIM NOKa3HMK b6y meHwe P
Ha 33%. MegjaHa WBMAKICTb pyxy nosiTpsa Ha PM ctane-
Bapy MapTeHiBCbKOI neui i ix niapy4yHux cknana 0,6 m/c,

NoKasHUK Konmeascsa B Mexax sig 0,12 go 2,7 m/c ge
MiHIMaNbHWI Ta MaKCMMaNbHUIM NMOKA3HUKKN He BignoB.i-
Aanu gonyctumomy pisHio (FAP 0,5-0,6 m/c) 3 nepesu-
weHHAM [P no makcMmanbHOMY NOKa3HWUKY y 4,5 pasis
(3.2 knac YN). CranesBapu Ta iX NigpyyHi nignatoTbes
BMN/IMBY TEMN/IOBOrO0 OMNPOMIHEHHA, IHTEHCMBHICTb | TpU-
Ba/liCTb AKOTO KONMBAETLCA | 3a/1€XKMUTb Big, BUAYy CcTane-
nnaBuAbHOro obsagHaHHA Ta nepiogy TEXHONOriYHOro
npouecy. Tak, mefiaHa piBHA iIHTEHCMBHOCTI TEM/I0BOrO
OMpOMiHEHHS B cepeHboMy cKaana 1590 B1/m?, nokas-
HWK KONMBABCA B MeKax Big, 342 no 4240 Bt/m? (TAP 140
BT/M?) 3 nepeBuLLEHHAM A0ONYCTUMOrO piBHA Ha 202 —
4100 B1/m2. B xonoaHnin nepios, poky mesiaHa Temnepa-
Typu nosiTpaA cknana 28°C, 3 KONMBaHHAM MOKa3HWUKa Bij,
23 po 36,5°C, wo He Bignosiaae M4P (16-18°C). MeajaHa
BiAHOCHOI BosiorocTi cknana 42%, 3 KOAMBAHHAM LLbOro
NOKasHMKa B Mexax Big 22 o 62% (AP 40-60%). Me-
JiaHa WBKUAKOCTI pyxy NOBITPA y Lel nepiog cknana 0,5
M/C, MOKa3HMKM KoaMBaBecA y mexax Big 0,2 mo 1,2 m/c,
Ae MaKCcMmanbHe 3HavyeHHA nepesuutysas [P y 3 pa3u
(3.2 knac YN). MegjaHa piBHA iIHTEHCUBHOCTI TENI0BOTO
OMPOMIHEHHS B XO/I04HWI Nepioa, poKy cknana 1260 Bt/
M2, AK MiHIMaNbHWI TaK | MaKCMMasibHUIA MOKa3HUKK ne-
pesuwysann [P i kKonnsanuca B mexax Big 522 oo 3210
Bt/m2 ([AP 140 BT/M?). HecnpuATaMBi MIKpPOKNIMaTUYHI
YMOBM BNAUBAIOTb Ha NpauiBHMKiB npoTtarom 94,2% po-
6040ro yacy, iHppavepBoHEe BUNPOMiHIOBaHHA — 88,5%.

3riAHO OTPUMaHMX AAHMX LWOAO MOKA3HMKIB BUPOL-
HMYOro mikpoknimaty Yl cTanesapy MapTeHiBCbKOI neyi
Ta ix niapy4Hnx 3a KM Ne248- 2014 morkHa BigHecCTu oo
3 Knacy 4 cTyneHs WKigANMBOCTI (WKigAMBi ymoBM npaw,i).

B MP3 npauiBHMKIB MapTEHIBCbKOTO LEeXy KOHLEH-
Tpauis BUPOOBHUYOro MUY Ta iHWKMX XiMIYHUX PEYOBUH
MOMKe [0CAraTH 3HaYHMX BennymH. Y NP3 cTtanesapy Ta ix
Niapy4YHUX 6YIM NPUCYTHI aHTigpua, CipuncTUin, Byrieuo
OKCUA, a30T AiOKCUA, KPeMHito AiOKCUMA KpUCTanivyHuiA
npwv BmicTi y nuay Big, 2 go 10%, 3anisa (l1l) okeng, (y ne-
pepaxyHKy Ha 3ai30), MarHesuT, aHrigpua, XPOMOBUN,
HiKenb, HiKeno okcugu, cynbdiam i cymiwi 3’eaHaHb.
MNepesuweHHa [OK cnoctepiranoca 3a smictom y [P3
KpeMHilo aioKkeuay KpuctaniyHoro, 3anisa (Ill) okcuay
(y nepepaxyHKy Ha 3ani3o) Ta marHesuTy. Tak, megiaHa
MaKCMMaNbHO Pa3oBOi KOHLIEHTPALLii KPeMHItO fiokcuay
KPUCTaNiyHoro cknana 18,4 mr/m* 3 KOAMBAHHAM LbOro
NnoKasHuKa y mexax Bia 4,1 o 192,1 mr/m3, ae makcu-
MaNbHUI NOKasHWK nepesuwtysas MK y 48 pasis, wo
BigHocuTb Y 8o 3 Knacy 4 ctyneHaA wkignmsocTi. Megia-
Ha MaKCMMa/ibHO Pa30BOT KOHLEeHTpaLii 3ani3a (IIl) okcu-
Ay cknana 9,1 mr/m3, 3 MiHIManbHUM Ta MaKCMMa/ibHUM
3HadYeHHaMm Big 0,6 4o 23,0 mr/m3, Ae BEpXHill MOKa3HMK
nepesuwysas [[AK i BigHocuTb YI 8o 3 knacy 1 ctyneHto
WKiaamsocTi. MegiaHa MaKCMManbHO PA30BOi KOHLLEH-
Tpauii marHesunTy y NP3 npauisHuKis cknana 16,1 mr/m* 3
KO/IMBaHHAM KOHLeHTpauii Big 0,03 ao 35,5 mr/m3, nepe-
suweHHA MK sigHocuTb Y11 g0 3 Knacy 1 cTyneHsa Wwkia-
nnsocTi. Y NP3 ctaneBapy mapTeHiBCbKOI NeYi i ix nigpyy-
HUX BYAN NPUCYTHI TaKOXK PEYOBUHM OLHOCMPAMOBAHOI
Aii (a30T giokcma, Byr1eLro oKkcua, aHriapua, cipumctui),
AKi He nepesuwtysanu K, ane npu po3paxyHKy cyma
BigHOLWeEHb GaKTUYHUX KOHLEHTPALLIN LMX peYOBUH A0 iX
4K cknana 21 (1,72), YN y ubomy BUNaAKy BifHOCATLCA
80 3 Knacy 1 ctyneHs wkignmnsocTi (tabn. 3).

BUpo6HUUMIA NN Ta XiMiYHI pevyoBMHU BNAMBAKOTb
Ha NpaLiBHUKIB Malke NPOTArom BCboro pobo4yoro yacy
(94,2%).
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Tabnunua 3 — Bmict wkianmeux pevosuH y NP3 Ta ouiHKa YN cranesBapy
MapTeHiBCbKOI neui i ix nigpy4yHnx

BMKOHAHHA rOPHOBUX POBIT Ta
PO3/IMBaHHI YaByHy Ta LUIAKY.

KoHweHTpaLia, Mr/m® bepe yyacTb y pemoHTax Y‘CTaT-
Knac KyBaHHA ropHa. fopHoBu f0-
Wki . . raK, 6 Knac ymos| N )
s v MegiaHa mr/m® [H€0€3[ oo | MeHHOI nmeui BUKOHye BaKKy
(Q,;:Q;,) neku ¢isnuHy  poboty  (kaTeropis
KpemHito giokena KpuctaniyHmi ) kyan Hanewato poboty,
) R , . o
o - - 22 1103 =7 5064 ” p MilLLeHHAM, nepeHeceHHAM
HTIAPUA clpancTn ’ ’ 7 (5,0;6,4) 3HauyHMX (noHag 10 Kr) BaHTa-
Byrnewo okeng, 6,0 | 23,0| 90(80;12,0) 20 4 31 XiB, AKi NOTPebyOTb BEMKUX
A30Ty fioKcug, 0,05 | 10,7 1,3(1,1;1,7) 2 3 i3nyHMX 3ycunb.
Y pesynbtati ouiHkM  YI
MarHesut 0,03 | 35,5 16,1 (7,4;24,3) 10 4 2-3.1 pesy LI' .
rOPHOBOrO AOMEHHOI nedi 3a
AHFi,CI,pM,CI| XpOMOBVIl‘;i 0,002 0,006 0,002 (0,002,0,002) 0,01 1 2 NMOKa3sHUKaMu MiKpOKﬂiN\aTMq‘
3aniso (III_)OKcm,u, (y nepepaxyH- 0,6 | 23,0 9,1(6,1:13,7) 6 4 2.31 HUX I'IOK.aBHVIKIB BCTaHOBJ/IEHO,
Ky Ha 3a1i30) Lo MeAiaHa TemnepaTtypu ro-
Hiken, Hikento okenan, cynbdi-| g o3 | 5 | 03(0,03:0,03) | 0,05 | 2 2-3.2 | BITPA Y Tenaun nepios poky
A i cymiwi 3’egHaHb cknana 35,8°C 3 KonMBaHHAM

[xxepenom wymy y MapTeHIiBCbKOMY LieXy € cTane-
nnaBUAbHI arperatv, poboTa enekTPOMOCTOBMX Ta 3aBa-
NIIOBANIbHUX KPaHiB, ra30Bi MOTOKM B NeYi Npu NpoayBaHi
NAaBKW, BAHTAXKHUM Ta 3a/li3HUYHUI TPAHCNOPT TOLLO.
MegiaHa ekBiBaneHTHOro piBHA WwWymy Ha PM ctanesapy
MapTeHIBCbKOI neyi Ta ix niapy4yHnx cknana 92,9 abA 3
KO/IMBAHHAM MOKa3HMKa B mexax Big, 67,3 no 98,9 gbA
e MaKCMManbHUM NOKa3HUK nepesuLtye AP Ha 18,9 ab
i BigHocuTb YI Ao 3.3 Knacy wkiaameocTi. BupobHuunit
LUYM BMJIMBAE Ha MpPaLiBHWUKIB NPOTArOM BCbOro poboyo-
ro vacy.

Mpw ouiHLi BaXKKOCTi TPYAOBOro npouecy cranesapy
MAPTEHIBCbKOI Meyi Ta iX Nigpy4YHMX BCTAHOBAEHO, L0
npauiBHMK Nigiimae Ta nepemillye npotarom pobouoi
3MiHM o 24,7 kr (KYMN 3.1), Mae BeIMUYNHY CTaTUYHOTO
HaBaHTAXXEHHA 32 3MiHY NPV YTPUMAHHI BaHTaxy of-
Hieto pykoto 240 Kr*c, aBoma pykamm 77160 Kr*c, 3a
yyacTio m’s3iB Kopnycy Ta Hir 201600 kr*c (KMYy 3.2),
nepebyBae B HaxMAEHOMY MOJIOXKEHHI noHag, 27,3 % Big,
3arafibHoi TpuBanocTi 3miHK (KYN 3.1), BUKOHYE B ce-
peaHboMy 224 BUMYLIEHUX HaxuniB Tynyba Ginbwe 30°
(KYM 3.1), mae nepemileHHs y NPOCTOpPi MO rOpM30oHTai
(nepexoam, 06ymMoBAEHI TEXHONOTIYHMM MPOLLECOM MpPO-
TArOM 3miHK) Ao 7 kKm (KMY 2). 3a NnokasHUKamu Hanpy-
YKEHOCTI npaui mae TpuamiHHy npauto (poboTa y HiuHy
3MiHY), Wo Bignosigae 3 knacy 1 cTyneHto WKiAAMBOCTI,
M€ HaBaHTAXEHHs Ha 30pOBUI aHanisaTop (cninyya gia
pO3N/iaBAeHOro MeTasy), MA€E iHTe/eKTya/ibHe HaBaH-
TaXKEHHSA (BUPILIEHHA CKAAAHMX MUTaHb 3 BMOOpPOM 3a
BigoMMM anroputmom), wo BigHocuTb Y ao 3 knacy 1
CTyneHA WKiaANBOCTI.

Takum 4nHom, YT ctanesapy MapTeHiBCbKOI neyi Ta ix
NiAPYYHUX 32 NOKA3HMKAMM BAXKKOCTI NpaLi BiAHOCATbCA
[0 3 Knacy 3 cTyneHto WKigANBOCTI, 338 MOKa3HUKaMM Ha-
NpPYyXeHocTi 40 3 Knacy 2 CTyNeHo WKiAIMBOCTI.

[o ¢dyHKuioHanbHMX 060B’A3KIB TOPHOBOIO AOMEH-
HOi neyi BXOAWTb BUMYCK YaBYHy Ta LWAAKY, CYLUiHHA
/IMBApHOI KaHaBK, 3aMiHa GypMM Ta OXONOAKYBANbHUX
npunagis nig 4ac obcnyroByBaHHA AOMEHHMX Meyei.
[OTye YaByHHI Ta WIAKOBI 01061 Ta iHWe yCTaTKyBaHHA
[0 BUMYCKY YaByHy Ta L/aKy. [OTyE WAAKOBO3HI KOBLUI
ONA NPUMAMAHHA LWAAKy, 3acMMae 4aByHOBO3Hi KOBLUI
KOKCOBMM ApibHAKOM. CTEXMTb 32 NOTOKOM YaByHYy Ta
LnakKy B xonobax nig yac ix BunycKy. Peryntoe HanosHe-
HHA KoBLWiB. Kepye BianoBigHMM obnagHaHHAM nig Yac

TemnepaTypu B Mexax Big, 25,9
0o 57,4°C (TP 18-20°C), 3 MakCMMaibHUM MepeBuLLLEH-
HAam [P Ha 37,4°C. MepajaHa BigHOCHOI BoNOroCTi y A0-
MEHHOMY LLeCi ckiana 36% 3 KOIMBAHHA LLbOrO MOKA3HM-
Ka B mexax Big, 15 no 55%. LsnakKictb pyxy nositpa Ha
PM ropHoBoro gomeHHoi neyi Konnsanaca sig 0,3 no 1,5
m/c 3 meaiaHoto 0,6 m/c Ae MaKCMManbHUIA NOKa3HUK
nepeswuwysas I[P (FAP 0,5-0,6 m/c) y 2,5 pasu. Meaia-
Ha PiBHA IHTEHCMBHOCTI TEMNJIOBOrO ONPOMIHEHHA CKNana
2468 BT/M? 3 KONIMBaHHAM MOKa3HMKa B MeXKax Big, 2100
00 4320 Bt/m? (TAP 140 Bt/m?). B xonoaHuii nepiog, poky
MeAiaHa TemnepaTypu nosiTpa cknana 30,4°C, NoKkasHu-
KW TeMnepaTypu B Liei nepios, KONMBaanCA B MeXax Big,
11,5 po 35°C. MegiaHa BigHOCHOI BosiorocTi cknana 43%
3 KOZIMBAHHAM LLbOro MOKa3HMKa B MerKax Bia 4 Ao 59%
(FAP 40-60%). MepgjaHa WBWAKOCTI pyxy NOBITPA y LeM
nepiog, cknana 0,4 m/c, 3 KonuBaHHAM y MexKax Big 0,3-
0,8 m/c Ta NepeBULLLEHHAM MaKCMMabHOrO MOKa3HMKa
AP y 2 pa3n. Hecnpmnatansi MiKPOKAIMaTUYHI yMOBM
BMIMBAIOTb HA FOPHOBOIO MNPOTAFOM TPUBAJIOIO Yacy po-
6040i 3miHM (88,7%). MegiaHa piBHA IHTEHCMBHOCTI Te-
N/J0BOr0 ONPOMIHEHHSA B XO/IO4HUI Nepiog, POKy CKAana
846 BT/Mm? 3 KONMBaHHAM B MeKax Big 246 no 1460 Bt/
M2 (FT4P 140 BT/m?), niaBULLEHUI piBeHb iHbpavepBOHO-
ro BUNPOMIHIOBAHHA Ai€ HAa ropHOBOro npotarom 69,8%
pobouoro yacy.

3a KM Ne248- 2014 YI1 ropHOBOro AOMEHHOI neui,
3a MOKasHMKaMK BMPOBHMYOTrO MIKPOKAIMATy, MOXHA
BigHecTn Ao 3 Knacy 4 CTyneHs WKigAMBOCTi (LWKignnBi
YMOBU npaLi).

Y NP3 ropHOBOro AOMEHHOI NeYi NPUCYTHI aHrigpua,
CipYUCTUIM, BYINIELO OKCUA, a30T AIOKCUA, KPeMHito ai-
oKCMA, KPUCTaNiuHUI Npu BMmicTi y nuay Big 2 go 10%,
3anisza (Ill) okeng, (y nepepaxyHKy Ha 3ani3o), mapraH-
Lo okcua, HadTaniH, NUA LOMEHHOro LWaky, deHon,
aNOMiHIlO OKcua, Ta Byreuesui nua. MNepesuLLeHHA
IAK cnocTtepiranoca 3a Bmictom y NP3 KpemHito AioKcKu-
Ay KpuctanivyHoro, 3anisa (lll) okcuagy (y nepepaxyHky
Ha 3ani30), MUY JOMEHHOrO LNaKy, BYI/IELLEBOro Nuay
Ta aNtoMiHito oKkenay. MegiaHa MakcMmanbHO Pa3oBoi
KOHUEHTPaLii KpeMHito AioKcnay KpUCTaniyHoro ckna-
na 14,8 mr/m® i konueanaca y mexax sig 1,8 go 201,9
Mr/m3, oe maKkcMmasibHe 3HauyeHHs nepesuwysano [AK
y 50,3 pasu i TaKMM YMHOM BiAHOCUTb YMOBM NpaLi 40
3 Knacy 4 cTyneHa wkigaueocTi. MegiaHa maKkcMmanb-
HO Pa30BOi KOHUEHTpau;ji 3ani3a (Ill) okcnay cknana 7,8
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Mr/M3 3 MiHIMaZIbHUM Ta MaKCUMalbHUM
3HaveHHAM Big 3,0 go 25,2 mr/m3, wo

Tabnuusa 4 — Y3aranbHeHa ouiHKa ¢paKTopiB BUPO6HUUOro
cepenoBULLA NpaLiBHUKIB meTanypriiHoro nignpuemcraa

mano nepesmiLeHHa IAK 3a makcnmans- = 2
. . . © o
=X — 0

HUM noxasHMKomy4,2.pa3m i Bianosiaae TR GaE é . £ z 2| £ 5| saranena .
3 Knacy 2 cTyneHio wkigamsocti. Megia- Sz = Slx3 § S |oujHka ymos| | '2E€HE
Ha MaKCUManbHO Pa30BOi KOHLEHTpaLLi |Mpodecis & 28 7|8 8|5 npay PN
nuay gomeHHoro wnaky y NP3 npauis- > £
HUKiB CKnana 27,9 mr/m®, KoHUEeHTpauis ArnomepaLiiiHuii uex
nuny Konusanaca sig 9,5 go 93,3 mr/ Very

3 ArnomepaTHuK 3.41(3.4| 3.1 (3.3|3.1) 31| 3.3 3.4 :
M3, Wwo nepesuuwysana IAKy 1,6 Ta 15,6 - high
pasis, Wo BiaHocKTb YI A0 3 Knacy 4 cTy- AomeHnuii uex
neHs WKigAMBocTi. MefjaHa MaKCUMasb- | fopHOBMIt aomeHHoi neyi | 3.4 [3.4] 3.4 3.3 - [ 3.2 | 3.3 3.4 ngrz
HO pa3oBOi KOHLeHTpaLi Byrneuesoro MapTeHiBcoruii Lex
nuay y NP3 npauisHuKiB cknana 5,7 mr/ c i "

3 Tanesap/ nigpyyHui
M’ 3 KO/IMBAHHAM MOKAa3HWKa B MEXax CcTafneBapy MapTeHiB- 3.4(3.4|3.2 3.3 - 32|33 3.4 \r/fr%/
Big 1,0 oo 61,9 mr/m® fe makcMmanbHe |cukoineui 8

3HayeHHA nepesuwysano [AKy 10 pasis i
TaKMM YMHOM BiAHOCUTb YMOBM Npawi L0
3 Knacy 3 cTyneHA wkignmeocTi. MegiaHa MaKCMManbHO
Pa30BOi KOHUEHTpaLi antomiHito okenay y MP3 cknana
51,2 mr/m3 3 KONMBaHHAM KOHLUEeHTpaLi Big, 35,7 Ao 66,3
mr/m3 Ta nepesuweHHam FAK y 17,9 1a 33,2 pasu, wo
BigHocuTb YT 0o 3 Knacy 4 cTyneHA WKiaAMBOCTI.

Y TMP3 ropHOBOro AOMEHHOI neyi Takox 6yau npu-
CYTHIi XiMi4Hi pe4yoBMHM AKi He nepesuwysanu [OK, ane
Mann Of4HOCMPAMOBaHY Aito (3a30T AioKcua, ByreLto
OKCUA, aHriapua, cipumctuia). Mpu po3paxyHKy cyma Bia-
HOLWeEeHb QAKTUYHUX KOHUEHTPALN KOXHOI 3 HMX A0 iX
FOK cknana 21 (1,6), Takmm ymHom Yy Lbomy BUNAAKY
BigHOCATbCA A0 3 Knacy 1 cTyneHs wkigamnsocti. Bupob-
HUYKUIM NUA Ta XIMIYHI PEYOBUHM BNANBALOTb Ha FOPHOBO-
ro floMeHHoi nedi npotarom 83,7% pobo4oi 3miHN.

Ha PM ropHOBOro 4OMeHHOI nedi NnpucyTHii BUpob-
HUYMIA WYM, AKMIA [j€ Ha NpauiBHMKa NPOTArOM BCi€l
pobouoi 3miHW. MegiaHa eKBiBaNIEHTHOrO PiBHA LIyMy
Ha PM ropHoBOro 4OMeHHOI nedi cknana 81,9 abA 3 mi-
HIMaNbHUM Ta MaKCMMANIbHUM 3HAaYEHHAM B MeXaX Bif,
72 po 101,1 aBA, Ae MaKCMMaNbHUIA NOKAa3HUK 3HAYHO
nepesuwye AP (80 aBA) i BiaHocutb Y go 3.3 knacy
LWKigNMBOCTI.

MpY OuiHUi Ba*KKOCTI TPYAOBOro Mnpouecy FopHO-
BOro AOMEHHOI Meyi BCTAHOBAEHO, WO BiH NigiMmae Ta
nepemilllye npotarom poboyoi 3amiHm go 15 kr (KYM 2),
Ma€ BeIMYMHY CTaTUYHOIO HAaBAHTAXKEHHA 33 3MiHY Npu
YTPUMaHHI BaHTaxy oAHieto pykoto 180 Kkr*c, gBoma py-
Kamu 2040 Kr¥*c, 3a yyacTio m’a3sis kopnycy Ta Hir 141230
kr¥c (KMNY 3.1), nepebyBae B HaxMNEHOMY MO/OMKEHHI
noHapg, 27 % Big, 3aranbHoi TpmMBanocTi 3miHK (KYN 3.1),
BUKOHYE B cepegHbomy 379 BUMYLLEHUX HaxuNiB BinbLue
30° (KYM 3.2), mae nepemileHHs y NpocTopi No ropu-
30HTani (nepexoan, obymoBaeHi TEXHOMOTYHUM MpoLie-
COM NpoTArom 3miHu) Ao 5 km (KMY 2). 3a nokasHMKamm
HanNpyXeHOoCTi npali aroMepaTHUKIB MA€E TPU3MIHHY
npauto (poboTa y HiYHy 3miHy), Wo Bignosigae 3 knacy 1
CTYMEHIO LWIKIAAMBOCTI, MAa€ HaBaHTAXKEHHA HA 30pPOBUI
aHanisatop (cninyya Ais po3nsiaBieHOro meTany), Mae
iHTeNeKTyalbHe HaBaHTAXKEeHHA (BUPILLEHHA CKAaAHUX
nuTaHb 3 BUOOPOM 3a BiJOMMUM aNrOPUTMOM), Yac na-
CMBHOTO CroOCTEpPEeXeHHA 33 TEXHONOTYHUM MPOLLECOM
cknagae 12% Big yacy poboyoi 3miHM, WO BiAHOCUTb
yMOBM npaui 8o 3 Knacy 1 ctyneHA WKigamMBocCTi.

Taknum ymHom, Yl ropHOBOro 4OMEHHOI nedi 3a no-
Ka3HMKAMM BaAXKKOCTi Npaui BigHOCATbCA A0 3 Knacy 3

CTYMEeHI0 WKiAAMBOCTI, 3@ MOKA3HMKaMWU HaMPYKeHOCTi
00 3 Knacy 2 CTyneHto WKia nBOCTi.

MpoBeaeHWi aHanis YNHHUKIB BUPOBHUYOTO cepes-
oBMLa Ha PM npaLiBHUKIB ariomepaLuimHOro, MapTeHiB-
CbKOTO Ta JOMEHHOrO LexiB MeTanyprinHoro nignpuem-
CTBa A€ 3MOTY AiMTU BUCHOBKY, LLLO 3ara/ibHa oLiHKa YT
ANnA Bcix npodecili Ha LboMy NiANPUEMCTBI BigHOCATbCA
00 3 Knacy 4 cTyneHa WKiaAMBOCTI, WO BigNOBIAAE AyKe
BMCOKOMY piBHIO NpodecinHoro pusmky (taba. 4).

BucHoBKM.

1. OTpumaHi pe3ynbTaTi 3aranbHoi ouiHKK YI1 npa-
LiBHWUKIB MeTanypriiHoro nianpuemcTea BianosigHoO oo
«TirieHiyHa Knacuodikauia npali 33 NOKasHMKaMM LWKig-
JIMBOCTI Ta HebesneyHocTi ¢aKTopiB BUPOOHUYOrO ce-
pefoBULLIA, BAaXKKOCTI Ta HaMpPY»KeHOCTi TPYAOBOro npo-
uecy» Ne 248 csigvatb npo Te, wo Y € wKigmsumm i
HanexaTb 40 3 Knacy 4 cTyneHA WKignmseocTi i Bignosi-
[OatoTb AyrKe BUCOKIM mipi nigo3ptoBaHoro npodeciinHoro
PU3NKY.

2. [lo NpOoBiAHUX HECNPUATAMBUX YUHHUKIB BUPOB-
HUYOro cepefioBuLLA cepes NpaLiBHUKIB ariomepaLin-
HOro, MapTEHIBCbKOIO Ta JOMEHHOIO LieXiB BiJHOCUTbCA
BUMPOBHUUMIA MiKpoKaimaT (3.4 Knac), smicT y NP3 nuny
Ta XiMiYHUX peyoBUH (3.1-3.4 Knac), BUCOKUIA piBEHb BU-
pobHUYOro wymy (3.3 Kiac), BarKKiCTb Ta Hanpy»KeHicTb
npaui (3.1-3.3 knac), ki GopmMyoTb BUCOKUIA PUKK BU-
HUKHeHHA npodeciinHoi Ta BUPOHBHNYO 3yMOB/IeHOI NaTo-
Norii, NigBULLEHHA PiBHA 3aXBOPHOBAHOCTI 3 TMYACOBOHO
BTPaTOlO npauesgaTHocTi. OTpUMaHi gaHHi nigTsep-
OXKYIOTb HeobXigHiCTb y nofanbwomy norambneHomy
JocnigxeHHi pakTopis BUpobHMYOro cepeaoBuLLa i 3a-
CTOCYBaAHHI epeKTUBHUX NPOPIiNaKTUYHUX 3aX0A4iB, crpsa-
MOBAHMX Ha MOMNepeayKeHHA HEeCcrnpuATIMBOro BNAUBY
BUPOOHMUMX YNHHUMKIB Ha CTaH 340POB’A MPaLLiBHUKIB Y
i ranysi.

MepcneKkTMBM NOJAANBLUNX JOCNIAXKEHD.

Y 383Ky 3 TUM, WO BUPOBHUYMI MW € OOHUM i3
NpoBigHNX GAKTOPIB PU3MKY AN NPALBHUKIB MeTanyp-
riiHOro MiANPUEMCTBA, e BCTAHOB/EHI 3HAYHi NepeBu-
weHHA [AK, Hagani nnaHyeTbca NPOBECTM AOCNIAKEHHA
NPOMMCIOBOr0 aepo30/1l0 Ha BMICTy B HbOMY yNbTpa-
OMCNEPCHUX 3BAXKEHMX YAaCTMHOK Pi3HOro po3mipy Ta ix
XiMIYHOrO CK/1agy MpU Pi3HMX TEXHONOTIYHMX NPOLLecax.
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YMOBMU MPAL,I AK ®AKTOP PU3UKY A1A 340POB’A MPALIBHUKIB METANTYPTIAHOIO NMIAMNPUEMCTBA

Wapasapa /1. M., Amutpyxa H. M.

Pestome. Bcmyn. MeTanypriiHa ranysb € 0AHi€l0 3 NPOBigHMX ranysen BMpobHMLUTBA B YKpaiHu, Ae Ha poboumx
MicuAX NPaLiBHUKIB Pi3HUX BUPOBHUYMX AINAHOK NPUCYTHI WKIANMBI BUPOBHUYI paKkTopK pi3HOI Npupoau, AKi nig-
BULLYIOTb PU3UK PO3BUTKY NpodeciiiHoi Ta BUPOHHNYO-3yMOB/IEHOT 3aXBOPHOBAHOCTI.

Mema. MNpoBecTu ririeHiuHy OLiHKY YMOB Npawi NpauiBHUKIB MeTanyprilnHOro NignpuemMcTea AK GakTopy pU3NKY
L5 300pOB’s.

06’ekm | memodu OocnioxeHHA. NpoBeaeHo AocnigxKeHHa GpaKTopiB BUPOOHMYOro cepeaoBumLa Ha poboumx
MicLAX NPaLLiBHUKIB MapTEHIBCbKOro, OMEHHOIO Ta arfiomepaLiitHoro uexis 3a nepiog 2011-2021 pp. 3a pesy/b-
TaTamMM BNACHUX AOCAiIAXEHb Ta MPOTOKOANIB AOCAIAMKEHHS: 2366 NOKa3HMKIB BUPOBHUYOro mikpoknimaty, 5761
NoKa3HMKiB 3abpyaHeHHs NoBiTpsA poboyoi 30HK, 220 NOKa3HUKIB BUpOObHMYOro Wymy Ta Bibpauii, 130 KapT ymoB
npawi 419 OLHKM BAXKKOCTI Ta HAaNPY»KeHOCTi TPYAO0BOro npouecy.

Pe3yabmamu. BcTaHOBNEHO, WO A0 NPOBigHUX GpaKTopiB BUPOOHMYOro cepenosmLla Ha poboumx micusax npa-
LiiBHWMKIB arioMepaLLitHOro, MapTeHiBCbKOro Ta IOMEHHOTO LeXiB BigHOCUTLCA BUPOBHMYMIA MiKpoKaimaT (3.4 Knac)
Ta BMICT BMPOBHMYOro nuay y nosiTpi poboyoi 30HU (3.4 Knac). TakoK, y NOBITPi poboYoi 30HN BCiX NpaLiBHUKIB
NPUCYTHI XiMiYHi PEYOBMHM AIKi BiAHOCATb YyMOBM NpaLi 40 3.1-3.4 Knacy Ta BUPOOHUYNI LIYM, SKMI NEePEBULLYE rpa-
HUYHO AOMNYCTUMMIA piBeHb i BianoBiaae 3.3 Knacy WKiaAMBOCTI. YMOBM NpaLi B yCiX Liexax 3a MOKa3HMKaMM BaXKKOCTI
Ta Hanpy*KeHoCTi Npauj BianosigatoTs 3.1-3.3 Knacy. YMOBM npauji Ha MeTanyprinHomMmy nignpueMcTBi XapaKkTepusy-
FOTbCA KOMMIEKCOM HECMPUATANBUX YUNHHMKIB, LLLO GOPMYE BUCOKUIN PU3NK BUHUKHEHHA NpodeciiMHOi Ta BUPOOHK-
40 3yMOB/IEHO| 3aXBOPIOBAHOCTI.

BucHosKu. OTpuUMaHi pe3y/ibTaTi 3arabHOoi OLiHKM YMOB NpaLi NpauiBHMUKIB MeTanypriiHoro nianpuemcTsea Bia-
nosiaHo Ao «lirieHiYHa KnacudikaLia npaLi 3a NOKasHMKaMM LWKiAAMBOCTI Ta Hebe3sneyHocTi GpakTopiB BUPOOHUYOrO
cepenoBMLLA, BaXKKOCTI Ta HaMpy»KeHOCTi TPYAO0BOro npouecy» (3aTBepasKeHa Hakazom MO3 YkpaiHu Ne 284 Big,
08.04.2014 p.) cBig4aTb NpoO Te, WO YMOBM MpaLi € WKIAAMBUMM i HanexaTb A0 3 Knacy 4 CTyneHn LWKigAMBOCTI Ta
Bi4NOBIAAOTb Ay*Ke BMCOKilM Mipi Nigo3ptoBaHOro npodeciiHoro pusmnky.

KnrouoBsi cnoBa: ymoBu npaui, npodeciiHi pusnmKkn, metanypriiHe nignpuUeMCcTBo, BUPOOHMYI YUHHUKMN.

WORKING CONDITIONS AS A RISK FACTOR FOR THE HEALTH OF EMPLOYEES OF A METALLURGICAL ENTERPRISE

Sharavara L. P., Dmytrukha N. M.

Abstract. Introduction. The metallurgical industry is one of the leading manufacturing in Ukraine, where harmful
production factors of various nature are present at the employees’ workplaces of various production sites, which
increase the risk of developing occupational and production-related diseases.

Aim. To carry out a hygienic assessment of the employees’ working conditions of a metallurgical enterprise as a
risk factor for health.

Materials and methods. A study of the production environment’s factors at the employees’ workplaces of the
open hearth shop, blast furnace, and sintering workshops was conducted for the period from 2011-2021 based on
the results of own research and scientific protocols: 2366 indicators of the industrial microclimate, 5761 indicators
of air pollution in the working area, 220 indicators of industrial noise and vibration, 130 maps of working conditions
to assess the difficulty and intensity of the labor process.

The results. It was established, that the leading factors of the production environment at the workplaces of
the workers of the sintering, open hearth and blast furnace shops include the production microclimate (class 3.4)
and the content of industrial dust in the air of the working area (class 3.4). Also, in the air of the working area of
all employees, there were chemicals that attribute working conditions to class 3.1-3.4 and industrial noise that
exceeded the maximum permissible level and corresponds to 3.3 class of harm. Working conditions in all workshops
correspond to class 3.1-3.3 in terms of labor difficulty and intensity. Working conditions at a metallurgical enterprise
are characterized by a complex of unfavorable factors, which creates a high risk of occupational and production-
related morbidity.

Conclusions. The obtained results of the general assessment of the employees’ working conditions of the
metallurgical enterprise in accordance with the «Hygienic classification of work according to the indicators of
harmfulness and dangerous of the production environment’s factors, difficulty and tension of the labor process»
(approved by the order of the Ministry of Health of Ukraine No 284 from 04.08.2014) indicate that the work
conditions are harmful and belong to the 3rd class of the 4th degree of harmfulness and correspond to a very high
degree of suspected occupational risk.
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