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Abstract. The article presents the results of studies on the mechanical parameters of coal samples from seam ds of
the PJSC Pokrovske Mine Administration in their supplied state and after treatment with “the Shtamex” foaming agent
solution. The studies showed that these coal samples exhibited very high outburst hazard compared to other samples
from the same seam. In addition, they had abnormally high water permeability. Deformation curves were obtained, which
express the relationship between mechanical stresses and deformations under uniaxial compression of cubic-shaped
samples with an edge length of 40 mm and a central hole with a diameter of 6 mm. The holes were drilled perpendicular
to the layering of the samples. Their loading was applied in the same direction. The modulus of elasticity (yield) of dry
samples was assessed by deformation curves with a limited load of not more than 5 MPa - at the level of 30-40% of the
expected maximum. The load limitation minimized the effect of sample integrity disruption due to the beginning of the
cracking process. The yield of dry samples was assessed by the deformation curves under the full load of the same
samples. The full load included the stress increase phase, the transition through the temporary strength limit and the
stress drop phase up to the destruction of the samples. The outburst (impact) safety factor was calculated as the ratio of
the modulus of elasticity to the modulus of stress drop beyond the temporary strength limit. The abnormally high water
permeability of the samples made it impossible to saturate them with “the Shtamex” solution using the standard IGTM'’s
methodology under the mode of two-dimensional flow filtration from the periphery to the central hole. Instead, saturation
was performed by a less perfect method - holding the samples under an excess pressure of 0.15 MPa for 45 minutes.
During this holding period, 2-3 short-term discharges of part of the solution mixture were made through the central hole
of the sample and the drainage channel. It was established that saturation of the samples with “the Shtamex” solution
reduces the modulus of elasticity, i.e. increases the coal yield. In this regard, the effect of “Shtamex” is similar to the
effect of water, traditional SAAs and emulsions. However, the increase in yield is at least 1.3 times higher from
“Shtamex” than the increase from water, traditional SAAs and emulsions. Just like water, traditional surfactants and
emulsion, “Shtamex” increases the outburst safety coefficient. The increase in outburst safety at a 3% concentration of
“Shtamex” is at the level of water and traditional SAAs, whereas at a 6% concentration of “the Shtamex”, it becomes
almost twice as effective as them.

Keywords: yield, temporary strength limit, modulus of drop, outburst hazard.

1. Introduction

The extraction of outburst-prone and fire-hazardous coal seams, especially at
great depths, remains one of the most serious and unresolved issues of safe coal min-
ing [1-3]. This largely concerns coal, rock and gas outbursts [4, 5], methane and coal
dust explosions, and fires [6—8]. Currently, a great number of methods are known for
predicting and combating explosions, fires and especially gas-dynamic phenomena,
taking into account the presence of free and bound gas [4, 9—11]. These include drill-
ing of advance boreholes, pressure release through the cracks, degassing, water injec-
tion into the seam, and others [12—15]. However, gas-dynamic phenomena continue
to occur during mining operations, resulting in people death and significant economic
losses to mines [16—19]. Therefore, studying the mechanisms and processes of out-
burst occurrences remains a highly relevant task. In this work, the authors primarily
focus on investigations related to water injection into coal seams.

The prevention of sudden coal outbursts is based on the injection of water under
high pressure through boreholes drilled into the coal seam. The widespread use of
water injection began in the sixties of the last century. At that time, water injection

was considered as a comprehensive measure that reduced dust formation and pre-
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vented sudden coal outbursts [20, 21]. As a result, recommendations were developed
and included in regulatory documents [15, 16, 22] regarding the feasibility of adding
SAAs (surface-active agents) to the water. The addition of SAAs improve the perme-
ability of the liquid into small cracks and pores of the seam, contributes to its more
uniform moistening, and, purportedly, reduces the resistance of the seam to solution
injection [22, 23].

Since then, there have been fundamental changes in the use of preventive
measures in coal mining. In Ukrainian mines, the practice of moistening seams
through long boreholes drilled into seams to prevent dust formation has been discon-
tinued [24]. This is because it is either impossible or extremely difficult to ensure
drilling of boreholes of the required length 150 m to effectively treat a modern
longwall face with standard length 300 m.

Today, hydraulic treatment of seams is used exclusively for preventing sudden
outbursts and is carried out through shot holes in hydro-loosening mode [1, 15]. For
this technology, the key effects are weakening and unloading the seam from exces-
sive rock pressure in the local treatment zone, and reducing its impact hazard [25]. In
addition, new fire retardants and foaming agents [26, 28] are now being used, many
of which have similar effects on coal as traditional SAAs. Therefore, they can be
used not only for their direct purpose - fire prevention and suppression - but also for
prevention sudden coal outbursts.

Therefore, the Institute of Geotechnical Mechanics of the National Academy of
Sciences of Ukraine (IGTM of the NAS of Ukraine) is conducting research into the
effectiveness of using fire retardants and foaming agents to change the deformation
properties and impact hazard of coal.

The purpose of this article is to study the effect of the Shtamex foaming agent
solution on the change in the deformation properties and impact hazard of coal from
seam d4 of the Pokrovske Mine Administration.

2. Methods
The experiments were planned according to the testing program developed at the
IGTM of the NAS of Ukraine, which includes:

e Preparation of coal samples with dimensions of 40x40x40 mm and a central
hole with a diameter of 6 mm. The central hole is necessary for saturating the
samples with fluid in a two-dimensional flow mode from its periphery to the center.
This saturation scheme best corresponds to the conditions of saturation of a real seam
by liquid [20, 27].

e Obtaining of limited deformation curves for dry samples under uniaxial
compression using a load not exceeding 5 MPa - representing 30—40% of the
expected maximum. The load limitation minimized the effect of sample integrity
disruption due to the beginning of the cracking process [27].

e Obtaining of full deformation curves for saturated and reference dry samples
under uniaxial compression to determine their temporary strength limit, modulus of
drop beyond the strength limit and impact hazard coefficient.
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The impact hazard coefficient is calculated using a formula established by the
Ukrainian Research Mine Surveying Institute [15, 22] and generally accepted during
the Soviet times:

K=", (1)

where E is the modulus of elasticity of the sample in the area of ascending stresses of
the deformation curve; M is the modulus of drop in the area of descending stresses of
the deformation curve after the temporary strength limit.

Both the moduli of elasticity and drop were determined by the coefficients of lin-
ear approximation of ascending and descending areas in the graphs of deformation
curves.

A total of 16 coal samples from the seam ds of the Pokrovske Mine Administra-
tion were prepared. One of these samples, which initially had no visible cracks, de-
veloped a transverse crack during its drilling with a standard @ 6émm drill (fig. 1-a).
This crack, when the sample was broken by hand, separated the lower part of the
sample from the upper part (fig. 1-b). This was the first sign of increased brittleness
of the samples, since this had not been observed before.

Several other samples developed much smaller cracks along the hole during drill-
ing. Apparently, this circumstance led to the fact that 2 samples, after moistening
with a 6% solution of Shtamex, split in the hands along the hole immediately after
their removal from the chamber with the solution.

Three samples experienced localized chipping under limited loading in a dry state,
which made it impossible to obtain correct comparative characteristics during their
subsequent loading.

a) b)
a) section formed by the transverse crack in the edge of the sample; b) separation of the sample
along the crack plane as a result of breaking it by hand

Figure 1 — View of one of the coal samples damaged during drilling of the central hole

Given this circumstance, it was decided not to subject the remaining samples to
limited loading, and, instead, to make the conclusions regarding the effect of SAAs
on the deformation characteristics based on the first 3 samples.
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The sample saturation, which is standard for the IGTM, namely, with liquid in the
mode of two-dimensional filtration under constant pressure with determination of the
change in its flow rate over time, also failed to be carried out. An attempt to moisten
the first three samples with water showed that their permeability was too high for
measurements using the developed method and the available equipment. At a very
low excess pressure of = 0.15 bar, the flow rate through the sample exceeded 1 cm?/s.

It became clear, firstly, that it was technically impossible to measure filtration
characteristics of the solutions Shtamex, Pirocool and water-oil emulsion, which were
available in limited quantities, on such fractured coal. And secondly, the inexpedien-
cy of such measurements, because they would in no way reflect the real permeability
of the coal samples for different solutions, but, instead, would reflect only the
throughput of cleavage cracks.

The presence of such an extensively developed system of cleavage cracks did not
allow normal impregnating of the entire volume of the sample with the solution when
saturating it by the filtration flow of liquid under pressure. The entire flow was con-
centrated in the cleavage cracks, and almost nothing remained for the porous materi-
al.

Therefore, it was decided to change the sample saturation method [22, 28] to a
less perfect method [25]. Instead of the free flow of liquid through the sample, the
method involved immersion of the sample in liquid inside the chamber of the two-
dimensional filtration test bench and holding it under an excess pressure of 1.5 bar for
40 minutes. During this holding period, 3—4 short-term discharges of the gas-air mix-
ture with the solution were performed via the drainage valve. Despite the imperfec-
tion of this saturation method, the moisture content of the samples increased by
0.7-1%. And this made it possible to assess the effect of saturation with a 6% “the
Shtamex™ solution on the increase in the yield of coal samples and the reduction of
their impact hazard, as well as the effect of saturation with a 3% “the Shtamex” solu-
tion only on the reduction of impact hazard.

Thus, the completely atypical brittleness and permeability of the samples signifi-
cantly reduced the scope of the test program, which was ultimately limited to:

¢ Obtaining of limited deformation curves for 3 dry samples under uniaxial
compression.

¢ Obtaining of full deformation curves for 3 samples saturated with a 6% “the
Shtamex” solution under uniaxial compression, for 3 samples saturated with a 3%
“the Shtamex” solution, and for 3 reference dry samples. Nevertheless, the results of
these limited tests are considered to be of serious scientific interest.

3. Results and discussion

Comparative deformation curves for samples No. 2 and No. 3 under limited uni-
axial compression are shown in figure 2, 3. The upper curves refer to samples treated
with 6% solution of the additive “Shtamex”, the lower ones refer to dry samples.
Comparison for sample No. 1 could not be obtained due to malfunction of the dis-
placement recording channel during its testing after saturation with the solution.
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Figure 2 — Deformation curves for sample No. 2 treated with a 6% “the Shtamex” solution
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Figure 3 — Deformation curves for sample No. 3 treated with a 6% “the Shtamex™ solution

Figure 2 and 3 clearly illustrate the increase in the yield of both samples after
their treatment with 6% “the Shtamex” solution with the same humidity increase of
AW = 0.7%. For example, under a load of 7000 N (700 kG) on dry sample No. 3, its
height decreased by = 0.23mm, while the height of the moistened sample decreased
by = 0.52 mm (i.e. twice as much) under the same load of 7000 N.

The difference in the height reduction of dry (= 0.26mm) and moistened (=
0.36mm) sample No. 2 under the same load of 7000 N is evidently smaller (=~ 1.4
times), but the trend is the same.

Moreover, this trend coincides with the results of previously performed studies on
saturation of coal from the same seam d, of the Pokrovske Mine Administration, but
from earlier batches, after it had been treated with emulsion from the hydraulic sys-
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tem of powered support. The same effect was observed during water saturation of a
sample from the “Krasnolimanska” mine, under varying moisture increments AW
(fig. 5).

These samples had typical low coal permeability, so they were saturated using a
more advanced standard method of the IGTM of the NAS of Ukraine with a two-
dimensional liquid flow from the periphery to the central hole.

The corresponding graphs are shown in fig. 4 and 5. The vertical axis shows the
longitudinal deformations of the samples €, %. The horizontal axes show the longitu-
dinal stresses o, MPa.

In fig. 4, the lower curve corresponds to the dry sample deformation, and the up-
per curve corresponds to the deformation of the same sample after its saturation with
an emulsion.

In fig. 5 the lower curve marked AW = 0% corresponds to the dry sample, the up-
per curve marked AW = 2% - to the same sample after an increase in its humidity
by 2%.
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Figure 4 — Deformation curves for sample No. 3 treated with emulsion
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Figure 5 — Deformation curves for the sample at different water saturation
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The effect of moistening with water on deformation at the same stresses (yield) is
the same as when moistening with solutions — yield increases, and the increase due to
“the Shtamex” is 1.3-2 times greater than the increase from water (1.3 times at the
same humidity increase) and from emulsion (1.3 times).

Yet, one can observe a certain difference in the shape of the deformation curves
for water (fig. 4) and emulsion (fig. 3) with “the Shtamex” solution (fig. 1, 2). The
curves in fig. 4 and 5 are convex, while the curves in fig. 2 and 3 are concave. This
can be explained either by the influence of the composition of chemicals in the solu-
tions, or by different properties of coal, because properties of the coal used for treat-
ing with “the Shtamex” differed significantly from coal from the same coal seam,
which had been received from the mine in previous times.

To clarify this issue, additional research will be required. However, in our opin-
ion, the difference in the shape of the deformation curves is due to the specific prop-
erties of the coal of the last batch. Our opinion is supported by the results of studies
of the destruction of samples under uniaxial compression, which are given below.

Each sample was subjected to uniaxial compression until complete destruction us-
ing a press equipped with apparatus for digital recording of the load on the lower
plate and its movement. The recorded signals were processed by the program “Excel”
with linear approximation of the ascending and descending segments, which allowed
for the construction of experimental deformation curves, one of them is shown in
fig. 6.
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Figure 6 — The curve of complete deformation of the sample

They were used to determine the temporary strength limit o (MPa), the modulus
of elasticity (E/100), MPa, and the modulus of drop (Ed/100), MPa, for each sample.
Based on the values of E and M, the impact safety coefficient was calculated using
the formula presented at the beginning of the article. Traditionally, the coefficient in
this formula is referred to as the impact hazard coefficient. However, according to the
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content of the formula, it actually reflects safety rather than hazard. This is because
the modulus of drop M in the denominator of the formula is always greater than the
modulus of elasticity E, which appears in the numerator, for brittle rocks. An ideally
dangerous rock would clearly be an absolutely brittle rock, for which M — o0 and K
— 0. And, conversely, an ideally safe rock would be a plastic rock, for which M — 0
and K — oo.

That is, the greater is the coefficient K, the safer is the rock. The safety margin is
the value of K = 1; all rocks with K < 1 are dangerous. And the smaller is K, the less
safe the rock is in terms of factors of a mining impact or sudden outburst. Therefore,
we will use the term “impact safety coefficient” both in table 1 and hereinafter in this
article.

Table 1 — Mechanical characteristics of coal samples

Sample No 4 5 6 7 8 £l

Shtamex water
solution
concentration, %

Temporary
strength limit, o,
MPa

11.9 10.4 11.2 10.8 93 29.4

Modulus of
elasticity (E/100),
MPa

6.5 3.4 4.9 3.6 3.4 8.6

Modulus of
drop
(M/100), MPa

35.8 30 11.9 254 20 46.4

Impact safety

K — EM 02 | 01 | 04 | 01 | 02 | 02

Number
of loading cycles

* — malfunction the displacement recording

The last row of the table shows the number of loading cycles for each sample. The
first 3 samples were subjected to two cycles, one of which was limited by the magni-
tude of compressive stresses ¢ = 4.5 MPa, which is significantly (2—4 times) lower
than the ultimate strength of these samples. These loadings were carried out to assess
the change in the elastic modulus at the initial stage of deformation of the treated
sample compared to the untreated one, as described in the methodology (section 2).
The remaining samples were subjected to a single cycle of loading - until complete
destruction. It’s possible that the difference in the number of loading cycles to some
extent affected the final characteristics of the first three samples. However, studies
conducted earlier by many authors do not give us grounds to consider this effect sig-
nificant, and we do not take it into account.

For better visual illustration of the data from table 1, below are bar charts of the
temporary ultimate strength o; for all tested samples. The column colors in the table
and in the bar charts in fig. 7 coincide.
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Figure 7 — Temporary strength limit ot of samples treated with Shtamex solution
at concentrations of 6% and 3% and dry samples (0%)

It seems that the treatment of samples with Shtamex solution leads to their certain
strengthening.

At the same time, all previously conducted studies by various authors reported a
reduction in the strength limit after coal treatment with both ordinary water and solu-
tions of various SAAs. It is possible that “the Shtamex™ solution actually gives such
an atypical effect. However, the samples selected for treatment with the solution were
chosen based on their minimum fracturing. Most likely, these samples had noticeably
higher strength even in the dry state. Therefore, the reduction in the strength of the
six saturated samples might simply not have compensated the initial difference com-
pared to the three untreated samples.

Figure 8 shows the impact safety coefficients of the samples before and after
treatment with “the Shtamex” solution.

/ o

1o 7 7

f’/ ./‘

7 /‘/

08 T
;'/ //"

o6 7 I
/'// _,,//

04 _/’/f ——
/// -~ 6%

02 7 ﬂ ﬂ 1 3%
.//

Figure 8 — Impact safety coefficients of coal samples treated with Shtamex solution
at concentrations of 6% and 3% and dry sample (0%)

0%

As we can see, all tested samples in their natural state had a rather low safety out-
burst coefficient, because for three untreated samples the average value of the coeffi-
cient is K = 0.17. When treated with 3% “the Shtamex” solution, the outburst risk
increased slightly, because K rose to 0.24. And the most pronounced effect was ob-
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served at treatment with 6% ‘“the Shtamex™ solution, i.e. this concentration signifi-
cantly reduced the outburst hazard, although it did not eliminate it entirely, because it
increased the average K only to 0.64, and did not reach the safety outburst limit,
which is equal to 1.

In this regard, the effect of reducing the outburst hazard with “the Shtamex” solu-
tion exceeded traditional SAAs based on PAA and DB substances (polyacrylamide
PAA and polyethylene glycol ether of ditert-butylphenol DB)

The indicators of increasing the outburst safety for traditional SAAs were deter-
mined in earlier studies [25] and by a different criterion — energy-based criterion A.
This criterion is based on comparing the work spent on compressing the sample in the
area of ascending stresses with the work in the area of descending stresses. It is more
labor-intensive than criterion K, as it requires additional calculation of the areas un-
der the multi-colored segments of the deformation curve fig. 6, but is considered
more accurate. However practice shows that significant differences in the results of
applying these criteria are observed only in = 20% of cases. And given that discrep-
ancy between the indicators is typically 2—3 times for coal samples, this increase in
accuracy is not at all relevant.

So, we have every reason to compare the effectiveness of “the Shtamex™ solution
(table 1) with that of traditional SAAs (table 6 in work [25]) in terms of influencing
on the impact safety indicators, despite the use of different evaluation criteria.

Figure 9 shows an increase in the impact safety coefficients of the samples treated
with water and traditional SAAs - polyacrylamide PAA and polyethylene glycol ether
of ditert-butylphenol DB, compared to untreated ones.

12 water PAA + DB

1.0 / ' -

0.8

0.6 7
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0.0 dry

Figure 9 — Impact safety coefficients of samples treated with water, PAA+DB solution, and dry
samples (first row)

=

At first glance, the use of traditional SAAs is more effective in terms of increas-
ing impact safety than the use of “the Shtamex” solution. Their corresponding coeffi-
cient lies in the range of 0.9—1.1, and for “Shtamex” it ranges within 0.3-0.9. If we
consider that the impact safety limit is 1, then traditional SAAs as well as mine water,
practically eliminate impact hazard, while “the Shtamex” does not.
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However, it should be noted that the dry coal samples in experiments with water
and traditional SAAs were significantly safer than those in experiments with
“Shtamex”.

Although coal for experiments with SAAs and DBs was selected from historically
well-known outburst-hazardous seams k; ("Smolyaninovsky") and m;, ("Tonky"),
their impact safety coefficient ranged between 0.4 and 0.6. Meanwhile, the impact
safety coefficient of seam d4, provided under the conditions of Pokrovske Mine Ad-
ministration for experiments with “the Shtamex”, turned out to be significantly lower
— around 0.1 to 0.2. That is, this coal was much more hazardous not only compared
to Donetsk coal but also compared to the average Pokrovske seam, as our previous
experiments with it did not reveal such a “bouquet” of anomalies. Thus, it is not sur-
prising that “the Shtamex” solution did not raise the safety of this highly hazardous
coal to a safe level

A more objective assessment of the effect of “the Shtamex” solution on the out-
burst safety of coal is given by comparing the ratios of the impact safety coefficients
of coal before and after its treatment. For water, this ratio is = 1.8, for 3% “the
Shtamex” solution it is = 1.5, and for 6% “the Shtamex” solution it reaches = 4. For
traditional SAAs, this ratio is within 1.5-1.9.

Thus, the effectiveness of “the Shtamex” solution at a concentration of 4% is at
the level of water and traditional antipyrogens, and at a concentration of 6% - it is
twice as high.

However, this effect 1s achieved at the cost of a 30-fold increase in “Shtamex”
concentration compared to traditional SAAs solutions, which may significantly raise
the cost of coal seam treatment.

In this regard, the practical feasibility of using emulsions from mine support hy-
draulic systems instead of water or aqueous solutions of traditional SAAs, antipyro-
gens, and foaming agents remains an open question. In which cases is their applica-
tion economically justified?

The results of the conducted studies allow us to determine the area of indisputable
advantage of using aqueous solutions of chemicals. This is the treatment of sectors of
the seam with very low outburst safety combined with excessive water permeability.

This was exactly the coal from seam ds provided by the Pokrovske Mine Admin-
istration for experiments with “the Shtamex” foaming agent:

First, it had a very low impact safety index - at the level of 0.1-0.2, whereas pre-
vious samples from the same seam d4 that we received in earlier years (2022) showed
a minimum value of 0.3-0.4 only in 2 out of 7 samples, with 4 others ranging within
0.6—0.7, and one reached 1. And for the historically well-known outburst-hazardous
seams k7 - "Smolyaninovsky" and m; - "Tonky", samples of which were previously
tested by the IGTM, the impact safety coefficient was within 0.4-0.6.

Second, the permeability of the received coal for water turned out to be so high
that it made impossible the crucial process of its flow saturation with water under
normal pressure gradient (at least 0.15 MPa) between the cleavage cracks and the rest
of the seam.
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Under these circumstances, the only way forward is to use chemical additives.
Moreover, the decisive parameter of the solution is increasing its viscosity. The selec-
tion of chemicals that, on the one hand, increase the viscosity of the aqueous solution,
and on the other hand, increase the impact safety of coal is an urgent task for further
research.

4. Conclusions

The effect of moistening with “Shtamex™ on the growth of longitudinal defor-
mation at the same stresses (i.e. the increase in coal yield) is 1.3—1.4 times greater
than the increase caused by ordinary water and by emulsion for mine hydraulic sys-
tems. This makes “Shtamex” a more effective means of local unloading the coal seam
from excessive rock pressure.

The effectiveness of “the Shtamex™ solution for increasing the outburst safety in-
dicator at its concentration of 4% is at the level of water and traditional antipyrogens,
while at a concentration of 6%, it exceeds them twofold.

The area of indisputable advantage of using aqueous solutions of chemicals is the
treatment of coal seam sections with very low outburst safety combined with exces-
sive water permeability. And their decisive characteristic of the solution is the in-
crease in its viscosity.

The scientific value of this work lies in advancing the understanding of the influ-
ence of fluid injection into coal seams on their deformation characteristics and out-
burst safety index.

The practical value of the work lies in reducing the probability of sudden coal
outbursts, which cause significant economic losses and pose serious threats to the
lives and health of underground workers.
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AOCHNIAXEHHA BNNUBY HACUYEHHA BYTIJIbHUX 3PA3KIB PO34YUHOM MIHOYTBOPIOBAYA
«STHAMEX» HA NMOKA3HUKW IX BAKWOOHEBE3MNEKHU
Mineee C., Ycoe O., AHxyna O., bodHap A., Pyob B.

AHoTauifa. Y craTTi HaBefeHi pe3ynbTaTi AOCMimKeHb MeXaHivYHMX napameTpis 3paskis Byrinns nnacrta ds 3 MpAT
«WaxToynpasniHHs «[lokpoBCbke» B CTaHi NocTavaHHs Ta nicns 0bpobku po3umHOM MmiHOyTBOptoBaYa “Shtamex”. [loc-
NigXEeHHs noKasanu, LWo Li 3pasky BYrinns BipisHANCS LyKE BUCOKOK BUKMAO HEDE3NEYHICTIO, MOPIBHSHO 3 iHWMMM
3paskamm Toro X nnacta. Kpim Toro BOH1 Manu aHoManbHO BUCOKY BOAONPOHMKHICTb. OaepxaHi AedopMaLliiiHi fiHii, ki
BUPaXalOTb 3B'A30K MiK MEXaHIYHUMU HaNpyxeHHsMK i aedopmaLisiMi npu OQHOBICHOMY CTWUCKaHHI 3paskiB KybiuHOI
topmm 3 poamipom pebpa 40 mm 3 LeHTpanbHUM OTBOPOM AiameTpom 6 mm. Oteopu Gynu NpocBepAneHi nepneHan-
KynsipHO HallapyBaHHI0 3paskiB. B TOMy X HanpsMKy 3[iNCHIOBANOChH ix HaBaHTaxeHHs. Moaynb npyxHocTi (nogatnu-
BICTb) CyXWX 3pa3kiB OLjHIOBanacb o AedopMaLinHMX MiHisgx 3 06MeXeHUM HaBaHTaxeHHsM He Ginblumm 5 MIMa — Ha
piBHi 30-40% Big nepenbadyBaHOr0 MakcumanbHOro. OBMEXeHHS HaBaHTaXEHHS MiIHIMI3yBano BMAMB MOPYLUEHHS
CyLiNbHOCTI 3paska BHACNiZOK MOYaTKy MpOLECy YTBOPEHHS TPILLMH. NMOAATIMBICTb) CyxuX 3paskiB OLiHOBanachk no
AedopmaLliiHuX NiHISX NOBHOMO HaBaHTaXEHHS TUX CaMuX 3paskiB. [10BHE HaBaHTaXeHHS BKNKYAN0 AiNaHKY 3pOCTaHHs
HanpyxeHb, nepexis Yepes TMMYaCcoBY MeEXY MILHOCTI i AiNSHKY cnafy ax [0 pyrHyBaHHS 3paskiB. KoedilieHT BUKMAO
(yAapHoi) 6esneyHocTi 0BuMCoBaBCA K CMBBIAHOLIEHHS MOZYO NPYXHOCTI 4O MOZYMIO Cnady HanpyXeHb 3a TUMYa-
COBOID MEXet MilUHOCTi. AHOMamnbHO BWCOKA BOLOMPOHMKHICTb 3paskiB YHEMOXIMBMMA X HACUMYEHHS PO34YMHOM
“Shtamex” 3a cTaHgapTHoO MeTogukow ITTM B pexumi NpoToYHOI 4BOBUMIPHOI hinbTpauii Big nepudepii 4o LeHTpa-
NbHOTO 0TBOPY. BOHO 37iiCHI0BANOCA MEHLL e(DEKTUBHIM LLMSXOM BUTPUMKM 3paskiB NpoTAroM 45 XBUNUH nif HagnL-
koBum Tuckom 0,15 MMMa. B nepiod BUTPUMKM 34INCHIOBANNCS 2—3 KOPOTKOYACHUX CycKa CyMILLi YaCTUHW PO3UMHY Ye-
pe3 LeHTpanbHMI OTBIp 3paska Ta ApeHaxHUIA kaHan. BCTaHOBMEHO, WO HAaCKYEHHs 3paskiB po3unHoM “Shtamex” 3Hu-
XYE MOAYIb NPYXHOCTI, TOBTO NiABMLLYE NoAATAMBICTL Byrinns. B LboMy nnaxi ecbekT Big “Shtamex’nogibHni go edek-
Ty Big BoAM, TpaguuinHux MAP Ta emynbcii. Ane npupict nogatnumeocTi Big “Shtamex”, sk MiHimym B 1,3 pasu BULWmiA 3a
npupicT Big BoaM, TpaguuinHux MAP ta emynbcii. Tak xe sk Boga, TpaguuiiHi MAP Ta emynbcia “Shtamex” nigsuiye
koediuieHT Bukugo BesneyHocTi. MMigBuLieHHs Buknuao 6e3nekn npu 3% koHUeHTpauii “Shtamex” 3HaxoguTbCa Ha piBH
BoAM Ta TpaauuinHux MAP, a npu 6% KoHueHTpauji “Shtamex” ctaHoBUTLCS Maixe BABIYi BinbLL ePeKTUBHUM 3a HUX.

KnioyoBi cnoBa: nogatnuBiCTb, TMMYacoOBa Mexa MiLHOCTI, MOAYIb cnady, BukuaoHebesneka.
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