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Abstract

Purpose. The present paper aims to enhance methodology for determining the safety and stability parameters of room
mining systems with backfilling of the mined-out area when mining uranium ores in underground mines of the State Enterprise
“Skhidnyi Mining and Beneficiation Plant” (SE “SkhidGZK”).

Methods. The analytical research method used in the presented paper includes the analysis of previous relevant instructions
and reports on the research performed at the SE “SkhidGZK”, as well as publications on the subject, operational geological
survey documentation containing monitoring data on the stress-strain state of the rock mass surrounding the formed cavities
and the actual state of the mined-out blocks in all underground mines of SE “SkhidGZK”.

Findings. The research performed enables development of a new instruction for determining the safety and stability pa-
rameters of the room systems with backfilling when mining uranium ores in the SE “SkhidGZK” underground mines. Based on
the developed new instruction, the stability of outcrops in mined-out rooms has been calculated, considering the actual time of
their life. The obtained parameters fully correspond to actual stability of rooms in blocks of all underground mines. This indi-
cates that the new instruction is more advanced as compared to the current Instruction and its implementation will contribute to
mine safety enhancement.

Originality. The increased depth of mining uranium ore in the SE “SkhidGZK” underground mines and the increase in
lifetime of mined-out rooms require regular adjustment of the methodology for determining their safety and stability parame-
ters. Based on the accumulated production experience, the observations conducted and a thorough analysis of the actual state
of cavities, new and adjusted current dependences have been obtained that more accurately consider the impact of both deter-
mined factors and those unprovisioned in the current Instruction for determining the safety and stability parameters of rooms.

Practical implications. The advanced methodology for determining the safety and stability parameters of room systems in
comparison with the methodology described in the current Instruction at the “SkhidGZK” underground mines provides higher
accuracy when determining the design parameters of rooms in the stoping blocks and greater reliability of predictive stability
of both individual outcrops and rooms in general.
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1. Introduction In Ukraine, the main uranium reserves are concentrated in
. . . the Kirovohrad uranium ore region (estimated reserves are
1.1. Setting of a problem and its connection . .
with scientific and practical tasks more than 100 thousand tons), where uranium ores are mmed
by underground methods at SE the “SkhidGZK” plant, which
The modern uranium industry of Ukraine is developed in  comprises three underground mines: Inhulska, Smolinska
accordance with the State Target Economic Program “Nucle-  and Novokostiantynivska. Uranium ore deposits, Vatutinske,
ar Fuel of Ukraine”. At the beginning of the 21% century,  Michurinske, Tsentralne and Novokostiantynivske are cur-
Ukraine’s own production of natural uranium ranges from  rently in operation [1], [2].
500 to 800 tons annua”y, which prOVides about a third of the Given the rather h|gh Strength and Stablhty of both coun-
demand in the national nuclear power industry. However,  try rocks and uranium ore deposits, mining operations in the
there are plans to significantly increase these volumes in  gg «“SkhidGzK” underground mines is carried out mainly by
order to provide the country with 100% of its own uranium  ygom systems with subsequent backfilling of mined-out areas
production in the future [1]-[4]. with hardening mixtures. This stems from the need to pre-
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serve the daylight surface, which is conditioned by occurrence
of deposits near and under residential facilities of the city of
Kropyvnytskyi (Inhulska Mine), the urban-type Smoline set-
tlement (Smolinska Mine) and the village of Oleksiivka (No-
voconstantinivska Mine), as well as under the Inhulets River.
This also makes it possible to avoid radioactive contamination
of the surface and improve the mineral extraction rates.

According to [5], in the underground mining of ores, it is
first of all necessary to ensure the safety of operations. To
determine the geometrical parameters of rooms at the stage of
project works, the “Instruction for substantiating the safety and
stability parameters of stoping blocks at the SE “SkhidGZK*
mines is applied [6] which is currently valid for all mines of
the plant. For various reasons, the main of which is the under-
funding of the plant, and, accordingly, of its structural units, in
all underground mines there is a rather significant delay in
backfilling of the mined-out rooms [7], [8]. As a result, with
the planned 1-2-year lifetime of the room, the actual lifetime
of unbackfilled or partially backfilled rooms is 5-10 years, and
in some cases it is 15-20 years or more. At the same time, the
state of the rooms and the rock mass surrounding them is quite
stable, although, according to calculations based on the above
Instruction, many of them should have exhausted their stability
margin long ago. That is, practical experience shows that the
determined dependences used in this Instruction do not accu-
rately describe the behavior of the rock mass with cavities in
the form of mined-out rooms.

Since the extended time period, the availability of greater
production experience and practical data enable scientific
substantiation of implementing the certain adjustments to
current methodology and dependences, it becomes necessary
to develop a more advanced methodology and on its basis, a
new instruction for determining the safety and stability pa-
rameters of stoping blocks in the SE “SkhidGZK” under-
ground mines.

1.2. Research and publications analysis

To determine the safety and stability parameters of room
systems with backfilling of a mined-out area in the
SE “SkhidGZK” underground mines, from the beginning of
mining, the instructions [9], [10] have been applied, adjusted
on the basis of accumulated production experience and in-
creased volumes of actual data on the stability of mined-out
rooms. The analysis of the Instruction [6], which is valid in the
underground mines of the plant, allows determining a number
of its significant shortcomings. In particular, incorrect consid-
eration of the influence of the mining depth and lifetime of the
rooms on their stability, as well as ignoring the influence of
the inclined outcrop slope angle, conditions of outcrop contour
restraints, tectonic disturbances in the rock mass and its
strength on stability of outcrops and rooms [11]-[13].

The impact of the mining depth on the stress-strain state
of the mass and the parameters of main structural elements of
mining blocks are studied in many scientific works, in par-
ticular, in researchers from Ukraine [14]-[17] and foreign
researchers [18]-[22]. Special attentions are given to provid-
ing readiness for mining [23]-[25].

Significant changes in the stress-strain state of the mass,
depending on physical and mechanical properties of rocks,
are proved in [26]-[30]. The study of the impact of physical
and mechanical properties of rocks on the geometrical di-
mensions of rooms and the mining technology tailored for
the conditions of the “SkhidGZK” underground mines are
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presented in [31]-[34]. The works [35]-[38] deal with the
impact of the mass stress-strain state on the stability of mine
workings and parameters of mining operations. The
works [39]-[42] present the results of the research into devel-
opment and implementation of seismic-resistant technologies
for mining uranium ores at the “SkhidGZK” underground
mines. Impacts of the room lifetime and outcrops in them, as
well as the contour restraint conditions on their stability are
described in detail in [43]-[46]. The results of studying the
impact of slope angle of inclined outcrops on their stability
are presented in [10], [47]-[49]. Comprehensive consideration
of the impact of rock strength and the degree of the rock mass
fracturing on its stability is proposed in [50]-[52].

1.3. Problem statement

As a result of a critical analysis of the current Instruction
in the underground mines of the plant [6], a number of its
shortcomings have been revealed, namely:

—incorrect consideration of the impact of time and cer-
tain contradictions associated with the impact of the room
mining sequence on the stability of both individual outcrops
and rooms in general;

— failure to determine the safety parameters of vertical
outcrops (only horizontal and inclined ones have been deter-
mined), as well as the impact of contour restraints of out-
crops on their stability;

—non-consideration of rock strength and the impact of
the slope angle of inclined outcrops on their stability when
determining the outcrop parameters;

—ignoring the possible impact of tectonic disturbances
available in some blocks on stability of rooms and outcrops
in them.

Therefore, updating the current Instruction [6] that allows
taking into account the impact of factors not previously con-
sidered on the stability of rooms and outcrops in them, as
well as making certain adjustments to it by implementing the
above-mentioned research results in order to eliminate the
identified shortcomings, is a topical issue.

2. Research methodology

The analytical method of research is used in the presented
paper. To achieve the goal set, previous relevant instructions
and reports on the research performed at SE “SkhidGZK”, as
well as publications on the subject, operational geological
survey documentation comprising monitoring data on the
stress-strain state of the rock mass surrounding the formed
cavities and the actual state of the mined-out blocks, is thor-
oughly analyzed. The performed analysis and assessment of
the current state of cavities enable determining the main
factors affecting the stability of cavities and developing an
algorithm for determining the safety and stability parameters
of stoping blocks in these underground mines, taking into
account the obtained dependences.

The data collected during the research reflects the actual
condition of the mined-out rooms in all underground mines of
the plant. As of November 1, 2019, out of more than 170
mined-out blocks, 87 have rooms that are partially backfilled
and 41 blocks are not completely backfilled. The linear dimen-
sions of the rooms in the blocks vary over a very wide range:
the room width ranges from 4-6 to 31 m; length — from 17-20
to 80 m; vertical height — from 15-17 to 80 m. The actual room
volumes range from several thousand to 70-72 thousand m?
and their lifetime ranges from 1-3 to 15-20 years or more.



M. Stupnik et al. (2022). Mining of Mineral Deposits, 16(2), 33-41

The vast majority of rooms, despite their rather significant
geometrical dimensions and long lifetime, are stable, and only
8 of them have disturbed stability in the form of rockfalls. In
5 blocks, these are very small rockfalls (about several tens of
cubic meters in volume) of rocks from the roof and hanging
wall of the room, as well as the backfill from the walls of
previously mined-out and backfilled rooms, which do not
pose any hazard. But it should be noted that, when mining the
rooms of the second and third stages, problems may occur
with the stability of vertical outcrops of the artificial backfill
mass. However, the current Instruction [6] does not provide
for determining the safety parameters for such outcrops. In
two blocks (1a-2-10t and 1a-2-6t, Inhulska Mine), the volume
of rockfalls is 135 and 225 m® of rocks from the roof and
hanging wall of the rooms, which indicates their reaching the
stability boundary, since according to the Instruction [6] rock-
falls of 300 m® or more are considered critical. And only in
one block (15-48t, Inhulska Mine), 4 rockfalls from the hang-
ing wall with a volume of 360 to 550 m® each were recorded
(early March — late October, 2019). This indicates that this
outcrop has practically exhausted its stability and may be
hazardous for the safety of mining operations in this block.

3. Results and discussion

When analyzing the actual state of the mined-out rooms at
the mines of the plant, it has been determined that as a result
of a significant lag in the rates of backfilling, there is a signif-
icant increase in the room lifetime: instead of the terms set by
the project, depending on the volume of a particular room, the
intensity of stoping and backfilling operations (duration of
which, as a rule, ranges from six months to 2-3 years), the
actual lifetime of cavities is from several to 15-20 years, and
sometimes longer. At that, the time factor is perhaps one of
the most influencing on the outcrop stability, and it is this
factor that determines their maximum permissible values in
rooms. Therefore, the stability of outcrops in the mined-out
rooms is initially determined according to the methodology
described in the current Instruction [6], taking into account
the actual lifetime of these rooms. The results of calculations
of the so-called “problem” blocks, the rooms of which should
already have lost stability, are given in Table 1.

The data obtained demonstrate that in 47 out of 87
blocks, i.e. in more than half of them (54%), some or all
room outcrops should have become unstable, since the actual
values of the equivalent spans sometimes exceed their maxi-
mum permissible values. This is especially indicative in
blocks with rooms of large volumes and a very long lifetime.
At the same time, as shown by the analysis of the actual state
of the mined-out rooms (this has already been noted), only
three blocks have demonstrated significant rockfalls that
testify to exhausted stability of these outcrops. This indicates
that the rooms and their outcrops in most cases have a very
high safety margin, which indicates some imperfection in the
methodology for determining the safety parameters of such
outcrops in accordance with the current Instruction [6] and,
accordingly, the need to adjust it.

Analyzing the above, the basic dependence, first of all,
requires a certain adjustment, according to which a stable
equivalent span is determined considering the outcrop life-
time (formula (8.9), [6]), namely:

M)
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where:

A—a constant for weakly-, medium- and highly-
fractured ores and rocks, the values of which depend on the
properties of the rock mass and are determined from the
practical experience of underground mining operations and
are equal to 220000, 88000 and 26800 for horizontal out-
crops and 1060000, 320000 and 75000 for hanging wall
rock outcrops, respectively;

t — the lifetime of outcrops, days.

From our point of view, the main shortcoming is that the
current Instruction does not provide for any time limits, alt-
hough paragraph 8.2.8 of this Instruction states that “...if the
outcrop is stable for 2.0-2.5 years, then a further increase in
its lifetime does not practically affect its stability” (courtesy
translation). Approximately the same time frames are intro-
duced in the instructions of the State Research Mining Insti-
tute (NIGRI) [39], which is valid for mining the iron ore
deposits in the underground mines of Kryvbas (Kryvyi Rih
iron ore basin) using room mining systems. Therefore, we
believe that it is quite expedient to limit the maximum out-
crop lifetime to 24 months (720 days), and for the actual
longer outcrop lifetime (over 2 years), accept t = 720 days.

Also, paragraph 8.1.6 of the Instruction [6] says that the
criterion for a stable state of the rock mass is to comply with
the condition that the equivalent outcrop span Lequ does not
exceed the value of this outcrop boundary span L, calculated
by Expression 1 and reduced by 10%, namely:

L
Lequ = 11 )

That is, there occurs a certain precaution, caused by an
increase in the stability margin of outcrops, which is already
excessively high. This fact has been actually revealed in the
course of studying the actual state of mined-out rooms. Be-
sides, there is no such a precaution in the above-mentioned
NIGRI instruction [39], but this fact does not interfere with
determining the room safety parameters, since the time peri-
od for the use of these systems at the Krivbass mines is much
longer and the found dependences describe the behavior of
rock mass outcrops more accurately.

Thus, we propose to determine the maximum permissible
value of outcrops by Expression 1, guided by the already
found values of the constant A, obtained in the course of
previous studies and given both in the current Instruction [6]
and in earlier instructions [9], [10]. But at the same time,
certain adjustments will be made by applying correction
factors obtained in the course of the research performed and
as a result of a detailed analysis of previous instructions and
studies of other scientists.

The next shortcoming of the Instruction is the imperfec-
tion of the methodology for considering the mining depth
impact on the outcrop stability. As in the earlier instruc-
tions [9], [10], it recommends adjusting this impact by
applying the correction factor Ky, the value of which is
determined by the Expression:

Ho
[

where:

Ho — the outcrop location depth, for which a stable equi-
valent span is known, m;

H; — the outcrop location depth, for which a stable equi-
valent span is determined, m.

Ky @)
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Table 1. Calculated parameters of equivalent spans of room outcrops according to the Instruction [6]

Fi%g?g:géurr:f ! % Calculated outcrop parameters (equivalent spans, m) and their stability
p= = > - -
S S ; Horizontal outcro Inclined outcro .
Eo E qé of the room roofp of hanging wall roe:ks Vertical outcrop Occur-
No. Block 25 ©9 F = - = rence of
ES 338 £ - Es = = Es 2 = Es = rockfalls
82 £5 g S Eg3 £ S Eg3 £ £ Eg =
B o o 8 Q v g S o Y3 E S Q X é 55
g b2 x < § g & < § g n < é g n
Inhulska underground mine
1 30-42-46 15.3 153 245 16.7 4.0 1S 19.2 8.7 1S ND ND ND -
2 10-100 34.6 346 155 17.9 4.0 1S 29.3 8.3 1S ND ND ND -
3 1-69-73 11.2 10.7 4.5 104 9.7 1S 23.3 20.7 1S ND ND ND —
4 5-2 266 26,6 4.0 12.9 8.5 IS 23.6 17.2 IS ND ND ND -
5 5-49-53 27.2 24.4 2.5 16.0 8.7 1S 27.4 18.4 IS ND ND ND -
6 15-48t 43.9 419 1.2 174 8.4 IS 315 18.6 IS ND ND ND ror(:/kvaall
7 10-2 204 204 1.7 12.2 9.5 1S 22.7 18.9 1S ND ND ND —
8 4-1t 717 717 5.0 21.1 11.6 1S 43.2 254 IS ND ND ND -
9 la-1-1 43.4 329 230 144 4.3 1S 31.2 10.1 IS ND ND ND -
10 la-2-1 16.1 151 200 11.2 2.2 1S 24.0 4.0 1S ND ND ND -
11 1a-5-6t 9.9 9.5 7.0 10.7 5.8 1S 175 125 1S ND ND ND -
12 1a-5-5 48.1 29.8 6.0 17.9 8.9 1S 28.3 18.8 IS ND ND ND -
13 la-5-2t 38.2 38.2 7.3 18.5 8.0 1S 30.7 17.0 IS ND ND ND -
14 la-3-1 30.9 24.7 5.0 114 4.8 1S 21.0 8.5 IS ND ND ND -
15 1b-3-2 55.2 55.2 5.2 7.0 5.6 1S 25.3 10.0 IS ND ND ND -
16 la-2-6t 27.7 27.7 3.1 8.8 4.7 IS 24.0 8.7 IS ND ND ND hiw
rockfall
17 la-16-1 19.7 19.7 3.0 10.6 9.4 1S 14.6 16.7 ST ND ND ND -
18 la-2-8t 61.6 22.6 15 8.7 6.0 1S 22.4 10.9 IS ND ND ND -
19 la-2-1t 13.0 13.0 2.0 10.7 5.8 1S 21.9 10.8 IS ND ND ND -
20 1a-48-2 559 559 31 13.0 8.1 IS 30.9 14.8 IS ND ND ND -
21 1b_§iﬁn_ 15.6 15.6 35 104 6.2 IS 16.6 12.6 IS ND ND ND -
22 la2-10t 156 58 09 156 70 IS 135 139 ST ND ND ND Roof
rockfall
Smolinska underground mine
1 135-9 155 155 7.0 13.8 8.1 1S 304 17.7 ST ND ND ND -
2 704-7 204 204 1.5 13.2 11.6 1S 19.8 25.0 ST ND ND ND —
3 554-3S4 10.3 10.3 4.3 5.8 6.1 ST 18.9 13.8 1S ND ND ND -
4 464-35" 47.8 29.7 7.5 15.6 5.6 1S 16.0 11.7 1S ND ND ND -
5 315-142 29.8 29.8 2.3 4.5 11.8 ST 26.9 24.9 1S ND ND ND -
6 305-155 295 185 6.8 13.9 7.4 IS 31.3 21.1 IS ND ND ND -
7 295-157 9.4 9.4 6.0 9.7 7.0 1S 29.1 14.9 1S ND ND ND —
8 564-2¢ 23.7 20.3 8.0 124 4.6 1S 195 6.6 1S ND ND ND -
9 295-1.2 17.0 17.0 7.5 104 7.1 1S 26.1 15.2 1S ND ND ND -
10 235-165 205 155 42 6.3 9.8 ST 28.6 20.2 IS ND ND ND -
11 115-8 11.9 10.5 5.3 8.7 4.8 1S 19.9 6.3 IS ND ND ND -
12 105-1 13.6 13.6 3.5 9.2 6.8 1S 20.4 12.6 1S ND ND ND -
13 344-8 10.3 10.3  13.0 9.8 6.2 1S 23.1 13.7 1S ND ND ND -
14 344A-1.2 32.7 147 170 8.8 6.0 1S 134 10.5 1S ND ND ND -
15 344A-45 39.1 231 150 9.8 3.9 1S 38.0 12.9 IS ND ND ND —
Novokostiantynivska underground mine
1 (333_3) 35.2 352 64 11.2 10.2 IS 25.1 13.9 IS ND ND ND B
2 310-1 23.7 245 2.6 8.0 5.9 1S 17.6 10.9 1S ND ND ND -
3 235-4 30.7 140 22 8.5 7.0 1S 19.2 12.9 IS ND ND ND -
4 235-2 24.7 234 3.6 5.3 5.5 ST 21.9 10.1 IS ND ND ND —
5 310-2 20.5 205 21 6.1 6.5 ST 21.0 12.0 IS ND ND ND -
6 341-6 20.5 205 15 17.2 8.0 1S 27.9 17.0 1S ND ND ND -
7 341-7 24.7 247 1.0 12.0 115 1S 28.0 24.5 1S ND ND ND -
8 341-5 445 445 2.2 175 17.6 ST 29.9 22.3 IS ND ND ND —
9 329-2 437 437 41 12.1 8.9 ST 22.3 9.0 IS ND ND ND -
10 329-1 40.1 401 2.7 9.8 6.1 1S 21.9 11.1 IS ND ND ND -

Note: IS — instable; ST — stable; ND — not determined; h/w — hanging wall
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However, if the earlier instructions require adjustments
for outcrops located at a depth of over 300 m, then when
mining the reserves located at a depth of less than 150 m
from the surface, the current Instruction [6] (paragraph 8.3.3)
proposes to determine the factor Ho value by the cubic de-
pendence, which is explained by the negative influence of the
daylight surface. If the depth is greater, i.e. 150 m and dee-
per, quadratic dependence should be applied (Formula 3).

During the research performed, it has been revealed that
this assumption is not confirmed, since several rooms located
in the near-surface area exist for 4-7 years and are stable.
However, according to the calculations based on the Instruc-
tion [5], they should have lost their stability. Therefore, we
propose to reconsider the impact of mining depth on the
stability of outcrops according to the methodology of earlier
instructions [9], [10], i.e. according to Expression 3 with the
correction of the outcrop location depth influence starting
from Ho = 300 m.

Also, as the analysis of the actual state of the mined-out
rooms in the underground mines at the plant shows, under
certain conditions, when mining the rooms of the second and
third stages, there may arise problems with the stability of
vertical outcrops in the backfill artificial mass. But the cur-
rent Instruction does not provide for determining the safety
parameters for vertical outcrops at all. Therefore, in addition
to horizontal and inclined outcrops, it is proposed to deter-
mine the value of the vertical outcrop equivalent span by the
expression, m:

Lequ 2% ’ (4)
mM* + hiert
where:

b — the room size across the strike, m;

hvert — the outcrop vertical height in the room, m.

Besides, the current Instruction [6] provides for determin-
ing the equivalent spans of only rectangular and irregularly
shaped outcrops with contour restraints along the entire pe-
rimeter. But, as the analysis of the actual room parameters
shows, in many cases the outcrops are not continuous, but
broken into benches, that is, they have a three-sided restraint.
Such outcrops are more stable and their equivalent spans
should be determined by other formulas. Numerical values of
equivalent spans of flat outcrops with three-sided contour
restraint are determined by the Formulas [39], m:

— for vertical outcrops:

2
b'(hy +3hvert\J

Loqu = = (®)
2
\/bz +(hy +3hvertj
— for horizontal outcrops:
2
A b-[ay+3|h0rj
Lequ = = (6)
2 2
Jb +(ay+3Ih0r)
b-h
Wert == ™)
b? +h2

y
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ay-b

lhor = ===
Ja)2,+b2

where:

hy, a— are the height and length of the bench, respectively, m;

lert, Inor — equivalent spans of the vertical and horizontal
benches, respectively, m.

Explanations of parameters for the outcrops with three-
sided restraint along the contour are shown in Figure 1.

(@) (b)

(8)

hy

AV

Figure 1. Parameters of outcrops with three-sided restraint along
the contour: (a) the vertical bench; (b) the horizontal
bench

Also, a significant impact of the inclined outcrop slope
angle on its stability has been proven. This is confirmed by
many studies, including our own ones [33], [34], [43], [44].
The corresponding correction factor is contained in the
NIGRI instructions [39], which are currently valid for the
Kryvbas iron-ore underground mines. The document [9] also
contains this factor, but, for unknown reasons it is complete-
ly ignored in subsequent instructions, including the current
one [6]. We believe that this factor should also be considered
when determining the safety parameters of inclined outcrops.
We propose to use the correction factor K, when adjusting
the stability of the hanging wall rock outcrops, depending on
their slope angle that coincides with the deposit dip, which
varies within 40-90° in the SE “SkhidGZK” underground
mines. This factor is obtained by processing the dependency
graph of the equivalent span on the outcrop slope angle,
described in the instruction [9]. The correction factor K,
values, depending on the slope angle of the hanging wall
rock oucrops and the degree of the rock mass fracturing, are
given in Table 2.

Table 2. The factor K. values depending on the slope angle of the
hanging wall rock outcrops (the deposit dip) and the
degree of the rock mass fracturing

Outcrop slope Rock mass fracturing

angle o, degrees Weak Medium High
40° 0.790 0.823 0.850
45° 0.843 0.868 0.927
50° 0.896 0.914 0.932
55° 0.948 0.958 0.964
60° 1.0 1.0 1.0
65° 1.052 1.037 1.037
70° 1.092 1.077 1.069
75° 1.123 1.108 1.085
80° 1.145 1.126 1.103
85° 1.152 1.135 1.110
90° 1.158 1.140 1.115
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Certain inconsistency related to the impact of room
mining sequence on the stability of outcrops is another short-
coming of both actual and previous instructions. Thus, para-
graph 8.3.10 of the current Instruction [6] indicates that
“... the ratio of stable outcrop spans for the rooms of the
first, second and third stages is 1.3: 1.07: 1.0” (courtesy
translation). However, paragraph 8.8.2 of the same instruc-
tion states that the correction factors for the rooms of the
first, second and third stages are 1.15: 0.87: 0.74, respective-
ly. Thus, this leads to an overestimation of the stability mar-
gin of outcrops, which is noted when performing the calcula-
tions given in Table 1. According to the methodology of the
current Instruction, the rooms should have lost their stability,
but in fact they remain stable. Therefore, in order to consider
the impact of the room mining sequence on the outcrop sta-
bility, we propose to take the value of the correction factor
Kpr equal to 1.3: 1.07: 1.0 for outcrops of the first, second
and third stages, respectively.

In our opinion, a very significant shortcoming of the cur-
rent Instruction [6] is also taking into account the impact of
only the mass fracturing on the outcrop stability and com-
pletely ignoring its strength. In the SE “SkhidGZK” under-
ground mines, the mass can be represented either by rocks
with a strength of 10-12 to 18 points (according to M.M. Pro-
todiakonov’s hardness scale) or an artificial backfill mass
with a strength of 3-5 MPa (when mining the rooms of the
second and third stages), which can be equated to rocks with
a strength f=3-5. Therefore, we believe that this factor
should also be considered. Also, we propose to take into
account the impact of rock hardness on their stability by
considering the degree of mass fracturing and the hardness
factor f according to the classification of masses by the rock
stability presented in [46], which is given in Table 3.

Table 3. Classification of rock stability according to their fractu-
ring and hardness

Rock fracturing

Rock hardness groups, t/m?

weak  medium  high
I il 111 Too hard (geom > 15000, f > 12)
Hard

Il 1 V' (5eom = 8000-15000, 8 < f < 12)
Medium hardness

1 v v (ocom = 3000-8000, 3 <f<8)

Low hardness
v M VI (6som = 1000-3000, 1 <f < 3)
VI VI VI Too low hardness

(ocom <1000, f< 1)

In the SE “SkhidGZK” underground mines, in blocks
mined by room systems, the mass has a low and medium
fracturing degree and is composed of either too hard and hard

rocks (i.e. I, Il and Ill stability classes), or an artificial back-
fill mass, which, depending on its strength, can be equated to
rocks of 11, 11l and 1V stability classes. We propose to com-

prehensively consider the impact of the mass fracturing and
its hardness on the stability of outcrops by applying the cor-
rection factor Ky, for which we suggest the following values:
class | — 1.05; class Il — 1.0 (including backfill material com-
pressive strength acom > 5 MPa); class 111 — 0.90 (including
the backfill material compressive strength ocom >3 up to
5 MPa inclusive); class IV — 0.70 (backfill material compres-
sive strength gcom = 2-3 MPa inclusive).

Also, when analyzing the mining-geological and mining-
technical conditions for the development of uranium ore
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deposits in the SE “SkhidGZK” underground mines, it has
been revealed that in some cases tectonic disturbances of the
rock mass in the form of a fault can occur in the mining
blocks. Such disturbances, of course, have a negative impact
on the stability of the host outcrop, and this should also be
considered through the appropriate correction factor Kiec.
When there are no significant tectonic disturbances in the
block, we accept Keeer = 1. If a significant tectonic diturbance
occurs directly within this block and affects the particular
outcrop stability, we take Kiet = 0.80.

Thus, based on the above, the maximum permissible va-
lue of the equivalent span Lmax, considering the outcrop life-
time, the room mining sequence, the mining depth, the mass
strength, the outcrop slope angle and the presence of tectonic
disturbances in the mass, is determined by the expression, m:

A
Lmaxz\/;'KPr'KH K Ky - Kieet »

where:

Kor, Kn, Kf, Ka, Kiect — correction factors for the room
mining sequence, the mining depth, the mass strength, the
slope angle of the outcrop and the impact of tectonic disturb-
ances, respectively.

Applying this algorithm, the outcrop stability in the
mined-out rooms is calculated again, considering the actual
lifetime of the outcrop. The results are presented in Table 4.

The results obtained show that the calculated parameters of
room outcrops, determined by the advanced methodology,
fully correspond to their actual stability in the mined-out
blocks of all underground mines. This indicates that the pro-
posed methodology is more advanced as compared to the
methodology used in the current Instruction [6] and provides
higher accuracy when determining the design parameters of
rooms in the stoping blocks and greater reliability of predictive
stability of both individual outcrops and rooms in general.

Based on the performed research and advanced methodolo-
gy, a new instruction has been developed, approved as a new
regulatory document, to determine the safety and stability pa-
rameters of room systems with backfilling in the course of
mining uranium ores in the SE “SkhidGZK” underground
mines. In the future, based on the proposed methodology, it is
planned to develop a specialized software that will automatical-
ly determine these parameters. The software will prevent erro-
neous results of calculating the safety and stability parameters
for stoping blocks in the SE “SkhidGZK” underground mines,
which will contribute to mine safety enhancement.

(9)

4. Conclusions

Practical experience in the SE “SkhidGZK” underground
mines shows that the found dependences used in the current
Instruction [6] to determine the geometrical dimensions of
rooms does not accurately describe the behavior of the rock
mass with cavities in the form of mined-out rooms. The de-
tailed analysis of this Instruction allows determining a num-
ber of significant shortcomings. In particular, incorrect con-
sideration of the influence of the mining depth, lifetime of
the rooms and outcrops on their stability, failure to determine
safety parameters of vertical outcrops (only horizontal and
inclined ones), ignoring the influence of the inclined outcrop
slope angle, conditions of outcrop contour restraints, tectonic
disturbances in the rock mass and its strength on stability of
outcrops and rooms in general.
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Table 4. Calculated parameters of equivalent spans of room outcrops according to

Room volume,

thousand m? a§ Calculated parameters of outcrops (equivalent spans, m) and their stability
= - < Horizontal outcro| Inclined outcro .
N % o 8 E of the room roofp of hanging wall ropcks Vertical outcrop Occurrence
o Block 25 o & @ @ @ of rockfalls
£g 249 = — ES > — Es = - Es >
S g S < 2@ = < 2@ = < 2 =
s 20 5 5 £ 3 g £ 3 8 £¢ 3
o < = A < = in < = A
I =@ * =g @ =g ° =g °
Inhulska underground mine
1 30-42-46 15.3 153 245 167 19.6 ST 19.2 47.0 ST 147 470 ST -
2 10-100 34.6 346 155 179 19.6 ST 29.3 48.5 ST 181 428 ST -
3 1-69-73 11.2 107 45 10.4 23.9 ST 23.3 57.2 ST 103 60.7 ST -
4 5-2 26.6 266 4.0 12.9 19.6 ST 23.6 47.1 ST 147 428 ST -
5 5-49-53 27.2 24.4 2.5 16.0 195 ST 274 45.0 ST 165 428 ST -
6 15-48t 43.9 41.9 1.2 174 17.8 ST 315 31.2 IS 213 372 ST h/w rockfall
7 10-2 20.4 20.4 1.7 12.2 12.9 ST 227 27.4 ST 144 255 ST -
8 4-1t 71.7 717 50 211 23.9 ST 43.2 55.1 ST 237 607 ST -
9 la-1-1 434 329 230 144 23.9 ST 31.2 55.1 ST 16.7 607 ST -
10 la-2-1 16.1 151 200 112 11.8 ST 24.0 24.3 ST 114 235 ST -
11 la-5-6t 9.9 9.5 7.0 10.7 175 ST 175 48.4 ST 94 428 ST —
12 la-5-5 48.1 29.8 6.0 17.9 23.9 ST 28.3 60.0 ST 178 607 ST -
13 la-5-2t 38.2 38.2 7.3 18.5 23.9 ST 30.7 60.0 ST 178 607 ST -
14 la-3-1 30.9 24.7 5.0 114 11.8 ST 21.0 22.6 ST 146 234 ST -
15 1b-3-2 55.2 55.2 5.2 7.0 11.0 ST 253 28.5 ST 192 312 ST -
16 la-2-6t 27.7 27.7 3.1 8.8 11.1 ST 24.0 22.4 IS 169 213 ST h/w rockfall
17 la-16-1 19.7 19.7 2.8 10.6 14.4 ST 14.6 29.5 ST 136 312 ST -
18 la-2-8t 61.6 30.6 15 8.7 12.6 ST 224 23.8 ST 16,6 265 ST -
19 la-2-1t 13.0 13.0 2.0 10.7 11.1 ST 21.9 22.4 ST 100 246 ST —
20 l1a-48-2 55.9 55.9 3.1 13.0 14.4 ST 30.9 311 ST 214 317 ST -
21  16-3-XII-XII  15.6 15.6 3.5 104 11.1 ST 16.6 26.3 ST 148 318 ST —
22 la-2-10t 15.6 5.8 0.9 15.6 15.5 IS 13.5 304 ST 117 338 ST roof rockfall
Smolinska underground mine
1 135-9 155 15.5 7.0 13.8 23.9 ST 304 551 ST 142 606 ST -
2 704-7 20.4 20.4 15 13.2 18.9 ST 19.8 458 ST 144 472 ST -
3 554-3S4 10.3 103 43 5.8 14.7 ST 18.9 317 ST 55 279 ST —
4 464-35Y 47.8 29.7 7.5 15.6 17.6 ST 16.0 424 ST 160 343 ST —
5 315-142 29.8 29.8 2.3 45 19.6 ST 26.9 439 ST 45 355 ST -
6 305-155 29.5 18.5 6.8 13.9 23.9 ST 313 600 ST 144 606 ST -
7 295-157 9.4 9.4 6.0 9.7 19.6 ST 29.1 471 ST 97 380 ST -
8 564-2¢ 23.7 20.3 8.0 12.4 13.6 ST 19.5 294 ST 183 226 ST -
9 295-1.2 17.0 17.0 7.5 10.4 23.9 ST 26.1 551 ST 9.7 606 ST —
10 235-165 20.5 155 4.2 6.3 19.6 ST 28.6 453 ST 6.3 380 ST -
11 115-8 11.9 10.5 5.3 8.7 11.1 ST 19.9 295 ST 85 317 ST -
12 105-1 13.6 13.6 3.5 9.2 19.6 ST 204 341 ST 94 399 ST -
13 344-8 10.3 103 130 98 13.9 ST 23.1 449 ST 9.2 381 ST —
14 344A-1.2 32.7 14.7 17.0 8.8 20.1 ST 134 55.2 CT 7.8 57.0 ST —
15 344A-45 39.1 231 150 98 18.7 ST 38.0 403 CT 9.2 355 ST -
Novokostiantynivska underground mine
1  329-3(1-20) 35.2 35.2 6.4 11.2 20.9 ST 25.1 435 ST 216 503 ST -
2 310-1 23.7 24.5 2.6 8.0 11.7 ST 17.6 214 ST 181 254 ST —
3 235-4 30.7 14.0 2.2 8.5 12.9 ST 19.2 239 ST 185 272 ST -
4 235-2 24.7 234 3.6 5.3 12.9 ST 21.9 224 ST 142 279 ST -
5 310-2 20.5 20.5 2.1 6.1 11.7 ST 21.0 234 ST 151 248 ST -
6 341-6 20.5 20.5 15 17.2 17.6 ST 27.9 374 ST 183 289 ST -
7 341-7 24.7 24.7 1.0 12.0 22.0 ST 28.0 492 ST 239 380 ST —
8 341-5 445 445 2.2 17.5 20.5 ST 29.9 409 ST 267 500 ST —
9 329-2 437 437 41 12.1 124 ST 22.3 227 ST 189 270 ST -
10 329-1 40.1 40.1 2.7 9.8 115 ST 21.9 226 ST 139 258 ST -

Note: IS — instable; ST — stable

Based on the accumulated production experience, the ob-

servations conducted and a thorough analysis of the actual

state of cavities, new and adjusted current dependences have
been obtained that more accurately consider the impact of

both determined factors and those unprovisioned in the cur-
rent Instruction for determining the safety and stability pa-
rameters of rooms. It is proposed to additionally comprehen-
sively consider the degree of fracturing and strength of the
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rock mass, the presence of tectonic disturbances in it, as well
as the slope angle of outcrops and their contour restraint
conditions. At the same time, for the first time, the paper
presents numerical values of the factor that considers the
rock mass strength depending on the degree of its fracturing
for conditions of the SE “SkhidGZK” underground mines.

Calculations of the outcrop stability in the mined-out
rooms, when considering their actual lifetime, demonstrate
that the obtained parameters fully correspond to the actual
stability of the rooms in the blocks of all underground mines.
Thus, the advanced methodology for determining the safety
and stability parameters of room mining systems in the SE
“SkhidGZK” underground mines provides higher accuracy
when determining the design parameters of rooms in the
stoping blocks and greater reliability of predictive stability of
both individual outcrops and rooms in general. The imple-
mentation of advanced methodology will enhance the safety
of mining operations.

Based on the performed research and advanced metho-
dology, a new instruction has been developed, approved as
a new regulatory document, to determine the safety and
stability parameters of room systems with backfilling in the
course of mining uranium ores in the SE “SkhidGZK” un-
derground mines.

Acknowledgements

The work was supported by the Ministry of Education
and Science of Ukraine within the framework of the state
scientific topics “Research and scientific-practical substantia-
tion of technological means of raw material quality manage-

ment in ore mining at deep horizons” (State registration No.
0122U000843).

References

[1] Voitsekhovitch, O., Soroka, Y., & Lavrova, T. (2006). Uranium mining
and ore processing in Ukraine-radioecological effects on the Dnipro
River water ecosystem and human health. Radioactivity in the Envi-
ronment, (8), 206-214. https://doi.org/10.1016/S1569-4860(05)08014-9
Lyaschenko, V., Stus, V., & Lisova, T. (2018). Improvement of envi-
ronmental safety of population in uranium-mining regions Ukraine.
Metallurgical and Mining Industry, 38-42.

Bondarenko, V., Kovalevs’ka, 1., & Ganushevych, K. (2014). Progres-
sive technologies of coal, coalbed methane, and ores mining. London,
United Kingdom: CRC Press, Taylor & Francis Group, 523p.
https://doi.org/10.1201/b17547

Levine, R.M., Brininstool, M., & Wallace, G.J. (2007). The mineral
industry of Ukraine. Minerals Yearbook, (3), 46.

Pravyla bezpeky pid chas rozrobky rodovyshch rudnykh ta nerudnykh
korysnykh kopalyn pidzemnym sposobom. (2016). Kyiv, Ukraina:
Normatyv, 178 s.

Instruktsiya po obosnovaniyu bezopasnykh i ustoichivykh parametrov
ochistnykh blokov na shakhtakh GP “VosTGOK”. (2014). Zheltye
Vody, Ukraina: GP “UKRNIPlIpromtekhnologii”, 67 s.

Pysmennyi, S., Fedko, M., Chukharev, S., Rysbekov, K., Kyelgyenbai,
K., & Anastasov, D. (2022). Technology for mining of complex-
structured bodies of stable and unstable ores. IOP Conference Series:
Earth and Environmental Science, 970(1), 012040.
https://doi.org/10.1088/1755-1315/970/1/012040

Kobylkin, D., Zachko, O., Popovych, V., Burak N., Golovatyi, R., &
Carsten, W. Models for changes management in infrastructure projects.
CEUR Workshop Proceedings, (2565), 106-115.

Instruktsiya po obosnovaniyu bezopasnykh i ustoichivykh parametrov
ochistnykh blokov na shakhtakh GP “VosTGOK”. (2005). Zheltye
Vody, Ukraina: GP “UKRNIPIIpromtekhnologii”, 44 s.

Instruktsiya po opredeleniyu parametrov obnazheniy gornykh porod i
raspolozheniya vyrabotok pri kamernykh sistemakh razrabotki s
tverdeyushchey zakladkoy na rudnikakh predpriyatiy. (1986). R-6449.
Moskva, Rossiya: Nedra, 28 s.

Petlovanyi, M., Lozynskyi, V., Zubko, S., Saik, P., & Sai, K. (2019).
The infuence of geology and ore deposit occurrence conditions on dilu-

[2

B3]

4
[5]

[6]

[71

(8]

[9]

[10]

[11]

40

tion indicators of extracted reserves. Rudarsko Geolosko Naftni

Zbornik, 34(1), 83-91. https://doi.org/10.17794/rgn.2019.1.8

Bazaluk, O., Petlovanyi, M., Lozynskyi, V., Zubko, S., Sai, K., & Saik, P.

(2021). Sustainable underground iron ore mining in Ukraine with back-

filling worked-out area. Sustainability, 13(2), 834.

https://doi.org/10.3390/su13020834

Bazaluk, O., Petlovanyi, M., Zubko, S., Lozynskyi, V., & Sai, K.

(2021). Instability assessment of hanging wall rocks during under-

ground mining of iron ores. Minerals, 11(8), 858.

https://doi.org10.3390/min11080858

Khomenko, O., Kononenko, M., & Petlyovanyy, M. (2014). Investiga-

tion of stress-strain state of rock massif around the secondary cham-

bers. Progressive Technologies of Coal, Coalbed Methane, And Ores

Mining, 241-245. https://doi.org/10.1201/b17547-43

Pysmenniy, S., Shvager, N., Shepel, O., Kovbyk, K., & Dolgikh, O.

(2020). Development of resource-saving technology when mining ore

bodies by blocks under rock pressure. E3S Web of Conferences, (166),

02006. https://doi.org/10.1051/e3sconf/202016602006

Kononenko, M., & Khomenko, O. (2010). Technology of support of

workings near to extraction chambers. New Techniques and Technolo-

gies in Mining, 193-197. https://doi.org/10.1201/b11329-32

Khomenko, O., Kononenko, M., & Myronova, |. (2013). Blasting

works technology to decrease an emission of harmful matters into the

mine atmosphere. Annual Scientific-Technical Collection — Mining of

Mineral Deposits 2013, 231-236. https://doi.org/10.1201/b16354-42

Kuandykov, T., Nauryzbayeva, D., Yelemessov, K, Karmanov, T.,

Kakimov, U., & Kolga, A. (2020). Development and justification of a

hydro-impulse method for increasing ore permeability in conditions of

uranium borehole production. News of the National Academy of Scienc-
es of the Republic of Kazakhstan, Series of Geology and Technical Sci-
ences, 6(444), 126-133. https://doi.org/10.32014/2020.2518-170X.139

Aben, E., Toktaruly, B., Khairullayev, N., & Yeluzakh, M. (2021).

Analyzing changes in a leach solution oxygenation in the process of

uranium ore borehole mining. Mining of Mineral Deposits, 15(3), 39-44.

https://doi.org/10.33271/mining15.03.039

Yulusov, S., Surkova, T.Y., Amanzholova, L.U., & Barmenshinova,

M.B. (2018). On sorption of the rare-earth elements. Journal of Chemi-

cal Technology and Metallurgy, 53(1), 79-82.

Matayev, A.K. Musin, A., Abdrashev, R.M. Kuantay, AS., &

Kuandykova, A.N. (2021). Substantiating the optimal type of mine work-

ing fastening based on mathematical modeling of the stress condition of

underground structures. Naukovyi Visnyk Natsionalnoho Hirnychoho

Universytetu, (3), 57-63. https://doi.org/10.33271/nvngu/2021-3/057

Arystan, 1.D., Nemova, N.A., Baizbaev, M.B., & Mataev, A.K. (2021).

Efficiency of modified concrete in lining in underground structures.

I0P Conference Series: Earth and Environmental Science, 773(1),

012063. https://doi.org/10.1088/1755-1315/773/1/012063

Kalybekov, T., Rysbekov, K., Nauryzbayeva, D., Toktarov, A., &

Zhakypbek, Y. (2020). Substantiation of averaging the content of mined

ores with account of their readiness for mining. E3S Web of Conferences,

(201), 021039. https://doi.org/10.1051/e3sconf/202020101039

[24] Malanchuk, Z., Moshynskyi, V., Stets, S., Ignatiuk, 1., & Galiyev, D.

(2020). Modelling hydraulic mixture movement along the extraction cham-

ber bottom in case of hydraulic washout of the puff-stone. E3S Web of Con-

ference, (201), 01011. https://doi.org/10.1051/e3sconf/202020101011

Baimukhanbetova, E., Onaltayev, D., Daumova, G., Amralinova, B., &

Amangeldiyev, A. (2020). Improvement of informational technologies

in ecology. E3S Web of Conferences, (159), 01008.

https://doi.org/10.1051/e3sconf/202015901008

Matayev, A., Abdiev, A., Kydrashov, A., Musin, A., Khvatina, N., &

Kaumetova, D. (2021). Research into technology of fastening the mine

workings in the conditions of unstable masses. Mining of Mineral De-

posits, 15(3), 78-86. https://doi.org/10.33271/mining15.03.078

Morkun, V., Morkun, N., & Tron, V. (2015). Identification of control

systems for ore-processing industry aggregates based on nonparametric

kernel estimators. Metallurgical and Mining Industry, 7(1), 14-17.

[28] Morkun, V., & Tron, V. (2014). Automation of iron ore raw materials
beneficiation with the operational recognition of its varieties in process
streams. Metallurgical and Mining Industry, 6(6), 4-7.

[29] Morkun, V., Morkun, N., & Pikilnyak, A. (2014). The adaptive control
for intensity of ultrasonic influence on iron ore pulp. Metallurgical and
Mining Industry, 6(6), 8-11.

[30] Morkun, V., Morkun, N., & Pikilnyak, A. (2014). Modeling of ultrasonic
waves propagation in inhomogeneous medium using fibered spaces
method (k-space). Metallurgical and Mining Industry, 6(2), 43-48.

[31] Lyashenko, V.I. (2005). Development of methods for managing the ore
resources during underground mining of deposits with complicated
structure. Gornyi Zhurnal, (6), 43-46.

[12]

(13]

(14]

[15]

[16]

(17

(18]

(19]

[20]

[21]

[22]

(23]

[25]

(26]

(27]



M. Stupnik et al. (2022). Mining of Mineral Deposits, 16(2), 33-41

[32] Puhal’skij, V.N. (2012). Obespechenie ustoychivosti konstruktivnykh [42] Lyashenko, V.l. (2005). Environment and resource saving methods of

ehlementov kamernoy sistemy razrabotki uranovykh mestorozhdeniy inventory control of uranium mines and deposits. Metallurgicheskaya i
pod okhranyaemymi ob’ktami. Dissertaciya. Krivoy Rog, Ukraina: Gornorudnaya Promyshlennost’, (1), 122-127.
KNU, 136 s. [43] Vyznachennia ta kontrol dopustymykh rozmiriv konstruktyvnykh ele-

[33] Khomenko, O., & Maltsev, D. (2013). Laboratory research of influence mentiv system rozrobky zaliznykh rud. (2010). Instruktsiia po zastosu-
of face area dimensions on the state of uranium ore layers being broken. vanniu. Kryvyi Rih, Ukraina: Rotaprynt DP “NDHRI”, 122 s.

Naukowyi Visnyk Natsionalnoho Hirnychoho Universytetu, (2), 31-37. [44] Kucher, V.M. (1977). Zavisimost’ ustoychivosti obnazheniy ot formy,

[34] Stupnik, M.L, Kalinichenko, V.O., Fedko, M.B., & Kalinichenko, O.V. razmerov i usloviy zashchemleniya po konturu. Razrabotka Rudnykh
(2018). Investigation into crown stability at underground leaching of Mestorozhdeniy, (24), 26-30.
uranium ore. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, [45] Morkun, V., Morkun, N., & Tron, V. (2015). Model synthesis of
(6), 20-25. https://doi.org/10.29202/nvngu/20186/5 nonlinear nonstationary dynamical systems in concentrating production

[35] Stupnik, N.I., Kalinichenko, V.A., Fedko, M.B., & Mirchenko, Ye.G. using Volterra kernel transformation. Metallurgical and Mining Indus-
(2013). Prospects of application of TNT-free explosives in ore deposits try, 7(10), 6-9.
developed by underground mining. Naukovyi Visnyk Natsionalnoho [46] Morkun, V., Morkun, N., & Pikilnyak, A. (2014). The gas bubble size
Hirnychoho Universytetu, (1), 44-48. distribution control formation in the flotation process. Metallurgical

[36] Stupnik, N., & Kalinichenko, V. (2012). Parameters of shear zone and and Mining Industry, 6(4), 42-45.
methods of their conditions control at underground mining of steep- [47] Kaplenko, Yu.P., & Tsarikovskiy, V.V. (2005). Vliyanie napryazhen-
dipping iron ore deposits in Kryvyi Rig basin. Geomechanical Pro- nogo sostoyaniya gornogo massiva i gorno-geologicheskikh usloviy na
cesses During Underground Mining — Proceedings of the School of parametry obnazheniy i formu ochistnykh kamer. Razrabotka Rudnykh
Underground Mining, 15-17. https://doi.org/10.1201/b13157-4 Mestorozhdeniy, (88), 11-24.

[37] Khomenko, O., Sudakov, A., Malanchuk, Z., & Malanchuk, Ye. [48] Tsarykovskyi, V.V. (2010). Pidvyshchennia efektyvnosti kamernykh
(2017). Principles of rock pressure energy usage during underground system rozrobky pry vydobutku rud na shakhtakh Kryvbasu. Avtoref-
mining of deposits. Naukovyi Visnyk Natsionalnoho Hirnychoho Uni- erat dysertatsii. Kryvyi Rih, Ukraina: KTU, 20 s.
versytetu, (2), 35-43. [49] Stupnik, M., & Kalinichenko, V. (2013). Magnetite quartzite mining is the

[38] Pysmennyi, S., Fedko, M., Shvaher, N., & Chukharev, S. (2020). future of Kryvyi Rig iron ore basin. Annual Scientific-Technical Collection —
Mining of rich iron ore deposits of complex structure under the condi- Mining of Mineral Deposits 2013, 49-52. https://doi.org/10.1201/b16354-10
tions of rock pressure development. E3S Web of Conferences, (201), [50] Kononenko, M., & Khomenko, O. (2010). Technology of support of
01022. https://doi.org/10.1051/e3sconf/202020101022 workings near to extraction chambers. New Techniques and Technolo-

[39] Stupnik, N.I., Kalinichenko, V.A., Fedko, M.B., & Mirchenko, Ye.G. gies in Mining, 193-197. https://doi.org/10.1201/b11329-32
(2013). Influence of rock massif stress-strain state on uranium ore [51] Zhanchiv, B., Rudakov, D., Khomenko, O., & Tsendzhav, L. (2013).
breaking technology. Naukovyi Visnyk Natsionalnoho Hirnychoho Substantiation of mining parameters of Mongolia uranium deposits.
Universytetu, (2), 11-16. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, (4), 10-18.

[40] Lyashenko, V.l., Savel’ev, Yu.Ya, & Tkachenko, A.A. (2006). [52] Chystiakov, Ye.P., Chystiakov, D.Ye., Fedorenko, O.l., & Moshyn-
Nauchno-tekhnicheskie osnovy seysmobezopasnoy tekhnologii pod- skyi, V.I. (2012). Instruktsiia iz vyznachennia stiikosti hirskykh porid
zemnoy razrabotki uranovykh mestorozhdeniy. Metallurgicheskaya i pry prokhodzhenni hirnychykh vyrobok v umovakh uranovykh rodo-
Gornorudnaya Promyshlennost’, (6), 107-111. vyshch, shcho rozrobliaiutsia DP “SkhidHZK ”. Kryvyi Rih, Ukraina:

[41] Lyashenko, V.l. (2014). Ecological safety of uranium production in NDHRI DVNZ “KNU”, 28 s.

Ukraine. Gornyi Zhurnal, (4), 113-116.

i | HAJEHHS METOAMKH BU3HAYEHHS MapaMeTpiB KaMepHHUX CHCTEM IPHU BHA0OYT
Ynockonaje e€TOANK 3HAYe apame KaMe cucre 00yTK
ypaHoBux pya B ymoBax maxt AII “Cxial' 3K”, Ykpaina

M. Crynuik, B. Kaninidenko, M. ®easko, C. [Tucemennnii, O. Kaniniuenko, A. [Tourapes

MeTta. MeToro faHOi poOOTH € YIOCKOHAICHHS METOAMKA BH3HAYCHHS OC3MEYHMX Ta CTIMKHX MapaMeTpiB KaMEPHHX CHCTEM PO3POOKH
3 3aKJIaIKOI0 BHPOOJIEHOTO MPOCTOPY IMpH BUAOOYTKY YpaHOBUX pyd B yMoBax mmIaxT JlepxkaBHoro mimnmpueMcTBa “CXimHHHA TipHHYO-
36arauyBanbHuit kKom6inat” (IT “Cxinl 3K”).

Metoauxka. Y po6oTi OyB BHKOPUCTaHHIA aHATITHYHHIA METO JOCITIKEHbB, SIKHH BKIIOYAB aHAIIi3 MOTEPEIHIX BiAIIOBITHUX 1HCTPYKLI
Ta 3BiTiB HAYKOBO-IOCTITHUX POOiT, mo BukoHyBamuch Ha Il “Cxial 3K”, miTeparypHuX IKepeln 3 1aHOT TEMaTHKH, a TAaKOX aHali3 po0o-
401 reoJIoro-MapKuIeiiepcbkoi TOKyMeHTallii, sika BijioOpaXkae MOHITOPHHT HaIpy>KeHO-1e(pOPMOBAHOTO CTaHy TipChKOTO MacHBY HAaBKOJIO
YTBOPEHUX MOPOKHKH Ta ()aKTUYHHI CTaH BiINpalboOBaHUX OJIOKIB Ha yCiX IIaXTax KOMOiHaTy.

PesyabTaTn. Ha mifcraBi BUKOHaHHMX IOCIHiJXKEHb po3po0jieHa HOBA IHCTPYKIIS /Ui BU3HAYCHHs OC3MEYHHMX Ta CTIMKUX MapaMeTpiB
KaMEepHHUX CHCTEM i3 3aKJIaJKOI0 MpH BUA0OYTKY ypaHoBuX pyna B yMoBax maxt J(IT “Cxial'3K”. Bukonani 3riqHo po3po06ieHoT HOBOT iH-
CTPYKIii pO3paxyHKH CTIHKOCTI BiJICIIOHEHb y BiNpambOBaHUX Kamepax 3 ypaxyBaHHSIM (aKTHYHOTO Yacy iX iICHyBaHHS TOKAa3asH, IIO0
OTpHMaHi MapaMeTpH MOBHICTIO BiINOBINAOTh (PaKTHYHINA CTIMKOCTI Kamep y OJokax ycix maxT. Lle cBim4uTh mpo Te, o HOBa iHCTPYKIIIS €
OLITBII TOCKOHAJIOKO Y TIOPiBHSAHHI 3 YHHHOIO IHCTPYKINEIO Ta il BIPOBAXKCHHS CIIPUATHME T IBUICHHIO O€3MEeKH POOIT.

HaykoBa HoBHU3HA. 3pocTaHHS IMOVMHN BHA0OYBaHHS ypaHOBHX pyx Ha maxTax JI1 “Cxinl'3K” i 30inbImeHHs qacy iCHyBaHHS BiIpa-
[[bOBAHUX KaMep NOTPeOyIOTh NEepioUYHOr0 KOPUTYBaHHSI METOIMKK BU3HAUEHHs 1X Oe3neyHuX Ta CTikux mapamerpiB. Ha migcrasi Hako-
MUYECHOTO BUPOOHUYOTO JOCBiy, MPOBEICHUX CIOCTEPEKEHb Ta B PE3YJIbTATi PETEIbHOro aHamizy (aKTHYHOIO CTaHy MOPOXKHUH OyIH
OTpHMaHi HOBi Ta CKOPHIOBaHI BiJOMi 3aJI©XKHOCTI, SIKi OLITBII TOYHO BPaXOBYIOTh BIUIMB SIK BiTOMHX (akTOpiB, TaK it THX, 10 He OyJM Bpa-
XOBaHI B UMHHI IHCTPYKIIT 3 BU3HAUEHHS OE3MEeYHHX Ta CTIHKUX MMapaMeTpiB Kamep.

IIpakTHyHa 3HAYMMIiCTb. Y IOCKOHATE€Ha METOIUKA BH3HAUCHHS OE3MEYHUX Ta CTIHKHMX IMapaMeTpiB KaMepHUX CHCTEM y MOPIBHSHHI 3
METOJIMKOIO, SIKa 3aCTOCOBY€ETHCS Y UMHHIN Ha IIaXTaX KOMOIHATY iHCTPYKIIii, 3a0e31edye BUILYy TOYHICTh MPW BU3HAYCHHI MPOEKTHUX Mapa-
METpIiB KaMep B OYMCHUX OJIOKaX i OLIBIIY TOCTOBIPHICTh MPOTHO3HOI CTIHKOCTI SIK OKPEMHUX BiZICTIOHEHB, TaK 1 KaMep y IIoMy .

Knrouosi cnosa: ypanosi pyou, kamepra cucmema po3pooKu i3 3akiadkor0, 2eOMempuyiHi napamempu, Cmitikicms, besnexa
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