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Ha ocnosi adanmosanoi Jmfaem' Jaxoea I. M. ecma-
HOBJIEHO 3AKOHOMIPHICIb NPOX00NHCEHHSA X6UTIb MUCKY
npu niopueamni 2ipcoKux nopio 6i0 axKycmuunoi xncop-
CmKoOCmi 3anoéHI08aMA NPOMINCKY MIdC 3apadoM ma
CMIHKO10 C8epO06UHU Mma 1020 eeauyutu. Busnaueno,
wo 3i 30LIbUWEHHAM AKYCMUMHOL HCOPCMKOCML PO3UU-
HY, AKUU NPONOHYEMbCA BUKOPUCHOBYGAMU AK 3AN0G-
HI06aYM NPOMINCKY MidC 3apsA00M ma C6epoJlo6UHOI0, NIK
mucky y oausictiil 0o 3apsady 30mi smenumyemocs. Oxpim
M020 30ILUYEMbCA WUPUHA AMNIIIMYOU X6UNE MUCKY. i
301IbUMEHHAM 8EUMUHU NPOMINHCKY 3A PAXYHOK 3ACMOCY -
8anms 3MeHuenux diamempis 3apaoie eexm HUNCEHHA
o0csiey nunoymeopenus nocuaioemocsi. Bemanoeneno
3aKOHOMIPHOCIE NPOXOOHCEHHA X6UIb MUCKY 610 aKycC-
MUUHOT HCOPCMKOCMI 3AN06HI0BAUA NPOMINCKY MINC
3apsa0doM ma CMIHKON C8epONOBUHU, A MAKONC U020
SesuMunU 011 PI3HUX MUNIG CKebHUX nopid. 3oxpema
ona basanvmy, diabasy, epanimy, 2a0po ma 6anHsKy.
Busnaueno, wo po3uunu 3 0ibW010 AKYCMUHOIO HCOP-
cmKicmio 0036019Mb 3MEHWUMU 00CSA2 NUTOYMEOPEHHSL
ma nidsuwumu 0oHopioHicme (Qpaxuiiinozo cxnady 2ip-
cokoi macu. Ile moscauso 3a paxynox amenuwenns amn-
imyou xeunb MucKy Ha Medici po3nooiny cepeoosuu
ma 30i1bueHHA WUPUHU AMNIIMYOU Y 0YOb-AKil CKelb-
Hill nopodi. 3okpema 3ano6HEHHA NPOMINCKY 600HUM
posuunom cyavpamy 3aniza (III) dozsonse smenwumu
amnaimyoy xeuao mucky va 20 %. Pesyavmamu doci-
0JCeHb € GANHCAUBUMU, MAK AK 00360JIA10Mb YNPAeis-
mu npoyecom 6UdYx06020 PYUHYBAHHI CKeNbHUX NOPIO.
Taxe ynpaeninns Mmodxce 30iUCHIOBAMUCS 34 PAXYHOK
3MIHU AKYCMUUHOL HCOPCMKOCMI 3aN0BHI08AUA NPOMIJIC-
KY MIJC 3aps0om i c6epoNosuUH0I0 i 3MIHU 11020 BETIUMUHU.
Pezynauin oanux napamempie e nozipuumo pesyioma-
mu 6uOYxy, AK HANPUKIAO 3MeHWEHHS eumpamu eudy-
X0601 pewosunu, abo 3menuwenns diamempy 3apsady. A
Haenaxu 3abe3nevumv OiLIbW PIGHOMIpHE NOWUPEHHS
X6UNb MUCKY Y MACUBL | MUM CAMUM 00360JUMb 3MEH-
wumu He uue HABAHMANCEHHS HA HABKOJIUUHE Cepedo-
suwe, a i codvisapmicmv 20mo6oi nPooyKuii.

Kmouoei cnosa: ckeavii nopoou, npouec nuioymeo-
penns, eubyxose pyilnyeanns, 30Ha nepenoopioHenns,

dpaxuivinuii cxaao zipCbzrlcoi' macu
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1. Introduction

At present, a prevailing technique in the development of
mineral resources is the open technique, which is character-
ized as the most economical and efficient. It is the develop-
ment of mineral resources using open technique that causes
the greatest damage to the components of the environment.
Specifically, pollution with the micro dispersed dust and
harmful gases, which depends on both natural factors and
the technology for conducting mining operations [1].

From 24 to 48 serial explosions are performed at the
quarries of major mining and metallurgical enterprises of
Ukraine annually. At the average productivity of each at
300-800 thousand m? of rock mass, the volume of a dust-

gas cloud, which is discharged into the atmosphere, reaches
10-15 thousand m3, with the concentration of dust amount-
ing to 700-4,150 kg/m? [2]. A dust-gas cloud, which forms
during explosive works, pollute the atmosphere not only
of quarries and industrial sites, but the residential areas
adjacent to them as well [3]. That impacts the health of
people living at adjacent areas [4]. Thus, explosions that use
1,000 tons of explosive substances (ES) pollute around
40 million m? of atmospheric air that exceeds MPC by tens
of times. In this case, the range of its distribution reaches
15 km, and even more [3]. Therefore, increasing the level of
environmental safety during mass explosions in the quarries
by improving the operation technology is an important sci-
entific and practical task.




2. Literature review and problem statement

At present, reduction of gas-dust release during mass
explosions is achieved by technological, technical, and orga-
nizational measures [5]. Most commonly used are the tech-
nological measures that imply improvement of the design of
a charge and tamping. Design of the charge is improved by
adding to the charges of ES slaked lime or soda, by reducing
the diameter of the charge, by separating the column of the
charge by air and inert intervals, by decreasing the magni-
tude of re-drilling [6]. Special attention is paid to the choice
of explosives and detonation techniques. The effectiveness
of their influence on the results of explosion, particularly on
the area of re-shredding, is described in paper [7]. Design
of the tamping can be improved by using a hydrotamping,
a tamping with water solution of SAS [5]. However, such
measures, when applied separately, do not yield the desired
effect. Adding to the charges of ES slaked lime or soda re-
duces the amount of harmful gases that form at blasting. In
this case, the issue of dust formation and quality of the rock
mass remains to be studied.

Research results of the influence of the diameter of a
borehole charge on the contact area between an explosive
and the rock that is destroyed, as well as on the output of
small factions, are reported in paper [8]. The authors proved
that at a constant specific consumption of an explosive re-
ducing the diameter of wells leads to an increase in the area
of contact between the explosives and rock. That contributes
to improving the conditions for locking the products of det-
onation in wells and to the improved efficiency of explosion.
In this case, the expanding area of a wells network and
the corresponding reduction of specific consumption of an
explosive create conditions for reducing the yield of small
fractions [8]. However, reducing the diameter of the charge
helps reduce a re-shredding zone but does not address the
issue of the release of harmful gases and the homogeneity of
fractional composition.

Author of [9] developed a design of the borehole charge
with an air cavity in the bottom part of the borehole. Its ap-
plication makes it possible to reduce specific consumption of
ES to 0.513 kg/m? of the blasted rock mass. However, divid-
ing the charge column by air and inert intervals allows only
the more efficient use of the blast energy, while an increase
in the volume of the zone of controlled shredding was not
scientifically substantiated in a given paper.

To reduce the re-shredding zone and dust emission, it is
more appropriate to design a charge with air or water gaps
between the charge and the wall of the well. The existence of
aradial air gap leads to a decrease in the magnitude of an im-
pact wave amplitude, reducing the initial peak pressure and
increasing the width of the amplitude (Fig. 1). That makes
it possible to increase the pulse duration of the impact wave
influence on the environment and leads to a reduction in
energy costs for the dissipative loss. The result of the use of
such designs is the greatly increased efficiency coefficient of
the blast energy [10]. However, this effect could potentially
be reinforced by the scientifically substantiated choice of the
filler for a gap between the charge and the wall of the well.

Reducing the magnitude of re-drilling makes it possible
to reduce the amount of dust formation by reducing the
action of an explosion at the area of re-drilling, however,
it contributes to the creation of steps along the bottom of
the ledge. The technology of explosion, described in [6],
employed well charges without re-drilling, at the bottom

of which, at the level of the sole of the ledge, air “cushions”
form, designated by the authors as “Power Deck”. Prior to
charging, “Power Deck” is inserted into the well; its con-
tainer is filled in advance with drill cuttings to increase
the weight of the structure to enable its smooth fall to the
bottom of the well [6]. According to the authors, the effect of
the air bag of “Power “Deck” is achieved by a total action of
the impact wave energy and a piston action of blast products
to the borehole. The result of the proposed solution imple-
mentation is that the authors partially resolved the issue of
thresholds and re-shredded fractions. However, labor inten-
sity and high cost of the charging process prevented its wide
application in rock quarries.
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Fig. 1. Amplitude of an impact wave: a — without a radial air
gap; b — with an air radial gap; d,,, — width of amplitude

The transition from TNT containing explosives to sim-
ple water-emulsion ones with a null, or close to it, oxygen
balance [11] made it possible to reduce the amount and list
of harmful gases. However, it is almost impossible to achieve
the homogeneity of the fractional composition with such a
replacement.

Improvement of location parameters of the downhole
charges, taking into account the properties of rocks, made
it possible to increase the efficiency of processing a ledge
by considering the structural-texture features in an array
of rocks [12]. However, the qualitative composition of the
blasted mountain mass was not considered in the paper.
Article [13] pays attention to the influence of geometry of a
downhole charges network on the fragmentation of the rock
mass. However, these studies do not take into account the
impact of a peak pressure in the region, close to the charge,
on the yield of re-shredded fractions.

Technical measures for reducing gas-dust release at mass
explosions include the spraying of blocks before a blast with
aqueous solutions of SAS, spraying a zone of dust discharge
from a dust-gas cloud, and constructing the hydro curtains
[5]. They also use special decks in wells to enhance the qual-
ity of fractional composition of rock mass and to reduce theh
level of vibration [14]. However, such measures are aimed at
minimizing the effects only, rather than the elimination of
their causes.

Organizational measures only make it possible to short-
en the time of dispersing a dust-gas cloud by carrying out
mass explosions over a period of maximum wind activity
with respect to the wind rose for a specific region [3].

Authors of [15] express their opinion on that it is advis-
able to apply a comprehensive approach to address problem-
atic issues concerning environmental safety during blasting
operations in quarries.

Summing up the analysis we conducted, it is worth
noting that the developed measures have not been widely



applied in rock quarries. The main reasons are the com-
plexity, labor intensity, and high cost, on the one hand,
and their little effect on the explosion results (fractional
composition of a rock mass and the volume of dust forma-
tion), on the other hand. Given this, the rock quarries still
suffer, in the production of crushed stone, from a problem
of the high percentage of nonconditional fractions of the
rock mass in the fraction composition. Particularly, the
re-shredded ones, which, in contrast to fractions larger than
the conditioned, cannot be brought to the conditioned size.
It is the re-shredded fraction that is the source of dust for-
mation in the quarries and that takes the primary share in
the waste of mining production. It has not been established
up to now which design parameters of the charge could be
changed without compromising the efficiency of shredding
and which, at the same time, have a significant effect on the
dimensions of a re-shredding zone. The most appropriate at
this stage is considered to be the application of an interval
between the charge and the wall of the well, filled with air
or water. It was proved that the water, acting as a damper,
would reduce the size of the zone of re-shredding and it has a
greater effect than the air. However, until now, no impact of
the characteristics and properties of a filler for a gap between
the charge and the wall of the well was determined, nor the
effect of its magnitude on the results of destroying the rock
by explosion. The process of rock destruction is, to a greater
extent, uncontrollable.

3. The aim and objectives of the study

The aim of this research is to control the process of explo-
sive destruction of rocks in order to reduce dust formation
and improve the quality of the blasted rock mass.

To accomplish the aim, the following tasks have been set:

— to establish the dependences in the passage of pressure
waves at the explosion of a borehole charge on the spatial
coordinate (a distance to the source of explosion), the
magnitude of the gap between the charge and the well, and
characteristics of the gap filler based on adapted model by
G. M. Lyakhov;

— to substantiate a rational magnitude of the gap be-
tween the charge and the well and the characteristics of the
filler;

— to substantiate the feasibility of the proposed approach
for different types of rock.

4. Materials and methods to study the process of
explosive destruction of rocks

When modeling, rock is considered to be a three-compo-
nent environment, which consists of the gas, liquid, and solid
components. A special case is the solid component only. Un-
der the action of a dynamic load, in the microvolume of rock,
the component is exposed to pressure P and it moves at a
conditional speed U, while the deformation of the component
under the influence of pressure P is governed by the same
laws that act in the free state. The following designations are
introduced to the equation of state of such an environment:
a; is the content of components by volume; pjg is the density;
Vio is their specific volume; ¢;q is the speed of sound in the
components at atmospheric pressure Py; i is the number of
the component (1 — air, 2 — liquid, 3 — solid particles), y; are

the isentropic coefficients according to the Tait equation. At
a pressure of P=P, the density of environment pyand specif-
ic volume Vj are determined from formulae:
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At pressure P, we shall denote component parameters
as V;, pi, ¢;; and those of the environment in general V and
p. Density of the environment at pressure P is composed of
the initial density py and the terms predetermined by the
compression of each component, that is,
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If we substitute in a given expression the value for spe-
cific volume of the components at pressure P, we then obtain
the equation of compression of the nonlinear elastic multi-
component environment in the form

5 (P_p i
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where y,=1/v;.

The advantage of this model is its simplicity, the possi-
bility to represent the dependence of a sound wave speed on
pressure in the form of simple correlations. In a given case,
the model is adapted for the two-component environment,
through which the pressure waves pass at explosion. The
model was thoroughly verified in practice and showed a high
convergence between theoretical and experimental results.
The speed of sound at pressure P is derived from condition
c=(dP/ds)'/* and takes the form
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The movement of a two-layer environment that consists
of rock and a damping layer, for the case of propagation of
cylindrical waves, is described by the system of equations in
the Euler’s coordinates for each layer [16].
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where 7 is the spatial coordinate, ¢ is the time coordinate, U
is velocity, p is density, P is pressure.

Accordingly, the equations of state are written for each
layer:

3 —1/7i
(P-P,
F(P, p):zai[Yz( . o)+1:| _&:0_ (6)
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Next, we consider the non-stationary behavior of a
two-layer layer medium at certain initial conditions. It is



assumed that the load P(¢)|,—, is applied to the boundary

of a certain cylindrical cavity of radius r=r (for the case of

cylindrical symmetry) (Fig. 2).

SRR

Fig. 2. Schematic representation of the two-layer
environment “gap filler — rock”: 1 — device that feeds a
plastic hose; 2 — plastic hose; 3 — gap between the charge
and the wall of the well; 4 — rock; 5 — explosive substance

The algorithm for solving the problem on the behavior
of a two-layer medium under loading the cylindrical cavi-
ty with non-stationary load P(¢)|,-,0, equations (5), (6), is
based on the application of a finite-difference scheme the
predictor-corrector by McCormack [ 17, 18].

At a step of the predictor, difference equations for the
case of cylindrical symmetry take the form:
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At a step of the corrector, equations are recorded as
follows:
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To find the desired magnitudes at the surface of cylindri-
cal cavity, we apply the following difference equations:
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At a step of the corrector, equations at the boundary of
the cavity take the form
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Given that the McCormack difference scheme is explicit,
we used the condition for numerical stability for calcula-
tions:
(1U]+c)t/ Aar<, (15)
where magnitude ¢ corresponds to the local speed of sound
in the examined environments (4).

5. Results of research into studying the process of
explosive destruction of rocks

We consider a cylindrical cavity of radius =R in the
mountain rock — equations (5), (6). The statement of the
problem is schematically shown in Fig. 2. It is assumed that
the load P(R,t) is applied to the inner boundary of the cavity;
it takes the form:

P(R,t):Asinn?t[n(t)—n(t—T)], (16)

where A=107 Pa; 7=50-10"6 s; n(¢) is the Heaviside function.

The first layer (a gap between the charge and the well)
is within the area of R<r<2R, the second layer (rock) —
2R<r<oo. Parameters of the equation of state (3) are variable.

To calculate the magnitude of pressure depending on the
magnitude of the gap and characteristics of the filler, we used
the following data: y;=1,4; y»=7; y3=4 and data from Table 1.
To obtain the estimation data on our study, we developed a
software written in the programming language FORTRAN.
Processing of the derived results and construction of depen-
dence charts was carried out using the package Microsoft
Office Excel.

Fig. 3 shows results of numerical calculation of pressure
at a change in the spatial coordinate. Particularly, it demon-
strates the dependence of pressure P wave propagation on
spatial coordinate 7, depending on acoustic rigidity of the
gap filler between the charge and the wall of the well for
fillers 1, 4, and 7. Calculation is performed for granite based
on data from Table 1.

The results of analysis of Fig. 3 show that an increase in
the acoustic rigidity of the solution that is proposed to be
used as a gap filler between a charge and the well leads to a
decreasein the peak pressurein the zone close to the charge.



A maximum of this reduction can be achieved when using P.Pa
a dense solution — filler 1; in this case, the aqueous solu-
tion of iron (III) sulphate, whose characteristics are: p,= 8.00E+06 [—f\
=1,798 kg/m? and ¢=2,712 m/s. Thus, while applying {\
it, the maximum pressure in the zone close to the charge, 6,00E+06
which is the main source of dust formation, is 8.19x10°6 Pa. f
At the same time, when using water (filler 2), which is 4,00E+06 al
commonly used, this pressure is 9.91x106 Pa, nearly 20 % ! / / \ /\
larger. As a conclusion, it is worth noting that the solu- 2 00E+06 WVIRN
tions with a larger acoustic rigidity will make it possible ’ V \
to decrease the amount of dust formation and increase the 0,000 %ﬁ&w
uniformity of the fractional composition of rocks. This ’ 008 027 046 065 084 103 122  r.m-10°
is possible due to a decrease in the amplitude of pressure a
waves at the boundary of the media “gap filler — rock” and
an increase in the width of the amplitude (Fig. 3). In ad- F.pa
dition, such an approach makes it possible to increase the
level of resource-saving. Particularly, that helps reduce 8,00E+06
losses related to the re-shredded fractions, which are a
waste of the mining production and are disposed of in the 6.00E-06 N
dumps that produce a negative impact on the environment \ \
due to dust. +o0mr06 N
Table 1 \ / \ / /\
Initial data to establish the dependence of pressure waves 2.00E+06
propagation om the spatial coordinate / \ \
~Amoc -\I"“"\/y
Characteristics of the gap 0.00E+00 "
Rock filler between the charge 008 027 046 065 08 103 122 rml0°
Well di- Charge characteristics and the wall of the well b
ameter, | diame-
mm |ter, mm ) ) P,Pa
Density, | Speed of No Density, | Speed of
kg/m? |sound, m/s|" | kg/m® |sound, m/s 1,00E+07 \
1] 1798 | 2712 8,00E:+06 \ /A\
2| 1449 | 1985 oo0Eree \ \ /
4,00E+06 /\
3 1,181 1,600 \ / \ \ /
2,00E+06
250 160 2,650 4,500 4 1,000 1,450 / j\‘/_ J \

0,00E+00
0,08 027 046 0,65 0,84 1,03 1,22 r,m-107

5 880 1,082
c
6 800 992.09 Fig. 3. Dependence of pressure waves propagation on a
change in the spatial coordinate for different types of the
7 7920 985.52 gap filler between the charge and the walls of the well:
a — filler 1; b — filler 4; ¢ — filler 7
P,Pa
{\ P,Pa
8,00E+06

\ 8,00E+06 {\

N [ \
6,00E+06
/ 6,00E+06 M\

N

4,00E+06 \ [\
| / \ /\ - V \ / \ /\
2,00E+06 \ \ / r\‘\ 2,00E+06 /\
0,00E+00 0,00E+00
0,10 0,29 0,48 0,66 0,85 1,04 1,23 r,m-107 0,11 0,30 0,48 0,67 0,86 1,04 1,23 r,m-107
a b

Fig. 4. Dependence of pressure waves propagation on a change in the spatial coordinate in granites when using the aqueous
solution of iron (Ill) sulphate for the following diameters of charges: a — 200 mm, 6 — 220 mm




P,Pa

Similar calculations were performed using the aque-
ous solution of iron (IIT) sulphate for the diameters of the | 00E-07
charges of 200 and 220 mm in order to establish the rational ’
magnitude of the gap between the charge and the wall of the 8,00E+06
well at the same initial data (Fig. 4). Fig. 3 and Fig. 4 show
that the lowest peak of pressure is observed at a diameter of 6,00E+06
the charge of 160 mm and a diameter of the well of 250 mm.
That suggests that an increase in the magnitude of the gap 4,00E+06
by applying smaller diameters of the charges enhances the 2.00E+06
effect of reducing the amount of dust formation. ik LA
To confirm this effect during extraction of other rocks, 0,00E+00 Ler s b T\
we calculated the pressure depending on the spatial coordi- 0,08 0,27 046 0,65 084 1,03 122 r,m10?
nate (Table 2) for basalt, diabase (Fig. 5), granite, gabbro, a
and limestone (Fig. 6). Such a calculation was conducted P,Pa
for the two cases: using the aqueous solution of iron (IIT) 1 00E+07
sulphate as the gap filler between the charge and the wall of ’
a well, and when using water separately. 8,00E-+06
Table 2 6,00E+06
Initial data to establish the dependence of pressure waves 4,00E+06
propagation on spatial coordinate for various types of rocks
2,00E+06 ARAL . 8
Characteristics of the RIS e o~ A\,
. Rock characteristics gap filler between 0-00E+00 10
Well di- Charge the charge and the 0,08 027 046 0,65 084 1,03 122 r,ml0
ameter, | diame- wall of the well b
mm | ter, mm Density,| Speed of | Density,| Speed of Fig. 6. Depend.ence of thg pressure waves prop.agation
Rock ke/mS s . 3 . on a change in the spatial coordinate when using as
g/m’® |sound, m/s| kg/m? |sound, m/s
the gap between the charge and the well the aqueous
Basalt | 2,860 5,400 solution of iron (lll) sulphate (a) and water (b) while
extracting limestone
Diabase| 3,020 6,300
The results of calculations show that the reduction
Gabbro | 2,900 6,250 1,798 97.12 of the pressure peak as a result of using as the gap filler
i the aqueous solution with a high acoustic rigidity is
Granite| 2,650 4,500 observed for all types of rocks. Particularly, this effect
Lime- is best evident in the rocks with less acoustic rigidity
stone 2,550 4,550 (granite, limestone), and worse — in the rocks with larger
250 160 acoustic rigidity (diabase), however it does not reduce
Basalt | 2,860 5,400 its value (Fig. 5, 6). Thus, when blasting the limestones,
. the peak of pressure when using water as a gap filler be-
Diabase) 3,020 6,300 tween the charge and the walls of wells is 1x107 Pa. At
Gabbro | 2,900 6,250 the same time, when using the aqueous solution of iron
10001 14501 111y sulphate, it is about 8x106 Pa, which is 20 % less.
Granite | 2,650 4,500 The trend is similar for diabase; the difference between
Lime- the maximum values of pressure in the zone close to the
stone | 2990 4,550 charge when applying water and the aqueous solution of
iron (IIT) sulphate is about 15 %.
P,Pa P,Pa
1,00E+07 1,00E+07
8,00E+06 8,00E+06
6,00E+06 6,00E+06
4,00E+06 4,00E+06
2,00E+06 ) 2,00E+06 o, RE AR ¥ X
0,00E+00 0,00E+00 PRRAS Y T i a AW

0,08 0,27 0,46 0,65 0,84 1,03 1,22 r,m-107

a

0,08 0,27 0,46 0,65 0,84 1,03 1,22 r,m-103

b

Fig. 5. Dependence of the pressure waves propagation on a change in the spatial coordinate when using as the gap
between the charge and the well the aqueous solution of iron (lll) sulphate (@) and water (b) while extracting diabase



6. Discussion of results of mathematical modelling of the
process of explosive destruction of rocks

This research is aimed at improving the level of envi-
ronmental safety during explosive destruction of rocks in
quarries. That is implemented by improving the design of the
charge using a radial gap between the charge and the wall
of the well, which is filled with an inert substance that has
high acoustic rigidity. There are studies [1-15], described
above, that offer solutions to a given problem through tech-
nological, technical, and organizational measures. However,
the common drawback is the impossibility to minimize
dust emissions without reducing the effectiveness of rock
destruction by explosion. It was not found how the design
parameters of the charge could affect dimensions of the
re-shredding zone without reducing the effectiveness of
shredding. Still undetermined is the effect of the character-
istics and properties of the gap filler between the charge and
the wall of the well and its magnitude on the results of rock
destruction by explosion.

The derived patterns in the propagation of pressure
waves depending on acoustic rigidity of the gap filler be-
tween a charge and the wall of a well and its magnitude are
based on the application of the McCormack finite-difference
scheme of predictor-corrector [17, 18].

We confirmed influence of the magnitude of the gap
between the charge and the wall of the well and its filler on
the effectiveness of rock destruction by explosion and the
amount of dust emission at a mass explosion.

The difference of this study from [1-15] is in that the
process of explosive destruction of rocks is managed based
on the adapted model by G.M. Lyakhov. Such a model, in
addition to the characteristics of the rock and the explosive,
makes it possible to take into account characteristics and the
amount of gap filler between the charge and the wall of the
well. Results of the calculation, based on it, show that an in-
crease in the acoustic rigidity of the filler leads to a decrease
in the peak of pressure in the zone close to the charge by
15-20 %. The increase in the magnitude of the gap through
the application of charges with smaller diameters enhances
the effect.

The benefits of this research include a possibility to use
the developed approach for solving practical tasks. Particu-
larly, in order to reduce the amount of dust formation during
blasting operations. In addition, it is advisable to use it to
improve quality of the blasted rocks (decreasing a resource

loss by reducing the yield of re-shredded (sub-standard)
fractions. It is known that the higher parameters of the det-
onation wave, the larger the stresses on the wall of the blast
chamber and the larger the energy of dissipation, spent on
re-shredding.

The shortcoming of the study conducted is a partial
lack of experimental data. However, we are currently
preparing an industrial experiment in order to measure
the volume of dust emissions and to establish a fractional
composition of the blasted rock. In line with the experi-
ment design, there could be a research into the established
theoretical dependences.

7. Conclusions

1. We have established the pattern in the propagation of
pressure P waves related to the spatial coordinate 7 depend-
ing on acoustic rigidity of the gap filler between a charge and
a wall of the well, its magnitude. It was determined that an
increase in the acoustic rigidity of the filler reduces a peak
of pressure in the zone close to charge by 15-20 %. The in-
crease in the magnitude of the gap through the application
of charges with smaller diameters enhances the effect of
reducing the volume of dust formation.

2. We have established regularities in the propagation
of pressure waves related to the spatial coordinate for var-
ious types of rocks. It was determined that the reduction
in pressure peak as a result of using, as a gap filler, the
aqueous solution with high acoustic rigidity is observed
in all types of rocks. Particularly, this effect is best ev-
ident in the rocks with lower acoustic rigidity (granite,
limestone), and worse — in the rocks with larger acoustic
rigidity (diabase); it does not, however, reduce its value.
When blasting the limestones, the peak of pressure when
using water as a gap filler between the charge and the
walls of a well is 1x107 Pa. At the same time, when using
the aqueous solution of iron (IIT) sulphate, it is about
8x106 Pa, which is 20 % less.

3. It was found that solutions with larger acoustic ri-
gidity will make it possible to decrease the amount of dust
formation and increase the uniformity of fractional compo-
sition of the rock mass. That is implemented by a decrease
in the amplitude of pressure waves at the media interface,
by 20 % or more, and by an increase in the amplitude width
by 25-30 %.
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