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ABSTRACT

Purpose. Development of a new method for calculation of drilling-and-blasting operations parameters during under-
ground mining with application of emulsion explosives taking into account their energy characteristics as well as
physical and mechanical properties of rocks.

Methods. The integrated methodological approach including analytical transformations of the received formulas for
calculation of drilling-and-blasting operations parameters, their improvement and also computer modeling on the
basis of a finite element method were used for the establishment of compression zones and formations of cracks in
the massif around shots taking into account such energy characteristics of emulsion explosive as detonation velocity,
explosion heat, density of the explosives, etc.

Findings. The relative force coefficient was determined for the emulsion explosive of “Ukrainit” type taking into
account the extent of detonation velocity realization, which allowed to calculate the necessary amount of explosives.
On the basis of experimental data, consistent patterns of detonation velocity change depending on the charge density
and diameter yielding to power law are determined for the emulsion explosive of “Ukrainit” type. Improvements
have been made to the analytical ex-pression determining the sizes of compression and fracturing zones around blast
holes taking into account energy characteristics of the emulsion explosive of “Ukrainit” type as well as physical and
mechanical properties of the blasted rocks. This allowed to develop a new algorithm of calculating parameters for
drawing up the passport of drilling-and-blasting operations during underground mining.

Originality. The method for calculating drilling-and-blasting operations parameters is based on the regularities of
emulsion explosives energy characteristics change, the extent of detonation velocity realization as well as physical
and mechanical properties of rocks.

Practical implications. A new method has been developed for calculation of drilling-and-blasting operations para-
meters during mining with emulsion explosives application, which results in minimization of energy consumption for
the mass breakage.

Keywords: drilling-and-blasting operations, emulsion explosives, explosion heat, explosive force, detonation velocity,
compression and fracturing

1. INTRODUCTION

Drivage is one of the main production processes
during the opening and preparation of the deposit for
mining operations. Nowadays, up to 95% of mine work-
ings are driven with the help of drilling-and-blasting.
Therefore, special attention is paid to improvement and
development of new technique for calculation of the
drilling-and-blasting parameters that will provide im-
provement of drivage indicators and increase in safety of
blasting operations. Application of various types of ex-

plosives in mining led to the development of a large
number of methods for calculation of drilling-and-
blasting parameters. However, there are no methods for
accounting energy properties of emulsion explosives,
which are safer, cheaper and more ecological in compari-
son with others (Kholodenko, Ustimenko, Pidkamenna, &
Pavlychenko, 2014). Therefore, substantiation of a new
calculation procedure and drawing up passports of drill-
ing-and-blasting operations for application of emulsion
explosives are of important scientific and practical value.
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Creation and development of emulsion explosives
dates back to 1961, while the early seventies of the
XX century saw the creation of emulsion explosives with
a critical diameter and detonation velocity corresponding
to various types of dynamite (Brown, 1998). The main
advantages of emulsion explosives are their low cost, fully
mechanized loading and high safety in preparation and
loading (Kholodenko, Ustimenko, Pidkamenna, & Pavly-
chenko, 2015), absence of dangerous individual explosive
components and minimum content of harmful gases in
explosion products (Khomenko, Kononenko, & Myrono-
va, 2013). Intensive operation of deposits produces a nega-
tive impact on the environment and increases pollution
levels of the atmospheric air (Myronova, 2015), water and
land objects. It also results in accumulation of significant
amount of industrial waste in mining regions of Ukraine
(Kolesnik, Borysovs’ka, Pavlychenko, & Shirin, 2017).

The Agreement on Association of Ukraine with the
European Union stipulates implementation of the Euro-
pean standards and norms in the sphere of environmental
protection, atmospheric air in particular. To decrease the
negative impact on the environment during blasting opera-
tions, all quarries are using emulsion explosives. It is
known that detonation of one kilogram of emulsion explo-
sives is accompanied by the emission of 14 times less
amount of harmful gases than during application of emul-
sion explosives containing trotyl. Ore mines of Ukraine
use only 5% of emulsion explosives which is explained by
the complexity in the development of underground mining
technologies and designing charging machines for using
explosives of these type (Mironova & Borysovs’ka, 2014).

Extraction of ores is connected with drilling-and-
blasting operations which define efficiency of deposit
mining in many respects. The high cost of industrial am-
monite #6 ZhV explosive, grammonite 79/21 and gram-
monite A, danger of their transportation, make it feasible
to use emulsion explosives made directly on the sites of
blasting operations, which ensures higher safety and
smaller amount of explosion products. In conditions of the
private joint stock company “Zaporizhzhia Iron Ore
Plant” (PJSC “ZIOP”), emulsion explosives of “Ukrainit-
PP” type have been used since 2008 for mining, and since
the end of 2013 — for ore breaking (Khomenko, Kononen-
ko, & Myronova, 2017). The present research is based on
physical and chemical analysis as well as biological as-
sessment (Gorova, Pavlychenko, Borysovs’ka, &
Krups’ka, 2013) of the atmospheric air, which allowed to
establish the extent of decrease in the concentration of the
harmful substances emitted into the atmosphere during
drilling-and-blasting operations conducted with emulsion
explosives “Ukrainit-PP”. Furthermore, it became possible
to specify the reduction of technogenic impact on the
atmospheric air and decrease of the ecological danger
index to 35% (Khomenko, Kononenko, Myronova, &
Sudakov, 2018). Application of emulsion explosives in
underground mining operations is difficult not only due to
the lack of charging machines, but also because of outdat-
ed method for calculation of drilling-and-blasting opera-
tion parameters which is developed for emulsion explo-
sives containing trotyl (Kutuzov & Andrievskiy, 2003).
Thus, there is a necessity for development and implemen-
tation of a new method for calculation of drilling-and-
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blasting operation parameters considering energy indica-
tors of emulsion explosives (Chernai, Sobolev, Chernai,
Ilyushin, & Dlugashek, 2003).

2. METHOD FOR CALCULATION
OF EMULSION EXPLOSIVE
FORCE COEFFICIENT

Application of various types of explosives during
mining with different energy characteristics necessitates
determination of force coefficient in respect to a stan-
dard reference explosive, Ammonite #6 ZhV. However,
in the known techniques, the force coefficient is deter-
mined by the indicators of force or explosion heat, which
brings about considerable divergences in the calculation
results, which are generally understated in the case of
emulsion explosives. In this regard, it is suggested that
the force coefficient for emulsion explosives should be
defined considering the extent of detonation velocity
realization, which allows to incorporate energy characte-
ristics of explosives.

Ideal detonation velocity, i.e. greatest possible at the
set explosive density is determined by the formula
offered by the Chinese researchers (Wang, 1994):
Di=2641+3.231~A~\/E, (1)
where:

A — charge density (explosives), g/lcm?;

w — the characteristic product of explosion heat and
the volume of explosion products, offered by M. Bertlo
(1883) for assessment of explosive efficiency:
0= Qexp ’ VE ’ (2)
where:

QOexp — explosion heat, kkal/kg determined by value Q.
kJ/kg divided by coefficient 4.19 (mechanical equivalent
of thermal energy);

Vep — volume of explosion products, l/kg.

The extent of detonation velocity realization, i.e.
completeness of chemical reaction is determined by:

D(f
n,=—-100 %,
D,

1

(€))

where:

D, — experimental detonation velocity, m/s.

Explosion heat considering the extent of detonation
velocity realization:

Q ) nchem

Qe = 100

, kl/kg, @)
where:
QO — explosion heat of 1 kg of explosives, kJ/kg.

Coefficient of explosive relative force is:

_ Opr

O
where:

QOrr—explosion heat of 1kg of etalon explosive

(Ammonite #6 ZhV) taking into account the extent of
detonation velocity realization, kJ/kg;
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Or — explosion heat of 1 kg of the used explosive ta-
king into account the extent of detonation velocity reali-
zation, kJ/kg.

3. RESULTS AND DISCUSSIONS

We determine energy indicators for etalon explosive
Ammonite #6 ZhV explosives and ‘“Ukrainit-P” and
“Ukrainit-PP” emulsion explosives by formulas (1) — (5).
The obtained results are presented in Table 1.

Table 1. Results of calculation of energy indicators

Ammonite

Indicators 46 ZhV Ukrainit-P Ukrainit-PP
Density, g/cu.cm 1.10 1.15 1.25
Explosion heat, kcal/kg 1030 931 740
Explosion heat, kJ/kg 4316 3900 3100
Volume of explosion
products, Vep, /kg 895 890 847
Experimental detonation
velocity, De, m/s 4100 5050 5100
Ideal detonation
velocity, Dy, m/s 6054 6023 5838
The e?(tent o_f de_tonatlon 68 34 ]7
velocity realization, 7, %

Explosion heat taking

nto accoupt the ext.ent 2023 3270 2708
of detonation velocity

realization, Qexp, kl/kg

Coefficient of relative 1.00 0.89 1.08

explosive force, e

The specific charge of explosives is determined by
the universal formula of professor N.Pokrovsky
(Pokrovsky, 1977):

9=4q, ¢ fl 'kcons  kg/m?, (6)
where:
g1 —normal specific charge of explosives:

where:

f—rock hardness coefficient;

fi — coefficient which considers rock structure, and
for dense fine-grained rock is 0.8, while for friable rock
is 1.1, for slate and finely fractured rock — 1.3, for vis-
cous and porous rock —2.0;

keons — rock constraining factor for two surfaces of ex-
posure is 1.2 — 1.5, for one surface of exposure it is de-
termined by a formula:

6.5
Keons =——> 3)
S
where:
Su» — cross-sectional area of the working in drivage, m?.
Volume of blasted rock in the massif:

V=Sdr-lb,m3, (9)
where:

Iy — blast-hole depth, m.

Estimated amount of explosives for a face:
O=q-V, kg (10)
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The arrangement of blast-holes, both in cuts, and in
the face, depends on the size of least resistance line of
the outside hole. Nowadays, there are many formulas
allowing to define the line of least resistance of the out-
side hole which can conditionally be divided into two
groups. Formulas of the first group, which are obtained
from practical experience of blasting operations, are spec-
ified by correction coefficients. Formulas of the second
group allow to define the calculated zones of rock break-
ing around a blast-hole charge. Therefore, the authors
suggest considering formulas that are most common for
computing passports of drilling-and-blasting operations
because of their high accuracy and universality.

Thus, V. Shekhurdin (Shekhurdin, 1985) proposed to
determine line of least resistance of the outside blast-hole
by a formula which considers the amount of explosives in
1 m of the blast-hole and specific charge of explosives:

p
—,1m,

q-m

Wy = (11)

where:

m — the coefficient of charge convergence 0.7 — 1.0,
smaller value is acceptable for cutholes;

p —the amount of explosives placed in 1 m of the
blast-hole, equal to:

_7r-d2

A, kg/m, (12)
where:

d — diameter of the blast-hole, m;

A — charge density (explosives), kg/m®.

S. Onika and V. Stasevich, departing from their prac-
tical experience (Onika & Stasevich, 2005), suggest
determining the line of least resistance for outside blast-
hole by a formula:

Wy=47-K, K. -d.- /i,m,
e

where:

K. — constraining factor, equal to 0.6 at S, <4 m?,
0.7-0.8 at Sy =4 — 60 m? and 0.9 at S, > 60 m?;

d. — diameter of blasting charge, m;

A — charge density (explosives), t/m;

y —rock density, t/m?.

K,, — coefficient of local geological conditions de-
pending on the category of rocks fracturing (Table 2).

(13)

Table 2. Coefficients Km value

Category of rocks

fracturing ! 1

I v v

Coefficient of local

geological conditions, K L1

1.05 1.0 095 09

The long-term research conducted by A. Andrievskiy
allowed to make a discovery (Andrievskiy & Kutuzov,
1992) and develop a technique for determining line of
least resistance of outside hole along the zone of rock
mass fracturing around the explosive charge (Andrievskij,
Avdeev, Zileev, & Zileev, 2004). The suggested tech-
nique is based on reliable determination of radii of com-
pression and fracturing formation zones in such sequence:
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— radius of compression zone:

2
Rsh=d' =d pD79
8 8-/-10
where:

d — diameter of charged blast-hole, m;

p — density of explosive in a charge, kg/m’;

D — detonation velocity of the applied explosive, m/s;
Ocomp — Ultimate compression strength, Pa;

— radius of fracturing zone:

p-D?

’ o-comp

m, 14)

—-0.5

R;=02102:d-p"7 D' o 0207200 m; (15)
or:
Ro =07-d., - Lzr m (16)
fr . sh S'TC 'Rsh ’
where:
r —radius of charged blast-hole, m;
dsn — diameter of compression zone, m;
7. —ultimate  shear  strength  determined as

7. = (0.02...0.10)" Gcomp, Pa;

Radius of fracturing zone is accepted as line of least
resistance between outside holes, i.e. W, = Rj.

The disadvantage of the above technique is that the
detonation velocity is taken in average values, which
influences the accuracy of calculating the line of least
resistance of outside hole. Work (Mertuszka, Cenian,
Kramarczyk, & Pytel, 2018) presents the results of the
research into detonation velocity change depending on
the charge diameter, but without emulsion explosives
density and losses of explosive properties in time (Mer-
tuszka & Kramarczyk, 2018). Therefore, to optimize the
technique for emulsion explosives of “Ukrainit-PP” type,
we analyzed interrelations of detonation velocity, diame-
ter of the blast-hole (borehole) and density of load. Using
industrial measurement data, we plotted the graph of
detonation velocity dependence on diameter of blast-hole
and load density for “Ukrainit-PP” type explosive
(Fig. 1) (Gorinov, Kuprin, & Kovalenko, 2009).

2 6000
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g 4000 S — |
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1100 kg/cu.m

Figure 1. Detonation velocity change of “Ukrainit-PP” type
explosive depending on the blast-hole (borehole)
diameter and load density

Detonation velocity of “Ukrainit-PP” type explosive
taking into account the influence of the blast-hole diame-
ter and load density is determined by:
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D=(4.8 p+1926)-d"O"P s, (17)

By substituting formula (17) in expressions (14) and
(15), we will receive formulas for determination of radii
of compression and fracturing zones during “Ukrainit-
PP” type explosive application:

2
P ((4.8-,0 +1926)- d°~°14%)

Ry, =d- , m; (18)
A 8'o.comp
0.0143p 2
p-((4.8-p+1926)~d' /’) r
R;=07-dg- ,m. (19)

8'Tc 'Rsh

For checking the results convergence, we will calcu-
late the line of least resistance for outside blast-hole
using the three above techniques for the following mi-
ning-and-geological conditions: rock — ferrous quartzite,
cross-sectional area of drivage Sy = 12.8 m?; rock com-
pression strength ocomp, = 140 MPa; blast-hole diameter
d = 0.043 m; rock density y = 3250 kg/m?; “Ukrainit-PP”
type of explosive; density of explosive charge
p = 1250 kg/m®. The received results are given in Table 3.

Table 3. Results of calculating the line of least resistance of
the outside blast-hole by the analysed techniques

. . S. Onika, . .
Technique V. Shekhurdin V. Stasevich A. Andrievskiy
Wo, m 0.91 0.91 0.84

From results of the calculation, it is evident that the
divergence of least resistance lines of the outside bore-
hole does not exceed 10%. Therefore, it is possible to use
any of the above techniques for its calculation. But the
first two approaches do not consider energy characteris-
tics of the applied explosives except through force coef-
ficient of explosives rather than etalon explosives. It is
offered to apply A. Andrievskiy’s technique (Andriev-
skiy & Avdeev, 2006) for calculating the line of least
resistance of the outside blast-hole, which considers both
characteristics of explosives as well as physical and me-
chanical properties of blasted rocks. For checking the
optimized formula (18), we will execute analytical mod-
eling of rock mass deformation (Khomenko, Kononenko,
& Petlovanyi, 2015) around the blast-hole charge in the
SolidWorks Simulation software product. It is possible to
simulate the rock mass compression zone around the
blast-hole and further to determine fracturing formation
zone radius by the formula (19). For this purpose, the
program is used to build the model of the explored mass
in 1:1 scale with the following dimensions: height — 1 m,
width — 1 m, length — 3.5 m and the blast-hole diameter of
43 mm. The 1390 MPa pressure of explosion products of
“Ukrainit-PP” explosives is set in the blast-hole. As an
example, we will consider movements and deformations
of rocks around the blast-hole charge during its detonation
(Fig. 2) (Khomenko, Kononenko, & Bilegsaikhan, 2018).

The analysis of simulation results has allowed to estab-
lish that rock compression zone radius was 0.18 m. Frac-
turing formation zone radius, which was 0.76 m, has been
calculated by the formula (19).
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Figure 2. Areas of movement (a) and displacement with de-
formations (b) of rocks around the exploded blast-
hole charge

According to the results of comparison between nu-
merical calculation and analytical modeling, the diver-
gence of values has not exceeded 10%. Therefore, we
suggest applying A. Andrievskiy’s method for calculat-
ing the line of least resistance of outside blast-hole.

After defining the line of least resistance of outside
blast-hole, we proceed to calculating distances between
blast-holes and start to determine their arrangement in
the mine working face. Departing from the practical
experience of drawing up passports of drilling-and-
blasting operations, the technique of blast-holes ar-
rangement in the mine working face has been offered
(Khomenko, Rudakov, & Kononenko, 2011). The tech-
nique was based on the idea that the area of the mine
working face is divided into the areas of cuthole, outside,
and outline blast-holes. The area of the face, where
cutholes are located, depends on the size of the face dis-
placement behind the explosion (Table 4).

Table 4. Cuthole area

Face displace-

k 1.0- 20- 3.0- 4.0-
ment behind <10 5, 3.0 4.0 5.0

the explosion, m

Cuthole area, 045 085 1.25 1.60 1.95

Scut, 1’1’12

The distance from a mine working contour to outline
bore-holes is used to determine the area of outline bore-
holes which in practice is equal to 0.15—0.25m or
determined by the formula (18). The distance from the
line of outline bore-holes to the exfoliated surface
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which is formed during detonation of outside boreholes
is defined as 0.5 Rj-
The face area for outside blast-holes is:

Sout =Sar _(Scut

where:
Seu — cuthole area, m?;
S, — outline blast-holes area, m?.
The number of outside blast-holes is:

_1.27-9 Sy
2
A'd 'kful

+8S,),m? (20)

out » PCS, (2 1)

where:

A — explosive density in the blast-hole or cartridge, kg/m?;

d — diameter of the blast-hole or cartridge of the ex-
plosive, m;

ks — coefficient of blast-hole loading, equal to 0.30 — 0.85.

The received calculated number of outside blast-holes
has to be analysed. Big number leads to increase in labor
input and duration of drilling operations which reduces
the speed of mine working drivage. On the contrary,
small number of blast-holes leads to poor rock crushing
by explosion which complicates its loading and transpor-
tation. The experience gained from blasting operations
during mining has allowed to establish that the number of
outside blastholes at which every 1 m? of the face area
has 1 — 2 blastholes is optimal. A big number of blast-
holes indicates that the chosen explosive type was of
insufficient power and the charge diameter was undera-
ted. In this case, it is necessary to use the explosive of a
more powerful type, to increase the charge diameter and
to recalculate blast-holes number.

The area of the face that corresponds to one outside
blast-hole is:

S,
out , mz.

South = (22)

out

The line of least resistance of outside blast-holes is:

Wout.b = Sout.b > M. (23)

The distance between outside blast-holes in a row is:

ag=m-W,, p,m, (24)
where:

m — the coefficient of charges convergence, equal to
0.8 — 1.3, smaller value of coefficient is accepted for
hard rocks.

The number of outside blast-holes rows is defined as
the distance from a cut to the line of outline blast-holes
divided by the line of least resistance of outside blast-
holes which is determined by the formula (23). Optimum
contours of outside blast-holes rows arrangement repeat
the shape of the mine working cross section. The number
of outside blast-holes in i-row is:

(25)

where:
P; — perimeter of i-row of outside blast-holes, m.
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The actual distance between outside blast-holes in
i-row is:

i
a:=—-—,m 26
Y (26)
The number of outline blast-holes is
N, =fo m, 27)
aO
where:

P, — perimeter of outline blast-holes, m;

a,—distance between outline blast-holes, equal to
0.75-0.95 from Rs. Usually, the distance is equal to
0.75-Ry for bottom blast-holes, for blast-holes from mine
working sides — 0.95- Ry, in mine working roof — 0.85-Ry.

The actual distance between outline blast-holes is:

(28)

Total number of blast-holes in mine working face is:

N=N (29)

cut

+N

out

+N, , pcs,

where:

Neau — number of outside blast-holes, pcs;

Noue — total number of outside blast-holes, pcs.

When the drilling-and-blasting operations passport is
specified, it is allowed to increase the number of blast-holes
in the face by no more than 10%, and in mine workings
with a section up to 5 m? — no more than by 4 blast-holes.

The blast-holes are arranged in forward, horizontal
and profile projections of the face area. The arrangement
of blast-holes in the face of a mine working begins with
cutholes placement. If self-moving drilling equipment is
used, cutholes are placed in the center of the mine work-
ing. The cut is moved closer to the bottom of the mine
working to reduce scattering of rock pieces from a
cuthole part. The lower boundary of the cut placement is
equal to R measured from the mine working floor. Then,
a contour for outline blast-holes placement is laid at the
distance of 0.15 — 0.25 m or Ry;, from the working outline.

Outline blast-holes of the floor are arranged in the
following sequence. First, one blast-hole is placed in
each corner on the bottom line, then other floor blast-
holes are placed on this line in the direction to the face
center maintaining the actual distance between them.
Outline blast-holes on the sides are laid off the blast-
holes located in bottom corners of the line of the floor
blast-holes. Outline blast-holes of the roof are arranged
in the following sequence.

At first, one blast-hole is placed in the corners of
the roof line, then other roof blast-holes are placed on
this line in the direction to the face center maintaining
the actual distance between them.

Outside blast-holes are arranged on the lines of the
outside contours laid near the cut and parallel to the cut
contour, while near the working contour — parallel to the
latter. At the same time there has to be a smooth transi-
tion from one contour to another. The average value of a
charge per one blast-hole is:

27

b=%u@- (30)
The value of the cuthole charge is:
O =(1.1...1.2)- 0y , kg. 31)
The value of the outside blast-hole charge is:
Oour = Op > ke. (32)

The value of the outline blast-hole charge from the
sides and the roof is:

0,5 =(09...0.95)-0, , kg.
The value of the outline blast-hole charge of the floor:

0,5 =(1.0..1.2)- 0y , kg. (34)
The actual explosive consumption on the face is:

Qact = Ncut ’cht + Nout 'Qout +
+No.sr ’ Qo‘sr + No‘b ’ Qo‘b >

(33)

ke (35)

where:

No.sr— the number of outline blast-holes in the roof
and on the sides, pcs.;

N,.» — the number of outline blast-holes of the floor, pcs.

The layout arrangement is followed by the graphic
presentation of a charge design for each type of blast-
holes and of switching network of charges.

The method for calculating drilling-and-blasting
parameters can be used only during underground mining
using emulsion explosives, while determination of sto-
ping operations parameters requires modeling of com-
pression and fracturing zones, studying the changes of
emulsion explosives density and mass as well as detona-
tion velocity along the charge length in the boreholes.

4. CONCLUSIONS

1. The analysis of experience related to emulsion ex-
plosives application during the last 10 years has allowed
to establish a tendency for the increase in their usage in
underground mining operations. Safety of operations,
smaller volumes of explosion products and high power
rates of emulsion explosives lead to the reduced influ-
ence on the state of the mine and atmospheric air. How-
ever, lack of the approved and widely applied methods
for calculation of drilling-and-blasting operation parame-
ters which consider energy characteristics of emulsion
explosives constrain their implementation.

2. The coefficient of explosives force calculated on
the basis of force or explosion heat underates up to 30%
of indicators for emulsion explosives. To eliminate
these disadvantages, the suggested method of calculat-
ing drilling-and-blasting operation passports defines the
force coefficient considering the extent of detonation
velocity realization. Calculation of drilling-and-blasting
operations parameters is based on the determination of
compression and fracturing formation zones around
blast-hole charges.
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3. The rational arrangement of blast-holes in the face
of a mine working is based on the accounting of cuts
areas, breaking-off and outline parts of the face. The
suggested technique of developing passports of drilling-
and-blasting operations is based on industrial measure-
ments of detonation velocity during the change in density
and diameters of charges of Ukrainit-PP-type emulsion
explosives. The technique is recommended for calcula-
tion and drawing up passports of drilling-and-blasting
operations during mining.
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METOJUKA PO3PAXYHKY ITAPAMETPIB BYPOIII/IPUBHUX POBIT
JJIA EMYJIBCIMHUX BUBYXOBUX PEYOBUH

M. Konornenko, O. Xomenko, M. CaBuenko, I. Kopanenko

MeTta. Po3poOka HOBOI METOAMKH po3paxyHKy napamerpiB OypomigpuBHux pooit (BIIP) mpu mpoBexeHHi migzem-
HUX TIpHUYHMX BUPOOOK 13 BUKOPHUCTAHHSIM eMyJbCiiHUX BHOYXxoBHX pedoBuH (EBP) 3 ypaxyBaHHsIM iX eHepreTHuHHX
XapaKTepUCTHUK 1 Pi3MKO-MeXaHIYHUX BIACTHBOCTEH MOPIJ.

MeTtoanka. Y poOOTi BUKOPHCTAHO KOMILICKCHHIA METOJUYHHIA IMiIXi[l, [0 BKJIIOYAE aHATITHYHI IEPETBOPEHHS pa-
Hie oTpuMaHux (Gopmyn po3paxyHKy napamerpi BITP Ta iX ymockoHajeHHs, a TaKOX KOMIT IOTEPHE MOJICIIIOBAHHS
Ha OCHOBI METOJy CKIHYEHHX €JIEMEHTIB 31 BCTAHOBJICHHS 30H 3MHUHAHHS Ta YTBOPEHHS TPILIMH B MacWBi HaBKOJIO
OIITypiB 3 ypaxXyBaHHSAM CHEPTETHYHHUX XapaKTEPUCTHK eMYIbCIHHOT BUOYXIBKHM: IIBUAKICTH JETOHAIIi], TEIIOTa BHOY-
Xy, IUTbHICTh BHOYX0BHUX pedoBuH (BP) Ta iH.

Pe3yabTaTu. BusHaueHo Koe]illieHT BiIHOCHOI Mpame3gaTHOCTI eMyJbCiifHOI BHOYXiBKH THIly “YKpaiHIT’ 3
ypaxyBaHHSM CTYIEHs peaii3auii NIBHIKOCTI AETOHAIil, 0 J03BOJIMIO BHU3HAYUTH HEOOXiAHy Kinbkicth BP. Ha
OCHOBI EKCICPUMEHTAIbHUX IaHMX BCTAHOBJICHO 3aKOHOMIPHOCTI 3MIHM MIBHIKOCTI AETOHAIIl BiJg IILIBHOCTI Ta
niametpy 3apsay g EBP tumy “Yipainit”, ki 3MiHIOIOTBCS 32 CTYIIEHEBUM 3aKOHOM. Y JOCKOHAJIEHO aHAJITHIHUN
BUpAa3, 10 BU3HAYa€ PO3MIpH 30H 3MHHAHHS Ta TPIIIMH, SIKi YTBOPIOIOTHCS HABKOJIO INMYPIB 3 YpaxyBaHHIM eHepre-
THYHUX XapakTepuctuk EBP “Vkpainit” 1 ¢pi3uko-MexaHIYHUX BIACTUBOCTEH MOPiJ, HA YOMY IPYHTYEThCS IOAJTb-
MK BJOCKOHAJICHUH alrOPUTM PO3paxyHKy NapaMeTpiB Juis ckiafanHs nacrnopra BIIP mpu npoBeneHHi miazeMHuX
TipHUYNX BUPOOOK.

HayxoBa HoBu3Ha. [lossirae y BUKOpUCTaHHI 3aKOHOMIPHOCTEH 3MiHHM eHepreTHuHHX BractuBocteil EBP, crynens
peadizanii MBHUAKOCTI JeToHAMIT Ta (i3MKO-MEXaHIYHUX BJIACTUBOCTEH TPCHKUX IOPiA MPU PO3poO0Ii METOANKH po3pa-
XyHKy mapametpiB BITP.

IpakTuyHa 3HaYNMicTh. PO3po0iieH0 HOBY MeToanKy po3paxyHKy mapametpiB BIIP mpu mpoBeneHHi TipHHYIHX
BHPOOOK Ha O0CHOBI BuKopuctanHsa EBP, mo 3a0e3nedye MiHiMi3allifo eHEpreTHIHUX BUTPAT HA PYHHYBaHHS MacHBY.

Kntouosi cnosa: 6yponiopusni pobomu, emynscilini 8u0yxosi peuosutu, menioma eudyxy, npaye3oamuicms uoy-
X08UX PeHOGUH, WEUOKICIMb 0emONAaYil, SMUHAHHS MA YIMGOPEHHS MPIWUH

METOJIUKA PACYHETA ITAPAMETPOB BYPOB3PbIBHbBIX PABOT
JJI51 SMYJIbCUHOHHBIX B3PBIBUATBIX BEHIECTB

M. Kononenko, O. Xomenko, H. CaBuenko, 1. KoBanenko

eas. PazpaboTka HOBOM METOIWMKH pacyeTa mapameTpoB OypoB3pwIBHEIX paboT (BBP) nmpu nposenennn moazem-
HBIX TOPHBIX BBIPAOOTOK C HCIIOJIb30BaHHEM dMYJILCHOHHBIX B3pbIBUaThIX BellecTB (OBB) ¢ yuerom mx sHeprernue-
CKHUX XapaKTEPUCTHK U (PU3NKO-MEXAaHUYECKUX CBOMCTB MOPOJ.

Metoauka. B pabote UCIob30BaH KOMILIEKCHBIH METOJMYECKUI ITOIX0/, BKIIOYAIOUIMN aHATUTHYECKHUE Peod-
pa3oBaHMs paHee NOIyYeHHBIX GopMyIt pacuera napamerpos bBP 1 ux ycosepiieHcTBOBaHHE, a TaKXKe KOMITBIOTEPHOE
MOJIETMPOBAaHNE Ha OCHOBE METOJa KOHEUHBIX JJIEMEHTOB 10 YCTAHOBJIEHHIO 30H CMSTHS M 00pa30BaHMs TPEUIMH B
MacCHBE BOKPYI IIMYPOB C yYETOM JHEPreTHMUYECKHX XapakTepucTuk OBB: ckopocTs aeToHanuu, TEmIOTa B3phIBA,
IUIOTHOCTH B3phIBUATHIX BemiecTs (BB) u mp.

PesyabTaThl. OnpeneneH KOdQQHUIUEHT OTHOCHTENBHOH pabdorocmocobHocTn OBB Tima “YikpanHut” ¢ yderom
CTENECHU pean3alii CKOPOCTH AETOHALMH, YTO MO3BOJIMIO ONpPEAEINTh HeoOxoanmoe konuuectBo BB. Ha ocHoBe
9KCIIEPUMEHTANIBHBIX JaHHBIX YCTaHOBJIECHBI 3aKOHOMEPHOCTH M3MEHEHUSI CKOPOCTH JETOHAIMU OT IUIOTHOCTH U JHa-
MeTpa 3apaga it OBB tuna “YkpauHUT”, KOTOphIE U3MEHSIOTCA MO CTETIEHHOMY 3aKOHY. Y COBEpIIIEHCTBOBAHO aHa-
JIMTUYECKOE BBIPAYKEHHUE, ONPEEIISIONIee pa3Mepbl 30H CMATHS U TPEIIMHOOOpa3oBaHusi, 00pa3yeMbIX BOKPYT LIIypPOB
C Y4ETOM JHEepreTH4ecKux xapakrepucTtuk DBB “Ykpaunut” u (U3MKO-MEXaHMYECKUX CBOMCTB B3PBIBAEMBIX HOPO[,
Ha 4e€M OCHOBBIBACTCA JAIbHEHIINII yCOBEPIIEHCTBOBAHHBII alrOPUTM pacdeTa mapaMeTpoB Ul COCTABJICHHUS MAcIop-
ta BBP npu npoBeieHn# o3¢ MHBIX TOPHBIX BBIPAOOTOK.

Hayunasi HOoBHM3HA. COCTOUT B HCIOJIb30BaHUM 3aKOHOMEPHOCTEH W3MEHEHUs 3HEPreTHMYECKUX XapaKTEePUCTHK
OBB, crenenn peanu3anny CKOPOCTH AETOHALMHM M (PU3UKO-MEXaHUYECKHX CBOMCTB TOPHBIX MOPOA IpH pa3paboTKe
METOAMKH pacuera napamerpos BBP.

IpakTHyeckass 3HAa4YMMOCTb. Pa3paboTana HoBas MeTonmka pacdera mapamerpoB BBP mpu mpoBenennn
TOpPHBIX BBIPaOOTOK HAa OCHOBE MCIOJIb30BaHus DBB, o0ecneunBaromas MUHIMH3AIUIO YHEPTETHYECKUX 3aTPaT Ha
pa3pylIeHHE MacCcHuBa.

Knrouegvle cnoga: 6ypos3puignvie pabomol, IMYIbCUOHHbIE G3PbIGUAMbIE 6EUjeCmEd, MenIoma 63puleéd, pabomo-
CHOCOOHOCMb 83PbIGUAMbIX 6EUjeCME, CKOPOCMb 0CMOHAYUY, CMAMUE U MPEeWUuHo0Opa308anue
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