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SUBSTANTIATION OF RESEARCH RESULTS ON ENERGY EFFICIENCY
OF BASALT CRUSHING

Purpose. To experimentally determine the main design and operational parameters of the influence of rock mass properties on
the Roller Crusher performance when processing basalt rock mass.

Methodology. The crushing and grinding of basalts are studied by the methods of mathematical statistics in order to identify the
results obtained and determine the dependences of technological parameters on the mechanical impact factors. Experimental
studies are carried out on the example of basalts from the Rafalivskyi quarry in the Rivne region.

Findings. It has been revealed that the elemental composition of rocks in the benches of basalt quarries has a different mineral
composition. Experimental studies of the rock crushing results have determined the efficiency of using screening for crushing ba-
salts. The experimental dependences of the roller crusher performance in crushing and grinding modes on the properties of the
rock mass have been obtained.

Originality. The value of crushed rock fractal joints has been found, when using cone and centrifugal crushers, which is char-
acterized by the shape factor and fractal dimension D. For cone crusher K,=2.1-5.0 and D = 1.4. For centrifugal crusher K= 1.5—
1.8 and D = 1.17. These parameters testify to the energy feasibility of using centrifugal crushers. The high value of the multiple
correlation coefficients R? and Fisher criterion F, whose value at a significance level of 0.05 is higher than the critical one, indicates
a sufficient convergence between the experimental and theoretical results and the accuracy of the obtained analytical dependences.

Practical value. The generalized models for determining the Roller Crusher performance, obtained for each rock type, based
on significant factors, greatly facilitate the choice of parameters for crushing and grinding processes, and also allow choosing a

rational mode of crusher operation.
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Introduction. Intensive quarrying of basalt deposits is con-
ducted in Ukraine. It is mainly concentrated in the western
area of the country and most widely — in Rivne region [1]. The
basalt mined in this process is used in construction. At the end
of the last century, geologists of the Rivne expedition revealed
a high content of valuable metals in the basalt compositions, as
well as the accompanying puff-stones and lava breccia in the
deposit [2]. However, basalt is currently used only for con-
struction purposes, while puff-stone and lava breccia are
dumped. At the same time, these components of the deposit
are ore-bearing and can be involved in processing, since, de-
spite the differences in structures and physical-mechanical
properties, they contain native copper, iron and titanium in
quantities suitable for commercial production [3].

The heterogeneous structure of the deposits, the variety of
forms of mineralization and the mineral composition of the
rock, even with the current level of knowledge, necessitate an
integrated approach to the development of deposits. More-
over, this applies both to the technology of mining and pro-
cessing [4], and to the use of final products [5, 6].
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Let us study the possible reasons for the formation of reticular
(or other) planes in the studied basalt. There are two main, well-
known reasons for changing the structure, composition and
properties of rocks: temperature and pressure [7]. The tempera-
ture of the basaltic lava, according to available data, is in the range
of 900—1200 °C. The multi-meter trap formation will naturally
cool for some time to the temperature existing in the earth’s crust
upper layers (about 20 °C). In the process of cooling, partial crys-
tallization occurs according to a well-known scheme: from re-
fractory to fusible minerals (in basalts, there are microliths and
crystallites, crystal nuclei). In addition, the cooling process is
characterized by a decrease in the volume of the matter [8].

The columnar structure formation of basalts as a result of
convection processes during the cooling of molten basalts was
explained by the French scientists Rayleigh and Benard. The
basalt joint is called columnar, because the length of the
formed pillars significantly exceeds the horizontal size of
hexagons or pentagons. A detailed study on basalt pillars shows
that they are divided by subhorizontal fracturing into relatively
comparable blocks with a height approximately equal to their
horizontal dimensions [9].

Basalt is currently mined for crushed stone. The techno-
logical mining scheme includes overburden operations (thick-
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ness of the sandy-chalky overburden layer is 2—5 m), drilling
of wells according to the certificate of drilling-blasting opera-
tions, blasting of the face with subsequent excavator loading
into vehicles for delivery to the crushing and screening site.
Crushed stone as a commercial product is obtained in three
grain size classes (—10; 10—20; 20—40 mm) using gear, cone,
centrifugal crushers and vibrating screens.

Literature review. According to empirical studies, the most
effective rock mass destruction into joints occurs in centrifugal
crushers and mills [10]. For example, centrifugal crushers are
used to produce cube-shaped crushed stone with relatively low
energy consumption. The destruction of the ore body rock
containing the metal nuggets occurs without crushing metal
inclusions [11]. Destruction in this case obviously occurs
along the so-called reticular planes, characterized by the num-
ber of nodes (atoms, ions) of a flat lattice per unit of its plane
(in accordance with the Bravais hypothesis). Obviously, this
rule extends not only to crystals, but also to rocks in general
[12]. The results obtained require additional applied and theo-
retical research. A brief review of the theoretical aspects and
analysis of existing ideas about the rock joints indicates the
relevance and prospects of such research. The studies of recent
years testify to the effectiveness of taking into account the
structure of deposits when substantiating the parameters of
their mining and processing [ 13, 14].

Unsolved aspects of the problem. Taking into account the
above technological peculiarities, M. S. Polyakov Institute of
Geotechnical Mechanics NAS of Ukraine has developed an
intra-roller cone mill, which allows limiting the fineness of
grinding finely disseminated ore [15]. This mill prepares it,
and the task of this process is to provide the initial fineness for
grinding in a specially designed centrifugal mill. In this mill,
the metal inclusions of native copper are not crushed, but only
exposed to deformation, while the rocks containing them are
crushed to the micron level, releasing finely disseminated cop-
per inclusions [16]. The centrifugal mill is unloaded onto a
vibrating screen of fine classification with the purpose of sepa-
rating nuggets (oversize product) from waste rock (undersize
product). A normal vibration mode stability in conservation
non-linear system is discussed in the paper [17]. The subse-
quent process operation is in separating nuggets from inter-
grown pieces by electrical separation or metallurgical redistri-
bution. Crushed basalt after screening on a screen is a valuable
chemical raw material (basalt casting, thermal-insulation
wool, etc.).

The previously studied aspects of the problem of natural
rock fracturing and the impact of various natural and techno-
genic factors on this process [ 18, 19], as well as the determined
patterns of fracturing of quarry benches throughout the height
with the formation of rock joints [20, 21] indicate the theoreti-
cal and practical possibility of using the natural rock properties
to reduce the energy consumption for their destruction, im-
proving the opening of ores and the recovery of minerals.

Results. In the research process, the fact of the influence of
lumpiness on the energy intensity and performance of crush-
ing and grinding is determined. The physical difficulty is in the
fact that in the transition from coarse grinding to fine grinding,
the total surface area of the crushed rock mass (ore) increases
several times and even orders of magnitude. As a result, energy
consumption for the process of ore preparation and ore body
opening increases. It is known, for example, that the electric-
ity consumption for grinding is 94.2 % of its total consumption
for all stages of ore preparation. The remaining 5.8 % are the
costs for drilling the wells (0.4 %), blasting destruction
(4.9 %), crushing (0.5 %) of the total electricity consumption.
Therefore, when planning the ore preparation process, the
consideration of the large-scale (by the size of pieces) effect of
strength, as well as using the idea of preliminary weakening of
the lumpy rock mass through increased fracturing, contribute
to the organization of large, medium, fine crushing and grind-
ing operations on new principles. At present, cone inertial and

shock-roller centrifugal impact crushers have already been
created, in which the lumpy mass is not crushed, but de-
formed, which contributes to the development of a network of
fractures and its weakening. These factors, however, are not
sufficiently taken into account in the rock destruction meth-
odologies.

Based on the above considerations, experimental studies
on crushing the Rivne basalts by various crushers and the
analysis of the results obtained have been performed, designed
to show the possibility of using the patterns of formation of
quasi-crystals to solve an important practical problem — the
destruction of matter into joints of such sizes that are inherent
in nature itself, that is, with less energy consumed.

Experimental studies are carried out on the example of ba-
salts from the Rafalivskyi quarry in the Rivne region. The
quarry has an overburden from 2 to 7 m, represented by light
gray calcareous marl loams. The height of the basalt bench
face is from 16 to 20 m. The rock is greenish-gray in color,
highly-fractured, with well-defined columnar joint and min-
eralization of iron hydroxides, zeolites, siliceous and other
minerals along fractures, as well as locally concentrated point,
vein inclusions of native copper. The subvertical hexahedral
(or pentahedral) columnar joint characteristic of basalts is
complicated by numerous secondary joint, mainly prismatic,
less often pyramidal in shape.

The basalt destruction in centrifugal and cone crushers
makes it possible to obtain crushed stone with various shapes.

This schematic thesis can be explained in more detail as
follows. The centrifugal crusher principle is based on rotating
the rotor and giving a piece of rock a certain velocity, at which
the specified piece hits the wall (one contact side), while
breaking down into smaller fragments. It is this part of the pro-
cess that needs to be studied in more detail, since these small
fragments, for the most part, have regular geometric shapes.
For a cone (jaw, roller, etc.) crusher, the destruction process
during compression is characteristic, that is, two contact sides
are involved. A detailed analysis is presented below.

In the processes described, the history of the given piece
formation, its textural and structural peculiarities are realized
as much as possible. Currently, the literature describes reticu-
lar planes that have been formed in the process of evolutionary
structuring, according to Bravais law. It should be noted that,
according to this law, the faces with the densest planar net-
works predominate on the crystal surface. The statement refers
to the crystalline form of the matter, and basalt, as is known,
does not apply to those. Nevertheless, the scientific direction
studying the problems of the matter destruction is based on a
well-known fact: where it is thin, it breaks there. In other
words, the rock piece destruction occurs along weakened
zones, which obviously exist in the studied rock. Such zones
may include such a textural feature as stratification, which, in
turn, is represented by a different mineralogical composition,
different structure or a complex of these factors. However, in
our case, this factor is absent; basalts have a relatively homoge-
neous, massive texture.

In the course of the research, the sizes of basalt pieces are
analyzed after two types of crushers: cone medium crushing
and centrifugal, which are set at the same crushing and screen-
ing site. The parameters measured are: length — a, width — b,
thickness — c. These sizes, as well as their ratios are presented
in Table 1. The calculated values are the shape factor K of the
pieces and their fractal dimension D. The shape factors are the
aspect ratio, and the fractal dimension is determined in ac-
cordance with the Freder E. methodology using the logarith-
mic method. The essence of the fractal dimension calculation
method is as follows. For example, crushed pieces are selected
after a centrifugal crusher from five pieces with their sizes:

1) a=46.4 mm; b=16.8 mm; c = 15.9 mm,;

2) a=27.0 mm; b=23.5mm; ¢=13.0 mm;

3)a=33.8 mm; b=15.9 mm; ¢ = 14.7 mm;

4) a=20.3 mm; b=15.5 mm; ¢ =10.0 mm;
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5) b=29.7mm; b=21.1 mm; c=17.1 mm.

The volumes are calculated (v = a - b - ¢) of each piece
(crystal): v; = 1,234.4 mm?; v,=8,245.5 mm?; v;=7,900.1 mm?;
vy = 31,467.5 mm?; vs = 10,716.1 mm’.

The max and min values of crystal volumes are chosen:
Vinax = 12,394.4 mm?; v,;, = 3,146.5 mm®.

The natural logarithm of max and min values is found: In-
Vmax = 1N 12,394.4 = 9.425; In v, =1n 3,146.5 = 8.054.

The fractal dimension is calculated
Inv . 9425

max - 2220 21,17

Inv_ . 8.054

min

The average statistical calculated coefficients of shape and
fractal dimensions of basalt pieces after centrifugal and cone
crushers are presented in Table. Using the methods for deter-
mining the matter fractal dimensions (Academician Sadov-
sky M.A. distribution method), the hierarchy methods, it is
possible with a sufficiently high degree of accuracy to predict
the crushed matter sizes in order to obtain the maximum
opening of ores, the optimal yield of middling product with
fractions (the level of mineral opening). This is a method for
studying jointing (fracturing) that is, structural heterogeneity.

By analyzing the data given in Table, a significant in-
crease in the shape factor of basalt pieces obtained in a cone
crusher can be observed. The fractal dimension value is also
higher for the destruction products of a cone crusher com-
pared to a centrifugal crusher and indicates a complication of
the obtained shape structure. The basalt pieces after the cen-
trifugal crusher have shape factors from 1.5 to 1.8. Thus, the
shape tends to be isometric, which significantly affects the
industrial product yield towards its increase (on average by
20 % for a size of 20 mm).

The basalt pieces after the cone crusher have shape factors
from 2.1 to 5.0. Thus, the shape tends to be anisometric, acute-
angled. The fractal dimension is also significant (1.40).

Thus, a centrifugal crusher gives the pieces a simpler shape
(closer to the cube), which is energetically favorable and in-
herent in nature. The fractal dimension is, accordingly, mini-
mal. A cone crusher gives the pieces a more complex shape
(technological factors are superimposed on natural factors).
The fractal dimension is, accordingly, higher.

The fractal dimension analysis of basalt pieces taken from
the quarry after blasting destruction revealed the following
distinguishing features. Three fractions of joints with average
sizes are statistically selected: a; = 350 mm; a, = 90 mm; a; =
= 17—20 mm. The fractal dimensions of each of the samples
are determined using the logarithmic method. The fractal di-
mensions of these fractions are, respectively

D,=1.16; D,=1.56; D;=1.85.

According to the ideas presented in the works, with a de-
crease in the average size of quasi-crystals, the structure be-
comes more complex and tends to a bulk form, but a dimen-
sion value of less than 2.0 indicates the clastic nature of the
obtained pieces (a system of weakly bound particles).

The fractal dimension of fractions after crushing plants is:
after the centrifugal one — D = 1.17; after the cone one — D =
= 1.4. Thus, fractality reflects the degree of structure (shape)
complication of basalt pieces obtained by different methods of

Table

Results of calculating the shape and fractality coefficients of
basalt pieces obtained by different crushing methods

Shape factors Fractal
Crusher type . .
a/b ajc b/c dimension, D
Centrifugal 1.5 1.8 L5 1.17
Cone 2.1 5.0 2.5 1.40

destruction. This fact is logical, since natural patterns are
formed with a minimum amount of energy consumed. This
nature “rationality” was formulated by the French scientist Le
Chatelier. The Le Chatelier—Braun principle of braking resis-
tance states that any equilibrium system tries to maintain its
equilibrium state and responds to changes in one of the three
equilibrium factors — temperature (7), pressure (P), heat ca-
pacity (C) — by the occurrence of such a process within the
system that seeks to cancel the impact of this factor.

From here the result obtained is as follows: during the de-
struction by the impact method (one contact side), the sim-
plest and energy-efficient shape is formed in the process of
destruction or laid down by nature itself during the cooling
process. In the process of destruction by the compression
method (two contact sides), the structure and shape of rock
pieces become more complicated, which is fixed by the fractal
dimension. The blasting affects with an additional energy fac-
tor on the size and shape. The smaller the particle, the more
impacted the rock, the greater the fractal dimension.

Roller crushers are widely used in ore preparation techno-
logical schemes of rock mass for beneficiation. Depending on
the mode, they provide both crushing and grinding of the
rock. As a rule, this equipment has a low performance, but it is
quite sufficient for the conditions of the experimental site
planned for processing of raw materials from basalt quarries.

When analyzing the energy efficiency of ore preparation of
basalt raw material from quarrying, which contains basalt, lava
breccia and zeolite-smectite puff-stone, it becomes necessary
to determine the degree of influence of various factors on the
roller crusher performance. This is important for the subse-
quent modeling of the process and predicting its rational pa-
rameters both at the design stage and during further operation.

The research purpose is to experimentally determine the
main design, operational parameters and the influence of rock
mass properties on the roller crusher performance when pro-
cessing basalt rock mass.

In the experiments, the following parameters are variable:

1 — roll diameter (D, mm);

2 — size of a piece loaded into the crusher (p, mm);

3 —roll length (L, mm);

4 — slot size between rolls (Ap, mm);

5 — crushed material density (y, g/cm?®): for puff-stone
v = 1.4, for lava breccia y = 2.2, for basalt y = 2.4—2.6, for tit-
anomagnetite inclusions y = 4.0 (t/m?);

6 — roll rotation frequency (o, rpm).

The research is conducted on an experimental roller
crusher with replaceable rolls, adjustable drive speed and dis-
charge slot within the limits of fine crushing and grinding.

One of the important factors influencing the crusher per-
formance is the roll rotation frequency. For crushers of mass
production at various plants and firms, it is determined within
the range of 100—300 rpm.

In the studied case, the rational frequency is determined
experimentally. The nature of Q = f(w) dependence is shown
in Fig. 1 for all four types of basalt rock mass.

As it can be seen from Fig. 1, the function extremum is
within o = 120 rpm. It is this drive frequency that is adopted in
further studies on the choice of influencing factors. The re-
search is performed with the following crusher parameters:
L =400 mm; D=600 mm; o= 120 rpm — var; A, = 30 mm = p;
Ap =3 mm.

It is known that from the point of view of choosing the
angle of capture of pieces by rolls during crushing and the fric-
tion coefficient of rolls with rock mass, the diameter of the
rolls should be approximately 20 times larger than the crushed
piece size. In the studied ore preparation scheme of raw mate-
rial, the rock mass is supplied to the roller crusher after the jaw
crusher, with a particle size of not more than 30 mm. Howev-
er, the rock mass characteristics are different, so it is important
to determine the nature of the dependence of performance on
the crusher roll diameter.
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Fig. 1. Dependences of the crusher performance on the roll ro-
tation frequency:
1 — for puff-stone; 2 — for lava breccia; 3 — for basalt; 4 — for rocks
with titanomagnetite inclusions

The research is performed with the following crusher pa-
rameters: L =400 mm; D — var; ® = 120 rpm; Ap =30 mm = p;
Ap =3 mm. The research results of this dependence are shown
in Fig. 2.

The dependence is non-linear and indicates the expedi-
ency of using the roll diameter D = 600 mm for further re-
search.

The size of the crusher’s discharge slot, determined by the
spacing between the rolls, has a significant impact on the perfor-
mance of the control size class. Experimentally, this characteris-
tic is determined on a crusher with a roll length L =400 mm with
a variation of Ap = 3.0—12.0 mm. It has been found that the de-
pendence of performance on the discharge slot size is almost
linear for rocks of low density, up to 2.4 - 10° kg/m?. With an
increase in density (2.4—4.0) - 10° kg/m?, the dependence ac-
quires a slightly parabolic character (Fig. 3). The research is per-
formed with the following crusher parameters: L = 400 mm;
D=600 mm; =120 rpm; A, =30 mm = p; Ap =3—12 mm — var.

Technologically, performance significantly depends on the
length of the rolls L. Therefore, further, the dependence of the
performance on the length of the rolls Q = f(L) is determined
experimentally (Fig. 4).

According to the data shown in Fig. 4, this dependence is
linear within the variation range of L = 100—600 mm at a con-
stant diameter of the rolls and their rotation.

Further research is related to studying the nature of depen-
dence of the crusher performance on the loaded rock mass size
at a constant discharge slot width L = 3.0 mm, constant length
of the rolls L = 400 mm and their diameters D = 600 mm.

Q,t/h
O B N W B N W ® W

0 100 200 300 400 500 600 700
D, mm

Fig. 2. Dependences of the crusher performance on the roll di-
ameter:

1 — for puff-stone; 2 — for lava breccia; 3 — for basalt; 4 — for rocks
with titanomagnetite inclusions
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Fig. 3. Dependences of the crusher performance on the size of
the slot between the rolls:

1 — for puff-stone; 2 — for lava breccia; 3 — for basalt; 4 — for rocks
with titanomagnetite inclusions
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Fig. 4. Dependences of the crusher performance on the length of
the rolls:

1— for puff-stone; 2 — for lava breccia; 3 — for basalt; 4 — for rocks
with titanomagnetite inclusions

The nature of the experimental dependence obtained is
shown in Fig. 5. It can be seen that it has a weak non-linear
form for all four types of the studied rock mass and shows that
an increase in the rock mass density by 2—3 times reduces the
crusher performance by 25—30 %.

‘When the crusher is switched from a fine crushing mode to
a grinding mode by reducing the discharge slot width between
the rolls to Ap = 0.5 mm, its performance decreases according

10 L =

—
"'il»,
e

FESS

\1'4

Ak, mm
Fig. 5. Dependences of the crusher performance on the crushed
rock mass size:

1 — for puff-stone; 2 — for lava breccia; 3 — for basalt; 4 — for rocks
with titanomagnetite inclusions
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to a weak non-linear law for all grain sizes of the loaded mate-
rial. The results of this research are presented in Fig. 6.

Thus, the experimental dependences of the roller crusher
performance in crushing and grinding modes on six main pa-
rameters have been obtained (Figs. 1—6). It has been deter-
mined that all the selected factors of these dependences are
significant, and each of them can be selected as a regulatory
element for managing the ore preparation process for setting
the optimal parameters for the crushing or grinding process,
with known optimization criteria.

The dependences obtained as a result of the performed re-
search served as the basis for the development of generalized
process models, namely, they made it possible to develop gen-
eralized models for each rock mass for the performance of the
type

Q:ﬂL7 D’ W? p7 Ap’ Y)' (l)

The following generalized roller crusher performance
models have been developed:
- for puff-stone

Qu=2.167 - 0.00086 - w? — 0.00089 - p? — 0.000024D? +
+0.000062LD + 0.0263wA + 0.0007 - wA; 2
R*=0981; F=183.2;
- for lava breccia
Obreceia. = 1.741 = 0.00078 - > — 0.00083 - p* — 0.024A? -
—0.000057LD +0.0032 - oA +0.00052 - 0A; 3)
R?=0.979; F=134.5;

- for basalt
Opes. = 3.27-0.085 - p> - 0.0007 - ®* - 0.000022D2 +
+0.00005LD +0.021 - ®A + 0.00057 - ®A; 4)

R*=0971; F=146.1;

- for titanomagnetite agglomerations
Qiymagn. = 1.62=0.066 - p> — 0.0066 - ®* - 0.026 - D* —
—0.000013D2 + 0.00004LD + 0.029 - ®A +0.0004 - 0A; (5)
R*=0982; F=188.4.

The high value of the multiple correlation coefficients R?
and Fisher criterion F, whose value at a significance level of
0.05 is higher than the critical one, indicates a sufficient con-
vergence between the experimental and theoretical results and
the accuracy of the obtained analytical dependences (2—5).

The generalized models obtained for each of the rock types
for determining the roller crusher performance from signifi-

Q, t/h
T

o BN W

0 10 20 30 40 50 60
Ak, mm

Fig. 6. The nature of the change in the crusher performance
when switching to the grinding mode (Ap = 0.5 mm) with
titanomagnetite inclusions

cant factors greatly facilitate the choice of crushing and grind-
ing process parameters and allow choosing a rational crusher
operation mode.

Conclusions. The analysis of the result of crushing by dif-
ferent methods is, in fact, a confirmation that the second
method (cone crusher) is based on the irrational consumption
of impact energy during destruction. In addition, the yield of
an industrial product is significantly reduced (about 40 % after
the centrifugal one, about 26 % after the cone one), which, in
combination with a significant metal consumption (several
times) of crushing equipment for destruction by compression
method, indicates the inexpediency of using this method and
equipment for industrial purposes. The efficiency of screening
and the quality of rock mass crushed in a centrifugal crusher
are higher due to the absence of flaky (elongated) material.
The obtained results on crushers make it possible to use cen-
trifugal crushers as the basis for an energy-efficient basalt ore
processing complex at the Rafalivskyi quarry in the Rivne re-
gion (Ukraine).

The main type of basalt mining is open-pit mining in
quarries for the production of construction crushed stone and
facing tiles. However, the presence of a stratified rock structure
with various mineralogical composition in the thickness of ba-
salts, in which, in addition to native copper of various dissem-
ination, there are valuable metals of industrial interest, and the
host rocks are valuable chemical raw materials, the studied
deposits require comprehensive development both in terms of
the mining method and use of mined raw material.
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Merta. ExcriepuMeHTaIbHE BUSHAYEHHSI OCHOBHUX KOH-
CTPYKTUBHUX i PEXXMMHUX [TapaMeTpPiB BILUTUBY BIACTUBOCTEM
ripchbKOi Macu Ha MPOAYKTUBHICTh BAJIKOBOI 1pOOApKHU MpuU
rnepepoOlii 6a3ajbTOBOI riPCbKOI MacCH.

Meronuka. JlocmimkeHHs i3 moapiOHeHHs 0a3ajbTiB
TPOBOAVIINCS 3 BUKOPUCTAHHIM METO/IiB MATEMaTUYHOI CTa-
TUCTUKM TS ifeHTUdiKalii oTpuMaHUX pe3yJbTaTiB i BcTa-
HOBJIEHHSI 3aJI€XKHOCTI TEXHOJIOTIYHUX MTapaMeTPiB Bil BILIU-
BY MeXaHiuHMX (pakTopiB. EKcriepuMeHTaIbHi AOCiNKEHHS
BUKOHaHI Ha mpuKiami 0asanbTiB PadaniBchkoro xap’epy
PiBHeHCBKOI 06aaCTi.

PesymbraTin. BctanosneHo, 1110 e1eMEHTHMI CKJIa1 TOPO-
IIA YCTYIiB 0a3aJIbTOBUX Kap’€piB Ma€ pi3HUIT MiHEepaJIbHUIA
cknan. ExcrniepuMeHTanbHi OOCTIIXKEHHST pe3yabTaTiB Apo-
OJIEHHS MOpPOAM BU3HAYMIU €(EKTUBHICTh BUKOPUCTAHHS
TPOXOYCHHS ISl ApoOJIeHHST 6a3anbTiB. OTpuMaHi eKcrepu-
MEHTaJIbHI 3aJIEXKHOCTI MPOAYKTUBHOCTI BAJIKOBOI 1p0OAapKu
B peXUMi ApoOJeHHsI i MOAPiIOHEHHSI Bill BJIAaCTUBOCTEM Tip-
CBKOi MacH.

HayxkoBa HoBusna. Bcranosnena BennunHa ppakTaTbHUX
OKpeMocTeli MoApiOHEHOI MOPOAM Ha KOHYCHIH i BilLIEHTPO-
Biil mpobapKax XapaKTepU3YEThCsl KoedilieHToM (popMu Ta
(pakranpHOlO po3MipHicTioO D. [l KOHYCHOi npodapku
K,=2,1-5,0i D= 1,4. Ina BinueHTpoBoi npodapku K= 1,5—
1,81 D=1,17. Lli mapaMeTpu cBimyaTh PO €EHEPreTUYHy 10-
LIJIBHICTb BUKOPUCTAHHS BiILIEHTPOBUX Apobapok. Bucoke
3HaYeHHs Koe(illieHTa MHOXWHHOI Kopesswii R? Ta KpuTe-
pito Dimepa F, BeIuurHa SIKOro mpu piBHi 3Hauymocti 0,05
BUIIIE KPUTUYHOI, CBiTYaTh PO JOCTATHIil 30ir eKCriepuMeH-
TQJIbHUX 1 TEOPETUYHUX PE3YJbTATIB i MPO NOCTOBIPHICTH
OTPUMAHUX AHAJIITUYHUX 3aJIEKHOCTE.

IIpakTiyna 3HaunMicTb. OTpUMaHi IUIsT KOXKHOI i3 Topin
y3arajlbHeHi MoJiei UIsl BU3HAYeHHS MPOIYyKTUBHOCTI BaJl-
KOBOi Ip0o0apKM 3a 3HAUYIIUMU (haKTOpaMU 3HAYHO IOJIeT-
LIYI0Th BUOIp MapaMeTpiB Mpollecy ApoOJIeHHS Ta 103BOJIsI-
I0Th BUOpaTH pallioOHAIbHUI PeXUM poOOTU APOOAPKHU.

KinrouoBi cioBa: 6azarem, mygp, dpobapka, enmepeoeghex-
mugHicmb, 2pOXOHeHHs, 2ipCbKa maca, pyiHy8anHs

The manuscript was submitted 22.01.22.

46 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N° 6



