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Abstract

Purpose. To identify dependence of specific rock mass fissility upon the bench height of basalt open pits based upon the
analysis of basalt open-pit bench fissility.

Methods. Fractural tectonics of basalt open pits was studied experimentally. In addition to the specific fissility, the
studies determined both shape and quantity of natural blocks within each bench meter; their geometry in terms of fissure
frequency; and nature of changes in the fissure number as well as geometry of the blocks depending upon a bench height.
Graphical analysis of the obtained results has helped determine the typical dependencies of fissure number upon the chan-
ges in the open-pit bench height.

Findings. It has been defined that the specific fissility of basalt benches is distributed irregularly in terms of an open-pit
bench height. Field studies, involved three basalt open pits, have made it possible to identify that the 3™ degree polynomial is
the most adequate approximation of the specific fissility dependence upon the bench height.

Originality. For the first time, the experiments have helped define that rock mass joints a share downward from the smaller
to the larger ones following a parabolic law (according to a cubic expression). The obtained regularities help identify the per-
centage of shares of three sizes for each bench height meter.

Practical implications. Estimate of share percentage will make it possible to schedule rationally the drilling and blasting

operations while selecting energy efficient parameters of production facilities for further basalt processing.
Keywords: basalt, fissility, tectonics, bench, open pit, energy efficiency

1. Introduction

Ukraine is rich in various minerals. Almost 90 of their
types have been prospected; more than eight thousand depos-
its are being mined. Its subsoil assets depend upon the avail-
ability of diverse tectonic structures being filled with rocks
of different origin and age during several billion years. Sig-
nificant amounts of coal, iron and manganese ore, graphite,
titanium and zirconium ores, germanium, nonmetallic metal-
lurgical feed, stock for building materials, gas, oil etc. have
been extracted [1]-[6]. The Ukrainian Shield, having unique
structure, is connected with the majority of ore minerals as
well as non-metallic ones being of magmatic and metamor-
phic origin (i.e. iron, nickel, and uranium ore; granite; basalt;
labradorite; gneiss; and graphite) [7]-[10].

Volyn basalt is of the utmost interest as the useful build-
ing material as well as mineralization source. Volyn-Podillia
Plateau, represented by igneous complexes in VVolyn-Polissia
Depression, allocates within the northwest bank of the
Ukrainian Shield. Four series represent trappean occurrence
structure of Volyn series. According to the stratigraphic
sequence, their downward order is as follows: 50-195 m of
Ratnenska basalt set with ribbons of lava-clastic breccias;
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levels of tuff; tuffite; and tuff-conglomerate; 90-235 m of
Babynska tuff set with certain basalt flows; 0-345m of
Zabolotovska basalt set with tuff interlayers; and Horbashev-
sky gravelite-sandstone admixed with pyroclastic material
and 15-60 m thickness. Currently, basalt is excavated. The
mineral belongs to Ratnenska set; it is under Cretaceous
deposits (i.e. marl stone-colour loam) and Quaternary uncon-
solidated deposits. Totally, they are 2-3 up to 5-7 m layer
facilitating overburden operations.

Volyn basalt is interesting for researchers owing to its
unique mineralogical and chemical characteristics. Accor-
ding to potassium-argon method, isotopic age of the mineral
is 510-598 million years. There are two basalt types in the
area. Type one is the aphanite basalt being of black and
darkgray colour. Mainly, it is palagonite mineral which min-
eral composition is as follows: 36% of plagioclase; 33% of
pyroxene; 19% of glass; 6% of palagonite; and 6% of metal-
lic mineral. The basalt is outcropped in the open pits of such
villages as Berestovtsy, Yanova Dolyna, Ivanchi, Polytsi etc.
Type two is the almond-shaped basalt greenish gray close-
grained rock with numerous amygdules which size is up to
15 mm. The mineral composition is as follows: plagioclase,
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metallic mineral (i.e. magnetite, and menaccanite); apatite;
and volcanic glass. The key basalt blast is observed in the
Styr River basin. Table 1 shows the rock density, and chemi-
cal composition of the basic basalt in the form of percent-
denominated weight content [11].

Table 1. Chemical composition of the basic basalt types according
to the open pits

Outcropping areas
Villages Villages
of Khodosy, Hutwin, of Berestovtsy,
Yanova Dolyna, and Yanova Dolyna

Compositions
of chemical
elements, %

and Mydsk (open pit 2)
SiO2 45.04 49.50
TiO2 2.54 2.85
Al203 14.30 12.79
Fe203 6.03 3.36
FeO 6.46 10.63
MnO 0.4 0.21
MgO 8.47 6.19
CaO 6.58 9.38
Na20 2.42 2.78
K20 0.48 2.05
P205 0.17 0.57
SO3 0.30 0.20
CuO 0.03-1.20 0.22
H20 0.72 0.80
Others 1.88 241

Significant quantity of energy is required to disintegrate
ore body and perform following extraction of the mine-
ral [12]. Development of new procedures for rock mass pro-
cessing and preparing involves use of natural characteristics
of minerals saving power consumption for their disintegra-
tion and increasing ore breakdown and recoverability of the
mineral [13], [14]. Hence, it becomes topical to analyze
natural joints of different rocks within the basalt mass which
may vary significantly both approaches and principles of
technological influence on them for further disintegration
and extraction of minerals.

In the late 19" and early 20™ centuries, geologists showed
interest and started analyzing structures within the rocks in
the form of joints at macro- and mega-levels specified as
autonomous blocks within the Earth’s crust and fractures
varying in their geometry [15]-[17]. In addition to vertical
layers, the horizontal transversal ones were found commonly
on a table. In this context, the fissures had regular arrange-
ment; moreover, they were always vertical. Each their system
is of the well-balanced course supporting the idea of the
oriented tectonic forces passing through the table [18]-[21].
As a result of the problem consideration, K.F. Tiapkin de-
notes a system-based arrangement of the fractures shaping
blocks with stable 140x140 km dimension. In turn, fractures
divide the blocks into the smaller ones corresponding to a
half, quarter etc. of the main block; i.e. they multiply 70; 35;
17.5; 9 km and less. Hence, dependence of double reduction
in the geoblock geometry has been derived. Following the
law, the joint, differing from a block size only in dimensions,
should have similar dependence [22], [23]. In other words, it
has to be penetrating for each rock size and type.

Relying upon the determined connection between a
mechanism determining the oriented structure of enclosing
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rocks and their characteristics, paper [24] recommends the
nature of mechanical effect during disintegration. For the first
time, it has been defined that in the process of static load,
failure behaviour of intrusive rocks depends upon the specific
features of a microstructure, i.e. directedness of microfissures
as well as of their orientation degree. In the context of dyna-
mic load, failure behaviour is influenced by the rock mass
macrostructure, i.e. orientation of macrofissures as well as
their opening degree. A procedure, separating granite mono-
liths from the rock mass has been improved; percentage of
the block output has been increased [25]-[27].

From the viewpoint of blockiness and fissility, analysis
of basalt outcropping in Rafalivsky and Berestovetsky open
pits has shown their high cleavage degree (face height is
15-20 m) and strongly marked joints limited by means of
vertical and horizontal fissures.

Generally, the deposits, being mined, have non-uniform
mineral composition. Hence, rational use of the resources at
the initial stage of the mineral processing should involve
information concerning specific features of the mined rock
mass blockiness as well as study of fissure arrangement with-
in it [28]-[30]. Stage one of ore preparation is disintegration
of the mineral substance connected with ore bodies, and
further division of the rock mass until a commercial product
is obtained, within which useful component concentration
achieves a level being sufficient for its profitable extraction.
Following separation of ore bodies from the rock mass, con-
taining useful components (waste rocks), is intended to in-
crease its concentration in the commercial product. Hence,
owing to mechanical treatment of a mineral, ore preparation
is an auxiliary processing stage involving crushing and clas-
sification, thus being a medium between the mining practice
and the preparation one.

Mechanical preparation system involves following opera-
tions [31]-[34]:

—advanced engineering analysis for strategic planning of
useful component extraction;

— separation of technological ore types;

— ore disintegration into mineral aggregates;

— lump ore separation;

— ore averaging depending upon its grade by certain tech-
nological types;

— shaping of ore flows in the form of a commercial prod-
uct for future preparation.

All the listed cases need the information concerning
strength characteristics of the rock mass being processed.
Namely, lumpiness effect on power intensity of ore prepara-
tion processes as well as on productivity is meant [35]-[37].

Development process of the considered method pays in-
sufficient attention to the preliminary rock mass disintegra-
tion at the expense of fracturing both in the rock mass and in
separate lumps [38]. The abovementioned should involve
extensive statistics, i.e. the identified dependencies helping
apply new principles to engineer ore processing since they
take into consideration the developed micro- and macro-
fissured network while reducing energy intensity of the
schedules [39]-[41].

Currently, open-pit fields are mined under the conditions
of insufficient information concerning fissility of rocks as
well as their strength characteristics. Blasting destruction of
an open-pit bench should be considered as the initial disinte-
gration stage along with the primary breaking, crushing, and
grinding; rather often, crushing and grinding are the parts of
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a mining method [42]-[44]. Fissility of the open-pit rocks,
determining their blockiness, is among the most important
characteristics to be used in the process ore preparation. The
amount of fissures within the open-pit bench has been in-
creased as a result of drilling and blasting operations; the
amount is tectonic and technogenic total [45]-[47]. Hence,
the field studies recorded a soil grid in the form fissure pro-
jection on the bench plane to determine the dimensions of
blocks, their outcrop, and shapes.

The blocks or so-called joints represent behaviour of an
open-pit bench [48]-[50]. Analysis of the available concept
of rock joints, with the participation of the author, has shown
that the joints, shaped in rock mass by means of tectonic
fissures, take place at macro- and mega-levels in sedimen-
tary, metamorphic, and ingenious rocks. They form large
blocks in the Earth’s crust as a result of tectonic disturbances
[51]-[53]. It has been determined that fractures shape the
blocks with stable 140x140 km dimensions; it turn, the latter
are separated by means of fractures in their own system.
Distances between them correspond to a half, quarter etc. of
the main block [54]-[56]. Consequently, the blocks multi-
plying 70; 35; 17.5; 9 km and less have been identified. As
defined by S.S. Schulz, the fissility is of the planetary nature
and of regular orientation; it disintegrates rocks into the regu-
lar-shaped blocks. While analyzing the problem of blocki-
ness formation, authors of [57]-[59] have defined a number
of regularities. For instance, K.F. Tiapkin and later
M.A. Sadovski have identified that such a common charac-
teristic of solid substances (i.e. rocks) is as follows: in the
process of their disintegration into joints by fissures as well
as in the process of consolidation of the joints into large
blocks, dimensional distribution of the arising lumps forms
hierarchic sequence of the ‘preferential’ sizes. Moreover, the
characteristic is typical for large geoblocks as well as for
smaller objects [60]-[62] (up to a microlevel) which can be
considered as a very important argument for the development
of methods to mine and process minerals.

A premining technology of a basalt deposit needs large
quantities of data even at the design stage of an enterprise.
An operating open pit with its developed infrastructure is the
specific feature of Rafalivsky deposit as one of those being
potentially productive from the holistic extraction perspec-
tive. Despite the fact that the open pit extracts basalt for
gravel, the performed research part is based upon the facts,
represents specific geological and mineralogical characteris-
tics to increase accessibility of the resources, and influences
heavily the decisions concerning extraction operations in the
context of full-field development [63]-[68].

It is known [69]-[71] that increase in a bench height re-
sults in the prolonged period of the blast effect on the struc-
ture. The abovementioned factors into its more intensive
disintegration and fissility. However, while describing the
results of studies, no scientific source mentions the nature of
dependence of fissure frequency changes in a face after blast
in terms of height; what block geometry prevails; outcrop of
the blocks and their sizes. Nevertheless, the data characterize
drastically the rock mass blockiness over the exposed bench
surface [72]-[74]. Thus, the research should study and ana-
lyze bench fissility of basalt open pits to derive dependencies
of specific fissility upon the bench heights of the basalt open
pits. For the purpose, it is required to analyze rock mass
fissility and determine regularities of fissure penetration.
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2. Methods

Field studies of fissure tectonics took place in Rafalivsky
open pit extracting basalt of Ratnenska suite to produce top-
grade gravel; it contains heavy percentage of native copper.
Mining schedule includes drilling and blasting operations as
well as the blasted rock mass loading and transporting to the
facility for further crushing and vibrational screening on
grain-size categories [74]-[77]. Since overburden operations
are performed in advance being small in their amount, the
performed research concerning the open-pit bench fissility
helps make the deposit more accessible at the design stage
owing to the improved quality and efficiency of drilling and
blasting operations. The matter is that drilling and blasting
increase significantly the amount of fissures within an open-
pit bench; hence, the research took into consideration both
the tectonic fissures and the technogenic ones (i.e. failures,
faults, and fissures as a result of explosion load). A soil grid
in the form a fissure projection on a plane was recorded.
Specific features of the rock mass blockiness were analyzed
on the basis of large-scale measurements performed uniform-
ly along the studied area. The data of a fissility analysis of
the exposed 10x10 m bench face, carried out using a well-
known technique, turned out to be the most reliable. In this
context, a height started to be measured from a bench floor
since its upper share has weathering fissures. It is the sof-
tened bench part where fissures do not form regularities
developing instead by the available fissure networks; in such
a way, the fissures complicate their framework, shaping
additionally more frequent grid. Hence, the upper part of the
bench was not analyzed after 10 m height from its floor.

The obtained fault and fracture 10 m grid across the face
width was analyzed one every meter. In such a way, specific
fissility was recorded since the amount of macroscopic well-
defined cracks, falling at a linear meter of the exposed rock
plane, was calculated. Vertical lines were determined with
the help of projecting edges of columnar joints separating the
rock mass into polygonal prisms being typical for basalt.
Columnarity is perpendicular to a lava flow; it is vertical; and
distance between edges is up to a meter. Prismatic joint of
the open pit as well as columnar one has five or six ends in
cross sections; and width is 0.8 up to 1.0 m. In addition to the
specific fissility, the research also defined the shape of natu-
ral blocks as well as their number per each meter; their
geometry (using fissure frequency); and nature of changes in
the amount of fissures as well as sizes of blocks (units) on
the bench height. The assumed simplified methods to take
account of fissility [78], [79] facilitates the research task.
Moreover, it is not intended to solve geological problems of
a site. It helps identify the face conditions to improve or
select mining technique, parameters of processing equip-
ment, blasting pattern, and amount of explosives.

The officially accepted methods have been applied to
study and determine the specific fissility blockiness nature of
the exposed bench face within the 10x10 m site. A fissility
pattern varies depending upon the face advance. Hence, the
methods involve following procedure. It is known that in-
crease in the open-pit bench height as well as in the well
length results in the increased period of the blast effect on the
rock mass; consequently, it results in its more intensive dis-
integration and fissility. In this context, the following is un-
derstudied: dependence of fissure frequency changes in face
throughout the height after blast; and geometry of blocks and
distribution of joints throughout the bench height. At the
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same time, the data help make a decision as for the adjust-
ment of face preparation. That is why, the research marked
each face site with 10x10 m dimensions; the specific fissility
of each bench height meter within the studied area was de-
termined; moreover, percentage of (< 300), 300-700 and
700-1000 mm joints was identified. In this context, the count
started from a bench floor as its upper share had weathering
fissures. It is the softened bench part where fissures do not
form regularities developing instead by the available fissure
networks; in such a way, the fissures complicate their
framework, shaping additionally more frequent grid. Hence,
the upper part of the bench was not analyzed after 10 m
height from its floor. Total height of the bench is 18-20 m
where overburden layer is 2-3 up to 5-7 m. The latter consists
of sandy and chalk deposits. The obtained failure and frac-
ture grid across the 10 m width of the face was analyzed after
each meter; in such a way, the specific fissility was recorded.
It should be mentioned that only macroscopic well-defined
cracks, falling at a linear meter of the exposed rock plane,
were taken into consideration. Vertical lines were determined
with the help of projecting edges of columnar joints separat-
ing the rock mass into polygonal prisms being typical for
basalt. The columnarity is perpendicular to a lava flow; it is
vertical; and distance between edges is 0.8-1.0 m.

3. Results and discussion

Table 2 demonstrates the results of basalt fissility re-
search in three open pits making it possible to understand
significant changes in the fissure amount in terms of a bench
height as well as the shaped joints.

Graphical analysis of the results obtained for the three
open pits has shown similar nature of the dependence of the
fissure amount upon an open-pit bench height. High fissility
density within the upper share of a bench decreases the rock
mass blockiness; and significant increase in block dimensions
within lower share of the bench is observed. In addition, the
blocks within the lower share are oversized from the view-
point of a large crusher feeding. Geometry of joints (blocks)
listed in the Table specified for the analysis depends upon the
sizes of receiving openings of primary gyratory cone crushers,
secondary cone crushers as well as jaw breakers.

Figure 1 demonstrates the dependence of the specific fis-
sility upon a bench height. Lines 1, 2, and 3 show the derived
experimental fissility dependencies upon such open-pit
heights as Rafalivsky, Berestovetsky, and open pit in the
village of Yanova Dolyna respectively.
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Figure 1. Changes in the specific fissility depending upon the
open-pit bench: 1 — Rafalivsky open pit; 2 — Berestovets-
ky open pit; 3 — open pit in the village of Yanova Dolyna
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Table 2. The results of fissility research of benches of the basalt

open pits
Top to bottom The Maximum lump geometry, mm.
bench specific Pecentage
height, m fissility <300  300-700  700-1000
Rafalivsky basalt open pit
1 18 100 - -
2 17 100 - -
3 13 97 3 -
4 10 94 6 -
5 10 88 11 1
6 8 86 12 2
7 8 74 16 10
8 6 65 17 18
9 5 38 32 30
10 3 15 45 40
Berestovetsky basalt open pit
1 17 100 - -
2 15 100 - -
3 13 98 2 -
4 12 97 3 -
5 11 95 4 1
6 9 90 7 3
7 9 77 15 8
8 6 62 30 8
9 5 55 36 9
10 4 40 50 10
Basalt open pit (village of Yanova Dolyna)
1 12 95 5 -
2 10 94 6 -
3 8 92 8 -
4 7 90 8 2
5 6 80 12 8
6 5 45 15 30
7 4 25 30 45
8 4 15 35 50
9 3 8 44 48
10 2 2 55 43

Similar nature of the dependencies for the three open pits
denotes potential genelarity of the accepted engineering
solutions as for basalt extraction, crushing, classification, and
grinding in the process of their development and prepararion.
Since the fillsity defines geomentry of joints within the rock
mass then, according to percentage classification, shown in
Figures 2-4, rock mass lumpiness in terms of sizes of the
pieces (joints) are < 300; 300-700 and 700-1000 mm for the
analyzed basalt faces in the three open pits.
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Figure 2. Dependence of the amount (in terms of percentage
point) of (—300) mm joints upon the open-pit height:
1 — Rafalivsky open pit; 2 — Berestovetsky open pit;
3 —open pit in the village of Yanova Dolyna
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Graphical analysis of the research results helps under-
stand distribution density of the joints, varying in size,
throughout the bench height making it possible to forecast
the disintegrated ore before blast and specify approximate
distances between the blastholes to avoid mutual basalt re-
grinding as a result of blasting effect. Nevertheless, it be-
comes necessary to quantify preliminary the lumpiness.

More accurate determination of lumpiness involved the
development of a technique to calculate analytical depen-
dence according to the available experimental data. For the
purpose, dependence of the specific fissility indices of basalt
open-pit bench is studied first and the maximum lump geo-
metry upon a bench height.

Specify as follows: x is the bench height and y is the ana-

lyzed index.
The research results are represented like this:
X ={X, Xp, s X }
M
Y ={¥1, Y2, 1 Yn}-

The problem is to determine the dependence:
y="~f(AXx), (2
where:

A={a, a,..,a,} arethe function parameters.

To derive f function, apply the least-squares method
which criterion is:
F= Z(yi - f ( (3)
i=1

A, xi))2 — min .
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To minimize F criterion, set to zero its derivatives using
the required parameters:
F o Foo.. Foo
oa, O, oa,
Solve the equation system relative to the required param-
eters of the function. Since the function choice may use dif-
ferent dependencies (i.e. polynomial and nonlinear ones), the
determination coefficient R? is calculated to select the best
approximation for each dependence. The dependence, in
terms of which the determination coefficient is maximum
one, is assumed.

In the context of polynomial dependence, the equation
system is obtained straight from the initial variables.

(4)

For instance, for such a parabolic dependence
as y="f(Ax)=a,+ax+a,x*, the equation system is
as follows:
VD LTHD K ')
n
ZX ZXf ZX Zyixi

, (5)
n

_2YX
o

n

YN o

n n

ZX

Determine parameters of ag, a1, a; function while solving
the equation system.

If the required function is not defined by m™ order poly-
nomial but by a nonlinear expression of another type then it
should be linearized by means of substitution of the variables
before using the least-squares method. For instance, assume
that § = f (A x)=a,-ax* is an exponential function.

Perform logarithmation:

Iny=Ina, +a,Inx. (6)
Specify Y =Iny, A, =Ina,, X =Inx.

The linear model is obtained:
Y=A+aX. (7

Calculation of its parameters Ag and a; by means of the
least-squares method results in following equation system:

Z ZY
+a ZnXiz

Ata=—

(®)
2.X
n

A

The required dependence coefficients A, and a, are ob-
tained from the equation system solving. Definitely, we have
a, =exp(A).

To calculate determination coefficient R?, define two var-
iation criteria:

_ zYiXi
==

— total variation A = Zn:(yi — y) :

i=1

— trend variation § = Z( — (A X )) :

=1
Hence, determination coefficient is:

RZ=2.

n ©)
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Table 3 represents options of the most adequate approxi-
mating function with the sample data of different dependen-
cies. The determination coefficient helps understand that the
3 degree polynomial yields the best approximation.

Table 3. Determination of the dependence function of the specific
fissility upon a bench height

funciions Open pi
Rafalivsky open pit
Linear y =18.533-1.588x; R? =0.9472
Parabolic y =20.617 — 2.6295x +0.0947x*; R* = 0.9688
Cubic y =22.8-4.566x +0.514x* —0.025x%; R? =0.977
Logarithmic y=19.71-6.561Inx; R® =0.948
Power y = 24.265x %% R? = (.8181
Exponential Y = 23.033e°7®*; R? =0.9491
Berestovetsky open pit

Linear y =17.867 -1.4121x; R? = 0.9857
Parabolic y =18.2-1.5788x+0.0152x*; R* = 0.9864
Cubic y =18.93-2.22x+0.15x* - 0.0085x%; R? = 0.987
Logarithmic Yy =18.603—5.6295In x; R* = 0.9183
Power y =22.166x "% R? = 0.7191
Exponential Y = 21.581e*'%*; R* = 0.9546

Open pit of Yanova Dolyna Village
Linear y =11.733-1.0242x; R* = 0.9521
Parabolic y =13.483-1.8992x +0.0795x°; R* = 0.9889
Cubic y =14.76 —3.037x + 0.32x* —0.015x%; R* = 0.996
Logarithmic ¥ =12.596-4.3009In x; R* = 0.9841
Power y =15.517x%""; R* =0.8673
Exponential  y =14.496e*"*"; R? =0.9776

Table 4 shows the results of the function selection to cal-
culate the specific fissility as well as output of geometry of
lumps (joints).

Table 4. Determination of a function type to calculate the output
depending upon the size

Joir;;r?]ize, Open pit
Rafalivsky open pit

upto300 y=105.7-5.978x+1.506x* —0.182x%; R* = 0.994
300-700  y=2.8667 —2.0758x +0.5909x?; R? = 0.9532
700-1000  y=1.9333-1.2591x—0.0781x? +0.0598x>; R? = 0.9924

Berestovetskyopen pit
Upto300 y=954+4.6667x—1.0303x*; R? =0.9885
300-700  y=2.033-1.669x +0.25x* + 0.0404x*; R* = 0.987
700-1000 y =-0.9+0.0773x+0.1136x%; R? =0.9117

Open pit of Yanova Dolyna Village

upto300  y=8267+12.54x—1.89x° -0.419x° +0.041x*; R? = 0.9822
300-700  y=7.3833-2.9492x+0.7386x?; R? = 0.9866
700-1000  y=7.593-6.68x—0.066x° +0.554x° —0.045x*: R? = 0.9788

The basalt percentage size output for the three controlled
classes is calculated on the derived dependencies in the con-
text of the studied open pits within each bench height meter.
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4. Conclusions

The research has shown that bench fissility of basalt open
pits is distributed irregularly through its height. The analysis
has helped understand that the obtained rock mass joints are
distributed downwards from smaller to larger ones (accord-
ing to the 3 degree polynomial). The determined regularity
makes it possible to identify percentage of joints of three
types for each meter of a bench height. The forecast of the
parameters helps schedule efficiently the drilling-and-
blasting operations and select instrumental conditions for
further basalt processing. The total (i.e. tectonic and techno-
genic) fissility of a basalt open-pit bench should be involved
while developing an energy-saving ore preparation technique
of ore preparation.

It has been identified that the specific fissility is distribut-
ed irregularly through the open-pit (face) bench. The field
studies, carried out within three basalt open pits, have helped
define that the most adequate approximation of the specific
fissility dependence upon a bench height results from the use
of the 3" degree polynomial, i.e. three types of joints (up to
300; 300-700 and 700-1000 mm) have been obtained down-
wards from smaller to larger ones following the law. It has
been determined that fissility degree of an open-pit face
influences heavily the intensity of mineral mining operations,
efficiency of machinery, and production of eligible end
product. In addition, fissility defines nature of rock blocki-
ness, geometry of blocks, and their amount and shape which
should be taken into consideration while selecting both
equipment and mining schedule.

Acknowledgements

The research has been carried out on the basis of the
National University of Water and Environmental Enginee-
ring (NUWEE, city of Rivne) and with the participation of
experts from Rafalivsky karier PJSC (village of lvanchi
Volodymyrets District Rivne Region). The authors express
gratitude to Savina N.B., Professor, Doctor of Economics,
Vice-Rector of the NUWEE for Research and International
Affairs for the opportunity to perform the studies using la-
boratory facilities of the University, and to the authorities of
Rafalivsky karier PJSC represented by its director
P.P. Bortnyk for the opportunity to analyze basalt deposits in
Rafalivsky open pit.

References
[1]

Kostenko, M.M. (2014). A raw mineral-material base of Ukraine.
Article 3. State of raw mineral-material base of non-metal minerals of
Ukraine and basic directions of geological survey works. Mineral
Resources of Ukraine, (4), 6-13.

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

Horoshkova, L., Volkov, V., & Khlobystov, I. (2019). Prognostic
model of mineral resources development in Ukraine. Monitoring, (1),
1-5. https://doi.org/10.3997/2214-4609.201903171

Lozynskyi, V., Saik, P., Petlovanyi, M., Sai, K., Malanchuk, Z., &
Malanchuk, Y. (2018). Substantiation into mass and heat balance for
underground coal gasification in faulting zones. Inzynieria Mineralna,
19(2), 289-300. https://doi.org/10.29227/IM-2018-02-36

Sai, K., Malanchuk, Z., Petlovanyi, M., Saik, P., & Lozynskyi, V. (2019).
Research of thermodynamic conditions for gas hydrates formation from
methane in the coal mines. Solid State Phenomena, (291), 155-172.
https://doi.org/10.4028/www.scientific.net/SSP.291.155

Saik, P.B., Dychkovskyi, R.O., Lozynskyi, V.H., Malanchuk, Z.R., &
Malanchuk, Ye.Z. (2016). Revisiting the underground gasification of
coal reserves from contiguous seams. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, (6), 60-66.

(2]
(3]

(4]

(5]

6]


https://doi.org/10.3997/2214-4609.201903171
https://doi.org/10.4028/www.scientific.net/SSP.291.155

Ye. Malanchuk et al. (2022). Mining of Mineral Deposits, 16(1), 68-76

[7] Kryvdik, S.G. (2002). Rare-metal syenites of the Ukrainian Shield.
Geochemistry International, 40(7), 639-648.

[8] Tomilenko, A.A., & Kovyazin, S.V. (2008). Development of corona
textures around olivine in anorthosites of the Korosten’pluton, Ukraini-
an Shield: Mineralogy, geochemistry, and fluid inclusions. Petrology,
16(1), 87-103. https://doi.org/10.1134/S0869591108010050

[9] Kryvdik, S.G., Nivin, V.A., Kul’chitskaya, A.A., Voznyak, D.K,,

Kalinichenko, A.M., Zagnitko, V.N., & Dubyna, A.V. (2007). Hydro-

carbons and other volatile components in alkaline rocks from the

Ukrainian Shield and Kola Peninsula. Geochemistry International,

45(3), 270-294. https://doi.org/10.1134/S0016702907030068

Shumlyanskyy, L., Franz, G., Glynn, S., Mytrokhyn, O., Voznyak, D.,

& Bilan, O. (2021). Geochronology of granites of the western Korosten

AMCG complex (Ukrainian Shield): Implications for the emplacement

history and origin of miarolitic pegmatites. European Journal of

Mineralogy, 33(6), 703-716. https://doi.org/10.5194/ejm-33-703-2021

Naduty, V., Malanchuk, Z., Malanchuk, E., & Korniyenko, V. (2015).

Modeling of vibro screening at fine classification of metallic basalt.

New  Developments in  Mining  Engineering,  441-443.

https://doi.org/10.1201/b19901-77

Khomenko, O.Ye. (2012). Implementation of energy method in study

of zonal disintegration of rocks. Naukovyi Visnyk Natsionalnoho Hirn-

ychoho Universytetu, (4), 44-54.

Rysbekov, K., Toktarov, A., Kalybekov, T., Moldabayev, S., Yes-

sezhulov, T., & Bakhmagambetova, G. (2020). Mine planning subject

to prepared ore reserves rationing. E3S Web of Conference, (168),

00016. https://doi.org/10.1051/e3sconf/202016800016

Galiev, S.Z., Galiev, D.A., Seitaev, E.N., & Uteshov, E.T. (2019).

Unified methodology for management of a geotechnological com-

plex in open pit mining. Gornyi Zhurnal, (12), 70-75.

https://doi.org/10.17580/9zh.2019.12.15

[15] Okrusch, M., & Frimmel, H. (2020). The origin of basalt. Mineralogy,
341-346. https://doi.org/10.1007/978-3-662-57316-7_19

[16] Zhenjiang, L., Chuanging, Z., & Chunsheng, Z. (2019). Deformation

and failure characteristics and fracture evolution of cryptocrystalline

basalt. Journal of Rock Mechanics and Geotechnical Engineering,

11(5). 990-1003. https://doi.org/10.1016/j.jrmge.2019.04.005

Abdiev, A.R., Mambetova, R.S., & Mambetov, S.A. (2017). Geome-

chanical assessment of Tyan-Shan’s mountains structures for efficient

mining and mine construction. Gornyi Zhurnal, (4), 23-28.

https://doi.org/10.17580/gzh.2017.04.04

Dauletbakov, T.S., Mambetaliyeva, A.R., Dosmukhamedov, N.K.,

Zhandauletova, F.R., & Moldabaeva, G.Z. (2016). Complex processing

of industrial products and lead-copper concentrates. Eurasian Chemi-

co-Technological Journal, 17(4), 301. https://doi.org/10.18321/ectj274

Mambetov, S.A., Mambetov, A.S., & Abdiev, A.R. (2002). Zonal and

step-by-step evaluation of the stressed-strained state of Tyan’-Shan’

rock massif. Gornyi Zhurnal, (10), 57-62.

Kruglov, O., & Menshov, O. (2017). To the soil magnetic susceptibil-

ity application in modern soil science. Geoinformatics — Theoretical

and  Applied Aspects, 1-6. https://doi.org/10.3997/2214-

4609.201701906

[21] Nukarbekova, J., Mukhametkhan, B., Mazhit, A., & Shults, R. (2021).

Methodology of creating board stability map careers using GIS tech-

nologies. Vestnik KazNRTU, 143(1), 24-29.

https://doi.org/10.51301/vest.su.2021.v143.i1.04

Zhukov, S.0., & Sobolevs’kyy, R.V. (2004). Zahal’ni zakonomirnosti

prostorovoho rozmishchennya tektonichnykh rozlomiv ta rozvytok

yikh pryrodnoho radiatsiynoho fonu. Visnyk ZHDTU, (31), 193-201.

[23] Chetverik, M.S., Bokiy, Ye.V., & lkol, A.A. (2007). Formirovaniye
kompleksov pri tekhnologii predobogashchenii rudy v kar’yerakh.
Metallurgicheskaya i Gornorudnaya Promyshlennost’, (3), 21-23.

[24] Nadutyy, V.P., Erpert, AM., & Hrynyuk, T.YU. (2007). Opredelenye
treshchynovatosty ustupa bazal’tovoho kar’era. Heotekhnichna Mek-
hanika, (68), 40-48.

[25] Grinyuk, T.YU. (2008). Obosnovaniye neobkhodimosti kompleksnogo
podkhoda k dobyche i pererabotke bazal’tov Volyni. Heotekhnichna
Mekhanika, (57), 21-25.

[26] Nadutyy, V.P., & Hrynyuk, T.Yu. (2006). Eksperimental’nye issledo-
vaniya sostava i vybora metoda pererabotki med’soderzhashchykh ba-
zal’tov Volyni. Visnyk Natsional’noho Tekhnichnoho Universytetu
“KHP17, (25), 101-107.

[27] Samygin, V.D., Filimonov, L.O., & Shekhirev, D.V. (2003). Osnovy
obogashcheniya rud. Moskva, Rossiya: Al’teks, 304 s.

[28] Turysbekov, D., Tussupbayev, N., Semushkina, L., Narbekova, S.,
Kaldybaeva, Z., & Mambetaliyeva, A. (2021). Effect of the water-air
emulsion size of the foaming agent solution on the non-ferrous metal
minerals flotation ability. Metalurgija, 60(3-4), 395-398.

[10]

[11]

[12]

[13]

[14]

[17]

[18]

[19]

[20]

[22]

74

[29] Dyachkov, B.A., Amralinova, B.B., Mataybaeva, |.E., Dolgopolova,

AV., Mizerny, A.l., & Miroshnikova, A.P. (2017). Laws of formation

and criteria for predicting nickel content in weathering crusts of east Ka-

zakhstan. Journal of the Geological Society of India, 89(5), 605-609.

https://doi.org/10.1007/s12594-017-0650-7

Umarbekova, Z.T., Zholtayev, G.Z., Zholtayev, G.Z., Amralinova, B.B.,

& Mataibaeva, I.E. (2020). Silver halides in the hypergene zone of the

arkharly gold deposit as indicators of their formation in dry and hot

climate. International Journal of Engineering Research and Technolo-
gy, 13(1), 181-190. https://doi.org/10.37624/ijert/13.1.2020.181-190

Kutuzov, B.N. (2009). Metody vedeniya vzryvnykh rabot. Moskva,

Rossiya: Izdatel’stvo Moskovskogo gosudarstvennogo gornogo univer-

siteta, 471 s.

[32] Mulyavko, V.I., Oleynik, T.A., Oleynik, M.O., Mikhno, S.V., &
Lyashenko, V.I. (2014). Innovation technologies and machinery for
separation of feebly magnetic ores. Obogashchenie Rud, (2), 43-49.

[33] Telkov, Sh., Motovilov, I., & Barmenshinova, M. (2020). Study of the
effect of pre-concentration on polymetallic ore grindability. Vestnik
KazNRTU, 140(4), 623-628.

[34] Stupnik, M., Kolosov, V., Pysmennyi, S., & Kostiantyn, K. (2019). Selective
mining of complex stuctured ore deposits by open stop systems. E3S Web of
Conferences, (123), 01007. https://doi.org/10.1051/e3sconf/201912301007

[35] Naduty, V., Malanchuk, Z., Malanchuk, Y., & Korniyenko, V. (2016).
Research results proving the dependence of the copper concentrate
amount recovered from basalt raw material on the electric separator
field intensity. Eastern-European Journal of Enterprise Technologies,
5(5(83)), 19-24. https://doi.org/10.15587/1729-4061.2016.79524

[36] Malanchuk, Y., Moshynskyi, V., Korniienko, V., & Malanchuk, Z. (2018).
Modeling the process of hydromechanical amber extraction. E3S Web of
Conferences, (60), 00005. https://doi.org/10.1051/e3sconf/20186000005

[37] Malanchuk, Z., Moshynskyi, V., Malanchuk, Y., & Komiienko, V. (2018).
Physico-mechanical and chemical characteristics of amber. Solid State Phe-
nomena, (277), 80-89. https://doi.org/10.4028/wwwv.scientific.net/ssp.277.80

[38] Telkov, Sh.A., Motovilov, I.Tu., Barmenshinova, M.B., & Abisheva, Z.S.

(2021). Study of gravity-flotation concentration of lead-zinc ore at the

Shalkiya deposit. Obogashchenie Rud, (6), 9-15.

Malanchuk, Z.R., Moshynskyi, V.S., Korniienko, V.Y., Malanchuk, Y.Z.,

& Lozynskyi, V.H. (2019). Substantiating parameters of zeolite-

smectite puff-stone washout and migration within an extraction cham-

ber. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, (6), 11-18.

https://doi.org/10.29202/nvngu/2019-6/2

Yefremov, E.l, Nadutyy, V.P., & Kratkovskiy, I.L. (2008). Rek-

omendatsii po povysheniyu ekonomicheskoy effektivnosti burovzryv-

nykh rabot na Rafalovskom bazal’tovom Kkar’yere. Geotekhnichna

Mekhanika, 1-9.

Moshynskyi, V., Malanchuk, Z., Tsymbaliuk, V., Malanchuk, L.,

Zhomyruk, R., & Vasylchuk, O. (2020). Research into the process of stor-

age and recycling technogenic phosphogypsum placers. Mining of Mineral

Deposits, 14(2), 95-102. https://doi.org/10.33271/mining14.02.095

Chernai, A.V., Sobolev, V.V., Chernai, V.A., llyushin, M.A,, &

Dlugashek, A. (2003). Laser ignition of explosive compositions based

on di-(3-hydrazino-4-amino-1,2,3-triazole)-copper(ll)  perchlorate.

Combustion, Explosion and Shock Waves, 39(3), 335-339.

https://doi.org/10.1023/A:1023852505414

Begalinov, A.B., Serdaliev, E.T., Iskakov, E.E., & Amanzholov, D.B.

(2013). Shock blasting of ore stockpiles by low-density explosive

charges. Journal of Mining Science, 49(6), 926-931.

https://doi.org/10.1134/s1062739149060129

Sobolev, V.V., & Usherenko, S.M. (2006). Shock-wave initiation of

nuclear transmutation of chemical elements. Journal de Physique,

(134), 977-982. https://doi.org/10.1051/jp4:2006134149

Malanchuk, Z., Korniyenko, V., Malanchuk, Y., & Khrystyuk, A.

(2016). Results of experimental studies of amber extraction by hydro-

mechanical method in Ukraine. Eastern-European Journal of Enter-

prise Technologies, 3(10(81)), 24-28. https://doi.org/10.15587/1729-

4061.2016.72404

[46] Toscan, L., Kautzmann, R., & Sabedot, S. (2007). The residuals of
basalt mining in the northeast of Rio Grande do Sul, Brazil: Evaluation
of the problem. Revista Escola de Minas, (60), 657-662.
https://doi.org/10.1590/S0370-44672007000400011

[47] Tamirat, T., Chekol, T., & Meshesha, D. (2021). Petrology and geo-
chemistry of basaltic rocks from north western Ethiopian plateau conti-
nental flood basalt. Journal of African Earth Sciences, 182(4), 104282.
https://doi.org/10.1016/j.jafrearsci.2021.104282

[48] Zhanakova, R., Pankratenko, A., Almenov, T., & Bektur, B. (2020).
Rational selection of the form of support for the formation of genetic
composition of rocks in the conditions of the beskempir field. News of
the National Academy of Sciences of the Republic of Kazakhstan, Se-

[30]

(31]

(39]

[40]

[41]

[42]

[43]

(44]

[45]



https://doi.org/10.1134/S0869591108010050
https://doi.org/10.1134/S0016702907030068
https://doi.org/10.5194/ejm-33-703-2021
https://doi.org/10.1201/b19901-77
https://doi.org/10.1051/e3sconf/202016800016
https://doi.org/10.17580/gzh.2019.12.15
https://doi.org/10.1007/978-3-662-57316-7_19
https://doi.org/10.1016/j.jrmge.2019.04.005
https://doi.org/10.17580/gzh.2017.04.04
https://doi.org/10.18321/ectj274
https://doi.org/10.3997/2214-4609.201701906
https://doi.org/10.3997/2214-4609.201701906
https://doi.org/10.51301/vest.su.2021.v143.i1.04
https://doi.org/10.1007/s12594-017-0650-7
https://doi.org/10.37624/ijert/13.1.2020.181-190
https://doi.org/10.1051/e3sconf/201912301007
https://doi.org/10.15587/1729-4061.2016.79524
https://doi.org/10.1051/e3sconf/20186000005
https://doi.org/10.4028/www.scientific.net/ssp.277.80
https://doi.org/10.29202/nvngu/2019-6/2
https://doi.org/10.33271/mining14.02.095
https://doi.org/10.1023/A:1023852505414
https://doi.org/10.1134/s1062739149060129
https://doi.org/10.1051/jp4:2006134149
https://doi.org/10.15587/1729-4061.2016.72404
https://doi.org/10.15587/1729-4061.2016.72404
https://doi.org/10.1590/S0370-44672007000400011
https://doi.org/10.1016/j.jafrearsci.2021.104282

Ye. Malanchuk et al. (2022). Mining of Mineral Deposits, 16(1), 68-76

ries of Geology and Technical Sciences, 106-113.
https://doi.org/10.32014/2020.2518-170X.13

[49] zh, L., Chunsheng, Z., & Chuanging, Z. (2021). Effects of amygdale
heterogeneity and sample size on the mechanical properties of basalt.
Journal of Rock Mechanics and Geotechnical Engineering, 14(1),
93-107. https://doi.org/10.1016/j.jrmge.2021.10.001

[50] Fedorov, E., Kassymkanova, K.K., Jangulova, G., & Miletenko, N.
(2020). The influence of extensive caving zones on the state and behavior
of the surface as a result of underground mining works. E3S Web of Con-
ferences, (192), 03009. https://doi.org/10.1051/e3sconf/202019203009

[51] Bitimbaev, M.Z., Krupnik, L.A., Aben, EK., & Aben, KK. (2017).
Adjustment of backfill composition for mineral mining under open pit bot-
tom. Gornyi Zhurnal, (2), 57-61. https://doi.org/10.17580/gzh.2017.02.10

[52] Stavrou A., & Murphy W. (2018). Quantifying the effects of scale and
heterogeneity on the confined strength of micro-defected rocks. Inter-
national Journal of Rock Mechanics and Mining Sciences, (102),
131-143. https://doi.org/10.1016/j.ijrmms.2018.01.019

[53] Tugrul, A., & Arel, E. (2021). Mineralogical, chemical and geotech-

nical characteristics of basaltic soil in Niksar, Northern Turkey. Engi-

neering Geology, 199-206. https://doi.org/10.1201/9780429087813-20

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), 01039. https://doi.org/10.1051/e3sconf/202020101039

[55] Strzatkowski, P., Duchnowska, M., Kazmierczak, U., Bakalarz, A.,
Wolny, M., Karwowski, P., & Stepien, T. (2021). Evaluation of the
structure and geometric properties of crushed igneous rock aggregates.
Materials, 14(23), 7202. https://doi.org/10.3390/mal4237202

[56] Malanchuk, Z., Moshynskyi, V., Malanchuk, Y., Korniienko, V., &
Koziar, M. (2020). Results of research into the content of rare earth mate-
rials in man-made phosphogypsum deposits. Key Engineering Materials,
(844), 77-87. https://doi.org/10.4028/www.scientific.net/ KEM.844.77

[57] Juneja, A., & Pinaki, P. (2019). A numerical study on extent of crushed
zone around blasthole in basalt rock. Geotechnical and Geological En-
gineering, (37), 1283-1296. https://doi.org/10.1007/s10706-018-0685-6

[58] Cherniaiev, O.V. (2017). Systematization of the hard rock non-metallic
mineral deposits for improvement of their mining technologies. Nau-
kovyi Visnyk Natsionalnoho Hirnychoho Universytetu, (5), 11-17.

[59] Bekbergenov, D., Jangulova, G., Kassymkanova, K.K., & Bektur, B.
(2020). Mine technical system with repeated geotechnology within new
frames of sustainable development of underground mining of caved
deposits of the Zhezkazgan field. Geodesy and Cartography, 46(4),
182-187. https://doi.org/10.3846/gac.2020.10571

[60] Baranov, Ye.G. (1982). Puti intensifikatsii protsessov otboyki, dro-
bleniya i izmel’cheniya na zhelezorudnykh kar’yerakh. Gornyy Zhur-
nal, (8), 37-42.

[61] Ramos, C., & Kautzmann, R.A. (2014). Preliminary study of volcanic
rocks for stonemeal application. Environmental Nanotechnology, Moni-
toring & Management, 1-2. https://doi.org/10.1016/j.enmm.2014.03.002

[62] Gornostayev, S.S., Crocket, J.H., Mochalov, A.G., & Laajoki, K.V.O.
(1999). The platinum-group minerals of the Baimka placer deposits, Alu-
chin horst, Russian Far East. Canadian Mineralogist, 37(5), 1117-1129.

[63] Malanchuk, Z., Korniienko, V., Malanchuk, Y., & Moshynskyi, V. (2019).
Analyzing vibration effect on amber buoying up velocity. E3S Web of
Conferences, (123), 01018. https://doi.org/10.1051/e3sconf/201912301018

[64] Malanchuk, E., Malanchuk, Z., Hristuk, A., & Zagorovsky, V. (2015).
Simulation of the comminution process to complex processing of met-
al-bearing basalt raw material. Cambridge Journal of Education and
Science, 2(14), 542-549.

[65] Nadutyi, V., Korniienko, V., Malanchuk, Z., & Cholyshkina, O.
(2019). Analytical presentation of the separation of dense suspension

(439),

[54]

[66]

(67]

[68]

(69]

[70]

(71

[72]

(73]

[74]

[75]

[76]

(71

(78]

[79]

for the extraction of amber. E3S Web of Conferences, (109), 00059.
https://doi.org/10.1051/e3sconf/201910900059

Malanchuk, Z., Korniyenko, V., Malanchuk, Y., Khrystyuk, A., &
Kozyar, M. (2020). ldentification of the process of hydromechanical
extraction of amber. E3S Web of Conferences, (166), 02008.
https://doi.org/10.1051/e3sconf/202016602008

Malanchuk, Z., Malanchuk, Y., Korniyenko, V., & Ignatyuk, 1. (2017).
Examining features of the process of heavy metals distribution in tech-
nogenic placers at hydraulic mining. Eastern-European Journal of En-
terprise Technologies, 1(10(85)), 45-51. https://doi.org/10.15587/1729-
4061.2017.92638

Begalinov, A., Khomiakov, V., Serdaliyev, Y., Iskakov, Y., & Zhanbo-
latov, A. (2020). Formulation of methods reducing landslide phenomena
and the collapse of career slopes during open-pit mining. E3S Web of Con-
ferences, (168), 00006. https:/doi.org/10.1051/e3sconf/202016800006
Cheskidov, V., Kassymkanova, K.-K., Lipina, A., & Bornman, M.
(2019). Modern methods of monitoring and predicting the state of
slope structures. E3S Web of Conferences, (105), 01001.
https://doi.org/10.1051/e3sconf/201910501001

Pavlychenko, A., & Kovalenko, A. (2013). The investigation of rock
dumps influence to the levels of heavy metals contamination of soil.
Annual Scientific-Technical Collection — Mining of Mineral Deposits,
237-238. https://doi.org/10.1201/b16354-43

Nurpeissova, M., Rysbekov, K., Kenesbayeva, A., Bekbassarov, Zh.,
Levin, E. (2021). Simulation of geodynamic processes. Vestnik
KazNRTU, 134(4), 16-24. https://doi.org/10.51301/vest.su.2021.i4.03
Dyachkov, B.A., Bissatova, A.Y., Mizernaya, M.A., Zimanovskaya,
N.A., Oitseva, T.A., Amralinova, B.B., Aitbayeva, S.S., Kuzmina,
O.N., & Orazbekova, G.B. (2021). Specific features of geotectonic de-
velopment and ore potential in Southern Altai. Geology of Ore Depos-
its, 63(5), 383-408. https://doi.org/10.1134/S1075701521050020
Begalinov, A., Shautenov, M., Almenov, T., Bektur, B., & Zhanakova, R.
(2019). Prospects for the effective use of reagents based on sulfur
compounds in the technology of extracting gold from resistant types of
gold ore. Journal of Advanced Research in Dynamical and Control
Systems, 11(8), 1791-1796.

Chakrabarti, S., & Kodikara, J. (2003). Basaltic crushed rock stabilized
with cementitious additives: compressive strength and stiffness, drying
shrinkage, and capillary flow characteristics. Transportation Research
Record, 1819(1), 18-26. https://doi.org/10.3141/1819b-03

Lyashenko, V.I., Dyatchin, V.Z., & Franchuk, V.P. (2018). Improve-
ment of vibrating feeders-screens for mining and metallurgical indus-
try. Izvestiya. Ferrous Metallurgy, 61(6), 470-477.
https://doi.org/10.17073/0368-0797-2018-6-470-477

Shustov, O., Pavlychenko, A., Bondarenko, A., Bielov, O., Borysovska,
0., & Abdiev, A. (2021). Substantiation into parameters of carbon fuel
production technology from brown coal. Materials Science Forum,
(1045), 90-101. https://doi.org/10.4028/www.scientific.net/MSF.1045.90
Mikhlin, Y.V., & Zhupiev, A.L. (1997). An application of the ince
algebraization to the stability of non-linear normal vibration modes. In-
ternational Journal of Non-Linear Mechanics, 32(2), 393-409.
https://doi.org/10.1016/s0020-7462(96)00047-9

Malanchuk, Y., Khrystyuk, A., Moshynskyi, V., Martyniuk, P., &
Malanchuk, Z. (2021). Regularities in the distribution of granulometric
composition of tuff while crushing. Mining of Mineral Deposits, 15(1),
66-74 https://doi.org/10.33271/mining15.01.066

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

HocaixxeHHs 3aKoHOMIpHOCTEH TPilIMHYBAaTOCTi 0a3aJbTOBUX Kap’epiB

1J1s1 3a0e3nmevyeHHs1 eHeproedeKTUBHOCTI py10NiArOTOBKH

€. Mananuyk, B. MomuHcbkwii, A. XpucTiok, 3. Mananuyk, B. Kopaienko, A. AomieB

MeTta. BcTaHOBUTH 3aleXKHICTh MUTOMOI TPIIMHYBATOCTI TipChKOTO MAcHBY BiJl BHCOTH YCTyna 0a3albTOBHX Kap €piB Ha OCHOBI

BHBYEHHS TPILMHYBATOCTi YCTYMiB 0a3albTOBUX Kap’epiB.

MeToauka. Jlocimi/ukeHHsT TPIIIMHHOT TeKTOHIKM 0a3abTOBUX Kap €piB MPOBOJHIINCS SKCIIEPHMEHTAILHUM IUIIXOM. Y TpoIeci Aoci-
JUKeHb, KpiM HMUTOMOI TPINIMHYBATOCTI, BU3HaYauucs GopMma i KimbKicTh (Ha KOXKHOMY METpi BHCOTH) NMPUPOAHUX OJIOKIB, X po3Mip (3a
YacTOTOIO TPIMIKH), XapaKTep 3MiHM KiTBKOCTI TPIMIMH Ta po3MipiB OIOKIB (OKpeMocTeil) 32 BUCOTOIO YCTYITy. 3a JOTIOMOTOI0 METOAIB Tpa-
(bigHOTO aHaNi3y OTPHMAHHX PE3YJbTATiB MO 0a3aJbTOBHX Kap’€pax BH3HAYAINCS XapaKTEpHI 3aJCKHOCTI KUTBKOCTI TPILMH BiJ 3MiHU

BHCOTH yCTyTIa Kap’epa.

Pe3yabsTaTn. BecranoBneHo, o nUTOMa TPIIUHYBATICTh 0a3albTOBHX YCTYIB HEPIBHOMIPHO PO3HMOIIISIETHCS IO BUCOTI yCTyHy (BU-
6010) kap’epa. [1oILOBUMHU eKCIEPHMEHTAIBHIUMH JOCITIPKCHHSIMU Ha TPhOX 0a3aJbTOBUX Kap’€pax BCTAHOBJICHO, IO 3aJICKHICTh MUTOMOT
TPILIMHYBATOCTI Bill BUCOTH YCTYIy HalOLIbII aeKBaTHO alpOKCUMYETHCS Y BUTIISAII MHOTOYJIEHA TPETHOTO MOPSIIKY.
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HayxoBa HoBH3HA. B pe3yibrati MpoBeJeHHS eKCIEPUMEHTAIBHUX AOCHIIKEHb BIIEPILEe BCTAHOBJICHO, 110 OKPEMOCTI I'pChKOT0 MacH-
BY PO3MOAUIAIOTHCS Bil MEHIIMX JI0 OUIBLIMX 3BEPXY BHH3 3a MapaboIiyHUM 3aKOHOM (Y BiAMOBIAHOCTI 1O MHOTOWICHa 3-T0 Mopsiaky). OTpu-
MaHi 3aKOHOMIPHOCTI aI0Th 3MOTY BU3HAYaTH BiICOTKOBUI BMIiCT OKPEMOCTEH TPHOX TUIIOPO3MIpPIB I KOKHOTO METpa BUCOTH yCTyTIa.

IpakTnyHa 3HAYNMIicTh. [IpOTHO3 NPOLEHTHOTO BMICTY OKPEMOCTEH TO3BOJMTH paliOHAIBHO IUIAHYBaTH OypOIMiJpHBHI POOOTH Ta
obupatH eHeproeeKTHBHI HapaMeTpH TEXHOJIOTITHOr0 00IaAHaHHSI 3 TIOJAIBIIO] TepepoOKy Ga3albTiB.
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