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ABSTRACT

Purpose. The identification of geomechanical problems of mining industry wastes accumulation and substantiation
of the ways for their solution with the possibility of processing the watery technogenic feedstock by fine classifica-
tion with dewatering.

Methods. To achieve this purpose, an integrated approach is used in this work, which includes the scientific and
technical analysis of research according to wastes accumulation, state statistics data, analytical studies of the strata
compaction ratio of aqueous rocks, affecting the subsidence of the earth surface. This also includes the bench expe-
rimental studies to establish the dependence of changes in moisture content and the extraction of fine classes in
screened products depending on the screening time at shock-vibrating screening by a new method for separating the
enrichment wastes before to stockpile them into a pond.

Findings. The developed mathematical apparatus has been proposed for determining the parameters of geomechani-
cal processes in technogenic massifs. It has been shown that in order to reduce the technogenic load and manifesta-
tion of negative geomechanical processes, it is necessary to reduce the area of land under the waste ponds and the
accumulated volumes themselves of mining and enrichment wastes. The dependences have been established of the
preliminary enrichment complex on the qualitative parameters of the feedstock and the technological parameters of
the equipment. It has been revealed that the mineral stock, formed from wide grain-size classes with a high content of
particles less than 0.2 mm, is dewatered up to 18 — 22% by traditional methods and is practically not classified.

Originality. A mathematical model has been proposed of screening and dewatering kinetics, which takes into
account comprehensively the initial distribution of particles and liquid throughout the height of the screened material
layer, segregation, mixing, sifting, vibrational transportation features (rate, multiplicity and number of falls over the
period of vibrational transportation) and change in the height of the layer. This model is different due to the account
of the mutual influence of classification by coarseness and dewatering.

Practical implications. The represented dependences can be used to predict the development of negative geome-
chanical processes. The obtained results make it possible by means of a calculation to determine rational parameters
of the screen and screening process with dewatering at processing of various feedstock with the use of initial data.
The use of technology, which includes a fine classification in wastes processing, will allow: increase the economic
efficiency of enterprises; to expand the feedstock base for construction, coke and chemical industries and power
industry; to solve the problems of creating additional containers for storing the wastes; to improve significantly the
environmental situation in the mining and processing regions.
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1. INTRODUCTION

The mining industry is an industry where the non-
waste production has not yet been achieved and the
amount of generated wastes is the largest of all indus-
tries. Ukraine and Kazakhstan are the countries where the
share of the mining industry in total production is

40 — 50%. According to the analysis of official statistics
data (Committee on Statistics, 2018; State Statistics...,
2018) in terms of volumes of solid minerals extraction
(Fig. 1), it follows that in the period of 2003 — 2008 the
volumes of solid minerals production in Ukraine are
higher than in Kazakhstan. But since 2009, Kazakhstan
has confidently outperformed Ukraine.
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Figure 1. The volumes of mineral resources extraction
in Ukraine and Kazakhstan for the period of

2003 — 2017 (excluding oil and gas)

The extraction of all types of solid mineral deposits is
invariably accompanied by the formation of wastes in the
form of overburden and enclosing rocks located in
dumps and waste heaps, slurries and tailings located in
ponds. The relative share of mining industry wastes ge-
nerated annually is 40 — 80% in Kazakhstan and 60 — 85%
in Ukraine. Absolute indicators of the waste volumes
generated for the period of 2002 — 2017, according to the
official statistics data (Committee on Statistics, 2018;
State Statistics..., 2018), are shown in Figure 2.
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Figure 2. The volumes of mining industry wastes generated
for the period of 2002 — 2017

As evidenced by the represented data (Fig.2), in
Ukraine, the generated volumes of mining industry waste
exceed that in Kazakhstan. Only in certain years (2004,
2005, 2008 and 2014), Kazakhstan is the leader in terms
of the generated mining industry wastes (for 2017 the
data are not available). To assess the ratio of the genera-
ted waste volumes to the volumes of extracted solid mi-
nerals, a graph has been plotted (Fig. 3), which shows
that in Ukraine this ratio varies from 0.5 to 1.0 thousand
tons, and in Kazakhstan from 0.2 to 4.8 thousand tons.

The non-uniformity in the ratio of generated wastes to
the volumes of mineral resources extraction is explained
by the need to carry out stripping operations in certain
years in a larger volume in order to prepare reserves for
mining. It can also be noted that in Kazakhstan there is a
tendency to a decrease in the ratio of waste volumes to
extraction volumes (since 2011), and in Ukraine, on the
contrary, to an increase.
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Figure 3. The ratio of the generated waste volumes to
volumes of extracted mineral resources for
period of 2003 — 2017

the

The waste generation in itself is not a problematic
issue, its accumulation is dangerous. So in Ukraine at
the beginning of 2018, more than 12.4 billion tons of
mining industry wastes have been accumulated. If the
specific load of wastes at an average in Ukraine is
2 — 3 thousand tons/km?, then in mining areas it reaches
up to 8 — 20 thousand tons/km?. At the regional level, the
bulk of wastes is generated in the Dnipropetrovsk, Do-
netsk, Zaporizhzhia, Luhansk, Lviv regions (Petlovanyi
& Medianyk, 2018). In Kazakhstan, the bulk of mining
industry wastes is concentrated in Pavlodar and Kara-
ganda regions (Committee on Statistics, 2018).

The technogenic objects are displacing and replacing
natural ones, the natural balance is disturbed, the natural
environment has undergone significant changes (the
pollution of atmosphere, water environment and soil,
destruction of the geological structure, changes in the
properties of rocks and soils, disturbance of the hydrody-
namic and hydrochemical regimes of the underground
and surface waters, destruction of flora and fauna).

In addition to the disturbance of soils and their with-
drawal from agricultural use, the technogenic massifs of
mining industry wastes have a negative impact on the
surrounding natural environment, the loss of the natural
properties of which leads to the earth surface subsidence,
landslides, the formation of sinkholes, the development
of flooding in the adjacent areas (Chetverik, Babiy &
Bubnova, 2013).

The purpose of this work is to identify the geome-
chanical problems of mining industry wastes accumula-
tion and to substantiate the ways of their solution.

2. THE OVERVIEW OF RESEARCH

The issues of the earth surface subsidence are well
studied through proper empirical models by statistical
analysis of both fuzzy methods and artificial neural net-
work (Decka, Baroudib, Hosnic, & Gueniftfey, 2018).

The problems of landslides formation are not less
well studied. At the same time, the scientists take into
account the conditions for the natural and artificial
rocky slopes formation, the presence of geological dis-
turbances, the height of the seams (layers), the angles of
slopes and other conditions that causes the sliding of
the rock massif (Zhang et al, 2018). In addition, there
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are scientific works that consider the formation of land-
slides as a result of subsidence of rocks under dumps
with account of the amount of precipitation (Wu, Lan,
Gao, Li, & Yang, 2015).

The geomechanical problems of inside dumps stabi-
lity are studied in the work (Rakishev, Seituly, & Kov-
rov, 2014), and the criteria for landslides formation in the
dumps are studied in the work (Shashenko & Kovrov,
2016). The authors propose to consider a number of
factors of natural, technogenic and technological nature
in assessing the dumps stability with account of changes
in the geomechanical properties of their bases.

In a number of scientific publications it is noted the
need to take into account the wetting of soils when de-
termining their subsidence under loading (Garakani,
Haeri, Khosravi, & Habibagahi, 2015), as well as the
amount of water content in determining the deformation
behaviour of soils (Malizia & Shakoor, 2018).

Also in the work (Kukemilks, Wagner, Saks, &
Brunner, 2018), it is pointed out the importance of taking
into account of changes in the hydrogeologic regime
when predicting the development of landslide formation.
The authors of the work (Christelis & Hunges, 2018)
propose to perform the modelling of hydrogeologic re-
gime change with the use of the Monte Carlo method,
which shows the best results in integrated modelling of
such processes. At the same time, at present in the world
practice, it is not taken into account the change in the
hydrogeological, hydrologic regimes associated with the
accumulation of dumps and slurry storages, as well as the
surface subsidence under such technogenic objects,
which is connected with such a change.

The problems of reducing the waste volumes are
being studied very actively in recent years. In the work
(Pavlychenko & Kovalenko, 2013), it is shown the pre-
sence of heavy metals in wastes from coal mining,
which, with the application of appropriate technologies
can be extracted from stockpiled rocks. A similar ap-
proach is represented in the work (Medvedeva, 2015),
where it is proposed to introduce the accompanying ex-
traction of a valuable component from the site adjacent to
the dumps of slurry storage beach together with the com-
bined waste storage technology, which will allow to
extract a part of valuable component remaining in the
enrichment wastes at the stage of filling the storage, and,
respectively, reduce the volumes of stockpiled wastes.
The authors of the work (Zhang, Spanjers, & van Lier,
2013) propose to extract phosphorus from slurries in
order to reduce the amount of wastes and increase the
resource supply of the enterprise.

The wastes from mineral resources extraction and
processing, located in the settling sumps and ponds of
mining and processing enterprises, occupy the special
place (Nadutyy, Malanchuk, Malanchuk, & Korniyenko,
2015). This wastes, on the one hand, have a significant
ecological burden on the environment, on the other hand,
they are potential sources of ferrous, non-ferrous, pre-
cious metals, rare metals, non-metallic and energy feed-
stock. The prospects for their industrial development can
be linked only with the creation of efficient technologies
for their processing, based on the most complete infor-
mation about the material composition and structure of
the technogenic feedstock.
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To take into account the peculiarities of changes in
the properties of minerals, including those aimed at in-
creasing the degree of their contrast ratio in the techno-
logical regime, it should be borne in mind that they are
formed and manifest themselves in a wide granulometric
factor range, both during preparation and in various
points of the enrichment scheme. When fine grinding, the
constitution of minerals can significantly change (up to
the occurrence of newly formed phases, amorphization
phenomena, etc.), and the surface properties, etc.

Thus, as a result of the performed analysis, it has
been established that the geomechanical processes occur-
ring in the natural environment in the areas where large
technogenic objects of the mining industry are located,
are not enough well studied, and the problems have not
been solved of minimizing the volumes and areas occu-
pied by them.

3. GEOMECHANICAL PROCESSES
IN THE NATURAL ENVIRONMENT
CONTAINING TECHNOGENIC OBJECTS

The formation and presence of technogenic massifs
within the natural environment affects negatively the
natural hydrogeologic conditions. This is manifested in
change in the area of nutrition, movement and discharge
of groundwater, as well as in formation and deformation
of the depression pits, significantly large by area. The
disturbance of the hydrologic regime of the territories, in
contrast to the disturbance of the rock massif and earth
surface, is a more dynamic factor that can dramatically
increase the impact on the environmental of other factors.
As a result, the indirectly disturbed lands are formed
(flooded, marshy, additional subsidence occurs, and the
fertile rocks properties change).

In modern engineering and geological surveys, it has
been established that in a large area of the mining region
territories, where there is an extremely high level of
technogenic load, the phreatic aquifers are almost com-
pletely eliminated. According to the previously per-
formed studies (Bubnova, 2017), it has been established
that during the drawdown in the process of conducting
the drainage works in order to prepare the deposit for
mining operation and during the extraction of mineral
resources, the rock massif is dewatered, as a result of
which the layers of aqueous rocks are compacted. This
leads to the development of secondary deformation pro-
cesses, manifested in the displacement of the earth sur-
face and its subsidence over a large area.

When compacting the rocks of the aquifer, the value of
subsidence is determined by the following author’s formula:

NNy=my| 3 % - ! >
I+¢ I+e¢

where:

14 —the value of subsidence of the water-bearing
rocks layer;

m, — the thickness of aquifer, m;

eo — the initial porosity factor;

e; — the porosity factor and the pressure corresponding
to the i-th load stage.

(1
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One can judge about a change in the porosity factor
of aquifers from a decrease in the water level in observa-
tion boreholes or from subsidence of the earth surface.
With a decrease in the water level in the boreholes in the
process of drawdown, the ratio of increased pressure on
water-bearing rocks to the original pressure is the same
as the ratio of water levels: of the sum of initial level and
the value of decrease in the level to the initial one. Then
the dependence of the porosity factor on change in the
water level in the boreholes can be represented as follows:

Hy+AH
—_— | 2

e =¢e;—Cy ln[
0

where:

Cy — the compression factor (the slope ratio of semi-
logarithmic curve to the pressures axis);

Hj — the height of the water column in the borehole at
the beginning of observations from the water table to the
aquifer, which is dewatered, m;

AH — a change in water level in the borehole relative
to the original one, m.

The expression (1) takes into account the reduction in
the thickness directly of the aqueous rocks layer. The
subsidence of a surface will be somewhat smaller. It will
be taken into account as the settlement factor qo, as it is
in the underground coal mining.

Then, with account of the settlement factor, the ex-
pression (1) takes the form:

My =qomg| 3 . 4 :
1+e¢, 1+e¢

Thus, knowing the value of drawdown in the bore-
holes, and the aquifer, due to which it happens, a change
in the porosity factor can be determined by expres-
sion (2), and the value of the earth surface subsidence
can be determined with the use of expressions (1) or (3).

To calculate the area of the geomechanical processes
development, which are caused by drawdown, it is pro-
posed to determine the radius of the depression pit by the
author’s formula:

3)

7K (Hy—H,+0.54)
R=r-e Q ,

4)

where:

r—the radius of lands disturbed by mining opera-
tions, m;

O — the daily mine drainage / open-pit mine drainage,
m’/day;

K, — the average coefficient of permeability in rocks
of quaternary deposits and carbon, cub. m/day;

Hc, Hy — the height of the water level at the beginning
and at the end of the depression pit, respectively;

A —the amplitude of seasonal variation in under-
ground water level (with the “+” sign during the spring
and autumn increase, with the “—” sign — in the summer-
winter decrease).

The proposed mathematical apparatus has been tested
at actual data based on field regime observations for the
Nikopol — Marhanets and Kryvyi Rih basins with a good
convergence of the results.
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As can be seen from the above expressions, in order
to reduce the technogenic load and the manifestation of
negative geomechanical processes, it is necessary to
reduce the area of land under the waste ponds and the
accumulated volumes themselves of mining and enrich-
ment wastes.

4. THE TENDENCY FOR MINING
WASTES REDUCTION

The open method of mineral resources extraction is
impossible without stripping operations. However, in
addition to soft and primary overburden (dead) rocks,
this volume includes losses of extracted mineral stock
and associated mineral resources. So, in the production
face, when mining the contact areas, the significant los-
ses and dilution of the mineral resources occur. This
problem is being studied by many experts (Shashenko &
Kovrov, 2016; Petlovanyi & Medianyk, 2018; Zhang et
al, 2018). The different ways have been developed to
reduce them. However, despite the significant scientific
and technical achievements, the diluted ores are supplied
to processing enterprises, which significantly increases
the production cost of final products. Therefore, the di-
luted ores are sent to the dumps. In addition, the follo-
wing losses are:

— balance losses, which are controlled, recorded and
written off by special services;

— off-balance losses, which are not subjected to account.

About the amount of losses incoming into the dumps,
one can judge by official data from the write-off proto-
cols, and it should not exceed 2 — 4%, depending on the
geology. However, in practice, it is very difficult to keep
these restrictions.

The parameters of open-pit mining affect the amount
of losses (Babii, 2011):

— geological (complex structure of the geological
stratum, ore delineation, thin ore bands, invisible contact
zones, dradge, etc.);

—technical (excavation machinery with a high unit
capacity);

—technological (the rocks mixing during the explo-
sion, cut-off grade of the valuable component, the inabil-
ity to use selective extraction, losses during rehandling,
transloading, dry enrichment wastes).

Thus, the technogenic deposits, available for extrac-
tion, are formed in dumps from losses of mineral
resources. To do this, they should be processed. It is
promising to use the technology of preliminary enrich-
ment (roughing) of mine rocks with magnetic inclusions
and associated mineral resources extraction directly at
dumps. This technology is designed to reduce the losses
of mineral resources and improve the environmental
situation at the mining enterprises by reducing the
volumes of dumps.

The technology involves the processing of the mined
rock with the use of a preliminary enrichment complex
(Babii, 2011). This complex includes a dry method of
enrichment (gravitational, magnetic, radiometric or elec-
tric). The main parameter that determines the selection
and application of mineral-processing equipment is the
granulometric composition of the ore. In this regard, it is
necessary to preliminarily subject the primary rock for-
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mations to mechanical coarse crushing. The stationary,
semi-stationary and mobile crushing machinery have
been developed for rock crushing, which can be com-
bined by performance with separators. In addition, the
technological schemes used for mining, transporting and
storing overburden rocks, modern developments in the
field of enrichment, as well as design solutions for crush-
ing and mineral processing equipment, contribute to the
development of technology for preliminary enrichment
of the ore. For iron-ore open-pit mines, it is rational to
use magnetic separators, which process the mined rock
after mechanical coarse crushing with a coarseness of
450 — 0 mm (Babii, 2011). The annual production capaci-
ty of the preliminary enrichment complex Qk determine
by the author’s dependence:

Ok = OsKpKoK TcKcn K, tonne ®)
where:

Os — the performance of the separator for dry magne-
tic separation, tonne;

Kp —the coefficient, which takes into account the time
spent on the production of planning and preparation works;

Ko —the coefficient, which takes into account the
waiting time;

K — the coefficient, which takes into account the non-
uniformity of mined rock delivery for processing by the
preliminary enrichment complex;

Tc — the number of labour hours per shift;

K¢ — the conversion factor for the 12-hour shift;

n. — the number of working shifts per a day;

K, — the number of working days per a year is taken
according to the work schedule of the open-pit mine.

The production capacity of the complex is calculated
by the dependence, generally accepted among the engi-
neers, between the yield of the magnetic product and of
the tailings. Within the studied problem, the author pro-
posed to interpret the formula through the preliminary
enrichment products: by yield of the magnetic product

yb and dry tailings y/ :

Ox =¥,9, + /0, tonne, (6)

where:

On — the magnetic product yield rate, tonne;

O; — the tailings yield rate, tonne.

In turn, to perform research on the influence of geo-
logical and technical parameters, the formula of a mag-
netic product yield is interpreted through the preliminary
enrichment products:

a—-6

ﬂp_g

where:

a — the content of the valuable component in the ori-
ginal mined rock, %;

f» — the content of the valuable component in the ex-
tracted magnetic product, %;

6 — the content of the valuable component in the pre-
liminary enrichment wastes, %.

The results of the author’s research for determining
the patterns of changes in the production capacity of the

4 100 , tonne,

(7
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complex depending on the technical parameters of the
equipment (declared by the manufacturer) and the quality
characteristics of the processed mineral stock (averaged
over the open-pit mines of the Kryvyi Rih iron-ore ba-
sin), are represented in Figures 4 — 6.
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The processing efficiency of primary overburden
rocks at the dump after the stage of mechanical coarse
crushing is determined by the linearly proportional de-
pendence of the magnetic product yield after preliminary
enrichment. As it is seen from the first graph in Figure 4,
this dependence has a linear form and depends on the
technical parameters of the used equipment. Whereas the
qualitative characteristics of the magnetic product are
determined by a linear dependence on the content of the
valuable component in the feedstock, by a polynomial
dependence - on the content of the valuable component
in the preliminary enrichment tailings. Thus, by using the
proposed technology, it is possible to reduce by 30% the
supply of rocks to dumps.

5. THE TENDENCY FOR ENRICHMENT
WASTES REDUCTION

The methods based on the use of water, the so-called
wet methods of enrichment, are most widely used in
mineral resources enrichment. However, the finished
products must have a minimum moisture content —
hence, there is a need for dewatering. The similar prob-
lems also arise in additional enrichment of wet techno-
genic feedstock (ore, coal slurries, screenings, etc.), con-
sisting mainly of particles less than 1 —5 mm in size
(fine-grained feedstock).

Analysis of recent research (Ettmayr, Stahl, Keller, &
Sauer, 2000; Wodzinski, 2003; Shevchenko, Shevchen-
ko, & Lebed, 2016), has shown that dewatering of fine
and small particles (less than 0.25 mm in size) causes the
greatest difficulties, because, the products formed from
them have a highly developed surface, which interacts
actively with water, retains significant its amounts due to
the highly developed surface of the particles and the
acting capillary and electrostatic forces. The porosity and
permeability of these media is usually low. With a de-
crease in the particle coarseness in the products, the bin-
ding energy of the liquid with the solid surface increases,
in other words, the resistance to water flow increases in the
pore space. The higher this energy, the more difficult to
separate the liquid (Shevchenko, Shevchenko, & Lebed,
2016). Therefore, it is most difficult to remove water
bound by capillary forces (surface tension forces). It fol-
lows that the known technologies do not provide effective
dewatering. In this regard, the problem of moisture remov-
al can be solved by improving the existing technologies.

A mechanical dewatering is the cheapest and most
commonly used method (Ettmayr, Stahl, Keller, & Sauer,
2000; Wodzinski, 2003; Shevchenko, Shevchenko, &
Lebed, 2016). Improving the efficiency of removing
moisture from fine products by mechanical methods
allows to save energy consumed during their thermal
bringing to the state of commercial moisture content. For
these purposes, a wide variety of equipment is used with
different principles of operation: vibrating screens, cen-
trifuges and filters. Vibrating screens are simpler and
cheaper than centrifuges and filters. In addition, even in
cases when centrifuges and filters are used, vibrating
screens are set before them.

At the same time, as the practice has shown (Lapshin
& Shevchenko, 2013), the traditional methods make it
possible to screen effectively only materials with particle
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sizes of more than 1 mm, and reduce the moisture con-
tent of the finished product to only 18 —22% depending
on the coarseness (for comparison, the permissible mois-
ture content during transportation is 8 —10%). The
screening of materials with a coarseness of 0.5 — 1 mm
by traditional methods does not give high results, and
with a particle size of less than 0.2 mm it is almost im-
possible. It is of particular difficulty the processing of
wide grain-size classes, when together with dewatering it
is necessary to separate fine classes (as a rule, off-test
product) and to dewater the finished (oversize) product
as much as possible (Lapshin & Shevchenko, 2013).

The author’s research results of the waste properties
(case study of the construction sands (Liubymivskyi
open-pit mine) and coal slurries (Kurahivska TSOF))
indicate the fundamental possibility of obtaining a com-
mercial product having a consumer demand by means of
fine classification by coarseness of 0.15 — 0.2 mm with a
simultaneous dewatering (Figs. 7 and 8), which will
allow to reduce the volumes of stored wastes.
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At the same time, fine classification according to the
specified coarseness with high efficiency for narrow and
wide strips of the separated classes of dry bulk materials
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is a problem. The pulp classification with a solids content
according to these classes is even more difficult task,
since its solution is complicated by the highly developed
surface of fine particles and the acting capillary forces, as
well as the additional viscosity of the liquid and clay
inclusions dissolved in it (Lapshin & Shevchenko, 2013).
For these purposes, the Ukrainian industry does not pro-
duce the serial equipment. At the same time, many au-
thors point at the existing reserves for improving the
efficiency of the dewatering process and classification of
fine products namely by the way of mechanical impact
on them, as the most realizable and relatively inexpen-
sive way (Ettmayr, Stahl, Keller, & Sauer, 2000;
Wodzinski, 2003; Shevchenko, Shevchenko, & Lebed,
2016). Hence, the improvement of vibrating screens is of
close attention, which will ensure an increase in the effi-
ciency of processing technologies, the quality of feed-
stock, energy saving and resource saving, as well as a
reduction in the harmful effect on the ecology.

At thin and ultrafine screening, the removal of liquid
requires the substantial energy consumption, since sur-
face tension forces, exceeding the gravity force signifi-
cantly, resist this process. To overcome these forces on
the working surface, accelerations are necessary in the
existing serial vibrating screens, which significantly
exceed their level.

Currently, the developments and individual tests are
being carried out in this direction. Institute of Geotech-
nical Mechanics named after M.S. Polyakov of the Na-
tional Academy of Sciences of Ukraine has developed a
new method of shock-vibrating screening (Lapshin &
Shevchenko, 2013), at which, in order to expand the
spectrum of impact on the screening surface and the
processed feedstock, it is proposed to excite the scree-
ning surface with ‘double’ shocks. Initially, the first
shock is made, which contributes to the detachment of
feedstock from the screening surface and its loosening,
then at the flight phase a second shock is made, which
provides an additional acceleration for the screening
surface, which ensures its cleaning from particles stuck
in the holes, as well as menisci rupture of the liquid. It is
important to note that when the second shock is applied,
the screened feedstock does not prevent the removal of
particles and liquid. Additionally, an activator and vari-
ous disintegrating elements (DE) were used to intensify
the screening process (Lapshin & Shevchenko, 2013).

To assess the effectiveness of the new method in
shock-vibrating screening, the experiments have been
carried out to establish the patterns of moisture content
change depending on the structural and operating parame-
ters of the screen and the properties of the feedstock
(granulometric composition, narrow and wide grain-size
classes, density), the influence of moisture content change
on the classification and rational parameters of the screen-
ing process with dewatering. The researches were con-
ducted in laboratory conditions on the model of shock-
vibrating screening. The construction sands of Liubymiv-
skyi open-pit mine were used for the experiments.

The author’s dependences of change in moisture con-
tent (W) and extraction (¢) classes in screened products
(oversize and undersize) depending on screening time (f)
in shock-vibrating screening by a new method, are shown
in Figure 9.
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The application of shock-vibrating screening by a
new method made it possible to process the feedstock
containing small grain-size classes, which are not classi-
fied and dewatered with the moisture content of
18 —20% by using traditional methods. The moisture
content has been reduced from 30% to 8 —10%, and
extraction of the class —0.1 mm into the undersize pro-
duct has been increased by 75 — 80%.
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Based on the obtained data, the mathematical models
have been created for calculating the parameters of the
shock-vibrating screen, the dewatering processes of mineral
stock and the kinetics of screening and dewatering (Lapshin
& Shevchenko, 2012), as well as the numerical experiments
have been performed to determine the technological param-
eters of dewatering and separation by coarseness.

The created mathematical models make possible to
calculate the performance of screens, screening efficien-
cy and dewatering. Based on the calculation, the techno-
logical parameters of screening and dewatering are de-
termined: extraction of particles with a specified coarse-
ness into the undersize product, the undersize product
yield rate, the oversize product mass, the liquid mass in
the oversize product, and the moisture content of the
oversize product. The efficiency of screening is assessed
by extraction of the particles with a specified coarseness
into the undersize product and moisture content of the
oversize product. The novelty of the mathematical model
is in taking into account the mutual influence of the clas-
sification by coarseness and dewatering.

Having compared the experimental and calculated da-
ta results, it was established that they differ by no more
than 15%, in other words, the formulas of mathematical
models with a confidence coefficient of 0.95 describe
adequately the experimental data. These results make it
possible by means of a calculation and with the use of
initial data to determine rational parameters of the screen
and screening process with dewatering at processing of
various feedstock.

6. CONCLUSIONS

The represented results of scientific research should
reasonably be used to manage the state of the natural
environment in mining regions, in further research of the
problem of technogenic massifs occurrence, in the pro-
jects for the revegetation of open-pit mines and dumps,
various types of pits and within the shift troughs, as well
as in additional enrichment of wastes from mining and
processing of mineral stock.

It is shown that the presence of technogenic massifs
huge in area and volume leads to a change in the proper-
ties of the natural geological environment in which they
are located: the earth surface subsidence, flooding, dehy-
dration occur, and landslides are formed. The only direc-
tion to reduce the technogenic load is to reduce the vo-
lumes of stockpiled mining industry wastes.

It is proposed to perform the rock processing at waste
dumps, while the processing efficiency of the primary
overburden rock at the dump after the stage of mechani-
cal coarse crushing is determined by the linearly propor-
tional dependence of the magnetic product yield after
preliminary enrichment and depends on the technical
parameters of the used equipment. Whereas the qualita-
tive characteristics of the magnetic product are deter-
mined by a linear dependence on the content of the va-
luable component in the feedstock, by a polynomial de-
pendence on the content of the valuable component in the
preliminary enrichment tailings. This technology is de-
signed to reduce the losses of mineral resources and
improve the environmental situation at the mining enter-
prises by reducing the volume of dumps.
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It is proposed to subject the wastes of enrichment to a
fine classification. It has been revealed that the mineral
stock, formed from wide grain-size classes with a high
content of particles less than 0.2 mm, is dewatered up to
18 —22% by traditional methods and is practically not
classified. It has been confirmed the possibility of pro-
cessing mineral stock by a new method of shock-vibrating
screening based on the obtained dependences, as a result
of which the moisture content was reduced from 30% to
8-10%, and the extraction of the class —0.1 mm into the
undersize product was increased by 75 — 80%.

The developed mathematical models for calculating
the parameters of the shock-vibrating screen, the de-
watering processes of mineral stock and the kinetics of
screening and dewatering, make possible by means of a
calculation and with the use of initial data to determine
the rational parameters of the screen and screening pro-
cess with dewatering at processing of various feedstock.
It is possible on their basis to synthesize a rational pro-
cess of screening and dewatering, as well as to analyse
the existing screens operation in order to identify ways of
their modernization. The use of technology, which in-
cludes a fine classification in wastes processing, will
allow: increase the economic efficiency of enterprises; to
expand the feedstock base for construction, coke and
chemical industries and power industry; to solve the
problems of creating additional containers for storing the
wastes; to improve significantly the environmental situa-
tion in the mining and processing regions.
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OIJIAA TEOMEXAHIYHUX ITPOBJIEM HAKOIIMYEHHS 1 3SMEHIIEHHS
BIAXOAIB 'ITPHUYOBUAOBYBHOI TIPOMUCJIOBOCTI, HIVIAXHU IX BUPINIEHHSA

M. YetBepuk, O. by6nona, K. babiii, O. Illlesuenko, C. Mongabaes

Meta. BunineHns reoMexaHiqyHUX MpoOJieM HAaKONWYEHHS BiJXOJIB TiPHUYO0JI00YBHOI MPOMHUCIOBOCTI Ta OOIPYH-
TYBaHHS LUIAXIB TX BUPIIIEHHS 3 MOXKJIMBICTIO IIEPEPOOKH 0OBOIHEHOT TEXHOI'€HHOI CUPOBUHHM IUIIXOM TOHKOI KJ1acH-
¢ikauii 31 3HEBOIHEHHSIM.

Metoauka. [{i1s1 TOCATHEHHS [TOCTAaBJICHOI METH B POOOTI BUKOPUCTAaHO KOMIUIEKCHHMH MI/IX1J, 10 BKJIIOYAE HAYKO-
BO-TEXHIYHHI aHAJi3 JTOCITI/DKCHb MO0 HAKOIMYCHHS BiIXOJIB, JaHWUX JCPXKABHOI CTATUCTHKH, aHATITUYHI JOCIIi-
JOKCHHS BEJIMYMHH YIIUTBHCHHS IDIACTIB BOJOMICTKUX ITOPiJ, IO BIUIMBAE HA MPOCIJAHHS IOBEPXHi, a TAKOXK CTCHIOBI
eKCIIepUMEHTANBHI JOCIIHKEHHS 31 BCTAHOBIICHHS 3aJIS)KHOCTI 3MiHHM BOJIOTOCTI i BHITyUeHHS TOHKHX KJIACiB y MPOAYK-
TaX TPOXOYCHHS 3aJIEKHO BiJ HOTO TPUBAJIOCTI NpH BiOpOyIapHOMY TpOXOUYEHHI HOBHM CHOCOOOM JJIS PO3ILICHHS
BiIX0iB 30aradeHHs Nepes iX CKIaTyBaHHAM Y HAKOITMIyBad.

Pe3ysabTaTu. 3ampornoHOBaHO po3po0IeHNi MaTeMaTHYHUH anapart 00 BU3HAUYEHHS [apaMeTpiB reOMeXaHiuHUX
NPOLECIB y TEXHOTCHHUX MacuBax. [lokazaHo, 0 AJIs 3MEHIIEHHS TEXHOT€HHOI0 HABAaHTa)KEHHS Ta IPOSIBIB HEraTUB-
HUX F€OMEXaHIYHUX MPOLECiB HEOOXiJHO CKOPOTHUTH ILIOILY 3eMeJb MMiJi HAKOMHMYyBauyaMy BIIXOJIB Ta 00CATH CaMUX
HAKOMMYYBAaHUX BIJXOMIB BUIOOYTKY 1 30araucHHs. BCTaHOBJICHO 3alIe)KHOCTI KOMILICKCY MOMEPEIHbOr0 30araueHHs
BiJl SIKICHHX NapaMeTpiB BUXIJHOI CUPOBHHH Ta TEXHOJOTIYHUX IMapamerpiB oOyiajHaHHs. BusiBieHO, 0 MiHepaibHa
CHUpPOBHHA, C()OPMOBaHA 3 MIHUPOKUX KIIACIB KPYIHOCTI 3 BEIUKUM BMICTOM YaCTHHOK MeHIie 0.2 MM, TpaauIlitHUMU
crioco6amu 3HEBOAHIOETHCS 110 18 — 22% 1 pakTH4HO He KIacu(iKyeThes.

HayxoBa HOBH3HA. 3aIpONIOHOBaHO MaTeMaTHYHY MOJIEb KIHETHKH TPOXOUYEHHS 1 3HEBOJHEHHS, 10 KOMIUIEKCHO
BpaxoBY€ MOYATKOBHUH PO3IIO/ALT YaCTOK 1 PIAMHY 3a BHCOTOIO IIapy MaTepiaiy, 1[0 IPOXOYEThCs, Cerperariro, nepemi-
[TyBaHHS, MPOCIFOBaHHS, 0COOIMBOCTI BiOpOTpaHCIOPTYBaHHS (MIBHAKICTH, KPATHICTh 1 KUTBKICTh MAIiHb 3a IMEPiox
BiOpOTpaHCIIOPTYBaHHS) Ta 3MiHY BHCOTH IIapy, IO BiApPi3HAETHCS ypaXyBaHHSIM B3a€MHOTO BIUTUBY Kiacu(ikamii 3a
KPYTHICTIO i 3HEBOTHEHHSI.
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IMpakTruna 3HaYMMicTh. HaBeeHi 3a1e:KHOCTI MOXKYTh OYTH BHKOPHCTAHI ISl IPOTHO3YBaHHS PO3BUTKY HETATH-
BHUX T'€OMEXaHIYHUX MPOILECIB. 3aCTOCYBaHHS TEXHOJIOTI, 1110 BKJIFOYA€ TOHKY Kiacupikalito, mpu nepepooi BixoiB
JIO3BOJIUTH IIJBUIIUTH €KOHOMIYHY e€(EKTUBHICTb MiANPUEMCTB; PO3MINPUTH CUPOBHHHY 0a3y st OyliBeJIbHUX, KOK-
COXIMIYHUX BUPOOHHIITB i €HEPTreTUKHU; BUPIIIATH MPOOJIEMHU CTBOPEHHS JOAATKOBUX €EMHOCTEH JJIsl CKIIa[lyBaHHsI Biji-
XOJIiB; 3HAYHO TOJIMIIUTH SKOJOTIYHUH cTaH Y BUIOOYBHUX i IEPEPOOHUX PETiOHAX.

Kntrouosi cnosa: 6ioxoou 2ipHut0006y8HOi RPOMUCIOB0OCTI, 2e0MeXaHiUHI npobiemu, 8ibpoyoapHe epOXoUeHHs, no-
nepeoxe 36azauenHs

OB30P TEOMEXAHUYECKHUX INPOBJIEM HAKOIIVIEHUSI U YMEHBINEHW A
OTXOA0B 'OPHOJOBBIBAIOIIEU MTPOMBIINJIEHHOCTH, ITYTHU UX PEHIEHUA

M. Yetrsepuk, E. byonosa, E. babwii, A. IlleBuenko, C. Mongabaes

Heab. Beinenenne reomexaHuueckux MpoOieM HAKOIUICHUs OTXOJOB TOPHOJOOBIBAIOIIEH POMBIIUIEHHOCTH W
000CHOBaHHE ITyTEeH UX PEIICHUS C BO3MOXKHOCTBIO IepepaboTKi 0OBOXHEHHOTO TEXHOTEHHOTO CHIPbS IIYTEM TOHKOM
KjIaccu(UKaIUK ¢ 00C3BOKUBAHHEM.

Metoauka. [[iis JOCTIXCHUS TIOCTABICHHOW IS B pabOTe MCIOJNB30BaH KOMIUICKCHBIM ITOJIXOJ, BKIFOYAFOIINI
HAYYHO-TEXHUYECKUH aHaJHM3 HCCIICTOBAHMI 10 HAKOIUIEHHIO OTXOJOB, TAHHBIX TOCYIApCTBEHHOW CTATHCTHKH, aHAJH-
TUYECKHE UCCIIEIOBAaHNS BEIMUUHBI YIUIOTHEHHS IJIACTOB BOAOCOIEPKAIIMX OPO/I, BIUSIOLIEH Ha poceJaHue MOBEpX-
HOCTH, a TaK)K€ CTEH/IOBBIE SKCIIEPUMEHTAIFHBIE HCCIIEIOBAHMS [T0 YCTAHOBICHUIO 3aBUCHMOCTH H3MEHEHHUS BIAXHOCTU
Y W3BIICYCHUSI TOHKUX KJIACCOB B MPOMYKTAX TPOXOYCHUS B 3aBHCUMOCTH OT €r0 MPOIOJDKUTEIEHOCTH TPU BHOPOYAAp-
HOM TPOXOYEHHH HOBBIM CIIOCOOOM TS pa3ZeNIeHNs] OTXOI0B 00O0TaIeHUs Iepel UX CKIaIUPOBAHHEM B HAKOIIUTEINb.

PesyasTatsl. [Ipemioken pa3paboTaHHBI MATEMATHYECKUH amiapar 1o OMpPEeIeIICHHUIO ITapaMeTPOB FreOMeXaHYe-
CKHX TIPOLIECCOB B TEXHOTEHHBIX MaccuBax. Il0ka3aHO, YTO U1 YMEHBIICHUS TEXHOTCHHOW HArpy3Kd W MPOSBICHUS
HETaTUBHBIX TEOMEXaHWYCCKHX IMPOIIECCOB HEOOXOTUMO COKPATHThH ILIOMAb 3eMENb IO HAKOIMUTEISIMH OTXOJOB U
00BEMBI CAMHX HAKAIUTUBAEMBIX OTXOJIOB JOOBIYM M oOOrameHus. Y CTAHOBJIEHBI 3aBUCHMOCTH KOMILIEKca penodora-
[ICHUS OT KAYSCTBEHHBIX MApaMETPOB UCXOTHOTO CHIPhS U TEXHOJIIOTUYCCKUX MapaMeTpoB 000pyaoBaHUs. BEIsSBICHO,
YTO MUHEPAIbHOE ChIPbE, CHOPMUPOBAHHOE M3 HIMPOKHUX KJIACCOB KPYITHOCTH C OOJIBIIUM COJIEp)KaHHEM YacTUI] MEHee
0.2 MM, TpaIUIIOHHBIME cItoco0amMu 00e3BoxkuBaeTcs 110 18 — 22% u mpakTH4ecKH He KilacCU(DUITUPYETCs.

Hayunas HoBu3Ha. [IpeioxxeHa MareMaTiyeckasi MOJiellb KHHETUKH TPOXOUCHHSI U 00€3BOKHUBAHUSI KOMILUIEKCHO
YUMTBHIBAIOLIAas] HAaYallbHbIE paclpeAesieHUs] YaCTHIl U >KUIKOCTH MO BBICOTE CJIOS TPOXOTHMOIO MaTepuana, cerpera-
LUIO0, MIepeMelInBaHie, POCEUBaHNe, OCOOCHHOCTH BHOPOTPAaHCIIOPTUPOBAHUSA (CKOPOCTh, KPATHOCTh U KOJHUYECTBO
MAJICHUH 3a MEePHUOl BUOPOTPAHCIIOPTUPOBAHKS) M U3MCHEHHE BBICOTHI CIIOS, OTIMIAOMIASCS YISTOM B3aUMHOTO BIIHS-
HUSI KJIACCU(DUKAIMU TI0 KPYITHOCTH M 00€3BOKUBAHHSI.

IIpakTnyeckast 3HaUNMOCTb. [IpuBeIeHHBIE 3aBUCUMOCTH MOTYT OBITh MCIIOJIB30BaHBI JJIsl IIPOTHO3UPOBAHHUS Pa3-
BHUTHS HETaTUBHBIX T€OMEXaHNIECKUX MporeccoB. [IprMeHeH e TEXHONIOTHH, BKIIOYAIOIIeH TOHKYIO KITaCCH(HKAIINIO,
npu nepepaboTKe OTXOJIOB MO3BOJIUT MOBBICHTh SKOHOMHYECKYIO 3(Q(PEKTUBHOCTh MPEANIPUSTHH; PACIIUPUTH CHIPbE-
BYIO 0a3y AJIs CTPOUTENBHBIX, KOKCOXUMUYIECKAX TPOM3BOJCTB M YHEPTETHKH;, PEIIUTh MPOOIIEMBI CO3TaHMUS JOOITHH-
TENBHBIX €MKOCTEH /sl CKIaJUPOBAaHMsSI OTXOJOB; 3HAYUTEIHHO YIIYUIINTh SKOJOTHYECKYI0 OOCTaHOBKY B JOOBIBarO-
IIUX ¥ TIepepadaThIBAOIINX PETHOHAX.

Knrwoueswvle cnosa: omxoovl 20pHo00ObI6aiowell NPOMBIUIEHHOCIU, 2eoMeXanuyeckue npobiemvl, eubpoyoaproe
2poxoueHue, npedobozaujenue
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