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SUBSTANTIATION OF THE TECHNOLOGICAL PARAMETERS
OF BUCKET-WHEEL EXCAVATOR FORWARD TRENCH WHEN MINING
TITANIUM DEPOSITS

Purpose. To justify the parameters of the technological scheme of working out an advanced overburden bench by a bucket-
wheel excavator, to reduce the cost of overburden work at Pit 7 of Vilnohirsk Mining and Metallurgical Plant.

Methodology. Setting the parameters of the technological scheme of the bucket-wheel excavator was performed by the graphic-
analytical method, which involves taking into account the technical characteristics of the mining machine, the physical and me-
chanical properties of the mining rocks and the stable slope angle of the advanced overburden bench. The substantiation of the
effectiveness of application of the technological scheme with a forward trench was made by the technical and economic calculation
of the specific costs on overburden works.

Findings. The possibility of increasing the height of the overburden bench when using a technological scheme with a forward
trench was evaluated. Reasonable parameters of the forward trench, in which the bucket-wheel excavator can develop a forward pit
bench with a capacity of 40 m with a stable slope angle of 30°. This allows reducing the amount of mining haulage equipment and
reducing overburden costs by up to 50 %.

Originality. The minimum slope angle of the overburden slope at the maximum digging height of the ERShR-1600-40/7 exca-
vator, which is equal to 40° at a slope height of 40 m, was established. The dependence of the resulting slope angle of on the re-
excavation coefficient of the mining rock mass was established. This makes it possible to assert that when this angle is increased the
re-excavation rate will decrease. It was established that at the applying technological scheme with a forward trench in the condi-
tions of Vilnohirsk MMP, the coefficient of overburden re-excavation will be k= 0.09.

Practical value. A technological scheme for the development of an advanced overburden bench by the bucket-wheel excavator
with a forward trench allows increasing its developed bench height. This makes it possible to reduce the operational cost for over-

burden works by refuse from haulage mining system with dump trucks.
Keywords: overburden rocks, bucket-wheel excavator, advanced bench, slope angle, forward trench

Introduction. Titanium is a strategic raw material large re-
serves of which Ukraine possesses. The main deposits are rep-
resented by rutile-zircon-ilmenite placer deposits, which are
developed by the surface mining method [1].

Today, the demand for titanium raw materials is growing,
however, in the conditions of market competition, mining en-
terprises must improve the technologies of deposit develop-
ment in order to reduce the cost of ore mining and processing.

One of the largest enterprises in Ukraine for the develop-
ment of titanium raw materials is Vilnohirsk Mining and Met-
allurgical Plant (Vilnohirsk MMP), which has been operating
for more than 40 years.

The main costs for the mining of a mineral deposits are
spent on overburden works and their share is about 70 % of the
overall cost on deposit development [2]. Excavation works at
Vilnohirsk MMP are carried out with by the powerful com-
plexes of continuous and cyclical action [3]. A large share of
overburden costs accounts for cyclic equipment; this is due to
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the use of BelAZ-7547 dump trucks that run on diesel fuel,
which is expensive in comparison with electricity. Therefore,
the reduction of overburden costs is an urgent topicality. To
solve this problem, it is necessary to consider the possibility of
improving the existing technological scheme of overburden
with the use of continuous action complexes.

Increasing the efficiency of the powerful complexes of
continuous action use is a multi-faceted task, which was
comprehensively solved by scientists and equipment manu-
facturers. Thus, the study on the connected equipment pa-
rameters for the EG-1600 excavator based on the technical
and economic evaluation of the options that differ in the
standard size of the cantilever pile driver has been conduct-
ed by different scientists. The detailed development of the
technological scheme of overburden works and establish-
ment in the connection with NKMZ parameters of the face
spreader at the work in a complex with the EG-1600 excava-
tor was carried out in relation to the Nikopol manganese
deposits. A lot of attention was paid to the research related
to the substantiation of the standard range of bucket wheel
excavators.
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In research of UkrNDIproekt the aim consists in develop-
ing a new typical series of continuous machine complexes, the
bench height and bucket wheel excavator parameters was also
based on the assessment of possible mining face heights and
the establishment of rational combinations of theoretical pro-
ductivity and digging height. A mathematical model of the pit
was developed to optimize its parameters and equipment pa-
rameters. The mathematical model made it possible to justify
the structure of complex mechanization and the parameters of
the mining system based on their relationship with the bucket
wheel excavator’s theoretical productivity, the capacity of the
pit, and the total capacity of the overburden. Thus, the task of
establishing such main working parameters of the bucket
wheel excavator as the theoretical productivity and the digging
height, which is accepted, was solved. Regarding the manga-
nese ore pits parameters in Ukraine, recommendations are
also given on the maximum heights of bench, which are devel-
oped without dividing them into sub-benches.

The research studies of UkrNDIproekt and NKMZ paid a
lot of attention to the establishment of rational combinations
between the length of the rotor boom, the diameter of the
bucket wheel and other design parameters of the excavator
working equipment. However, the initial position of these
studies was orientated to the standard size of the excavator.
From the results of these studies, the following should be not-
ed: recommendations on the minimum bench of the bucket
wheel boom for an excavator with a digging height of 40 m,
recommendations on the optimal calculated heights of bench
for complexes with a capacity of 5,000 and 12,500 m3/h when
the excavator works on one bench; conclusions about the ex-
pediency of reducing the bucket wheel diameter from the point
of view of reducing dynamic phenomena at the development
of hard rocks.

Evaluating the conducted research, we should note that
most of the works performed in the complex with machine-
building plants are devoted to the design and development of
continuous complexes individually for the conditions of each
deposit. However, solving the problem of increasing the effi-
ciency of the already existing complexes that work in the pit,
due to the modernization of the equipment, is very costly and
inefficient.

Therefore, in order to solve the problem of increasing the
efficiency of bucket wheel complexes and reducing costs for
overburden, it is necessary to consider the possibility of im-
proving the existing technological scheme of overburden.

Literature review. The substantiation of the technological
scheme of the operation of powerful bucket-wheel excavator
complexes and the determination the parameters of mining
systems for various technical and geological conditions of de-
posits is a large and complex problem [4], to the solution of
which the efforts a lot of research organizations and mining
enterprises have been directed [5].

One of the most important technological scheme param-
eters of the bucket-wheel excavator is the height of the bench
being developed. With a large number of deposits, the height
of the overburden developed by one bucket-wheel excavator
shows the effectiveness of the use of a complex of mining haul-
age equipment. Therefore, many studies have considered the
issue of increasing the height of the bench.

Thus, in the study [6], the authors proposed a technologi-
cal scheme for the development of high benches with a divi-
sion into sub-benches and the operation of a bucket-wheel
excavator on two horizons in turn. This made it possible to
significantly increase the bench height and increase the effi-
ciency of using the bucket-wheel complex in time. However,
such a scheme requires a complex organization of mining op-
erations and can be applied only when using crawler-type of
bucket-wheel excavators.

One of the studies directed on the increasing the bench
height of bucket-wheel excavators was conducted at Pokrovsk
Mining and Processing Plant [7]. They considered the possi-

bility of combining the advanced and main opening bench into
one, which is developed by one bucket-wheel excavator. How-
ever, the technical parameters of the excavator are insufficient
for working out the combined bench. Therefore, to ensure the
necessary height of the bench, a dragline excavator was in-
stalled on the roof, which moved part of the overburden under
the slope of the lower part of the bench [8]. Thus, instead of
two bucket-wheel complexes, there remained one, which
worked in a complex with a dragline excavator. However, these
studies did not take into account the physical and mechanical
properties of mining rocks and the stable slope angle of the
bench, which does not allow the application of this techno-
logical scheme in the development of soft unstable rocks.

Research in field of bench stable profile formation by the
bucket-wheel excavators makes it possible to state that when a
mining machine with a pressure boom is working, it is possible
to form a bench slope of at least 25—30° at the maximum pos-
sible digging height of the excavator. And when using a pres-
sureless boom, the minimum bench slope angle at the maxi-
mum digging height of the excavator will be 38—45° [9]. These
studies make it possible to analyse the slope angles during the
operation of different types of bucket-wheel excavators.

Evaluating the conducted research, it should be deter-
mined that for improving the technological scheme of over-
burden, it is necessary to consider the possibility of increasing
the height of the advanced overburden bench that developed
by the bucket-wheel excavator. For this, it is necessary to take
into account the technical parameters of the excavator and the
properties of the mining rocks being developed.

Also, for the possibility of increasing the height of the
bench, attention should be paid to the combination of the op-
eration of a bucket-wheel excavator with various types of min-
ing and haulage equipment.

Results. The research directed to selection of the techno-
logical scheme of the opening carry out for condition of the
Vilnohirsk Mining and Metallurgical Plant, which is develop-
ing the Eastern section of the Malyshevskyi deposit by surface
mining method. The Eastern part of this deposit is mined
through Pit No. 7, where the average length of the mining
front works is 1000 m.

The advanced bench, with a capacity up to 30 m, in the
section of Pit No. 7 “Pivnich”, is worked by a bucket-wheel
excavator complex, which consists of an excavator ER-
ShR-1600-40/7, a loader PG-5000/60, a mining face and two
transverse and dump belt conveyors, a PVP-6600 reloader and
a ZP-6600 dumper, with rocks spreading in an internal dump
in two benches. The design volume of overburden performed
by the bucket-wheel excavator complex is 5 million m?.

The overburden bench on the second overburden bench is
worked out by an excavator EKG-10 with loading into dump
trucks and removal of the rock to the internal dump along the
inter-ore zone between two deposits. The average annual vol-
ume of overburden is carried out by the excavator EKG-10 up
to 1.5 million m3.

In order to reduce overburden costs in the conditions of Pit
No. 7 “Pivnich”, the possibility of combining the leading and
second overburden benches into one was considered, which is
developed by the excavator ERShR-1600-40/7.

The possible height of the bench for a bucket-wheel exca-
vator with a given theoretical productivity depends on the ini-
tial value of the excavator linear parameters and the physical
and mechanical properties of the mining rocks. Since a buck-
et-wheel excavator already in operation is being considered, in
order to increase the height of the front overburden bench, it is
necessary to consider the property of mining rocks which in-
cludes their stability.

Overburden rocks in Pit No. 7 “Pivnich” are represented
by quaternary loams and red-brown clays, which belong to the
class of unstable rocks.

When setting the parameters of the technological scheme
of the excavator complexes, the graphic-analytical method is
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most often used. This provides for the graphic construction of
the excavator excavation taking into account its technical pa-
rameters and the physical and mechanical properties of the
mined rocks being developed.

Taking into account the physical and mechanical properties
of overburden mining rocks [10], the stable slope angle of the
leading overburden bench should not exceed 30° [11]. There-
fore, in order to determine the maximum possible bench height
at a stable angle of slope, the profile of the pit bucket-wheel
excavator was built using the graphic-analytical method. Dur-
ing the construction, the following are taken into account: dig-
ging radius, chip height, boom angle and bucket wheel radius.

The mining face of overburden rocks profile at the imple-
mentation of bucket-wheel excavator ERShR-1600-40/7
when forming a stable slope angle of the overburden bench is
presented in Fig. 1.

After the construction is completed, it can be stated that
when using the ERShR-1600-40/7 bucket-wheel excavator
and its operation with horizontal chip with 10 m high, the
maximum possible height of the overburden bench is 30 m at a
stable slope angle of 30°. However, the technical parameters of
the bucket-wheel excavator allow it to address a bench with a
height of 40 m. Therefore, in order to determine the slope an-
gle of the bench at the maximum digging height of the excava-
tor, a mining face profile was built for these conditions. The
face profile of the ERShR-1600-40/7 with the maximum pos-
sible height of the bench is presented in Fig. 2.

From the mining face profile shown in Fig. 2, we can see
that when bench of 40-m high is worked out, the slope angle of
it will be 40°, which is unstable for the conditions of the Maly-
shevskyi titan-zirconium ore deposit. Therefore, the use of
this technology for working out an overburden bench of a
greater capacity by a bucket wheel excavator is not permissible
from the point of rocks massive stability.

The technical parameters of ERShR-1600-40/7 do not al-
low it to form a bench with a height of 40 m with a slope angle
of 30°. Therefore, a new technological scheme with a forward
trench has been developed, which will allow reaching a bench
height of 40 m at a slope angle of 30° (Fig. 3).

The essence of the proposed technological scheme con-
sists in the preliminary building of a trench with 10 m depth by
an excavator ESh-10/70, with the storage of mining rock on
the slope of the bench. Excavator ERShR-1600-40/7 with a
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Fig. 1. Excavator mining face profile ERShR-1600-40/7 when
working out the overburden bench with a height of 30 m
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Fig. 2. Mine face profile of the excavator ERShR-1600-40/7
when working out the overburden bench with a height of 40 m

maximum scooping height of 40 m develops the face with four
horizontal chips, which, when passing the first one, opens the
site of the forward trench, which makes it possible to establish
a stable slope angle of 30°.

The use of a technological scheme with a forward trench
will not allow ensuring a stable slope angle directly through the
face for long period. At the same time, there is a possibility of
the landslide formation of the rocks mass in the pit at the angle
of the collapse prism [12]. However, it must be taken into ac-
count that the overburden face is constantly moving, so the
rock subjected to landslides has a short life.

The operation of ERShR-1600-40/7 at the maximum
height of scooping has several peculiarities. In order to prevent
the formation of overhanging visors of mining rock, it is neces-
sary to work out the by the horizontal chips in a row from the
top to the bottom. Taking into account the height of the hori-
zontal chip of 10 m and the construction of the rigid boom of
the excavator, working out the overburden face will be per-
formed in four stages, with a gradual displacement of the exca-
vator back from position I to position IV (Fig. 3).

Taking into account the proposed technological scheme
for the operation of a bucket-wheel excavator with a forward
trench, it is planned to change the existing haulage system for
the development of Pit No. 7 “Pivnich” (Fig. 4, @). In this
case, it was proposed to use the EKG-10 excavator and dump
trucks on the second overburden bench, to a combined devel-
opment system with the use of the ESh-10/70 excavator for
mining a forward trench.

Considering the high productivity of the ER-
ShR-1600-40/7 bucket-wheel excavator, which has an output
of more than 20 million m? per year [13], it will be able to work
with an additional volume of 1.5 million m? [14]. The load on
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Fig. 3. Technological diagram of the ERShR-1600-40/70 op-
eration during the development of an overburden bench
with a height of 40 m with a forward trench
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Fig. 4. Mining system of Pit No. 7 “Pivnich”:

a — the existing haulage mining system; b — the proposed combined mining system

the main and face conveyor will increase by 30 %; however,
with the existing technological scheme, the conveyor load in
time is about 40 % [15], that is why its productivity will allow
haulage of an additional rocks volume.

At the proposed technological scheme, the overburden is
removed by the bucket-wheel excavator complex [16] and
stored in an internal dump [17] in two benches with a total
height of 43 m (Fig. 4, b).

The evaluation of the overburden technology effectiveness
in the conditions of Vilnohirsk MMP shows that using a for-
ward trench it is possible to increase the height of the front
bench with a stable slope angle.

In addition to increasing, the bench height the width of the
face width has a significant effect on the efficiency of using the
bucket-wheel excavator and its productivity. When increasing
the face width to the maximum value, the productivity of the
excavator decreases by 3—5 %, due to increasing time of auxil-
iary operations and boom manoeuvring. However, the decrease
in productivity is not significant, so the maximum increase in
the face width is reasonable. Despite the proposed technologi-
cal scheme with a forward trench, it is necessary to take into
account the maximum unloading radius of the ESh-10/70 ex-
cavator and the maximum height of the embankment it forms.
After completing the graphic construction, it was determined
that the maximum width of the bucket-wheel excavator’s face
with the proposed technological scheme will be 60 m.

It should be noted that the shape and cross-sectional area
of the forward trench has a significant influence on the slope
angle of the bench. The conducted research showed that the
most favourable from the position of ensuring the permissible
slope angle and the minimum volume of re-excavation work is
the trapezoidal shape of the forward trench with side slope
angles of 45 and 30°, respectively.

The graphic construction of the technological scheme
makes it possible to establish the influence of the cross-sec-
tional area of the trench on the resulting slope angle of the
bench. Due to the graphic modelling, sections of the leading
overburden bench were constructed, and the area of the for-
ward trench was determined at different widths below.

According to the obtained data, the dependence of the vol-
ume of the trench on the slope angle of the bench Vp.g.= f(a)
was established (Fig. 5).

From the obtained results that are shown in the graph
(Fig. 5), we can see that the volume of the forward trench de-
creases when the slope angle of the overburden bench increas-

es. This indicates that the weaker the overburden rocks and the
smaller the slope angle of the bench are, the larger forward
trench are needed.

The conducted research studies make it possible to estab-
lish that for the conditions of Pit No. 7 “Pivnich” with the re-
quired slope angle of 30°, the volume of the forward trench will
be 224 thousand m?>.

An important indicator of the application effectiveness of
the overburden technological scheme at the bucket-wheel exca-
vator using is the re-excavation coefficient of the mining mass.
It is calculated according to the formula that considers area of
forward trench cross-section and parameters of the bench

S

— Ir

A-H’
where S, is a cross-sectional area of the forward trench, m?;
A is the width of the overburden face, m; H is the height of the
bench, m.

Taking into account the received data on the cross-sec-
tional area of the forward trench and the slope parameters of
the bench, the re-excavation coefficient was calculated for dif-
ferent volumes of this excavation. According to the obtained
data, the dependence of the trench volume on the re-excava-
tion coefficient Vp.g.=f(k) was established (Fig. 6).

Analysing the data shown in the graph (Fig. 6), we can
state that the re-excavation coefficient directly depends on the
volume of the forward trench.
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Fig. 5. Dependence of the forward trench volume on the slope
angle of the bench
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Fig. 6. Dependence of the forward trench volume on the re-ex-
cavation coefficient

Establishing the dependence of the trench volume on the
slope angle of the bench and the re-excavation coefficient
makes it possible to analyse the effect of changing the slope
angle of the bench on the coefficient of re-excavation (Fig. 7).

The obtained research results (Fig. 7) show that the greater
the slope angle of the bench is, the smaller the re-excavation
coeflicient of the overburden rocks will be. Therefore, we have
an inversely proportional relationship that allows us to deter-
mine the re-excavation coefficient depending on the required
slope angle of the slope when bucket-wheel excavator using.

The dependence of the re-excavation coefficient on the
slope angle £ =f (@) is described by an equation of the form

_a=37.1
3.3

The reliability of this dependence is high, as evidenced by
the coefficient of determination R, = 0.948. Thus, the obtained
equation can be used for the preliminary calculation of the re-
excavation coefficient.

For the conditions of the Vilnohirsk MMP, when applying
the technological scheme for the overburden bench develop-
ment with a forward trench, the re-excavation coefficient will
be k=10.09.

To substantiate the recommendation of the proposed meth-
od of overburden rocks development implementation it is neces-
sary to conduct the economic assessment. The production pro-
gram of the mining enterprise operation is based on the technol-
ogy of deposit development, the provision of equipment and the
enterprise’s work schedule [18]. Based on these indicators, the
specific consumption of 1 m? of overburden is formed when ap-
plying a technological scheme with a forward trench. The ele-
ments of the cost for overburden works include: basic salary
(surcharges, allowances, bonuses); basic and auxiliary materials;
fuel, depreciation of the equipment involved; electricity, etc.

k=

N
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—~ os-33k+371
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Fig. 7. Dependence of the slope angle of the bench on the re-
excavation coefficient

The use of a new approach (overburden forward trench
mining) makes it possible to more efficiently use the available
resources at the enterprise, reduce the burden on the payroll
fund, reduce the amount of equipment, which in turn has a
positive effect on reducing the main costs that are included in
the cost price.

The main criterion for choosing a rational scheme for
the overburden benches development and operating param-
eters of bucket-wheel excavator complex machines is a sys-
tem of interconnected factors that takes into account the
optimal parameters for the formation of the extracted prod-
ucts cost. The system of costs per 1 m? of overburden was
chosen as the basis of the calculation. The economic evalu-
ation of interrelated factors should be understood as reduc-
ing the production cost. This reduction is achieved by saving
resources and reducing the labour costs of dump truck driv-
ers, because with the new mining scheme, the expediency of
using the EKG-10 excavator with loading into dump trucks
and rock removal to the internal dump decreases and be-
comes unnecessary. Because of this, the need to use such
vehicles as BelAZ and a bulldozer is significantly reduced.
The reduction of mining machines number will affect saving
of spare parts together with components, warehouse costs,
and also significantly improves the haulage scheme of the
dump.

During the conducted research a special attention was
paid to the saving of financial resources in terms of the wage
fund formation, which is calculated for each profession sepa-
rately, as well as to the fund of direct wages of all hourly work-
ers — the calculation takes into account the use of the hourly
bonus system of labour remuneration. It is also worth noting
that the saving of financial resources allows reducing the bur-
den on the wage fund and creates conditions for the introduc-
tion of additional payments in the form of bonuses for the ra-
tionality of the mining technology and the number of employ-
ees involved.

In addition, costs for auxiliary materials are reduced,
which include technical kerosene, lubricants: industrial, cylin-
der, compressor, graphite, wiping. However, the main thing is
the lack of operations of BelAZ-7548 dump trucks (45 t),
which reduces fuel costs and subsequently affects the depreci-
ation fund due to the fact that the less equipment is used, the
faster it can be updated. Since the cost of the equipment will
be transferred to the extracted products, the volume of which
increases due to the extraction technology.

During the planning of depreciation deductions, the useful
life of the equipment and its original cost are taken into ac-
count. Also, the special attention is paid to the methods for
calculating depreciation. Traditionally, the enterprises use the
straight-line, production and cumulative methods for calcu-
lating depreciation.

However, the choice of a particular method of deprecia-
tion is based on the useful life, the fair value of the equipment
and the simplicity of the calculation. Therefore, it is proposed
to use the straight-line method for calculating depreciation for
all fixed assets involved in the new mineral extraction scheme.
The existing scheme of cost structure formation was imperfect
in terms of a large share of fuel use. The new scheme makes it
possible to reduce the usage of fuel due to the refusal to oper-
ate the BelAZ vehicle and to optimize the structure of depre-
ciation deductions.

Thus, the specific costs of 1 m? overburden rocks with the
proposed technological scheme were calculated, which
amounted to 29.35 UAH/m?. The calculation of specific costs
is given in Table.

From the technical documentation of the enterprise, it was
established that the specific costs for I m? of overburden rocks
with the existing technology for Pit No. 7 “Pivnich” of the Vil-
nohirsk MMP are 60.56 UAH/m>.

After the cost of 1 m® of overburden for the proposed
schemes was calculated, it was determined that when using a
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Table
Specific costs for of 1 m? of overburden rock
Costs for the annual volume
Cost elements of overburden rocks
(6.5 million m?), thousand
UAH
The basic salary 1,163
Additional salary 105
(9 % of the basic salary)
Total salary 1,267
Charges for wages (22 % of wages) 279
Basic and auxiliary materials 3,772
Depreciation 126,261
Electricity 32,272
Total 163,852
The cost of overburden, m? 0.025

forward trench, the cost will decrease by 31.21 UAH/m?>. Ana-
lysing the cost structure, we can say that with the existing tech-
nology, a large share of costs goes to fuel, 36 %, and with the
proposed technology, the main share (77 %) is depreciation
deductions. This is due to the lack of dump trucks and bull-
dozers that work on fuel.

The proposed technology allows reducing the costs of 1 m?
overburden rocks mining and getting the company an addi-
tional profit per year in million UAH

P=(60.65—29.35) - 6,500,000 = 202.8.

The use of proposed technology with a forward trench will
not only reduce costs for overburden, but also reduce the pa-
rameters of the pit excavations, due to the reduction of the
number of overburden horizons and working spaces.

Conclusions. The conducted research allowed developing
and proposing a technological scheme for working out the ad-
vanced overburden bench with a capacity of 40 m using a spe-
cial forward trench. The possibility was justified of using the
technological scheme of the excavator ERShR-1600-40/7
with a forward trench in the conditions of Pit No. 7 “Pivnich”
of Vilnohirsk MMP.

Specific costs were calculated of overburden works for 1 m?
of mining mass when applying the technological scheme with
increased capacity of the forward bench, which amounted to
29.35 UAH. The dependence of the coefficient of re-excava-
tion of the overburden rocks on the slope angle of the bench
during the development of the forward trench has been estab-
lished, which makes it possible to calculate the costs for the
trench construction works.

The rational parameters of the forward trench were set
that include the depth of the trench, which is 10 m, slope
angles of 45 and 30°, width trench at the bottom (9 m), which
makes it possible to develop a bench with a height of 40 m and
a stable slope angle of 30°, for the conditions of Vilnohirsk
MMP.

Economic efficiency from the implementation of the tech-
nological scheme of a bucket-wheel excavator operation with
an increased capacity of the front bench at Pit No. 7 “Pivnich”
will allow reducing the overburden work costs by 50 % com-
pared to the existing technological scheme, and therefore, ob-
taining an additional profit in the amount of 202.8 million
UAH per year.

References.
1. Panchenko, V., Sobko, B., Lotous, V., Vinivitin, D., & Shabatu-
ra, V. (2021). Openwork scheduling for steep-grade iron-ore deposits
with the help of near-vertical layers. Mining of Mineral Deposits, 15(1),
87-95. https://doi.org/10.33271/mining15.01.087.

2. Medianyk, V., & Cherniaiev, O. (2018). Technological aspects of
technogenic disturbance liquidation in the areas of coal-gas deposits
development. Web of Conferences. E3S Web of Conferences forthcoming.
USME 2018. https://doi.org/10.1051/e3sconf/20186000037.

3. Cherniaiev, O., Pavlychenko, A., Romanenko, O., & Vovk, Y.
(2021). Reducing Wear of the Mine Ropeways Components Basing
Upon the Studies of Their Contact Interaction. Mining of Mineral De-
posits, 15(4), 99-107. Retrieved from http://irnmu.org.ua/han-
dle/123456789/160811.

4. Shustov, O.0., Haddad, J.S., Adamchuk, A.A., Rastsvieta-
iev, V.O., & Cherniaiev, O.V. (2019). Improving the Construction of
Mechanized Complexes for Reloading Points while Developing Deep
Open Pits. Journal of Mining Science, 55(6), 946-953. https://doi.
org/10.1134/S1062739119066332.

5. Sifia, M., & Guzman, J. 1. (2019). Real option valuation of open pit
mines with two processing methods. Journal of Commodity Markets,
13, 30-39. https://doi.org/10.1016/j.jcomm.2018.05.003.

6. Sobko, B., & Kardash, V. (2018). Conditions of the use of bucket-
wheel excavators in the development of overburden watered Mot-
ronyvsky load. Collection of research papers of the National mining uni-
versity, 55, 105-112. Retrieved from https://nbuv.gov.ua/UJRN
znpngu 2018 55 12.

7. Prokopenko, V., Cherep, A., & Pilova, D. (2019). Modern ecologi-
cal and economic approach to choice of development of mineral de-
posit. Collection of research papers of the National mining university, 58,
94-110. https://doi.org/10.33271/crpnmu/58.094.

8. Prokopenko, V.1., Pilov, P.1., Cherep, A.Y., & Pilova, D. P. (2020).
Managing mining enterprise productivity by open pit reconstruction.
Eurasian Mining, 1, 42-46. https://doi.org/10.17580/em.2020.01.08.
9. Symonenko, V.I., Haddad, J.S., Cherniaiev, O.V., Rastsvieta-
iev, V.O., & Al-Rawashdeh, M. O. (2019). Substantiating Systems of
Open-Pit Mining Equipment in the Context of Specific Cost. Journal
of The Institution of Engineers (India): Series D. https://doi.
org/10.1007/s40033-019-00185-2.

10. Babets, Y., Anisimov, O., Shustov, O., Komirna, V., & Melniko-
va, I. (2021). Determination of economically viable option of liquida-
tion the consequences of external dump deformation. E3S Web of Con-
ferences, 280, 08014. https://doi.org/10.1051/e3sconf/202128008014.
11. Sdvyzhkova, O., Babets, D., Moldabayeyv, S., Rysbekov, K., & Sa-
rybayev, M. (2020). Mathematical modeling a stochastic variation of
rock properties at an excavation design. International Multidisciplinary
Scientific GeoConference Surveying Geology and Mining. Ecology Man-
agement, SGEMthis, (pp. 165-172). 2020-August (1.2). https://doi.
org/10.5593 /sgem2020/1.2/s03.021.

12. Babets, D., Sdvyzhkova, O., Shashenko, O., Kravchenko, K., &
Cabana, E.C. (2019). Implementation of probabilistic approach to
rock mass strength estimation while excavating through fault zones.
Mining of Mineral Deposits, 13(4), 72-83. https://doi.org/10.33271
mining13.04.072.

13. Lazarevié, Z., Arandelovi¢, 1., & Kirin, S. (2018). The reliability of
bucket wheel excavator-review of random mechanical failures.
Tehnicki vjesnik, 25(4), 1259-1264. https://doi.org/10.17559/TV-
20160727170019.

14. Liberman, Y., & Lukashuk, O. (2022, August). Power Consump-
tion Reduction of Bucket Wheel Excavator Drives and Its Productiv-
ity Increase. In Proceedings of the 8th International Conference on In-
dustrial Engineering: ICIE 2022, (pp. 869-880). Cham: Springer In-
ternational Publishing. https://doi.org/10.1007/978-3-031-14125-
6_85.

15. Khussan, B., Abdiev, A., Bitimbayev, M., Kuzmin, S., Issagu-
lov, S., & Matayev, A. (2022). Substantiation and development of in-
novative container technology for rock mass lifting from deep open
pits. Mining of Mineral Deposits, 16(4), 87-95. https://doi.
org/10.33271/mining16.04.087.

16. Sobko, B., Lozhnikov, O., & Drebenshtedt, C. (2020). Investi-
gation of the influence of flooded bench hydraulic mining parame-
ters on sludge pond formation in the pit residual space. E3S Web of
Conferences, 2020, 168, 00037. https://doi.org/10.1051/e3s-
conf/202016800037.

17. Sobko, B., Haidin, A., Lozhnikov, O., & Jarosz, J. (2019). Method
for calculating the groundwater inflow into pit when mining the placer
deposits by dredger. E3S Web of Conferences, 2019, 123, 01025. https://
doi.org/10.1051/e3sconf/201912301025.

18. Petruk, O., & Makurin, A. (2015). Accounting and analytical
problems at coal-mining enterprises of Ukraine in terms of European
integration. Economic Annals-XXI, (9-10), 111-114. Retrieved from
http://ea2ljournal.world/wp-content/uploads/2022/04/ea-V154-
26.pdf.

10 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N° 6



OOrpyHTYBaHHSI TEXHOJIOTIYHHX MAapaMeTpiB
BUNEPEKAJIbHOI TPAHILEI POTOPHOTO
€KCKaBaTopa mnpu po3poOiti poAOBHUII THTAHY
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Meta. OOrpyHTYBaTH MapaMeTpu TEXHOJOTIYHOI CXeMU
BiIPALIIOBaHHSI MEPESOBOrO PO3KPUBHOIO YCTYITy POTOpP-
HUM eKCKaBaTOPOM, IIJIsI 3SMEHIIIEHHST COOiBapTOCTi PO3KPUBY
B yMoBax Kap’epy Ne 7 BibHOTipCHKOTO TipHUYO-MeTayp-
riiHOrO KOMOiHAaTY.

Metoauka. BcTaHOBJIEHHSI MapameTpiB TeXHOJIOTiYHOL
CXeMU POOOTU POTOPHOTO €KCKaBaTopa BUKOHYBAJIOCh Tpa-
(doaHaTITUMHUM METOIIOM, 11O Mepeadayae BpaXyBaHHS TeX-
HIYHUX XapaKTepUCTUK eKcKaBaTopa, (i3MKO-MexXaHiYHUX
BJIACTUBOCTE! FipHUYMX MOPIJI i CTIKOro KyTa BiIKOCY Iepe-
JIOBOTO PO3KPUBHOTO ycTyIy. OOrpyHTYBaHHS €(DeKTUBHOCTI
3aCTOCYBAHHSI TEXHOJIOTIYHOI CXEMU 3 BUIIEPEIKYBaJIbHOIO
TpaHIIIEEI0 BUKOHAHO 32 PAaXyHOK TEXHiKO-€KOHOMIUHOTO
pPO3paxyHKy MUTOMUX BUTPAT HA PO3KPUB.

Pesyabratn. OliHEHAa MOXIMBICTH 301JIbIIEHHS BUCOTH
PO3KPUBHOIO YCTYITy MPU 3aCTOCYBaHHI TEXHOJIOTIYHOI CXe-

MM 3 BUIIEpEKYBaIbHOIO TpaHiueeto. OOrpyHTOBaHi mapa-
METpi BUIEPEIXKYBaJbHOI TPaHIIEl, 32 SKUX POTOPHUIA €KC-
KaBaToOp MOXeE BilMpallbOBYBAaTH MEPEIOBUI YCTYI MOTYX-
HicTio 40 M 3i cTiiikuM KyToMm ykocy 30°. Lle mo3Boisie 3MeH-
IIATA KiJIbKiCTh TipHUYOTPAHCIIOPTHOTO OOJaIHAHHS Ta
3HU3UTH BUTPATU HA PO3KpuUB 10 50 %.

HaykoBa HOBHM3HA. YCTaHOBJIEHO MiHIMaJIbHUI KYT YKOCY
PO3KPUBHOTO YCTYIy MPY MAaKCHUMAaJTbHIll BUCOTi YepIIaHHS
ekckaBatopa EPIIIP-1600-40/7, mo nopiBHioe 40° mipu BU-
coti ycrymy 40 M. BcTaHoBieHa 3a1eXXHICTh Pe3yIbTYIOUOTrO
KyTa YKOCY YCTYITy Bi/l KoedillieHTy nepeekcKanallii ripHu4oi
macu. Lle mae 3mory cTBepmXyBaTu, 110 TMPU 30UIbIIEHHI
LILOTO KyTa KoedillieHT repeeKkcKaBallii 0y/1e 3MeHIIyBaTHUCh.
BcranosneHo, 1110 Mpu 3aCTOCYBaHHI TEXHOJIOTIYHOI CXeMU 3
BUIIEPEIKYBATbHOIO TpaHIeelo B YMOBax BinbHoripchbKoro
I'MK, xoedinieHT mepeekckanallii pO3KpUBHUX MOPif CKIIa-
ne k=0,09.

IIpakTyna 3HaumMmicTb. Po3poGiieHa TexHosoriyHa cxe-
Ma pO3pOOKM TMEPEernoBOro PO3KPUBHOTO YCTYITy POTOPHOIO
€KCKaBaTopa 3 BUIMEPEIKYBaTbHOIO TPAHIIEEIO, IO JO3BO-
Jisie 30i1bIIMTHU Horo Bucoty. Lle nae MOXIMBICTh 3HU3UTU
BUTpaTU Ha PO3KPUB 3a PaxyHOK BiZIMOBHU Bifl TPAHCIIOPTHOI
CUCTEMMU PO3POOKH i3 3aCTOCYBAHHSIM aBTOCAMOCKUIIB.

KimouoBi ciioBa: posxpue, pomopHuii ekckasamop, nepedo-
8uil ycmyn, Kym YKocy, Unepeoicy8anbHa mpaHuies
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