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Purpose. Improvement of the method for determining the width of the area for storing overburden at working off
the deep open pit and parameters of formation of the internal dump.

Methodology. Analysis of the existing technological schemes for the formation of internal and external dumps in
the developing of open pits in Ukraine. For obtaining the results, the following methods were used: statistical and
analytical — while processing the main parameters of modern equipment, which is used in the formation of dumps;
mining-geometric — while determining the area of possible shearing of overburden rocks in working an excavator on
the dump; grapho-analytical — while plotting graphs and analyzing them.

Findings. Modern technological schemes of forming internal dumps with the use of various types of equipment are
analyzed, and the parameters of the area of possible displacement rock in forming dumps with the using of excavators
are investigated. Dependences of the parameters of the dump on the dimensions of vehicles and working parameters
of the dumping equipment are obtained.

Originality. The analytical dependence of the area of possible stripping of overburden rocks is obtained, which
takes into account the angle of internal friction of rocks and the formed slope, as well as the height of unloading dump
equipment. The method for determining the parameters of the working area needed for forming an internal dump
after working off the open pit of the first turn is improved.

Practical value. The creation of dumps in the drawn open space of pits refers to eco- and resource-saving tech-
nologies of development. The construction of an internal dump at working off the mining of deep open pits reduces
the burden on the environment. The results of the research and the obtained dependencies allow us to improve the
methodology for calculating the parameters of the working areas of deep open pits, taking into account the future
formation of internal dumps on them. The dimensions of the areas of internal dumps in forming of several tiers have

a great influence on the parameters of the dump and the technology of their formation.
Keywords: creating internal dumps, deep open pits, areas for dumps

Introduction. Ukraine has rich mineral and raw ma-
terial base and it is one of the largest mineral-resource
countries of the world. Over 20 thousand deposits and ore
occurrences have been discovered on its territory which
has 97 kinds of minerals. About 8,000 deposits have been
explored, and almost half of deposits have been developed.
Production of iron, manganese, uranium, coal, gas, oil and
condensate, titanium, zirconium, kaolin, graphite, non-
metallic minerals and others is of the greatest impor-
tance. Much of the iron ore deposits are represented steep
sheet deposits that have extension on a considerable depth
and are developed by deep pits.

Technology of working off the rock of overburden steep
dipping layers is the most promising because it allows pre-
paring the ore reserves to the development in an accelerat-
ed mode, providing the timely extraction the rock of over-
burden. It makes it possible to form inner dump in the goaf.
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However, many mining enterprises of Ukraine, leading the
mining iron ore on deep pits do not take advantages of de-
veloping the rock of overburden steep dipping layers due to
the lack of methodological studying of the parameters of
the effective formation pit’s goaf for further allocation the
inner dumps there.

At deep pits, mining operations are done with the sepa-
ration stages (turn), which take into account the position of
the working area for a certain period of time, both in depth
and in the plane. In turn, the allotment of steps makes it
possible to form inner dumps in the development of min-
ing. Simultaneous extraction of the rocks of overburden
and their storage in deep pits allows forming dumps in the
goaf for a certain stage of their development and keeping
them from the violating large areas of land on the surface.

The width of the non-working platform on the ces-
sation of work on slope of pit usually has small dimensions.
In this case, the formation of inner dumps may be only
from surface of a deep pit, which complicates their con-
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struction. More effective is the formation of inner dumps
tiers. The width of each layer of the tier should be safe
and sufficient for accommodation the basic equipment.

The founding of the parameters of platforms for stor-
ing the rocks of overburden in the goaf deep iron ore pits
by working off slopes steep dipping layers is possible due
to the research on technological schemes and parame-
ters of modern equipment.

The above resulted in the actuality of the task and the
necessity to study the parameters of a working platform
for inner dumps.

Analysis of the recent research and publications. Such
scientists as Dryzhenko A., Shapar A., Romanenko A.,
Simonenko V., Byzov V. and others have dedicated their
research studies to technologies of internal storing the
rock of overburden in terms of mining deposits in the form-
ing of deep pits.

In the works of A. Romanenko [1] general parameters
of internal dumps are determined, calculations for deter-
mination the parameters on external dumps are provided,
including the above calculations for determination of the
width of the working platform. A. Dryzhenko observed that
simplifying the organization of forming the internal dump
needs to form from surface by one tier on the full depth of
working off the pit [2]. When the depth of the pit is larger
than the stable height of the stage, the inner dump is formed
by the benches taking into account the safety engineer-
ing. In the works of V. Symonenko [3] the possibilities of
developing non-ore open pits by steep layers with the
subsequent formation in a goaf of inner dumps are iden-
tified. He emphasizes that the development of non-ore
open pits is carried out to a depth of 100 m. The forma-
tion of internal dump is carried out by one ledge from the
surface. Non-ore open pits of mining rocks have favorable
conditions for the formation of internal dump [4]. Anal-
ysis of V.Simonenko’s research [5] allows to defining also
the basic parameters of steep layers which affect on the di-
mensions of internal dump in its formation from surface.

The provisions for designing internal dumps were de-
veloped edited by A. Shapar. These provisions are valid
normative documents in Ukraine.

These requirements in the provisions are common
and they need improvement.

Analyzing various literature sources for the formation
of dumps into the goaf of deep pits the author concludes
that it is necessary to improve the existing methods for de-
termining operating parameters of dumps.

Unsolved aspects of the problem. Formation of steep
dipping layers prevents the placing rocks of overburden
in the goaf during their working out. Thus there is a need
for constant increase in volume dump according to the
speed of advancing the front of mining operations. The
width of the working bench on internal dumps in creat-
ing a multi-tiered dump requires additional research stud-
ies. First, they depend on dump trucks work. Mostly, they
are used in the forming of open pit by steep dipping lay-
ers and also together with the equipment which create a
dump.

Objectives of the article. The aim is to research the pa-
rameters of a working platform while forming an internal
dump by tiers with delivery of the rock mass by dump
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trucks, and improving the method for determining the
width of the bench in the storing of overburden.

Presentation of the main research. To achieve the ob-
jectives for improving the technological scheme of open
mining of steep dipping ore deposits, it is proposed to
manage volumes of extraction and storing, to improve
transportation scheme, to control the process of mining
at simplifying the scheme of working off the deposit and
due to this, to decrease the time spent on the opening
deposit, to increase its efficiency of mining in general.
These can be done by determining sequence of mining
deposits together with working off the rock of overbur-
den by steep dipping layers and their storing in the goaf.
Formation of steep dipping layers prevents placing the
rock of overburden in a goaf simultaneously in working
zone. This raises the necessity of constant of its expan-
sion in accordance with the speed the advance of the
front of mining operations. New technological scheme
of forming goaf the deep open pit by steep dipping exca-
vation layers with the following formation the internal
dump in it is proposed (Fig. 1).

The new flow sheet of open mining steep dipping de-
posits is realized by forming a working area with working
off the rock of overburden by steep dipping layers, by
transportation minerals to the surface, by division into
open pit field to a turn of working off. In the process of
working off the first stage, an open pit is formed in de-

vy 13

Fig. 1. Scheme of forming the open pit by steep dipping lay-
ers with creating internal dumps of the rock overburden
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sign contours of one of the end face with transport areas
on one of the benches, and platforms of future dump —
on the other bench, with driving the central advance trench
along the line stretch of the deposit for working off min-
erals regarding which the rocks of overburden are removed
further by steep dipping layers in open pit of the second
stage with moving them to the inner dump of open pit of
the first stage.

Implementation of the new process flow design of
mining researched deposits is carried out this way. Pre-
viously, open pit field is divided into the turn of succes-
sive working off. First, in the process of operating the
first stage an open pit 7 is formed in design contours 5
with capital crossovers 2 on one of the benches and the
platform of future dump — on the other (Fig. 1). In fu-
ture the open pit of the first stage along the line of stretch
deposit 6 is formed within the longitudinal boundaries
of the open pit field 4. Transportation of minerals and rock
of overburden on the surface in the formation of open
pit of the first stage is performed in capital crossovers 2.

Operating the open pit of the second stage begins
with driving the central advance trench 3 along the line
stretch of the deposit 6 regarding which operating the
rock of overburden by steep dipping excavation layers 9
is carried out. The open pit of the second stage is formed
in rocks of overburden by creating of working platforms
7 steep dipping layers within the longitudinal sections
12. Between working platforms 7 temporary non-work-
ing areas & are formed, which are adjacent ledges by height
consisting of two to four units. Disclosure of lower hori-
zons of the open pit of the second stage is provided by a
trench 77, which drives in minerals 75 from the respec-
tive areas of the open pit of the first stage. Construction
of advance trench /17 is done after the preparation and op-
erating of the upper horizons of the open pit of the first
stage with working platforms 7in the rocks of overburden.

Overburden rocks of the open pit of the second stage
are moved using transport communications on platforms
7, and capital 2 and temporary crossovers /4 to specially
prepared platforms of the open pit where the arrangement
of the lower tier /0 of the internal dump is done, and after
that, with appropriate forming of platform the lower tier
of the rock is piled in the upper tier of the inner dump /3.
Construction of temporary crossovers /4 allows reducing
the distance of transporting the rocks of overburden to the
inner dump /0in the area between the open pit of the first
and the second stages. While developing the operating ore
with forming advance trench, the preparation of new re-
serves to removal is done. Thus, the process of managing
volumes of ore extraction and overburden rocks with
moving them to the internal dump is realized.

The technical result of the scheme of the develop-
ment is achieved by apportionment of turns of develop-
ing the open pit field. The open pit of the first stage is
formed in design contours with crossovers on one of the
benches, and the areas of future dump — on the others.
Forming of the open pit of the second stage is provided
by steep dipping layers of rock overburden with their re-
spective working off top down to the ore. Due to this it
becomes possible to conduct advance trench in ore and
form the internal multilevel dump in the goaf of the open
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pit of the first stage. This simplifies transport scheme into
the open pit, excludes the moving of overburden rock to
external dumps, providing the significant reduction of
capital costs, and improves the management of removal
of the overburden rocks and minerals.

Physical, mechanical, mining-geological and hydro-
geological conditions of formation of a goaf and dumps
determine the possibility of storing overburden rock of
solid slope directly from the surface or multilevel forma-
tion of the internal dumps inside the open pit. For deter-
mining a particular technology of dumping works it is
necessary to carry out the calculation of stability of the
dump for given parameters of its height, the angle of slope
with regard to clutch (meshing) of the blocks of rock,
angle of internal friction and bulk weight of rocks which
are placed. If the coefficient of stability of the internal
dump formed at full depth of the open pit is less than 1.15,
it is necessary to consider options of multilevel arrange-
ment of overburden rocks, forming thrust prisms, plac-
ing overburden rocks of the adjacent benches and other
conditions that increase the stability of dumping rocks.

The technology of storing overburden rock by solid
slope involves placing them on top the platform of the in-
ternal dump and the subsequent moving downwards under
gravity and weight of rocks which are placed on top. The
disadvantage of the technology of the storing by solid slope
is that with the storage of rocks their shrinkage (conglom-
eration) occurs, which requires several sections for dump-
ing equipment for safety of conducting the dumping works.

Rocks have an angle of slope up to 35° with small
impurities and big detrital rocks available. If the angle of
slope open pit bench is less than this value, the storing of
overburden rocks is provided by the scheme — Fig. 2, a.
For the angle of the slope open pit bench being more
than 35° the scheme shown in Fig. 2, b is implemented.

At the arrangement rock by tiers the height of dump-
ing benches is slight, and therefore time of their shrink-

Fig. 2. Scheme of forming a dump by solid slope with the
slope angle smaller than dump slope (a) and with the
slope angle larger than dump slope (b)
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age will be less. The number of layers is determined by
their height provided stability and undercarriage of open
pit. The only drawback of creating several dumping tiers
in the produced open pit is that arrangement of each with
width B,, should go ahead of the arrangement of upper
B,,, considering the safe distance between them. It is nec-
essary to build the separation zone of safety on the lower
tier or to place a thrust prism on it.

If dumping rocks are unstable and process of their con-
glomeration is long, it is possible to use the scheme of mov-
ing the working equipment of dumping tier from middle
to its wings. This scheme allows having a short distance
of the moving equipment. During the arrangement of one
of the wings, the shrinkage occurs before arranging rocks
on the second one, stability of the slope of dump and area
for placement of the working equipment increases.

Experience of forming the internal dump at the open
pit No.l1 PJSC “ArcelorMittal Kryvyi Rih” shows that,
as a result of loading slope dump by additional rock mass,
a slip of massif occurs after certain time. The initial gap of
breaking away is formed at a distance of 4—14 meters from
the top edge of the dump. Subsidence of rocks is observed
at a depth to 0.5—2.5 m.

The angles of slope of open pit benches and dumps
are determined on the basis of analysis of geological, hy-
drogeological, geotechnical and mining-technical con-
ditions of the deposit, influencing the stability of rocks
in slopes. The angle of slope of the internal dumps must
be reduced if, according to the condition of the estimat-
ed stability, the rate of stability is less than unity. The an-
gle of internal friction of rocks p, at storage of loosened
hard-rocks makes 34—36°. The angle formed by stock-
piled overburden rocks is 40—43° on the average.

The volume of stockpiled rock on the area before the
beginning of the shift is conditionally limited by the
height of the unloading of equipment, because further
placement of rock will be impossible in this sector. Thus,
the volume (m?) of the formed prism of the slip is

VS:SS.IS’

where S is the square of prism of the slip before the be-
ginning of the shift of the dump, m?; /, is the length of
the area of storing the rock of overburden.

S, =H jJciga, +

2
2.H -ctga, -sin(180—a. si
A

where H, is the height of the unloading of excavator, m;
o, is the angle formed by the rock of overburden, deg.; p
is the angle of inner friction of the rock of overburden, deg.

The square of the slip is determined according to the
graph in Fig. 3, depending on characteristics of rock at an
angle of internal friction 34°. This graph shows that know-
ing the height of the unloading excavators, one can de-
termine the square of the slip.

With the formation of the internal dump, the bigger
the height of the unloading of overburden rocks is, the
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Fig. 3. Graphs of the square Ss of the prism of dump slip
depending on the angle of formed dump considering
the height of unloading excavators:

I—Hp=6m;2— Hp=8m;3— Hp=10m;4— Hp=15m

bigger the cross area, which is formed from these rocks,
is. At the arrangement of rocks, placing with an angle of
40° with the height of unloading 6 m, the cross area of
the slip of the dump is 480 m? ,with 8 m — 500 m?, with
10 m —1100 m?, with 15 m — 2490 m?. With the increas-
ing angle of slope dump, the cross area of slip of the dump
reduces.

Increase in placement volumes occurs in proportion
to the length of respective area. For example, at the plac-
ing of inner dump by excavator ES-6/45 for the formation
of dump on the area with a length of 400 m, the volumes
are stocked in the amount of 2 million m?, with a length of
1000 meters — 4.6 million m?, at 1400 meters — 6.6 mil-
lion m3.

The creating of dumping stopes is procured by areas
of a length of 200—300 m. If dangerous changes in rocks
occur, the dumping works on the working area are stopped
and transferred to the next one. After stabilization of shift
dumping rocks during 2—3 months, the operations are re-
newed on the mothballing area. The total front dumping
operations should be divided into 3—5 sections. Continu-
ous control of the shift dumping rocks is realized using sur-
veying measurements and visually during all period of
work.

Areas of bulldozer dumps are designed along all front
of the unloading with cross slope of at least 3 degrees, di-
rected from the edge of the slope to the deep of dump. In
the reusable shifts the surface of dump, the number of
dumping fronts per unit of equipment is determined by the
reserve of 20 %.

The dump is built up to the project height by layered
storing of rocks. In the process the initial dump is formed
with width of surface 50—100 meters. The distance of mov-
ing rocks by bulldozers is 4—5 m. Dumping by bulldoz-
ers in terms of small areas in width and the forming of the
internal dumps on platforms which are left after working
off the rock of overburden by steep dipping layers, are the
most long-range. Powerful bulldozer technique is maneu-
verable, allowing for dump creating along an extended
front of mining operations.

To implement the dumping by bulldozers, the front
is divided into three sections, each of which is formed by
a length of at least 100 m (Fig. 4).

On advance area of the dump along the lower edge of
upper bench dump trucks are unloaded no closer than 3
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Fig. 4. Scheme of the internal bulldozer dump with deliv-
ery of the rock of overburden by dump trucks at the
initial stage:

1 — dump truck; 2 — bulldozer; 3 — dumping cones after un-
loading by dump trucks; 4 — catching shaft (thrust prism);
5— formed inner dump

meters from it. With accumulation of dumping cones a
catching shaft is constructed, which is thrust prism for
the upper tier of the dump simultaneously. The width of
the catching shaft is 12 meters with its height of 3 m. To
save diesel fuel, it is possible to build dumping cones with-
out constructing a catching shaft, but their placing must
be the same as that of a catching shaft.

On the second dumping area dump trucks are un-
loaded for the formation a platform of a dump directly. The
third area is intended for pushing overburden rock aside
of slope of a dumping layer using a bulldozer. Shrinkage of
rocks occurs with the advancing of dumping front and,
if necessary rocks are added with further planning.

The width of dumping area for the beginning storing
overburden rock should be (m)

W,=b,+b +T+n, -(2-h,-cigo,, )+b + 7,

where b, is the width of the area from the lower edge of
slope dump to a catching shaft, m; b, is the width of a
catching shaft (thrust prism), m; 7'is the width of transport
lane, m; n,; is the number of dumping cones across the
dumping area, unit; 4, is the height of cone of the unload-
ing rock by dump truck, m; a, is the angle of nature slope
of the embankment, degree; b, is the width of the shaft
safety, m; Zis the width of prism the possible collapse, m.

For ensuring the minimum width of the transport lane
in the internal dumping, it should be not less than the ra-
dius of the turning of the dump truck. In Fig. 5 the graph
gives allows determining the minimum width of the area
in bulldozer dumping taking into account the working
dimensions of dump trucks of different manufacturers.

The layered internal dumping is carried out sequen-
tially on the area, starting with the lower group of bench-
es. The formation of dumping tiers on the upper areas is
begun after the construction and advance of the dump-
ing front on the lower areas. Construction of the upper
tier of the dump occurs after the distance B,,;, is provid-
ed with the corresponding projection of the inner dump
from the upper edge of the area of the upper tier to the
bottom with the additional construction of three crests
of the catching shaft (Fig. 4), m.
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Fig. 5. Width of the dump area, depending on the radius of
the turning of the dump truck at bulldozer dumping:
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=H, (ciga, —ctgo,)+3-b,,

where H, is the height of the dumping tier (group of bench-
es in the steep dipping layer), m; o, cfgo, are the angles
of slopes of the dump and steep dipping layer, deg.; b, is
the width of the crest of the catching shaft, m.

The lower tier is formed with the width of the dump-
ing stope from 5 to 10 m. The three crests of the catching
shaft play the role of a damping pillow that absorbs the
energy of movement of the blocks of the rock, which roll
out from the upper dumping tier. The volume of the stor-
able rock from the upper area at the initial stage of the for-
mation of the dumping tier will be, m?

V,=(H, (cigo, —ctga,)-1,, -
H, -(ctga, —

2 b,
where [, is the length of the dumping front, m; 4; is the
height of the catching shaft (thrust prism), m.

Thus, rational application of the bulldozer dumping
is achieved on account of the separation of the dumping
front on areas, the formation of crests of catching shafts
and the construction of a bulldozer dump by the tiers which
are formed from the lower area of steep dipping layer grad-
ually with inclusion in the process of dumping the above
located areas.

The technology of excavation dumping is described
in detail in [1]. For delivering rocks by trains, the fleet of
excavating excavators is adjusted according to the num-
ber of dumping stub tracks on the surface near the open
pit. The length of the dumping stub tracks is taken depend-
ing on the specific conditions of exploitation and may
change from 0.5 to 2.0 km, averaging 1.0—1.5 km. The step
of moving the railways on the dumps should be taken de-
pending on the type of dumping equipment: with exca-
vators EKG-4.6B, EKG-5A — 21 m, EKG-8I, EKG-10 —
27 m, EKG-12.5-15 — 34 m, EKG-20 — 40m, ES-6/40 —
60 m, ES-10/70 — 110 m. The use of trains is possible only
on the upper tier of the inner dump. The use of dump
trucks is expedient for forming tiers on the lower horizons.

The scheme of the formation of an internal excavation
dump with the use of dump trucks is shown in Fig. 6. While
using excavators such as a mechanical shovel, the scheme
envisages the formation of the upper unloading area and
the bottom where the overburden rocks are stored tem-
porarily and the excavator is placed. For the advancing
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of dumping layer, the upper area is formed by a bulldozer,
and the lower one is formed by an excavator.

Unlike the known schemes, this scheme of forming
steep dipping layers requires the placement of an additional
shaft of safety on the upper dumping area, along the up-
per benches which are formed by steep dipping layers.

The width of the dumping area depends on the work-
ing parameters of the equipment which is involved in the
formation of the internal dump (Fig. 7).

An increase in clearance radius of the dump truck as-
sumes a proportional increase in the width of the area in
the excavation dumping.

For storing rocks of overburden as an alternative vari-
ant of excavation and bulldozer method of filling the open
pit, a spreader with parallel movement along the front of
the dumping works is considered. A technological scheme
is proposed, whose principle is in the overloading overbur-
den rocks from road transport to the spreader through a
loading hopper with a crusher and its subsequent move-
ment in a dump by conveyor (Fig. 8) [6].

On the prepared area a temporary embankment of
rocks the factions 0—150 mm is arranged. Dump truck
drives at a trestle along the embankment, unloads the rock
in a reloading hopper with a capacity of at least 75 m>. In
the bottom of the bunker, a crusher and a lamellar feed-
er are installed, with the help of which the dump mass is
transported to the belt conveyor. Rock is moved into the
goaf of the open pit by the belt conveyor and is stored in
the inner dump. The formation of a temporary embank-
ment is carried out by a front wheel loader with a capac-
ity of bucket 5—6 m?.

Moving the installation is carried out with the help of
the same loader on specially designed reinforced con-
crete slabs. Within one hour of operation such a unit can
take up to 6 dump trucks. Its estimated productivity is—
957 thousand m?/year. The installation has a mass by an

Fig. 6. Scheme of internal excavation dumping for the
Jformation of tiers

20 Ra,m

8 10 2 14 16 8

Fig. 7. Width of the dumping area depending on the radius
of turning of the dump trucks at excavation dumping:
—4— — CAT (EKG-6,3Yc); ——tv—— Hitachi (EKG-6,3Ye);
—&— — KOMATSU (EKG-6,3Y); =———=—— BELAZ (EKG-
18); —— — CAT(EKG-18); =&— — Hitachi (EKG-6,3Y);
—@— — KOMATSU (EKG-18)
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order of magnitude smaller than an excavator. It can be
managed remotely.

The working area for the formation of a dump by an
experimental conveyor installation consists of an area with
possible shift of rocks, an embankment under the trestle,
the width of the safety shaft, and the traffic lane of dump
trucks. The width of the working area (m) under given con-
ditions is determined by the formula

W,=Z,+C+W,+W, +b,,

where Z, is the prism of possible shift, m; C is the dis-
tance from the an trestle embankment to the traffic lane;
W, is the width of the strip under the embankment of
trestle, m; W, is the width of the traffic lane, m; b, is the
width of the fit ditch, m;

W, =W, +2B,+2C+2H cigB,

where W, is the width of the road of an trestle embank-
ment, m; H, is the height of an trestle embankment, m;
B is the angle of slope of an trestle embankment, d.

Moving the temporary embankment of the trestle is
carried out at a distance of 10 m, which corresponds to
the step for storing 1050 m? of the rock. The width of the
dumping area will change with the change in the param-
eters of transport equipment for the formation of the
internal dump by a spreader (Fig. 9).

Conclusions and recommendations for further research.
In the conditions of working off overburden rocks by steep

L i _
17 i : i

Fig. 8. An installation for storing overburden rocks with
the use of a spreader (top plan view)
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Fig. 9. The width of the dumping area, depending on the
width of the dump trucks at dumping by an experimen-
tal console spreader:

—— — CAT;, —+— — Hitachi; ==>=—+— KOMATSU;
—&— — BELAZ
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dipping layers for internal dumping from the surface of an
open pit, the most suitable equipment includes a dragline
excavator, a mechanical shovel with extended working
equipment or spreaders with a preliminary overloading and
crushing of the overburden rocks. It is recommended to do
inner open pit storage of overburden rocks by tiers with de-
livery of dump trucks using bulldozers.

Moving of the rock mass is carried out by dump trucks
into the open pit in working off steep dipping layers. The
width of the dumping area during bulldozer and excava-
tion dumping will depend on the radius of the turning of the
dump trucks and working parameters of dumping equip-
ment. The width of the dumping area, taking into account
the embankment formed for the driving of an dump truck,
depends on its width and dimensions of dumping console
at dumping with the help of an experimental spreader.

According to Figs. 5, 7 and 9 the dependences of the
dumping working area on the dimensions of the vehicles
and the working parameters of the dumping equipment
were obtained (Table).

Use of the above mentioned dependencies allows de-
termining the width of the inner dumping area and pre-
paring them for placement of equipment and work with
the formation of the internal dump, accordingly, in the
working off steep dipping layers in advance.

Research studies on the parameters of the working
area at internal dumping by tiers with the delivery of rock
mass by dump trucks, and the improvement of the meth-
od for determining the width of the area during the stor-
ing of overburden rock allow using the obtained depen-
dencies in the designing deep open pits.

Further development of the aforementioned meth-
odology for the technological scheme of working off an
open pit field by steep dipping layers may be determined
in the formation of an internal dump with a longitudinal
or diagonal front of the dumping works or in the intro-
duction of new types of equipment. The obtained depen-
dencies will allow conducting further research on the im-
provement of technological schemes for the formation
of internal dumps in deep open pits.

Table
Width of areas in the internal creating of dump
Dump truck Formula of definition of the width of dump, m App ri(:]xc;gatlon Dependence
Bulldozer creating of dump
CAT W,=-0.1202 - R+ 5.8643 - R, — 4.8766 0.9971 polynomial
R,— the radius of the turning of dump truck
Hitachi W,;=1.8512 " R, 0.996 line
COMATSU W,;=0.0341-R,2+ 0.9689- R, + 36.323 0.9821 polynomial
BELAZ W, =0.0474-R*+ 0.2586- R, + 42.311 0.9286 polynomial
Excavation creating of dump
CAT W,;= R,+ 62.4 (EKG-6,3Y) 1.0 line
Hitachi
COMATSU W,= R,+ 65.2 (EKG-18) 1.0 line
BELAZ
Experimental spreader
CAT W,=4-107-b,2—0.0033-b,+ 94.981 0.9751 polynomial
b, — width of dump truck
Hitachi W,=-1-107-b,2 - 0.0075-b, + 49.349 0.996 polynomial
COMATSU W,=3-107-b,>—0.001-b, + 72.818 0.9782 polynomial
BELAZ W,;=-2-107-b,2+0.0292- b, — 26.61 0.9574 polynomial
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Merta. YnocKoHaJIeHHSI METOIUMKU BUSHAYEHHS 111 -
PUHM TUTOIIAIKY JUTSI CKJIAMyBaHHST PO3KPUBHUX ITOPIiI
MpU BiAMpalloOBaHHI ITMOOKOTO Kap’epy ¥ mapaMeTpiB
(opMyBaHHSI BHYTPILLIHbOTO BifBay.

Metoauka. AHaJIi3 iCHYIOUMX TEXHOJIOTIYHUX CXeM
(bopMyBaHHS BHYTPIIITHIX i 30BHIIITHIX BiIBaJIiB TIPH PO3-
pobui kap’epiB Ykpainu. JIyist oTpuMaHHS pe3yJibTaTiB
BUKOPUCTATUCS METOIU: CTATUCTUYHUI Ta aHAITUY-
HUIA — TpU 00OpOoO1Ii TOJIOBHUX MapaMeTpiB CydacHOTrO
00JTaTHaHHS, 110 BUKOPUCTOBYEThCS MTpU (DOPMYBaHHi
BilBajIiB; TipHUYO-T€OMETPUYHMUIT — TIpU BU3HAUEHHI
TUTOIII MOXXJIMBOTO 3pYIIICHHS ITOPia pO3KPUBY; rpacdo-
AHATITUYHUN — IpU NoOyn0Bi rpadikiB i X aHaTi3i.

PesyabraTu. [IpoaHaiizoBaHi cydyacHi TeXHOJIOTiUHi
cxeMu (popMyBaHHSI BHYTPIlIHiX BimBajiB i3 3acTocy-
BaHHSIM Pi3HOTO TUITYy OOJIaMHAHHS, TOCTIIKEH] Tapa-
METPU TJIOLII MOXKJIMBOTO 3COBYBaHHS MOPia pu pop-
MyBaHHi BiIBaJIiB i3 3aCTOCYyBaHHSIM eKcKaBaTopiB. OTpu-
MaHi 3aJIe>KHOCTi TTapaMeTpiB BiIBaJIbHOI pOOOYO] MJI0-
1LIAJIKU Bijl rabapuTiB TPAaHCIIOPTHUX 3aC00iB i poOdOUMX
napaMeTpiB BiABaJIbHOTO OOJIagHAHHSI.

HayxkoBa HoBu3Ha. OTpriMaHa aHAJIITUYHA 3aJI€KHICTh
TUTOIII MOXJIMBOTO 3COBYBaHHS IIOPil PO3KPHUBY, IO
BPaXOBY€ KYT BHYTPILIHbOTO TepTs Mopil i hopmMoBa-
HOT'O YKOCY, a TAKOX BUCOTY PO3BaHTAXKEHHSI BiIBAJIbHO-
IO yCTaTKyBaHHS. YIOCKOHAJICHA METOIMKA BU3HAYCH-
H$1 MapaMeTpiB poOOUOI TIOLIAAKU, HEOOXiTHOI 17151 hop-
MYBaHHsI BHYTPillIHbOTO BifBaJsia MicJsl BilmpalroBaH-
Hs Kap’€py TepIoi Yepru.

IIpakTuHa 3HaunMicTh. CTBOPEHHS BiIBaJliB y BU-
pobJeHOMY MPOCTOPi Kap’€piB BiAHOCUTHCS 10 €KOJIO-
ro- i1 pecypco30epiralounx TexXHoJ0Tiil po3pooku. by-
JNIBHULITBO BHYTPILIIHHOIO BiBaJy IPU BiAIIpalOBaHHI
MIMOOKMX Kap’€piB 3HUXKYE HABAHTaXXEHHSI HA HABKO-
JIMIITHE cepefoBuiLie. Pe3yabraTi DOCTimKeHHs Ta OTpU-
MaHi 3aJ1€3KHOCTi J03BOJISITh YIOCKOHAIUTA METOAUKY
pO3paxyHKy MapaMeTpiB poOOUYMX IUTOIIAT0K TIIMOOKUX
Kap’epiB 3 ypaxyBaHHSIM MailOyTHbOTO (hOpMYyBaHHS
BHYTPIillIHiX BigBajiB Ha HUX. Po3mipu mioianok BHY-
TPIIIHIX BigBaIiB mpu (popMyBaHHI IEKiIbKOX SIpyCiB
MaloTh BEJIMKWIA BIUTUB Ha MapaMeTpU BiIBaly il TeXHO-
JIoTio X (hbOpMyBaHHS.

Kmouosi ciioBa: snympiwni ideanu, eauboki kap’epu,
naoujadku 01 8ideanie
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Ilenb. YcoBeplueHCTBOBaHKWE METOJIUKMU OIIpeieie-
HUSI IMUPUHBI TUTOIIAAKM 151 CKIIaIUPOBAaHMS BCKPHIIII-
HBIX ITOPOJI IIPY OTPabOTKe IITyOOKOIo Kapbepa 1 napa-
MeTPOB (POPMUPOBAHMS BHYTPEHHETO OTBaJIa.

MeTtoauka. AHaJIM3 CYIIECTBYIOIINX TEXHOJIOTHYE-
CKUX cXeM (pOpMHPOBAaHMST BHYTPEHHUX U BHEITHUX OT-
BaJIOB IIPH pa3paboTKe KapbepoB YKpanHbL. 1T TToTy-
YEHUSI PE3yJbTATOB MCITOIb30BAINICh METOMBI: CTaTH-
CTUYECKMI M aHATUTUIECKUI — TIPU 00pabOTKE OCHOB-
HBIX IIAPAMETPOB COBPEMEHHOI'0 000OPYIOBAHMUSI, KOTO-
pOe UCIOJIb3YETCs IPU (DOPMUPOBAHUU OTBAIOB; FOPHO-
TeOMETPUUECKUN — IPU OIPeaeICHUHN TUIOIIAIN BO3-
MOZKHOTO CIBVXKEHHSI ITOPOJ BCKPBIILIK ITPU paboTe 3KC-
KaBaTopa Ha oTBaJie; rpadoaHaIMTUYECKUI — IIPU MO-
CTpPOEHMU rpapKOB U UX aHAJIU3e.

Pesyabratsl. [1poaHaM3nupoBaHbl COBPEMEHHBIE TEX-
HOJIOTMYECKHE CXeMbI (POPMHUPOBAHUST BHYTPEHHUX OT-
BaJIOB C IPYMEHEHNMEM Pa3IMIHOTO THITa 000PYIOBAHNS,
HCCIICIOBAaHBI TTapaMeTPHhI TIOMIAIN BO3MOXHOTO CIIBH-
JKEeHUST TTOPoJ, pH (POPMUPOBAHUN OTBAJIOB C IIPUME-
HEHMEM DKCKaBaTOpoB. [1oydeHbl 3aBUCMMOCTH Iapa-
METPOB OTBAJIBHOIM pabodeil IUIOIIANKNA OT TabapHuTOB
TPAHCIOPTHBIX CPEACTB U PA0OYMX ITAPAMETPOB OTBaJIb-
HOIo 000pYI0BaHUSL.

Hayuynas HoBusHa. [losiyueHa aHaIMTHUYECKAs 3aBU-
CUMOCTbD ITIJIOIIAAM BO3MOXHOIO CIBVIKEHUSI TTOPOI
BCKPBIIIM, KOTOPasi yYUTHIBAET YTOJl BHYTPEHHETO Tpe-
HUSI TOpoJ M (POPMUPOBAHHOIO OTKOCA, a TAKXKE BBICOTY
Pasrpy3Ky OTBAJIBHOTO 00OPYI0BaHUSA. Y COBEPLIEHCTBO-
BaHa METOIMKA OIpeAeICHUS TTapaMeTPOB paboyeii TIo-
IIAIKI, HEOOXOIMMOM T (hOPMHUPOBAHISI BHYTPEHHETO
OTBaJIa TTOCJIe OTPAOOTKU Kaphepa IIepBOil Ouepei.

IIpakTuyeckas 3HaunMocTh. Co31aHNE OTBAJIOB B BBI-
pabOTaHHOM IIPOCTPAHCTBE KAPHEPOB OTHOCUTCS K 9KO-
JIOTO- U pecypcocOeperaroiiuM TEXHOIOI UM pa3paboT-
k. CTpOUTEILCTBO BHYTPEHHETO OTBajia IpU OTPaboT-
Ke MIyOOKMX KapbepOB CHUXKAET HArpy3Ky Ha OKpy»Ka-
Io1LIy10 cpenmy. Pe3ynbTaThl ccaenoBaHus U TTOJTYyIeHHBIS
3aBUCHMOCTHU ITO3BOJISIIOT YCOBEPILIEHCTBOBATh METO-
JIMKY pacyeTa IapaMeTpoB paboUYnX TUIOIIAT0K TITYOOKHMX
KapbhepoB C y4eTOM OyayIero GpopMUpOBaHUSI BHYTPEH-
HHX OTBAJIOB Ha HUX. Pa3Mepkhl IIoIagoK BHYTPEHHIX
OTBAJIOB TIPU (POPMHUPOBAHNU HECKOJIBKUX SIPYCOB ME-
10T OOJIBIIIOE BIUSTHUE Ha MapaMeTPhl OTBaJIa U TEXHO-
JIOTHIO X (popMUpPOBaHUS.

KimoueBsie cioBa: gHympentue omeanst, 21yooKue Ka-
pvepol, NA0WA0KU 045 0MBAN08

Pekomendosano 0o nybaikauii dokm. mexH. HayK
b.10. Cobko. Jlama naoxodxucenns pykonucy 10.01.17.
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