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Substantiation of the depth of the open pit employing
the in-pit crushing and conveying technology as a determinant
of the pit development at the subsequent stage of mining

® Abstract. The constant increase in the depth of open pits employing the in-pit crushing and conveying
technology applied to mining steeply dipping deposits causes an increase in the height of the ore lifting and
transportation distance, and results in an increase in the cost of ore transportation to the surface. This, in turn,
affects the depth of the subsequent stage of reconstruction of the pit transportation system. The present research
aimed to substantiate the depth of the subsequent stage of iron ore pit mining applying the in-pit crushing and
conveying technology using a generalising estimation figure for various consecutive time intervals during the
stage-by-stage mining, which should improve the quality of design operations. The article employed methods of
statistical-logical, causal and comparative analysis and the method of system-structural approach to determine
the generalising figure for estimating the subsequent stage of mining by the in-pit crushing and conveying
technology. When substantiating the depth of the subsequent stage of open pit reconstruction, the dependency
was proposed to determine the maximum operating stripping ratio. The dependency takes into account the
increase in transportation costs caused by the increased lifting height and the extension of the distance of
transporting ore to crushing and reloading points of conveyor lifts located in the pit as a result of its deepening.
In addition, the dependency of the position of the mined ore mass centre on the open pit depth was used in
calculations. Considering the fact that in modern deep open pits, the volume of ore mined and transported by
the truck-conveyor complex can reach 30 Mt annually, the search for ways to improve cargo flows of the pit
transport complexes becomes one of the important designer tasks. In this connection, an estimated figure was
proposed to determine the depth of the subsequent stage of mining the open pit employing the in-pit crushing
and conveying technology complex, which takes into account the increased cost of ore transportation, the cost
of marketable mineral products, and the current stripping ratio. At the same time, the increase in costs caused
by the increased height of ore lifting due to mining deepening is taken into account to consider the increase in
transport costs when designing further development of the in-pit crushing and conveying technology complex. In
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the open pit, the depth of which is determined according to the proposed methodology, the value of the current
stripping ratio will not exceed the maximum operational one at the subsequent stage. This approach allows quick
estimation of the depth of an iron ore open pit that mines steep deposits when designing the subsequent stage

of reconstruction to provide its breakeven finalisation

® Keywords: open pit working; maximum operational stripping ratio; open pit deepening; mining step

® Introduction

When developing modern iron ore open pits, large vol-
umes of rock mass are excavated, this often amount-
ing to more than 50 Mt annually. At that, a significant
proportion of the mass is transported from deep hori-
zons. The final depth of many iron ore open pits reaches
500-700 m. It should be noted that mining inclined and
steep deposits by deep open pits is characterised by a
number of features that influence the development of
the open pit and transport complex. The main problem
affecting open pit operations consists in the fact that
working conditions of open pits are continuously com-
plicated during the entire period of deposit develop-
ment due to the increase in the operation depth, the
height of the working zone and the current stripping
ratio value. This results in a significant increase in the
height of the mining lift by transport complexes and,
as a consequence, an increase in a lifting cost share in
ore extraction costs. The solution to the transportation
problem in a difficult situation is most often found in
the wide application of complexes of the in-pit crush-
ing and conveying technology (ICCT).

According to A. Adamchuk (2021), the tradition-
al ICCT scheme is as follows: the rock mass is trans-
ported by a truck from the face to the concentration
level where a conveyor hopper with a primary crusher
is installed. The costs of transporting the rock mass by
dump trucks are higher than by an inclined conveyor,
so to use combined truck and conveyor transport ef-
fectively, the reloading point should be relocated every
90-105 m deepwards over time. When mining opera-
tions go deeper, further deepening of the ICCT complex
is provided to reduce the distance of ore transportation
from lower levels to crushing and reloading points and
the in-pit journey of vehicles usually at the subsequent
stage of open pit development.

N. Sarybayev et al. (2021b) draw attention to the
current trend in ICCT development that, when deepen-
ing mining operations, extraction of ore from deep ho-
rizons requires making adjustments in the design of the
open pit transport system. Yu. Hryhoriev et al. (2021a)
noted that in the past, application of the ICCT required
consideration, but now mining-technical and techni-
cal-economic conditions require search for and sub-
stantiation of the choice of the most rational parame-
ters and the dimension-type of extraction and loading
equipment of road and conveyor transport. Thus, the
present work focused on technological parameters of
the in-pit crushing and conveying technology at iron

ore open pits, neglecting the conditions of forming car-
go flows to the ICCT reloading points.

V. Azarian (2019) argues that it is important to de-
velop a comprehensive efficiency estimation of the
quality management technology of a generalised com-
plex of ore flows of a mining and concentration plant
(GZK in Ukrainian) that links the actual volume of ore
sent for concentration, the concentrate yielded from it
and the cost of processing. But GZK profits are secured
by not only the quality of the iron-bearing material
of the flows, but also the functioning of the transport
complex that forms ore flows to concentration plants,
parameters of which depend on an open pit size. In this
respect, V. Monastyrskyi & A. Smirnov (2021) studied
ore flows in Kryvyi Rih open pits at M.S. Poliakov Insti-
tute of Geotechnical Mechanics of the National Acad-
emy of Sciences of Ukraine. However, the mentioned
work considered heavy-duty trucks and belt conveyors
of the ICCT, leaving the complex of the Inhulets Mining
and Concentration Plant, one of the largest in Kryvyi
Rih Basin, unaddressed.

0.Shustovetal. (2021) emphasised that the increase
in mining costs caused by the growing depth of devel-
opment affected the cost of transporting the rock mass
and recommended that the cost of transporting the rock
mass should be taken into account with the increasing
value depending on the depth of mining. However, the
transportation cost also depends on distribution of the
transported rock mass relative to the working zone of
the open pit, which also should be taken into account.
Generally, the growing depth of mining operations in
iron ore open pits leads to the increase in the trans-
port distance; the share of ore mass transportation
costs in the cost structure also increases steadily, add-
ing to an inevitable increase in the ore cost and raising
the question of practicability of further pit deepening.

Yu. Hryhoriev et al. (2021b) analysed the basic com-
putational principles and techniques for determining
the final boundaries of the open pit and identified the
methods of Lerch-Grossman, the floating cone, Sey-
mour, dynamic programming methods, special neural
networks, graph theories, network flows and other ap-
proaches. Based on these methods, K-Mine, SurpacN-
PVSheduler, Four-X, MineShed software packages, as
well as integrated three-dimensional CAD systems
(Gemcom, MineScape, Data-Vulcan, MineSight, etc.) are
widely used. The shortcomings of the mentioned tech-
niques include complexity of implementation, a large
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amount of input data, and lack of reliable means of
method evaluation. From the above, it can be conclud-
ed that the mentioned approaches to solving the prob-
lem require further development taking into account
the current trends.

V. Slobodianiuk & I. Maksymov (2021) propose us-
ing the economic effect, equal to the difference of total
costs for transporting the rock mass to the main con-
veyor at one crushing and reloading point and during
development at their optimal quantity, as a criterion of
the truck-conveyor transport optimisation. The analyti-
cal dependency is established to determine the optimal
number of reloading points at their uniform deploy-
ment throughout the height of the working zone of the
open pit. However, this work considers parameters that
directly characterise the operation of the ICCT complex
only when choosing an effective strategy for ICCT de-
velopment. At the same time, the economic result of
GZK activities, i.e. the cost of marketable products (con-
centrate, pellets), is also influenced by the amount of
overburden per unit of mined minerals.

Therefore, to choose the strategy of the ICCT de-
velopment, it is more correct to take into account the
current stripping ratio and economic indicators of the
GZK marketable product value in the estimation figure,
as the open pit and the concentration plant are a single
technological complex. In this regard, to design subse-
quent stages of open pit mining,a new estimation figure
should include expenses for GZK marketable products,
and along with that increased costs for transporting
ore by the ICCT collecting transport at each stage of
deposit development should be predicted. The present
work aimed to improve the method of substantiating
the depth of the open pit with the ICCT that develops
steep deposits at the subsequent stage of its mining by
means of an estimation figure for various consecutive
periods of the open pit mining duration.

® Materials and Methods

To achieve the goal set in the work, a systemic approach
is applied considering the previous experience in min-
ing science. Depth is one of the defining parameters in
developing an open pit and its working zone. At that,
calculations and selection of equipment for the ICCT
schemes are performed taking into account their de-
velopment by open pit methods until the end of life of
mine. However, when designing, the final depth of large
open pits is often and repeatedly reconsidered and
adjusted. As a result, there is uncertainty when deter-
mining other parameters of other open pits with ICCT
complexes as well.

Specialists and designers reconsidered initial pro-
jects and changed operational (design) stripping ratios
to align the parameters of the development system with
the design (Kovalchuk et al.,2015).This results in the ne-
cessity of finding a method of pre-design substantiation
of the depth when mining the open pit by stages on the

breakeven principle. Theoretically, the basic principle of
substantiating the open pit depth is based on the com-
parison of one of the stripping ratios with the marginal
(economically expedient) one. For open pits developing
inclined and steep deposits, boundaries are set by the
contour stripping ratio numerically equal to the bound-
ary one. But the bench-based analysis of mined mass
volumes and stripping ratios is inconvenient due to the
fact that when initial conditions change while design-
ing, there emerges a need to recalculate the volumes.

The method of V. Rzhevskyi (1956) is widely used
in calculations to solve the main design issues and de-
termine the final depth of the open pit. The method is
based on the comparison of current (K ) and marginal of
economically expedient (K) stripping ratios, i.e. K <K
Thus, the indicator (K) is decisive in determining the
depth of surface mining operations. However, the men-
tioned estimation figures are proposed directly to de-
termine the final boundaries of the open pit, while pa-
rameters of its subsequent stage of mining are interim.

Different options for forming subsequent stages of
open pit mining may differ in depth without changing
the basic parameters of the design decisions. In this
case, one of the main parameters that determines op-
eration of the ICCT complex in the open pit is the ore
lifting height and transportation distance. Thus, the es-
timation figure, with which parameters for the subse-
quent stages of further development of open pits are to
be compared, should take into account the increase in
the costs of ore lifting and transportation. This is due to
the fact that at steep deposits, the depth of ore extrac-
tion is constantly increasing resulting in the growth of
costs for its transportation to the surface.

To determine the depth of the subsequent stage of
mining the open pit within a particular period of its
development, the present work suggests the maximum
operational stripping ratio considering the value of GZK
marketable products as an estimated figure. As accu-
rate prediction of parameters of the subsequent mining
stage is rather difficult, it is important to perform ana-
lytical work involving elements of the theory of similar-
ity in order to determine the required parameters of ore
flows of the working zone of the open pit. The depth of
the subsequent stage of open pit development is deter-
mined on the example of the Inhulets Mining and Con-
centration Plant (“InGZK”),where one of the largest ICCT
projects in Kryvyi Rih iron ore basin was implemented.

Available statistical materials (data on horizontal
distribution of annual production volumes for the past
period of the open pit operation) enabled calculating
the coordinates of the mass centre of the ore working
zone according to the depth of the open pit over a suf-
ficiently long period of time. This dependency was stud-
ied on the material for the period from 1974 to 2011, as
the said period is most fully represented by the available
statistical data due to a large amount of the research
performed on the InGZK open pit within this period.
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According to technological design standards, when
analysing parameters of transportation schemes for
open pits under reconstruction with an annual rock
mass output of more than 40 Mt, the calculation period
is taken equal to 7-10 years, and 5-7 years for small-
er productivity. With this in view, the estimated figure
was determined for 2030. For calculations on the In-
GZK open pit, the existing ICCT complex, where motor
vehicles are used as assembly equipment, and other
parameters were taken into account (Information on
production..., n.d.).

Mathematical processing of statistical data through
approximation (the least squares method) enabled
finding the dependency of the mass centre of the ore
working zone on the depth of the open pit (Tamra-
zov, 1987; Semerikov et al., 1998). Thus, a relationship
was established between the depth of the mass cen-
tre of the ore working zone and the depth of the open
pit. The obtained dependency helped predict the depth
of the mass centre location of the distribution of the
ore production volumes at the subsequent stage of the
open pit development. Substituting the obtained val-
ue of the mass centre of the ore working zone in the
proposed maximum operational stripping ratio formula
enabled obtaining its value for the subsequent stage
of the open pit development. Next, this value was com-
pared with the current stripping ratio, which varies de-
pending on the depth of the open pit, and finally, the
sought-for depth of the open pit is found.

® Results and Discussion
Based on the generalising nature of the methodology
of substantiating the depth of subsequent stages of
mining iron ore open pits with the ICCT complex that
develop steep deposits, it can be considered that the
obtained dependencies and recommendations are ac-
ceptable for designing the subsequent stages of recon-
structing iron ore open pits with the ICCT complex by
relevant design and research organisations.

The indicator reflecting the breakeven operation
of the open pit-concentration plant complex, provided
that the profit from the sale of marketable products is
spent on stripping, is the maximum operational strip-
ping ratio. The mentioned ratio K__ was determined as
the sum of the current stripping ratio and its increase
due to the difference between the price and the cost of
marketable products, which is taken as an indicator to
substantiate the depth of the subsequent stage of the
open pit development and calculated according to the
formula, m3/t:

K — (Pc 'PS_CC'Pp)'(l_i)'V_AItr

om CoPp

Dy k, @

where P, C_ - the price (excluding VAT) and the cost
of marketable products (e.g. concentrate) of the GZK,
UAH/t; P, P, - the volume of sold and produced mar-
ketable products for the calculation period, t; y - the

concentrate yield from ore, unit fr.; C - the cost of a
unit of overburden, UAH/m?*; K_- the current stripping
ratio for the recent period of the open pit operation,
m*/t; Al - the increase of costs for transporting ore
when deepening the open pit at the stage under con-
sideration, UAH/t; / - the income tax, unit fr.

Comparison of the value of the current stripping
ratio K_with the maximum operational one K__ calcu-
lated for the subsequent stage of the open pit develop-
ment indicates the degree of approximation of the cur-
rent open pit parameters, in particular its depth to the
value of the depth at the subsequent stage of its devel-
opment. Thus, while designing the stage-by-stage min-
ing of the open pit, it is expedient to apply the principle
when the current open pit depth is gradually increased
until the current stripping ratio K_reaches the value of
the maximum operational stripping ratio K__and, ac-
cordingly, the current position of the open pit bottom
reaches the depth of the subsequent stage of mining.

When input data for determining the value of the
increase in the cost of ore transportation and lifting
(Al ) during the deepening of the open pit at the stage
is not available, this value can be found applying the
methods of the similarity theory (Serdiuk, 2005) and ap-
proximation (Semerikov et al., 1998). It is expedient to
predict ore production distribution parameters on the
basis of statistical data and technical and economic in-
dicators achieved at the time of designing. At that, the
process of designing an open pit within a steep deposit
will be simplified if the parameter influencing signifi-
cantly the operation of the ICCT complex in the open
pit - the height of ore lifting at the subsequent stages
of its development - is determined in advance. The in-
tensive open pit deepening contributes to the continu-
ous increase of this value: from the current depth (h_)
to the depth of the open pit at the subsequent stage
of its development (h_). The height of ore lifting in the
open pit is functionally related to the depth of the open
pit itself, the parameters of the ore working zone and
the nature of distribution of horizon production vol-
umes along the depth of the open pit.

According to B. Isakov & M. Chetveryk (2021), when
designing the transition to stripping the next horizon
using the in-pit crushing and conveying mining tech-
nology, a certain amount of time passes from the be-
ginning of designing to commissioning, and the depth
of the open pit can be significantly increased compared
with the one at which it should have been commis-
sioned according to the project. As this expands the
transportation distance for trucks that should be main-
tained in the proper working condition (Savin & Soko-
lenko, 2024), and also reduces the economic efficiency
of the designed scheme, this factor should be taken
into account in the calculations.

In accordance with the Standard of the Organisa-
tion of Ukraine No. 73.020-078-1:2007 (2007), param-
eters of transportation schemes (weighted average

Mining Journal of Kryvyi Rih National University. 2024. \ol. 58, No. 2



O. Kostyanski & S. Zhukov

lifting height, weighted average transportation distanc-
es) are analysed for the open pits to be reconstruct-
ed. Based on the input data, the amount of increase in
ore transportation costs (A/ ) at the subsequent stage
of open pit deepening compared with its current state
is determined. The calculation value A/_is determined
from expression (2) (UAH/t):

Al =C-AL=C -h -k /i, (2)
where C - the cost of 1 t-km for technological vehi-
cles, UAH/t-km; AL, - the increase in the distance of ore
transportation by trucks to the ICCT reloading points

due to lowering the mass centre of the ore working zone
and deepening the open pit, km; hID -the increase in the
ore lifting height which is defined as the difference be-
tween the depth of the weighted average position of
the mass centre of distribution of horizon production
volumes in the current year and the same parameter
at the subsequent stage of mining, m; k , - the road
development index for open pits, unitless value; i, - the
inclination of technological roads in the open pit, %.
The study of the influence of the pit depth on the
depth of the weighted average centre of mass of horizon
volumes of ore extraction allows (Table 1) a dependen-
cy of changes in one factor when the other changes.

Table 1. Changes in open pit depths and ore mass centres of the ore working zone by years of InGZK open pit operation

Year Open pit depth, m Depth of mass centre of ore working zone, m
1974 170 127
1975 185 127
1976 185 134
1977 185 139
1978 200 153
1979 215 157
1980 215 162
1981 215 162
1982 215 176
1983 215 182
1984 230 184
1985 230 194
1986 245 194
1987 260 182
1988 260 188
1990 275 191
1991 290 203
1992 290 201
1993 305 203
1994 305 220
1996 320 228
1997 320 236
1998 335 236
1999 350 242
2000 350 235
2001 350 227
2002 365 242
2003 365 248
2004 365 252
2005 365 265
2006 380 284
2007 380 290
2008 395 292
2011 440 307

Notes: surface marking accepted +50 m

Source: developed on the basis of the data collected personally by the authors

The dependency describing the effect of the depth
of the InGZK open pit on the depth of its ore working
zone mass centre is obtained by approximation. Linear
regression is as follows, m:

X_=a-h_+b=a(h_+Ah-t)+b=0.6421-h_+23.3, (3)

where x__ - the depth of the mass centre of the ore
working zone, m; a, b - the empirical coefficients of the
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linear equation, unit; h__ - the depth of the open pit
at the subsequent stage of reconstruction, m; h_, - the
current depth of the open pit, m; Ah - the average an-
nual rate of open pit deepening (for the InGZK open pit
Ah=7 m/year, but up to 1980 it was Ah=9 m/year); t -
the duration of the period from the current year to the
subsequent stage of the open pit development, years.

It is proposed to assume that the preliminary depth
of the open pit at the subsequent stage of its develop-
ment is equal to h__=h_ +Ah-t, m. Approximation qual-
ity indicators (r, —09706 R*=0.9421, A=4.646%) of
the obtained equatlon (3) allow asserting that it is ad-
equate to mining and engineering factors being inves-
tigated, and as a simple model it can be used to solve
some mining problems. With the help of the obtained
dependency (3), it is possible to predict the depth (x_ )
of the centre of mass distribution of ore production
at the subsequent stage of the open pit development.
If the value of this parameter for the current year is
written as x_, then h =Xx__-X_, M. The increase in ore
transportatlon costs accordlng to the formula (2) is as
follows, UAH:

AItr = Cv ’ kr,d ’ (a ’ hs,s + b - Xcti)/it = £
“(@-[h_ +Ah-t]+b-x_)/i. 4)

By substituting the value of A/_(4) in the formula
(1) and considering the case when P_=P , the depend-
ency is obtained that determines the value of the max-
imum operational stripping ratio for the subsequence
stage of the open pit development, t/m?:

(Pc=C):(1=D)-y=Cykr.g (@ [hci+tAh-t]+b—xci)/ it
Co

Kom = + K. (5)
Due to the continuous deepening of the open pit
developing a steep deposit from the current depth (h_)
to the depth (h_) of the subsequent stage of its devel-
opment, the current stripping ratio (K ) is increased to a
value equal to the maximum operational stripping ratio
K =K _atthe subsequent stage of the open pit develop-
ment determlned by formulae (1) or (5). The design pro-
cess also determines the open pit depth h'_,which s ad-
equate to the maximum operational stripping ratio K

It is possible that the previously accepted depth h
at the next stage of the open pit development will be
greater than the depth h'_,i.e.h_2h'__.In this case, the
maximum operational str|pp|ng rat|o |s determined by
formulae (1) and (5), but taking into account the depth
h'.. and the corrected maximum operational stripping
ratlo K*, adequate to the open pit depth h'__ at the
subsequent mining stage.

The opposite situation is possible when the as-
sumed previous depth h__ of the open pit will be less
than the depth h'_ i.e. h \hl In this case, the maxi-
mum operational stnppmg ratlo K*. s also calculated
taking into account the depth h'_. In both cases, the
duration of the period t from the current date to the

subsequent stage of the open pit development will be
t'=(h'_ - h_)/Ah,years.In the case where h_=h'_,K'__
is not calculated.

According to formula (5) at t=19 years for 2030,
for the InGZK open pit where vehicles are used, the
calculated maximum operational ratio is equal to
K. _=0.66 m*/t.In this example, it is considered that the
maximum operational ratio K, _=0.66 m’/t is adequate
to the previously accepted depth of the open pit, i.e.
h, =h' =573 m.

Thus the principle of finding a substantiated open
pit depth at the subsequent stage of its development
is that when deepening the open pit to the depth of
the subsequent development stage (h'_), the current
stripping ratio will not exceed the maximum opera-
tional ratio (K_<K* ), which will allow the fullest use
of the advantages of open pit mining.Application of the
proposed estimation figure - the maximum operational
stripping ratio - is appropriate for different consecutive
periods of time when solving the design issues of each
subsequent stage of reconstruction during the stage-
by-stage open pit development.

This method of approximating the open pit depth
at the subsequent stage of its development can be used
to substantiate prospective design solutions. Yu. Hry-
horievetal.(2021a) argue that mining conditions of min-
eral deposits will be characterised by further increases
in the open pit depth and transportation distances. This
can be fully agreed with and taken into account when
studying ICCT parameters at the subsequent stage in
the open pit development. One of the main challenges
in open pit designing is its sustainable development
and minimisation of costs, and given the long develop-
ment time of the deposit and variable mining and engi-
neering conditions of open pits, correction of previously
made decisions is an inevitable step to increase their
efficiency. At the same time, revision of even one of the
essential parameters of open pits at the subsequent
stage, such as depth, can affect efficiency of the deci-
sions made, especially at the pre-design stage. There-
fore, this factor is essential for prospective decisions.

N. Sarybayev et al. (2021a) indicate that the area
of the most economical use of the ICCT method with
belt conveyors of the standard inclination (up to 16°)
is provided within the range of technological parame-
ters - the capacity of 10-25 Mt/year and the lift height
of 250-600 m. At the same time, when designing a new
technological transportation scheme, it is necessary to
delineate the efficient area of its application, which can
be done with the help of the estimation figure proposed
in this work. S. Kuzmenko et al. (2019) believe that one
of the most important conditions to use a conveyor lift
is provision of the transport with the rock mass for the
payback period of 10-20 years. The ICCT schemes em-
ployed at Kryvyi Rih open pits largely depend on spe-
cific mining conditions. According to N. Sarybayev et
al.(2021b), deepening of mining operations will require
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adjustment of the transport system of the open pit.
However, the examples show that the economic effect
of this technology is always positive.

V. Slobodianiuk & I. Maksymov (2021) suggest the
use of mobile crushing and reloading points. However,
the authors believe that construction of a new station-
ary crushing and reloading point is inefficient, since it is
not possible to create an area of the required size with
a lifetime that justifies relevant construction costs. In
this case, it is also necessary to assess the mining and
engineering situation in the open pit using an estima-
tion figure. Yu. Hryhoriev et al. (2021b) state that mining
conditions of mineral deposit development in the com-
ing years will be characterised by a further increase in
the open pit depth and transport distances, with which
one can fully agree and take into account when study-
ing the parameters of the ICCT at the subsequent stage
of the open pit development.

Thus, summarising the above, it is possible to con-
clude that when transiting to the subsequent stage of
the open pit development, it is necessary to assess the
mining and engineering situation using an estimation
figure to outline the rational field of applying the tech-
nological transport complex and determine the ways of
further improvement of ICCT parameters at the subse-
quent stage of the open pit development. In this regard,
in order to perform approximate estimates of the open
pit depth at the pre-design stage, the use of the maxi-
mum operational stripping ratio to substantiate the sub-
sequent stage of the open pit development is proposed.

® Conclusions
In the course of solving the problem using the similarity
theory, a method has been proposed that allows a more

deep approach to the study and evaluation of such
important parameters as the depth of the subsequent
stage of developing with the ICCT complex, determina-
tion of the value of the maximum operational stripping
ratio for this stage and its adequate open pit depth and
substantiation of the economic expediency of the sub-
sequent stage development of the open pit the pre-de-
sign stage. Application of dependencies determined us-
ing the similarity theory makes it possible to solve the
tasks necessary for the further development of the ICCT
complex and substantiate the depth parameter for the
subsequent stage of the open pit development, which
ultimately allows obtaining the designed technological
and economic result in a given period. The methodo-
logical approach to determining the depth of the sub-
sequent stage of mining the iron ore open pit with the
ICCT complex during the stage-by-stage development
can be used by design organisations and research in-
stitutes when designing reconstruction of open pits in
steeply dipping deposits. The issue of how the nature
of ore distribution throughout the height of the open
pit working zone affects the provision of optimal oper-
ational conditions for each of the applied types of the
ICCT complex still remains unaddressed, which may be
the subject of further research. It is also useful to ana-
lyse the influence of open pit deepening and changes
in the depth of the mass centre in distributing ore pro-
duction volumes on the dynamics of stripping ratios.
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O6r'pyHTYBaHHA rMU6UHU Kap’epy 3 LMKNIYHO-NOTOKOBOIO TEXHOJOrIEI0
fIK BUSHauYaNIbHOI BeJIMUMHU oro BignpayoBaHHSA
B UeproBoMy eTani po3po6bku

® Amnortauisa. lNocTiliHe 36iNbWEHHS MUMBUHU KAPEPIB 3 LMKIYHO-MOTOKOBOK TEXHOMOTIE, WO Po3pobAstoTh
KpYyTO najatodi poaoBuMLLA, BUKIMKAE 3pOCTaHHS BMCOTM MiAMOMY Ta BiACTaHi nepeBe3eHHs pyau, i 9K HACNigoK,
30iNbLIEHHS BUTPAT Ha i LOCTAaBKY Ha MOBEPXHIO, LLLO BMNJIMBAE HA BENNUYUHY IMIMOUHM YEproBOro eTany peKoOHCTPYKLii
TPaHCMOPTHOI CMCTEMU Kapepy.MeTot faHoi poboTH 6yno 06rpyHTYBaHHA MMOUHU YeproBoro eTany BiAnpaLloBaHHS
3aNi30pyAHOro Kapepy 3 KOMMNIEKCOM LUMKNIYHO-NOTOKOBOI TEXHONOTIT 338 4ONOMOrOH Y3arasbHIOKY0ro NoKasHMKa
OLLIHKM ONS Pi3HMX MOCNIAOBHMX BiApi3KiB 4acy Mpu MOeTamnHii po3pobui Kapepy, Wo Mae MoKpawwaTtu SKicTb
NPOEeKTHUX pobiT. B cTaTTi BUKOPUCTOBYBAAUCA METOAM CTAaTUCTUUYHO-IONIYHOMO, Kay3aNbHOrO i KOMMNApaTUBHOMO
aHanisy Ta MeToA CUCTEMHO-CTPYKTYPHOro niaxoAy, WOAO BWM3HAYEHHS Y3aranbHIOKYOro MOKA3HWMKA OLIHKM
4eproBoro eTany BiANpaLlloBaHHS KAPEPIB 3 KOMMIEKCOM LMKIiIYHO-NOTOKOBOI TEXHO/Orii. 3anponoHOBaHO MNpU
00OrpyHTYBaHHI rMMOMHM YeproBoro erany pekoOHCTPYKLii Kapepy 3anexHiCTb AN BUM3HAYEHHS MAKCUMAsbHOIO
eKcnayaTauiiHoro KoedilieHTy po3KpuBY, B SIKili BpaxoBaHO 36iNblUeHHs TPaHCMNOPTHUX BUTPAT Yepe3 3pOCTaHHS
BMCOTM MiAMOMY Ta MOLOBXEHHS BiACTAHI TPAHCMOPTYBAHHS PyAM HA APOOMIbHO-NEepeBaHTaXyBasbHi MYyHKTU
KOHBEEPHUX MiLAOMHMKIB PO3TALLOBAHMX B MPOCTOPi KAapEPY BHACNIAOK MOro nornmMbneHHs. B po3paxyHkax Takox
BMKOPWUCTAHO 3aN1€XHICTb NMOMOXEHHS KOOPAMHATY LLEeHTpY Mac BMAo00yTOi pyau Bia rnmbuHu Kapepy. Bpaxosyouu,
L0 B Cy4aCHMX MMUBOKUX Kapepax 0b6csaru pyaum, Lo BUAOOYBAETLCS | TPAHCMOPTYETLCS aBTOMOOBINIbHO-KOHBEEPHUM
KOMMMEKCOM MNPOTArOM POKY MOXYTb CTaHOBUTM 30 MAH. T, ofHE 3 BAX/IMBMX 3aBAAHb MPOEKTYBa/bHUKIB
NONSIra€ B MOLUYKY LIAAXIB BAOCKOHANEHHS BAaHTAXKOMOTOKIB TPAHCMOPTHUX KOMMEKCIB Kapepy. Y LuboMy 3'BA3KY
3anponoHOBAHO OLHOYHMI MOKA3HUK AN BM3HAYEHHS MNMOWHM 4YeproBOro eTany BiANpaLlloBaHHS KapepiB 3
KOMMNEKCOM LMKiYHO-NOTOKOBOI TEXHOOTii, B IKOMY Y B3AEMO3B'A3KY BPax0BaHO 36i/bLUEeHHS BUTPAT Ha LOCTaBKY
pyAM, BapTiCTb TOBApHOi MpoAyKLii ripHM4yo3barayyBanbHOro KOM6GiHaTy, MOTOUHUI KoedilieHT po3kpwuay. pu
LboMy bepeTbCs 40 yBaru 36iNblUeHHS BUTPAT Yepe3 30inblueHHS BUCOTU MNILAOMY PYAM NPW MOHMKEHHI TipHUUYMUX
pobiT B Kapepi, L0 [,03BONSIE BPAXyBaTH NPUPICT TPAHCMOPTHUX BUTPATAT NPU MPOEKTYBAHHI MOAANbLIOTO PO3BUTKY
KOMMAEKCY LLMKNIYHO-MOTOKOBOT TEXHONOTII. Y Kapepi, MnbuMHa SKOro BU3HAYa€ETbCS MO 3aNpONOHOBaHIn MeToaumL,
3HaYeHHS NOTOYHOro KoedilieHTy pO3KPUBY He NepeBuLLyBaTUME MAaKCMMAIbHOIO eKCNAyaTaLitHoOro KoediuieHTy
pO3KpUBY B 4eproBoMy eTani. [laHui nigxin [,O3BONSE ONEPATUBHO OLIHUTK FMUOUHY 3ani30pyLHOrO Kapepy, Wo
po3pobnse KpyTonazakdi NOKAaAM NpU NPOEKTYBaHHI YeproBOro eTany PeKkoHCTPYKLii 32 yMoBU 6e336UTKOBOTO
MOoro fLoonpauloBaHHS

® KnwouoBi cnoBa: BiokpuTa ripHMya BMPOOKa; MaKCMMainbHUIA eKcnayaTauiiHuii KoedilieHT po3KpuBy;
nornubneHHs Kapepy; CXOAMHKA BiANpPaLOBAHHS
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