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ABSTRACT

Purpose. An algorithm development for calculating the optimum depth for cyclical-and-continuous method schemes
introduction when cleaning-up the deep iron ore quarries.

Methods. When developing an algorithm for calculating the optimum depth for cyclical-and-continuous method
schemes introduction under the conditions of the Kacharsky mine, abstraction and analytical techniques were used to
distinguish the parameters that most significantly influence on the depth value of the cyclical-and-continuous method
schemes introduction. The developed algorithm has been applied when constructing a mathematical model based on
mining-engineering parameters for cleaning-up the Kacharsky Iron Ore Mine.

Findings. An algorithm is presented for calculating the optimum depth to put into operation the railway transport and
a conveyor hoister in the cyclical-and-continuous method schemes, taking into account the mining-engineering and
economic parameters for cleaning-up the deep quarries in surface mining. It has been substantiated that the transition
from a combined automobile-railway to a combined automobile-conveyor-railway mode of transport is economically
viable and will expand the limits of the effective use of surface mining of iron ore deposits. It is recommended to
restrict the depth of commissioning the railway transport to 149 m, and the conveyor hoister — to 344 m into the cy-
clical-and-continuous method schemes using automobile-conveyor and automobile-railway modes of transport.

Originality. Based on the constructed mathematical model, the dependences have been obtained of the prime costs
for transporting the total volume of rocks mined on the depth of the cyclical-and-continuous method schemes intro-
duction under the conditions of the Kacharsky Iron Ore Mine.

Practical implications. For the conditions of cleaning-up the Kacharsky Iron Ore Mine, the optimum parameters
have been set for the mining-transport scheme of the cyclical-and-continuous method, which ensure the minimum
prime costs of the rock mass transportation.

Keywords: cyclical-and-continuous method, automobile transport, conveyor hoister, railway transport, mathematical
model, calculation algorithm

1. INTRODUCTION

The combined automobile-railway mode of transport
has come into common use in many iron ore quarries of
Eurasia (Drizhenko, Kozenko, & Rykus, 2009; Chetverik,
Peregudov, & Romanenko, 2012). In far abroad countries,
the automobile transport is mainly used in mountaintop
mining (McKelvey et al., 2002). In terms of the flat ter-
rain, the expediency of transition to the automobile-
conveyor mode of transport using steeply inclined con-
veyors has been substantiated (Kuruppu & Golosinski,
2000; Kuruppu, 2003; Gruji¢, & Erdeljan, 2014). Recent-
ly, a number of foreign design organizations, motivated

by quite good indicators of using the automobile
transport in mountaintop mining, offer to use it in deep
quarries (Mitchell & Albertson, 1985; Santos & Stanisic,
1987; Golosinski, Kuruppu, & Zhao, 1999). The good
technical and economic indicators achieved, at the same
time have been substantiated by the use of especially
heavy-duty dumping trucks (Mevissen, Siminerio, &
Santos, 1981; Santos & Frizzell 1983; Santos, 1984).
However, many iron ore mines have a total depth of over
600 m, thus, they belong to the category of ultra-deep
(Mitchell, 1984; Santos, 1986).

It is known from theory that in the zone of cleaning-
up the deep quarries, in order to reduce the spacing of
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their sides, it is expedient to switch to the use of relative-
ly low-duty dumping trucks (Rakishev, Mukhamed-
zhanov, Samenov, & Kuttybaev, 2012). In addition, on a
flat terrain, when calculating the dumping truck lifting,
the height of lifting at the external dumps should be
taken into account as well as water conditions in study
area (Chui, Moshynskyi, Martyniuk, & Stepanchenko,
2018; Kuzlo, Moshynskyi, Martyniuk, 2018).

It should also be noted that the technical and econom-
ic indicators of development for each specific field can
vary considerably (Kalybekov, Rysbekov, & Zhakypbek,
2015; Aitkazinova et al., 2016; Kuttykadamov, Rysbekov,
Milev, Ystykul, & Bektur, 2016). Therefore, the studies
on the optimization of the area of various transport
modes application in deep and ultra-deep quarries are
particularly relevant at the present time. The economic
feasibility of investment in the transition of mining oper-
ations to deep horizons depends on this.

2. TARGET OF RESEARCH

At the moment, the upper zone of soft rocks of the
deepest Severnyiy area of the Kacharsky Iron Ore Mine is
developed with the use of the railway transport, and the
parent hard rocks of overburden and ore are developed by
the combined automobile-railway mode of transport.
Under the project, the total depth will be 760 m. Mining
operations have already reached a depth of 375 m.

When preparing working drawings on approbation of
the intensive development of the working area along a
steep side below the border of railway transport applica-
tion, it was set that one of the constraining factors of the
rock overburden excavation and ore mining is the prob-
lem of supporting with cargo vehicle link between the
faces of the quarry and points of transloading. On some
horizons, there are difficulties arise in constructing the
automobile downhills for the applied heavy-duty dumping
trucks. The value of the transport berms width of less than
20 m reduces the speed of dumping trucks and complicates
the oncoming traffic of empty and loaded dumping trucks.

Conditioned by the exceedance by 2 — 3 times in the
rational height of lifting and transportation distance of
dumping trucks in order to fulfil the planned volumes of
mining operations, their amount should be increased.
This also complicates the organization of their movement
in the cramped conditions of deep horizons and further
pollutes the atmosphere with dust and toxic components
of the exhaust gases. Transition to the use of more heavy-
duty dumping trucks with a capacity of 220 tons or more
in the zone of cleaning-up the reserves of the Kacharsky
Iron Ore Mine will require revising its final boundary
along the daylight surface in the direction of increasing.

The low performance of excavating machinery is also
caused by the cramped conditions of mining operations —
work in narrow faces complicates the dump trucks
manoeuvring before loading, and the lack of wide sites
does not allow them to organize two-way loading.

It has been previously set that the transportation prob-
lem can be solved by significantly reducing the height of
lifting and a distance of transportation by dumping trucks
when switching to a cyclical-and-continuous method
(CCM) using a combined automobile-conveyor-railway
mode of transport.
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For transition to CCM, there are areas for placing
conveyor hoisters in a stationary position. The practice of
this method implementation at iron ore quarries shows
that when using traditional inclined conveyor hoisters, it
is necessary to build steep trenches for their placement.
Using the steeply inclined conveyors significantly reduc-
es the commissioning of a conveyor hoister. In this case,
without additional spacing of the quarry sides, the dura-
tion of the transition to the CCM will consist of the time
for manufacturing at the plant of equipment for its com-
plexes, its delivery and assembling.

The disposition of horizons and sites for setting the
steeply inclined conveyors for the separate transportation
of ore and overburden rock in the Severnyiy area will
reduce the weighted average height of lifting and distance
of their transportation by dumping trucks. When using two
KNK-180 for transportation of ore, the weighted average
height of lifting during 8 years will vary from 125 to
195 m in the range of transportation distances from 2.03 to
3.17 km. Thus, this will correspond to the rational distance
of transportation by dumping trucks of 2.0 —2.5km,
which is testified in practice. When also using two KNK-
180 for transportation of overburden rocks, the weighted
average height of lifting of dumping trucks for 8§ years will
vary from 0 to 70 m in the range of transportation distanc-
es from 1.0 to 2.05 km, of which 800 m, located on the
horizontal site along the berm, is on the horizon —180 m.

It has been set by calculations (Moldabaev, 2018) that
the pay-back time of a complex with steeply inclined con-
veyors for ore transportation with a design capacity of
18 million tons will be 2.75 years, and for annual transpor-
tation of overburden rocks through the CCM in the volume
of 24 million tons — 3.2 years. The specified cost savings
over 8 years (with a maximum discount rate of 30%) for
ore transportation will be 15.45 million USD, and for the
overburden rock transportation — 9.74 million USD.

3. BACKGROUND TO THE STUDY

Based on data from a number of domestic and
foreign research institutes, it is obvious that the use of
cyclical-and-continuous method schemes under condi-
tions of mining the steeply dipping deep-seated depo-
sits, such as iron ore deposits, with an intensive rate of
deepening the mining operations shows a significant
positive economic effect, which is confirmed by wide
experience in their operation.

To calculate the optimum position of the transloading
point of the conveyor hoister in the schemes of the com-
bined automobile-conveyor transport, a mathematical
model (Zubovich & Seleznev, 2004) has been compiled
in JSC VNIPIpromtekhnologii, the essence of which is
that the whole quarry depth should be divided into three
zones: zone of operation of automobile-conveyor
transport for upward rise and the zone of automobile-
conveyor transport with the automobile transport moving
upward and downward.

At the same time, the constructed model does not take
into account the current position of the quarry bounda-
ries, a decrease in the rock mass volume with an increase
in the depth of the quarry, the horizontal distance of
transportation, as well as availability of railway transport
in modern mining-transport schemes.
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4. RESULTS AND DISCUSSION

The transloading point position inside the quarry
space is determined in plan and by a depth. Since the
conveyor hoister in the cyclical-and-continuous method
schemes of deep quarries is a capital structure, it is nec-
essary for its placement to form a section of the perma-
nently non-mining flank. In addition, the efficiency of
mineral resources development is determined by the
volume of overburden rocks mined (Cherniaiev, 2017;
Adamchuk & Shustov, 2018; Anisimov, Symonenko,
Cherniaiev, & Shustov, 2018).

It is known that the smallest existing volumes of over-
burden operations with the same production capacity of
the quarry are achieved by forming the ledges in one end
of the quarry field at a constant design position and by
means of moving the front of overburden operations at a
certain angle to the longitudinal direction of the mineral
deposits occurrence (Dryzhenko, Shustov, & Adamchuk,
2016; Dryzhenko, Moldabayev, Shustov, Adamchuk, &
Sarybayev, 2017). Therefore, the main parameter deter-
mining the transloading point position inside the quarry
space is the depth of its foundation, and in the plan it
should be located on the non-mining flank of the quarry.

It should be noted that one of the most important
conditions to use a conveyor hoister is that the transport
unit should be provided with a rock mass for a payback
time (10 — 20 years), that is, the total volume of mining

for conveyor transport mode should be not less than:
VC :(10...20)PC.0,1'H3, (l)

where:

Pco—is the operating performance of the conveyor
unit, m%/year.

The depth of constructing the transloading point
(Hconv, m) in the cyclical-and-continuous method schemes
with application of a conveyor hoister in dif-ferent vari-
ants of transport modes combination depends on total
depth of the quarry (H,, m), operating performance of the
conveyor unit (Pc o, million m*/year), volumes of clean-
ing-up the rock mass within the final boundaries of the
quarry (V5 million m®), prime costs and the distance of
the rock mass transportation by railway (¢, USD/tkm;
L,, km), by conveyor (c., USD/tkm; L., km) and by
automobile mode of transport (c,, USD/tkm; L,, km):

He = f(Hygo R0V ps€rrCerCarLys LosLy ) s m, @)
where:

Hg, Pco, Vy— variables;

Cr, Ce, Cq— constants, and L,, L., L, should be such at
which the prime costs of transporting the volumes V; is
minimum.

Let us consider the transport scheme (Fig. 1) in which
the railway transport operates in the upper zone of the
quarry to lift the rock mass, and automobile transport
operates on the three lower ones: to lift the rock mass
with transloading into railway transport, to move upward
and downward with transloading into conveyor transport.
Therewith, there should be the availability of a horizon
of transloading from a conveyor transport to a railway
one, since the railway transport is definitely the main one
for delivering rock mass to the dumps and to the dressing
plant in modern deep quarries.

H>

H3

Figure 1. Scheme of the combined automobile-conveyor and automobile-railway mode of transport inside the quarry: 1 — a zone
of the railway transport operation; 2 — a zone of the automobile transport operation for moving upward with transloa-
ding into railway transport; 3 — a zone of the automobile transport operation for moving downward with transloading
into conveyor transport; 4 — a zone of the automobile transport operation for moving upward with transloading into
conveyor transport; 5 — a zone of the automobile transport operation for moving upward with transloading into railway
transport when uncovering the deep horizons for the construction of a conveyor hoister

In such a way, the total depth of the quarry will take
the following form:
Hd =Hr+Hal +Ha2 +Ha3 =
=Hppy +Hyy=H, +H.+H,3,

- *fconv

3)

where:

H,—height of lifting the rock mass by railway
transport, m;

Hy,i, Hypp, Hys —height of the rock mass transportation
by dumping trucks, for moving upward with transloading
into railway transport, for moving downward with trans-
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loading into conveyor transport, for moving upward with
transloading into conveyor transport, respectively, m;
H,'—height of lifting the rock mass by railway
transport with unloading the conveyor transport into it, m;
H.'—height of lifting the rock mass by a conveyor
with transloading into railway transport, m.
To calculate the prime costs of transportation, the vo-
lume ¥ should be divided by n of horizontal layers so that:

ny ng1 ngo ng3 3
Vf = 'Zl Vi +'zl Vari+ 'Zl Viri+ Zl Vizi»m’;
= = i= i=

“)
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n:nr+na1+na2 +na3,m,

)

where:

Ny, Nai, N2, Nqe—amount of horizontal layers of the
volume V; with its transportation, respectively, by rail-
way transport for lifting, by automobile transport, respec-
tively, for lifting with transloading into railway transport,
by dumping trucks moving downward and upward with
transloading into the conveyor transport;

Viis Vari, Vazi, Vasi— part of the volume ¥y in the i-th
horizontal layer with its transportation, respectively, by
railway transport for lifting, by automobile transport for
lifting with transloading into railway transport, by dump-
ing trucks moving downward and upward with transload-
ing into the conveyor transport, million m>.

The prime costs of transporting the residual volume
of the rock mass inside the quarry is calculated by the
formula:

'+ How Pear

(&

ngp
Cf =6 ZL}’I ri tCa ZLall a11+cazLa2.iVa2.i+
’ i=l i=1 i=1
+Cq Z:La3l a3l+crLrZ ali Tt ch a2i T (6)

+chc z a3.i +crLr z I/;121 +crLr Z g3 >,

i=1

Cyr— in USD; where:

L, L', L.'— the distance of the rock mass transporta-
tion, respectively, by railway transport with unloading an
automobile and conveyor transport into it and by con-
veyor transport with transloading into the railway
transport, km.

The algorithm for calculating the depth to put the
railway transport into operation (H,, m) and constructing
the transloading point of automobile and conveyor
transport (Hcon, m) operates as follows (Fig. 2).

i=1 i=l

= No K[ff(Hmm-; Hy) — min Yes
| A
H,=H,+Ha O
Ho=H, + H,+ H; B
Hd = me + H a3 - — Hcmw, Hy
‘ Ky =k 3LV kz Lot Vi
i1
n=n-=n; Q2 e L, V, +k221_2 V, + No
Ha =gy T 1yt 13 il =1
\ 1 ;-Lrilf’,,;,"" (-Lﬂi}’gg_fl (-LA”ZVH_;J-
= i=1 = a6
3 ke LV K L Vo + V)
Hy= i+ 2 hs A Z E ;
=] &l
R Lk = f{(Hcom) ‘hhle.[ Vg +kAELZ Vy + ,L,-er’,,,._ﬁ
“ ; ali ; ali ; adid Lasi f(huir! lﬁah) - ”, ‘Iu L R
LaQ.i = Jha25 I D NEIEIHY IRy WA
) a?z f(hair’ 'Ihah) = T =
Vrl :f(hr.i; Hd; H"") @
Vei=fthy Hy He - -
a.i f( 1. i d (“)\ Lk :‘f(Hcr)m_') 15
\ L f(hm» ']hm)
L= f([[,) [ a.'l f(hxlfr [hm’l)
L f( i [hm) f (hLIZP lh{JZJ)
L fh” lim) a31 f(hajr llm.?g)
| - . No Yes
e jﬂluf{’ Hd’ (")@
- FZLQFVKII+L“ aiVait fLFE ai a 2i f(ha}r Hd H‘“)
: = .f(haﬁ{' d (")

Vair :.f(ha.’i; [[a'- Ilrr:u) [

4 ali =.f(hm; Hd.' Hey z:om')
Vazi = oz Hyr Hew) - V:ah’
a3i :ﬁha.ﬁ; Ha". HCT‘) -V ali

Figure 2. The algorithm for calculating the depth to put the railway transport (H;) and conveyor hoister (H.) into operation

There should be introduced the values of total depth
of the quarry development (Hy, m), its existing depth
(H.u, m), operating performance of the conveyor hoister
(Pco, million m?/year), prime costs of the rock mass
transportation by railway transport (c,, USD/tkm), by
automobile transport (c,, USD/tkm), by conveyor
transport (c., USD/tkm). After the source data are set, the
following operations should be performed:

1. The total depth value of the quarry (Hy m) is di-
vided into four zones: a zone of railway transport opera-
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tion for lifting (H,, m), the zones of operation of automo-
bile transport (H,, m) moving upward with transloading
into railway transport (H,;, m), moving downward (H,,
m) and upward (H,3, m) with transloading into the con-
veyor hoister. Therewith, the depth to put into operation
the conveyor hoister (Hcon, m) is equal to the sum of the
three upper zones (Fig. 1).

2. The amount of horizontal layers of rock mass (n)
over the entire depth of the quarry, as well as their
amount in the zones of railway transport (n,) and auto-
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mobile transport (n,) operation is determined. This value
in turn is divided by the amount of horizons of its work
to move upward with transloading into railway transport
(na1), to move downward (n,2) and to move upward (743)
with transloading into the conveyor hoister.

3. The thicknesses of the i-th horizontal layers in the
zones of railway transport (4., m) and automobile
transport (/4,.;, m) operation are calculated to move upward
with transloading into railway transport (%1, m), to move
downward (/4,2 m) and to move upward (%3, m) with
transloading into the conveyor hoister. Operating experi-
ence of modern mining equipment shows that the thick-
ness of the horizontal rock mass layer is usually 10 — 15 m.

4. Volumes are determined of i-th horizontal layers in
the zones of railway transport (¥,.;, million m*) and au-
tomobile transport (V,;, million m?) operation. The val-
ues of volumes of the i-th horizontal layers are deter-
mined by their horizontal thickness (4,;, A4, m), by posi-
tion of final and existing boundaries, expressed by total
(Hy, m) and existing (H.,, m) depth of the quarry.

5. The distance of the rock mass transportation is de-
termined from the face in the i-th horizontal layer to the
surface when transporting it by railway transport to move
upward (L,;, km), by automobile transport moving up-
ward to the point of transloading with railway transport
(Lsi, km) and railway transport from the transloading
point to the surface (L,, km). When calculating the dis-
tance of transportation, its horizontal site (/4, /p.i, m) and
inclined site should be considered, expressed by the
depth of horizontal layer (H,, 4., ha;, m) location.

6. The prime costs of the rock mass transportation is
calculated according to the scheme of automobile-
railway combined transport within the final boundaries of
the quarry CVf (ra) , USD.

r,a

7.1t is set whether the value CVf is minimal un-

f(r.a)

der the conditions of the accepted value of the depth of
railway transport (H,, m) introduction. In the case of a
negative result, the operations (1 — 6) are repeated with a
different value of H,.

8. In case of the condition (7) fulfilment, the accepted
value of Hn is compared with the value of H,,. In case
if the first is less than or equal to the second, proceed
with the operation (9), if the first is higher — with the
operation (14).

9. Volumes of i-th horizontal layers are calculated in the
zones of automobile transport operation to move upward to
railway transport (V,1; million m®), to move downward
(Vaz.;, million m?) and to move upward (¥, million m?) to
the transloading point of the conveyor hoister.

10. The sum of the volumes of horizontal layers in
the zone of automobile transport operation in a complex
with a conveyor hoister should ensure the work of the
latter for at least a pay-back time of 10— 20 years. In
case of non-fulfilment of this condition, the operations
(1 —9) should be repeated with a different value of Heon.

11. If the condition (10) is fulfilled, the distance is
calculated of the rock mass transportation by a conveyor
hoister (L.), by automobile transport moving upward
with transloading into railway transport (Lai;, m), to
move downward (L,2.;, m) and to move upward (L3, m)
with transloading into the conveyor hoister. Therewith,
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the horizontal site of transportation in the i-th layer (/n1;,
Ina2i, Ina3i, m) and the inclined site, which is expressed by
the location depth of i-th horizontal layer (Hconv, Hali
ha2i, ha3i, m), are taken into account.

12. The prime costs of the rock mass transportation is
calculated according to the schemes of automobile-
railway and automobile-conveyor combined transport
within the final boundaries of the quarry Cj ( USD).

13. It is set whether the value Cj ¢ is minimal under

the conditions of the accepted value of the depth of con-
veyor hoister (Hcomy, m) introduction. In the case of a
negative result, the operations (1 — 12) are repeated with
a different value of Hcon. If the result is positive, the
values of H,, H.on should be determined.

14. Values of volumes are calculated of the i-th hori-
zontal layers in the zones of automobile transport opera-
tion to move upward to railway transport (Vii;, mil-
lion m?), volumes of uncovering the deep horizons for
the construction of a conveyor hoister (V,1;, million m?),
and volumes of the i-th horizontal layers in the zone of
conveyor transport (Vi Vi, millionm?) operation
minus the volumes of V1, million m*. Then the opera-
tion (10) is performed. If the condition is not fulfilled,
the operations (1 — 8, 14) are performed with a different
value of Heony.

15. If the condition (10) is fulfilled, the distance of
the rock mass transportation in the i-th horizontal layer is
calculated by a conveyor hoister (L.), by dumping trucks
moving upward to the point of transloading into railway
transport (Lq1.;, m), to move downward (Ls;, m) and to
move upward (L43;, m) with transloading on the horizon
of setting the conveyor hoister. Moreover, the distance of
the rock mass transportation in the i-th horizontal layer is
calculated of the volumes extracted for the construction
of a conveyor hoister and transported according to the
automobile-railway transport scheme (L';1.;, m).

16. The prime costs of the rock mass transportation is
calculated according to the schemes of automobile-
railway and automobile-conveyor combined transport
within the final boundaries of the quarry with account of
uncovering the deep horizons of the quarry for the con-
struction of a transloading point of cyclical-and-
continuous method (Cp = USD). Then the operation (13)

is performed. If the set condition is not fulfilled, the
operations (1 — 8, 14) are repeated, in case of fulfilment —
values of H,, H..ny should be determined.

The developed algorithm was applied when calculat-
ing the effective depth of commissioning the railway
transport (Fig.3) and conveyor hoister (Figs.4—7)
under the conditions of the Kacharsky Iron Ore Mine
operation in Kazakhstan.

The constructed model of the automobile-conveyor
transport performance makes possible to present data in
the form of a dependency graph of the prime costs of the
rock mass transportation on the depth of commissioning
the railway transport. The obtained function graph
Cyir, o = f(H,) 1s a convex curve approximated in shape to a
parabola (Fig. 3). In the range H, = 0...149 m, the function
Cyr, o = f(H,) decreases, in the range H,=150...764 m —
it increases.
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Figure 3. The dynamics of changes in the prime costs for
transportation of the total volume of the rock mass
(Cysir, ) with increasing depth of commissioning the
railway transport (Hy) for a combined automobile-
conveyor transport under the conditions of the Ka-
charsky Iron Ore Mine operation

The growth of function is explained by necessity to
involve additional rocks of overburden into the develop-
ment to ensure the normal railway transport operation
when uncovering the deep horizons of the quarry. Based
on the obtained model and the graph constructed on its
basis, it can be concluded that under the conditions of the
Kacharsky Iron Ore Mine operation using the combined
automobile-conveyor transport schemes, the optimum
depth of commissioning the railway transport is 149 m,
which is confirmed by current projects, international
operating experience and previous studies.
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Figure 4. The dynamics of changes in the prime costs for
transportation of the total volume of the rock mass
(Cyp) with increasing depth of setting the conveyor
hoister (H.) for a combined automobile-conveyor
transport under the conditions of the Kacharsky
Iron Ore Mine operation

The function graph C,,=f(H,) in Figure 4 is a convex
curve approximated in shape to a parabola. A model, by
which data the graph has been constructed, envisaged the
transport scheme for using the automobile transport,
regardless of the depth of setting the conveyor hoister.
The function decreases in the range H.=0...269 m, and
increases at H.=270...719 m. The function does not
exist in the range H.=720...764 m, since the condi-
tion (1) is not fulfilled. According to the schemes of
automobile-conveyor transport, the optimum depth of
setting the conveyor hoister is 269 m.
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Figure 5. The dynamics of changes in the prime costs for
transportation of the total volume of the rock mass
(Cy) with increasing depth of setting the conveyor
hoister (H.) for a combined railway and automo-
bile-conveyor transport under the conditions of the
Kacharsky Iron Ore Mine operation

The function graph C,y=f(H.) in Figure 5 is a con-
vex curve approximated in shape to a parabola, at that
there is a concavity in the range H.=479...719 m.
Modelling of transportation processes was conducted
with account of commissioning the railway transport
and its operation to a depth of 149 m. On the underlying
horizons, an automobile-conveyor transport scheme is
envisaged. The function decreases in the range
H.=0...329 m, increases at H. = 330...719 m and does
not exist in the range H. = 720...764 m, since the con-
dition (1) is not fulfilled. The optimum depth value of
setting the conveyor hoister is 329 m.

When modelling the transportation processes accor-
ding to the schemes of combined automobile-conveyor
and automobile-railway transport with the introduction of
railway tracks to a depth of 149 m, the data have been
obtained regarding the prime costs for the rock mass
transportation, based on which the graph in Figure 6 is
constructed. The graph is a convex curve approximated
in shape to a parabola. The function decreases in the
range H.=0...344 m, increases at H. = 345...719 m and
does not exist at H.=720...764 m, since the condi-
tion (1) is not fulfilled. The optimum depth value of
setting the conveyor hoister is 344 m.
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Figure 6. The dynamics of changes in the prime costs for
transportation of the total volume of the rock mass
(Cy) with increasing depth of setting the conveyor
hoister (H;) for a combined automobile-conveyor
and automobile-railway transport under the condi-
tions of the Kacharsky Iron Ore Mine operation
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Figure 7. Compatible chart of changes in the prime costs for
transportation of the total volume of the rock mass
(Cyp with increasing depth of setting the conveyor
hoister (H.) with various transport schemes: green —
automobile-conveyor; red — railway, automobile-con-
veyor; blue — automobile-railway, automobile-conveyor

5. CONCLUSIONS

As can be seen from the above, an analysis of the
combined transport models under the conditions of the
Kacharsky Iron Ore Mine (Fig. 7) has shown that, if
compared with automobile transport, the prime costs for
transportation of remaining total rock mass volume when
using the automobile-conveyor transport with setting the
conveyor hoister at a depth of 269 m are reduced by
37.6%, railway transport (H.= 149 m) and automobile-
conveyor transport (H.=329 m) — by 50.3%, automo-
bile-railway transport (H,=149m) and automobile-
conveyor transport (H. =344 m) — by 50.8%. As a result
of the studies, it has been substantiated that transition
from a combined automobile-railway to a combined
automobile-conveyor-railway mode of transport is eco-
nomically viable and will expand the limits of the effec-
tive use of surface mining of iron ore deposits.
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ONTUMI3ALIA TOJTOKEHHS KOMILJIEKCIB HUKJTYHO-ITIOTOKOBOI
TEXHOJIOI'I ITPA JOOITPAIITIOBAHHI I'N'TMBOKHUX 3AJIIBOPY/ITHUX KAP’E€EPIB

C. Ky3emenko, €. Kanroxunit, C. Mongabaes, O. [llycros, A. Axamuyk, A. TokTapoB

MeTta. Po3poOka airoputMy po3paxyHKy ONTHMAaIbHOI TTTHOMHH BBEACHHS CXEM LUKIIYHO-IIOTOKOBOI TEXHOIOTil
IIPY TOOTIPALIOBAHHI TIIMOOKMX 3aJ1i30pYAHUX Kap’€piB.

MeTtoauka. [Ipu moGya0Bi ajaropurMy po3paxyHKy ONTUMAaIbHOT INTMOMHM BBEICHHS CXEM LUKIIYHO-IOTOKOBOT Te-
xHoJorii st ymoB Kauapcekoro kap’epy Oy 3acTOoCOBaHiI MeTo/ abCTparyBaHHS Ta aHAJITHUYHUE METOA JJISl BHII-
JIEHHS MapaMeTpiB, IO HAHOIIBII CYTTEBO BILIMBAIOTH HA BEIHMYMHY TIHOWHHU BBEIEHHS CXEM IHKIIYHO-TIOTOKOBOL
TexHouorii. Po3pobiennii anropurm OyB 3acrocoBaHuid mpu (GOpMyBaHHI MaTeMaTH4HOI MOJIeNli Ha OCHOBI TipHHUYO-
TEXHIYHHUX MapameTpiB joonpaioBaHas Kauapchkoro 3amizopyaHoro kap’epy.

PesyabraTn. Po3pobieHo anroputM po3paxyHKY ONTHMAJIBHOI INIMOMHM BBEJCHHS 3aJli3HUYHOTO TPAHCIIOPTY 1
KOHBEEPHOTO MiJHOMHHKA y CXeMaX LUKJIIYHO-IIOTOKOBOI TEXHOJIOTII 3 ypaXyBaHHSIM TPHHYOTEXHIYHUX Ta €KOHOMIU-
HUX MapaMeTpiB J0O0NPaLIOBaHHS TIIMOOKUX Kap €piB BIIKpUTHM criocodoM. JloBeneHo, 1o mepexis 3 KOMOIHOBaHOTO
ABTOMOO1JIbHO-3aJII3HUYHOr0 Ha KOMOIHOBaHMH aBTOMOOIJIbHO-KOHBEEPHO-3aTI3HUYHUI BHJ TPAHCHIOPTY €KOHOMIYHO
JOLUIBHAN 1 JJ03BOJIMTH PO3MIMPUTH MEXi €(EeKTHBHOTIO 3aCTOCYBAHHS BIIIKPUTOTO CIIOCO0Y PO3POOKH 3aJi30pyAHHUX
pozmoBuil. PekoMeH10BaHO IMOMHY BBEJCHHS 3aJIi3HUYHOIO TPAHCIIOPTY OOMEXHUTH 10 149 M, a KOHBEEPHOTO Mifii0-
MHHKa — 344 M y cXeMax LMKJIIYHO-IIOTOKOBOI TEXHOJIOTI] 3 aBTOMOO1JIbHO-KOHBEEPHUM i aBTOMOO1IbHO-3aII3HUYHUM
BUJIaMH TPaHCIIOPTY.

HayxoBa nHoBu3Ha. Ha mincraBi moOymoBaHoi MaTemMaTH4HOi Mojeli Oyyim oTpuMaHi 3aJeXHOCTi cobiBapTocTi
TPAHCHOPTYBaHHA CyMapHOTO OOCATY BHIMKH TipCHKUX TOPiA BiJ TIMOMHH BBEOCHHS CXEM ITUKIIYHO-TIOTOKOBOI TeX-
HoJioril B yMoBax Kagapchkoro 3ai30pyIHOTO Kap’epy.

MpakTuyHa 3Ha4uMicTh. {191 yMOB moompamroBanHs Kadapcbkoro kap’epy BCTaHOBJICHI ONTHMAJbHI MapaMeTpu
TIPHUYO-TPAHCIOPTHOT CXEMH MUKJIIYHO-ITOTOKOBOT TEXHOJIOTII, 10 3a0e3MeuyoTh MiHIMAIBHY COOIBapTICTh TPAHCIIO-
PTyBaHHS TipHUYO1 MaCH.

Kniouogi cnoga: yuxniuno-nomoxosa mexnHono2is, asmomoOiibHull mpaHcnopm, KOHEeEpHUll NIOIOMHUK, 3aTI3HUY-
HUll MPAHCcnopm, MamemamuiHa Mooen, ar20PUmm Po3pPaxyHKy

ONTUMM3AIIMS MOJOKEHUA KOMILIEKCOB IIUKJIUYHO-MIOTOYHOM
TEXHOJIOI'MHU ITPU JOPABOTKE I''TYBOKHUX KEJIE3OPYHBIX KAPBEPOB

C. Kyspmenko, €. Kanroxnsiii, C. Monnabaes, A. lllycros, A. Anamuyk, A. TokTapos

Heas. PazpaboTka anropurMa pacuyera ONTHMAIBHOM INTyOMHBI BBOAA CXEM LMKIMYHO-IOTOYHOW TEXHOJIOTUH NPU
nopaboTke TiTyOOKHX JKeIe30PYAHBIX KapbepoB.

MeTtoauka. [Ipy moctpoeHNH anropuTMa pacueTa ONTUMAaIbHON TITyOWHBI BBOAA CXEM LUKJIMYHO-TIOTOYHON TEXHO-
noruu s yenosuid Kagapckoro xapbepa Obll MPUMEHEHB! MEeTO abCTparupoBaHus U aHAIUTHYSCKUI UL BBIICICHUS
rapameTpoB, HanOoJee CYIIECTBEHHO BIMSIONIMX Ha BEJMYMHY TIIyOWHBI BBOAA CXEM IMKIMYHO-TIOTOYHOW TEXHOJIO-
ruu. Pa3paGoTaHHbIH anropuT™ ObLI MPUMEHEH NpH GOPMHUPOBAHUM MaTEMaTHYECKOW MOZEIN HAa OCHOBE TOPHOTEXHU-
YeCcKHX IapaMeTpoB gopabotkn Kagapckoro xene3opynHoro kapbepa.

Pe3yabTatsl. [IpeacTaBnen anroputm pacyera ONTUMAJIBHOW INTyOHMHBI BBOJA JKEJIE3HOJOPOXKHOI'O TPAHCIOPTA U
KOHBeﬁepHOFO NOABbCMHHKA B CXCMax HMKJIMHHO-HOTOHHOﬁ TEXHOJIOTUH € YYETOM TOPHOTEXHUYECKHUX U SKOHOMUYC-
CKUX MTapaMeTpOB MopabOTKH TITyOOKMX KapbepoB OTKPBITHIM CIIOCO00M. JIoKa3aHo, 9TO Iepexo]l ¢ KOMOMHUPOBAHHOTO
ABTOMOOWIJIbHO-)KEJIE3HOOPOXKHOTO Ha KOMOMHHMPOBAHHBIH aBTOMOOHMJIBHO-KOHBEHEPHO-XKEJIE3HOIOPOKHBIA  BH]
TPAHCIIOPTAa SKOHOMHYECKH 1LIeJIECO00pa3eH U MO3BOJIMT PACIIMPUTH IPAHULBI 3)PEKTHBHOTO IPHMEHEHHUS! OTKPBITOTO
criocoba pa3paboOTKH KeJIe30pyTHBIX MECTOPOXKACHHH. PekomMeHmoBaHO TiyOMHY BBOJA JKEJIE3HOAOPOXKHOTO TpaHC-
opTa OTPaHUIUTE 10 149 M, a KOHBEHEPHOTO MOIBEMHUKA — 344 M B cXeMaX IUKINYHO-TIOTOYHONW TEXHOJIOTUH C aB-
TOMOOHMIILHO-KOHBEHEPHBIM U aBTOMOOHIIBHO-)KEIE3HOJOPOKHBIM BUAAMH TPAHCIIOPTA.
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Hayunasi HoBH3HA. Ha OCHOBaHMU MOCTPOCHHOW MaTeMaTHYECKOH MOJIENM OBUIH IOJTyYeHBI 3aBHCHMOCTH cebe-
CTOMMOCTH TPaHCIIOPTHPOBAHUS CYyMMapHOro 00beMa BBIEMKH TOPHBIX IOPOJ OT IIIyOMHBI BBOJA CXEM LUKIWYHO-
ITOTOYHOM TEXHOJIOTHH B YCIOBUSIX Kauapckoro skenae30pyaHOTo Kapbepa.

IMpakTuyeckas 3HauuMocTh. /i ycnoBuit gopabotkn Kawapckoro kapbepa yCTaHOBICHBI ONTHMAaIIbHbBIC Iapa-
METpPhl TOPHOTPAHCIOPTHOW CXEMBI ITUKIMYHO-TIOTOYHON TEXHOJIOTHH, OOCCIICYMBAIONINEC MHHUMAILHYIO Ce0eCTOM-
MOCTb TPAHCIIOPTUPOBAHUS TOPHON MaCCBhI.

Knroueevie cnosa: yukiuuHoO-nomouHas mMexHoA02Us, A8MOMOOUTbHBIL MPAHCHOPM, KOHBEUEPHbI NOOBLEMHUK,
JHCENEZHOOOPOIICHBIL MPAHCIOPIN, MATNEMAMUYECKAsi MOOEb, al2OPUMM paciema
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