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Abstract: The article shows the use of object-oriented modeling in mining in the open pit, given examples
of creating models using block modeling. One of the main requirements for the development of mineral
deposits is to increase the completeness and quality o fextraction ofmarketable products. Therefore, making
optimal decisions based on these requirements in modeling and career development is an important task.
The order of mining operations during the formation of working sites was determined in the process of
preparing the work, a graphical model ofmining operations wascreated using the parameters ofthe blocks
and the working area ofthe open-pit. According to the aboveformulas, calculations were made, the results
are reflected in the graph ofdependence of the volume ofrecoverable blocks by year. The given model of
the working area ofthefield allows us to consider various optimization tasksfor the annual and landmark
mining positions. The methods discussed in the article are applied to solving problems of commensurate
movement in the working area of the quarry, which ensures a continuous increase in the reliability and
efficiency ofthe design ofmining enterprises.
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TAY-KEH OHEPKOCIBIHAE OBbEKTLUTBAMbITTANTAH
MOZENbAEY I LLONAAHY

AygaTna: Mawanaga awbll, Kapbepfe Tay-keH BHAipyde 06beKTwW-6arbiTTanraH Mogenbaeyai
naiganaHy, OMOKTbIW, MOAeNbAey aplliblibl YArinepai >kacay Mbicangapbl KenTipinreH. 3HepK3cinTik
BHIMAepAi anyapil, canacbiH KBTepmeney YiliH naiigans! Wwasbanapabl BHAipyre 6ip raHa Herisri TananTap
LobINagbl. OuTainbl wewiMmaep wabbingay YiiH Mofenbaey XK3He 33ipney KesiHae TananTapibl ecenke
any MiHge T Tepi - Maubi3abl. XXyMbICT bl faibiHAay NPOLECIHAE Tay-KeH >KYMbICTapblH XKYPrizy T3pTibi
aHbILLTaNbl, XKYMbICY4aCKenepiH WanbinTacThIpy KesiHae, 610K TapAblLinapameT piepiMeHallbiLanalHbIL,
>KYMbIC aiiMarblH eCKepe 0TbIpbIM, Tay-KeH >XYMbICTapblHbIL, rpadmkanblly, Mogeni 6epinreH. XXorapblga
KenTipinreH dopmynanapra c3iikec ecenTeynep >Kacanipbl, an H3TI>KeNepi 3p >Kbinga LWbirapbliaThiH
O6NoKTap KBNEMiHiL, T3yenginiri KecTecCiHAe KBPCETINreH. KeH OpHbIHbIL, >XYMbIC aiiMarbiHbil, OCbl
Ynrici Tay-KeH BHEpPK3CiOiHiL, >Kbl/1 calblHIbl >X3HEe KBPHEKTI OpblHAApbiHA OUTainaHablpyabil, Typni
MiHAe TTepiH LWapacTbipyra MYMKIHAIK 6epegi.

Mauwanaga TanlliblinaHraH 34icTep Tay-KeH K3CinopbiHAAPbIHbIL, KOHCTPYKUMACHIHbIL, CeHiMAainiri meH
THiMAINIriH yHemi apTThipyabl WaMTamMacbi3 eTeTiH Kapbepfil, >XyMbIC ailMarbiHAa LO3ranbiCThIl,
npo6aemManapbliH LUeLy YIiH WongaHbnagpl.

TYMHdi cB3aep: 6n0KTap, Kapbep, Kapbepdil, »KyMbIC aliMarbl, 06beKTUBT T-MOAENbAEY, ONMOKTbILLMOAENbALY

NMPMMEHEHVNE OB BEKTHO-OPUMEHTUPOBAHHOIO MOAE/TMPOBAHUA
NMP BEOJEHUW MTOPHbLIX PABOT B KAPBLEPE

AHHOTauMsA: B cTaTbe MOKAa3aHO MPUMEHEHVNE O6bEKTHO-OPUEHTMPOBAHHOTO MOAENVMPOBAHMS MNpW
BEJIEHNMN TOPHbIX Pa60T B Kapbepe, MpWBEAEHbI MPUMEPbI CO3AAHNA MOJAENENR C UCMONb30BAHMEM 6GIOYHOMO
MoZennpoBaHus. OfHWMM U3 FNaBHbIX TPe6oBaHWli K paspaboTKe MeCTOPOXKAEHUI NOME3HbIX NCKOMAeMbIX
SIBSIETCS MOBbILLIEHNE MOMHOTbI U KayecTBa W3BNEYEHWSI TOBApHON npodyKuun. Mo3Tomy MNpUHSTUWeE
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ONTUMa/IbHbIX PELUEHU C y4eTOM [JaHHbIX TpeboBaHWA Npu MOAENUPOBaAHUM UK pa3paboTKe Kapbepa
ABNSETCA Ba>KHOW 3afaveil. B npouecce NoLroToBKM paboThl Obin onpefeneH NopsLoK BeAeHUS TOpPHbIX
paboT npu copmMupoBaHumM paboumx NIoLWaaoK, NpuseseHa rpauyueckas Mojens BefeHUs ropHbIX paboT
C y4eTOM MapameTpoB 6/I0KOB M paboyelt 30HbI Kapbepa. CornacHo npusefeHHbIM opMynam 6bln
npou3BefeHbl pacyeThl, pe3ynbTaTbl 0TPa>XKeHbl B rpapuke 3aBUCUMOCT U 06bLEMOB 13BNEKAEMbIX G/10KOB
no rogam. lMpuBefeHHas Mofeslb paboyeil 30HbI MECTOPOXKAEHNS NO3BONSAET PacCMOTPETb pasnyHbIe
3ala4yn oNTUMMU3ALMM TOJ0BbIX U 3TanHbIX NOMOXKEHUI FOPHLIX PaboT.

MeTofbl, paCCMOTPEHHbIE B CTaTbe, MPUMEHSAOTCA A8 pPeLleHns 3afady copasMepHOro nepemMeLLeHuns
B paboyeil 30He Kapbepa, 4YTO obecreunBaeT HerpepbIBHOE MOBbILLIEHNE HAAEXKHOCTU U 3KOHOMUYHOCTU
NPOEKTMPOBaHNS FOPHOA00bLIBAIOLLMX MPeanpUATUNA.

KnioueBble cnosa: 6/0K1, Kapbep, paboyas 30Ha Kapbepa, 06beKTHO-OPUEHTMUPOBAHHOE MOAENPOBAHME,

6104HOE MOAENMpoBaHue

One of the main requirements for the de-
velopment of mineral deposits is to improve the
quality and completeness of the extraction of
marketable products.

Therefore, making optimal decisions based
on these requirements in modeling and developing
a career is an important task. Field modeling is a
prerequisite for computer-based analysis, since the
models reveal the whole range of critical decisions
that need to be considered when developing such
a complex system as a quarry. Achieving the right
decisions is impossible without analysis, a system-
atic approach to the process of modeling a career.
Projecting system design begins with an analysis
ofthe requirements that it will have to meet. The
analysis is carried out in order to understand the
purpose and conditions of operation ofthe system.
With an object-oriented approach, the analysis of
system requirements is reduced down to the de-
velopment of models of this system. Currently,
there are several technologies of object-oriented
development of application software systems,
which are based on the construction and interpre-
tation of computer models of these systems. In
this technology, the projected system is represent-
ed in the form ofthree interrelated models:

- an object model that represents the structur-
al aspects of the system associated with the data;

- a dynamic model that describes the oper-
ation of individual parts of the system;

- functional model, which considers the in-
teraction of individual parts ofthe system in the
process of its work.

These three types of models allow us to
obtainthree mutually orthogonal representations
of the system in one notation.

62

Models developed in the first phase of the
system life cycle, continue to be used in all
subsequent phases, facilitating further system
modification. These principles of modeling can
be applied to the model of the working area of
the pit. It is important to choose the optimal
technological parameters during field operation.
These parameters of the working area should
provide the minimum ratio of the volumes of
the werry of the rock mass to the volume of ore
of all types. The mining process is key to work-
ing with the mineral deposit, since at this stage
the detailed description of the elements of the
deposit is completed, its reserves are finalized,
the geological model is adjusted.

These models help to test the performance
ofthe system being developed in the early stag-
es of its development and to make (if necessary)
changes to the system design.

The general graphical model of the field
and mining operations is a combination of mod-
els with various system-forming components:

Si=<Sc¢, M, Se, Sr,Rz, T>; I1=1,..,n (1)

Where Sc is a structural-functional model
of a system of mining and geological objects;
M is a math-graphic model of the system; Se
is a model of a system of geological surveying
symbols; Sr - model of geodesic and surveying
metrics; R3 - model ofthe relationship between
the components of the system; T - temporal
characteristics of the system; n is the number
of levels of detail.

Then the recalculation of reserves will be
(for the integral indicators of the field) for the
marked blocks (the setil, i = {1, ..., n}) in the
definition:



PA3PABOTKA NMPOIMPAMMHOIO OBECIMEYEHWA N MHXEHEPNA 3HAHUI

" (2)

OO = 27=102 - O), (3)
where AV and ggq - changes in the volume of
the mineral body occupied by the reserves ofthe
category in question, and the amount of mineral
in this category of reserves; V, V is the volume
of the i-th block in the first and second variant,
respectively; Q, Q - the amount of mineral in
the i-th block in the first and second variant, re-
spectively.

Similar calculations will be carried out in
determining the movement of reserves during
the operation of the field.

This method of presenting volumetric in-
formation also simplifies the construction of 3D
images when modeling options for processing a
deposit and maintaining graphic documentation
when updating mining plans.

When forming work sites, mining is con-
ducted in layers from top to bottom with a block
heightof 15m. 1,2,.....6 - is the order ofblocks
processing (Figure 1).

Figure 1 - The order o fmining operations in theformation ofworking sites

There should not be too many blocks in the
created model. Their number should be in the
range from a few hundred to the first thousand.
The block model allows, with a high degree of
confidence, to estimate geological reserves, to
conduct a quick calculation of the required in-
dicators.

The considered methods are used to solve
problems of commensurate movement in the
working area of the quarry, which ensures a
continuous increase in the reliability and effi-
ciency of the design of mining enterprises.

One of the examples of achieving the effi-
ciency of mining operations in the working area
is the use of the following method.

When mining, each unit belongs to a spe-
cific work area. In this scheme, the position of
the mining operations is described within one
ledge block by block. The position of the min-
ing operations in the block is characterized by
one number — the magnitude of the displace-
ment of the mining front.

For blocks with numbers (i, j), (i - 1, 1),
where 111 (i, j), the dijl value is entered, which
shows the advance of the initial position of the
block (i -1, 1) relative to the block (i, j) . If at the
beginning of the simulated period the mining
operations were not started, then the beginning

of the block is taken as the initial position. In
this case, the negative value of dijl is possible
[1]. The permissible interposition of blocks of
adjacent ledges is described by relations for all

i> 1,5, 111 G, j):

i <xidl+djl Did

X < X + d —D (4)

where lelz(l —,2)
where xij - the displacement of the front of
mining;

Dijl is a value indicating the advance ofthe
initial position of the block (i -1, I) relative to
the block (i, j);

Lij is the value that shows the advance (or
lag) ofthe initial position ofthe (j - 1) -th block
ofthe i-th step in relation to the j-th block;

11 (i, ) is the set of overlying blocks;

D H- horizontal projection of the escarp-
ment of the ledge;

Z is the number of the zone to which the
block belongs.

The restriction on the mutual arrangement
of neighboring blocks of one horizon is written
in the form:

Foralliandj> 1

IXj —«Xj-+4)1< Do (5)
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Xv=min{-+--— minXj_n- —-—
le li(i,j)

(6)
where Do is a value determined by the possibil-
ities of transport support of work.

Restrictions (1) and (2) on the form of a

pit refer to blocks in which mining operations
are carried out. For blocks in which work has

begun, we introduce the concept of “conditional
propulsion”. Then this value will coincide with
the real movement in the overlying blocks.

Based on relations (1) and (2) to set condi-
tional initial positions, we have:

Graphically, this model of mining can be
represented as Figure

B p,nn

50

Di-I
B p.nn.+Di-I

Figure 2 -Mining operations when moving rocks.

The model of the working area of the de-
posit site allows you to consider various tasks to
optimize the annual and landmark mining pro-
visions. These issues, as well as questions on
the development system, the opening of work-
ing horizons, integrated mechanization are in-
terrelated with economic results.

Currently, in a competitive environ-
ment, the search for methods for the econom-
ical exploitation of a field is very important.
Sustainable mining at minimal costs is ensured
only by a economically effective mining re-
gime. Also, a significant factor in the assess-
ment of economic efficiency is the time spent
on investment and profit.

The profitability of the mining enterprise
involves the excess of income for products sold
over the costs associated with the extraction
and processing of raw materials. In this case,
the evaluation of design decisions is the cost of
mineral from the consumer, which determines
the amount of profit. The value of the cost is
also influenced by many factors associated with
the mining, geological, technological, techni-
cal, organizational, climatic, social conditions
of mining operations. Optimization of career
options also applies to other aspects of plan-
ning, for example, as the concept of cash flow.
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Investigating optimization models, we can
draw conclusions:

1. Optimization of a mine requires fixed
costs associated with each block.

2. Discounted cash flow requires a se-
quence of production and production rates.

The optimal sequence of extraction of the
blocks ofthe model is determined by the criteri-
on: maximum NPV. This criterion determines
the optimal sequence of extraction blocks.
Choosing 4 years as the average cycle of price
changes for products, we present a vertical sec-
tion of a quarry for four years of mining.

Extraction block is adopted at a height of
15m. The width and length of the block are
equal to each other and are assumed to be equal
to the width of the working platform. When
conducting work, the calculation of ore and
rock can be made for various modifications of
the counting unit.

This model and reserves will be refined
and used at all subsequent stages of construc-
tion and operation of this mining enterprise.
From the very first version of the model, it
will use data from subsequent stages to iden-
tify economically feasible areas for the ex-
traction of the site and to calculate the miner-
al reserves in them.
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The dependence ofthe volumes of extract-
ed blocks of ore and rock by year with a work-

ing platform width of 50 m and 35 m is shown
in Figure 3.

Figure 3 - Dependence ofthe volume ofrecoverable blocks byyear

The compilation of several variants of the
model and the need for their adjustment require
the creation of universal methods for their for-
mation. At the same time, it is necessary to en-
sure the possibility of a quick recalculation of
mineral reserves.

Using these methods, the optimal sequence
of extraction of blocks of ore and rock from dif-
ferent parts of the working area of the quarry
is substantiated. Considered three variants of
such a sequence (see Table 1). When calculat-
ing, the cost of ore blocks is assumed to be con-
ditionally equal to 200, and rock blocks - minus
100. We give the calculation of NPV for the
sequence of extraction of ore and rock blocks
according to the conventional section. The cal-
culated value is given in table 1

Table 1 - Sequence of extraction of ore and
rock blocks

Quantity of Years 1 2 3 4 NPV
blocks Variant

100/100 | 0/50 0/50 50/0 50/0 5666
100/100 Il 0/50 30/20 30/20 40/10 6547
100/100 ] 20/30 20/25 30/25 30/20 7508

As can be seen from the table, the best ac-
cording to the NPV criterion is the third variant
of the sequence of extraction of ore and rock
blocks from the excavation site.

To assess the effectiveness of the options
used the criterion of the net present (discount-
ed) value ofNPV:

NPV = SC /(1+i)a (7
where C is the cost of the extracted blocks;
1
- discount coefficient;
@+iyr

i - the rate of bank interest;

n- number ofyears of extraction of blocks.

The effectiveness of options for the devel-
opment of deposits with different amounts of
ore and stripping, taking into account invest-
ments and payments, it is advisable to evaluate
using the following formula:

NPV =-PV(X) +PV(2) = -PVQ) + £

| (8
N’EZ F i+oi (9)

where PV(1) is the current cost of the project
(investment);

PV (2) - today’s cost of payments;

Yy - net income.

The analysis confirms the possibility of
using geo-information methods in determining
the sequence of ore extraction and overburden
from different areas of the quarry. The above
model of the working area of the deposit site
allows us to consider various optimization tasks
for the annual and landmark mining positions.
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A practical application of data geo-in- At the same time, the model of mining op-
formation modeling of mining obtained in the  erations considered in the article is applicable
computer systems for planning opencast min-  for mining operations at open-pit mines en-
ing. gaged in controlled mining of solid minerals.
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