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ABSTRACT

The mining industry in the 21st century needs furelatal changes in both technical and management
technology, because many unresolved mining isseed o building a structured and directly
applicable management model that would be managimy by the mine production system.

The aim of this paper is to define a model for tignagement of discontinuous surface exploitation
systems. Key components of the methodology inclulidining and accepting managing matrices,
basic and auxiliary operations; centralized aneégrated data infrastructure, a set of production
performance metrics, data processing and manageniestructure.

In this sense, information technologies and managertechniques have been used, with detailed
research of the discontinuous exploitation systedh specificities with a huge number of influencing
parameters and variables that greatly define theofiéhis management process
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GENERAL PART

Exploitation of mineral resources can not affecinynéactors, such as geological characteristics of
deposits, prices of mineral raw materials on therketa meteorological conditions, existing
infrastructure or legislation. Therefore, the imprment of the business performance of production
systems is achieved with activities aimed at cedtiction, optimization of production processes and
greater utilization of existing resources. The picitvity of the mining production process deperals t
a large extent on the interdependence and inteectiom of individual parts of the process and
equipment, and the optimization of the processfigdlt to perform without the computer support in
the control system [1,2,3].

Modern trends in the information technology favbe torientation towards integral supervisory
information and management systems, whose bastaatkastic is the orientation to the business and
technological functions of the real system and iguandatabase related to events that are relesant t
the real system. Such an approach provides theat@aissibility over the entire real system, whereb
information for certain subsystems is dynamicallyiekd from data generated by other subsystems
[4,5,6].
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The importance of information technology (IT) inl @reas of human activity, especially in
largeindustrial systems, has been increasing expiatlg for several decades. In modern business
conditions, there are more and more systems thatadk on IT in their business and management.
Thus, in the field of mining, information technologecomes an indispensable element of business,
which opens new perspectives for improving proaurcib,7].

Realization of an information system, but also fi@ocive management model, requires knowledge of
a series of diverse disciplines, as well as knogéedeeded to evaluate and model future behavior of
the real system and its surroundings. With thedhction of information technology we [8,9]:

* Provide instant updatability of data and reducesetinor possibility

* Reduce the engagement of people in routine and ahawtivities

» Establish links between planning, operation andsidieduling

* Make a quick selection of desired information amelaton of various statistical and other
reports on business events at all levels of agament in order to achieve the timeliness
and correctness of management decisions, and

* Improve cost control and increases overall proditgtand business efficiency

Systematic improvements in the management of sudaploitation of mineral resources production
operations, as optimization of production in scef@xploitation have been so far focused primarily
on achieving better economic effects through masslyztion rather than modification of the

production system itself.

The production management system makes the hedtieomine, and today the largest part of
education and research in mining is dedicated ¢évyelay production and strategic issues such as the
mineral raw materials market, the slope stabilitye environment, the design of the mine, the
automatization, equipment, etc. As the real resenfemost of the mineral resources continue to
decline, the survival of the mining industry in tAgst century requires essential changes, bothein t
technology of production and in management tectgyoltnnovation in these two sectors opens up
opportunities for other industry sectors to remafitable [8,10,11].

The production sector mainly focused on the pradocind control systems that essentially affect the
value of the product. Such a focus on the prodoat@anagement system has led to the development
of production and management techniques that caredse productivity, quality, and through
efficient cost management and mine profitability.

SUBJECT AND METHOD OF WORK

Management in mining are the instructions and odatof the mining production system, in order to
fulfill the business goals of the company and owridre coal mine should be seen as a business in
which the profit of the company on the mine, is ghignary interest of the management, within the
framework of social and ethical limitations, as Mels environmental restrictions[1,2,5].

Operational issues on the surface mine includepltiwening, exploitation and production of mineral
raw materials management in terms of: making dewsson the duties of employees in the handling
and maintenance of machinery and equipment, eltmmaof delays in production, monitoring,
controlling and reducing unit costs, etc.

The influence of a large number of factors (workiegvironment parameters, technology of
exploitation, capacities and equipment conditioquipment and labor location, organization,
efficiency and detailed operational system openatiosts) require the application of different mmin
technologies and complicates the management ofh@rexploitation systems. Optimizing the
management of discontinuous surface exploitatistesy is a very complex process and complex
matter requiring precise definition of all relevamdicators that affect the operation of the opiap
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a whole. The modernization of management in mogteinines is conditioned by production control
and management mechanisms [8,10].

The objective of optimizing the management of digicmous surface exploitation systems is get the
managing system as closest as possible to tha gta¢e, and that can be achieved by increasing the
number of changes in the input parameters. Whemkimal solution zone is identified, the step of
changing the input parameters is gradually redueddch can result in an optimal solution by
continuously using the simulation results on thsibaf real-recorded parameters from the original
proprietary system. Defining the management mosldbcused on the unigque aspects of the mine
management of production processes. Surveys cawieid fulfill the objective included [8]:

» Research into the history and complexity of modeamagement techniques for product
management

* |dentifying the diversity of mining management gyss in relation to other industries

» Research on utilization possibilities of modermagement techniques in the mine
production systems

» Study of existing methodologies for modeling, asaymanagement and optimization

» Verification of methods based on practical resaitd knowledge of previous theoretical
research

» Development of an integrated approach to theagament and optimization of discontinuous
surface exploitation systems in the function oigderm planning of the open pit

» Presentation of the developed model on the elaof discontinuous system of surface
exploitation of the open pit "BogutovoSelo”

* Analyzes of the achieved results and grades

MODEL OF DISCONTINUOUS SYSTEMS OF SURFACE EXPLOITKON MANAGEMENT

Mining production has significant benefits from timformation and the possibilities of monitoring
and control of the work process. Technological ioyements of mining companies in the form of
integrated enterprise networking systems have ededlhe potential for creating cheap, easily
accessible and accurate information. Easy accedafdaomation allows operators to adopt new
process optimization techniques. However, theresakeral limitations for the application of these
techniques in the mning industry, and they ar&, [1]:

* Not all techniques are applicable in any situat{tor this reason the technique must be
adapted to the system in which it is used)

* The limitation of the mentioned optimization meteastems from the fact that they are not
applicable in mining in their original form (the mmg environment is different from the
production, in terms of resource consumption ananmihg, production control, labor
requirements, process inputs and culture)

The appropriate methodology initially identifiesdaanalyzes modern management techniques, the
industries that have produced them, and the fathaisled to their success. The characterization of
the current mining production management systest identifies their most important deficiencies,
as well as the differences in comparison with thndestries that were more successful in contrgllin
production.

Every open pit design solution and selected teduyyland mining equipment have several
transformations-designs for the working life, prithafor the sake of new knowledge about the
deposit and accompanying rocks and layers, thelafmwent of technology and the machine industry
into the world as well as to changes in the prickshe drive energy. According to the approach
presented in this paper, there are various probldras are solved by the use of information
technologies, and they are presented by Equipr@etgction, Network Design, Vehicle Routing,
location of the main point / narrow- Hub Locati®@gheduling and Allocation of equiment [2,5,6,7].
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Modern world technologies and development in tighgroductive mining equipment have opened
up great possibilities in the systems of surfaceenal raw materials exploitation, although the mgni
and geological conditions at the mineral deposdilsbere more complex from the aspect of structural,
engineering-geological, physical-mechanical and rigeological characteristic. Optimizing the
management of discountinuous production system#iémpuick and efficient information gathering
across all segments, selection of information resmkiand decision making that will give optimum
results at a given time with the exploitation cdbts provide maximum profit. Based on information
guality efficient management of production procesaad the quality of mined raw materials are
enabled. The development of computer equipmenehabled a quick and efficient way of creating a
model for optimizing production processes, managimgluction costs and minimizing costs.

Taking into account the large number of informatmrculating in the management systems, it is
necessary to introduce the automation of productinagement. The rapid development of
computer science and related software allows depaosideling and parts or overall technological
production processes on open pits. Maintainingnayth production values in time under variable
conditions is a continuous optimization proceduwkich must include all relevant factors by setting
an appropriate methodology. A model for optimizitige management of discontinuous surface
exploitation systems with an economic rating implién analysis of a large number of possible
equipment combinations, work technology and orgation in the function of short-term and long-

term planning of production on a given mine [8,12].

In the first phase of the survey, a review of mamagnt techniques adopted in all industries shoelld b
performed to identify key management techniquesiafiastructure requirements necessary for the
application of these techniques. An overview otitat management in mining operations helps in
identifying the deficiency in both infrastructuredastandard management systems. With designing is
possible to get a methodology for developing keynaggment model components that elude
problems in existing systems and provide the benedif modern management techniques.

In the second phase are analyzed the developmédritrgatementation of the management model in a
particular mine. In this section is perfomed a wiéifin of management model composed of NIS and
an operational-simulation part , which also forrhe tontrol part of the management model. It
presents the list of the software packages thatuaegl, and whose justification for use for these
purposes should be verified in the case study.

Concepts of mining production management are ratluoethe most detailed introduction and
definition:

» work organization- management and organizationarkvin mining production meansmore
precisely distinguishing which tasks constitute #@wtivity and how much they are inthe
process, because the mining production is compofsadertain number of processes,

*  management of the mining production system - mim@gpagement deals with
issues andprocedures that maintain production ftaynto day or from month to month. It
isimportant to define the scope of the decisionsawh decision-making level,

» objectives and scope of the modeling methodolothe-modeling methodology of openpit
mine management with discontinuous production systdevelops key components ofthe
management system, which include a system plan iafidstructure , benchmarks,
management infrastructure, and operational path@fmodel that makes itmuch easier to
make decisions,

e characteristic of mining production - the key reaswhy modern management
techniquesremain unused completely in the mineing thhe cultural, sociological,
technological andorganizational differences thastdxetween mining and those industries
where thesetechniques have been developed,

» the availability of information through the infortimn system - the availability and
structure of information constitutes a crucial elifince between the service industries
ormanufacturing and mining industries. The develepimof information technology
(IT),suitable for this industry branch, remains ajon focus for many mining companies,
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» the use of information technologies in simulatiood®ling and dispatching ofdiscontinuous
surface exploitation systems - a detailed desoriptif a set of input data andcomponents,
basic assumptions, and general structure of thelaiion program. Input dataare one of the
most important aspects in the implementation of @mulation study.Modeling the shovel-
truck system through computer simulation has besgd for manyyears and has wide
application. There are manualy monitoring systesasji-automaticsystems and automated
dispatching systems. Each dispatch system has @ilo components: dispatch criteria and
dispatching strategies.

DEVELOPING A MODEL OF OPEN PIT MANAGEMENT WITH DISONTINUOUS
EXPLOITATION SYSTEM

Developing a management model for all open pitsoisfeasible, since culture, working conditions
and processes are unique to practically every ni$)8,13]. In presenting new management
techniques, those who have developed them most pftesent basic guidelines or methodology, to
discuss key components of new techniques. The &eyponents of the methodology include:

» defining and accepting control matrices, basic aogiliary production system operations
through which both the management system and thduption system can be continuously
improved,

» centralized integrated data infrastructure thak enkble these changes and which is based on
working process technology , as a basic sourceats dnd information, in order to provide
the data and information necessary for managingettiee organizational system in its its
business and production

» a set of product performance metrics and definlegnents of technical support to the basic
model, and

* management infrastructure that takes care of threaiouse of the menaging system through
defining the implementation phases and designingiingport program for  individual
implementation phases and introduction into exatain.

The application and success of the managing magfgrtls on the development of the management
system in parallel with the mining system. The ¢ogf the methodology is organized in two basic
units:

» logistical-informational with three phases of deyghent, and

e operational- simulation with one phase and two-dses of the model development. In
essence,these four phases are organized in twaapdrprovide sufficientdata for structuring
the management model and the correct informatimm find exchange with satisfied results
(Figure 1)

The phase of planning and the construction of gstesn infrastructure - the strategic plan for the
management of discontinuous surface exploitatiatesys model development, observed in the entire
mine operation system, is crucial for the long-teffectiveness of these systems. At this stage it i
necessary to implement some other activities sgchhe layout of the system, the creation of a
production team (representatives of mines and Impamies), the determination of the data
infrastructure, the development of a data modelfliw of data to the process map, identifyingadat
sources, defining the input mechanism data.

Phase of determining impact measures - there are two traditional effect measures: petida (t or

m’) and mining costs (KM/t or KM/A. Most mines have systems for costing and meagurin
performance, and this is important because dedsiorincrease or maintain production should be
based on accurate and relevant information. Withis phase, it is necessary to: design measures of
performance for the control system, determine diagjon measures for process improvement,
organization and production management with cdsefldsigned objectives.
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The stage of building a management structure - in order to use the management model, managers
have an obligation to review information, and malkeisions that are made by certain solutions. At
this stage, the establishment of a control infeeettme, determination of process matrices
responsibility matrices, and design of the corgg@tem model are carried out. All portions related
guality assurance and environmental protectionltth@ad safety at work as well as all management
processes, and auxiliary processes and basic gex#sproduction are described.

Operational phase - defines issues related to the manner of useyterance and future development
of management models, whereby it attaches impatemthe efficient collection and statistical data
processing from the production process itself, thieduse of the simulation model that gives estimate
of the behavior of the system in the future. It egkasy decision-making for management. Planning,
designing, monitoring and managing production systeare intensively relying on the use of
mathematical-logical models of real systems. Modéleeal systems are based on knowledge of the
characteristics of certain technological operatiaml the rules of their interdependence. By
developing a simulation model, we try to capturkevant system characteristics and adequately
describe their changes depending on the chandbe state of the system.

By defining the structure of the integral infornamatisystem on the example of the Ugljevik Coal Mine
and the open pit BogutovoSelo, a tool for efficiamd timely collection of current, reliable and
precise information is set up in a clearly defirsed of information, which further provides a multi-
criteria approach to discontinuous production psscesimulation modelinge, dispatching and
managing them.

logistic - informaional part operating-informational |
part

Collection and

statistical data

processing
Opersting 4 Sdapiat
phaze a0y and!
dispatching

Modeling and

methodology

Figure 1. Development of management model stejes [

Simulation analysis on the NI S database in order to improve the operation of the discountinous
exploitation system - Most real systems that are analyzed by the stipalanodeling method have a
stochastic character of the input (eg, the arrofarucks for loading), as well as internal stodttas
components (eg truck loading time) [1,2,6,10]. Satian models transform the stochastic impact that
it receives from inputs and internal processes theostatistics that represent their output. When i
comes to the analysis of the results, the simuaigosimply a method of statistical sampling and
analysis with certain specifics. The built-in stastic in the simulation model through the inputadat
determines the stochastic nature of the simulagsnlts.

In order to present the developed model and metbgy for analyzing the possibilities of improving
the efficiency of the work of the discountinuoustgyns in the minelife, since the working conditions
are constantly changing (increase in haulage lsngidulage height, changes in work norms etc.), an
example of the work of discountinuous systems o wWaste production on the example of
BogutovoSelo mine during 2015. For the above remdustorical data on the efficiency of the system
of shovel-trucks for a certain configuration of tweface mine BogutovoSelo were taken into account
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(Figure 2). The analysis was carried out by conmgathe fixed mode of operation of the truck with
two possible approaches to improving the operaifdhese systems, [6,8].

e Minimizing the truck haulage cycle, and
* Minimizing the shovel waiting time.

Statistical analysis of input data for the smulation modd - It is important to use data that
accurately reflect the reality for the simulatidntioe real shovel-trucks system. It is very difficio
generalize the input data in order to make the inodieersally applicable. In general, each surface
mine uses different types and sizes of loading hadlage units, the number of landfills, the
configurationof the transport routes network andréfwvould be practically impossible to define a
generalized group of input data for simulation gsial [2,4,8,10].

Statistical models of the system work cycles ar¢heraatical expressions that stochasticly explain
how random variables behave in a given space. Tdrerestochastic models are used in simulations
for generating random variables that explain thieab®r of the actual system in certain operating
conditions. In our case, we will use the data otdd through the informational system of the
Ugljevik coal mine through the 2015.

The map of routes for the track-shovel = v
system on the waste haulage in 2105 |« L3=1555 m

e

South zone

Figure 2. Scheme of transportation of Shovel-trsgistem on the waste in 2015 year

Generating of characteristic random processesfordal system in a discontinuous transport system
model is based on the technical and technologiaemeters of the considerated equipment by the
parameters obtained within statistical analysis #weddata of time recording about certain actisitie
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duration in the transport and loading cycle. Thadlng time of one excavator bucket is calculated in
the function of the stochastic duration of indivadlexcavator operations time cycles in the realkwor

environment characteristics. In Table 1, we hawepsetl the functions of allocating the time of the

excavator activities with the necessary paraméoerSalpac simulation software.

Table 1. Adjusted parameters of the distributioexdfavators time activities

Activity Distribution Distribution with Parameters
PC 3000 — loading time for truck Gamma 60*(0.9600€RAMA(str.,0.69219,58.8339))
RH 120 - loading time for truck Gamma 60*(2.847BOAGAMA(str.,0.63534,30.2740))

Reliability time and cancellation time of the shbaee generated by Gamma and Weibull distribution,
and are determined according to samples of regd@ata in the mine management system (Table 2)

Table 2. Adopted parameters of the failure all@rafor the excavator

Activity Distribution Distribution with Parameters

Reliability time for shovelPC 3000 Gamma 60*(0.96B¥/ GAMA(str.,0.69219,58.8339))
Reliability time for shovelRH 120 Gamma 60*(2.86HRVGAMA(str.,0.63534,30.2740))
Reliability time for shovelPC 3000 Weibull 60*(339 +RVWEIB(str.,0.87350,15.6302))
Reliability time for shovelRH 120 Weibull 60*(0.885 +RVWEIB(str.,0.62672,14.7694))

Reliability time parameters of the trucks for thengration of cancellation and reliability time are
given in Table 3. It is necessary to emphasizettimsame distribution of cancellation and religpil
time has been adopted for all three trucks types tduthe lack of data on new units that are not
currently operating on the open pit and due toneehly more equitable comparison of alternative
combinations.

Table 3. Adopted parameter for the trucks caatieth time distribution

Activity Distribution Distribution with Parameters
Reliability time for truck Bellaz Gamma 60*(7.92FBVYGAMA(str.,0.42938, 184.197))
Reliability time for truck Bellaz Weibull 60*(2.993-RVWEIB(str.,0 .90356, 13.6224))

The average speeds of the full and empty truckg@anerated by a normal distribution based on data
from the Mine system for the adopted haulage rcadeture by the operation phases. The haulage
roads were obtained by linking the center of masthe working benches with the landfill locations,
and for each road section the necessary elementsirftulation (length, inclination, breaking
resistance, etc.) were defined, Figure 2.

Simulation analysis - The simulation model includes the frames of n@@cesses in the system
starting from shovel digging and loading, full tksamotion to the unloading site and returning teuck
from the unloading site to the shovel [2,6,8,10]c@urse, in the model it was not possible to idelu

all the details that appeared in real conditionghef transport system operation, but by the model
validation and verification with the collected daising the mentioned software, the desired accuracy
of the simulation results was obtained in this caady.

In any case, the simulation model, built on thadakcollected in real-time conditions and time¢ada
processed by statistical and stochastic modelectefdynamically in the specific time and spaae th
state of the haulage system on the waste exptmitalihe flexibility of the model is reflected ineth
possibility of considering different equipment stiures in the system and optimizing the parameters
of individual processes in the system as well apecific transport system.In this case study, the
simultaneous work of three discontinuous reverdeatien systems was considered, allowing the
improving possibility the efficiency of the shouelicks system operation. The baseline for system
analysis is the definition of combinations of laagliand haulage equipment in 2015, which are the
following systems:

System 1: Shovel PC 3000 (18)mTrucks Belaz 75135 (130t, 6 pieces),
System 2: Shovel PC 3000 (18)rhTrucks Belaz 75135 (130t, 6 pieces),
System 3: Shovel RH 120 (12 Trucks Belaz 75135 (130t, 4 pieces).
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These three systems had worked in a fixed cycledéndy each shovel was working with the
assigned number of trucks. This operation modéefsystem is a basic system for comparison with
the dynamic cycle of truck operation. The "dispatghmode" means an open cycle for all trucks in
the system, so that in each subsequent cycle tilok tan be loaded with any shovel [2,6,8].A
comparative simulation results overview with statss for different dispatch criteria is shown in
Table 4. Here, the FCK represents a fixed cycleunks, that is, a base operating system version in
2015 with which we compare possible variants ofdperation of the discounted systems. In addition,
two modes were analyzed - minimization of the tragkle duration MTCK and the minimization of
the shovel waiting timeMVCB .

As expected, the simulation results show that threecof the simulated production, in function of th
number of trucks, has the same characteristickeasystem production curve in 2015, Figure 3. The
system production capacity is constantly increasiity the increase in the number of trucks in the
system to the point of saturation of the systemhen& the curve begins with a slight fall. At this
moment, shovels work with maximum utilization, wiimakes them no more growth in capacity
regardless of the addition of trucks to the systiéns also interesting to note that the curveshef
simulated capacities are always below the ideahermaximum theoretical capacity of the system.
This particularly emphasizes the validity of thgitoapplied in the simulation model.

Both additional considered criteria increased tleglpction of the shovel -truck system. However,

since the simulation is a stochastic experimeris, iecessary to statistically establish the viglidf

these increases. Therefore, the fixed system id asethe base system, and all other systems are
compared with it to determine statistically sigeéfint increases in production. Figure 4 shows the
percentage difference in production in comparisah the fixed (closed work cycle).

Table 4. Comparative presentation of simulatiorapeaters for different dispatch criteria

Humber of | Dispatch | Simulated increase in ’
trucks in | criterion | production | production Shovel capacity, tiyear
operation tiyear %
Shovel 1 |_5h1:-1.rel 2 | Shovel 3
FCK 4436366 1676010 1761360 GRED0Ss
14 MTCE 1339691 1.0233 1707855 1801871 1029263
MVCE 4529701 1.0210 1707855 1801871 1019973
FCE 4528033 1710627 | 1797750 | 1019636
15 MICK 1636695 10240 1751693 1240204 1044107
MVCE 4613603 1.0189 1742068 F831727 1038907
FCK 4605862 1740044 18218654 1037164
16 MTCK 17390235 1.0289 130:44 26 1872542 1062056
MVCE 4714254 10235 1793085 1853398 1046870
FCK 4705809 1777803 | 1868336 | 1059670
17 MICK 4337 1.0505 1871849 19393884 1111594
MVEB 1000138 1.0432 1855493 1959324 | 1004322
FCK 4744038 1792245 | 1883514 | 1068279
18 MICK 1957520 1.0450 1572895 1963272 1116351
MVCE 1201118 1.0331 18456013 1945437 1105669
FCK 4719166 1782849 | 1873639 | 1062678
19 MICK 4578202 1.0337 1842031 1956781 1098490
MVEB 1857820 1.6315 18350089 1932659 1096153
FCK 4697979 1774845 | 1865227 | 1057907
20 MICK 4837979 1.0298 1827735 1920811 1089433
MVCE 1824824 1.0270 1822766 1915538 1086471

It's noticeable in the analyzed dispatching alpong, they have a proper effect on the system
production increasing, but the percentage of irgeréa in the function of saturation of the systgm b
trucks. Both of these criteria achieve better adficy if the number of trucks in the system ishe t
optimal range, 17 to 18 in this case. The percentagrease is constantly increasing to the optimal
number of trucks in the system, which occurs aralihdrucks, where the rapid decline begins in the
percentage increase for all systems. If the systemnsaturated or overloaded with trucks, the
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percentage of increase in production is almostsdrae for all algorithms. Therefore, an analysis of
the effects of the dispatch criteria should beiedrout for each dispatch system for the full ranfje
trucks in the system from unsaturated to saturated.

simulatzd gystam production parcantags Increzes in produstion
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Figure3.Comparative overview of capacity
Figure 4. Percentage capacity growth in relatiomugtionto the System

In the case oMVCB in relation to theM TCK criterion, the results show that the remote stsoweéll

be constantly less used (Figures 3 and 4), anditfegences in the waiting times of shovels are enor
pronounced for systems with fewer trucks. Thisxigl@ined by the fact that tHdTCK criterion send
trucks to shovels where they can be fastest loadathe shortest cycle of trucks, which means that
shovels with longer cycles will accumulate more tiagi time. The shovel waiting time is
proportional to the haulage length in the caséneMTCK criteria.

The MVCB criterion tends to distribute the waiting time faninly among all excavators because the
trucks are alternatively distributed by shovels,ichhgenerally generates a minor increase in
production by this criterion. With the increasetli® number of trucks in the system (Figure 3), the
efficiency of these criterias decreases as theethwsgiting time becomes insignificant, so shovels
work with maximum performance. Consequently, theneo increase in production with the addition
of trucks to the system when the system goes @a@ondition of saturation with trucks, and we can
conclude, for this case of analysis, that MiECK algorithm can achieve superior quantitative results
in production, achieving a higher production of 058 compared to theCK. The case study in this
paper has shown that the considered algorithmscoatribute to the optimization of discontinuous
exploitation systems in concrete working conditig@st,5,6,8]. In the case of analysis using the
MTCK algorithm, the results showed that a significantigre efficient system operation can be
achieved. This criterion uses closer shovls so ti@twaiting time is proportional to the haulage
distance length of the truck. The difference in ghevel waiting time is more pronounced with a
smaller number of trucks in the system.

This can be explained by the fact that this ciaterdistributes the truck to the shovel where it wil
most likely be loaded, which causes the trucksiligion to the nearest shovels, because onlyah th
case the truck exceeds the shortest length,aadhi¢ves the shortest cycle.In the case oMK€B
algorithm, the shovel waiting time is minimized,dathe production capacity is maximized. The
prediction of this criterion is that the shovel tirag time is distributed among all sovels, sinceks
will alternatively be distributed by shovels. Thisocedure allows almost equal use of all shovels. |
should be noted here that the difference was ia@gpor waiting time only due to different driving
times.

CONCLUSION

The motivation and goal of the research in imprgvime organization and management of loading
and haulage equipment on the open pits are the tlaat traffic is a phenomenon with negative effect
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in its parent process and that in mining haulag® dlas an impact through the fact that mines
constantly grow in the size and scope of produétawacity. On this way defining the size of the
fleet, and thus the volume of traffic are with aarimportance. Any improvement in the coordination

and management of the loading and haulage equipsystem will ultimately lead to higher
productivity, revenue increasing with a reducfimosts.

An obvious need for better control, new informatém communication technologies, and knowledge
management needed to get value from the informatiate has focused attention on tactical
management. Developing a management model forpath @it mines is not feasible, since culture,
working conditions and processes are unique foosimrevery mine. The application and success of
the management model depends on the developmehe ahanagement system in parallel with the
mining system. The logic of the methodology is orgad in two basic units: logistical-informational
(with three phases of development) and operatisimaldation (with one phase and two sub-phases of
model development).

The development phases of the logistics informasgstem unit are composed of: planning and
building the system infrastructure, determining swgas - the way of valuation and performance, and
building of management infrastructure.Operatiomalegation system unit is developing an
operational phase-dispatching process, dealingigsties related to the way of use, maintenance and
future development of the management system (¢mlte@nd statistical processing of data, and use
of the simulation model)

As a rule, management systems evolve over timeecesdly when it comes to changes in the
management system. Some of them have been apptiedssfully, and some have failed. Difficulties
in the application of these techniques are the emumsnce of the differences between the industrial
branches in which they originated and the minirdusiry, which is stated above. Therefore, it was
necessary to make appropriate analyzes and tondaetethe specificities of mining, as well as the
requirements that modeling techniques should Futfithis branch of industry.

(Received March 2019, accepted April 2019)
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