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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DIGITALIZATION AND THE POTENTIAL FOR IMPROVING
THE DESIGN AND PLANNING OF MINING OPERATIONS
IN OPEN CAST MINING

Abstract. Modern traditional and most widely used technologies for the development of mineral deposits by the
open method using cyclical technologies have significant potential for improving efficiency and reducing the cost of
mining and transport operations. This article focuses on how and by what means this potential can be realized.

The potential and directions of improving the efficiency of mining and transport operations on open cast mining
are revealed by the example of scientific and practical research using the methodology of automated corporate
management of geotechnological complexes.

Today, in the field of open-pit mining, most widely automated accounting and control systems, and also,
automated dispatching systems for mining and transport operations managing are used. However, they make it
possible to realize only a third of the existing potential for improving the efficiency of the mining process.

In conclusion the article concludes that in the context of the transition to Industry-4.0, improving the efficiency
of mining and transport operations on open cast mining is possible only on the basis of a unified methodology of
design, planning and management of geotechnological complexes, developed on the basis of in-depth analysis in the
framework of an automated corporate approach using the economy of process management.

Keywords: mining-transport work, management, organization, efficiency, digitalization, automation.

Introduction.

To increase the efficiency of mining and transport works in open pits with auto, rail and combined
auto-rail transport, accounting and control systems, automated dispatching systems of mining and tran-
sport works are traditionally used. At this level of organization of production management, only a small
part of the potential for improving efficiency is realized. Analogical directions are developed in geology
[1]. It’s possible mainly due to the increasing the discipline of production and faster and more efficient
distribution of trucks on loading and unloading points. For a more complete realization of existing potential
at the enterprise, a more complete and in-depth digitalization of the main production processes is required.

The modern stage of development of automation of mining technological processes, characterized by
flexible and non-standard production, corresponds to the concept of "Industry 4.0", which is based on two
fundamental principles [2]:

1. Automated intellectual interaction between the operator and the equipment involved in the
production process.

2. Relationship of logistics operations throughout the value chain of cost forming of the product to
increase the efficiency of technological processes.

The necessary approach can be implemented in the framework of the automated corporate mana-
gement system of the geotechnological complex (the AKSU GC) “CEBADAN-Mining”, the structure and
content of which are presented in figure 1.

— 146 ——
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_ AUTOMATED CORPORATE MANAGEMENT
SYSTEM OF THE MINING-TRANSPORT COMPLEX

ARNEAT]

h v

P PIF0 CIUPMRE X 3FS RLLT R
AUTOMATED SYSTEM FOR DISPATCHING AND MONITORING IS BLOCK OF TECHNICAL AND ECONOMIC ANALYSIS AND OFTIMIZATION [
Ly THE MINING COMPLEX ASMED MTW «NET MOM» OF THE MINING TECHNOLOGICAL COMPLEX a _3 ‘_)

REDUCING THE COST OF MINING AND TRANSPORT OPERATIONS W T }

= N o . EXCAVATOR AND RAILWAYCOMPLEX MHTALADHHDE SIMULATION MODEL =
EXCAVATOR-TRUCK COMPLEX PLANING OF MINING AND TRANSPORT OPERATIONS
EXCAVATOR-TRUCK-RAILWAY COMPLEX PLANNING OF REPRODUGTION OF PRODUCTIONGAPACITIES
OPERATION OF THE MODE AND OPERATING CONDITIONS
OF THE MINING COMPLEX

Figure 1 — Structure and content of the automated corporate management system
of the geotechnological complex “CEBADAN-Mining”

The system includes the automated monitoring and dispatching system for mining and transport
operations — ASM&D MTW “Net-MOM|”, based on the information and technical platform of the posi-
tioning and communication system — ASP&C. The second important module of the System is the
analytical block, which is based on the methodological support of technical and economic analysis of the
functioning of geotechnological complex utilizing specialized method of simulation modeling of analyzed
mining and transport processes. The third module is an automated system for the adoption and monitoring
of management decisions.

The main task resolved within the System is the intellectual interpretation of information about the
dynamics of factors of external and internal environment of the enterprise. Accordingly, intellectual
analytic data processing plays a key role: a methodological base, implemented in the form of software,
that not only records and transmits the data received from sensors, but also forms operational solutions
based on a holistic view of the content of the process in a particular context. Thus, within the framework
of the AKSU GK system, a completed cycle of analytics 3.0 has been implemented, which ensures conti-
nuous production of the necessary information, search for optimal management decisions and a feasibility
study of their implementation.

One of the main functions of the AKSU GK is a quality, reliable and operational information support
of the management system of the geotechnological complex, based on its adequate and deep digitalization.
In order to implement this, the task of organizing the collection, processing and production of derivative
information about the work and the state of the geotechnological complex of the enterprise is being
solved. At open-cast mining, notion of a “geotechnological complex” is a single complex of the mine
workings and the mining and transport system of a quarry, as it is assumed by the notion of “Geotech-
nology” [3]. Accepted, within the framework of the adopted approach, as a single object of automated
management, the geotechnological complex is characterized by its specific mining and technical, mining
and geometric, mining and geological, organizational and economic parameters, which should be
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adequately taken into account. The first task related to the digitization of production processes is solved at
four principal levels.

The first level is related to the formation of initial database, which includes existing standards,
technical characteristics, principles of production organization, indicated in the relevant instructions,
accepted methods, restrictions, equipment certificates, design solutions, work plans, etc.

At the second level, the collection of the necessary objective, reliable and operational data is
provided by the generated automated positioning and communication system. The first to be resolved are,
issues of operational accounting of the state of all elements, subsystems and the geo-technological system
as a whole. Information is recorded with a certain step. At the same time, the data on the operating time
and downtime of the equipment is generated. Working time, as well as in idle times, can be recorded by
separate operations (excavation, preparation of the face, stages of the excavation cycle, technological and
unplanned downtime, reservation time of transport sections, etc.) and in general per shift. At the same
stage, according to the approved methods, the primary data from metering and control devices on the state
of the fuel tank, tire pressure, useful mass, energy consumption, current and average speeds, and the
amount of emissions are accumulate.

An important condition for collecting and processing information at the second stage is operational
economic assessment of the forming cost of mining and transport works by the end of each shift. An
economic-mathematical model, built into the monitoring and communication system, allows to evaluate
and summarize all integrable costs by operation and, depending on the actual performance of the mining
and transport complex, calculate their unit cost per ton/m3.

At the third level, in the automated mode, all derivative information on work of the mining-transport
complex is formed. This information further is analyzed by specialist.

At the fourth level the formation of information data on the work of the mining and transport
complex, at analytic stage, as part of technical and economic analysis of the actual it’s work on the data
formed at the second stage, using a reliable model of the mining and transport complex operations,
develops more effective and predictable options for its functioning.

The architecture of the «EcoStruxure» software and information complex of «Schneider Electricy,
one of the largest players in the field of industrial automation, was built in a very similar way [4]. The
system is based on a three-tier architecture, which combining all the equipment at the object, and is
capable of collecting, analyzing and using the information obtained. At the bottom level — connected
"iron", for example, shields, flow meters, sensors, and so on. Products and solutions for the collection and
processing of primary data — this is already the second level. The third one occurs when various appli-
cations and services that evaluate all the processes at the object and give recommendations for optimizing
its work.

The distinctive feature and effectiveness of the application of automated control systems for Geotech-
nological complexes, in comparison with the traditionally used automated accounting and control systems
in the world, as well as automated dispatching systems for mining and transport works, are shown in table 1.

Firstly, automated accounting and control systems, as well as automated dispatching systems for
mining and transport works, due to the limited realizable accounting and control functions, operational
regulation and partly organization of the production process, are clearly limited in realizing the existing
potential for improving the efficiency of mining-transport quarry systems. In this case, the potential to
reduce the cost of mining and transport works is 5-10% by eliminating unauthorized fuel discharges,
increasing production discipline and eliminating some downtime of the main mining and transport
equipment, which depends on the quality of operational distribution of transport on loading and unloading
points. Unlike them, unified management of the geotechnological complex, implemented with the help of
AKSU GK, provides an opportunity to reduce the cost of mining and transport works by 20-30% or more.

Secondly, automated dispatching systems for mining and transport works, as calculations show and
confirms the practice of their use, have a limitation on their profitability. On quarries with the number of
transport units less than 10-12 pieces they do not pay back themselves. Therefore, as a rule, in small and
medium open-pit mines, especially those not related to the extraction of precious minerals, they are used
much less frequently and do not provide a possible economic effect.

At the same time, in-depth automated analytics, based on in-depth automated digitalization of the
process of functioning of a geotechnological complex, allows to realize a significantly greater potential for
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Table 1 — The effectiveness of implementation of the main functions of mining and transport operations management
in the framework of the AKSU GK

EFFECT AND CONDITIONS LEVELS OF EFFECTS
FUNCTIONS @ OF ITS GAINING Q LEVH‘GN;"%FE . @ POSSIBILITIES
Recording Once only for
5-10% Improvement of
Control Dispatch ;:Ir.ud.u:l:.tm'n
Regulation Operationally system mnI:i(’i:frilr:le'nf
o within the frames bl
Organization ol & shift major TEI
Norm setting
In case of permanent L
SHmilation performance up to 30% Upr"n?d'i:t::' d"f
Analytical =
Planning » it g; the cund!lluns of
Within the frames of short-, ACMS GC operation of the
Regulation medium- and long-term major technological
o periods equipment
Organization

competitiveness in comparison with an approach focused on the use of high-level production capacities,
main mining and transport equipment, as follows from table 2 [5].

As follows from the data presented in the table, factors of automation, integration and perfect organi-
zation of mining and transport operations play a significant role in mining. Practically similar conclusion
can be drawn from the diagrams shown in figure 2. It follows from the diagrams that a complete
renovation of the main technological equipment with the former system of management of mining and
transport operations allows for a temporary cost reduction of 10-15%, but with each subsequent year of its
operation, this effect decreases and disappears. At the same time, only replacement of the organization of
the mining and transport complex management to ones with a corporate and process ensures a reduction in
the cost of mining and transport operations by 30-35% and more, and over the years this effect remains
unchanged. Ideal case incurs the automated corporate management of the mining and transport complex
combined with the optimal level of its profitability.

Table 2 — Factors of competitiveness of a mining enterprise

M/N | 3NEMEHTbI M X TPYTMbI —

1 3 INEMERTHI TEXHWYECKOM [PYNNbI :

11 YpoBEHE NPOHIBOLCTBEHHIX TEXHONOT A : 12 16

1.2 Yposews ocHOBHOrD W BCNOMOrATENLHOrD 0BOPYNDBaHMA i 10 : 14

13 i YposeHs MHHOPMBLHDHHEIX CACTEM i WX TEXHWHECKNX CPEACTE : 1 i 0,5

14 ©  Yposems CHCTEM B 0 yng  poboTOTEXHAKK : 2 1

1.5 © Yposess 7 GBTOMETHIUD # CACTEMbI YIPaBINEHWA TEXHONOM WHECKAMMN NPOLECCAMM ] 18 [

16 Yposens s ; i ACY o 10(6+k) 3

17 © Yposexs ynp pO¥3BOACTBEH 0 M W PEMOKTH-TOQATIHTHHECAMH POLECCAMH B NaHe ColmoneHs ‘ 1 05
TEXHONOTAYBCKHX HOP Wip TEXHMHA W Tpyna

18 © [TeneH ONTMMM3AUMM TEXHONOMMSECKHX NPOLECTOR M IHCTTYTALMOHHBIX P patios oiop A : 12 L
{MaTEDIAN0= ¥ 3HEPTO3dHEKTMBHOCTE, HAHECTED NPOMY L} ee )

1.9 Crenesb KOMNNEKCHOTD MCNDNL30BAHKA CHIPLEBLIX PECYPCOB £ 2 1,5
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At times of lack of investment resources, the most significant direction of intensifying the reduction
of mining production costs without significant capital investments is the introduction of process mana-
gement of the mining and transport complex [6,7]. The process approach in production management
allows more fully and efficiently to realize its basic functions of planning, organizing, rationing, regu-
lating, controlling and accounting for the operation of the mining and transport complex, which greatly
increases its efficiency and, therefore, the competitiveness of the enterprise itself.

The process management of the mining and transportation complex in a quarry is carried out by
taking into account a combination of factors of the external and internal environment of an enterprise
based on economic and mathematical modeling of production processes [8]. The basis for managing
production processes is automated monitoring and dispatching of mining and transport operations within
the corporate management system, which ensures the rapid collection and analytical processing of reliable
information on the operation of the mining and transport complex in specific mining and technical, mining
and geological, economic and organizational conditions for its functioning [9,10].

The basis of intellectual automation of production processes is an economic-mathematical model that
provides formalized economic representation of economic objects, processes, phenomena and their inter-
connections [11,12].

As practice shows, overwhelming majority of modern mining enterprises use an economic analysis
system that corresponds to the functional management of the mining transport divisions and is based on
local criteria: an excavator park - the cost of the rock mass mining, a park of trucks and locomotives - the
cost per ton-kilometer, etc. [13-16].
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Figure 4 — Efficiency of organizational and technical factors of mining production

In general, according to the technological scheme of enterprise, the main economic indicator of its
work is the cost of 1 ton (or 1 m®) of extracted mineral raw materials. For example, the indicator of the
cost of extracting rock mass, which is considered as a complex and widely used in the T. Kemm model
[17-18] of the formation of costs for open work, is calculated by

c=cy+ kyc,, (1)

where Cq is the cost of mining without stripping operations, USD/t; C, is the cost of stripping, in US
dollars/m®; K, - stripping coefficient, m’/t.

As can be seen, this approach suggests calculating the cost of production by simply summing up the
values of two albeit key, but separate indicators: the cost of extracting the useful mineral and the cost of
overburden excavation.

In the proposed approach, the main criterion of economic efficiency of the results of mining-transport
complex work is the specific current costs of extracting one cubic meter of rock mass, calculated by the
formula:
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CE+A (2)

b

CRM VM
where Cg - operating costs; A - depreciation deductions; V, - the volume of extracted rock mass per
shift, m’.

The optimization of the parameters of the mining and transport complex in a quarry with a combined
transport (for example truck - rail way) is made according to the criterion of minimum unit operating costs
with an objective function of the following form:

Crm = f(Ce, Cg, Cryyy Cyp) = min, (3)

where C., C,, C, and C, — respectively specific operating costs for excavation, auto transport, rail way
transport and overloading warchouses. At the same time, indicators on the volumes of mined ore,
overburden, as well as the average content of the useful component in the ore serve as limitations.

The scientific and methodological base of the analytical unit of the AKSU GK allows not only to
analyze and purposefully correct the current state of the geotechnological complex, but also to conduct a
technical and technological audit of new design, investment, innovative and organizational solutions. At
the stage of implementation of the AKSU GK with the help of an analytical unit, a preliminary technical
and economic assessment is carried out, which makes it possible to determine with a high degree of
accuracy existing potential of a real increase in efficiency and a decrease in the cost of mining and
transport works. For large and medium-sized quarries, it is usually about 15-30%, which provides savings
of about $1-3 million/year. In contrast to automated dispatching systems, due to a more complete
realization of the existing potential, the use of this system is economically feasible in small pits too.

Conclusion. In condition of the transition to the Industry-4.0, the main drivers of which are
digitalization and automation, for the successful implementation of the existing potential to improve the
efficiency of open cast mining operations, it is obvious the expediency of developing a unified methodo-
logy for the design, planning and management of geotechnological complexes on the basis of in-depth
analytics (operational level) within the automated corporate (integrated) approach using the economy of
process management.

The scientific direction was implemented by grants of the Science Committee of the Ministry of
Science and Education of the Republic of Kazakhstan, within the framework of the state program-targeted
financing of scientific research and economic agreements with enterprises of the mining complex of the
Republic of Kazakhstan.
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AIIBIK TAY-KEH ) K¥MBICTAPBI KE3IHJIEI'l TAY-KEH TPAHCIIOPTBIHBIH
KYMBICTAPBIH 9JIEYETTIK KOFAPIAY TUIMALIITT
JKOHE CAHJIBIK )KYHECIH )KOBAJIAY JKOHE )KOCIIAPJIAY

AnHoTauus. [IuKIIik TexHoIOTHsIapAbl aiaaiaHa OTBIPHIT, alllbIK JIICTIEH Makiaaibl Kaz0amap KeH OpbIH/A-
PBIH WTepYHiH Ka3ipri 3aMaHFbl AOCTYPJI JKOHE KEeHiIHEH KOJIAHBUIATHIH TEXHOJOTHSUIAPHI Haigansl KazOamaps
OHJIIpY KOHE TachIMall/1ay J)KYMBICTapBIHBIH THIMJIUIITIH KOFapbUIaTy )KOHE KYHBIH TOMEHJIETY YILIH eJIeyIli aJeyeTKe
re. Makanazna OChl QJIEyeTTi Kajai iCKe achIpyFa OOJaTHIHBIH KapacThipalbl. Kapbepreri Tay-KeH jKOHE KOJiK Ky-
MBICTapbIHBIH THIMALICIH apTTHIPYIBIH oJieyeTi MeH OarbITTapbl Ie€OTEXHOJOTHSUIBIK KeIeHJIEpi aBTOMAaTTaH-
JBIPBUTFAH KOPIIOPATHBTIK 0acKapy dHiCHAMACHIH KOJIaHA OTHIPHII, FEUIBIMU-IIPAKTUKANBIK 3ePTTEYIICD MBICATBIHIIA
AHBIKTAJIJIBL.

ByriHri TaH#ma ambIK Kapbepli OHIIPY CalachlHOA €H KON OyXTalTepiiK >KOHEe OaKbpLIayJblH aBTOMATTaHIIbI-
pBUIFaH XKyiienepi, Tay-KeH jKoHE TachIMasay ONepalusuiapblH aBTOMATTAHABIPBUIFAH JUCIETYEpIey Kyheci Kosua-
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HBUIATHIH. AJaiina, onap Tay-KeH >KYMBICTapBIHBIH THIMILUTITIH apTTHIpy YIIiH Oap oieyeTTiH YIIiHII OeiriH FaHa
icke aceIpyFa MYMKIiHOIK Oepeni. Makamanga omeyeTTi OapblHIIA TOJBIK ICKE achlpy MEXaHW3M MEH MYMKIHTIKTepi
aIubuIabl. ABTOMATTaHABIPY JKOHE CaHIbBI )KYHeCi THICTi FRUIBIMU-WHHOBALMSUIBIK QJICYETTi NAMBITY KaFIaidbIHIa
FaHa KaXKeTTI HOTH)KE OCPETIHIH aTam OTKEH JKOH.

VIHBeCTHIIMAIIBIK pecypcTapiblH JKETICIeYLIIiri skaFAaiblHAa Kypledl KamuTajabl CalbIMAApChI3 Tay-KeH
IIBIFBIHAAPBIHBIH TOMEHJCYIH JKeNeNIeTyIiH MaHbI3Abl OAFbIThI Tay-KeH-KOJIK KeLIeHIH TeXHOJOTHSIIBIK OacKapyabl
eHri3y Oosbin Tabbutansl. [Iponecc Tacii - OyJ1 KOCIMOPHIHHBIH KBI3METIH ©3apa 0aiaHbICThl OHAIPICTIK MpoiecTep
KHUBIHTBIFBI PETiHAE KapacThIpaThlH OacKapylblH Ka3ipri 3aMaHFbl TYXXbIpbIMJaMachl. OHaipicTi Oackapynarbl
TEXHOJIOTHSUIBIK TOCUT 0i3re Tay-KeH-KOJIK KCHICHIH JOcCmapiay, YHBIMAACTBIPY, PETTey, OaKbulay >KOHE eCernKe
AITyAbIH HETi3r1 (YHKUMSUIApBIH HEFYPIIBIM TOJIBIK JKOHE THIMJI JKY3€re achlpyFa MyMKIHJIIK Oepeni, OyJ1 OHBIH THIM-
JIUTITiH, JeMEK KOCIMOPBIHHBIH 0dceKere KaOLIeTTUIITH alTapIbIKTall apTThIPaIbL.

Kapbepzeri Tay-keH-KeJIiK KEIIeHIH TEXHOJOTMSUIBIK OacKapy eHAIPICTIK IpolecTepii SKOHOMHKAIBIK JKOHE
MaTeMaTUKAIBIK MOJENBACY HETi3iHIe KOCIMOPBIHHBIH CHIPTKBI JKOHE IMKi OpTachl (haKTOPIApBIHBIH YHIECIMIH
ecKepe OTBIPBIN JKY3ere achIphUIanbl. OHIIPICTIK MporecTepai OacKkapyablH HEri3i KOpIopaTuBTI Oackapy Xk yieci
asICBIHZIA Tay-KEeH JKYMBICTAPbIHBIH aBTOMATTAHIbIPBUIFAaH MOHHTOPHHT JKOHE KecTeci OONbIN TabbLIajbl, OJ1 HAKTHI
Tay-KEeH, I'€OJIOTHSIBIK, SKOHOMUKAJBIK XXOHE YHWBIMIACTBHIPYIIBUIBIK JKardaiiapblHaa Tay-KeH TachklMaiiay Kele-
HiHIH )YMBICBI TypaJbl IIBIHANBI AKIAPATTHI XKEAEJ JKHHAY JKOHE aHAJIMTHKAJIBIK OHJIEYAl KAMTaMachl3 eTefl.

Makanaza ambsuFaH Tarbl Oip MaHBI3IBI calla - KapbepiepIiH IT€0TeXHONOTUUIBIK KEMICHIEePIH TYPAKThI JKOHE
OarapiaHFaH TEXHOJOTMSUIBIK >KaHFBIPTY YIIIH HUQpIaHbIpyAbIH ipreiii MaHb3AbUIBIFBL. Lludpaanabipy, OHBIH
Ma3MYHbI OOMBIHINIA, YHEMI JaMBbIIl KeJie JKaTKaH FhUIBIMHU-OJIICTEMEITIK QJICYeTKEe COHMKeC Keilyl Kepek, OYJI reorex-
HOJIOTHSUTBIK, KeIICHEP/IiH JKYMBICBHIH Carajbl JKeell Tanjgayra MyYMKIHAIK Oepeai. By opTypii nHHOBaLusuIapAbIH
TEXHHUKAJIBIK >KOHE YHBIMIACTHIPYIIBIIBIK THIMIUINH Oaranayra MyMKiHIiK Oepeni. Ludpmanaeipy — Oy kacin-
OPBIH/IBI )KaHAPTY MPOLECIHIH HEri3ri Ke3eHAepiHiH Oipi >koHe OHBI TEXHOJIOTHSUIBIK cascar asChIHAA JKYHel Typae
KYprizy kepek. ON KoCIMOPBHIHHBIH MEHeDKepiepi MEH TalJayIIblIaphl YVIIH OHBIH JaMmy CTPaTeTHACHIH aHBIK-
TalTBIH THIMII KYpaJiFa aifHaIybl KepeK.

[e0TeXHOMOTHSIBIK KEMICHICPAi KOPIOPAaTHUBTI OacKapydblH aBTOMATTAHIBIPBUIFAH JKYWeNepiHiH Oarmapia-
MaJlbIK-aHaINTHKAJBIK TTOTEHLMANbl Maiaaisl Ka3bagap KeH OpHBIH HMrepyli jkoOanay aschlHIA iCKEe achIpbUIFaH
Te0TEXHOJIOTHSUIBIK KeIleH ]l xobanay caThIChIHIA, COHOal-aK oJapbl Maiianany Ke3eHiHe, KHi Ke3AeceTiH KaliTa
Kypy Ke3iHze Oackapy wieurMepin asipiey kesiHie e Oipieil KoaaHbulybl Kepek. Tay-KeH OHIIpICiHAeri OpHBI.
BipbiHFaii onicTeMe KeH OpbIHIAPBIH MaiiaaHy Ke3eHIHJIe JKY3€ere achIpbUIaThlH SPTYPIIl LIapajap/bl )o0asay/IbiH
TUIMIUIITIH CaJIbICTBIPMAaIIbl Oarasay/ibl )KYpri3yre IpaKTHKAJIbIK MYMKIHIIK Oepei.

KopeiTeiHabiIail kene, Makanaaa Mugycrpuannei-4.0-re xkenry Ke3iHJe, aBTOMaTTaH/bIPbIIFAH KOPIIOPATUBTIK
TOCUIIIH LIeHOEpiH/Ae TepeH Tajjay HeETi3iH/Ae 93ipJeHI'€H IeOTEXHOJIOTHSIIBIK KelIeHAepl skobanay, rmpoiecrepi
Gackapy/blH SKOHOMHKACHIH NaliaaaHa OTHIPHII JKOCTIapIiay jKoHe OacKapyIblH JKallbl 9AiCHaMachl HET131H/e alibIK
Tay-KeH OHJIPiCIH/IE Tay-KEH KYMBICTAPBIHBIH THIMILIITIH apTTHIPYFa O0JIaabl T KOPBITHIHIBI XKacalabl.

Tyiiin ce3aep: Tay-KeH >KYMBICTApBIH XKYpi3y, Oackapy, YHBIMIACTHIPY, THIMALIIK, CAHABIK JXKYiie, aBTOMATTaH-
IBIPY.
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NUOPOBU3ALINUA U ITIOTEHIUAJI IIOBBIIIEHUSA 2OPEKTUBHOCTU TIPOEKTUPOBAHUA
N IIVIAHUPOBAHUS TOPHOTPAHCIIOPTHBIX PABOT HA OTKPBITBIX PABPABOTKAX

AnHoTanus. CoBpeMeHHbIE TPAJAUIIMOHHBIE W HamOoJee MUPOKO MPUMEHsSEMbIE TEXHOJIOTHH OCBOEHHS MeEC-
TOPOKACHUH MOJIE3HBIX MCKOMAeMbIX OTKPBITBIM CIIOCOOOM C MPUMEHEHHEM LUKIMYHBIX TEXHOIOTUH NMEIOT CyIIe-
CTBEHHBII TNOTEHIMA] MNOBBINIEHHsST Y(P(EKTHUBHOCTH W CHIDKEHUS CEe0ECTOMMOCTH T'OPHOTPAHCHOPTHBIX padoT.
CraThs MOCBSIIEHA TOMY, KaKUM 00pa3oM M 3a CYET Yero MOYKHO PEaln30BBIBATH 3TOT MMEIOUIMHCS MOTEHIHAIL.
[MoreHuuan U HanpaBiieHUs MOBBILIEHUS 3((PEKTUBHOCTH FOPHOTPAHCIIOPTHBIX padOT B Kapbepe pacKphIBAlOTCS Ha
IpUMEpe HayYHO-MPAKTUYECKUX UCCIEN0BAHUIN C HCHOIb30BAHUEM METOAOJIOIUH aBTOMAaTU3U-POBAHHOIO KOPIOpa-
TUBHOI'O YIPAaBICHUS I€OTEXHOJIOTHYECKUMHU KOMILIEKCAMHU.

Ha cerogns B 001acTH OTKPBITHIX TOPHBIX pabOT HauOoJblLIee paclpoCTpaHEHUE IOJYUYHIM CHCTEMBI aBTO-
MAaTU3UPOBAHHOIO y4Y€Ta M KOHTPOJIS, aBTOMAaTU3UPOBAHHBIE CHCTEMBI JHCIETYEPU3ALMU TOPHOTPAHCIOPTHBIX
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pabot. OTHAKO OHH TO3BOJITIOT PEATM30BATH TOJNBKO TPETHIO YaCTh MMEIOMIETOCs IMOTEHITHANA TOBBIIICHUS d(hdek-
THUBHOCTH JOOBIYHOTO mporecca. B craTbe packpbiBaeTCs MEXaHW3M M BO3MOXXHOCTH B CYIIECCTBEHHOH CTENECHH
OoJiee MOJNHOM peajM3alliyl UMEroLIerocss noreHuuaina. OTMevaeTcsi, YTo aBTOMAaTH3aMs U MU(POBU3ALUA MOTYT
JaTh HYXKHBIA 2Q(EKT JINIb B YCIOBHUAX Pa3BUTHS COOTBETCTBYIOLIEr0 HAyYHO-HHHOBALMOHHOTO [IOTEHIIHATIA.

B ycnoBusax neduunTa MHBECTUIMOHHBIX PECYpCcOB HauOOJIee CYNIECTBEHHBIM HANpaBiIeHHEM HHTEHCHU(H-
Kalluy CHIDKEHHUS 3aTpaT TOPHOTO NPOU3BOACTBA 0€3 3HAYMTEIBHBIX KAITUTAIBHBIX BIOYKEHHH SBISETCS BHEIPEHUE
MIPOLIECCHOTO YINPABJCHUs] TOPHOTPAHCIIOPTHBIM KOMILIeKcoM. IIponeccHbli MOAX0A — COBpEMEHHAas KOHIIEIIINS
yYHpaBJICHHsA, KOTOpasa pacCMaTpruBacT ACATCIbHOCTD MPCANPUATUA KaK COBOKYITHOCTh B3aUMOCBA3aHHBIX IPONU3BO/I-
CTBEHHBIX IporeccoB. [IpoueccHbIi NOAX0 B YIPaBISHUU IPOU3BOJCTBOM ITO3BOJISIET 00JIee MOIHO U KaYeCTBEHHO
pean30BBIBaTh €T0 OCHOBHBIE (DYHKIMH INITAHWPOBAHUS, OPraHU3aIlK, HOPMUPOBAHHUS, PETYJINPOBAHUs, KOHTPOJIS 1
ydera paboThl TOPHOTPAHCIOPTHOTO KOMIUIEKCA, YTO B 3HAYMTEIBHOW Mepe MOBHIMIAET ero 3¢GQeKTUBHOCTb, a
3HAYUT U KOHKYPEHTOCIIOCOOHOCTH CaMOTr'0 IPEAIPHUSTHSI.

[NpoueccHoe ynpaBieHHEe TOPHOTPAHCIIOPTHBIM KOMIUIEKCOM B Kapbepe OCYILECTBISIETCS C YYETOM COBOKYII-
HOCTH (paKTOPOB BHELIHEH M BHYTPEHHEH Cpelbl NPEINPHATHS Ha OCHOBE YKOHOMUKO-MATEMAaTHYECKOrO MOJCIH-
POBaHUs POU3BOJCTBEHHBIX NporieccoB. OCHOBOH yNpaBJIeHUS TPOU3BOACTBEHHBIMH ITPOLIECCAMH SBJISIIOTCS aBTO-
MaTH3UPOBAHHBIH MOHHUTOPHHI W AWCIETYEpU3alUs TOPHOTPAHCIOPTHBIX PabOT B paMKax CHCTEMBI KOPIIOpa-
TUBHOTO YIIPAaBIICHHSA, KOTOpPBIE 00ECHEUMBAIOT ONEPATHBHBIA COOp M aHAIUTHYECKYI0 00pabOTKy ITOCTOBEpHOM
uH(pOpManuK 0 paboTe TOPHOTPAHCIIOPTHOTO KOMIUIEKCA B KOHKPETHBIX FOPHOTEXHHYECKHUX, F€0JOTHYECKUX, KO-
HOMHWYECKUX U OPIraHU3AllMOHHBIX YCIOBUAX €T0 (l)yHKLIl/IOHI/IpOBaHI/IH.

JpyruMm, Ba)KHbIM HarpaBjCHUEM, PACKPBIBAEMBIM B CTaThe, SIBJISIECTCS MPUHIMIINATIbHAS 3HAYUMOCThH LHU(PPO-
BU3ALMU JUIsI yCTOWYMBOTO U LIEJICHAIIPABIEHHOTO MTPOIIEcca TEXHOIOTHUECKOH MOJICPHU3AIINH T'€0TEXHOIOTHIECKIX
KOMIUIEKCOB KapbhepoB. OTMeuaercs, 4To [u(poBU3anys, 0 CBOEMY COIEP>KaHHUIO, J0JDKHA COOTBETCTBOBAThH I10-
CTOSTHHO pAa3BUBAIOLIEMYCsl Hay4YHO-METOJMYECKOMY IMOTEHIHATY, IO3BOJISIONIEMY OCYLIECTBISTh KauyeCTBEHHBIN
MOOTIEPALOHHBIH aHAN3 (yHKIIMOHUPOBAHUS T'€OTEXHOJIOTNUECKUX KOMILIEKCOB. DTO cO31aéT BO3MOYXKHOCTD OLICH-
KU 9 (GEKTUBHOCTH Pa3IMYHOIO POJia HHHOBAIMIA, KaK B TEXHUYECKOM IUIaHe, TaK U B opranu3audoHHoM. Lludposu-
3alMs SBISIETCS OZHUM M3 0a30BBIX JTalloOB MpoLECcca MOACPHHU3ALMHU NPEANPUSTHS U JODKHA OCYILECTBISTHCS
CHCTEMHO B PaMKaxX PealM3yeMOH MM TEXHOIOTHMYeCKOH MoiuTHKU. OHa IOKHA cTaTh 3(QEKTHBHBIM HHCTPY-
MEHTOM MEHEPKEPOB-aHAIUTUKOB Ha MPEANPHUSTHH, ONIPEACSIISIONIUX CTPATEIUIO €r0 Pa3BUTHSL.

[TporpaMMHO-aHATUTHYECKUH OTEHINAT aBTOMATH3UPOBAaHHBIX CHCTEM KOPIIOPATUBHOTO YIIPABIECHUS Te0TeX-
HOJIOTHYECKUM KOMILJIEKCaM JI0JDKEH OBbITh B OJJMHAKOBOM CTENIEHH ITPUMEHUM Kak MPH BHIPAOOTKE yIPaBICHYECKUX
peLIeHUiT Ha CTaJuy NPOEKTUPOBAHUSI T€OTEXHOJIIOIMYECKOT0 KOMILIEKCa, Pealii3yeMOro B paMKax HpOEKTHPOBAHHS
OCBOCHHUA MECTOPOKACHHUA IMOJIE3HBIX MCKOMAEMbIX, TaK U Ha CTaAUAX HUX OKCIIJTyaTalliu, a TaKKE€ PECKOHCTPYKIHWHU,
KOTOpBIE YacTO MMEIOT MECTO B TOPHOM NpOW3BOACTBE. EnuHas mMeronosnorus odecreynBaeT NPaKTHIECKYI0 BO3-
MOXHOCTb ITPOBEJICHUS] CPAaBHUTEIHLHON OLEHKH 3(()EeKTHBHOCTH NMPOEKTUPOBAHMS PA3IMYHOIO POAA MEp, peaju-
3yEeMBIX Ha CTaJ{H IKCIUTyaTallud MECTOPOXKICHHSI.

B 3aknmroueHUH cTaThM HPHBOIUTCS BBIBOA O TOM, YTO B yCIOBHSX mepexona k Manycrpun-4.0, obecrnedeHune
MOBBITIEHUS A((EKTUBHOCTH TOPHOTPAHCIIOPTHBIX Pa0OT Ha OTKPHITBHIX pa3paboTKax BO3MOXKHO JIAIIL Ha 0asze
SIMHOW METOMOJIOTUH IPOCKTHPOBAHHSA, IUIAHHUPOBAHUS W YIPAaBJICHHS TI'€OTEXHOJOTMYECKHMH KOMIUIEKCAMH,
pa3BHUBaeMOil Ha OCHOBE YINIyOJNEHHOH aHAINTHUKM B paMKaX aBTOMATH3HPOBAaHHOTO KOPIOPATHBHOTO IOAXOIA C
NPUMEHEHHEM SKOHOMHKH IPOLIECCHOTO YIIPaBICHUS.

KiroueBble ciioBa: ropHOTPaHCIOPTHBIE Pa0OTHI, yIpaBieHUe, opraHuzanus, 3GdexTHBHOCTb, U(pOBU3a-
1M1, aBTOMATH3ALHS.
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