N E W S of the Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 1, Number 439 (2020), 146 — 154 https://doi.org/10.32014/2020.2518-170X.18

S. Zh. Galiyev!, A. S. Dovzhenok?, A. D. Kol’ga®, D. A. Galiyev', E. T. Uteshov*

'Branch Republican State Enterprise «National center for complex processing of mineral raw materials
of the Republic of Kazakhstan» Mining institute after D. A. Kunayev, Almaty, Kazakhstan;
“Chelyabinsk branch of the Mining institute URO RAN, Russia;
3Magnitogorsk State Technical University named after G. L. Nosov, Magnitogorsk, Russia;
“Noncommercial Joint-Stock Company «Kazakh National Research Technical University
after K. 1. Satpayev», Almaty, Kazakhstan.

E-mail: seitgaligaliyevi@mail.ru, dovgenok@bk.ru, kad55@magtu.ru,
87773012986(@mail.ru, yuteshov@gmail.com

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 ficld 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.
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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.
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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
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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
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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=cy4+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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Cg+A (2)

>

Crm Vit
where Cg - operating costs; A - depreciation deductions; Vm - 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, Gy Cyp) = min, (3)

where C., C., Crw 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¥YMbBICTAPBI KE3IHAEI'T TAY-KEH TPAHCIIOPTBIHBIH
K¥MBICTAPBIH 9JIEYETTIK JKOFAPIAY THIMALIITT
KIOHE CAH/JBIK ’KYUECIH /KOBAJIAY KI9HE KOCIIAPTTAY

Annotamus. L{HKITIK TCXHOTOTHAIAPAB MAHAAIAHA OTHIPHII, AIIBIK OMICTICH MAHJANEI Ka30amap KCH OPBIHAA-
PBIH HTCPYIIH Kasipri 3aMaHFBl AOCTYPIL KOHC KCHIHCH KOJNAAHBUTATHIH TCXHOIOTHAIAPH MAlmamel KazOamapasl
SHIIPY JKOHC TACHIMAJIAY KYMBICTAPBIHBIH THIMALUTITIH KOFAPBLIATY KOHC KYHBIH TOMCHICTY YIIOIH CIICYITi JICYCTKS
me. Makanmaza OCHI 9JICYCTTI Kajial iCKe achIpyFa OONATHIHBIH KapacTeIpagsl. Kapbepaeri Tay-KCH JKOHE KK Ky-
MBICTAPBIHBIH THIMILTITIH APTTHIPYABIH OJICYCTI MCH OarbITTaphl TCOTCXHOJOTHSIBIK KCHICHACPAI ABTOMATTAH-
JBIPBLIFAH KOPIIOPATHBTIK 0acKapy dJiCHAMACHIH KOJIAHA OTHIPHI, FRIIBIMH-TPAKTHKAIBIK 3CPTTEYIICP MBICATBIHIA
AHBIKTAJITIBL.

ByriHTi TaHga amblk Kapbepal OHAIPY CANAChIHAA CH KOIl OyXTanTeplik >KOHE OaKbLIAyIbIH ABTOMATTAHIIbI-
PBUTFAH KYHEIepi, Tay-KeH >KOHE TACHIMAIIAY OICPALMLIAPBIH ABTOMATTAHABIPBIFAH AUCIIETIEPIICY Kylieci Koxaa-
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HBUIATHIH. ANaiaa, onap Tay-KeH >KYMBICTAPBIHBIH THIMIUITIH apTTHIPY YIOIH Oap SJeyeTTiH VIIiHIm OemiriH raHa
ICKEe achIpyra MYMKIHAIK Oepeni. Makanaga aneyerTi OapbIHIIA TOJBIK ICKE acBIpy MEXaHH3M MEH MYMKIHTIKTEPi
ampUIagpl. ABTOMATTAHIBIPY JKOHC CAHIBI XKYHECI THICTI FRIIBIMH-WHHOBAIMMAIBIK OJICYCTTI JAMBITY KAFAAMBIHIA
FAHA KOKCTT1 HOTH)KE OCPETIHIH aTall 6TKEH YKOH.

WHBeCTHIMATBIK PeCypCTapAbIH SKETICHCYIIUNT] SKAFJaHbIHAA KYPACH KaNWTAIAbl CAIbIMIAPCHI3 Tay-KEH
IOBIFBIHIAPBIHBIH TOMCHACYIH JKSICICTYIIH MAHBI3ABI OAFBITHI TAy-KCH-KOJIIK KCIICHIH TCXHOIOTHSIIBIK OacKapy bl
eHri3y 0osbrn TadbuIaabl. [Ipomece TOCLI - OYIT KOCIMOPBIHHBIH, KBI3METIH 63apa OaHIAHBICTH OHAIPICTIK MPOLECCTEP
JKABIHTBIFBI PCTIHAC KAPACTHIPATHIH OacCKApyAbIH Ka3ipri 3aMaHFBl TYKBIPHIMIAMACHL. OHAIPICTI OacKapyaars
TEXHOJOTHSIBIK TOCiA Oi3re Tay-KeH-KOTIK KEICHIH >KOCHApIay, YHBIMIACTBIPY, PETTCY, OAKbIIAy JKOHE CCCIKE
aJyIBIH HCT13T1 (DY HKUHMAIAPBIH HCFYPIIBIM TOJIBIK YKOHE THIMII JKY3€Te achIpyFa MyMKIHIIK Ocpeai, Oy OHBIH THIM-
JLTTIH, AEMEK KOCIMOPHIHHBIH 09CEeKeTe KAOIICTTLTITIH aUTapIbIKTal apTTHIPAIbL.

Kapoepzeri Tay-KeH-KOJIK KEIICHIH TEXHOJOTHSUIBIK OacKapy OHAIPICTIK IMPOUECTEpdi SKOHOMHKAIBIK KOHC
MaTEeMAaTHKAJBIK MOJCIBICY HETI3IHAC KACIMOPHIHHBIH CHIPTKBI >KOHE IIMKI OpTachkl (DaKTOPIAPBIHBIH YIUIECCIMIH
€CKepe OTBIPHIN Ky3ere achIpblIagbl. OHIIPICTIK mpouecTepai OacKapydbIH HETi3l KOPMOPATHBTI Oackapy Kyieci
AICHIHIA TAy-KCH XKYMBICTAPBIHBIH ABTOMATTAHABIPHUIFAH MOHHTOPHUHTI >KOHE KeCTeCl OOMIbIN TaOBIIaAbL, O HAKTHI
Tay-KeH, TCOJOTHIBIK, IKOHOMHKAIBIK KOHE YHBIMIACTHIPYINBUIBIK >KAFIAMIAPBIHAA TAy-KCH TACchIManday Kelle-
HiHiH >KYMBICHI Ty PAJIbl OIBIHABI AKIAPATTHI JKECI KHHAY YKOHE AHAIUTHKANIBIK OHACY/II KAMTAMAaChI3 €T

Maxkanana ampuFaH Tarbl Oip MaHBI3ABI CANA - KAPBEPICPAIH TCOTCXHOIOTHAIIBIK KEIICHACPIH TYPAKTHI MKOHE
OargapiaHFaH TCXHOJOTHAIBIK SKAHFBIPTY VIIH IH(PPIAHABIPYABIH iprefi MaHsBABUIGIEEL Lludpranabpy, OHBIH
Ma3MYHBI OOMBIHINA, YHEMI JAMBIN KEJIC KATKAH FHUTBIMH-ICTEMEIIK JJICYETKE COMKEC KeNyi Kepek, Oy reorex-
HOJIOTHSITHIK KSIMICHACPIIH KYMBICHIH CANAalTbl JKSACT TajdaayFa MyMKIHIIK Ocpemi. By opTypii HHHOBAUAIAPABIH
TCXHHUKAJBIK KOHC YHBIMIACTHIPYIIBLIBIK THIMAUTITIH Oaranmayra MyMkiazmik Ocpemi. Lludpmanmeipy — Oy xocim-
OPBIHIBI )KAHAPTY MPOLECIHIH HET13T1 Ke3eHACPIHIH Oipl ’KOHE OHBI TEXHOJOTHSUIBIK CAsICaT asChIHAA >KYHenll Typae
JKYprizy kepek. O KOCIMOPBIHHBIH MCHEKEpPJICPl MEH TaNnJayIubLIaphl YINIH OHBIH JaMy CTPATCTHSCHIH AHBIK-
TAUTBIH THIMII KYPaJFa alfHATy bl KCPCK.

[COTeXHONMOTHANBIK KCIICHACPAI KOPIMOPATHBTI OACKAPYABIH ABTOMATTAHIBIPBUIFAH JKYHCICPiHIH Oarmapna-
MAaJIBIK-aHATMTUKAJIBIK MOTCHITHAIB! Maimansl Kaz0amap KeH OPHBIH Hrepydl »ko0amay aschlHAA ICKE AaCBIPBUFAH
TEOTEXHOJIOTHSUIBIK KEIICH I ’00aay CaThIChIHIA, COHIAM-AK OJapIsl MAHJANIAHy Ke3CHIHAE, KUl KE3ACCETiH KanTa
Kypy Ke3iHae Oackapy IemmiMIepiH a3ipiey Ke3inge e Oipaei KOMIaHBUIYBI KepeK. Tay-KeH OHIIpICIHACTI OPHBI.
BipbIHFaii omicteMe KeH OPBIHAAPHIH MalAalIaHy Ke3CHIHAE »KY3€Te aChIPhUIATHIH SPTYPII IMAPANAPAbI XKOO0ANayAbIH
THIMALTITIH CATBICTRIPMAITBI OAFANIAYIBI )KYPri3yTe MPAKTHKAIBIK MYMKIHIIK Oepesi.

KopwiTbiHapiai kene, Makanana Muaycrpuanapi-4.0-re kemry Ke3iHae, aBTOMATTAHIBIPBHUIFAH KOPHOPATHBTIK
TOCIIAIH MEHOCPIHAC TEPEH TANIdy HETI3IHIAC d3IPJCHTCH TCOTCXHOJOTHIBIK KEIICHACPIl sko0amay, mponecTepai
OGacKapyablH 3KOHOMUKACHIH MAWIATAHA OTHIPBII SKOCTIAPIIAY JKOHE OACKAPYIBIH JKATITBI 9ICHAMACH! HETI3iHAC AITBIK
Tay-KeH OHIIPICIHAC Tay-KeH KYMbBICTAPBIHBIH THIMLIITIH APTTHIPYFa O0IAIbI ACTI KOPHITHIHABI KACATAIbI.

Tyiiin ce3aep: Tay-KeH MKYMBICTAPBIH >KYpPi3y, Oackapy, YHbIMIACTBIPY, THIMIITIK, CAHABIK XKYHE, aBTOMATTaH-
ABIPY.

C. K. Tamerl, A. C. lopxenor?, A. /1. Koswra®, 1. A. l'amer!, E. T. Yremos?

'PI'TI «HL] KIIMC MHP PK» HuctutyT roproro acna mM. J. A. Kymaesa, Anvarsr, Kazaxcram;
“YenaOuHCKUH (HIHAT HECTHTYTA TopHOTO Aena YPO PAH, Poccus,
3MareuTOrOpCKMH rOCY JapCTBCHHBI TeXHuUecKuH yruBepcutet uMm. I'. Y. Hocosa, Poccus;
“HexoMMepUeckoe aKIHOHEpHOE 00MmecTBo «Ka3aXCKuil HAIMOHANBHBIN HCCICA0BATETbCKHH TEXHIUCCKHIH
vausepcuter mM. K. M. Carmaesa», Amvarsl, Kazaxcran

NUPPOBU3ALINA U TIOTEHIHHUAJ ITIOBBINIEHUA D®PEKTUBHOCTH NPOEKTUPOBAHUA
U INIAHUPOBAHMUA TOPHOTPAHCHOPTHBIX PABOT HA OTKPBITBIX PASPABOTKAX

Annoramus. COBPSCMCHHBIC TPAAWIHOHHBIC H HAKOOJICC MIHPOKO MPHMCHACMBIC TCXHOJOTHH OCBOCHHS MEC-
TOPOKACHUHA TMOJIC3HBIX HCKOMAEMBIX OTKPBITHIM CIIOCOO0M ¢ MPUMCHCHUCM IMUKITMYHBIX TEXHOJIOTHH HMCIOT CYIIe-
CTBCHHBIM TMOTCHIMAN MOBBIMCHHS J(PPESKTUBHOCTH W CHIDKCHHSA CeOSCTOMMOCTH TOPHOTPAHCIMOPTHBIX PadoT.
CTaThd MOCBAINCHA TOMY, KAKHM O0pa3oM H 3a CUCT YCr0o MOKHO PEANH30BBIBATH 3TOT UMCIOIMUHCS MOTCHITHAIL
TMoTeHIMAN W HAMPABICHUS MOBBIMICHUSA 3(()CKTHBHOCTH TOPHOTPAHCTIOPTHEIX PAa0OT B Kapbepe PACKPHIBAIOTCS HA
MPUMEPE HAY THO-TPAKTHUCCKHX HCCICIOBAHUI C HCIOIb30BAHUEM METOIOIOTHH ABTOMATH3H-POBAHHOTO KOPIIOPa-
THBHOTO YIPABACHHS TCOTEXHOJOTHICCKUMHI KOMILICKCAMH.

Ha ceromrs B 0071aCTH OTKPHITBIX TOPHBIX PA0OT HAMOOJIBINCC PACIPOCTPAHCHUC MOIYUIIIA CHCTCMBI aBTO-
MATH3HPOBAHHOTO YUCTa W KOHTPOJIL, ABTOMATH3HPOBAHHBIC CHCTCMBI AWCIICTUCPH3AMUH TOPHOTPAHCIIOPTHBIX
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padoT. OTHAKO OHM TO3BOJLIOT PEATM30BATH TOJIBKO TPETHIO YACTh MMCIOMIECTOCS MOTCHIMANA MOBBIMCHUS P PeK-
THBHOCTH I[O6I>I‘{HOFO mponecca. B craree PACKpPBIBACTCA MCXAHH3M H BO3MOJKHOCTH B CyH.[GCTBGHHOfI CTCIICHH
0oxec MOMHOW peaim3aliy MMEFOIIETocs moTeHnuana. OTMEYaeTcs, YTo aBTOMATH3anu W Iu(POBH3AIUN MOTYT
JIATh HY>KHBIH 3(D()EKT JMHING B YCIOBUIX PA3BUTHA COOTBETCTBYIOMICTO HAYYHO-HHHOBAIIMOHHOTO MOTCHIIMAIA.

B ycnosmiax meuumTa MHBECTHIMOHHBIX PECYPCOB HAWOOIEE CYIICCTBCHHBIM HAIPABICHHEM HHTCHCH(H-
KA CHMOKCHHA 3aTpaT TOPHOTO IMPOU3BOACTBA 0¢3 3HAYUTC/IBHBIX KAMUTAIBHBIX BIOKCHHH SIBIISCTCS BHCOPCHHUC
TIPOIIECCHOTO YIPABICHAS TOPHOTPAHCHOPTHBIM KOMILICKCOM. [IpOIIECCHBIH MOAXOA — COBPEMCHHAS KOHICIIIIHS
VIPaBJICHIA, KOTOPAs PACCMATPHBACT ACATEIPHOCTD MPEANPHATH KAaK COBOKYITHOCTh B3AMMOCBSI3aHHBIX IIPOU3BOI-
CTBEHHBIX IPOoIECccoB. [IPOIECCHBIN MOAX0 B YIPABJICHUH IPOU3BOACTBOM IO3BOJIICT 00JIEE MOTHO M KAYECCTBEHHO
PeaTM30BBIBATH €T0 OCHOBHBIC (JYHKIWH IIAHHPOBAHKS, OPTAHN3AIIUH, HOPMHPOBAHUS, PETY THPOBAHMS, KOHTPOJIS H
yueTa paboThl TOPHOTPAHCTIOPTHOTO KOMIUICKCA, YTO B 3HAYMTCIHFHOW MEPE MOBBIMACT €ro d(PHEKTHBHOCTH, a
3HAYUT U KOHKY PEHTOCIIOCOOHOCTh CAMOTO HPEATIPHITHS.

[IporeccHoe ympasieHHE TOPHOTPAHCIOPTHBIM KOMIUIEKCOM B KaphEpe OCYINECTBILICTCS C YUETOM COBOKYTI-
HOCTH (DAaKTOPOB BHEIIHEH M BHYTPESHHCH CpEabl MPEINPHATHS HA OCHOBE YKOHOMHKO-MATEMATHICCKOTO MOJCIIH-
POBaHMS MPOU3BOACTBCHHBIX IporeccoB. OCHOBOH YIPABICHUS MPOU3BOICTBEHHBIMHA ITPOIICCCAMH SIBILTIOTCS aBTO-
MATH3HPOBAHHBI MOHHMTOPHHI W JHCHCTUCPH3ALM TOPHOTPAHCHOPTHBIX PabOT B PaMKaX CHCTEMBI KOPIOpa-
THBHOTO VIPABICHHUA, KOTOPBIC OOCCICUMBAIOT OICPATHBHBIA COOp M AHATHTHUYCCKYIO 00pabOTKY MOCTOBCPHOH
nH(popManmH 0 paboTe TOPHOTPAHCHIOPTHOTO KOMILICKCA B KOHKPETHBIX TOPHOTEXHHUYCCKUX, TCOIOTHICCKHUX, KO-
HOMHYCCKHX H OPTAHU3AIHOHHBIX YCIOBHAX CT0 (BY HKIHOHHPOBAHHAL.

JpyruM, BaKHBIM HAMPABJICHUCM, PACKPBIBACMBIM B CTATHE, SABJHICTCA MPHHIUMHAIBGHAL 3HAYAMOCTH HHEOPO-
BH3AIMH 711 YCTOWYHBOTO M EJICHATIPABICHHOTO MPOIIECCA TEXHOJOTHUCCKOH MOACPHH3AIMH T€OTEXHOIOTHIECKIX
KOMILJICKCOB KaphepoB. OTMedaeTcst, 4To IMu(poOBH3ALMS, IO CBOEMY COACP/KAHMIO, TOJDKHA COOTBETCTBOBATH IO-
CTOAHHO PA3BHBAOIICMYCI HAYYHO-MCTOAWICCKOMY NOTCHLHAIY, IMO3BOLIFOIICMY OCYIICCTBIIATH KAUCCTBCHHBIH
TOOTICPALMOHHBIN aHANMN3 (D)YHKIIMOHHPOBAHMUS T€OTEXHOJOTHUCCKUX KOMIUIEKCOB. JTO CO31aéT BO3MOKHOCTh OLICH-
KH 3 (PEeKTHBHOCTH PA3IMIHOTO POJA HHHOBAIMH, KAK B TEXHHYICCKOM IUIAHE, TAK U B opraHu3anuoHHoM. [{udposu-
3a0us SBISIETCSL OMHUM W3 0Aa30BBIX 3TANOB MPOIECCA MOJCPHH3ALIMH NPEATPHATHS M JO0DKHA OCYIICCTBILITHCS
CHCTEMHO B PAMKaxX PEaM3yeMOH WM TEXHOJIOTHYECKOH mouTwkd. OHA JO/DKHA CTaTth 3(PQEeKTHBHBEIM HHCTPY-
MCHTOM MCHCHKCPOB-dHATTMTHKOB HA MPCANPUATHH, ONPEACILIFOMNUX CTPATCTHIO €TO PA3BUTH AL

ITporpaMMHO-aHANUTHYCCKHI NOTCHIMAT ABTOMATH3HPOBAHHBIX CHCTEM KOPHOPATHBHOTO YIPABICHUSA T€OTEX-
HOJIOTHYCCKHUM KOMILICKCAM JTOJDKCH OBITH B OJHHAKOBOH CTCIICHH MPHMCHHM KAK MPH BRIPAOOTKE YIPABICHUCCKIX
pELICHUH HA CTaIUH MPOCKTUPOBAHMS TCOTEXHOIOTHIESCKOTO KOMIIIEKCA, PEAM3YEMOTO B PAMKAX MPOCKTHPOBAHMS
OCBOCHHA MCCTOPOKIACHHUA IMOJC3HBIX HCKONMACMBIX, TAK H HA CTAAHAX HX OKCIIYATAIIHH, 4 TAKKC PCKOHCTPYKIIHH,
KOTOpBIC YaCTO HMCIOT MECTO B TOPHOM IPOW3BOACTBE. EnmHAM METOIOIOTHSA 00CCIICUMBACT MPAKTHICCKYIO BO3-
MOYKHOCTb ITPOBEJCHHUSI CPABHUTEIFHON OLEHKH 3(P(PEKTHBHOCTH MPOCKTUPOBAHUS PARTHYHOTO POAA MEpP, pealu-
3YEMBIX HA CTATUH IKCIUILY ATALMH MECTOPOIKICHU.

B 3akmroueHHMM CTaThU NMPHBOJHUTCS BBIBOA O TOM, YTO B YCJIOBHAX mepexoaa k Uuaycrpuu-4.0, obecnieucHue
MOBBIMCHUS Y(PPEKTHBHOCTH TOPHOTPAHCHOPTHBIX PadOT HA OTKPBITHIX Pa3pabdOTKAaX BO3MOKHO IHINb Ha Oaze
GI[HHOfI MCTOOOJOTHHA MPOCKTHPOBAHUA, IUIAHWUPOBAHWUA H YHOPABJICHHA TCOTCXHOJOTHUYCCKHUMH KOMILJICKCAMH,
pa3BHBAEMOH HA OCHOBC YIVIyOJICHHOW AHAJMWMTHKH B PAMKAX aBTOMATH3HPOBAHHOTO KOPIOPATHBHOTO ITOJXO0JA C
MIPUMECHEHHEM SKOHOMHUKH ITPOIIECCHOTO YITPABJICHHSL.

KmmroueBnie ¢10BA: TOPHOTPAHCIIOPTHBIC PAOOTHI, VIPABIACHHC, OpraHH3aumsi, 3(PPCKTHBHOCTD, IH(PPOBH3a-
IOHA, aBTOMATH3AIHA.
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