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Greening of innovation-technological development
of Kazakhstani mining-metallurgical complex

Abstract

Object: the aim is to justify and determine the algorithm of actions of greening the production processes of MMC
of Kazakhstan as an effective mechanism of technological development and modernization of the industry.

Methods: the method of system analysis, the method of secondary information collection, the method of goal
structuring were used during the study.

Results: comprehensive analysis on formation, accumulation and use directions of man-made mineral formations
was given, the main problems of use of man-made mineral formations were identified, the main steps to determine the
direction of greening of production processes in the mining-metallurgical industry were determined.

Conclusions: a common problem for the entire industry of the mining-metallurgical complex of the republic is
the lack of a system for the regular collection and analysis of information on man-made sources of mineral raw
materials. Only an approximate quantification of their levels of education can be made in the present. The study of
man-made mineral formations will greatly help to create a monitoring system and a database of man-made mineral
formations.

In order to green the MMC comprehensive geological and technological studies of man-made deposits (mine
dumps, tailings of processing plants, slag of metallurgical plants, etc.) should be carried out with an assessment of the
quality of useful man-made mineral forms, the extraction of ores that are profitable for mining, and the contouring of
productive deposits.

Keywords: mining-metallurgical complex, technogenic mineral formations, greening, rational use of mineral
resources, technological policy, environmentally safe production.

Introduction

An extensive resource base, represented by a large number of explored and potential reserves for such
types of raw materials as manganese, copper, lead-zinc and iron ores, a number of key mining and metallur-
gical plants with an established material and technical base, and qualified workforce, are prerequisites for
deepening the technological specialization of the mining industry in a number of regions of Kazakhstan, such
as Kostanay, Karaganda, Pavlodar, East Kazakhstan, Aktobe regions.

One of the new approaches to the technological development of the mining-metallurgical complex is
the greening of production processes and the processing of technogenic mineral formations. At present, the
reserves of technogenic mineral formations are constantly reproduced in an expanded form and become
comparable with the reserves of the minerals themselves.

Considering the fact that in the Republic of Kazakhstan, the problem of increasing waste from the min-
ing and metallurgical complex is aggravated, the topic of this study is novel, since there are still not fully
developed issues related to the state mechanism of control over the formation and use of technogenic mineral
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formations, the lack of interest of subsoil users in the rationality and complexity of mining operations, the
aggravation of environmental problems in the republic.

Literature Review

The most relevant studies on the problems of rational use of secondary resources in developed countries
over the past 10 years are:

— methodological developments of the leading international company ICF International in the field of
environmental assessments, the establishment of management systems for the protection of ecological sys-
tems, the creation of technological, regulatory and financial conditions for the implementation of measures
for the rational use of natural resources;

— adaptation of the «Best Available Techniques» (BAT), introduced by the EU Directive «On Integrated
Pollution Prevention and Control» in the selection of production technologies;

— the concept of energy utilization of municipal solid waste (Waste-to-Energy), production of secondary
fuel RDF (refused derived fuel) from non-recyclable waste (EU countries, USA, Canada);

— providing objective information support in the field of energy conservation, environmental protection,
alternative energy sources of the information agency «Energy Safex;

— methodological approaches to recycling waste of the German company TITECH GmbH;

— scientific developments of the Severtsov Institute of Ecology and Evolution of the Russian Academy
of Sciences on innovative technologies for obtaining products from waste;

— Outotec's methodological approaches to energy saving, saving natural resources and capital invest-
ments in metallurgy technological processes. According to OECD definitions, about 70 % of Outotec's tech-
nologies can be classified as environmentally friendly goods and services (Berger G. et al., 2001,
Glotov V.V., Postnikova O.V., 2015, Jakob M., Edenhofer O., 2014).

At present, in Western countries, a technology that has not passed the examination for compliance with
the criteria of «environmentally friendly production» no longer has prospects in the future. When licensing,
experts compare the technology proposed for use in production with «Best available technology» (BAT), as
well as «Best possible technology» (BPT).

In relation to the mining and metallurgical industry, the rational use of mineral resources is substantiat-
ed in domestic and foreign economic literature. Rational use of mineral resources is determined by the com-
pleteness of extraction of minerals from the subsoil during mining, as well as useful components during
technological redistribution, characterized by the following indicators:

— percentage of extraction of minerals from the subsoil during mining;

— the percentage of extraction of useful components from the extracted mineral raw materials during en-
richment;

— percentage of extraction of useful components from ore raw materials during technological conver-
sion;

— percentage of use of production waste (overburden, slags from beneficiation and metallurgical slags.)
(Ivantera V.V., 2017, Kovalev Yu.Yu., 2016).

The emergence of new technologies in the extraction of mineral resources predetermines the growth of
interest of subsoil users in technogenic mineral formations (Byun, J., Sung, T.-E., & Park, H.-W., 2017,
Leheza Y., Surilova O., 2019).

Environmentally oriented scientific and technological progress is capable of if not completely avoiding
anthropogenic load, then, in any case, limiting its harmful effect on nature as much as possible. During this
period, as well as today, scientific and technological progress directly determines the economic and social
development of society, is a decisive factor in its renewal. Technique, technology, in essence, are identified
with socio-economic structures. The theories of industrial, postindustrial, superindustrial, technotronic, in-
formational societies, etc. were created on the principle of technological determinism.

The priority goals of the economy greening and environmental policy of the enterprise at this stage
were to reduce the man-made load, preserve the potential of natural resources based on maintaining natural
processes in nature and the development of self-recovery processes, the use of mineral extraction technolo-
gies that allow using the latter as efficiently as possible, the introduction of waste-free technologies and
waste processing technologies, as well as reduction of losses.

According to the definition of the EU Commission, «waste-free technology (clean technology) implies
the use of such a method of production that allows the most efficient use of energy and raw materials, the
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key elements of which are to reduce the volume of pollution released into the environment and waste gener-
ated during the production and use of finished products». (Magureanu A.F., 2014, Uzarowicz L. et al., 2018).

The definition of a waste-free production technology has some limitations. Its essence lies in the fact
that this is a theoretical model of ideal production, and it is practically impossible to implement it in reality,
it can be realized only partially. Therefore, such a concept as low-waste technology arose, suggesting that
with the advancement of scientific-technical ideas, this technology will be brought to a perfect model. There-
fore, it is not possible to exclude waste and their impact on the environment. Thus, such systems should be
classified as low-waste, allowing not to disturb the balance in the ecological situation in the region and to
strengthen the self-cleaning properties of the ecosystem.

Extraction of minerals production and optimal consumption of wood, building materials, metals are
precisely those sectors of the national economy in which technologies of waste-free and low-waste produc-
tion should be implemented as a priority.

In this case, it is necessary to comply with a number of conditions (Kabdybay A.K. et al., 2020):

— reduce the list of constituent parts of any raw material that are classified as waste, since there are
no technologies for extracting and processing the areas of application of these raw materials components;

— when implementing projects it is necessary to take into account the peculiarities of the environ-
mental situation as much as possible, without violating its internal balance (transfer of fertile lands or suit-
able for other purposes for waste disposal, emissions into water bodies, soil, atmosphere);

— inclusion of resources that were not used in the past in the economic process;

— the introduction of at least one newest operation into the technological process requires the mod-
ernization of the entire technological system of production;

— improvement of working conditions by reducing the elements of production associated with the
release of dust and harmful gases;

— exclusion of toxic components, such as catalysts and intermediate production products.

The problem of the rational use of secondary resources and the greening technologies are at the inter-
section of industries, therefore, to solve it, it is necessary to involve specialists from different industries and
make inter-industry decisions.

Methods

Taking into account the constant growth of varieties of technogenic mineral formations, a wide range of
conditions for their occurrence and further storage in order to increase the rationality and efficiency of use, it
is necessary to solve the following tasks:

— systematization of technogenic mineral formations by types, development of their classification;

— research and disclosure of the peculiarities of their appearance;

— development of a methodology for geological and technological research of technogenic raw ma-
terials and methods of accelerated assessment;

— assessment of technogenic mineral formations;

— study of the possibility of extracting minerals from the tailings of concentration plants (Leheza Y.,
Surilova O., 2019, Petlovanyi M. et al., 2019, Pugachev A.V., 2014, Mel'nikov N.N., Busyrev V.M.,
Churkin O.Ye., 2018).

Obviously, the role of technological research in assessing technogenic mineral formations is very high.
It is necessary to carry out extended technological surveys at the initial stages of geological assessment,
namely, during the revision and appraisal work, in order to determine the entire range of assessment parame-
ters and make the choice of technical means of exploration. When choosing methods of geological and tech-
nological assessment and technical means of exploration, it is necessary to take into account the probable
method of mining technogenic raw materials.

Results

A huge number of technogenic mineral formations of mining enterprises have been accumulated on the
territory of the republic. Taking into account the places of storage and, accordingly, the possibility of use, the
classification of technogenic mineral formations should be considered in the following form:

— technogenic mineral formations of the mining industry;

— technogenic mineral formations of concentration production;

— technogenic mineral formations of metallurgical production.
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As can be seen from the data in Table 1, the volume of hazardous waste generation in dynamics since
2016 growing in 2019 amounted to 180.5 million tons. This determined the growth of waste generation per

capita from 8.5 in 2016 up to 9.7 tons per capita in 2019.

Table 1 — Dynamics of hazardous waste generation in the Republic of Kazakhstan

2015 2016 2017 2018 2019
Hazardous waste generation, thousand tons 251 565,6 151 390,1 126 874,6 149 962 4 180 506,7
Including hazard levels
«red» 2,2 8,4 1,7 2,1 1,9
«ambery 72 996,5 19 231,1 4108,8 4129,1 41653
«greeny 178 566,9 132 150,5 122 764,1 145 831,2 176 339,5
Recycling, recycling of hazardous waste
(including incineration), thousand tons 74 553,4 33 657,8 190 785,6 299928 36 645,3
The share of recycling, recycling of
hazardous waste,% 29,6 22,2 150,4 20,0 20,3
Hazardous waste generation per unit of GDP,
kg / USD USA, in prices of 2015 2 587,5 1539,9 1239,4 1407,6 1621,3
Hazardous waste generation (all hazard
levels) per capita, kg 14 340,1 85079 7033,8 8205,2 9749,9
\Note: compiled by the author on the basis (Bureau of National statistics, 2021)

It should be emphasized that the share of processing in comparison with education is not high enough,
at the end of 2019 it was 20.3 %. This figure is inferior to foreign achievements.
As can be seen from Figure 1, most of the hazardous waste is generated in the mining industry (73 %).

Manufacturing
industry; 21 619,90,

12%

Steam, gas,
electricity supply;
20501,20;11%

Mining industry;

131203.70;73% ]

Construction;
363.7.0%

Other; 4 367,70;

3%

Agriculture; 2
450,50; 1%

Figure 1. Generation of hazardous waste by economic activity

Note: compiled by the authors

Almost all of their volume is represented by toxic waste (99.9 %) located on the territory of industrial
enterprises. They belong to waste of IV hazard class (metal slags and sludge). The III hazard class includes
other wastes (wash water), which make up 60.2 % (55.3 thousand tons) of the generated waste. Taking into
account that historically the accumulation of waste has continued since Soviet times, more than 2.6 billion
tons of hazardous waste have already been accumulated on the territory of the country (Table 2). In general,
there are 1406 technogenic deposits in the republic, with a total accumulation of 47.4 billion tons. At the
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same time, according to the Deputy Executive Director of the Republican Association of Mining and Mining
and Metallurgical Enterprises of Kazakhstan M. Kononov, waste processing for mining enterprises is not of
economic interest (Kenzhaliyev B. K. et al., 2020; Zhalgassuly N. et al., 2020).

Table 2. Presence of hazardous waste at enterprises at the end of the year, thousand tons

2015 2016 2017 2018 2019
The Republic of Kazakhstan 2 877 364,3 2975 552,5 2904 857,9 2 518278,5 2 658 354,9
Kostanay 1 606 778,7 1 580 682,8 1 605 746,1 1063 531,1 11561955
Karaganda 624 596,2 718 782,4 725 276,6 7316152 739 539,3
Pavlodar 209 542,5 226 094,6 451261,8 585 630,4 608 570,9
Akmola 8 550,6 9 383,2 10 226,1 17 710,4 25 998,8
Aktobe 42727 4 857,1 4 946,7 6 496,8 6230,0
Almaty 35989 4 058,0 4 503,2 50274 5573,7
Atyrau 29,1 86,8 179,5 4258 658,8
West Kazakhstan 138,4 309,6 338,2 358,0 375,5
Zhambyl 6 862,6 83253 12 025,1 12 429.,9 12 673,7
Kyzylorda 8,0 19,3 61,9 205,8 942,7
Mangystau 527,1 268.,8 187,3 216,0 203,8
Turkestan 430,4 11264 1159,0 784,0 13413
North Kazakhstan 34 889,5 34717,7 35811,9 36 988,2 38397,6
East Kazakhstan 354 848,6 356 446,8 204724 22 824.9 25 024,7
Nur-Sultan 22 288,3 24 603,3 25932,9 27 503,2 29 092,2
Almaty city 2,7 5790,4 6729,2 6 082,6 7086,0
Shymkent 0,0 0,0 0,0 448.8 450,3
Note: compiled by the author on the basis (Bureau of National statistics, 2021)

If we consider the regional structure, then 3 regions (Kostanay, Karaganda, Pavlodar) account for about
90 % of all accumulated hazardous waste.

The main negative reasons for the storage of man-made mineral formations of the mining industry are
as follows. First, at the enterprises, waste rock and off-balance ores containing valuable components are
stored together, which subsequently leads to the loss of metal and causes unnecessary losses or costs.

Secondly, the specificity of mining operations with the formation of dumps of rocks from mining opera-
tions is mechanical crushing and removal of overburden and ore-containing rocks to dumps. At the same
time, there is no change in the petrographic, mineralogical and chemical composition of the rocks. Therefore,
the qualitative characteristics of the rocks of the dumps of associated mining production is determined by the
composition of the primary rocks that make up the areas of mineral deposits.

Mineral processing tailings, occupying vast areas of land, cause significant harm to the natural envi-
ronment. They intensively pollute soils and water bodies, and form dust storms near tailing dumps.

Discussions

The specificity of the problem determines an individual approach to each of the technogenic mineral
formations. The following suggestions are considered to be the main actions and measures for the greening
of the technological development of the mining and metallurgical complex.

1. Modernization and transformation of production technologies and its equipment renewal, including:

— transformation and/or improvement of the efficiency of existing technological regimes in order to
reduce the sources of the formation of pollutants and sources of waste generation;

— automation of technological processes and equipment modernization;

— optimization of technological connections (equipment piping);

— replacement of the usual reagents, materials and energy carriers; the use of waste from other indus-
tries as reagents;

— introduction of new technology or technical update.

2. Implementation of production cycles according to the principle of a closed system:

— processing of reagents, materials and raw materials;

— introduction of an alternative water supply system (circulating, repeated);

— renewal of the ventilation system of industrial premises

— consumption of excess heat.
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3. Efficient use of materials, raw materials and reagents, including:

— analysis and assessment of the dynamics of consumption of types of raw materials, dividing into ac-
counted and unaccounted losses;

— application of resource-saving technologies;

— reduction of accounted and unaccounted for losses of all types of raw materials, reagents and materi-
als.

4. Efficient use of energy resources, including:
analysis and assessment of the dynamics of consumption of energy resources used, including both
accounted and unaccounted losses;

— identification of reserves of energy saving;

reduction of accounted and unaccounted losses of all types of energy resources.
. Reducing the use of harmful, hazardous, poisonous materials and substances, including:
monitoring of the ecological situation with regard to raw and consumed materials;

— removal of hazardous, harmful and toxic substances from industrial consumption or the search for al-
ternative less hazardous ones;

— reduction of consumption of hazardous and highly hazardous substances in raw materials and mate-
rials used in production.

6. Introduction of secondary raw materials and energy resources into production processes, including:

— analysis and assessment of methods of using secondary raw materials and energy resources at the en-
terprise;

— positive dynamics of growth in the use of secondary raw materials and energy resources as a per-
centage of the total volume consumed at the enterprise;

— consumption of waste from the production of finished products and an increase in the percentage of
use as secondary raw materials.

7. Complex consumption of energy resources and raw materials, including:

— analysis and assessment of options, as well as alternative, complex consumption of raw materials
and energy resources;

— positive dynamics of growth of indicators of complex consumption of raw materials and materials;

— extraction of secondary resources and additional products sent to the outside.

8. Streamlining the movement of pollutants, including:

— reduction of the number of unorganized sources of the formation of pollutants;

— division of organized flows of pollutants by concentration and target components;

— separation of organized flows of pollutants to identify especially hazardous components in them.

9. Taking special measures to prevent the occurrence and progression of environmental emergencies
and developing an algorithm for actions in such circumstances, including:

— development and application of a sequence of preventive and corrective actions designed to reduce
the risks of occurrence and development of environmental emergency situations;

— regulatory and material support for personnel actions in emergency environmental situations, includ-
ing the placement and disposal of waste generated during the elimination of the consequences of environ-
mental emergencies;

— fast and efficient response of personnel to the manifestation of environmental disasters within the
framework of the developed regulations, including the placement and processing of man-made waste;

— tightening control and preventive actions during unfavorable climatic conditions;

— availability and use of specialized equipment and machinery to eliminate negative environmental
consequences;

— formation of plans of additional measures for damage assessment, mitigation and elimination of con-
sequences.

10. Monitoring of sources of pollution and formation of man-made waste:

— the use of modern means of monitoring the formation of man-made waste, their scale and volume of
accumulation, as well as the sources of pollution;

— the use of additional monitoring tools on technologies for the utilization and processing of
technogenic formations.

9]
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The described measures and the algorithm of actions should be applicable, first of all, in relations be-
tween quarries and processing plants, where a significant amount of industrial waste has already been accu-
mulated. In this case, the following can act as objects of analysis and control:

— hazardous waste, the handling of which is regulated by regulatory documents;

— wastes with problems associated with their processing;

— wastes characterized by high costs for their cleaning, processing and disposal;

— loss of raw materials, material resources during storage in a warehouse, during transportation in the
technological chain, etc.

The sequence, priority and optimality of actions is determined individually in relation to each
technogenic mineral formation and may include measures in the following areas:

— minimizing the reduction of sources or completely eliminating sources of pollution;

— processing of man-made waste or transfer of waste for disposal and neutralization;

— sorting and separation of man-made flows, formation and transportation of waste to appropriate
landfills.

Thus, the project for the greening of processes in mining and processing industries includes, in addition
to the main production process, a number of auxiliary production processes aimed at minimizing and elimi-
nating anthropogenic impact on nature throughout the entire life cycle of the enterprise.

The choice and assessment of methods for greening production include a number of organizational,
technological operations, taking into account the economic and environmental effects. It should be remem-
bered that a gradual, economically profitable transformation of production is advisable, implying the initial
implementation of low-cost actions and measures, mainly of an organizational nature, and only then medi-
um- and large-cost investment projects related to the improvement of production processes and technologies.

Conclusions

A common problem for the entire industry of the mining and metallurgical complex of the republic is
the lack of a system for the regular collection and analysis of information on man-made sources of mineral
raw materials. In the present, one can only make an approximate quantitative estimate of their education vol-
umes. The study of technogenic mineral formations will largely help to create a monitoring system and a da-
tabase of technogenic mineral formations.

For the purpose of greening the mining and metallurgical complex, it is necessary to carry out compre-
hensive geological and technological studies of technogenic deposits (dumps of mine workings, tailings of
concentrating plants, slags of metallurgical plants, etc.) with an assessment of the quality of useful
technogenic mineral forms, allocation of profitable ores for mining, and delineation of productive deposits.

The number of formed technogenic mineral formations should be reduced:

— in the mining industry through the use of secondary raw materials and man-made deposits of minerals
in metallurgy, as well as the development of alternative energy sources, which can lead to a reduction in the
production of solid fossil fuels;

— in ferrous metallurgy through the introduction of the most modern technologies aimed at improving
the quality of steel, reducing its losses during casting, rolling, etc., as well as focused on energy saving;

— in non-ferrous metallurgy through to the widest possible production of secondary metals.

In these conditions it is extremely important to define the institutional environment for the revitalization
of environmental entrepreneurship. The key to effective implementation of the principles of sustainable de-
velopment in this system is government authorities and an enterprise that implements environmental man-
agement and, on this basis, environmental marketing.
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Ka3aKCTaHHI>IH TAay-KC€H METAJJIyPrus KellleHiH HHHOBANUSIbIK-TEXHOJIOTHSIJIBIK
AAMBITY/IbI OKOJOTUAJIAHABIPY

AHoamna

Maxkcamor: CanaHbl TEXHOJOTHSUIBIK IaMBITY MEH KaHFBIPTYIBIH IopMeHsi Teriri perinne Kasakcrannsin TMK
OHJIPICTIK TIPOLECTEPiH DKOJOTHSUIAHIBIPY IC-KMMBUIJAPBIHBIH aJTOPUTMIH HETi3Aey JkoHe alKbIHAay OoJIbI
TaOBLIAIBI.

Ooici: 3epTrey OapbICBIHIA SJKYHENIK Talmay ofici, KadTalama akmaparThbl >KMHAy oJici, MaKcaTTap.Ibl
KYPBUIBIMIAY 9iCi KOJIIaHBIIIbI.

Homuoicenepi: TeXHOTEHAIK MHUHEPAIIBIK TY3UTIMACPAl KaJIbIITACTHIPY, KUHAKTAY JKOHE TaimaiaHy OarbITTapbl
OOMBIHINA KEMIEH Al Talfay *KacallJbl, TEXHOTCHIIK MIUHEPAJIbIK TY3UTIMAEpAl MainadanyaplH HETi3ri mpobieManapsl
aHBIKTAIIBI, Tay-K€H METaJUTypTHsl CalachIHAAFbl OHIIPICTIK MPOLECTEPIi IKOJOTHSIIAHABIPY OaFBITTAPBIH ANKBIHIAY
YKOHIHJICT1 HEeT13Ti KagaMJap aiKbIHAaIIbL.

Kopvimeinosinap: PecnyOnukaHbIH Tay-KeH METAUTYprHsi KEHICHIHIH OapiiblK cajachl VINIH MHHEpaIbIK
IIMKI3aTTBIH TEXHOTEHIIK KO3/epi Typalbl akKlapaTThl TYPaKThl )KHHAY JKOHE Tajjay >KYHWeciHiH OoiMaybl opTak
npobiema Gonbin TaObuTazpl. Kasipri yakelTTa onapAblH TY3UIIMICPIHIH KeJieMiHEe IIaMaMeH CaHIBIK Oaranay/bl
xKacayra Oonanbl. TeXHOTEHAIK MHUHEPAIIBIK TY3UTIMAEpHAI 3epTTey KOl Karjaiia MOHUTOPHHI J>XYHECIH >KoHe
TEXHOTEHIK MUHEPAIBIK TY3UIIMACPIIH AepeKkTep 0a3achiH KypyFa KOMEKTeCe 1.

TMK-HBI 3KONOTHANAHABIPY MaKCaThIHAA MaiJaabsl TEXHOTEHAIK MHHEPAJAbIK HBICAHIAP/IBIH CalachlH Oarajail,
KeHIIEplI OHJey YIIH peHTaldenbli KeHIepHi 0ese OTBIPHITN, OHIMHIH IIOFBIPIAPBIH KOHTYpJIAI, TEXHOTCHIIK KeH
OpbIHAaphIHA (Tay-Ke€H Ka30amapblHBIH VHIHAUIEpi, OaiiblTy (abpuKamapelHBIH  KAIABIKTAphl, METAJLTYPTHS
3ayBITTapPBIHBIH IUTAKTAPHI J)KOHE T.0.) KEeIIeH] I Te0OTHSUIBIK-TEXHOJIOTHSUIBIK 3ePTTEYIIEp KYPri3y KaKeT.

ECONOMY Series. Ne 3(103)/2021 29



A.K. Kabdybay, N.D. Kenzhebekov and et all.

Kinm ce3dep: Tay-KeH METaUIyprus KeUIeHI, TEXHOTCHIIK MHHEPANJbIK TY3UIMIEP, SKOJIOTHSIAHABIPY,
MHUHEPAIIBIK-IIHUKI3aT PeCypCTapblH YTHIMABI Naljanany, TEXHOJOTHSIBIK casicaT, SKOJIOTUSUIBIK KayiIlci3 eHIipic.

A.K. Kaoapi6aii, H./I. Ken:keoexos, JI.H. Yiabiobimes, E.b. Kaiisayos

JKoJ0ru3anusa HHHOBANHOHHO-TEXHOJIOTHYECKOI0
Pa3BUTHA TOPHO-METALTYPIrUIE€CKOI0 KOMILJIEKCA Ka3zaxcrana

Annomauyus

Lenv: OOOCHOBaHHE W OTpEIeNIiCHUE aJIrOpuTMa JSHCTBUI DKOJIOTH3AIMH MPOU3BOACTBEHHBIX TporieccoB MK
Kazaxcrana kak 1eHiCTBEHHOTO0 MEXaHH3Ma TEXHOJIIOTHUECKOTO Pa3BUTHS U MOJACPHU3ALINH OTPACIIH.

Memoow: Tlpu poBeneHNH HUCCIIEAOBAHMS WCIOIH30BaHBI METOIBI CHCTEMHOTO aHajm3a, cOoOpa BTOPHYHOW MH-
(opmarnmu u CTPYKTYPHU3AIHHN IIeTICH.

Peszynomamei: JlaH KOMIUICKCHBIN aHANHU3 MO 00Pa30BaHUIO, HAKOIUICHUIO M HAIPABJICHUSM HCIOJIH30BAaHUS TEX-
HOTCHHBIX MHUHCPATBHBIX 00pa30BaHUI, BBISIBICHBI OCHOBHBIC MTPOOJICMBI UCTIONB30BAHUS TEXHOTCHHBIX MUHEPATBHBIX
00pa30BaHUi, OTPeICICHBl OCHOBHBIC IIATH [0 HAMPABICHHUSM SKOJIOTU3AIMH [TPOU3BOICTBEHHBIX MPOIIECCOB B TOPHO-
METaJTypruuecKoi oTpaciu.

Buigoowr: OOmIel npobiaeMoit Ui Bcell 0Tpaciu rOPHO-METALTYPTHYECKOTO KOMIUIEKCA PECITYOJIHKH SIBIISCTCS
OTCYTCTBHE CHUCTEMBI PETYIIIPHOTO cOOpa W aHANIH3a HH(QOPMAIMH O TEXHOTCHHBIX HCTOYHHKAX MUHEPATBHOTO CHIPBS.
B nHacrosmiee BpeMss MOXKHO CIENaTh JIMIIb MPUOIM3UTEIBHYIO KOJIMYCCTBEHHYIO OICHKY MX 00BEMOB O0Opa30OBaHUS.
W3ydeHne TEXHOTEHHBIX MHUHEPAIBHBIX O0pa3oBaHWK BO MHOTOM ITIOMOXET CO3[aTh CHCTEMY MOHHUTOpPWHTA W 0azy
JIaHHBIX TEXHOTEHHBIX MHUHEpATBbHBIX 0oOpa3zoBaHuil. B mensx skonormzamuu MK ciemyer mpoBecTH KOMIUICKCHBIE
T'€0JIOTO-TEXHOJIOTHUECKUE MCCIICIOBAHNS TEXHOTEHHBIX MECTOPOXKIEHHH (OTBaJIBl TOPHBIX BBEIPaOOTOK, XBOCTHI 000Ta-
TUTENBHBIX (aOpHK, MUIAKW METAJUTyPTHYeCKHX 3aBOJOB U T.II.) C OIIEHKOM KadecTBa IOJIE3HBIX TEXHOT'CHHBIX MHUHE-
pambHBIX (HOPM, BBIICTICHHEM PEHTA0CTBHBIX IS OTPaOOTKU Py, OKOHTYPHUBAHHEM IPOTYKTHBHBIX 3aJICHKEH.

Knrwuesvie cnosa: FOpHO-MeTaJ’IJ’IprI/I‘IGCKI/Iﬁ KOMIUICKC, TCXHOI'CHHBIC MHUHCPAJIbLHBIC 06p330BaHI/I${, OKOJIOru3a-
aus, paluoOHAJIbHOC HCIOJIb30BAHUEC MUHCPAJIBbHO-CBIPHEBBIX PECYPCOB, TECXHOJOTMYCCKas IMOJHUTUKA, 3KOJIOTMYCCKU
Oe3omacHoe MMPpOU3BOACTBO.
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