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Abstract. Based on a detailed analysis of the current state of the accumulated solid waste of mining and metallurgical en-
terprises, new approaches to the classification of industrial waste are proposed. Outdated methods based on the industry princi-
ple do not allow to fully assess the danger of waste and effectively plan its disposal. The new solutions presented in the work
for the creation of a technological and economic cadastre with the development of state standards for classified groups of waste
will optimize the processes of their processing and disposal, ensure the environmental safety of production and environmental
management. The introduction of the technological and economic cadastre of industrial waste involves the formation of a uni-
fied database containing information on the composition, properties, volumes of generation and possible methods of processing
the accumulated solid waste. This will allow enterprises and processing organizations, as well as interested investors, to gain
access to up-to-date information necessary to make informed decisions in the field of waste management. In addition, the de-
veloped inventory will become a key tool for monitoring and controlling the generation and movement of waste, which will
increase the transparency and efficiency of the waste management system. In general, the introduction of a modern industrial
waste classification system is a prerequisite for the transition to sustainable development and conservation of natural resources,
including reducing the negative impact of waste on the environment, and creating new opportunities for economic growth.
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1. Introduction

Kazakhstan, with its large reserves of polymetallic ores,
is a site for numerous processing enterprises specializing in
lead and zinc. Although the key goal of beneficiation is to
increase the concentration of valuable elements, this process
is inevitably accompanied by the generation of a significant
amount of waste. These wastes, however, retain residual
concentrations of important metals, including non-ferrous
metals and gold. Decades of active mining of precious metals
have led to the accumulation of huge volumes of mining
waste, forming dumps and tailings dumps. Man-made depos-
its have emerged, characterized by industrial reserves and a
content of useful components comparable to low-grade ores,
which are now actively involved in processing. Often, in
mining waste, useful components, in particular, precious and
non-ferrous metals, are presented mainly in a finely dis-
persed state and hard-to-extract forms [1-6]. Efficient recov-
ery of hard-to-recover gold bound to sulphides, coated with
films and finely interspersed in acid-soluble minerals is an
important technological aspect that facilitates more complete
metal recovery and waste recycling using modern methods.
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In the current situation, the processing of man-made de-
posits, namely waste from processing plants, is a promising
area that combines economic feasibility and environmental
responsibility. Recycling not only recovers valuable metals,
reducing dependence on primary mining, but also significant-
ly reduces the amount of waste that has a negative impact on
the environment.

The development of effective technologies for the extrac-
tion of valuable components from mining waste is an urgent
scientific and technical task. Traditional ore processing
methods are often inefficient enough to recover fine gold and
other valuable metals from waste. In this regard, new meth-
ods such as bioleaching, sorption technologies, extraction
and electrochemical methods are being actively researched
and implemented.

An important aspect of waste recycling is an integrated
approach that takes into account the mineralogical composi-
tion of waste, the content of valuable components and envi-
ronmental limitations. The development of optimal techno-
logical schemes of processing requires detailed studies, in-
cluding the analysis of the mineral composition, the determi-
nation of the optimal parameters of the leaching, ion ex-
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change and extraction processes, as well as the assessment of
the environmental safety of the technologies used.

Wastes from processing plants are characterized by a
complex mineralogical composition, fine inclusions of valu-
able components and the presence of harmful impurities.
This complicates the application of traditional metal recovery
methods such as flotation and cyanidation. In modern condi-
tions, the processing of minerals using traditional deep bene-
ficiation technologies is becoming economically inexpedient,
since their capabilities are limited and inefficient for ores
with a submicrogranular structure, the mineral aggregates of
which are difficult to selectively open into individual phases
with a useful component [2, 3, 6, 7].

The reduction of reserves and the decrease in the quality
of ores stimulates the use of more complex grinding and
beneficiation schemes, equipment and reagents, which leads
to an increase in the cost of processing, ahead of market
prices for final products, a decrease in the competitiveness
and investment attractiveness of the mineral resource com-
plex of Kazakhstan. A radical solution to the problem is to
change the ore processing scheme [8].

For the economy of Kazakhstan, the transition of the min-
ing and metallurgical complex of the republic to a circular
economy within the framework of the «zero waste» concept
using resource-saving and energy-efficient technologies is of
paramount importance [9]. The development and design of
new technologies aimed at the integrated processing of mul-
ticomponent raw materials - accumulated waste from lead-
zinc processing plants, seems to be very relevant.

The economic and environmental importance of involving
tailings from processing plants will not only make it possible
to obtain additional profits, but also significantly reduce the
volume of stored waste, prevent pollution of soil and water
resources, and, ultimately, improve the environmental situa-
tion in the regions where the enterprises are located.

In this regard, the development of innovative and environ-
mentally friendly technologies for the extraction of valuable
components from man-made deposits is a key factor for the
sustainable development of the mining and metallurgical indus-
try of Kazakhstan. Such technologies must ensure a high degree
of metal recovery, minimize waste generation and resource
consumption, and meet stringent environmental standards.

One of the promising areas is the use of bioleaching
methods based on the use of microorganisms to dissolve
sulfide minerals and release the valuable components con-
tained in them [10]. Bioleaching offers a number of ad-
vantages, including low energy consumption, the ability to
process low-grade ores and waste, and environmental friend-
liness. However, for the successful application of bioleach-
ing, it is necessary to take into account the mineralogical
composition of the waste, select the optimal strains of micro-
organisms and control the process parameters.

Another promising area is the application of methods for
selective metal extraction using organic reagents, such as
extractants and chelating agents. These methods allow to
extract valuable components from solutions with high selec-
tivity, minimizing loss and contamination. However, the
selection of the optimal reagent and extraction conditions
requires a thorough study of the chemical properties of met-
als and minerals, as well as laboratory and pilot tests.

This paper provides a substantiation of an integrated, in-
novative and environmentally friendly approach to the pro-
cessing of waste from lead-zinc processing plants in Kazakh-

stan, aimed at increasing the efficiency of using the resource
potential of man-made raw materials and reducing the envi-
ronmental consequences.

The introduction of innovative technologies for pro-
cessing waste from lead-zinc processing plants will allow
Kazakhstan not only to strengthen its resource base and in-
crease the competitiveness of the mining and metallurgical
industry, but also to make a significant contribution to envi-
ronmental protection and sustainable development of the
regions. This requires active cooperation between scientific
organizations, enterprises and government agencies, as well
as attracting investment in the development and implementa-
tion of new technologies.

2. Analytical basis for assessing accumulated solid waste

Kazakhstan's geopolitical and economic interests in the
long term will depend on the state of the country's mineral
resource base. At the same time, taking into account the fact
that primary sulphide ores are not unlimited, it has great
interest to involve in the processing of accumulated solid
intermediate products, sludges, slags and tailings of pro-
cessing plants in order to comprehensively extract valuable
metals from them.

According to of the Ministry of Industry and New Tech-
nologies of the Republic of Kazakhstan in dumps, tailings
dumps and storage tanks of mining enterprises of Kazakh-
stan, about 34.2 billion tonnes man-made mineral formations
(TMO): 72% are dump rocks, 20% are dump tailings of ore
beneficiation, 8% are other TMOs. As of 2017, there are 775
objects of man-made mineral formations registered by the
State Cadastre, of which 109 are free from subsoil use, 666
are located at operating enterprises and mines.

The annual growth in the volume of TMO accumulated
due to the increase in mining and processing of minerals in
Kazakhstan is 350-400 million tonnes. At the same time, the
total annual level of TMO consumption is about 11% of the
total output. In the developed industrial countries of the
world, the level of industrial waste use reaches 70-80%.

Recently, the terms «technical mineral formations» or
«technogenic raw materials» are increasingly found in vari-
ous fields, including the mining and metallurgical industry
and other sectors of the economy. It is important to empha-
size the lack of a generally accepted and clear scientific defi-
nition for these categories. According to the study [11],
«technogenic raw materials» are industrial wastes and
dumps, which indicate the imperfection and low efficiency of
the technologies, processes and equipment used.

The widespread use of this term, to a certain extent, hin-
ders the disposal of waste from the mining and metallurgical
complex, the integrated use of non-renewable natural mineral
resources and the full involvement of secondary raw materials
in the production cycle. Thus, the use of the concept of «tech-
nogenic raw materials» does not seem to be entirely justified.

During ore beneficiation, 75-85% of the base metals ac-
counted for in the supplied ores are extracted into concen-
trates, the remaining part is stored in dumps. During metallur-
gical processing, the extraction of basic metals into rough
products is 80-95%, the remaining part also goes to dumps.
The ores of most non-ferrous metal deposits are complex.
Their industrial value is determined by the presence of the
content of the main components in them. In addition to the
main components, ores contain precious metals (gold, silver,
platinum).
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The ores contain dispersed and rare metals (bismuth, sele-
nium, tellurium, rhenium, cadmium, titanium, vanadium, etc.).
The specificity and peculiarity of the beneficiation of such ores
is characterized by the fact that the bulk of valuable metals is
lost with dumps, substandard ores and tailings.

As the analysis shows, insufficient attention is paid to the
problems of assessing the impact of industrial waste, includ-
ing toxic, on human life arising from the disposal of industri-
al waste. At present, due to the lack of a proper system of
accounting and control of industrial waste, specialized places
for their storage and processing, it is not possible to deter-
mine the total volume of waste generation, both by type and
by roll. The data available in official sources give a certain
general picture of the current situation with industrial waste
in the post-Soviet countries and reinforce the need to solve
the problem of their disposal.

For example, in Russia, the volume of unprocessed and
non-neutralized waste has increased by 16% over the past ten
years. 4.5 billion tons of production and consumption waste
are stored annually on the surface of the earth. The total
amount of accumulated waste is 50 billion tons, and more
than 250 thousand hectares of land are occupied for storage.
In 2019 alone, about 130 million tons of toxic waste were
generated at industrial enterprises, which is 9.2% more than
in 2000. The main volume of toxic waste falls on ferrous and
non-ferrous metallurgy enterprises.

According to the State Statistics Committee of Ukraine,
during 2010, Ukrainian enterprises accumulated about 80
million tons of toxic waste against 77.6 million tons in the
previous year. Moreover, of the total amount of accumulated
waste, 48.8 million tons (62%) are placed in places of orga-
nized storage, of which 19% are in storage facilities that are
operated in violation of environmental safety requirements,
or do not meet current standards. At the same time, the coun-
try's industrial enterprises continue to send waste to landfills.
As of January 1, 2004, 2745.1 million tons of toxic waste
had accumulated in the storage facilities and on the territory
of the country's enterprises. On average in the country 1 sq.
km at the beginning of 2004, 4.5 thousand tons of toxic in-
dustrial waste were stored in storage facilities and on the
territory of enterprises.

Comparative data for Kazakhstan is not encouraging ei-
ther. According to the official data of the Ministry of Indus-
trial Development of the republic, to date, more than 20
billion tons of solid waste have already been accumulated,
75% of which falls on the share of mining enterprises, 20%
on processing plants, and the remaining share on non-ferrous
metallurgy enterprises.

For Kazakhstan, as well as for Russia and Ukraine, toxic
waste, which is part of the structure of accumulated industrial
waste, is particular concern in terms of the degree of impact on
the environment and human life. On the territory of the repub-
lic, this category of waste is represented by a complex con-
glomerate of a mixture consisting of toxic, hazardous and
mixed waste. The annual increase in their volumes, mainly
stored in the open state, is the main reason for the observed
serious violation of the ecological balance in the biosphere. As
a result, the degree of impact of harmful substances on human
life contained in toxic waste has significantly increased.

According to the Ministry of Emergency Situations,
about 86 million tons of maintenance are generated annually
in the republic, 63% of which falls on the share of non-
ferrous metallurgy waste. The dynamics of the formation and
use of toxic waste on our territory is shown in Figure 1.
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Figurel. Formation and use of toxic production waste in the
period of 2003-2007

In most cases, technogenic raw wastes are located in
places unsuitable for storage and are concentrated mainly in
depressed regions of the republic. Thus, according to the
state statistical reporting for 2007, as a result of the activities
of industrial enterprises of the East Kazakhstan region
(EKR), about 1401150 thousand tons of industrial waste
were accumulated. The general structure of accumulated
waste is presented in Figure 2.
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Figure 2. Structure of industrial waste accumulated in East
Kazakhstan region (2007)

The situation in the region is aggravated by the fact that
enterprises neutralize only an insignificant part of waste, and
the main part of it, consisting of waste from the mining and
processing complex and metallurgical production, is sent to
places of organized storage.

The annual generation of waste from the mining and pro-
cessing complex from overburden, tailings of processing
plants belonging to hazard classes 3-4, with the widest range
of ingredients, is about 20 million tons.

Metallurgical production waste is placed in dumps, waste
heaps, sludge reservoirs and occupies an area of 436 hec-
tares. Some of the dumps are stored in water protection
zones. Such waste disposal leads to environmental pollution
due to dust dispersion and erosion by rain and melt water, as
well as pollutes surface and groundwater.

With the waste accumulated in the region, formed in the
production chain "mining - processing - metallurgy"”, more
than a third of the non-ferrous and precious metals mined
with ores is lost, huge reserves of various construction raw
materials are frozen. Through losses of metals are: lead —
33%, zinc — 28%, copper — 21%, gold — 41%, silver — 35%.
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The total through losses, 15-20% of non-ferrous metals and
8-12% of precious metals are lost during mining, 43-48%
and 74-75%, respectively, during metallurgy, 35-42% of
non-ferrous metals and 14-17% of precious metals. The ex-
cess of losses of valuable components during beneficiation
by 2-3 times compared to losses in mining and metallurgical
processing led to the emergence of numerous technogenic
deposits. According to the Territorial Department of Envi-
ronmental Protection of East Kazakhstan region, it is current-
ly not possible to accurately determine the volume of indus-
trial wastes and, moreover, to manage them.

Waste management on a regional scale is carried out
through the Ministry of Ecology and Natural Resources and
their structural divisions, which limits the control, regulatory
and management capabilities of local territorial departments.
The Territorial Administrations are granted independence only
in terms of issuing permits for the storage (burial) of waste.

From the above, it follows that if the issues of waste pro-
cessing for enterprises are interest from a technological point
of view, then in general, for the region, the solution of the
issue is relevant, first of all, from the point of view of ensur-
ing the environmental safety of the region.

The sustainability of the accumulated process, and the
continuing growth in the volume of new waste received,
significantly exacerbated the negative consequences, which
began to seriously affect the life of people and the technolog-
ical side. Thus, the comparative data given in Figure 3 show
that the negative environmental consequences affecting hu-
man health in the republic are quite high.
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Figure 3. Solid waste yields, t/person per year

The negative consequences of accumulated industrial
waste are associated with the fact that more than a third of
non-ferrous, rare, rare-earth, strategic and precious metals
mined with ores are lost with waste. The content of valua-
ble components in waste often exceeds their content in
developed deposits. If we take into account that the prob-
lem of increasing the use of production waste lies not only
in its negative impact on the environment, but also in its
potential value as a possible secondary raw material re-
source, then it is quite possible to assert that they are used
as a strategic raw material for additional extraction of a
complex of valuable metals. The data given in Figure 4
confirm the opinion expressed.

As the analysis shows, the main reason for the negative
impact on the environment, and human life, consists not so
much in the growth of production, as in the absence of inte-
grated processing of minerals, as well as the disposal of large
volumes of accumulated and current waste on the territories
of enterprises.
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Figure 4. Volumes of non-ferrous metals accumulated in solid
waste in Kazakhstan (million tons): (a) mineral processing; (b)
metallurgy

Existing methods of processing industrial substandard
waste, «tied» to the main technological schemes, have al-
ready become difficult and ineffective. The complexity of the
use of raw materials has decreased, there has been a decline
in the end-to-end extraction of even base metals. In addition,
the disruption of horizontal ties between enterprises, associ-
ated primarily with changes in forms of ownership, led to a
significant accumulation of solid waste and tailings directly
on the territories of mining and metallurgy industries, caus-
ing significant damage to the environment and human life.
This picture is especially characteristic of those regions
where lead enterprises are located.

The organization of solid waste processing would make
it possible to additionally extract not only base metals, but
also valuable associated metals, the cost of which is com-
mensurate, and sometimes even exceeds the cost of the
main products of the enterprise. After the extraction of
valuable metals, the demetallized silicate part can be used
for the production of building materials. In favor of solid
waste processing, we can also cite the absence of special
costs for extraction and transportation, which make up the
largest part in the cost structure.

As a result of the lack of effective technologies for pro-
cessing solid tailings and waste, there is an incomplete, not
comprehensive development of the mineral resources of the
republic, technologically returned valuable components - rare
and trace metals - are irretrievably lost. To solve the problems
of environmental protection and the use of natural resources,
the Government of the Republic invests considerable amounts
of financial resources every year. Moreover, as the dynamics
of investments shown in Figure 5 shows, their volumes in-
crease every year.
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Figure 5. Growth of investments aimed at environmental pro-
tection and use of natural resources of the Republic of Kazakhstan
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However, in spite of the cardinal measures taken, in al-
most all regions of the republic there is an inappropriate, and
most importantly, irrational use of the allocated financial
investments. An increase in the efficiency of the use of allo-
cated funds can be achieved and, in the case, where and
when the indicated problem has a fundamental justification
for its solution, taking into account the specifics of the object
under study and the region as a whole. In some cases, the
absence of such approaches cannot provide a concrete solu-
tion to the problem on the part of responsible executors in
full. For example, in the Register of Environmental Problems
of the Republic of Kazakhstan, in the column «problem» (in
relation to the East Kazakhstan region), it is indicated: the
presence of ownerless waste from the mining industry. Fur-
ther, in the column «Ways to solve the problems, the general
solution is indicated - the disposal of ownerless waste from
the mining industry. The following column deserves special
attention — «Measures taken», which states literally the fol-
lowing: «The issues of reclamation of dumps and tailings of
the mining industry are not being resolved due to lack of
financial resources. At existing enterprises, the issues of
neutralization and reclamation of dumps are not included in
investment obligations». There are many such examples in
the Register. We think that there is no need to comment here.

In our opinion, a significant obstacle to the effective dis-
posal or treatment of solid waste is the use of outdated ap-
proaches to assessing its quality. Methods, regulations,
standards and technical conditions developed back in the
Soviet period do not correspond to modern realities.

It is important to note that many existing standards, speci-
fications, certificates and passports created for certain types
of industrial products and waste are currently either not ap-
plied or have lost their relevance. For example, all technical
specifications regulating substandard industrial products
(such as lead-copper mattes) and oxide-sulfide melts of lead
production are no longer in force, although the volume of
accumulated waste reaches tens of thousands of tons.

The lack of up-to-date regulations governing the handling
of these products makes it difficult to process them rational-
ly. These wastes continue to be disposed of in open areas,
occupying significant areas. The presence in them, along
with base metals, of a high content of toxic impurities, in-
creases their negative impact on the ecological situation,
environmental protection and public health. Similar exam-
ples can be found in various regions of the country.

The negative consequences of waste become especially
serious when it contains toxic substances, which, as previ-
ously demonstrated, is relevant for accumulated waste in the
East Kazakhstan region.

3. Results and discussion

3.1. Classification of accumulated industrial waste

Good classification of solid waste is essential for effec-
tive waste management, including planning for recycling and
the necessary investments. An analysis of scientific publica-
tions shows that existing approaches to the classification of
industrial waste are often based on their origin by industry.

Production waste is the remains of raw materials, materi-
als and semi-finished products that have lost their original
properties in the production process. However, the re-
involvement of this waste in recycling can give it new, valu-
able properties. It is necessary to study, analyze and classify

them, preparing them for processing in order to extract useful
components, and send the remaining slag materials to the
construction industry. Despite the existing classification
based on industries, each industry has its own system, which
makes comprehensive waste management difficult. New
approaches to classification are needed, taking into account
common characteristics, which will make it possible to group
industrial waste into separate categories.

Optimization of environmental safety of production in
non-ferrous metallurgy is achievable with an integrated ap-
proach to each object under study - semi-product, industrial
waste or slag. Separate processing of industrial products and
waste from processing plants and metallurgical enterprises
will have a positive effect on the environment. The involve-
ment of secondary raw materials from dumps will clean the
territories of enterprises, prevent pollution of water basins
and reduce dust emissions into the atmosphere.

First stage research should include the implementation of
measures to Classification of each type of industrial waste,
with the establishment of their quantitative and qualitative
completeness, with further identification of various wastes
according to common features and grouping into common
groups of interest for the extraction of a particular valuable
component from them. This is the basic and necessary condi-
tion. It should be noted that in this case the concepts of «in-
ventory» and «classification» should not be identified.

As the analysis [12, 13] shows, the old classifications of
wastes by industry and morphological composition that have
been developed and are still in force can no longer be a crite-
rion for judging their hazard and choosing a method of dis-
posal. This is due to the fact that each type of waste generat-
ed contains a set of chemicals characterized by their different
toxicity, which can have a different polluting effect on the
soil, groundwater, water of open water bodies and cause a
negative impact on human health along ecological chains.

The implementation of the first stage of work will allow
to most accurately determine the hazard class of a particular
waste, and optimize the choice of the method of disposal,
neutralization and disposal of waste. Identification of waste
by properties and its classification will create an opportunity
for further development of a state standard for each specific
group of waste.

3.2. Development of a technological and economic cadastre

The purpose of the research should be to create a techno-
logical and economic cadastre of solid waste from mining
and metallurgical enterprises. This will make it possible to
streamline the received and accumulated materials and waste,
determine their hazard class and impact on the environment,
assess the economic feasibility of recycling and develop
effective technologies.

Outdated methods based on the industry principle do not
allow to fully assess the danger of waste and effectively plan
its disposal. The proposed integrated approach, including the
creation of a technological and economic cadastre and the
development of state standards for classified groups of waste,
will not only optimize the processes of processing and dis-
posal, but also ensure the environmental safety of production
and environmental management.

The introduction of a technological and economic cadas-
tre of industrial waste involves the creation of a single data-
base containing information on the composition, properties,
volumes of generation and possible methods of processing
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each type of waste. This will allow enterprises and pro-
cessing organizations to gain access to up-to-date infor-
mation necessary to make informed decisions in the field of
waste management. In addition, the cadastre will become a
tool for monitoring and controlling the generation and
movement of waste, which will increase the transparency and
efficiency of the waste management system as a whole.

3.3. Standardization of waste groups and processing
priorities

Second stage — development of state standards for newly
classified wastes in a single group. Such a solution will make
it possible to carry out certification, certification of waste and
products of its processing, as well as to provide information
about waste as hazardous substances or secondary material
resources. At the same time, it will be possible to perform
any actions related to the storage, placement, processing and
transportation of waste, including marketing, storage, dispos-
al, burial or destruction.

The implementation of the complex of these works
should be carried out under the strict control of state bodies
of republican, regional and local significance with the in-
volvement of a wide range of scientific specialists in a par-
ticular field. These works should be aimed at solving key
areas, such as:

— classification of accumulated and current waste in the
territory of the republic with the identification of the volumes
of valuable components contained in them;

— substantiation and development of proposals for addi-
tional production of metals from classified waste by replac-
ing primary sources of raw materials;

— providing up-to-date complete information on waste for
potential investors wishing to purchase a particular group of
waste or take part in their processing;

— preparation and adoption of competent decisions by ex-
perts authorized by local authorities when considering issues
of storage, transportation, processing or disposal of waste;

— selection of the most effective technologies for the pro-
cessing of specific metal-containing waste.

The development of national standards for classified
waste groups is an important step to ensure the uniformity
and comparability of waste data, as well as to establish re-
quirements for their treatment and disposal. Standards must
take into account both environmental and economic aspects,
as well as comply with international norms and requirements.
This will create clear rules of the game for all participants in
the waste management market and stimulate the introduction
of the best available technologies.

4, Conclusions

The analysis highlights the need to move to new ap-
proaches to the classification of industrial waste. The need
for a transition to new approaches to the classification of
industrial wastes is shown.

The implementation of the proposed measures will re-
quire the active participation of government agencies, scien-
tific organizations and the business community. State bodies
should ensure the development and implementation of a
regulatory framework, as well as monitor compliance with
requirements in the field of waste management. Scientific
organizations should conduct research on the development of
new technologies for waste processing and disposal, as well

as participate in the development of standards and invento-
ries. The business community should invest in the creation of
infrastructure for waste processing and disposal, as well as
introduce modern technologies at their enterprises.

In general, the introduction of a modern industrial waste
classification system is a prerequisite for the transition to
sustainable development and conservation of natural re-
sources. This will not only reduce the negative impact on the
environment, but also create new opportunities for economic
growth and development.
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Annarna. Tay-KeH-MeTauTyprusi KEIICHI KOCIMOPBIHIAPBIHBIH KHUHAKTAIFaH KATTHl KAJIBIKTAPBIHBIH arbIMIarbl JKai-
KYHIH emKked-TerKeisli Taigay HeTi3iHIe OHEPKACINTIK KaJABIKTApAbl JKIKTEY/Ie KaHAa TOCUIAEP YCBHIHBLIABL Calaibik
MPUHIAIKE HETi3JeNreH eCKIpreH oficTep KaJABIKTapABIH KayilTUIMH TONBIK OarajayFa JXoHE OJIAPIBI KOKOJBI THIMII
JKocTapiayra MyMKIHIIK 0epmeiini. KannsikrapabiH *KIKTEIreH TONTaphl YIIiH MEMJIEKETTIK CTaHAApPTTap/Abl 33ipJiei OTHIPHII,
TEXHOJIOTHSUTBIK-OKOHOMHKAJIBIK KaJacTp Kypy JKOHIHJIETI JKYMBbICTa KEJITIPUIreH jkKaHa LIeliM/ep oJlap/bl KalTa oHAey jKoHe
KoJIeTe ’KapaTy IIpOILECTepiH OHTAWIaHIBIPYFa MYMKIHAIK Oepeni, eHAipic TeH TabWrarT mMaijamaHyIblH SKOJIOTHSIIBIK
Kayilci3AiriH KaMTamachi3 eTeli. OHEpKOCINTIK KaIABIKTApAbIH TEXHOJIOTUSIIBIK-OKOHOMUKAJBIK KaJaCTPhIH CHTI3Y
JKUHAKTAJIFaH KaTThl KAJABIKTAPBIH KYpaMbl, KACHETTEPl, T3y KeJieMi jKOHE OJap/bl KaiTa OHICYAIH BIKTHMAJ TOCLIaepi
TypaJIbl aKImapaTThl KAMTUTHIH OipbIHFall AepekTep 0a3achlH KaJbINTACTRIPYIBI Ko3aehai. byt kocimopsiHIap MEH KaiTa oHICY
yiBIMIapbIHa, COHAAW-aK MYZJIENi WHBECTOpIapFa KAIIBIKTapAbl OacKapy *oHe 0ackapy calachlH/a HETI3[eNTeH MIeHIiMIep
KaObUIlay YLIIH KaXKETTI ©3eKTi akKmaparka KON JKeTKi3yre MyMkiHaik Oepeni. CoHbIMEH Karap, 93ipJIeHTeH KaJacTp
KaJIBIKTapabIH TMaiiza OONybl MEH KO3FANBICHIH OaKblIay >KoHe OaKbUIayIbIH HETI3rl Kypaibl Oomaisl, OYT KalJBIKTapAbl
Oackapy KyHeciHiH alIBIKTHIFEI MEH THIMALIITIH apTThIpansl. TyTacTail anFaHma, OHEPKACINTIK KaJIABIKTapAbl IKIKTEYIiH
3aMaHayW JKYMeCiH eHTi3y KaJAbIKTapbIH KOpIIAaFraH OpTara Tepic 9CepiH a3alTyndpl OHE 3KOHOMHUKAIBIK ©Cy YIIiH XaHa
MYMKIHJIKTEp *Kacaylbsl Koca aliFaHaa, TAOUFU pecypcTapIbl OPHBIKTHI TaMBITYFa JKOHE CaKTayFa KOy YIIiH KaKeTTi IapT
00JIBIIN TAaObLIA B

Heczizzi co30ep: xanovikmap, Kauma onoey, JCiKmey, 9KOA02Us, Memandapovl any, pecypcmapovl YHemoey, KOCbiMuld
wuKizam Kesi.
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K Bompocy nepepadoTku TBepAbIX HAKOIJIEHHBIX 0TX010B
NPeANnPUATHH TOPHO-METAJLIYPrudeckoro komiviekca Kaszaxcrana
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AHHoTanusi. Ha OCHOBaHMHM JETalbHOTO aHANIN3a TEKYIIEr0 COCTOSHHSA HAKOIUIEHHBIX TBEPABIX OTXOAOB HPENNPHUSITHI
TOPHO-METAJUTypPTUYECKOTO KOMIUIEKCA HPEIOKEHBI HOBBIE MOAXOABI B KIACCH(UKAIIMN MPOMBIIIICHHBIX OTXOJOB. YCTa-
peBILIIE METOAbI, OCHOBAaHHBIC Ha OTPACIICBOM NMPUHIHUIIE, HE MO3BOJIAIOT B IIOJIHOM Mepe OLIEHUTh ONACHOCTh OTXOAO0B U 3(-
(heKTHBHO IUIAHMPOBATh UX yTHIM3anuio. [IpuBeneHHbBIe B pabOTE HOBBIC PEIICHHUS 0 CO3AAHHUIO TEXHOJIOTO-3KOHOMUYECKOTO
KajacTpa ¢ pa3paboTKOl rocyIapcTBEHHBIX CTaHIAAPTOB VI KIACCH(UIMPOBAHHBIX TPYII OTXOAOB IO3BOJHUT ONTHMHU3UPO-
BaTh MPOLECCHI UX IepepabOTKH U YTUIU3ALUH, 00ECIIEUUT IKOJIOTHUECKYI0 OE30IIaCHOCTh MIPOU3BOJCTBA U MPUPOIONOIH30-
BaHMs. BHenpeHHe TeXHOIOro-3KOHOMHYECKOTO KaaacTpa MPOMBIIUICHHBIX OTXOJOB IpeirnoiaraeT (GOpMUPOBaHUE €IUHOM
0a3bl TaHHBIX, COZEPIKaIeH HHPOPMAIHIO O COCTaBe, CBOHCTBAX, 00beMax 00pa30BaHMs U BO3MOXHBIX crioco0ax nepepabor-
KW HAaKOIICHHBIX TBEPABIX OTXOJ0B. DTO MMO3BOJIUT MPEANPHATHIM U epepadaThIBAIOIIUM OPraHU3aLUsIM, a TAK)Ke 3auHTepe-
COBaHHBIM MHBECTOpaM MOJYYUTb AOCTYII K aKTyalbHOH MH(pOpMaINK, HEOOXOAMMOM /ISl IPUHSTHS 00OCHOBAaHHBIX PEIICHUIT
B 001acTH oOpaleHnsl ¥ ynpaBieHus ¢ oTxonamMu. Kpome Toro, pa3pabOTaHHBIN KagacTp CTaHET KIFOYEBBHIM HHCTPYMEHTOM
JUISL MOHUTOPUHTA U KOHTPOJIS 32 00pa30BaHHEM U JIBUXKEHHEM OTXOJIOB, YTO MOBBICHUT MPO3PAaYHOCTh U IPPEKTUBHOCTH CHU-
CTEMBI yIIpaBJICHHUs OTX0AaMH. B LienoM, BHEApEeHUE COBPEMEHHOM CUCTEMBI KJIaCCU(HKALUK TPOMBIIUIEHHBIX OTXOJIO0B SIBJISI-
eTcsl HEOOXOMMBIM YCIIOBUEM JUIS NIEPEX0a K YCTOMYMBOMY Pa3BUTHIO U COXPAHCHUIO MPUPOJHBIX PECYPCOB, BKIIOUYasi CHHU-
JKCHUE HETaTHBHOTO BO3/ICHCTBUSI OTXOJ0B Ha OKPYKAIOILYIO CPEdy, U CO3JaHNS HOBBIX BO3MOXKHOCTEH /151 5KOHOMUYECKOTO
pocrTa.

Knrwouegvie cnosa: omxoowi, nepepabomka, kiaccuguxayus, 5K0102us, Usgie4eHue Memaiios, pecypcocoepeicenue, 00-
NOIHUMENbHBIU UCTOYHUK CbIPbSL.

Publisher’s note

All claims expressed in this manuscript are solely those of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.


mailto:zhte@mail.ru

