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Annotation. In this scientific article, the methods of waste processing, which are formed during
the development of mineral deposits and quarries in the Republic of Kazakhstan, are considered. Subsoil
of Kazakhstan contains a significant amount of minerals. On the basis of explored reserves, powerful oil
and gas extraction, uranium and coal industries, mining and processing of ores of ferrous, non-ferrous and
precious metals, the presence of various types of non-metallic minerals has been established. The author,
revealing the problems, offers a way of waste management and processing of this mining industry. In
modern market conditions and taking into account the available technologies, when determining the
amount of rocks that can be used with the creation of added value, these secondary resources should be
processed.

Secondary mineral resources in the mining industry are rocks and tailings that can be used as raw
materials in production or as additional material resources as final materials. The use of secondary
resources, as a rule, is economically beneficial for extraction, enrichment and processing of primary
subsoil resources. The main source of secondary resources in the mining industry is man-made waste,
which is formed during the processing of mineral raw materials and is concentrated in man-made
formations. These man-made formations are distinguished by the quantity and quality of mineral raw
materials suitable for industrial use at the present time or in the future - technologies for its processing are
being developed and the corresponding demand is formed.

Keywords: mining industry, raw materials, industrial waste, recycling, construction, safety.

Introduction. The mining and metallurgical complex includes more than 200 mining and
processing enterprises, the sale of their commercial products is currently carried out in European
countries, the USA, China, South Korea, Singapore, Malaysia, etc. countries (Figure 1-3).

The volume of production of commercial products of the mineral raw materials complex
of Kazakhstan is 44% of total industrial production, of which 39% is accounted for by the oil and
gas complex and 5% by the production of mineral raw materials other than oil and gas. The
mining sector plays an important role in the economy of Kazakhstan. The state has established a
scheme for attracting foreign direct investment in the oil and solid minerals sectors, which are
rich in raw materials.

By morphological features, secondary mineral resources in the mining industry are
divided into two types:

1) technogenic resources in dumps and waste heaps.

2) technogenic resources formed during the filling of depressions of the earth's surface.

Depending on the composition and technological features and industry affiliation,
secondary mineral resources in the mining industry are as follows:

1) technogenic resources of natural rocks and gravelly material rocks;

2) sludge and tailings of enrichment plants;

3) technogenic resources of pyrometallurgical processes of non-ferrous and ferrous
metallurgy, folded with sludge and slag;

4) technogenic resources accumulated from ash and slag of thermal power plants;

5) technogenic resources of chemical production.

Based on the areas of potential use, secondary mineral resources in the mining industry
are classified into the following types:

1) technogenic resources of construction raw materials;

2) man-made resources containing carbon used in energy;
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Figure 2 — Mines and quarries of ferrous and rare earth metals

Figure 3 — Filling of depressions in the earth's surface

3) man-made resources by type of metal extracted (copper, nickel, gold, silver, rare
earths, etc.);

4) mixed-type man-made resources, i.e. suitable for the extraction of construction raw
materials and metals.

Materials and methods of research. The main types of use of secondary resources of
the mining industry include: backfilling of cuttings, quarries and mine pits. Assessing the energy
efficiency of this type of use of secondary resources, when designing a mining enterprise, it is
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necessary to take into account the transportation distance that can be optimized taking into
account this direction of use of the waste mass. In addition, it is necessary to analyze resource
efficiency in terms of assessing the cost of the mining mass used to backfill mines, quarries and
mine pits. In the case of processing secondary resources of the mining industry as raw materials
for the production of building materials (ogloporite, ceramic products, cement, porous aggregate
for concrete), energy consumption increases and a negative impact on the environment is
determined. However, it should be noted that in this case, the level of energy consumption and
negative impact on the environment is much lower than when extracting raw materials from new
deposits. The processing of mining wastes, metallurgical technologies, by complete extraction or
leaching of useful components of ores (rare earth elements, metals and chemical raw materials)
increases the energy consumption and the degree of environmental impact.

The operation of the mining industry, without paying due attention to the issues of waste
generation, has led to the formation of extensive, often closed zones of technogenic impact,
which are environmentally dangerous for the population living in these areas and for the
environment as a whole. In this regard, in recent years, the task of isolating and neutralizing
technogenic and natural-technogenic objects saturated with harmful substances has become
especially acute. In Kazakhstan, more than 1.53 billion tons of useful solids are extracted
annually, a third of which (534 million tons) - for metallurgy. However, the amount of this goes
to the final product is slightly more than 4-8%, and the rest is a significant area of rocks, tailings
and metallurgical slag, which are increasingly accumulating there. The largest share of waste
(59.5%) is from non-ferrous and ferrous metallurgy (37.9 and 24.7%, respectively). Coal
industry waste in energy reached 1.8 billion tons or 12%, in the phosphorus industry - 2.4% of
the total in the republic.

Industrial waste is concentrated on construction sites, does not require funds for
geological exploration, as well as transportation to a place of processing. Taking into account the
costs of creating and storing dumps, land reclamation and other measures to protect the
environment, the additional cost of the resulting product to the national economy is 2-4 times
cheaper than using the same raw materials. Analysis of the actual situation in the field of waste
disposal shows the following problems: solid waste from non-ferrous metallurgy is still used
unsatisfactory. In addition, mining wastes in non-ferrous metallurgy production consist mainly of
sedimentary rocks - sandstones, siltstones and clays, sands and clays, sand-gravel stones and
clayey rocks. Volcanic limestones and rocks diabases and basalts are rare. Therefore, as in
ferrous metallurgy enterprises, they, like the construction industry, the chemical industry, etc. in
some cases, can be used with great success as industrial raw materials for the processing of poor
ores with technical progress in the relevant industries. It is also necessary to organize the
extraction of valuable components from waste rocks that were not taken into account by
geological services in due time.

As for the waste from enrichment production, about 2.5 billion tons of flotation tailings
and sludges have accumulated in the tailings ponds of non-ferrous metallurgy enrichment plants
of Kazakhstan. One of the most promising areas of their use should be considered as bedding.
This is because, by constructing the space extracted during underground mining, good results are
achieved in terms of full and high-quality extraction of minerals from the subsoil, elimination of
negative effects of mining operations on the surface of the earth. In addition, in this system, it is
necessary to conduct joint development of deposits with the possibility of safe development of
fire-hazardous and flooded areas, as well as open-pit and underground mining. Currently, about
362.8 million tons of waste with no potential value are stored at non-ferrous metallurgy
enterprises. The use of industrial waste looks promising, as it has valuable components in the
production of building materials. Such an area may be the most important in creating
technological schemes and processes with minimal and no waste. The range of raw materials for
the production of building materials should be mass, cheap and suitable for wide production. A
significant part of the enrichment waste has such properties.
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The most important task in solving this problem is the feasibility of using gases from
metallurgical production, the construction of new purification and ventilation facilities and their
disposal.

Analysis of the state of the problem shows that there are significant unrealized
opportunities for effective use of almost all types of accumulated and generated waste.

The low level of their use and utilization by the population is explained by a number of
economic reasons. First, the departmental interests of individual mining operations are
metallurgical enterprises, the previous planning practice and the allocation of capital
investments, equipment and materials. Secondly, there are many unresolved technical and
economic problems, the lack of reliable and complete information on the qualitative and even
quantitative characteristics of the accumulated waste. The development of dumps and tailings
dumps, as well as the creation of such dumps, ensuring the preservation of potentially useful
rocks and unconditioned ores, ensuring minimal damage to the environment and the
effectiveness of their further development, there are no sufficiently substantiated technical
solutions.

Despite numerous laboratory technologies, research on the extraction of useful
components containing metals from waste and the feasibility of using the silicate or carbonate
fraction for their extraction is impossible without a feasibility study of economic indicators due
to the lack of building materials and other products. Elaboration of issues of technical and
economic assessment and determination of waste requires the effectiveness of their
comprehensive use as a mineral raw material, as well as environmental pollution. There is a need
to use the same waste in different ways and technologies, as well as to choose the most effective
directions for the selected waste.

At the present stage of development, the economic crisis in the republics, the lack of
investments (capital investments) for the reconstruction of enterprises or the creation of new
production of technogenic products, as well as the decline in raw material production, are added
to this. The variety of identified reasons indicates the need for a comprehensive systematic
approach to solving the problem, which has led to the emergence of a more complete account of
the interconnectedness of individual parts of the development of technogenic mineral resources.

The main natural wealth of the subsoil is mineral raw materials, that is, a set of minerals,
the extraction (extraction) and processing of which is the main goal of subsoil use. On the other
hand, subsoil development has a detrimental effect on all components of the environment and its
overall quality [3].

Changes in the transportation of mineral raw materials, their processing, underground
development of mining enterprises, etc. have a significant negative impact on the environment.
The most important aspect of the problem of interaction of mining and quarrying is the choice of
solutions during the design, construction and operation of mining enterprises, the development of
mine tailings, reclamation, mining, placement of external dumps, etc. at the present stage of
production with the environment, i.e. the impact of conditions [3].

For the most complete use of mineral resources, the following conditions must be met:

- in the field of mineral raw materials production - optimization of planned costs for the
development of complex raw material regions;

- use and processing of raw materials, the use of raw materials;

- review and use of recycling and production enterprises;

- new technological solutions using physicochemical geotechnical methods;

- reduction of losses due to the use of advanced technologies in the field of mineral raw
materials consumption. The most common changes in the natural environment are the use of
secondary raw materials and waste, the replacement of obsolete raw materials with artificial
materials, etc. [3].

-water pumping and processing of objects due to changes in the landscape and
underground structures of urbanized areas of mining and mining and solid mineral extraction
areas as a result of the extraction of liquid and solid minerals;
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-irrigation of the land, during production, for example, during the planning of the territory
with changes in the natural environment, in order to increase the bearing capacity of the aquifers
and soil, to raise the level of groundwater and build reservoirs, irrigation of the land;

-pollution of the subsoil due to the discharge of liquid waste into the wastewater as a
result of the redistribution of surface waters and a change in the hydrodynamic regime

-ensuring the stress-deformed state of the mountain massif and the state of natural
geological, hydrogeological, geomechanical, thermal, geochemical, radiation and biological
equilibrium (Table 1).

Table 1 — Types of waste from the mining and metallurgical industry

Phase Mining and metallurgical industry
characteriza Production Enrichment Metallurgical
tion of transformations
waste Open | Undergro | Geotechn | Gravity |Flotation | Hydrometall | Thermometal
und ological | magnetic, urgy lurgy
electric
Solid Expose Loose - Waste Waste | Precipitation Waste
d rocks rocks
Liquid - Mining Wash Sludge, Brine Cooling
waters Solution water, pulp water
sludge
Dust Gas Dust Methane, - - Air ext- Steam Gases, dust
mine air raction

The "irrecyclability” of waste is a relative concept depending on the time, the technology
used and the needs of the market. This is the accumulated part of non-recyclable waste, which is
a real waste. As practice shows, more than 70% of all waste generated by industry, including
mining waste, cannot be recycled within the framework of the enterprises that produce them
[25]. The technologies of production and processing of subsoil users do not allow to reduce the
generation of waste and at the same time maintain the achieved level of profitability of
production, which means that for mining and enrichment industries this is used. Reducing the
level of waste generation and increasing the recycling rate of generated waste is possible when
implementing technological innovations, taking into account the environmental factor. An
important element for the region in this structure is the relationship between potential mineral
resources and waste. Since the prospect of resource recycling can attract investments and create
new jobs, at the same time the accumulation of waste prevents the alternative use of land in the
territories and poses an environmental threat to the population. The main factors influencing the
structure of the mining mass extracted for subsoil use are: the composition and quality of the
extracted minerals, the mining and geological conditions of the work, the market situation, the
availability of effective technologies for the processing of minerals and waste disposal,
environmental restrictions and incentives.

Conclusion. Currently, a huge amount of technogenic waste has accumulated during the
extraction and processing of minerals, the use of which in the national economy can have a
significant economic impact and is important for solving environmental problems. Among them,
stripping and capacious rocks; tailings and sludge of enrichment plants; slags, dust and gases of
metallurgical plants; ash and slag residues from coal combustion stand out. It can be concluded
that only a certain part of them is a valuable raw material that can be processed at the current
level of development of equipment and technology. Therefore, among mining wastes, it is
necessary to single out the first-order objects that can be called technogenic deposits by analogy
with natural deposits. They are an accumulation of waste from the extraction and processing of
mineral raw materials with reserves ranging from tens of thousands to hundreds of millions of
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tons, the use of which allows obtaining additional volumes of commodity products with a large
economic impact. Some authors propose dividing mining and technological waste into two
groups: balance waste - these are production and consumption wastes, the use of which is
economically viable at the current level of development of processing equipment and
technology; off-balance waste - production and consumption wastes, the use of which is
economically impossible, but which may participate in the production process in the future.

In order to fully characterize the waste, it is necessary to know not only qualitative
parameters, but also a quantitative assessment that can be achieved by conducting geological
exploration in dumps and tailings. The result of all geological and technological studies
conducted from the economic assessment of the obtained material is to determine the efficiency
of waste use on an industrial scale.

An important factor in increasing profitability when developing technogenic deposits is
the integrated use of mineral raw materials through the extraction of base and associated metals,
as well as the extraction of important materials for use in industry and construction.
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TAY-KEH KOCIITOPBIHJIAPBIHBIH KAJIJIBIKTAPBIH KAV TA OHJIEY 9JICTEPI
TomoB /I.b., TexHUKa FRUIBIMAAPBIHBIH JTOKTOPEI, Ipodeccop
U Kapumos amuvinoazer Tawxenm memiexemmix mexHukanvlk yuusepcumemi, Tawxenm, Ozbexcman

Angarna. byn reutbiMu Makanana Kasakcran PecnyOnukaceiHIarbl Tay-KeH Ka30a OalIbIKTapbIH
Urepy HOTWXKECIHJIE Mmaliaa 00JIFaH KaJlJBIKTapIbl KalTa eHJIey daicTeMenepi 3epTreired. KazakcTaHHBIH
JKep KOWHaybl Mmaiiianbel Ka3OamapIblH eloyip caHblH cakTaiiipl. bapianraH Kopiap HerisiHue KyaTTbl
MYHali-Ta3 eHJipY, ypaH JXoHe KeMip eHepKocili, Kapa, TYCTi )KOHE achUl MeTajjap KEeHIEepiH, MeTayll
eMec Maianel Ka3oanap/bplH SpTYpPIIl TYpJEpiH OHJIpy *oHE eHiey OOWbIHINA KYpbUIIbl. ABTOP OCHI
MoceJieNiepAl aHBIKTal Kejie, OChl Tay-KeH cajlachl KalIbIKTapblH WIepy, KailTa eHAEy >KOJAapbIH
ycbIHa 1. Kanplntackan HapbIKTHIK JKaFgai Ke3iHe jkoHe Koja 6ap TeXHOIOrHsIapAbl €CKepPe OTHIPHIIL,
KOCBIMIIIA KYH KaJBIITACTBIpa OTHIPHII Maiaianyra OONaThIH Tay JKbIHBICTAPHIHBIH KOJIEMi aHBIKTAJFaH
JKaFJaia, Ocbl KaliTaliaMa pecypcTrap KahiTa eHjIeayre THiC.

Tay-keH eHepkaciOiHIeri KalTanramMa MHUHEpaibl pecypcrap Oyl eHAIpicCTe IIHKi3aT peTiHAe
HeMece COHFBI MaTepuall PeTiH/e KOChIMINA MaTepUAIIBIK PECypcTap peTiHie KOJJaHyFa OOJIaThIH Tay
KBIHBICTAPBI MEeH 0aiibITy KajnblKTaphl. Kalitanama pecypcrap/pl naitnanany, oieTTe, ®ep KOHHaybIHBIH
Oacramnkpl pecypcTapblH eHIIpyre, OalbITyFa XKOHE NalbIHIAyFa 3KOHOMHUKAIBIK TYPFBIOAH KOJAMJIIBI.
Tay-keH eHepkaciOiHIeri KaliTalama pecypcTapiIblH HETisrl Ke3lepi MUHEPaAbl-IIMKI3aT pecypcTapbiH
KaliTa eHJey Ke3iHJe maija OOoJIaThIH JKOHE TEXHOISHIK TY3UIIMIECpJE IIOFbIPJaHFAaH TEXHOTEHJIIK
KaJapIKTap OoJbll TaObuianbl. Bysl TeXHOreHHiK Ty3imiMiep Kasipri yakelTTa HeMece OoJaliakra
OHEPKACIIITIK Maiiiajanyra XapaMmIbl KYpaMblHOAFbl MHUHEPANIbl IIUKI3aTTHIH CaHbl MEH CamacbIMEH
epeKIIeNeHe/Il - OHJICY TEXHOJIOTHSIAPHI IAMBIII, THICTI CYPaHBIC KAIIBIIITACAIBI.

Tipek ce3aep: Tay-KeH OHIpICI, IIMKi3aT, OHEPKACINTIK KaJIIABIKTAp, KalTa OHJIEY, KYPBUIBIC,
Kayinci3mik.
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METOJIbI IEPEPABOTKH OTXO10B 'OPHOIOBBIBAIOIINX MPEANPUATHAN
Tomos /I.B., TOKTOp TEXHUYECKUX HAYK, podeccop

Tawxenmckuii 2ocyoapcmeenHulil mexHuyeckuti ynugsepcumem umenu M. Kapumosa, Tawkenm,
Yabexucman

AHHoTamusa. B maHHOW Hay4yHOH CTaThe pPacCMATPUBAIOTCS METOIBI IEepepaboOTKH OTXOIIOB,
00pa3yrImuxcsi Ipu pa3pabOTKE MECTOPOXKICHHI TOJE3HBIX HMCKOMACMBIX M OTKPBITHIX KapbhepoB B
Pecriyonuke Kaszaxcran. Hempa Kasaxcrana comepikar 3HAYMTENBHOE KOJHMYECTBO —IMOJIC3HBIX
HCKoImaeMbIX. Ha ocHOBe pa3BemaHHBIX 3amacoB, CHOPMHPOBAHHBI MOITHOW HedTerazomgo0BIBarOIICH,
YpaHOBOW W YroJbHOW MPOMBINUICHHOCTH, JOOBIYM U MepepabOTKU pyA YEPHBIX, IBETHBIX U
JIParollCHHBIX METAJUIOB YCTAaHOBJICHO HAJIWYME pPa3IMYHBIX BUJOB HEMETAUIMYCCKUX TOJIE3HBIX
MCKOTIaeMbIX. ABTOPBI, BBIBISAS MPOOJIEMBI, MPEANAraloT MyTH YTWIN3AIHA W TEePepadOTKA OTXOI0B
3TOH TOPHOMOOBIBAIOIIEH OTpaciu. B COBpEeMEHHBIX PHIHOYHBIX YCIOBHSX M C yUETOM HMEIOIIMXCS
TEXHOJIOTHH, MPHU ONpEeACTIeHUH O00beMa TOPHBIX MOPOJ, KOTOpPbIE MOTYT OBITh HCIIOJNIB30BAHbBI C
CO3/IaHNEM JT00aBICHHONH CTOMMOCTH, STH BTOPHYHBIE PECYpPCHI JOKHBI OBITH TIepepadOTaHBbI.

Bropuunsle MuHepanbHBIE PECYypCchl B TOPHOAOOBIBAIOIIEH MPOMBIIIIEHHOCTH — 3TO TOpPHEIE
mopoAabl U XBOCTbI, KOTOPLIE MOTYT 6BITL HCIIOJIb30BaHbl B KAaUCCTBE ChLIPbA B IIPOM3BOACTBC WJIM B
Ka4dyeCTBEC JOITOJIHUTEIIBHBIX MaTepuralbHbIX peCypcoB B KadyeCTBEC KOHCYHBIX MaTepualioB.
Hcnonp3oBaHme BTOPHYHBIX PECYPCOB, KaK MPaBHUIIO, SKOHOMHUYECKH BBITOHO IS JOOBIYH, 0OOTAIICHHS
U 1mepepabOTKH TEPBUYHBIX pecypcoB Heap. OCHOBHBIM HCTOYHHKOM BTOPHUYHBIX PECYPCOB B
FOpHOILO6I>IBaIOHleI>'I IMPOMBIIIJICHHOCTH  ABJIAIOTCA TCXHOT'CHHBLIC OTXOIbI, o6pa3y}01111/1605{ Ipu
nepepaboTKke MHHEPATbHOTO CHIPhS W KOHIEHTPUPYIOIIHECS B TEXHOTEHHBIX O0pa30BaHUSAX. IJTH
TEXHOT€HHBIE 00pa30BaHMUS OTIMYAIOTCSA KOIMYECTBOM M Ka4YE€CTBOM MHHEPAIBHOTO CHIPhS, PUTOIHOTO
B HaCTOAMICC BpEMA WM B INCPCIICKTUBE IJId MPOMBIIIJICHHOI'O MCIIOJIB30BAHUSA — p33p36aTbIBaIOTCH
TEXHOJIOTHH €T0 MepepadoTKH U (OPMHUPYETCSI COOTBETCTBYIOIIUI CIIPOC.

KaoueBble  caoBa:  TOpHOMOOBIBAMOIIAS ~ HPOMBIIUIEHHOCTh,  CHIPBEBHIE  PECYPCHI,
MPOMBIIIIIEHHBIE OTXO/IBI, MEPepadoTKa, CTPOUTENBCTBO, 0€30MaCHOCTb.
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