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Abstract
Relevance. Mining in all cases is accompanied by the formation of waste - man-made mineral formations (MMFs)
and their volume is greater, the faster the scale of mining production increases. Under these conditions, the impor-
tance of the problem of waste management and the need to establish trends in its development increase.
The purpose of the study is to assess the current state of affairs in the field of solid waste management and identify
trends in the implementation of this activity.
Research methods are systematic approach, methods of analogies, comparisons, logical analysis.
Results. The increasing importance of MMFs, the mineral resources and environmental aspects of the latter has been
confirmed. Changes in waste management are analyzed in relation to conceptual provisions regarding the use of
natural resources. The analysis covers: the concept of rational and integrated use of natural resources, the concept of
eco-development, waste-free production, sustainable development, the concept of clean production, and the circular
economy. An increase in attention to the problem of waste has been revealed, which from objects accompanying min-
eral resources are gradually turning into objects of priority importance.
This trend is confirmed by changes in conceptual provisions that replace each other in the historical aspect, the role
of technogenic deposits in expanding the mineral resource base, as well as the possibility of improving the environ-
mental situation through the elimination of MMFs during their use.
Conclusion. The identified changes in the management of MMFs confirm the priority of this activity at the present
stage and the increasing importance of processing solid waste in order to expand the mineral resource base and im-
prove the quality of the environment.

Keywords: concepts, time aspect, natural resources, man-made mineral formations, priorities.

Introduction

The development of the world economy is accompanied
by a progressive increase in the use of mineral resources. Over
the past 40 years, 80-85% of oil and gas from the total volume
of their production in the entire history of human civilization
has been used. For other types of mineral raw materials, the
growth in use volumes increased by 3-5 times. In general, the
volume of production and consumption of mineral raw ma-
terials increases annually and one cannot expect a change in
this situation. Naturally, the extraction of minerals is accom-
panied by the excavation of waste rock to the surface, the mass
of which depends on the method of extracting the mineral, the
development system, etc. The volume of waste accumulation
on the territory of the Russian Federation is about 100 billion
tons, and their annual increase is no less than 5 billion tons.

Under these conditions, the problem of using Man-made min-
eral formations (MMFs) becomes urgent.

The greatest interest from the point of view of expanding
the mineral resource base is represented by MMFs containing
useful components suitable for cost-effective extraction - tech-
nogenic deposits (TM), especially since the processing of MMFs
provides the opportunity to eliminate sources of negative im-
pact on the environment, improve the human environment, and
preserve “health” of ecosystems. An example is single-industry
towns with a mining profile, in which MMFs are located within
the boundaries of urban areas and serves as a source of deterio-
ration in the health of the population. The correlation between
environmental pollution and the increase in diseases and mor-
tality has been confirmed by numerous studies.
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Despite the importance of MMFs, the degree of attention
to the waste problem does not remain constant: it is either up-
dated or loses its urgency. One of the reasons for this attitude
to the problem of waste management is changes in conceptual
provisions regarding the use of natural resources in a tempo-
rary aspect.

Results

Changes in waste management activities required an anal-
ysis of the concepts that define the conditions for the use of
natural resources, replacing each other in a temporal aspect.
So, in the mid-60s of the XX century leading Soviet scientist
D. L. Armand outlined in his book [1] a new approach to the
use of natural resources, which he defined as “correct (rational)
environmental management, defined as a careful attitude to-
wards natural resources, presupposing their increased involve-
ment in expanded economic use, accompanied by expanded
reproduction, and protecting them from unreasonable, waste-
ful and predatory use.

Among the principles of rational exploitation and resto-
ration of natural resources he included:

- involvement of natural resources in the national econo-
my in different quantities and in different ways, depending on
the natural and economic conditions of each area;

- the ability to foresee the consequences of each change
made by man to one aspect of nature, to take into account its
impact on all other aspects and sectors of the economy;

- expedient order of involvement of natural resources in
the national economy;

- expanded reproduction of renewable resources;

- comprehensive and economical, i.e. without technically
unjustified waste and loss of non-renewable resources;

- maintaining a qualitatively high level and rational redis-
tribution in space and time of inexhaustible resources;

- creation of the best working conditions, recreation and
health improvement for the population;

- transformation of nature, i.e. the creation of landscapes
that are more productive and more appropriate to the needs of
a socialist society than the original natural ones;

- preservation of scientific and aesthetic values created by
nature and which are the pride of every people who loves their
land;

— further decoration of the landscape and bringing it into
a harmonious whole with architectural ensembles” [1].

As presented by D. L. Armand, rational environmental
management presupposes, firstly, the complete use of non-re-
newable resources, excluding unreasonable losses and min-
imizing the generation of waste. Secondly, expanded repro-
duction of renewable resources; thirdly, taking into account
possible consequences associated with changes in nature
during subsoil development. Natural resources, according to
D. L. Armand, should be involved not in economic use, but
“in economic circulation, i. e. into a cycle of expenditure and
renewal”. The problem of waste does not remain unsolved.
The systematic growth of industrial production actualizes the
problem of supply of raw materials and disposal of waste, the
amount of which is also growing. The concept of rational envi-
ronmental management, which anticipated the concept of sus-
tainable development, is also, like the latter, focused on balanc-
ing the interests of present and future generations in the use of
natural resources, i. e. “the moral duty of each generation is to
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leave natural resources to the next in better condition and in
greater quantities than it received from the previous one” [1].

In the development of the ideas underlying the con-
cept of rational environmental management, in addition to
D. L. Armanda took part: Yu. K. Efremov, Yu. N. Kurazhs-
kovsky, N. E Reimers, V. A. Anuchin et al. [2, 3]. The author
[3] defines rational environmental management as “a system of
activities designed to ensure the economical exploitation of re-
sources and conditions and the most effective mode of their re-
production, taking into account the long-term interests of the
economy and the preservation of human health” Rational use
of natural resources presupposes the fullest possible extraction
of all useful products from them, causing the least harm to eco-
nomic sectors based on the same resource, and to the state of
the natural environment necessary for human life.

In the definition of the authors [4] “rational use of min-
eral resources means the most complete and comprehensive
extraction of minerals from the subsoil during mining (losses
should not exceed economic limits), comprehensive extraction
of mineral raw materials and fuel during their enrichment,
processing and consumption, use of by-products and produc-
tion waste, the most rational organization of transportation of
raw materials at all stages of production, timely implementa-
tion of measures to restore the earth’s surface, etc”. The ideas of
rational environmental management quickly penetrated into
the sphere of public administration and began to be used at
the sectoral level (rational land use, rational water use, rational
subsoil use, etc.) [5]. The economic branch of the concept is
gradually gaining strength, in the development of which the
following people took part: S. G. Strumilin, N. P. Fedorenko,
P. G. Oldak et al.

Over time, the conditions for rational environmental
management have undergone quite expected changes, but the
idea of the concept - the preservation of natural capital — has
remained unchanged [6].

In the new version of the conceptual provisions of rational
environmental management, the social aspect plays a signif-
icant role, the need for payment for environmental manage-
ment and the creation of protected areas for the purpose of
direct protection of the most valuable of them are noted. As
before, the problem of waste is considered only from the point
of view of minimizing its volume in order to reduce the an-
thropogenic impact on the environment and represents one of
the conditions for rational environmental management. The
secondary importance of this problem is evidenced by the fact
that among the priorities of Russia’s national environmental
policy (2009), the waste problem, as before, is not reflected [7].

The same period dates back to the addition of its con-
cept of integrated use of raw materials and subsoil, aimed
at the complete extraction of minerals from the subsoil and
useful components from mineral raw materials [8-10], the
basis of which is the multicomponent nature of most types
of minerals, their uneven distribution in the earth bark and
differences in quality. In each specific type, the target (main)
component is in a genetic connection with a number of other
components. Coal is accompanied by sulfur, methane and ger-
manium, iron ores - vanadium, germanium, phosphorus, tita-
nium, sulfur, etc. A great contribution to the development of
ideas for the integrated use of mineral resources was made by
N. V. Melnikov, A. V. Sidorenko, M. 1. Agoshkov, N. A. Bykhover,
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Use of subsaoil for purposes not related to mining

The task of the most complete extraction of minerals during
mining and processing

Integrated development of deposits and the task
of using ore and non-metallic minerals from asso-
ciated mining

Rational use and protection of subsoil
Rational use of subsoil mineral resources

Integrated use of mineral resources

Integrated use of mineral raw materials
and fuels and waste from their pro-

cessina

The task of extracting valuable
components contained in raw
materials

The task of using waste from
primary processing of mineral raw
materials and fuel

The task of using waste from
recycling mineral raw materials
and fuel

Figure 1. Scheme of subordination of the integrated and rational use of mineral resources [12]
PucyHok 1. Cxema conoag4YMHEHHOCTU KOMMIEKCHOIO U paLMOHanbHOro UCNoNb30BaHUA MUHepanbHbIX pecypcos [12]

N. G. Feitelman, Yu. V. Yakovets and others. Certain aspects
of the problem are studied in the works of I. P. Zhavoronkova,
V. N. Vinogradov, V. N. Leksin, M. A. Sergeev et al. The subor-
dination of the problems of integrated use of mineral resources
(IUMR) and rational use is reflected in fig. 1.

At the stage of the 80s, the content of IUMR expanded,
the coverage of resource cycles of the use of mineral resources
extended to all stages of their processing, as a result, the prob-
lems of recycling industrial waste were included in the general
problems. However, this concept, like the concept of rational
subsoil use, remains aimed primarily at natural mineral re-
sources, since in the period 60-70, according to the authors
[11], human activity in relation to the use of solid waste was
just beginning.

The complexity of the use of raw materials is determined
by technologies that ensure the profitability of obtaining prod-
ucts from raw materials, the quantity and quality of which cor-
responds to the maximum possible at the appropriate level of
development of science and technology [13]. If the concept of
rational subsoil use predetermines resource conservation by
reducing the volume of mineral resources used, then the inte-
grated use of raw materials and subsoil is focused on the com-
plete extraction of minerals and useful components, which
also helps to preserve non-renewable natural resources [4, 14].
Initially, rational, as well as integrated use of natural resources,
including mineral resources, were considered as independent
conceptual provisions; later, the requirement of complexity be-
comes one of the conditions for rational use [12].

The beginning of the 70s dates back to the emergence of
the concept of eco-development, voiced at the First World
Conference on Environment and Development in Stockholm
in 1972. Eco-development as interpreted by researchers is

“environmentally oriented socio-economic development, in
which the growth of people’s well-being is not accompanied by
environmental deterioration habitat and degradation of nat-
ural systems”. The development of the concept is a response
to the deteriorating environmental situation, accompanied by
an increase in morbidity and mortality of the population. The
main idea of eco-development was to achieve environmental
safety by taking into account the environmental factor in any
decision-making. The fundamental principles of forming the
concept of eco-development include the following:

- regional and local tasks of eco-development should be
subordinated to global and national goals of preventing envi-
ronmental disaster and optimizing the human environment
(the principle of “thinking globally - acting locally”);

- eco-development presupposes the need to prevent unfa-
vorable environmental trends or provides a guarantee of their
minimization (the principle “ignorance of the consequences
does not relieve society from responsibility for the destruction
of the natural environment”);

- the goals of eco-development are primary in relation to
the goals of economic development (the principle of the envi-
ronmental imperative);

- the placement and development of material production
in a certain territory must be carried out in accordance with its
environmental technology intensity (the principle of environ-
mental and economic balance);

- the environmental safety of a society is closely related
to the level of culture, education and upbringing of people in
this society.

All the principles under consideration are aimed at the
integration of economy and nature, the creation of balanced
ecological and economic systems, and the comparison of tech-
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nogenic load with the environmental technological intensi-
ty of the territory. The thesis that existed at that time about
the advisability of economic growth without any restric-
tions was criticized. The existence of strict environmental
restrictions (limits) to economic development has been
strongly argued [15].

The idea of balance was continued in the works of
V. G. Ignatov, A. V. Kokin, L. A. Baturin, V. G. Ignatov,
A. V. Kokin, P. G. Oldak [16], N. P. Golubetskaya [17] and
others, including in relation to environmental management.
For the first time, the requirement to establish environmental
restrictions during economic development and strict control
over their compliance was justified. Subsequently, the require-
ment for balance, as well as the complexity of the use of raw
materials and subsoil, was included among the fundamental
principles of rational subsoil use. There is no waste as a direct
object of regulation in the concept of ecodevelopment. Indi-
rectly related to them is only the requirement to comply with
environmental restrictions (not exceeding the assimilation ca-
pacity of the territory where the waste is disposed).

In the first half of the 80s, the concept of waste-free pro-
duction became widespread, which, in relation to subsoil use,
assumed the full use of mineral raw materials, including waste,
as subsoil resources. The basis of waste-free production is the
use of waste-free technology, which is defined by the author
[18] as “the principle of functioning of the national economy,
region, industry, production, in which all components of raw
materials and energy are rationally used in the cycle prima-
ry raw materials of production-consumption-secondary raw
materials and the ecological balance is not disturbed”. Low-
waste technology occupies an intermediate stage in creating
waste-free production.

In accordance with the Declaration on Low-Waste and
Zero-Waste Technologies and Waste Management adopted by
the ECE Environment (Geneva, 1979), zero-waste technology
is defined as “the practical application of knowledge, methods
and means in order to provide, within the framework of human
needs, the most rational use of natural resources and energy
and protect the environment” [19]. In a number of Western
European countries, instead of low- and waste-free technology,
the term “clean” or “cleaner technology” is used, which is es-
sentially the same thing. “Clean technology, in their definition,
is a method of producing products using the most rational use
of raw materials and energy, which allows simultaneously re-
ducing the volume of pollutants released into the environment
and the amount of waste generated during the production and
operation of the manufactured product” [11]. The concept of
waste-free production continues to consider primary mineral
resources as the main object of regulation. With regard to solid
waste, the task is to reduce their formation “at the end of the
pipe”. Waste recycling, according to the authors [11], “is a sep-
arate process closely related to waste-free production” At the
same time, when defining a waste-free technology, the authors
of [11] believe that it should comprehensively process raw ma-
terials and dispose of the bulk of the waste within economical-
ly feasible limits.

The next stage in the development of mining waste man-
agement activities dates back to the early 90s and the emer-
gence of the concept of sustainable development, the adher-
ence of which, along with other countries, was recognized by
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Russia [20]. The concept of sustainable development defines a
new stage in economic development, a transition to econom-
ic development that is safe for the environment. Sustainable
development is a model of socio-economic development in
which the vital needs of the present generation of people are
met without future generations being deprived of this oppor-
tunity due to depletion of natural resources and environmental
degradation [21]. The key issue in implementing the concept is
the balance of the ecological, economic and social subsystems
[22-24], which primarily involves balancing economic devel-
opment with the requirement to preserve the “health of ecosys-
tems”, which is reflected in the conceptual provisions regarding
the use of natural resources (Table 1).

The criteria under consideration allow us to conclude
that for the first time, mining waste is considered as an inde-
pendent object of regulation along with primary mineral re-
sources. The formed requirements in relation to waste relate to
minimizing its formation, maximizing its use and preventing
environmental limits from being exceeded, which can lead to
a deterioration in the environmental situation of the territory.
The requirement to reduce the mass of waste is aimed at re-
ducing the negative impact of the latter on the environment, i.
e. the mineral and raw materials aspect of waste remains not
particularly in demand.

In the second half of the 90s, the problem of waste turned
out to be directly related to the concept of environmentally
friendly production [25, 26], which is considered as the com-
pletion of the process of transformation in the system of en-
vironmental protection measures. EFP covers all aspects of
production (Fig. 2).

It assumes:

— reduction at source and reuse of waste on site (in the
same technological process or another, but within the enter-
prise);

- production of environmentally friendly products,
which, whenever possible, are made from renewable raw ma-
terials and secondary materials.

The basic principles of EFP include:

- locality - the manifestation and negative impact of pol-
lutants is limited only by the place of their formation;

- preventiveness — the formation of pollutants or their
negative impact is prevented at stages preceding their possible
appearance, including the receipt of raw materials or semi-fin-
ished products;

- the beginning and end of the pipe - the entire tech-
nological process is presented conditionally in the form of a
“pipe” and the analysis of the formation of pollutants is carried
out starting from the end of the pipe and moving towards its
beginning while simultaneously identifying and separating the
places where certain contaminants appear;

- waste flow — a set of liquid, solid and aerosol substanc-
es generated during technological processes and transported
through various highways to general treatment facilities or
outside the production area;

- the end of the waste transport line - the final part of the
waste transport line at the enterprise, after which the mixed
waste is not separated or processed, but only sent to natural
objects or general treatment facilities;

- systematicity — a clean production scheme that takes
into account the entire production process from raw materials
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Figure 2. Objects affected by EFP
PucyHok 2. O6bekTbl Bo3gencTeusa 4

to finished products (energy, services) and includes measures
at all stages of this process to develop economically feasible
ways to prevent, neutralize or recycle pollutants with an as-
sessment of the resulting environmental and economic effects.
An ideal clean production scheme has no treatment facilities
or waste storage areas;

— the “3P” principle - preventing environmental pollution
is more profitable than paying penalties for this pollution. The
abbreviation “3P” is a combination of the words “prevention,
pollution and payment’, which means “preventing pollution is
beneficial” [25].

The EFP strategy considers waste as raw materials and
auxiliary materials that are lost during the production pro-
cess. Therefore, the goal is to find opportunities to use them
if the possibility of prevention turned out to be impossible.
Although, according to the UN Environment Program, up to
70% of all waste can be prevented. The list of ways aimed at
minimizing waste is shown in Fig. 3.

Achieving EFP goals, in particular, becomes possible with
the use of appropriate technologies, i. e. the EFP concept cor-
responds to the strategy of “best existing technologies” or “best
available technologies” (BAT) [29, 30]. The goal of introduc-
ing BAT is an integrated approach to the problem of pollution,
when all components of the natural environment (air, water
and soil) are considered together, in contrast to the traditional
approach, which involves considering one of the components
of the natural environment [30]. An important novelty is the
abandonment of the current system of standardization of im-
pacts on individual components of the environment, estab-
lished individually for specific natural resource users, and the
transition to technological standardization.

Technologies classified as BAT must ensure protection
of the environment as a whole, and not its individual compo-
nents. Nature users have the right to choose any of the tech-
nologies, provided that its impact on the environment does not
exceed the technological standards determined for this BAT
process [29]. In the EFP concept, the problem of waste plays
one of the leading roles in creating environmentally friendly
subsoil use. A positive aspect of the EFP concept is the re-
quirement to reduce waste “at the beginning of the pipe’, i. e.
at the beginning of the production process, which eliminates
the growing volumes of environmental costs associated with
the elimination or reduction of waste “at the end of the pipe”.
The EFP concept is considered as a development of the con-
cept of waste-free production, in which the problem of waste is
actualized. Russia has signed the International Declaration of
Cleaner Production, proposed by UNEP in 2001 as the main
document defining the role of this concept in ensuring sus-
tainable development of society. A number of notions of the
concept have determined the main directions of economic
development and environmental protection in Russia [31, 32],

however, these provisions still remain declarations that are not
provided with regulatory, organizational and financial support
from the state and extremely limited from business [33].

Period 2010-2015 is characterized by the spread of the
idea of the concept of a circular economy (CE) (closed-cycle
economy), the subject of which in subsoil use is waste [34-
37]. Waste management is becoming one of the priority areas
of the circular economy, because its main principle is to en-
sure maximum efficiency from each process in the life cycle
of a product or service. This type of economy is characterized
by the “3Rs” - Reduce, Reuse and Recycle: optimization of
the production process, reuse or sharing of the product, waste
recycling [38, 39]. It should be noted that the idea of closed
cycles is not new; the tasks of a gradual universal transition
to closed technological cycles were considered at all-Union
meetings on the problems of waste-free production at the
Noginsk Scientific Center of the USSR Academy of Sciences
and in Voroshilovgrad back in 1977-1978. Under the circular
economy, the authors [34] understand “an economy that uses
resources as efficiently as possible and uses closed loops as
often as possible”. The most cited definition given by the E.
MacArthur Foundation is an economy that is restorative and
circular in nature, involving the creation of a continuous de-
velopment cycle that reduces natural capital and increases its
value, increasing the return on resources by optimizing their
use [40]. The field of mining is considered by domestic and
foreign researchers as potentially suitable for the implemen-
tation of CE, but is far from a priority [38].

For subsoil use conditions, the most acceptable CE busi-
ness models are:

- circular value chains;

- a model in which limited resources are replaced with
completely renewable ones;

- recovery and recycling — models that provide for the
recovery and reuse of resources on the basis of technological
innovations (closed waste recycling cycle).

Business models for introducing waste recycling technol-
ogies and using secondary resources can be effective, and the
organization of business models should be interconnected with
the use of BAT. In fact, CE promotes the transition to BAT.

According to [37], there are three components of this
economy: complete circulation of materials; extending the cy-
cle of resource use; efficient use of renewable energy.

Waste recycling, as follows from the concept of CE, pre-
vents waste disposal and reduces the extraction of primary
natural resources. The transformation of waste into a second-
ary resource is stimulated and the process of technological re-
newal is accelerated.

Conclusion

As follows from the analysis, firstly, the development of
activities for the management of solid waste is interconnected
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with changes in conceptual provisions of the use of natural re-
sources. Secondly, MMFs from among the secondary objects
of regulation have over time become the main ones, and the
problem of solid waste management is becoming a priority.
Thirdly, in the analyzed concepts until the early 90s, solid waste
was considered primarily from the perspective of environmen-
tal pollutants, and measures to reduce the negative impact on
the environment were linked to the “end of the pipe”. Active ac-
tions regarding MMFs are carried out only from the moment
of their formation, i. e. when they leave the production sphere

in the form of waste. In general, this activity does not give the
desired results, because impact requirements are constantly
becoming more stringent and the costs of achieving them are
rising. Fourthly, in the concept of sustainable development,
among the requirements for the use of natural resources, solid
waste is for the first time considered as independent objects on
a par with natural mineral resources, and the requirements for
their minimization are linked to the “beginning of the pipe”
Fifthly, over time, the mineral resource aspect of MMFs be-
comes increasingly important.
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PewieHne npobAEMbl OTXOAOB C MO3MLIMM KOHLIEMTYAAbHDLIX MOAOXKEHM
MO UCIMOABL30OBAHUIO MPUPOAHLIX PECYPCOB

Mapraputa HukonaesHa UTHATbEBA*
WUpuna BnagummnposHa JPO30OBA*
OkcaHa NeHHagbeBHa KOMAPOBA**
WUpuHa BnagucnasosHa NMEPEMOH*

Ypanbckuii rocy4apCTBEHHBIN FOpHbIV YHUBEPCUTET, EkaTepuHbypr, Poccus

AHHOTaums
AxmyanvHocmv. [Jo6bIUa TOIE3HBIX ICKOIIAEMBIX BO BCEX C/Ty4asix COIPOBOX/aeTcss 00pa3oBaHMeM OTXO[OB — TeX-
HOTEHHBIX MMHepajIbHbIX o6pazoBanuit (TMO), u ux o6beM TeM 6osblite, YeM 60/Iee BBICOKMMM TeMIIAMM YBe/IN-
YMBAKTCA MaC].HTa6bI I‘OpHOI[O6bIBaIOH.(€I’O HPOI/I3BO,E[CTBa. B I9TUX yC}IOBI/IHX BOSpaCTaeT 3HAYMMOCTD HpO6}'IeMbI
oOpalleHIs ¢ 0TXOfaMy, HeOOXOAMMOCTD YCTAaHOB/IEHVSI TeHIEHINII B ee Pa3BUTUNL.
Llenv uccnedosanus — OLieHKa COBPEMEHHOTO COCTOSIHUA B 06macTu obpaenns ¢ TMO u BbIsiB/IeHNEe TeHIEHINI B
OCYILIeCTBIEHUN STOM 1A TE/IbHOCTI.
MemoOdvt uccne006aHus — CICTeMHBI ITOJXOJ, METOMbI AHAJIOTUIL, CPAaBHEHNSI, JIOTMYEeCKMIT aHaJIU3.
Pesynvmamui. IlogTBepXmeHbl Bo3pacTamomasd 3Ha4MMOCTb TMO, MuHepanbHO-CBIPbEBOVM ¥ 9KOJOTMYECKUII
ACIIEKT IIOCIIEJHUX. HpoaHaTII/ISI/IpOBaHbI VIBMEHEHIA B O6paH_I€HI/[I/I C OTXO4aMM BO B3aIMOCBA3M C KOHL[eHTyaHI)-
HBIMU IIOJIOKECHUAMMN, KACAWIOMMMCA MCIIOTIb30BAHNUA HpI/IpO)IHbIX pecypc0B. AHa}II/ISOM OXBAYE€HbI: KOHLICIINNA
paI_U/[OHaJII)HOI‘O VI KOMIIJZIEKCHOTO MCIIO/Ib30BaHUA HPI/IPO,I[HLIX pecypcos, KOHI IO SKOpaSBI/ITI/IH, 6630TXO)1HOI‘O
HpOI/I3BOI[CTBa, yCTOIZ'-II/IBOI‘O pa3BI/ITI/I}I, KOHIEIINMA YNCTOro HpOI/I3BOI[CTBa, LU/IPKYTIHPHOI?[ 39KOHOMIKMN. BbI}IB)'IeHO
BOSpaCTaHI/Ie BHIUMAHUA K np06neMe O0TXOa0B, KOTOpble nus3 O6'I)€KTOB, COHYTCTBY}OH_U/IX MI/IHepa}IbeIM pecypcaM,
npeBpamamTc;I IIOCTEIIEHHO B O6’I)€KTbI Hp]/[OpI/ITGTHOﬁ[ 3HAYMMOCTIN. HaHHaH TECHOCHI A HOJITBep)K,E[aeTCH n3Mme-
HEHUAMU B KOHHeHTyaHbHI)IX ITIOJIOKEHUAX, CMEHAKINNX L[pyr ;[pyra B ]/[CTOpI/I‘{eCKOM aCIIeKTe, pOHI)IO TEeXHOTeHHbIX
M€CTOpO)K,E[eHI/II/UI B pacmmpeHI/[M MMHepaHbHO-CprbeBOI?‘[ 6331)1, a TaK>Xe BO3MOXHOCTBIO YJIY‘{H.IQHI/IH 9KOJIOrmn4e-
CKOIt cuTyanun 3a cuyet nuksyuganyy TMO npu ux ncnonb3oBaHN.
3axntouenue. YdeT BBLABICHHBIX U3MeHeHNIT B oOpaienyu ¢ TMO npu ¢popMupoBaHNN MIHEPaTbHO-CHIPbEBOI
6a3bl CTpaHbI, PErMOHA MO3BOJISIET IOBBICUTD JOCTOBEPHOCTD MIPOTHO3a re0/IOrOPa3BeOYHBIX PAOOT, B TOM YNCIIe
reonornyeckoro nsyuenna TMO.

Kntouesvte cnosa: KoHIenuy, BpeMeHHOJ acIeKT, IPUPOIHbIE PeCypChbl, TEXHOTEHHbIe MIHepa/IbHbIe 00pa3oBa-
HIA, IPUOPUTETHL

JINTEPATYPA
1. Apmang 0. J1. Ham u BHykam. M.: Mbicnib, 1964. 180 c.
2. AHyuuH B. A. OcHoBbI Npupogononb3oBaHns. TeopeTtndeckuii acnekt. M.: Mbicnb, 1978. 296 c.
3. Penmepc H. ®. MNpupogononb3oBaHue: crnoBapb-cnpaBodHuk. M.: Meicnb, 1990. 637 c.
4. NoasuweHckui C. H, Yanos B. U., KpasuuHo O. . PaunoHansHoe ncnonb3oBaHne NpupoaHbIX PecypCcoB B FOPHOMPOMBILLIIEHHOM KOMMEKce.
M.: Hegpa, 1988. 228 c.
5. PaunoHanbHoe npupogononb3oBaHue: Teopusi, npakTuka, obpasosaHue / nog peg. M. B. Cnunnenuyka. M., 2010. 260 c.
6. MeB3Hep M. E. PaunoHanbHoe ncnonb3oBaHme MuUHepanbHbIX PECYpCOB B COBPEMEHHOM Heapononb3oBaHun // TopHbIn xypHan. 2002. Ne 1.
C. 12-17.
7. MNMpuoputeTbl HaUMOHaNbLHON 3Konornyeckon nonutukn Poccun / otB. pea. B. M. 3axapos. M., 2009. 152 c.
8. Kabbu M. 3. SxoHOMUYECKMIN MEXaHU3M KOMMNIEKCHOro ocBoeHust Heap. M.: Hegpa, 1984. 200 c.
9. Carumbaes E. @., NNapuukuH C. H. KomnnekcHoe ncnonb3oBaHue Cbipbsi HA CBUHLOBbIX U LIMHKOBBIX 3aBogax // LieTHasa metannyprus. 1974.
Ne 12. C. 4-5.
10. CHypHukoB A. I1. KomnnekcHoe ncnonb3oBaHue Cbipbs B LBETHON MeTannyprin. M.: Metannyprus, 1977. 272 c.
11. Utorm Hayku n TexHukun. Cep. «OxpaHa npupoabl 1 BOCMPOM3BOACTBO NPUPOAHbIX pecypcoBy». M., 1981. T. 9. 217 c.
12. Megan M. M., MuweHko B. C. KomnnekcHoe ncnonb3oBaHne MuHepanbHbix pecypcoB. Kues: Hayk. gymka, 1981. 272 c.
13. JlackopuH B. H., Bapckui J1. A., Mepcuy B. 3. BesotxoaHast TexHonorns nepepaboTkn MUHEpPanbHOro Cbipbs: CUCTEMHbIV aHanua. M.: Hegpa,
1984. 334 c.
14. MenbHukoB H. B. Hay4Hble npobnembl paumMoHanbHOro Ucnonb3oBaHus MuHepanbHbix pecypcoB CCCP. M.: Hegpa, 1969. 39 c.
15. The Limits to growth / Meadows D. H. [et al.]: A report to the Club of Rome’s project on the predicament of mankind. N. Y., 1972. 205 p.
16. Onpgak IN. I. PaBHoBeCcHOe Npupogononb3oBaHue: B3rnsg akoHomucta. Hosocubupcek: Hayka, 1983. 128 c.
17. Tony6eukas H. . CbanaHcMpoBaHHOE NPUPOAOMNONb30BaHME B YCNOBUSAX NEPEXOAHOM 9KOHOMMKM: AKUC. ... A-pa 3KOH. Hayk. CI16, 2001. 218 c.
18. Utorn Haykn n TexHukun. Cep. «OxpaHa npMpoabl 1 BOCNPOM3BOACTBO NPUPOAHbLIX pecypcoBy. M., 1983. T. 11. 212 c.
19. Oeknapauus 0 ManooTxo4HOW 1 6€30TX04HON TEXHOMOMMU 1 NCMOoMb30BaHUM 0TxoaoB // Xumus n xum3sHb. 1980. Ne 4. C. 24-28.

Prinis@mail.ru
http://orcid.org/0000-0001-9014-905X
**ief.em@m.ursmu.ru

M. N. Ignat’eva et al. Solving the waste problem from the perspective of conceptual provisions of the use of natural resources// 145
M3BecTus YITY. 2024. Boin. 1(73). C. 137-146. DOI10.21440/2307-2091-2024-1-137-146



9KOHOMMYECKUE HAYKU M. H. Uznamvesa u dp. / Ussecmus YITY. 2024. Bun. 1(73). C. 137-146

20. Abnokos A. B. Okonornyeckas nonutuka npaeutenbcTBa Poccum // Yctonumnsoe passutue. 1997. Ne 2. C. 12—-13.

21. Oanvnos-OaHunbsiH B. W., Noces K. C. McxogHble NonoxeHust ycTonunBoro passutus // YcTonunsoe passutue: uHgopm. cbopHuk. M.: BU-
HUTW, 1999. Ne 4. C. 3-9.

22. Nanunos-AanunbsaH B. W. Skonoruyeckuii BbI3oB 1 ycTonymBoe passutue. M.: MNMporpecc-Tpaguuusi, 2000. 416 c.

23. Neknapauus Puo-ge->KaHeripo // 3eneHbii mup. 1993. Ne 3.

24. JlykbsiHumkoB H. H. HoBbIi nyTb pa3sutua Poccun. M.: N3a-Bo «Tporkax», 1995. 96 c.

25. MeTognyeckne pekoMeHaaummn no aKonornyeckn Ynctomy npoussoactsy. M., 1998. 130 c.

26. Poccuncko-Hopexckasa nporpamma «4Hucroe npomssogcteo». M., 1999. 135 c.

27. Oporomupeukuit U. W., KanTop E. 1., YnkaTyesa J1. A. QkoHOMMKa U ynpaBneHne B UCMOMb30BaHUM 1 OXpaHe NpUpOAHbIX pecypcoB. PocTos
H/0: ®eHunke, 2011. 536 c.

28. Awanosa H. H., PybaH [1. A. Ocobasi 3Ha4MMOCTb 3KOMNorm4eckoro paktopa Afsi yCToN4YMBOro pasBUTUS HaLMOHaNbHON 3KOHOMMKM: KOHLEnN-
TyanbHbI aHanu3 // HaumoHanbHble MHTepeckl, NpropuTeThl U 6e3onacHocTb. 2014. Ne 4. C. 20-30.

29. berak M. B. HOT: achdekTnBHO, AOCTYMNHO, NpoaykTMBHO // QKO-6tonneteHb MHIOKA. 2009. Ne 3(134). C. 16-19.

30. Owenkosa A. 3., PomuHbIx C. I. TexHonormyeckoe HOPMUPOBaHKE: Kak ONpPeaennTb Haumy4yLime AOCTYMHble TexHonoruu // Qkonorus npo-
n3soactea. 2014. Ne 1. C. 46-52.

31. NpropuTeTHbIE HanpaBneHWs pa3BUTUA Hayku, TEXHOMOrn u TexHukn P®: yTB. MNpeangeHtom PO 30.03.2002, Ne Mp-577.

32. Okonoruyeckast gokTpuHa P®: yTB. MNoctaHoBneHuem lMpaButenbcTaa ot 31.08.2002, Ne 1225-p.

33. Mapanko O. B. OT ynpaBneHus oTxogamu — K ynpasrneHuto pecypcamu: asa nytu // Npobnembl pervioHansHoi akonorun. 2004. Ne 4. C. 50-58.
34. JopoxuHa E. 1O., XapyeHko C. . SkoHOMMKa 3aMKHYTbIX LIMKIOB: MpoGrembl U nyTu pa3sutus // Skonorus u npomMbiwneHHocTb Poccun. 2017.
T. 21. Ne 3. C. 50-55. https://doi.org/10.18412/1816-0395-2017-3-50-55

35. JopoxuHa E. 10., Xap4yeHko C. . BusHec-mogeny 3KOHOMUKM 3aMKHYTbIX LIMKMOB Kak MeXaH13M OOCTUXEHUS YCTONYMBOro pasBuTus // Jko-
norus 1 npombliwneHHocTb Poccun. 2017. T. 21. Ne 7. C. 58-61. https://doi.org/10.18412/1816-0395-2017-7-58-61

36. Knbiw B. A., ViBaHoBa J1. B. LinpkynsipHas skoHOMUKa: yrpo3a Ans Nnpeanpusituii ropHogo6bIBatoLLEro cekTopa unv apaviBep ux TexXHomnornye-
ckoro pa3sutus? // FopHbI xypHan. 2020. Ne 9. C. 33—41. https://doi.org/10.17580/gzh.2020.09.04

37. Towards a circular economy: A zero waste programme for Europe. Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the Regions. Brussels, 2.7.2014. COM(2014) 398 final. URZ. URL:
http://ec.Europa.eu/transpareney/regdog/rep/1/2014/EN/1-2014-338-EN-1/pdf

38. MNMaxomosa H. B., Puxtep K. K., BeTpoa M. A. lNepexoa K LMPKYNSAPHON 3KOHOMUKE M 3aMKHYTbIM LIernsiM NOCTaBOK Kak dhakTop YCTOMYMNBO-
ro pa3sutus // BectHuk CaHkT-letepbyprckoro yHuBepcuteta. JkoHoMuka. 2017. T. 33. Bein. 2. C. 244-268. https://doi.org/10.21638/11701/
spbu05.2017.203

39. Ghisellini P., Cialani C., Ulgiati S. Areview on circular economy: the expected transition to a balanced interplay of environmental and economic
systems // Journal of Cleaner Production. 2016. Vol. 114. P. 11-32. https://doi.org/10.1016/j.jclepro.2015.09.007

40. MacArthur E., Waughray D. Intelligent Assets: Unlocking the Circular Economy Potential. 2016. URL: https://www.ellenmacarthurfoundation.
org/assets/downloads/publications/EllenMacArthurFoundation_Intelligent_Assets_088216.pdf

Cmambsi nocmynuna e pedakyuto 10 sHeaps 2024 eoda

146 M. N. Ignat’eva et al. Solving the waste problem from the perspective of conceptual provisions of the use of natural resources//
M3Bectna YITY. 2024. Boin. 1(73). C. 137-146. DOI10.21440/2307-2091-2024-1-137-146



