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Abstract
Relevance. At present, the consideration of man-made deposits as a source for the development of the mineral re-
source base is becoming increasingly important. Among the main reasons, on the one hand, is the appearance of the
first signs of loss of stability of the mineral resource base, on the other hand, is the constant strengthening of the man-
made mineral resource potential, which is distinguished by the presence of various useful components, the content of
which in some cases is higher than in the exploited deposits.
The purpose of the research is to improve the tools of the organizational and economic mechanism regulating the
development of man-made deposits.
Research methods - systems approach, methods of analysis, systematization, comparison, analogies, structuring,
criteria selection.
Results. The research confirmed the idea of the priority use of man-made mineral formations to maintain the sustain-
ability of the natural mineral resource base and compensate for depleted mineral reserves. The increase in the mass of
waste from mining and related processing industries, as well as the intensification of their use in solving the identified
problems that complicate the introduction of man-made deposits into economic circulation, was proven. Measures
have been developed to improve the efficiency of the organizational and economic mechanism regulating the devel-
opment of man-made deposits. The proposed measures concern the expansion of the tools of the organizational and
economic mechanism through the introduction of new regulatory instruments and an economic instrument with ap-
propriate methodological support. The proposed methodological support involves the development of fundamental
principles for assessing the efficiency of man-made deposits development and proposals for taking them into account
when performing appraisal operations. An important area of regulating measures is the methodological approach,
which is reflected in the author’s algorithm for choosing the most acceptable option for state support for activities to
replace primary raw materials with secondary ones.
Conclusion. The use of recommendations for expanding the toolkit of the organizational and economic mechanism
with the corresponding methodological support, as well as the choice of the most acceptable option of state support
will contribute to the activation of the development of man-made deposits, considered as the primary sources for the
development of the mineral resource base.

Keywords: man-made deposits, mineral resource base, development, sustainability, tools, methodological support,
government support.

Introduction

As practice shows, the most popular natural resources
are subsoil resources. The need for mineral raw materials only
increases over the years, and the scale of extracted minerals
grows accordingly. Suffice it to say that the rate of growth of
extraction significantly exceeds the rate of population growth.
In parallel with extraction, the volumes of rock brought to the
surface also grow. According to experts, the volume of produc-
tion and consumption waste today is about 100 billion tons,
with more than 90% of this waste coming from mining and
related processing industries.

For a long time, waste was perceived only from the po-
sition of sources of negative impact on the environment, and
the implementation of the policy for handling it was reduced
to its destruction and reclamation work. The experience of
their implementation dates back to the 1950s, when the first
section of oil shale was leveled at the Kohtla quarry in the Es-
tonian SSR, and in 1960, forest crops were laid on an area of
4.58 hectares. During the same period, work on the reclama-
tion of the Aleksandrovsky brown coal basin was initiated on
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its own initiative. Since 1964, reclamation work began at manga-
nese quarries, and in 1968 - at the open-pit mines of the Mos-
cow coal basin, etc. The early 1970s saw the emergence of the
concept of eco-development, which involves the prevention of
an environmental disaster, the primacy of environmental goals
over economic ones, and ensuring environmental and econom-
ic balance. Its implementation required a change in attitude to-
wards waste - its disposal “at the end of the pipe”. The problem
of waste-free production requires its solution [1, 2], which in
relation to production waste means a policy of its use. However,
the actual level of its use remained low, no more than 10-14%.
Over time, already in the 1990s, the mineral resource
aspect of waste gradually began to acquire priority, which is
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reflected in the concept of cleaner production. The policy of
waste elimination is replaced by a policy of preventing it “at the
beginning of the pipe”. With regard to waste containing useful
components, the problem of the most complete extraction us-
ing the best available technologies is solved. In recent decades,
the mineral resource aspect has become increasingly signifi-
cant due to the emergence of signs of loss of stability of the
existing mineral resource base (MRB). Among the reasons for
the loss of stability are: a decrease in the volume of financing
for geological exploration, revaluation of balance reserves tak-
ing into account the specifics of market relations, the collapse
of the USSR, due to which a number of important deposits
ended up outside of Russia, a decrease in the quality of natural
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Figure 1. MRB expansion process
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Table 1. Distinctive features of the MMD material, geological study and formation of balance reserves
Tabnuua 1. OTnMunTenbHble oco6eHHocTM MaTepuana TM, reonormyeckoro nsyvyeHus u choopmmpoBaHus 6anaHcoBbIX 3anacoB

Distinguishing feature

Characteristic

Geological study
of deposits

Characteristics of the materi-
al of man-made deposits

Waste storage

Mineral reserves

The staging of geological exploration work is limited to conducting revision and evaluation and exploration
work. Revision and evaluation include office and field work. The paucity of practice in developing MMD does
not allow for the preparation of substantiated recommendations for setting up exploration. Only approximate
parameters of the exploration network and testing are available. Experts believe that the recommended explo-
ration methods cannot ensure the reliability of the reserve assessment. The complexity of, for example, man-
made gold placers is estimated even higher than the complexity of Group IV deposits. MMD are characterized
by a high geological risk during development

— Minerals containing valuable components are in most cases in the form of fine grains that form a close rela-
tionship with rock minerals;

— complex polymineral material with various textural and structural properties and mineral relationships;

— minerals in man-made raw materials often have properties and compositions that differ from the properties of
minerals formed in natural conditions, this is especially true for minerals that have been exposed to pyrometal-
lurgical processes;

— paragenetic associations that are not typical for natural mineral raw materials are encountered;

— minerals that are part of man-made raw materials under surface conditions under the influence of atmospher-
ic air and moisture tend to weather, decompose and transform [7];

— the material of tailings dumps is even finer-grained and finely dispersed, waterlogged to varying degrees (dry,
wet, waterlogged, with internal quicksand zones).

High dispersion complicates enrichment processes, man-made raw materials are difficult to enrich. Due to the
complex chemical, mineralogical, granulometric composition, a wide range of valuable and harmful compo-
nents, the absence of any patterns in the placement of useful components, difficulties arise in the adopted tech-
nological solutions related to the extraction of useful components

During storage, waste loses its natural properties and practical value. Useful components are washed out and
weathered with atmospheric flows, oxidation and gradual crushing occurs. It is believed that after 30 years,
waste turns into “metal trash”

Balance reserves of MMD are usually insignificant and correspond to reserves of small and very small natural
deposits. They are located on the earth's surface (a minor exception is in mine workings), and in this case lands
are withdrawn from economic circulation

Table 2. Distinctive features of MMD associated with their development
Ta6nuua 2. OTnMuuTenbHble ocobeHHocTn TM, cBsizaHHbIE C UX OCBOEHUEM

Distinguishing feature

Characteristic

The process of development

Environmental Impact

Technologies

Efficiency

Reduction of the development process due to the absence of business processes related to the ex-
traction of minerals from the subsoil and transportation. Due to the location of MMD on the industrial
sites of operating mining or mining and processing enterprises, their development does not require the
construction of industrial infrastructure (with the exception of stale waste)

The presence of harmful components is more diverse than in natural mineral raw materials, their quantity
increases during the transformation of man-made raw materials during storage (oxidation, leaching, etc.)

The specificity of MMD requires an individual approach when developing technological solutions. Tradi-
tional technologies are most often ineffective and predetermine low profitability of MMD use. Technolo-
gies in the development of MMD are innovative. At present, they may often be absent or at the laboratory
stage. A mandatory condition is the regulation of the impact on the environment, which should not ex-
ceed a similar impact of BAT (best available technologies)

The development of MMD ensures the receipt of economic and ecological effects. In ecologically disad-
vantaged areas, the ecological effect acquires special significance; its excess over the economic one
transfers production projects to the category of environmental protection

characteristics of newly discovered deposits compared to those
already in operation [3]. The share of difficult-to-enrich ores
has increased, the ash content of coal deposits has increased,
mining and geological conditions and the level of accessibility
of these deposits have worsened.

The need to prevent a decline in the sustainability of
small and medium-sized businesses and to compensate for
depleted mineral reserves has determined the consideration
of waste from mining and related processing industries (man-

made mineral formations - MMMF) as a primary source for
the development of small and medium-sized businesses [4-6],
fig. 1.

The priority of the MMMF in the development of the
MRB is confirmed by the trends in the formation of the latter,
which indicate an annual increase in the mass of accumulated
MMME [7], strengthening the man-made mineral resource
potential, characterized by the presence of a huge variety of
useful components. The successful involvement of man-made
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The toolkit of the organizational and economic mechanism aimed at attracting subsoil users to the development of MMD

Administrative

Economic

Introduction of new regulatory instruments governing the
stages of development of man-made deposits related to their
geological study, licensing and exploitation

Introduction of a new tool — assessment of the ecological and
economic efficiency of development of man-made deposits
with corresponding methodological support

Figure 3. Expansion of OEM toolkit
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Table 3. Government support toolkit differentiated by project groups
Ta6nuua 3. UHCTpyMeHTbI rocnopaepXku, auddepeHLMpoBaHHbIe NO rpynnam NpoeKkToB

Project Group

State support toolkit

| Investment tax credit
Bank loans

Preferential taxation (income tax, mineral extraction tax, one-time payment)

Write-off of expenses for studying MMD
1] Investment tax credit

Preferential taxation (income tax, mineral extraction tax, one-time payment)

Write-off of expenses for studying MMD
State guarantees
1] Subsidies
Rent reduction
Loans

Preferential taxation (income tax, mineral extraction tax, one-time payment, property tax, land tax)

deposits in economic circulation is served by the prevention of
problems that complicate this process, which are reflected in
the work [8]. Among the identified problems, one of the first
places belongs to the imperfection of the organizational and
economic mechanism (OEM) regulating the activities of en-
terprises of the mining complex for the development of man-
made deposits.

Results

The generalization and analysis of materials concerning the
formation and use of the organizational and economic mecha-
nism in the sphere of subsoil use showed that there is no consen-
sus on the construction of its structure and the list of regulatory
instruments used. The author’s definition of the OEM, taking
into account the substantive content of the concept of “mech-
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Figure 5. Algorithm for choosing the best option for government support
PucyHok 5. Anroputm BbliGopa Hauny4lero BapMaHTa rocnoanepxkm

anism’, comes down to the following: the organizational and
economic mechanism is a set of elements, measures, methods,
ways, levers (instruments) and their interrelations, which is used
to influence the regulated object in order to change the trajecto-
ry of its activity in the direction of achieving the set goal. Fig. 2
shows the recommended structure of the OEM.

In turn, an instrument is a way, method, approach, tech-
nique that influences the regulated object directly in a com-

pulsory manner or through its economic interests in order to
change the activity of the regulated object in a direction that
ensures the achievement of the set goal. The set of instruments
characterizes the toolkit of economic or administrative mech-
anisms. Mixed instruments in the structure of the OEM carry
aspects of both administrative and economic nature (environ-
mental programs, environmental insurance, public-private
partnership).
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Improving the OEM involves expanding its toolkit. This
primarily concerns administrative tools. The difference be-
tween man-made deposits (MMD) and natural ones has been
proven (Tables 1, 2).

The identified specificity of MMD requires their allocation
to a separate category of legal regulation, i.e. the introduction
of new regulatory and legal instruments into the administra-
tive toolkit that regulate geological exploration, licensing and
exploitation of MMD. In turn, the economic toolkit provides
for the introduction of a new instrument — assessment of the
ecological and economic efficiency of MMD development. The
instrument for assessing the value of deposits is already pres-
ent in the economic toolkit, the newly introduced instrument
will enable the owner (the state) to receive timely reliable in-
formation on the efficiency of exploitation by the subsoil user
holding the license. Thus, the expansion of the OEM toolkit for
the conditions of MMD development has the following form
(Fig. 3).

The effective use of the newly introduced economic instru-
ment required the appropriate methodological support, which
was reflected in the author’s recommendations for taking into
account the proposed fundamental principles of assessing the
effectiveness of MMD development in the process of perform-
ing assessment procedures. The recommended fundamental
principles are as follows: the use of an ecological-economic
approach in assessing the effectiveness of MMD development,
supplemented by an ecosystem approach, consideration of the
commercial economic effect primarily as resource-saving, the
use of recipient and comprehensive assessment methods in as-
sessing the environmental effect due to the prevention of neg-
ative environmental consequences, which was reflected in the
proposed classification (Fig. 4).

Estimates of the indirect economic effect due to savings
in geological exploration work in new development areas, and
changes in the discounting procedure (refusal to discount in
relation to prevented economic damage) [9].

The fundamental principles concerning the assessment
procedure include: principles of the relationship between the
reliability of the assessment and the stages of its implementa-
tion, the specifics of the formation of costs and income when
using multicomponent mineral raw materials, geological risk
for MMD, and limitations of the calculation period [10]. Tak-
ing into account the author’s principles when assessing the
ecological and economic efficiency of MMD development

ECONOMIC SCIENCES

makes it possible to increase the reliability of the assessment
of the results by reflecting the specifics of MMMF processing.

In many ways, the activation of MMD development de-
pends on the effectiveness of the state support system. A meth-
odological approach has been developed for selecting the most
acceptable option for state support for activities to replace pri-
mary raw materials with secondary ones, taking into account
domestic experience in this area of activity [11-16]. The algo-
rithm characterizing the proposed methodological approach is
shown in fig. 5. At the first stage, the criteria for differentiating
investment projects for MMD development according to the
priority of receiving state support are substantiated. Among
the criteria are: economic profitability and environmental im-
pact. Three groups are subject to identification, reflecting the
greatest significance of the mineral resource aspect. At the
second stage, using the experience of experts, a list of possible
options for state support for each of the identified groups is
established (Table 3). At the third stage, the options for state
support are assessed based on the agreement of commercial
and budgetary effects. Agreement is achieved when the differ-
ence between these effects does not exceed + 30%.

The final stage is the selection of the best option for state
support, which, firstly, involves comparing the options by the
total value of all effects in addition to the commercial one.
There are two possible situations when these values are incom-
parable, and then the option with the maximum value of the
total effect is recognized as the best, and the second situation is
when the compared values are the same. In this case, the mech-
anism of relative indicators is used. The commercial and bud-
getary effects and their difference are subject to assessment.
The option of state support with the largest value in relative
units is recognized as the best.

Conclusion

The priority of using MMMEF for the development of the
mineral resource base, which has shown the first signs of los-
ing stability, has been proven. Activation of the introduction
of MMD into economic circulation assumes, firstly, the ex-
pansion of the OEM toolkit through new regulatory and legal
instruments and an economic instrument — an assessment of
the ecological and economic efficiency of MMD development
with the corresponding methodological support, and secondly,
an increase in the efficiency of the state support mechanism
through the use of the proposed methodological approach to
choosing the most acceptable option for state support.
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TexHoreHHbie MECTOPOXKAEHWSI: aKTUBU3aLIMs OCBOEHWs

OkcaHa NeHHagbeBHa KOMAPOBA*
Bnagumup EBreHbeBu4 CTPOBCKUWA*

Ypanbckuii rocy4apCTBEHHBIN FOpHbIV YHUBEPCUTET, EkaTepuHbypr, Poccus

AHHoTaLus
AxmyanvHocmv. B HaCTOAIMIT MOMEHT CTAaHOBUTCS BCe 60Jiee IPUOPUTETHBIM PAaCCMOTPEHVE TEXHOTEHHBIX Me-
CTOPOXX/JICHWIT B Ka4eCTBE VICTOYHVKA Pa3BUTsI MUHEPAIbHO-ChIPbeBOIl 6a3bl. B 41icie OCHOBHBIX IIPUYVIH, C OJHO
CTOPOHBI, OSIB/ICHNE NIePBbIX IPU3HAKOB IIOTEPM YCTONYMBOCTI MUHEPAIbHO-CBIPbeBOIt 6a3bl, C IPYToil — IOCTO-
SHHOE yKpeIlIeH/e TeXHOTeHHOTO MIHEPa/IbHO-ChIPbeBOro MOTEHIAA, OT/INYAONIerocs Hal4d1eM pasHoobpas-
HBIX II0JIE3HBIX KOMIIOHEHTOB, COfiep>KaHVe KOTOPBIX B psijfie CTy4aeB OKa3bIBaeTCs 0ojiee BBICOKIM, YeM Ha 9KCILTY-
ATUPYIOLIMXCA MECTOPOXK/IEHUAX.
Llenv uccnedosanus — coBeplIEHCTBOBAHME NHCTPYMEHTApNA OPTaHNM3aIMIOHHO-9KOHOMIYECKOTO MEXaHN3Ma, pe-
TYIMPYIOLIETO JeATENIbHOCTD 110 OCBOEHMIO TEXHOTEHHBIX MECTOPOXK/IEHMIA.
Memoovt uccne006anuss — CYICTEMHBIN TTIOAXOJI, METO/bI AHA/IN3A, CHCTEMATU3AI[UY, CPAaBHEHNI, aHAIOTUI, CTPYK-
TYpU3aLVM, KPUTEPUATBbHOTO BHIOOPA.
Pesynvmamut. B niporecce vccnefoBannit 6blla MOATBEP>KAEHA Ufies IIEPBOOYEPETHOCTY VICIIO/Ib30BAHYS TEXHO-
TeHHBIX MUHEPaIbHBIX 00pa3oBaHWIT /I MOfieP>KaHNsl YCTOMYMBOCTY IPUPOJHON MUHEPATbHO-ChIPbeBOI 6asbl,
KOMIIEHCAIIMM TTOTAIIeHHBIX 3aI1acOB MO/IE3HbIX MCKOIIaeMbIX. [J0ka3aHO BO3pacTaHue MacChl OTXOJ0B TOPHOZOObI-
BAIOIErO U CBA3AHHBIX C HUM IepepadaThIBAIOLINX ITPOM3BOACTB, @ TAKXKe aKTMBU3ALVN MX UCIIONb30BAHUA NIPK
pelleHnN BBIABIEHHBIX IPOO/IeM, 3aTPYAHAIOLINX BBefleHle TEXHOTeHHBIX MECTOPOXK/ICHNUII B XO35/ICTBEHHbI 060-
pot. PazpaboTaHbl Mepsl, CIIOCOOCTBYIOMINE MTOBBIIECHNIO 3G (EKTUBHOCTI IPUMEHEHMsI OPraHN3aL[IOHHO-9KOHO-
MITYECKOTO MEXaHM3Ma, PETyIMPYIOIIET0 OCBOEHNE TEXHOT€HHBIX MeCTOpOXKAeHMI1. IIpemaraemple Mepbl KacaroTcs
pacmmpenns MHCTPYMEHTapys OpraHU3aliOHHO-9KOHOMMYECKOIO MeXaHM3Ma 3a CYeT BBEJEeHMA HOBBIX HOpMa-
TYBHO-IIPAaBOBBIX NHCTPYMEHTOB VM S5KOHOMIYECKOTO MHCTPYMEHTA C COOTBETCTBYIOIINM METOIMYECKM obecrie-
veHreM. [IpeioxkeHHOE MeTOAMYeCKOe obecIiedeH e pefIoaraeT paspaboTKy OCHOBOIIOIATAOIINX IIPYHIUIIOB
OLeHKM 3¢ (PeKTUBHOCTI OCBOEHNS TEXHOT€HHBIX MECTOPOXKAEHMI V1 TIPEMIOXKEHNS 110 UX YYeTy IIPY BBIIIOTHEHN
OLIEHOYHBIX OIlepanuii. BaykHoe HampaBieHNe PeTyINpyOIINX MeP — METOAMYECKNI TIOAXOM, IOMyYNBIINI OTPa-
JKeHJe B aBTOPCKOM aJITOPUTMe I10 BBIOOPY Hambosee IMpueMIeMOro BapuaHTa FOCHOJIEP>KKI [eATeTbHOCT 110
3aMeHe IEPBUYHOIO ChIPbA BTOPUYHBIM.
3axnouenue. VIcronb3oBaHyue peKOMEHAALNIT IO PACIIMPEHNIO NHCTPYMEHTapusA OPraHM3alIOHHO-9KOHOMIYe-
CKOrO MeXaHM3Ma C COOTBETCTBYIOLIMM METOMYECKUM obecriedeHneM, a Takke BBIOOpYy Hanbosee mpueMIeMoro
BapMaHTa FOCHO/EP>KKM OYeT CIOCOOCTBOBATh aKTUBM3ALIMI OCBOECHVSI TEXHOT€HHBIX MECTOPOXX/IEHUIT, paccMa-
TpUBaeMbIX B KaueCTBe IIePBOOYEPENIHBIX ICTOYHNKOB PAa3BUTISI MIHEPAIbHO-CHIPbEBOIT Oa3bl.

Kniouesvie cnosa: TexHOT€HHBIE MECTOPOXKIEHIIS, MIHEPATbHO-ChIpbeBas 6asa, pa3BUTHE, YCTONIMBOCTD, MHCTPY-
MEeHTapuii, METOANIeCKOoe 0becredeHne, TOCIOAgepXKKa.
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