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Relevance. The process of sustainable use of mineral resources, which is one of the priority areas of both rehabilitation, extraction of natural resources,
and the state policy in the field of national security, is of particular importance. Currently, the state regulation of subsoil use faces a number of pressing
problems: first, the process of recovering the exhaustible resources of solid commercial minerals (SCM) is hampered; secondly, penetration the sixth
techno-economic paradigm and the growing “fourth industrial revolution” dictate their terms for organizing a sustainable subsoil use, which implies
achieving a balance of common development factors (resource, “green”, social, economic ones) using high technologies, artificial intelligence devices,
robotics and other innovative solutions. In order to implement sustainable subsoil use at the regional and country levels, it is necessary to diagnose
the state of the mineral resources base (MRB). This evaluation can become a functional tool for state regulation of subsoil use.

Purpose of the work is to analyze the state of the mineral resource base of the subsoil use of the Ural Federal District (UFD) from the point of view of
fulfilling the condition of balance (security).

Results. The basic principle is defined — the condition for achieving a balance of subsoil use; peculiarities and problems in the management of subsoil
use of the Ural Federal District on the basis of the analysis of the Ural Federal District and the system for financing geological exploration in the UFD;
some possible directions for meeting the condition for achieving a balance are identified.

Conclusion. The exhaustion of the region’s MRB of SCM and the priority of the extraction of fuel and energy raw materials contribute to a reduction in
federal funding for the development of the MRB of SCM of the Ural Federal District. The subsoil users of the region are provided with reserves, to some
extent, and they are not interested in carrying out further prospecting works. The foregoing demonstrates the need to develop and implement some
balanced solutions for further stage of geological study of the MRB of SCM in the framework of public private partnerships using industry regulation
mechanisms to achieve a sustainable supply of producers with their own raw materials.

Keywords: mineral resource base, solid commercial minerals, Ural Federal District, rehabilitation, geological exploration, sustainable subsoil use,
security.

ntroduction
The development of the existing raw materials base, creation of a reserve one of ferrous, non-ferrous, alloying metals
(including in the territory of the Ural Federal District) and import substitution by 2020 of a number of metals with its own
mineral resources, in accordance with strategic regulatory and legislative acts are research priorities"***. At the same time, a sus-
tainable development model should represent an economically justified balance between domestic consumption, rehabilitation,
export and the necessary import of mineral raw materials® [1, 2]. This direction is confirmed by the results of analysis of domestic
legal acts but various legal sources, the terms “balanced development approach, nature, and subsurface” are used in different con-
texts and with different meaning®”*® [3].

In the framework of implementation the substantial subsoil use at the regional and country levels, the analysis was made of the
state of the mineral resource base of the Ural Federal District from the perspective of providing basic types of solid minerals. At the
same time, the Soviet approach based on the hypothesis of the need to maintain the overall exceeding dynamics of rehabilitation of
MRB over the dynamics of mining operations was applied to the construction of a theoretical structure of the balanced subsoil use.

Methodology

To this point, the issues of the methodology for identifying the level of balance of both natural resource use and subsoil use
remain the subject of scientific debate [4, 5]. Nevertheless, there is no doubt that the process of subsoil use should be coordinated
with the process of rehabilitation taking into account: domestic needs and export requirements; the need for technical and process

'Sub-program "Mineral wealth management, geological study of subsoil" of the state program "Rehabilitation and use of environmental assets of the Russian
Federation": decree of the Government of the Russian Federation of April 15, 2014 No 322 (as amended by RF Government Decree No. 384 of March 31, 2017).
Access to ConsultantPlus legal reference system URL: www.consultant.ru

2The National Security Strategy of the Russian Federation approved by the Decree of the President of the Russian Federation of 31.12. 2015 No 683. Access to
ConsultantPlus legal reference system URL: www.consultant.ru

3The strategy for the development of the geological industry of the Russian Federation until 2030 approved by the decree of the Government of the Russian Federation
of June 21, 2010 No 1039-r. Access to ConsultantPlus legal reference system. URL: www.consultant.ru

“The forecast of long-term social and economic development of the Russian Federation for the period up to 2030 approved by the Government of the Russian
Federation on March 23, 2013. Access to ConsultantPlus legal reference system URL: www.consultant.ru

5The strategy of development of the mineral and raw-materials base of the Russian Federation until 2030 (draft). URL: http://mgri.ru/news/strategiya_msb.pdf

50n the Concept of Long-Term Social and Economic Development of the Russian Federation for the Period to 2020 (together with the "Concept of Long-Term Social
and Economic Development of the Russian Federation for the Period to 2020"): Decree of the Government of the Russian Federation of 17.11.2008 No. 1662-r (as
amended on 10.02.2017).

"The main activities of the Government of the Russian Federation for the period until 2018 (new version): approved by the Government of the Russian Federation on
14.05.2015.

80n the approval of the program for the development of the Russian coal industry for the period up to 2030: decree of the Government of the Russian Federation of
June 21, 2014 No. 1099-r.
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Figure 1. Key elements for achievement a sustainable subsoil use.
PucyHok 1. YcnoBue AocTuxeHUsi c6anaHCUpOBaHHOCTU HeApPOMNOorb30BaHUA.

design details, financial, environmental, information and staff assistance for rehabilitation of the mineral and raw-materials base.
Thus, for non-renewable resources (fuel and energy resources (oil, gas, coal) and mineral resources (solid minerals)), the formula
for achieving a balance of subsoil use (NP ) will look like (formula (1)):

H H
Zrzl Mr SZ:r:l Bor’ (1)

where I_- rate for use of the r-th type of resource; Vo_- rates of MRB rehabilitation by society; r — type of resource (r = 1...H).

Considering this condition for achieving a balance (security) of subsoil use through the prism of the process approach, it
can be concluded that the subsoil use will be balanced only if the subsoil use processes are controlled (managed) and the subsoil
resources are rehabilitated (Fig. 1).

The rationale for this principle is based on the analysis of economic regulation of natural resource use as an integral element
of state regulation of natural resource use, determining the specifics of the conditions for the balance of subsoil use as an element
of sustainable natural resource use; the study of theoretical foundations of rehabilitation of the mineral and raw-materials base,
the functioning economic mechanism for regulating subsoil use and rehabilitation of the mineral and raw-materials base in the
system of state regulation.

Analysis of the state of mineral and raw-materials base of the Ural Federal District

The current state of the mineral and raw-materials base of the Ural Federal District is legitimate to be considered in com-
parability with the all-Russian one, which today represents the foundation of the country’s economy. Russia is one of the world
leaders in the reserves, extraction, and export of a number of solid minerals, including coals, iron ores, nickel, platinoids, gold,
phosphates, and others, which play a leading role in the world economy®.

Some specialists in the geological industry [6, 7], analyzing the mineral and raw-materials base of Russia, have highlighted in
the Draft Strategy for the Development of the Mineral Resources Base of the Russian Federation until 2030 the'® following groups
of minerals that are characterized by their significance for the country’s economy, domestic consumption, scarcity and demand
in the market: 1) gold, platinum, diamonds; 2) coal, iron ore, copper, nickel, cobalt, antimony, potassium salts, apatite; 3) lead, zinc,
molybdenum, tungsten, chromium, aluminum and some others; 4) manganese, fluorspar, titanium, uranium, zirconium; 5) berylli-
um, lithium, dispersed elements, tantalum, niobium, tin, rare earth metals and especially pure quartz.

Most of solid minerals belonging to the designated groups, and forming the core of the mineral and raw-materials base of the Ural
Federal District, affect the level of socio-economic development. The concentration of developed engineering, energy and mineral
resources within the district have been provided the region with competitive advantages for the development of an industrial base
for a long period; this base was initially formed on the basis of local mineral resources. Currently, the region provides extraction
in Russia: vanadium — more than 90%, bauxite — about 70%, chrysotile-asbestos - more than 60%, iron ore — about 25%, refractory
clays - more than 20% [8]. Coal reserves within the Ural Federal District are concentrated in the Khanty-Mansiysk Autonomous
Okrug (KhMAO), Sverdlovsk Region, and Chelyabinsk Region. The balance reserves of coal category A + B + C, as of 01.01. 2017
make up 1067.85 million tons, category C, - 945.7 million tons. Non-commercial reserves are estimated at more than 654 million
tons''. More than 90% falls on board coal. In KhMAO and Chelyabinsk region, only board coal is on balance, respectively 44.0%
and 46.4% of the total reserves of the district. In the Sverdlovsk region, coal predominates - slightly more than 8.0% of the region’s
reserves.

Own reserves of coal requirements of the Ural Federal District are not covered, which indicates the lack of availability of this
type of raw materials. Deliveries of coal to the Ural Federal District are carried out mainly by subsidiaries of holding companies
PAO Mechel, OAO UGMK, Evraz Group S.A. from the deposits Kuznetskiy (Kuzbass) and Yuzhno-Yakutsky (Yakutia). A signifi-
cant amount of coal to cover the needs of metallurgical plants in the Ural Federal District is imported from Kazakhstan.

Potential increase in supplies for metallurgists, power engineers of the Middle and Southern Urals, according to experts of the
Department for Subsoil Use of the Ural Federal District “Uralnedra” can be implemented at the expense of energy and soldering
coal in the Vorkuta basin, which is of high quality [9]. However, in order to implement this option, it is necessary to solve the
transport component identified earlier in the national project “Ural Industrial — Ural Polar”

In the Ural Federal District, the state balance of mineral resources of Russia accounts for 57 deposits of iron ore as of
01.01.2016; their balance reserves amount to 16.7 billion tons — about 15% of Russia’s iron ore reserves. The basis of the region’s
raw materials base is made up of deposits of titanomagnetite ores. The largest ones are the Gusevogorskoye and Sobstvenno-Kach-

92015, On the state and use of mineral resources in the Russian Federation in 2015: State report of the Ministry of Natural Resources and Environmental Protection
of the Russian Federation. Moscow, 344 p.

°The strategy of development of the mineral and raw-materials base of the Russian Federation until 2030 (draft). URL.: http://mgri.ru/news/strategiya_msb.pdf
12016, On the state and use of mineral resources in the Russian Federation in 2015: State report / Ministry of Natural Resources. Moscow, p. 6.
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kanarskoye in the Sverdlovsk region and the Suroyamskoye in the Chelyabinsk region as well. Ore deposits are complex ones, the
major component is titanium. Vanadium, iron, and phosphorus are minors. The iron content in ores is low - 14.5-16.5%. Within
the Ural province, medium and small-scale deposits of skarn-magnetite and sedimentary type have also been identified. The fore-
casted resources of skarn mineralization in the amount of about 1 billion tons of category P,'* are localized.

The share of titanomagnetite ores is 83.8% of the total reserves of the region. Titanium-magnetite ores account for more than
87.0% of the extracted iron ore. In the Ural Federal District, there is a certain disproportion in the region’s supply of iron ore for
its own metallurgical production. Thus, the enterprises of the Middle Urals are fully provided with magnetite ores of the North-
ern Urals, as well as titanomagnetite ores of the Gusevogorskoye deposit, the main supplier of raw materials for the Nizhny Tagil
metallurgical plant. The Sobstvenno-Kachkanarskoye deposit is at the stage of preparation for development. The construction of
the mining enterprise is expected to be completed by 2021.

Metallurgical enterprises of the South Urals are only partially provided with local iron ore. The deficient raw material comes
from deposits of the Kursk magnetic anomaly. Directly raw materials come from Kazakhstan (Sokolovsko-Sarbaiskoe ore mining
and processing enterprise) for the Magnitogorsk Iron and Steel Company.

The increase in the mineral resources base of iron ore is largely possible due to the development of the Kachkanarsky deposit
of titanomagnetite ores. In the Chelyabinsk region, the development of the Suroyamsky titanomagnetite deposit is underway. By
the end of 2017, it was planned to begin construction of infrastructure facilities of the mining complex with an annual capacity of
3 million tons of ore; the development of the deposit is expected to begin in 2022. However, everything here is limited by techno-
logical problems, since the metallurgy of the South Urals mainly operates on rich magnetite ores®.

In 2016, the mineral resources base of iron was expanded due to the placement of reserves of the Serovskoye deposit (Sverd-
lovsk region) in the amount of 165.6 million tons of C, + C, category, along with nickel and chrome reserves [10].

Nevertheless, in view of the existing need for producers of metallurgy in the South Urals, there remains the need to import iron
ore from both other regions (the Kursk Magnetic Anomaly) and from abroad (Kazakhstan). This circumstance indicates a lack of
availability of iron ore.

In the deposits of the Southern and Middle Urals, more than 20% of the domestic copper reserves, mostly of copper-pyrite
type, are embedded. On the territory of the Ural Federal District, namely in the Sverdlovsk region, the Volkovskoye medium
size field of vanadium-iron-copper ores was discovered (cat. A+ B + C | are 1598.4 thousand tons as of 01.01.2016, cat. C, - 15.34
thousand tons, or 1.8% of the total Russian balance reserves'®); the concentration of metal in the ores is 0.64%. Small copper-pyrite
and skarn deposits are also known in the region.

In the Chelyabinsk region, one medium (Uzelginskoye) and several small size fields are known; however, copper-porphyry
deposits Mikheevskoye (the share in the all-Russian balance reserves - 1.4%) and Tominskoye (the share in the all-Russian
balance reserves — 2.7%)" are the main ones with poor ores. Total reserves of copper in them exceed 4 million tons. The copper
reserves in the ores of a similar type of the explored Birgildinsky deposit are classified as non-commercial one. In the metallogenic
zones of the Urals, a significant part of the Russian forecast resources of category P1 is concentrated — 3.4 million tons; almost 0.6
million tons are localized in copper-porphyry ore occurrences, the rest — mainly in objects of copper-pyrite type'®. Moreover, the
state balance in the Sverdlovsk region takes into account four technogenic copper deposits.

Thus, the available copper resource base in the Ural Federal District can hypothetically fully meet the needs of the main pro-
ducers: OAO Ural Mining and Metallurgical Company (UGMK) and ZAO Russian Copper Company in the period from 5 to 10
years, which indicates the region’s own copper raw materials at present. The territorial security is somewhat disrupted because the
producers of copper cover their needs for raw materials also due to the deposits they develop in neighboring regions. So, Bashkir
Copper Company, a part of the Ural Mining and Metallurgical Company, is developing the copper-pyrite deposits of Podolsk
and Severo-Podolsk in the Republic of Bashkortostan, which will be produces as a single minefield by the Podolsky underground
mine. It is planned to begin mining operations not later than 2022". ZAO Russian Copper Company is supplied with raw mate-
rials from the Gayskoe deposit in the Orenburg region with 4.8 million tons of copper reserves.

In the future, it is also planned to develop the Tominskoe copper-porphyry deposit in the Chelyabinsk region on the basis
of a mining and processing plant with a production capacity of 28 million tons of ore per year, included in the “Strategy for the
development of non-ferrous metallurgy in Russia for 2014-2020 and until 2030”'®. However, environmental problems that have
already provoked a negative reaction from the local population can be an obstacle to the implementation of this project.

With the current level of production, the availability of active supplies of copper to the main suppliers of raw materials to the
Ural Federal District (the Republic of Bashkortostan, the Orenburg and Chelyabinsk regions) is 47 years. In the region, there is a
significant reserve of forecast resources P, + P, — more than 5 million tons [11]. Further development of the copper resource base
is related to the continuation of the development of copper-porphyry ores of the South Urals, as well as the possible resumption
of geological exploration in the Polar Urals.

Almost 30% of the Russian reserves (433 million tons) of*” sedimentary bauxites in carbonate rocks in the large Cheremuk-
hovsky and medium-sized Krasnaya Shapochka, Kalinsky and Novo-Kalinsky fields located in the North Ural bauxite-bearing
region are concentrated - the highest quality in the country with a high content of ALLO, (54-56%) and a high silica module.
However, they cannot compete in quality with the deposits being developed abroad, both in terms of mineral composition, depth
of occurrence, and the geological and climatic conditions of development®.

22016, On the state and use of mineral resources in the Russian Federation in 2015: State report / Ministry of Natural Resources. Moscow, p. 83.
bid.

“lbid., p.123.

S1bid.

©lbid., p. 121.

7lbid., p.124.

®|bid.

®Ibid., p. 113.

2lbid., pp. 110-111.
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In the Ivdelsky bauxite-bearing region, 10.6 million tons of forecast bauxite resources of category P, and 10.9 million tons
of P, category are located. The quality of bauxite is low. Further development of the raw materials base of alumina production is
hindered by complex mining and geological conditions of occurrence. The development of deposits of OAO SUBR is carried out
by an underground method at depths of up to 1.12-1.3 km. In 2015, OAO Sevuralboksitruda has commissioned the first start-
up complex of the mine Cheremukhovskaya-Glubokaya with a depth of 1550 m. Years of reserves for the mine are for at least 40
years; it will be able to provide alumina refinery plants of RUSAL company in the Sverdlovsk region (Bogoslovskiy and Ural ones),
as well as the enterprises of the cement and refractory industries with local bauxite raw materials for the near future.

Almost 14% of Russian gold reserves are in the deposits of the Ural metallogenic province. Mostly, it is secondary gold in
the ores of copper-pyrite deposits. Gold-sulfide-quartz ores associated with intrusive bodies (Berezovskoye in the Sverdlovsk
region) and gold-sulfide-quartz ores localized in terrigenous strata (Svetlinskoye, Yuzhnyi Kurosan in the Chelyabinsk region)
are distinguished among the gold deposits. The gold content in these ores varies from 1.9 to 17 ppm. Prospects for increasing the
gold reserves of the Ural province are related primarily with the discovery of new gold-sulfide-quartz deposits as well as gold-cop-
per-porphyry ones; forecast resources of category P, provinces are estimated to be more than 400 tons*..

The main producers of gold at the gold ore deposits are:

— in the Sverdlovsk Region: OOO Berezovskoye Rudoupravlenie with a production level of 0.7 tons as 0of 01.01.2016 and ZAO
Zoloto Severnogo Urala with a production level of 3.8 tons as of 01.01.2016;

- in the Chelyabinsk region: AO Yuzhuralzoloto Group of Companies and AO Vostochnaya with a total production level of
6.8 tons as of 01.01.2016.

Another major producer of this noble metal is the holding company OAO Ural Mining and Metallurgical Company (UGMK).
At the enterprises of this company gold is extracted and its refining is carried out from complex copper-bearing ores of the Sverd-
lovsk and Chelyabinsk regions, as well as at the enterprises located outside the Ural Federal District (OAO Gaisky Mining and
Processing Plant, OAO Bashkirskaya Copper, ZAO Urupsky Mining and Processing Plant, etc.); this provides about 4% of Russian
gold production®. In the medium term, with the current volume of production, the region is provided with this type of minerals.

In the Ural Federal District, chromite reserves were identified in the Yamal-Nenets Autonomous District, the Sverdlovsk and
Chelyabinsk Regions. In the Yamalo-Nenets Autonomous District, two deposits have been explored within the Rai-Iz massif; they
together account for 9% of the chrome ore reserves of the country. The forecasted resources of chromites in the region with a very
high degree of confidence are 21% of the Russian ones. They are localized in the massifs of Ray-Iz (24.4 million tons) and Voika-
ro-Sinyinsky (5.2 million tons). In the Sverdlovsk and Chelyabinsk regions, the small chromite deposits totaled only 0.3 million
tons as of 01.01.2016, or less than 1% of the Russian deposits. In 2016, a significant increase in the chromite resource base was due
to the supply of 7.98 million tons of chromium ore category C,C, [10] at the Serovsky deposit (Sverdlovsk region) along with iron
and nickel reserves of similar categories, which significantly reduces deficiency for consumers of chrome ores in the district (Che-
lyabinsk electrometallurgical works, Klyuchevskoy and Serovsky ferroalloys works). Still, the need for raw materials is not fully
covered by own resources. There is a need for import from Kazakhstan (more than half of the consumption in Russia as a whole).

Further growth in chromite reserves in the Sverdlovsk and Chelyabinsk regions is possible due to the forecast resources of
category P, which total 4 million tons®. Bringing into development of Zapadnoye (Yamalo-Nenets Autonomous Okrug) and
Yuznoye Saranskoye deposits in the neighboring Perm region is considered to be topical. It should be noted that the development
of all designated deposits still cannot cover the formed requirements for chromites.

Thus, the provision of the region with chrome raw materials cannot be considered sufficient for a long-term perspective. In
this regard, it remains necessary to carry out measures to increase existing capacities for the extraction of raw materials and ex-
pand its mineral and raw materials base through the possible continuation of prospecting works in the Subpolar Urals.

In the Ural Federal District, 44.7 million tons of manganese ore reserves (slightly more than 19% of Russian ones) and 22.2
million tons of P -category resources (9.6%) are* concentrated within the same metallogenic province. The overwhelming part of
the reserves of manganese ores of the region and half of the forecast resources of high reliability are concentrated in nine deposits
of carbonate ores of the North Ural ore region in the Sverdlovsk region. Another small deposit of oxidized ores, as well as a prom-
ising area of their development, has been identified in the Chelyabinsk region.

Currently, the territory of the Ural Federal District does not produce manganese raw materials. It was terminated due to
economic inefficiency in 1964. The main problem of using the manganese mineral resource base is the low quality of manganese
ore, which is represented by ordinary and poor mainly carbonate rebellious ore with a high content of harmful impurities — iron
and phosphorus, complex texture-structural features, variability of the material composition. A required condition for starting
operation of manganese fields is the implementation of new methods for their processing.

In the region, manganese alloys, which are an essential component for metallurgy, are produced by the Chelyabinsk elec-
trometallurgical works and the Satkinsky ironworks. Raw materials for producers are almost completely supplied from abroad
(Kazakhstan and South Africa). As for manganese is concerned, a situation similar to chromium is observed: insufficient supply
of this type of raw material.

Results and conclusions on the analysis of the mineral resource base of the Ural Federal District. Thus, the proximate anal-
ysis of the state of the mineral and raw materials base of the main types of solid minerals in the Ural Federal District makes it
possible to draw the following conclusions about the supply of its producers with its own raw materials (Table):

— on the one hand, we can state the availability of certain types of solid minerals, and on the other hand, the presence of their
deficit due to economic unprofitable development and poor quality of raw materials;

- the need for such types of minerals as iron ore, copper, and coal, which in general in Russia do not belong to the scarce;
they are not fully covered;

212016, On the state and use of mineral resources in the Russian Federation in 2015: State report / Ministry of Natural Resources. Moscow, p. 202.
2|bid., p. 213.

Zlbid., p. 95.

2Ibid., p. 103.
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— the mineral and raw materials base of coal is practically exhausted; mining of coal is not conducted, development of its
available small reserves is economically unprofitable; coal needs of the metallurgical works of the region are mainly covered by
supplies from the Kuzbass and Yakutia deposits, as well as imports from Kazakhstan;

— the presence of significant reserves of iron ore and copper raw materials does not fully satisfy the needs of producers with
the corresponding products;

— the disproportion in the supply of iron ore is explained by the deficit for producers of the South Urals using magnetite ores,
which are eliminated by supplies from the deposits of the Kursk Magnetic Anomaly and Kazakhstan; metallurgical enterprises of
the Middle Urals are fully provided with magnetite ores of the Northern Urals;

— the available copper resource base can fully meet the needs of the main producers of the district in the short term from 5 to
10 years. At the same time, copper producers partially cover their needs due to the deposits they develop in neighboring regions
(Bashkiria, Orenburg region);

- significant reserves of the North-Ural bauxite-bearing region accounting for about 30% of Russian ones are fully supplied
with alumina raw materials, the highest-quality in Russia. However, the quality of raw materials and the geological conditions of
its occurrence is at a disadvantage to foreign analogs;

— the demand of producers in chromic raw materials is not fully covered by own resources; there is the need to import from
Kazakhstan for more than half of consumers in Russia as a whole;

— the need for manganese raw materials is almost completely provided by imports from Kazakhstan and South Africa; the
extraction of raw materials is not carried out, despite the concentration of more than 19% of Russian manganese ore reserves
mainly in the Sverdlovsk and Chelyabinsk regions; the main problem is the low quality of manganese ore raw materials and the
absence of new methods for its processing.

A prerequisite for solving the problem of increasing the availability of the region by the main types of solid minerals is the re-
habilitation of their depleted mineral resources base, which has previously been highly studied. The initial stage for rehabilitation
of the mineral resources base is geological prospecting works. In order to study the issue of organization of sustainable subsoil
use in the territory of the Ural Federal District, the state of activities for the implementation of geological exploration in the Ural
Federal District was considered from the point of view of financial security.

Analysis of financing for geological exploration in the Ural Federal District. In the Ural Federal District, in the structure of
total costs for the type of geological exploration, which includes all the types of minerals (without limitation, hydrocarbons), the
greatest share is accounted for exploration and prospecting.

In 2017, exploration work accounted for 55.1%, which is 2.8% lower than in 2016; prospecting works — 32.4%, level increase
(2016) - 6% (Fig. 2).

Since 2010, exploration financing has a slight upward trend. The largest amount of financing accounted for 2015 - 74283.6
million rubles; in 2017, its value fell to 54265.2 million rubles. The volume of financing for this period of prospecting works
slightly increased from 16289.9 million rubles in 2010; and 31941.3 million rubles in 2017. The largest amount of funding for
prospecting was 41803.9 million rubles in 2015 (Fig. 3).

The share of other types of geological prospecting remains at a low level. 1-2% of the total funding of geological exploration
accounts for regional work, more than 80% of which (2016 - 83.1%, 2017 - 85.9%) is financed from the federal budget. Research
and advanced development financing remains quite insignificant (in 2016 - 4.3%, in 2017 - 3.4%), as well as thematic and exper-
imental-methodical work (2016 - 3.5%, 2017 — 4.7%) of the total funding. All expenses for research and advanced development

B Prospecting works & Monitoring the state of the geological terrain
= Exploration works = R&D

u Regional works B Thematic and field trial works

® Marine works u Other

B Special geological works

Figure 2. Total costs by types of geological exploration in the Ural Federal District in 2017 for all types of minerals, %?.
PucyHok 2. O6wume 3aTtpaTbi no Buaam NPP B Yp®O B 2017 I. no BceM BMAAM nore3HbIX uckonaembix, %2.

%Calculated according to the data of the subjects included in the Ural Federal District (Sverdlovsk, Kurgan, Tyumen, Chelyabinsk regions, KhMAO-Yugra, Yamalo-
Nenets Autonomous District) in accordance with the statistical reporting forms No. 2-GR "Information on the implementation of geological exploration" and form 7-GR
"Information on implementation of geological exploration by their types and groups of minerals". The data was provided by the Department for Subsoil Use for the Ural
Federal District (Uralnedra).
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Figure 3. Total costs for types of geological exploration in the Ural Federal District in 2010-2017 for all types of minerals, thousand rubles®.
PucyHok 3. O6wme 3atpathkl no Bugam M'PP B Yp®O B 2010-2017 rr. no BceM BUAaM norne3HbIX UCKONaeMblX, Thbic. py6.2

were due to own resources of subsoil users. In 2017, there were no funds from the federal budget for thematic and methodological
work, although in 2016, the share of federal funds for this type of work was 5.8%. In 2016 and 2017, there was no funding for
maritime work (in 2015, funding was provided from the budget) and special geological work. Costs for monitoring the state of the
geological terrain in 2016 were not carried out; in 2017, less than 4.0 million rubles was spent in KhMAO-Yugra.

It should be noted that an irretrievable situation with the financing of research and advanced development is characteristic
not only of the Ural Federal District. According to the results of the Federal Agency for Subsoil Use in 2016, the structure of
costs for sub-program “Rehabilitation of mineral resources base, geological study of subsurface resources” of the State program
“Rehabilitation and use of environmental assets of the Russian Federation” for scientific and technological support of geological
exploration work was only 0.12% (42 million rubles.). At the same time, 23% of costs accounted for geological exploration of solid
commercial minerals; hydrocarbon raw materials — 54% [10].

The share of solid commercial minerals is very low in total costs of geological exploration of the UFD. In 2017, it was: fer-
rous, non-ferrous, alloying metals — 2.2%; noble metals — 2.5%; non-metals — 1.7%. The largest specific weight is fuel and energy
resources — 93.6% (Fig. 4).

A similar trend has been observed during the period 2010-2017 (Fig. 5, 6).

Analyzing the sources of financing of general geological exploration for all types of minerals, we have to state that the greatest
share belongs to the own resources of subsoil users. In 2017, they accounted for about 95% of the total funding.

About 1.5% were funds from the federal budget; 2.0% - funds of domestic and foreign investors; 1.5% — loans; less than 1%
- means of the subjects of the Federation that are members of the Ural Federal District. With minor variations, the current trend
is observed for the period 2010-2017 (Fig. 7, 8). The situation in the Ural Federal District is comparable to the overall situation in
Russia. The volume of financing the rehabilitation of the mineral resources base at the expense of subsoil users in Russia in 2016
far exceeded (882%) financing from the federal budget and amounted to 295 billion rubles. Solid commercial minerals among
them accounted for 12% (35 billion rubles with excess of 580%) [10].

Out of the total volume of own funds of subsoil users of the UFD invested in the geological exploration in 2017, amounting
to 71410.6 million rubles, 98.5% are accounted for KhMAO-Yugra and Yamal-Nenets Autonomous District, where the majority
of the UFD fuel and energy resources are concentrated, and only 1.5% of the subsoil users own funds were directed to geological
exploration for solid minerals.

Smaller funds out of the total costs allocated from the federal budget for geological exploration in 2017 are for fuel and en-
ergy resources — about 77%; solid commercial minerals account for slightly more than 23%. However, the share of total costs for
geological exploration on solid commercial minerals is insignificant. In 2017, it was: ferrous, non-ferrous, alloying metals — 2.2%;
noble metals — 2.5%; non-metals — 1.7%. The largest specific weight is fuel and energy resources — 93.6%.

Results and conclusions on the analysis of financing of geological exploration in the Ural Federal District. Thus, the situa-
tion with financing of geological exploration in the Ural Federal District shows (along with its insignificant absolute values) the
decrease in the level of expenditures from the budget of the Russian Federation, the budgets of the subjects of the Russian Federation
and the increase in the share of costs from subsoil users. At the same time, the share of exploration costs for solid mineral resourc-
es in total costs is slightly more than 6.0%; the rest is related to fuel and energy resources.

When considering the status of exploration process in the Ural Federal District, it is impossible not to draw attention to a
problem that has been the subject of scientific debate for a long time [12-15], but still relevant to this day, namely:

%Calculated according to the data of the subjects included in the Ural Federal District (Sverdlovsk, Kurgan, Tyumen, Chelyabinsk regions, KhMAO-Yugra, Yamalo-
Nenets Autonomous District) in accordance with the statistical reporting forms No 2-GR "Information on the implementation of geological exploration" and form 7-GR
"Information on implementation of geological exploration by their types and groups of minerals". The data was provided by the Department for Subsoil Use for the Ural
Federal District (Uralnedra).
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Figure 4. Structure of common costs for geological exploration in the Ural Federal District in 2017 by types of minerals, %?%.
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Figure 5. The structure of common costs for geological explora-
tion in the Ural Federal District in 2010-2017 by types of minerals?.
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?’Calculated according to the data of the subjects included in the Ural Federal District (Sverdlovsk, Kurgan, Tyumen, Chelyabinsk regions, KhMAO-Yugra, Yamalo-
Nenets Autonomous District) in accordance with the statistical reporting forms No 2-GR "Information on the implementation of geological exploration" and form 7-GR
"Information on implementation of geological exploration by their types and groups of minerals". The data was provided by the Department for Subsoil Use for the Ural

Federal District (Uralnedra).
2bid.
2Ibid.
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- low financial security;

- exhaustion of economically viable reserves of significant exploitable deposits;

- depletion of the search reserve (the fund of prepared prospective geological sites);

- lack of advanced technologies for the enrichment and processing of primary raw materials;

- dependence on imports of concentrates;

- low level of support and maintenance of the branch geological prospecting science providing efficiency of carrying out
prospecting and geological works;

- lack of an effective organizational and economic structure and mechanism for implementation of activities for the rehabil-
itation of mineral resources, including the interaction of the state, science and business.

Taking into account the depletion of the mineral and raw materials base of the solid commercial minerals of the region, and
the fact that the Siberian and Far Eastern regions with their hydrocarbon reserves are promising regions for development of geo-
logical exploration, help from the federal budget’s side was not forthcoming (concerning the development of the mineral resource
base of the solid minerals of the Ural Federal District). The subsoil users of the region are provided with reserves to some extent;
they are not interested in carrying out further prospecting works. The information above demonstrates the need to develop and
implement some weighted solutions to the further stage of geological study within the framework of public-private partnerships
using industry regulation mechanisms in order to achieve balanced supply of the region’s producers with its own raw materials.

One of the vectors for the development of this direction can be considered as the option of returning to the question of the
need for a meridional transport corridor along the Urals with access to the Arctic. But acceleration of this process places a special
responsibility on researchers due to the extreme importance of the decisions made [16, 17].

The study was prepared with the financial support of the Russian Academy of Sciences Project No. 18-6-7-42 "Socio-economic development of
the Arctic zone of the Urals: opportunities, priorities and prospects for spatial development”.
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AKTyaabHOCTB. [TpoLecc c6araHCUPOBAHHOTO UCTTOAL30BAHMSI MMHEPAALHO-CIPLEBLIX PECYPCOB, MPEACTABASIOLINI COBO OAHO M3 MPUOPUTETHBIX HATPAB-
A€HMIi KaK BOCMPOM3BOACTBA M AOOLINM MPUPOAHLIX PECYPCOB, TaK M FTOCYAAPCTBEHHOM MOAUTHKM B OBAACTY HALMOHAALHOM Ge3onacHocTv, nmeet ocoboe
3HayeHue. B HacTosiee BpeMsl MepeA OpraHamm rocyAQpPCTBEHHOTO PETYAMPOBAHMSI HEAPOMOAL3OBAHUsI CTOMUT PSIA HACYLIHDLIX MPOBAEM: BO-TIEPBLIX, 3aTPYA-
HSIETCS1 MPOLIeCC BO3MELLEHMsT MCTOLMBLIMXCST 3ariacoB TBEPALIX MOAE3HbIX Mckonaembix (TI1M), a BO-BTOPLIX, MMPOBOE BXOXKAEHUE B IIECTOM TEXHOAOrMYe-
CKMI YKAQA U HABMPAIOLAsl CUAY «4ETBEPTAS NPOMBILIAEHHAS] PEBOAIOLIMSI» AVIKTYIOT YCAOBMSI OPraHn3aLmm cOaAaHCMPOBAHHOTO HEAPOTOAL30BaHMsl, KOTOPOE
MOAPA3yMEBAET AOCTMIKEHME BaraHca OOWMX (DAKTOPOB PA3BUTUS (PDECYPCHDLIN, «3EAEHDIN», COLIMAALHLIN, SKOHOMMYECKMIA) MPU UCMOAL3OBAHMM BLICOKMX
TEXHOAOIMIA, YCTPOWCTB UCKYCCTBEHHOTO MHTEAAEKTA, POBOTOTEXHMKM U APYIMX MHHOBALMOHHbLIX PeleHui. B ueasx peaasaunm c6araHCMPOBAHHOTO He-
APOTOAL30BAHMSI B PEMVIOHAALHOM M CTPAHOBOM Macitabax B MEPBYIO O4YEPEAb HEOOXOAMMO MPOBEAEHME AMArHOCTUKM COCTOSIHMSI MMHEPAALHO-CLIPLEBOA
6a3bi (MCD). AaHHasi OLIEHKA CMOXKET CTaTb (PYHKLIMOHAALHBIM MHCTPYMEHTOM FOCYAAPCTBEHHOTO PErYAMPOBAHUSI HEAPOTOAL3OBAHMSI.

Lleab pa6oTbI — aHAAU3 COCTOSIHMSI MMHEPAALHO-CIPLEBOV 6a3bl HEAPOMOABL30BaHMsI YPAALCKOTO dheaeparbHOro okpyra (Yp®O) ¢ TOUKM 3peHust BLIMOA-
HEHUsl YCAOBMSI COANAHCMPOBAHHOCTY (0BECIEYEHHOCTH).

PesyastaTel. OnpeaereH 6a30BLIVi MPUHLMIT — YCAOBME AOCTMIKEHMsI COAAAHCMPOBAHHOCTM HEAPOTMOAL3OBAHMST; BLISIBAEHDI CrieLMbMKa U MpoBAEMbl B
YNPaBAEHUM HEAPOTOAb30oBaHeM Yp®O Ha ocHose aHaanza MCB Yp®O u cucremnbl (pMHAHCMPOBAHUSI FEOAOTOPA3BEAOYHLIX PABOT B YPDO; MAEHTH-
OULIMPOBAHBLI BO3MOYKHBIE HAMPABAEHMSI BLINOAHEHMS YCAOBVSI AOCTVKEHMST COAAAHCMPOBAHHOCTY.

BoiBoabl. VicrowenHocts MCB TIW okpyra 1 npuopUTETHOCTb AODLIYM TOMAMBHO-SHEPIETUYECKOTO ChiPbsi CIOCOBCTBYIOT CHVDKEHUIO (DEAEPAALHOTO
pmHaHcmpoBaHmst Ha passute MCB TI YpO. HeaporoAb3oBateAm OKpyra, B TOM AWM MHOV CTEMEHM OBecrneyeHHbIe 3aracamm, He 3aMHTEPECOBAHDI
B MPOBEAEHUM AAALHEMWMX MOUCKOBLIX PABOT. M3AO)KEHHOE CBUMAETEALCTBYET O HEOOXOAMMOCTM Pa3pabOTKM M BHEAPEHUsl B3BELIEHHLIX PELIEHMIi MO
MPOBEAEHMIO AAALHENLIEro CTAAMIHOTO reoaornyeckoro nsydenmst MCDH T B pamKkax rocyAapCTBEHHO-HaCTHOTO MapTHEPCTBA C UCMOAL3OBAHUEM MeXa-
HM3MOB OTPACAEBOTO PETYAMPOBAHMSI B LIEASIX AOCTVIKEHMsI COAAAHCMPOBAHHOTO obecriedeHusl MPOAYLIEHTOB OKPYra COOCTBEHHDLIM ChIPLEM.

KatoyeBble croBa: MUHEPAALHO-CbIPpLEBAas 6&3&, TBEPADLIE MNOAE3HbLIE NCKOTaeMbIE, Yp(TJO, BOCIPOU3BOACTBO, F€OAOIropPa3BEAOYHbLIE pa60'rb1, c6aAchmpo-
BAHHOE HEAPOMNOAL3OBaHUE, obecrneyeHHOCTD.

Hccnedosarue nodeomosnero npu guraricosoii noodepscke Ipoexma PAH Ne 18-6-7-42 «CouuanvHo-aKkoHOMU"eCKOe passumiule
Apxmuueckoti 30HbL Ypana: nomeHyuaivHole 603MONCHOCHU, NPUOPUMEMbL U NEPCNEKTNUEDL NPOCPAHCINEEHHO20 0CB0EHUSY.
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