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Preface

Dear participants of the 11th Russian-German Raw materials conference,

Reliable supply of raw materials plays a core role in global economic growth. In this context
the exhaustion of the sources of raw materials is one of the biggest challenges of the 21st cen-
tury. Germany, whose mineral resources are rather limited, has traditionally maintained close
ties with Russia as a source of raw materials for its economy. This bilateral partnership is now
entering a new phase as the number of known sources of mineral resources is declining and
joined efforts are needed to find more effective ways to extract and refine mineral resources,
while simultaneously boosting energy efficiency and reducing losses during the processing of
raw materials. A rapidly changing demand for raw materials in the course of the development
of future technologies and digitisation makes a secure supply of raw materials all the more
important. In addition, achieving the climate and sustainability goals agreed in international
agreements also requires increased efforts in international raw materials cooperation.

A special role in solving these problems is played by research facilities of both countries,
which have joined forces with business and politicians to develop and introduce new concepts
for a long-term sustainable supply of raw materials.

The establishment of the Russian-German Raw Materials Forum has undoubtly been a
most significant event for both Russia and Germany. At the 6th international public forum
“Petersburg Dialog” that took place in Dresden in October 2006, in the presence of German
chancellor Angela Merkel and Russian president Vladimir Putin a memorandum was signed
to establish a permanent Russian-German forum on the issues of the use of raw materials.
The establishment of the forum was initiated by Saint Petersburg Mining University and
Freiberg University of Mining and Technology.

Saint Petersburg State Mining University and Freiberg University of Mining and Tech-
nology are leading higher education institutions in Russia and Germany, specializing in raw
materials and, thus, they have a certain amount of responsibility at the national level, playing
key roles in research cooperation between the two countries on raw materials and energy. The
history of the world’s two oldest mining schools is closely intertwined: for many centuries
now they have been sharing knowledge and high profile researchers.

Cooperation between the two schools began over 300 years ago when the Russian emperor
Peter the Grate visited Saxony and soon after in 1739-1740 three young Russian scientists
were dispatched by the Saint Petersburg Academy of Sciences to get training in mining in
Freiberg, Saxony. One of the three young researchers was Mikhail Lomonosov. 25 years after
Mikhail Lomonosov’s stay in Germany, in 1765, a mining academy was opened in Freiberg,
and just 8 years later Russian empress Catherine Il founded the Saint Petersburg Mining
School, two events that initiated the development of mining science in Germany and Rus-
sia. Ever since Saint Petersburg Mining University and Freiberg University of Mining and
Technology, the two educational institutions that for the first time in the world made mining
a science, have been successfully cooperating in both research and education.

The Russian-German Raw Materials Forum is a communications venue and a factory of
ideas which goal is to develop new approaches to effective use of energy, mineral and renew-
able natural resources and to initiate cooperation in the field of sustainability and environ-
mental protection. One of the staples of the forum are the Russian-German Raw Materials
Conferences that are held on a regular basis and give the participants an opportunity to
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meet, share their opinions and ideas, and thus make an important contribution to improving
mutual understanding between Russia and Germany.

In recent years the Russian-German Raw Materials Forum has proved its effectiveness,
as well as political and public significance, becoming an important venue for discussing the
most pressing issues in relations between Russia and Germany, and not just in the field of
mineral resources but also in such areas as foreign trade and cooperation in education and
research. The number of participants in the Raw Materials Conferences is increasing every
year, famous public and political figures take part as do heads of regions, researchers, repre-
sentatives of major corporations and professional associations.

In the entire history of the Forum 10 Russian-German Raw Materials Conferences have

been held:

Conference Name Date, place Nun.lb.e r of
participants
1st Russian-German “Effective use of raw materials as October 2007 Over 150
Raw materials a common goal for Germany and
conference Russia”. Wiesbaden,
Germany
2nd Russian-German | “Development algorithms for raw March 2009 About 180
Raw materials materials markets”
conference Saint Petersburg,
Russia
3rd Russian-German “Reliable supply of raw March 2010 Over 200
Raw materials materials” participants
conference Dresden/Freiberg,
Germany
4th Russian-German “Modernized partnership in the March 2011 Over 300
Raw materials raw materials sector”.
conference Omsk, Russia
5th Russian-German “Cooperation and innovations. 5 April 2012 Over 300
Raw materials years of the Russian-German Raw
conference materials forum” Nuremberg,
Germany
6th Russian-German Sustainable supply of raw April 2013 Over 200
Raw materials materials in Russian-German
conference Relations Khanty-Mansiysk,
Russia
7th Russian-German “Sustainable innovative raw April 2014 About 400
Raw materials materials partnership in modern
conference conditions” Dresden, Germany
8th Russian-German “Russian-German cooperation October 2015 About 1000
Raw materials in the raw materials sector:
conference trust and reliability” Saint Petersburg,
Russia
9th Russian-German “Industrial production and November 2016 Over 500
Raw materials mineral resources: Impact on
conference the climate and environment” Dusseldorf,
Germany
10th Russian-German | “Transparency and trust as a key November 2017 Over 1200
Raw materials element in sustainable Russian-
conference German relations in the raw Saint Petersburg,
materials sector” Russia




Five bilateral work groups have been set up to improve the goal-setting for the forum.
Each work group is a permanent set of Russian-German participants specializing in a
specific area of the raw materials economy, who spend a year discussing specific cooperation
opportunities for the two countries to take advantage of. The working groups focus on envi-
ronmental protection, recultivation, recycling, energy efficiency and digitisation.

It is vital that Russia and Germany expand cooperation on raw materials today in the
light of the fact that, first, the partnership relations between Germany and Russia need to
be improved further, including cooperation on effective use of mineral resources. Second, we
need to refine the technologies available in mining and energy and deploy in production new
technologies that are currently being developed in Russia and Germany. Third, it is of para-
mount importance that specific joint projects that can be economically beneficial for both
countries be promoted and developed.

It is our earnest hope that the 11th conference of the Russian-German Raw Materials
Forum that is to be held in Potsdam, the capital of Brandenburg (November 7-8, 2018), will
demonstrate that both Russian and German colleagues are genuinely interested in building
corporate relations, talking to each other as professionals, sharing experience and developing
new approaches to further building bilateral relations. The conference will feature a discus-
sion of the project to expand research and development cooperation between Russia and
Germany on raw materials. It is certainly going to become a series step towards stabilization
in relations, which is needed so much to improve energy security.

In order to promote relevant information to be discussed at the conference and popularize
important problems in the raw materials sector, a decision was made for the first time in the
history of the forum to compile and publish a digest of the materials of the conference. We
hope that further down the road we will publish conference digests every year and that it will
become a good tradition seeing how the forum accumulates a lot of very useful information
about the current development trends in the global economy and the raw materials markets,
the state of the environment and new technologies appearing in the industry, thus effectively
meeting modern challenges.

We are very happy that today, despite the complex political situation in the world, the
interest in the Russian-German Raw Materials Conference keeps growing, while the estab-
lishment of joint projects with Russian regions and professional cooperation in science and
technology have enabled the Raw Materials Conference to become the main venue today
for the dialog between the two countries in this area. The Raw Materials Forum fosters the
development of our countries’ raw materials cooperation into a sustainability partnership,
which at the same time provides answers to the changing demand for raw materials for future
technologies and other future issues.

We wish the participants of the 11th Russian-German Raw Materials Conference every
success in anything they undertake!

Vladimir Litvinenko
Rector of Saint-Petersburg Mining University
Co-chairman of Russian-German Raw Materials Forum

Klaus Topfer

Former Deputy Secretary-General of the United Nations
Co-chairman of Russian-German Raw Materials Forum
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Russian developments of equipment and technology of deep hole
drilling in ice

Vladimir Litvinenko
St. Petersburg Mining University, St. Petersburg, Russia

ABSTRACT: This paper presents information about deep hole drilling in ice at Russian
station Vostok. Borehole design and technical characteristics of downhole and surface bore-
hole equipment are provided. On the basis of extensive data obtained in the process of 5G
deep well drilling at station Vostok, processes running on the bottom of the hole, such as
breaking—cutting of ice, bottom hole cleaning and carrying of drill cuttings out of the hole,
cuttings collection in the filter are discussed. The factors having the greatest influence on ice
drilling efficiency are considered. The process of penetrating to the subglacial lake Vostok is
described in Conclusions and preliminary analysis of deep drilling results, ice sheet, ice core,
drilling characteristics, the borehole are provided.

1 INTRODUCTION

Study of structure, material composition and dynamics of ice deposits in the polar regions
of the Earth is impossible without drilling boreholes with full core sampling, which allows to
carry out crystallo-morphological studies of ice from deep depths, geophysical exploration in
holes, examination of ice chemical composition, content of oxygen and hydrogen isotopes,
various inclusions (earth and space dust, volcanic ash, bacteria, spores of bacteria, etc.). In
the long-term, hole drilling in glaciers and subglacial rock has great significance for geologi-
cal exploration and further development of mineral deposits hidden under ice sheets.

The key objective of this paper is summing up Russian scientists’ experience in developing
technology and equipment for deep-hole drilling in ice.

Unique features of conditions in polar regions and in particular the Antarctic such as iso-
lated location, impassable roads, extremely harsh climate bring forward very specific require-
ments to drilling equipment, technique, organization of operations and personnel training.
Special requirements to drilling equipment are low power consumption, weight as low as
practicable, high core quality.

Distinctive feature of drilling technology in ice is continuous coring, which is necessary
for comprehensive scientific investigation and in this case round-trip operations are time
consuming.

Given the demands, core-drilling method with cable-suspended drills has become a fre-
quent practice. Application of flexible drill stem made it possible to reduce weight of surface
drilling facilities in comparison to conventional drills due to use of light cable winches and
to increase tripping speed.

Research-experimental and design work, aimed at development of technology and equip-
ment for drilling in ice commenced in 1967 in Leningrad Mining Institute by the order of
the Arctic and Antarctic Research Institute. By that time a number of countries achieved
much progress in this field. A wide range of Russian scientists and polar explorers took part
in inventing and introducing into practice technologies and equipment for drilling and bore-
hole surveying in ice sheets. Among them are: S.S. Abyzev, N.I. Barkov, V.N. Bakhtyukov,
K.V. Blinov, N.E. Bobin, V.N. Vasiliev, R.N. Vostretsov, L.K. Gorshkov, D.N. Gusev, D.N.
Dmitriev, A.N. Dmitriev, E.A. Zagrivniy, V.M. Zubkov, E.S. Korotkevich, B.B. Kudryashov,
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A.V. Krasilev, V.Y. Lipenkov, N.N. Menshikov, S.V. Mitin, B.I. Slyusarev, G.N. Soloviev,
G.K. Stepanov, P.G. Talalay, V.F. Fisenko, V.K. Chistyakov, B.M. Shashkin, A.M. Shkurko
and others.

The most significant contribution was made by professor B.B. Kudryashov., who was an
irreplaceable scientific coordinator of this research from 1967 till 2002.

Theoretic framework of thermal and mechanical ice crushing, methods of calculations of
technological parameters of drilling operations have been developed. Selection of the formula
of non-freezable drilling fluid to prevent well narrowing under rock pressure and natural ice
temperature increasing with depth, which significantly changes ice viscoplastic properties has
been substantiated. Fundamentally new cable-suspended semiautonomous electro-thermal
and electro-mechanical drilling assemblies (TELGA, TBZS, KEMS), a complex of perma-
nent and vehicular drilling equipment, automatic drilling control and monitoring systems
were developed. Special techniques and geophysical research facilities for borehole surveying
in hostile environment of polar glaciers have been worked out and mastered.

Differential characteristic of these operations is their strong practical focus. From after the
13th Soviet Antarctic Expedition (SAE, 1967), team members of the chair of Technology
and technique of boreholes drilling, as well as members of other chairs of Saint Petersburg
Mining Institute (SPSMI) took part in almost all Soviet and later Russian Antarctic expedi-
tions (RAE) in both wintering and seasonal teams. In total 18 thousand kilometers were
drilled with full ice coring in the Antarctic ice sheet (station Vostok, observatory Mirniy, gla-
ciological profile Mirniy-Vostok1) and also in the glacier of Archipelago Severnaya Zemlya.

Giving credit to Boris Borisovich Kudryashobv’s great contribution to the development of
deep-hole drilling in ice technique, in summer 2013 a resolution was made at the meeting of
the Advisory Council on the Antarctic Treaty to assign a status of a Historic site to the build-
ing of drilling complex named after professor Kudryashov at station Vostok in the Antarctic.
In the seasonal period 59 RAE a memorial plate on awarding the status of the Historic site
to the drilling complex of borehole 5G which was fastened to the wall of the drilling complex
was delivered to station Vostok. This event is the recognition of Russian scientists’ achieve-
ments in the field of study of Antarctic ice sheet and subglacial water bodies by International
scientific community. A unique operation of penetrating to the subglacial lake Vostok, car-
ried out by Russian researchers in February 2012 holds a special place. A new Historical
monument will add to Antarctic monuments, which commemorate landmark events in explo-
ration of the sixth continent. This will allow future generations to remember the outstanding
researcher’s name, Kudryashov Boris Borisovich, who from 1967 to 2002 was the leader of
studies focused on development of technique and equipment for ice drilling.

The most significant are drilling operations at Russian inland station Vostok (78°28” S.,
106°48” E.), situated 3488 meters above sea level on Antarctic ice sheet, overburden thickness
of which is 3760 meters. At the time of the station foundation it was located close by the
South geomagnetic pole which is the “pole of cold” of the Earth, it is characterized the by
the lowest air temperature on meteorological record (—89,2°C).

Full-scale study including geophysics, glaciology, paleoclimatology, microbiology carried
out at station Vostok is international in nature due to the uniqueness of data obtained in this
part of the Earth, they specify unquestioned authority of national science in investigation of
the Antarctic.

In relation to the discovery of a large subglacial lake in the area of station Vostok, one
more exploration trend has been developed, i.e. exploration of this lake, which may become
one of the Antarctic most significant projects of the 21 century.

2 DEEP-HOLE DRILLING AT STATION VOSTOK IN THE ANTARCTIC

Since 1970 drilling operations have been carried out at station Vostok. Before 1993 mainly
thermo-drills were used. Our scientists (Kudryashov et al 1991; Kudryashov et al 1983;
Pashkevich and Chistyakov, 1989) achieved success in their design and implementation. One
of the objectives of this type of drilling is subglacial rock coring. That demanded a change—
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over to mechanical drilling. That is why in 39 SAE season drilling facilities at station Vostok
were re-equipped with the aim to continue operations with the electromechanical drilling
assembly (Kudryashov et al., 2002; Vasiliev et al., 2007). Mechanical drilling in ice has obvi-
ous advantage over thermal drilling in much lesser power consumption, high drilling rate
and better core quality. At present only mechanical drills are used for deep-hole drilling in
ice (Augustin et al. 2002, 2007; Bentley and Koci, 2007; Fujii, et al., 2002; Gundestrup et al.,
1984; Johnson et al., 2007; Shturmakov et al., 2007). In the result of lake Vostok discovery
(Kapitsa et al., 1996; Ridley, et al., 1993) in water of which the hole was to penetrate, as well
as, significant changes in mechanical properties of ice at the depth of 3000 meters require a
reconsideration of the final objective, serious re-engineering and a new work plan (Kotlyakov
et al 2013; Lukin and Vasiliev, 2014; Verkulich et al., 2002; Vasiliev et al., 2007).

3 SURFACE DRILLING FACILITIES

Surface drilling facilities for drilling in ice (Fig. 1) include the following primary members: a
shelter, a winch, a control panel, a drill tower and mechanisms for drilling assembly mainte-
nance, drilling support equipment and tools.

In Russian drilling facilities a mast is fixed to the floor and it can be levelled for the period
of rig up and reconditioning. All surface maintenance operations of drilling assembly under
a borehole construction are carried out when it is in vertical position. Special devices, which
enable to carry out operations of detaching a coring tube and filters with cuttings from the
drilling assembly as well as subassembly building up and dismantling are used.

A shelter protects drillers, instruments and equipment from external environment. Rus-
sian specialists use shelters made from thermal protection panels, which are also used, as a
mast cover in harsh climatic conditions of the Antarctic. Both permanent shelters and port-
able drilling facilities are assembled on standard sled, which are used for supplies relocating
during traverse. This type of shelters provides comfortable conditions for work both during
seasonal and wintering periods when the temperature is —50°C.

Figure 1.  Shelters at station Vostok.



4 DRILLS

4.1  Thermal drill TELGA-14M (Fig 2a) for drilling in dry holes

A rotatory core bit is used for forming a bottom hole, melt water is removed from the bot-
tom hole due to bottomhole air flow circulation. Circulating system of a drilling assembly
consists of water suction tubes, a water tank, a thermal head and a turbo compressor, which
creates vacuum in the water tank for water lifting. Gravity separation takes place due to sharp
drop of flow rate in water tank as a result water accumulates in the low part of the tank while
air is thrusted into the hole annulus spaces. When the core barrel or water tank is full, the
assembly is detached from the hole bottom, blades of core catcher cut into the core, separate
it from the hole bottom and it is kept in core barrel when lifted to the surface.
On the surface the core is removed from the core barrel and the water tank is discharged.

4.2 Thermal drill TBZS (Fig. 2b)

TBZS-152 thermal drill was successfully applied for deep hole drilling at station Vostok till 1993,
permitting to obtain high quality core under high for thermal drilling effectiveness (Fig. 3).

The difference of TBZS from drills for dry hole drilling of TELGA type lies in the use of
hole bottom circulation of drilling liquid for hole bottom dewatering, which is related to a
number of features of construction of several drilling rig components. Control of drilling
assembly performance is carried out on the basis of readings of downhole gauges and instru-
ments, connected to heat elements and pump power circuits.

=a
I3

Figure 2. Designs of SPSMI thermal drills: ¢ — thermal drill TELGA-14: 1 — cable, 2 — centering
springs, 3 — vacuum pump, 4 — central water suction tube, 5 — water tank, 6 — valve, 7 — water suction
tubes, 8 — core barrel, 9 — core catcher, 10 — thermal head; b — thermal drill TBZS-152 M: 1 — cable, 2 —
cable termination, 3 — pump, 4 — water tank, 5 — central water suction tube, 6 — connector, 7 — water suc-
tion tubes, 8 — core barrel, 9 — core catcher, 10 — thermal head; ¢ — thermal drill TBS-112 VCh: 1 — cable,
2 — cable termination, 3 — pump, 4 — electrical transformers, 5 — removable water tank, 6 — core barrel,
7 — core catcher, 8 — thermal head, 9 — electrical lines, 10 — water suction tubes.
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In thermal drill TBS-112 VCh (Fig. 2c) to reduce power losses in the cable, power is fed to
downhole according to the following scheme: “power source — step up transformer — cable
—step down transformer — drill energy sinks”. To reduce dimensions of step down transform-
ers, installed in thermal drill, AC with 1250 Hz frequent currency is used.

The main difference when comparing TBS -112 VCh drill to TBZS-152M drill is the per-
formance of the hole water removal system. When melt water gets into the tank, it freezes, as
the water tank is not heated. On the surface the water tank with frozen water is removed from
the assembly and is replaced by an empty one. As a result, energy bulk is saved, the quantity
of cable conductors in carrying cable is reduced and consequently, its diameter narrows and
weight is lightened.

4.3 Cable-suspended electromechanical core drills

For drilling deep holes filled with low temperature fluid, several designs of cable-suspended
mechanical core drills with near-bottom fluid circulation, which are of various modifications
of electric drills, have been developed in a number of countries. Rotation of rock cutting tool
—a bit is driven by a motor coupled to a reducer, the assembly is lowered to the down-hole by
gravity under free-run of a cable from the winch head.

The first electromechanical core drill for drilling deep holes filled with low temperature
fluid was worked out and successfully used by US Army Cold Regions Research and Engi-
neering Laboratory ( CRREL) with the support of the National Research Fund.

The specific feature of CRREL drilling technique is that drilling cuttings, which must be
removed from the hole, are dissolved in aqueous ethylene glycol solution. For this purpose
concentrated glycol is sent downhole in a bailer on each coring run, the amount depending
on the downhole temperature and volume of ice cuttings expected.

The solution gets the heat required for intensification of this process from the electric motor
and also through work function of mechanical and hydraulic systems. Diluted solution of

Figure 3. Cores extracted by means of TBZS-152 (33 SAE).
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ethylene glycol is removed on each return trip of the drill to the surface. The excess ethylene gly-
col solution in the bottom does not decompose the walls of the borehole as it has equilibrium
concentration. It also does not mix with low temperature drilling fluid, which fills the hole over
the downhole zone. Such technique permitted to decrease significantly the total length of the
drill compared to a type in which crashed ice is accumulated in a special drill section.

For a long time the hole 2167 meters deep, which was bored with this drill in 1967 was the
deepest hole in the world.

Impressive success in designing mechanical drills was achieved by Danish scientists from
Geophysical Isotope Laboratory at the University of Copenhagen. Cable-suspended electro-
mechanical drill ISTUK for coring deep fluid filled holes in low temperature ice sheets has a
unique design.

The specific feature of the electromechanical drill is the use of a battery pack, which is
charged during RIH/POOH operations. The run mean time being 6 minutes and mean length
of a round trip- 2 hours (at borehole depth of 3500 meters) made it possible to use the cable
6, 4 mm in diameter.

So far, Danish specialists have drilled a number of deep holes in Greenland ice sheet with
the depth of up to 3200 m.

A cable-suspended electromechanical drill was also designed in Laboratoire de Glaciologie
et Géophysique de ’Environnement (LGGE) of the Centre National de la Recherche Scienti-
fique, CNRS (Grenoble, France), which was tested on Adelie Land (Antarctic) in the season
of 1981-1982. However, further operations in this area of work were suspended.

In early 1994 Japanese specialists worked out a drill which fundamentally differed from
those used before. The drill was developed for drilling a deep borehole by Japanese Antarctic
Research Expedition (JARE) at station Dome F (the Antarctic).

The design of the Japanese drill was used as the basis for developing drills for deep drill-
ing in Greenland and Antarctic by the researchers of European community under the inter-
related programs EPICA and NGRIP. For drilling in the Antarctica according to EPICA
program LGGE developed a drill assembly. Researchers from Niels Bohr Institute of the
University of Copenhagen (Denmark) who supervised work of LGGE, developed a drill
under NGRIP program for drilling in Greenland.

In 1988 in Polar Ice Coring Office (PICO), University Alaska-Fairbanks (USA) an elec-
tromechanical drill PICO-5 for drilling deep holes was constructed. The drill consists of an
outer non-rotating core barrel, inner drill head with core dogs, a core barrel, a cavity pump,
a motor with a reducer, an electronics section, a transformer, an anti-torque system and cable
locks. Schematic construction of this drill is similar to the European one. They differ in the
pump design and dimensions. To produce bottom hole circulation in the drill a cavity pump
with the pumping rate 130 1I/min which is 3-4 times higher compared to other drills was used.
For drilling subglacial rock an inner core barrel with less a diameter is attached to the end
face of the core barrel.

In early 2000-s following these developments American specialists from the University
of Wisconsin—-Madison designed new drilling facilities with the DISCO drill, the kin-
ematic scheme of this drill is similar to the Russian drill KEMS-132 developed for drilling
in ice to the depth of 4000 m (Shturmakov, A.J et al, 2007). At a later stage the drill was
equipped with a facility for deviation from the main hole for re-coring (Shturmakov, A.J
et al, 2014).

4.4  Core electromechanical drill KEMS-112 (Fig. 4)

One of the main objectives of developing effective deep hole drilling technique was to con-
struct a core electromechanical drill for full-depth drilling in glaciers with reaching the bed-
rocks and in particular for deep borehole completion at station Vostok, drilling of which was
started with the use of thermal drills.

The field tests of this drill were carried out in 1984, 1986 and 1988 at Kupol Vavilova
(Severnaya Zemlya Archipelago) where in 1988 a borehole 461 m deep was produced. At
the depth of 457 m the drill with a standard coring bit SA-1penetrated subglacial rocks. The
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Figure4. Schematic of core electromechanical drill KEMS-132: 7 — drill head; 2 — core barrel; 3 — chip
chamber; 4 — gear reducer; 5 — electric motor; 6 — drilling fluid sensor; 7 — pump; 8 — anti-torque system;
9 — hammer; /0 — current collector; /1 — down-hole load sensor; /2 — cable termination; /3 — top chip
chamber; /4 — cable.

Figure 5. Subglacial core samples from Vavilov glacier.
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average rate of penetration to frozen ice-laid deposits and rock which consisted of frozen clay
containing lots of fragmentary material of sedimentary origin was 1,5 m/h. A hole 4 m deep
was drilled in subglacial rocks, the core recovery was 100% (Fig. 5).

For drilling in hole 5G diameters of a core barrel and a drill head were increased.

Basic equipment of core electromechanical drill (Fig. 4) comprises: drill head 7, core
barrel 2, chip camber with a screen 3, gear reducer 4, electric drive motor 5, pump 6
which produces reverse circulation of drilling fluid, anti-torque system 7, hammer 8,
electric closet 9 with cable end /7 for cable termination /0. The function of the elec-
tromechanical drill is as follows. Electric motor rotator 5 transmits rotation through
the gear box 4 to the core barrel with the drill head /. Cuttings are carried to the chip
camber 3 by a flow of drilling fluid and remain in the chip filter. Drilling fluid moving
up the central holes of the reducer shafts and drive motor is thrusted out to the annulus
space by the pump 6.

Main characteristics of KEMS-132 drill.
Diameter of drill head, mm:

OD 132-138
ID 99-106
They enable the upper part of the drill to rotate during the drilling operation
Length of core barrel, m 3

Drive motor:

Input voltage, Volt ~220
Rotor speed rpm 2800
Drill head revolutions R.p.m. 120-220
Penetration rate, m/h;

Inice up to 20
In subglacial rocks uptol,5
Overall length, m 13
Weight, kg 240

5 DRILLING LIQUID

Various types of aviation fuel are used as the main component of drilling fluids for ice deep
drilling. Due to low density of Ip gas fuels when pumped into the borehole drilled in ice, full
balance of ice sheet pressure is not ensured. For weighting of liquid column various additives
of chloro-fluorocarbons (Freon-11, Freon-141b) and ethylene hydrocarbons (perchloroeth-
ylene, ethylene trichloride) are used in drilling practice.

At present aviation fuel Jet A-1 is the most commonly used jet fuel, it is produced in a
number of European countries (Great Britain, Germany, Switzerland) and in the USA. Avia-
tion fuel JP-8 is produced in the USA and it is very similar in properties to Jet A-1.

For deep drilling at temperature below —30°C a composition of cryogen carbon based drill-
ing liquid was worked out in Leningrad Mining Institute. Aviation fuel TS-1 as per GOST
standard 102227-86 was chosen as a carbon base, Freon-11 (CFC-11) was used as a weight-
ing material. When kerosene is mixed with Freon, mixture density decreases simultaneously
with the increase of mixture viscosity that is good for the drill circulation system.

In 1987 in Montreal and in 1990 in London International Protocols were adopted, accord-
ing to which production of chloro-fluorocarbons, which deplete ozone layer was cut by 50%
by 1995 and was completely curtailed by 2000. In view of this since 1995 dichlorofluor-
oethane (HCFC 141b) has been used instead of CFC-11 at station Vostok.

Mechanical ice drilling has the advantage over thermal drilling by much lesser power con-
sumption, higher rate of penetration and better core quality. At present time only mechanical
drills are used for deep ice drilling.
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6 PRACTICAL EFFECT OF DRILLING OPERATIONS AT STATION VOSTOK

Drilling operations at station Vostok began in 1970. Several holes were drilled and by the
time of their completion they were the deepest in the world (Fig. 6). Till 1994 only thermal
drills were used, but when borehole 5G reached the depth of 2755 meters they were replaced
by electromechanical drills.

Borehole No. 1G (Fig. 6)

In 1970 during the 15th SAE drilling of the first deep hole using the thermal drill TELGA-14
began. In May 1972 hole No. 1G reached 952, 5 m., which is up to now is considered to be
the world’s record in drilling the deepest dry hole in ice. Drilling of that hole stopped because
the cable was ruptured during one of the runs and a new hole No.1G-2b was started. Drilling
stopped at the depth of 905 m. due to a number of mishaps in the 19 th SAE in 1974. The
main problem was the fast hole narrowing due to ice rock pressure, which could lead to get-
ting the drill stuck in the hole during the round trips.

Borehole No. 3G (Fig. 6)

Taking into account the experience gained during borehole No.1G drilling, a decision was
made to fill the holes with low temperature liquids to resist ice rock pressure. After several
unsuccessful efforts to start drilling deep hole No.2G using thermal drill TBZS-152 in the
20th, 21st and 22th SAE drilling operations at station Vostok were suspended for a year with
the purpose to conduct analysis of obtained results, to improve drilling technique with the
use of drilling fluid and to modernize the drill. In the course of this work major changes were
introduced into the design of several drill components and a system of control and manage-
ment of the drill was developed.

Hole Mo 1 Hole Mo 2 Hole Ne 3G HoleNo 4G Hole Ne 56
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Figure 6. Schematic of deep holes at Vostok station.

11



In 1980 in the 25th SAE drilling of a deep hole No.3 GB commenced using the upgraded
thermal drill TELGA -14M. Up to the depth of 112 m thermal drill TELGA-14 m was used,
after that drilling continued using drill TBZS-152M. By the end of the 25th SAE, under
single shift work the hole reached the depth of 1351 m and during the 26th SAE it reached
the depth of 1501 m. During that expedition a small amount of densifier CFC-11 was used
for the first time.

In the 26th SAE drilling of hole No. 3G at the depth of 1501 m proceeded using a high
frequency drill TBS-112VCh. In the 30th SAE the hole reached the unprecedented for that
time depth of 2202 m., and at the time of the 31st SAE at the depth of 1943 m an accident
happened, a cable tore away from the cable termination and further activity in hole No.3G
was stopped.

Borehole No. 4G (Fig. 6)

On July 3, 1983 a construction a new drilling complex for hole No. 4G was started. It was
completed in the 28th RAE. The depth of 120 m was reached using a TELGA-14M thermal
drill, then drilling was continued with another thermal drill, TBZS-152-2M, for fluid filled
holes.

By the middle of the 34th RAE winter season after a series of accidents which resulted
in deviation works from the emergency holes, hole No.4G reached 2428 m and drilling was
continued with the electromechanical drill KEMS-112. At 2546 m the drill stuck in the bot-
tom of the hole. The cable was ruptured on the surface during the attempt to eliminate the
damage caused by the accident and the hole was completely lost. The cause of the accident
became clear only during the 40th RAE when drilling hole No.5G by a mechanical drill.

Borehole No. 5G

Drilling of hole No.5G was started in the 35th SAE (1990) using a TELGA and TBZS ther-
mal drills (Fig. 7). Hole No.5G reached 2755 m in the 38th RAE (1993).

Drilling of the hole No.5G continued using the electromechanical drill from the depth of
2755 m during the 40th RAE (1995) and reached 3109 m without complications. Then in the
course of the 41st, 42 nd and 43rd RAE (1995-1996, 1996-1997, and 1997-1998) hole No.
5 g-1 was driven within in the depth interval from 3109 m to 3623 m. In 1998 after season
works drilling was suspended for § years and was resumed only in January 2005 in the 51st
RAE season, when 3650 m depth was reached. Drilling operations were stopped due to the
necessity to develop ecologically clean technology in relation to the penetration to a subgla-
cial lake Vostok, existence of which was proved in the mid- 90 s.

Considerable success achieved when drilling hole No.5G allowed to obtain important
results in paleoclimate studies (Jouzel, J.et al., 1999). It is attributed to the period 1992-1998
when operations were conducted by a joint Russian-French-US project. The French rendered
great support in providing expensive technical equipment and supplies. They placed at Rus-
sian drillers’ disposal a casing string, cable and drilling liquid densifier (Freon 141b). In the
Laboratory of Glaciology and Geophysics of the Environment (Grenoble) Russian research-
ers together with French colleagues tested components of drilling equipment manufactured
at French plants and prepared for operations at station Vostok.

The Americans provided transportation of all Russian members of polar expeditions who
worked at station Vostok, including rotation of staff working at the station.

In addition, French and American colleagues participated in seasonal works and exam-
ined ice extracted from the hole (Fig. 8).

130 m were left to be drilled above the lake according to preliminary calculation before
drilling stoppage. Idle time was connected to logistics and technical challenges faced by the
Russian Antarctic expedition at that period. Despite the long period of inactivity no defor-
mations of the hole walls were observed owing to practically full compensation of ice over-
burden pressure by the pressure of drilling liquid standing column.
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Figure 7. Schematic of hole No.5G.

Figure 8. Members of the International team at station Vostok.
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On February 5, 2012 in the season of the 57th RAE the subglacial lake Vostok was unsealed
at the depth of 3769, 3 m for the first time. In the course of the next three seasons the 58th,
59th and 60th RAE a new offset hole was started after freezing of water. Initial inclination of
a new hole was about 0, 15 degrees. At the depth of 3443 m the holes channeled off and the
full core of glacial ice was obtained. The hole below 3443 m was designated hole No.5G-3.
Inclination angle at the depth of 3769 m is close to 3 degrees, which is 2 degrees less than the
angle of inclination of hole No. 5G-2.

The total volume of drilling liquid (mixture of aviation fuel TS-1 and Freon F-141b) in
the hole is 60 m*. As of January 29, 2015 the level of drilling liquid was at 44 m and its mean
density was 906 kg/m?.

When drilling deep holes both in the Antarctic and in Greenland researchers ran into
serious troubles at the depths over 2500 m and at 3000 m complications were so serious that
drilling operations almost came to a full. This phenomenon was even called “a problem of
drilling in warm ice”, because with the increase of depth temperature increases as well. The
illustration of such complications is the decrease of drilling a hole per a run at Dom C in
terms of EPICA project. Decrease of a drilling run began as deep as 2 500 m, then with depth
growth the rate of decrease of a drilling run increased and at 3000 drilling almost stopped.

The analysis of the situation showed that due to high temperature ice becomes very elastic
and stuck to the cutters and body of the drill head. In our view, arising challenges in drilling
may not be attributed only to the increase of ice temperature. Analysis of the complications,
which arose during drilling operations showed a clear connection between the change of ice
crystal lattice and its physical-mechanical properties.

All sections of the hole where problems of drilling were registered correspond to coring
intervals formed by relatively coarsely crystalline ice (Fig. 9). There is a clear correlation
between the run length and crystal sizes. Roughly from the depth of 3480 m sizes of crystals
are about 20 mm, and in drilling a stable tendency to full cessation of hole making process
has begun to show.

With growth of average size crystals at a constant rotation of the drill head and mechanical
drilling rate the coarseness of cuttings decreases which is conductive to adhesion of ice cut-
tings, abrupt increase of hydraulic friction in the of chip chamber filter and reduce in drilling
fuel consumption.

The solution to the problem was found by the end of seasonal work in the 43th RAE
(January 1998), but due to stoppage of drilling which was necessary to develop the technique
of penetration to subglacial lake Vostok by means of modernized drill, drilling operations
were resumed only in the 56 th RAE (January 2011),

15

35 Wintering 40 RAE . Season 41|RAE 1. Sedsdii 42 RAE | Seas. 43
T T i

[ Lengthofrun |

25
10

15

05 \\I Ice crystal size |

2750 2850 2950 3050 3150 3250 3350 3450 3550 3650
Hole depth, m

Length of run, m
Ice crystal size, mm

Figure 9. Results of mechanical drilling of hole No.5G-1.
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Figure 10. Length of run in holes No. 5G-1, 5G-2 and 5G-3.

Testing of the upgraded drill was carried out in the process of re-drilling when the water
which entered the borehole during the first penetration to lake Vostok had frozen. As is seen
on graph 10 the drilling process stabilized under twofold increase of the runs.

Drilling of hole No.5G-3 was successfully completed on January 25, 2015 when repeated
penetration to lake Vostok at the depth of 3769,5 m was performed.

7 PENETRATION TO VOSTOK SUBGLACIAL LAKE

In 2011 the Code of conducting for the exploration and research of subglacial aquatic envi-
ronments was adopted.

By that time it was known about two more projects on penetration to subglacial water
bodies announced by the British and American researchers in which it was intended to use
hot —water drilling technology.

The British project is on penetrating and studying lake Ellsworth, which is located 3000 m
below the glacier.

Maximal depth of the lake is 150 m, the surface temperature of the glacier is —32°C. Up to
the schedule, drilling operations and sampling of water and bottom deposits were to be com-
pleted in the season of 2012-2013. However, due to serious technical problems the project
was not implemented.

The American project Wissard stipulated the study of subglacial lake Whillans which is in
the hydrological system under the ice-covered stream Williams. The glacier height above the
lake is 700 m, the water body depth is about 8 m. Project activities were successfully executed
in the season of 2013.

In 1999 development of the technique for the penetration to subgalcial lake Vostok was
begun by the scientists of AARI and Mining University on an assignment of the Ministry
of Education and Science of the Russian Federation following the termination of drilling
hole No.5G at the depth of 3623 m in January 1998. In 2001 the developed technology
was approved by the RF Ecology expert panel. Russian technology was subject to strong
criticism on the part of International research community, when the finalized document of
the Overall assessment of impact on environment was presented to Antarctic Treaty Con-
sultative Meting in 2010, International community had no objections against penetration
to lake Vostok.
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The worked out technology was based on the fact, that the interfacial pressure of water
with the glacier foot equals the hydrostatic pressure of overburden ice. The density of drilling
fluid is less than water density and they are not miscible. In providing less pressure of water
column at the bottom than water pressure on the surface of the lake it was meant that water
would to enter the hole.

The presented project intended only unsealing the lake without penetration to the lake
water for its study. The main objective was to substantiate propositions on which the devel-
oped technology about equality of water pressure on the interface water-ice and the overbur-
den ice hydrostatic pressure was based.

The first penetration to subglacial lake Vostok took place at the depth of 3769, 5 m on
February 5, 2012.

Before the penetration drilling fluid pressure at the bottom was approximately -0, 2 MPa
less than the hydrostatic pressure of ice according to graph 1 (Fig. 1). To ensure the balance at
the hole bottom at the time of unsealing the lake it was enough for the fluid to rise to around
20 m. The fluid level was to stop at the depth of 5 m, and the difference pressure in the hole
was to correspond to the data in graph 2 (Fig. 11). As the second drilling operation showed,
after water that entered the hole got frozen, its flow into the hole did not stop, it kept on run-
ning into the hole.

Water rose to 3200 m then it dropped down to 3400 m, after that the pressure in the hole on
the surface of the lake was equal to water pressure in the lake and the process stopped. Fluc-
tuation of water level, which entered the hole, is accounted to the underbalanced zone, which
is formed when the drill is pulled out. When hoisting speed is 0, 3 m/s, the pressure under
the drill may drop by 0,2 MPa and as the hole is open at the bottom, water will flow into it.
That is why water rose into the hole above that static equilibrium level by about 200 meters.
When the drill reached 3000 m drop of pressure caused by its movement reduced, due to
the increase of the hole diameter and when the drill entered the oversize hole at the depth
of 2250 m drop of pressure became insignificant. Under the decrease of pressure difference
water level started to go down slowly concurrently restoring equilibrium in the hole. A por-
tion of water, which entered the hole re-entered the lake. Borehole condition stabilized and
water, which entered the hole started to freeze after the drill was pulled up to the surface. The
fact that several ice plugs mixed with Freon hydrate were formed in the hole and blocked off
the hole cross section indicates that water went down rather slowly. The walls of the hole were
covered by a layer of frozen water, the thickness of which gradually grew with the increase of
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Figure 11. Diagrams of differential pressure in the borehole during unsealing the lake Vostok 1 — At
the moment of unsealing the lake; 2 — At the beginning of liquid pouring out from the borehole; 3 — At
the end of liquid pouring out from the borehole 4 — Fluid level dropped by 10 meters 5 — Diagrams of
differential pressure after the cable was pulled out from the borehole.
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the depth (Fig. 12a). At the depth of about 3400 m the thickness of that cover was approxi-
mately 25-28 mm (Fig. 12b).

The results of the first penetration objectively testify that water pressure on the surface
coincides with the hydrostatic pressure of ice.

On January 25, 2015 subglacial lake Vostok was re-entered for the second time at the depth
of 3769,5 m (Figs. 13 and 14) after re-entry drilling at the 3200 m depth.

Taking into account the previous experience, differential pressure —2, 2 MPa was created
on the hole bottom. In accordance with this differential pressure water was to enter the hole
at the height of 72 m.

As specified in calculations minimum 10 upper meters of the water column were to freeze
in 5 days. That is why on January 30, 2015 drilling was resumed.

The surface of the frozen water was at the depth of 3696,7 m, i.e. it rose in the hole to the
height of 72,5 m.

At the depth of 3709 m subglacial lake water entered the borehole and down hole perform-
ance ceased.

The first meter of obtained core consisted of frozen water, then there were several meters
of white opaque core and the last meter consisted of frozen water (Fig. 14).
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Figure 12. Scheme of the well 5G after the freezing of lake water a — Scheme of the well; b — Ice core
from the 3424 m. depth.

Figure 13. Drill head after the second penetration to the lake.
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Figure 14. Cores extracted after the second unsealing of the lake.

It is possible to reconstruct the process of water ascent into the hole during the lake unseal-
ing through the obtained core.

At the beginning water flows up very quickly in the clearance between the drill and the
borehole walls, it actively merges into drilling fluid and lifts above the drill to approximately
10 m, after that the drill penetrates this interfusion and mixes it further. The result is emul-
sification, which entraps water dropping from the drill during its further hoisting. Emulsi-
fication is related to the presence of Freon in kerosene oil. In addition, a large amount of
hydrates of Freon appears in the emulsion due to a vast contact area of water and drilling
liquid and this hydrate plug was frozen before the drill was pulled out of the hole.

The results of the second penetration to the lake allow us to conclude, that we cannot pro-
vide performance capacity of the hole under direct contact of drilling liquid with lake water
as the hole will be sealed long before lowering research equipment into it. Besides hydrates
of Freon will develop actively even when using a buffer layer of ecologically clean liquid (sili-
cone fluid), through which the research equipment will pass but with drilling liquid stuck to
its surface during tripping down the hole it will contaminate the lake water.

8 CONCLUSIONS

When deep hole drilling at station Vostok a large body of data was obtained, which will allow to
simulate accurately the processes going in the hole both during drilling operations and unsealing
subglacial water bodies. Updating of drilling technological parameters and changes introduced
into the design of the drill make it possible to be sure that when drilling at the depths over 300 m
the performance efficiency may be the same as at higher levels. These conclusions are clearly
proved by the results of re-drilling of hole No.5G after freezing of water which entered it.

In the course of work the main factors influencing efficiency of drilling operations were
defined and methods of overcoming complications were demonstrated. As the result, devel-
opment of the basic framework of drilling technique in ice can be considered completed.

Based on the data on unsealing the subglacial lake Vostok it can be stated that the pressure
on the surface of the lake corresponds to ice hydrostatic pressure and the method of measur-
ing pressure in drilling liquid and its control facilitates safety of lake unsealing operations.

Studies of lake Vostok when unsealed by a hole filled with a mixture of kerosene and
Freon cannot be performed with ensuring all requirements of ecological safety.

To facilitate ecological safety of studying lake Vostok, either complete substitution of drilling
liquid or drilling of a new access borehole with ecologically friendly drilling liquid is required.

18



REFERENCES

Augustin, L. and A. Antonelli. 2002. The EPICA deep drilling program. Mem., Natl. Inst. Polar Res., 56,
Special Issue, 226-244.

Augustin L., F. Motoyama, H. Wilhelms, S. Johnsen, S.B. Hansen, P. Talalay, N. Vasiliev. 2007. Drilling
comparison in ‘warm ice’ and drill design comparison. Ann. Glaciol., 47, 73-78.

Bentley, C.R., B.R. Koci. 2007. Drilling to the beds of the Greenland and Antarctic ice sheets: a review.
Ann. Glaciol., 47, 1-9.

Chistyakov, V.K., A.V. Krasilev, V. Ya. Lipenkov, J.Ph. Balestrieri, C. Rado and J.R. Petit. 1994.
Behavior of a deep hole drilled in ice at Vostok station. Natl. Inst. Polar Res., 49, Special Issue, 247—
255.

Fujii, Y. and 25 others. 2002. Deep ice core drilling to 2503 m depth at Dome Fuji, Antarctica. Mem.,
Natl. Inst. Polar Res. 56, Special Issue. 103-116.

Gundestrup, N.S., S.J. Johnsen and N. Reeh. 1984. ISTUK: a deep ice core drill system. CRREL Spec.
Rep. 84-34, 7-19.

Handbook of Chemistry and Physics. Chemical rubber publishing CO. Cleveland, Ohio. 1959.

Jouzel, J., JR. Petit, R. Souchez., N.I. Barkov, V.Ya. Lipenkov, D. Raynaud, M. Stievenard, N.I.
Vassiliev, V. Verbeke, F. Vimeux. More than 200 meters of lake ice above subglacial lake Vostok,
Antarctica / Science. 1999. 10 December. Vol. 286. P. 2138-2141.

Johnson, J.A., W.P. Mason,, A.J. Shturmakov, S.T. Haman, P.J. Sendelbach, N.B Mortensen, L.J.
Augustin, K.R. Dahnert. 2007. A new 122 mm electromechanical drill for deep ice-sheet coring
(DISC): 5. Experience during Greenland field testing. Ann. Glaciol., 47. 54-60.

Kapitsa, A.P., J.K. Ridley, G de Q. Robin, M.J. Siegert, [.A. Zotikov. 1996. A large deep freshwater lake
beneath the ice of central East Antarctica. Nature. V. 381. Ne 6584. 684—686.

Kotlyakov, V.M., V.Ya. Lipenkov, N.I. Vasilev. (2013). Deep Drilling in Central Antarctica and
Penetration into Subglacial Lake Vostok, published in Vestnik Rossiiskoi Akademii Nauk, 2013, Vol.
83, No. 7. 591-605.

Kudryashov, B.B., N.I. Vasiliev, R.N. Vostretsov, A.N. Dmitriev, V.M. Zubkov, A.V. Krasilev, P.G.
Talalay, N.I. Barkov, V.Ya. Lipenkov, J.R. Petit. 2002. Deep ice coring at Vostok Station (East
Antarctica) by an electromechanical drill. Mem. Natl Inst. Polar Res. Spec. Issue 56. (Proc. of the Fifth
Int. Workshop on Ice Drilling Technology, Nagaoka, 30 October — 1 November 2000). 91-102.

Kudryashov, B.B., V.K. Chistyakov and V.S. Litvinenko. 1991. Burenie skvazhin v usloviyah izmeneniya
agregatnogo sostoyaniya gornih porod (Bore-hole drilling in the condition of rock aggregate changes).
Leningrad, Nedra, 1-295. [In Russian.].

Kudryashov, B.B., V.K. Chistyakov, V.A. Morev. 1983. Bureniye ledianogo pokrova Antarktidi teplovim
sposobom. 25 let Sovetskoy Antarkticheskoy ekspeditsii. [Thermal drillingin Antarctic ice sheet. 25th
Anniversary of the Soviet Antarctic Expedition.] L. Gidrometeoizdat. 149—158. [In Russian.].

Lipenkov, V.Ya., A.N. Salamatin, P. Duval. 1997. Bubbly-ice densification in ice sheets: II. Application. -
J. Glaciol., vol. 43, N 145. 397-407.

Lipenkov, V.Ya., N.I. Barkov, P. Duval, P. Pimienta. 1989. Crystalline texture of the 2083 m ice core at
Vostok Station. Journal of Glaciology. Vol. 35, N 121. 392-398.

Lukin, V. V. and N.I. Vasiliev, Technological aspects of the final phase of drilling borehole 5G and
unsealing Vostok Subglacial Lake, East Antarctica. Annal. Glaciol., 55(65). 83—89.

Pashkevich, V.M. and V.K. Chistyakov, 1989. Obespechenie ustoychivosti stvola skvazhini pri glubokom
burenii v lednikovih pokrovah (Ensuring of bore-hole shaft stability when deep drilling in the ice
covers). Antarktika (The Antarctic), 28. 39-50. [In Russian.].

Paterson, W.S.B. 1977. Secondary and tertiary creep of glacier ice as measured by borehole closure rates.
Rev. Geophys. Space Phys., 15(1). 47-55.

Ridley, G.P., W. Gudlip, S.W. Laxon. 1993. Idtntification of subglacial lakes using ERS-1 radar altimeter.
Jurn. of Glaciology, V. 39, Ne 133. 655-657.

Shturmakov, A.J, D.A. Lebard, W.P. Mason, C.R. Bentley. 2007. A new 122 mm electromechanical drill
for deep ice-sheet coring (DISC): 1. Design concepts Annal. Glaciol., 47. 28-34.

Talalay, P.G. and N.S. Gundestrup. 2002. Hole fluids for deep ice core drilling. Mem., Natl. Inst. Polar
Res., 56, Special Issue. 148—170.



Talalay, P.G., R. LeB. Hooke. (2007). Closure of deep boreholes in ice sheets: a discussion. Annal.
Glaciol., 47. 125-133.

Vasiliev, N.I., P.G. Talalay, N.E. Bobin, V.K. Chistyakov, V.M. Zubkov, A.V. Krasilev, A.N. Dmitriev,
S.V. Yankilevich, and V.Ya. Lipenkov. 2007. Deep drilling at Vostok station, A ntarctica: history and
last events. Annal. Glaciol., 47. 10-23.

Verkulich S.R., B.B. Kudryashov, N.I. Barkov, N.I. Vasiliev, R.N. Vostretsov, A.N. Dmitriev, V.M.
Zubkov, A.V. Krasilev, P.G. Talalay, V.Ya. Lipenkov, L.M. Savatyugin, [LN. Kuzmina. 2002. Proposal
for penetration and exploration of sub-glacial Lake Vostok, Antarctica. Mem. Natl. Inst. Polar
Research. V. 56. 245-252.

Ausschuss fiir Gefahrenstoffe (AGS) 2018, TRGS 900 “Arbeitsplatzgrenzwerte”. in: Gemeinsames
Ministerialblatt (BMBI), Bundesministerium fiir Arbeit und Soziales (BMAS).

Benndorf, J 2017, ‘Turning Geo-Data into Mining Intelligence — Nutzung von Online-Daten zur
Echtzeitmodellierung im Gold- und Kohlebergbau’, BHM Berg- und Hiittenmdnnische Monatshefte,
vol. 162, no. 10, Pp- 418-422. Available from:
https://link.springer.com/content/pdf/10.1007%2Fs00501-017-0634-3.pdf [09 June 2017].

Benndorf, J & Buxton, M 2017, ‘Proceedings of Real-Time Mining International Raw Materials
Extraction Innovation Conference 10th & 11th October 2017’ [02 May 2018].

Bilgin, N, Copur, H & Balci, C 2014, ‘Mechanical Excavation in Mining and Civil Industries’, CRC
Press.

Chen, Y-L, Ni, J, Shao, W & Azzam, R 2012, ‘Experimental study on the influence of temperature on the
mechanical properties of granite under uni-axial compression and fatigue loading’, International
Journal of Rock Mechanics and Mining Sciences.

Drebenstedt, C & Paessler, S 2005, ‘Analysis of cutting resistances for bucket wheel excavators in hard
clays’, Proceedings of the 14th International Symposium on Mine Planning and Equipment Selection,
MPES 2005 and the 5th International Conference on Computer Applications in the Minerals
Industries, CAMI 2005. Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
84892650537 &partnerID=40&md5=8153dc8a4562ba0ff2059df845846d52.

Drebenstedt, C & Paessler, S 2008, ‘Measuring the effects of blast-induced vibrations on buildings with
fibre Bragg gratings’, International Journal of Mining, Reclamation and Environment, vol. 22, no. 2,
Pp- 90-104. Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
42549128203&doi=10.1080%2f17480930601093397&partnerID=40&md5=15d9db80e3e14e83bb3c8
b3311921160.

Drebenstedt, C & Vorona, M, ‘Optimierung von Gewinnungsmaschinen im Tagebau — Vom
Schneidprozess zur Virtuellen Realitét’ in 5. Fachtagung Baumaschinentechnik 2012, pp. 72—-86.

Esbensen, KH 2001, Multivariate Data Analysis in Practice, CAMO Software Inc.

European Commission 2014, ‘SC5-11a-2014 — Mining of small and complex deposits and alternative
mining’ [25 July 2017].

Gaft, M, Nagli, L, Groisman, Y & Barishnikov, A 2011, ‘Laser-Induced Breakdown Spectroscopy (LIBS)
for On-line Control in Mining Industry’. Signal recovery and synthesis. [part of] Imaging and applied
optics; 10 — 14 July 2011, Toronto, Canada, OSA The Optical Society, Washington, DC [28 May
2018].

Galler, R, Stoxreiter, T & Wenighofer, R 2016, Disc cutter load monitoring and face monitoring in TBM-
tunnelling - developments for detailed analysis of the cutting process, Leoben.

Grafe, B & Drebenstedt, C 2017, ‘Laboratory Research on Alternative Cutting Concepts on the Example
of Undercutting’, BHM Berg- und Hiittenmdnnische Monatshefte, vol. 162, no. 2, pp. 72-76 [25 May
2018].

Grafe, B, Drebenstedt, C & Shepel, T 2018, ‘Ways towards highly selective mechanical production
chains’, Proceedings 5th International Colloquium of Non-Blasting Rock Destruction 19th — 22th
November 2017.

Grafe, B, Shepel, T, Drebenstedt, C & Hartlieb, P 2017, Studies on the effect of high power microwave
irradiation as a means of inducing damage to very hard rock to reduce the cutting resistance during
mechanical excavation, Lulea, Sweden, Proceedings Conference Mine Planning and Equipment
Selection [11 February 2017].

Hartlieb, P & Grafe, B 2017, ‘Experimental Study on Microwave Assisted Hard Rock Cutting of Granite’,
BHM Berg- und Hiittenmdnnische Monatshefte, vol. 162, no. 2, pp. 77-81 [25 May 2018].


http://https/link.springer.com/content/pdf/10.1007%2Fs00501–017–0634–3.pdf
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-84892650537&partnerID=40&md5=8153dc8a4562ba0ff2059df845846d52
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-84892650537&partnerID=40&md5=8153dc8a4562ba0ff2059df845846d52
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-42549128203&doi=10.1080%2f17480930601093397&partnerID=40&md5=15d9db80e3e14e83bb3c8b3311921160
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-42549128203&doi=10.1080%2f17480930601093397&partnerID=40&md5=15d9db80e3e14e83bb3c8b3311921160
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-42549128203&doi=10.1080%2f17480930601093397&partnerID=40&md5=15d9db80e3e14e83bb3c8b3311921160

Hartlieb, P, Leindl, M, Kuchar, F, Antretter, T & Moser, P 2012, ‘Damage of basalt induced by
microwave irradiation. Special Issue — Physical Separation’, Minerals Engineering, vol. 31, pp. 82—89.
Available from: http://www.sciencedirect.com/science/article/pii/S0892687512000271.

Hartlieb, P, Toifl, M, Kuchar, F, Meisels, R & Antretter, T 2016, ‘Thermo-physical properties of selected
hard rocks and their relation to microwave-assisted comminution’, Minerals Engineering, vol. 91, pp.
34-41.

Healey, G & Slater, D 1999, ‘Models and Methods for Automated Material Identification in Hyperspectral
Imagery Acquired Under Unknown Illumination and Atmospheric Conditions’, /[EEE Transactions On
Geoscience And Remote Sensing, vol. 37, no. 6.

Hesse, M 2017, Selektive Zerkleinerung von Erzen und Industriemineralen bei Prallbeanspruchung.
Dissertation, Freiberg.

Hesse, Max, et al. 2017, ‘Increasing efficiency by selective comminution’, Minerals Engineering, 103—
104, pp. 112-126.

Heuze, FE 1983, ‘High-temperature mechanical, physical and Thermal properties of granitic rocks—A
review’, International Journal of Rock Mechanics and Mining Sciences & Geomechanics, vol. 20, no.
1, pp. 3—-10.

Horvath, H 1993, ‘Atmospheric light absorption — A review’, Atmospheric Environment, 27 A, no. 3, pp.
293-317.

Huotari, T & Kukkonen, I 2004, ‘Thermal expansion properties of rocks. Literature survey and estimation
of thermal expansion coefficient for olkiluoto mica gneiss’, Posiva Oy, Olkiluoto, Working Report 4,
p. 62.

Inthavongsa, I, Drebenstedt, C, Bongaerts, J & Sontamino, P 2016, ‘Real options decision framework.
Strategic operating policies for open pit mine planning’, Resources Policy, vol. 47, pp. 142-153.
Available from: https://www.scopus.com/inward/record.uri?eid=2-s2.0-
84959359519&d0i=10.1016%2fj.resourpol.2016.01.009&partnerID=40&md5=fbd94e911a942a047d8
4c6caldaleSle.

Inthavongsa, I, Sontamino, P & Drebenstedt, C 2015, ‘A prototype of real options valuation framework
for open pit mines planning. A road to build a dynamics decision making tools’, Proceedings of the
24th  International — Mining  Congress of Turkey, IMCET 2015. Available from:
https://www.scopus.com/inward/record.uri?eid=2-s2.0-

84934343747 &partnerID=40&md5=7b1¢232f305b93c97d809¢42698bd34e.

Itasca Consulting Group, 1 2015, PFC Particle Flow Code. PFC Version 5.0. Online Manual,
Minneapolis.

Itasca Consulting Group, I 2016, 3DEC 3 Dimensional Distinct Element Code. 3DEC Version 5.2. Online
Manual. First Revision, Minneapolis.

Jeswiet, J & Szekeres, A 2016, ‘Energy Consumption in Mining Comminution’, Procedia CIRP, vol. 48,
pp. 140-145 [22 May 2018].

Kuschka, E 2001, ‘Die Uranerz-Baryt-Fluorit-Lagerstitte Niederschlag bei Bérenstein und benachbarte
Erzvorkommen’, Bergbau in Sachsen, no. 6, 164 pp.

Lee, H & Kwon, H 2017, ‘Going Deeper with Contextual CNN for Hyperspectral Image Classification’,
IEEE Transactions on Image Processing, vol. 26, no. 10.

Melcher, F & Reichl, C 2017, ‘Economic Geology of the Eastern and South-eastern European (ESEE)
Region’, BHM Berg- und Hiittenmdnnische Monatshefte, vol. 162, no. 7, pp. 238-244 [25 July 2017].

Neukirchen, F 2016, Von der Kupfersteinzeit zu den Seltenen Erden. Eine kurze Geschichte der Metalle,
Springer 2016, Berlin, Heidelberg [30 June 2018].

Plinninger, RJ 2011, Teilschnittmaschinen als alternatives Vortriebsverfahren im innerstddtischen Tunnel
- und Stollenbau — Chancen und Risiken. Roadheaders as an alternative excavation method in urban
tunneling - chances and risks, Berlin, pp- 139-145. Available from:
http://www.plinninger.de/images/pdfs/2011_18taging_tsm.pdf [28 April 2017].

Popov, O 2014a, ‘Properties and system parameters, Part 1°, AT Mineral Processing, vol. 55, 07-08, pp.
76-88.

Popov, O 2014b, ‘Properties and system parameters, Part 2°, AT Mineral Processing, vol. 55, no. 10, pp.
54-63.

Restner, U 2016, Hard Rock Continuous Mining. Rapid Mine Development System, Leoben.


http://www.sciencedirect.com/science/article/pii/S0892687512000271
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-84959359519&doi=10.1016%2fj.resourpol.2016.01.009&partnerID=40&md5=fbd94e911a942a047d84c6ca1da0e51e
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-84959359519&doi=10.1016%2fj.resourpol.2016.01.009&partnerID=40&md5=fbd94e911a942a047d84c6ca1da0e51e
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-84959359519&doi=10.1016%2fj.resourpol.2016.01.009&partnerID=40&md5=fbd94e911a942a047d84c6ca1da0e51e
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-84934343747&partnerID=40&md5=7b1e232f305b93c97d809e42698bd34e
http://https/www.scopus.com/inward/record.uri?eid=2-s2.0-84934343747&partnerID=40&md5=7b1e232f305b93c97d809e42698bd34e
http://www.plinninger.de/images/pdfs/2011_18taging_tsm.pdf

Romer, R, Schneider, J & Linnemann, U 2010, ‘Post-Variscan deformation and hydrothermal
mineralization in Saxo-Thuringia and beyond:. a geochronologic review’, Pre-Mesozoic Geollogy of
Saxo-Thuringia — From the Cadomian Active Margin of the Variscan Orogen, pp. 347-360.

Rosin, K, Liu, J] & Bongaerts, JC 2017, ‘Economic, ecological and social assessment of a new “Smart
Mining Technology’”’, Conference of Young Scientists 2017, Sankt-Petersburg.

Schlothauer, T 2002, Einzelzirkon-Altersdatierungen und geochemische Untersuchungen am Teplice-
Rhyolith und rhyolitischen Gesteinen des Eibenstocker Massivs. Diplomarbeit.

Shepel, T, Grafe, B, Hartlieb, P, Drebenstedt, C & Malovyk, A 2018, ‘Evaluation of cutting forces in
granite treated with microwaves on the basis of multiple linear regression analysis’, International
Journal of Rock Mechanics and Mining Sciences, vol. 107, pp. 69-74 [27 May 2018].

Sifferlinger, NA 2016, Entwicklungen und neue Anwendungen aktivierter Gesteinsloseverfahren. E-Malil,
Leoben.

Staatsministerium fiir Wirtschaft Arbeit und Verkehr 2017, ‘Rohstoffstrategie fiir Sachsen.
Rohstoffwirtschaft — eine Chance fiir den Freistaat Sachsen’ [25 May 2018].

Stainvas, I & Lowe, D 2003, ‘A Generative Model for Separating Illumination and Reflectance from
Images’, Journal of Machine Learning Research, vol. 4, pp. 1499-1519.

Tichimirowa, M, Sergeev, S, Berger, H-J & Leonhardt, D 2012, ‘Inferring protoliths of high-grade
metamorphic gneisses of the Erzgebirge using zirconology, geochemistry and comparison with lower-
grade rocks from Lusatia (Saxothuringia, Germany)’, Contributions to Mineralogy and Petrology, pp.
375-396.

Truschko, W.L. et al. 2017, (RUS). , St. Petersburg.

Vorona, M, Drebenstedt, C, Kholodnyakov, G & Kunze, G 2012, Optimierung des Schneidprozesses und
Prognose der relevanten Arbeitsgrofien bei der Gesteinszerstorung unter Beriicksichtigung des
Meiflelverschleifses. Dissertation, Freiberg. Available from:
http://www.qucosa.de/fileadmin/data/qucosa/documents/9636/Dissertation%20Vorona%20Maxim.pdf
[28 April 2017].

Vorona, M, Galiner, W & Drebenstedt, C 2010, Scientific Reports on Resource Issues 2010, Freiberg.

Kratzsch H (1983) Mining subsidence engineering. Springer, Berlin.

Fathi Salmi, E., Nazem, M., Karakus, M. (2016) Numerical Analysis of a Large Landslide Induced by
Coal Mining Subsidence, Engineering Geology, doi:10.1016/j.enggeo.2016.12.02.

Ritesh D. Lokhande, V.M.S.R. Murthy, K.B. Singh, Chandan Prasad Verma, A.K. Verma. (2018),
Numerical Modeling of Pot-Hole Subsidence Due to Shallow Underground Coal Mining in
Structurally Disturbed Ground, Journal of The Institution of Engineers (India): Series D April 2018,
Volume 99, Issue 1, pp. 93-101.

Shujun Ye, Yue Luo, Jichun Wu, Xuexin Yan, Hanmei Wang, Xun Jiao, Pietro Teatini. (2016), Three-
dimensional numerical modeling of land subsidence in Shanghai, China Hydrogeol J 24:695-709.

Manoj Khanal, Deepak Adhikary, Chandana Jayasundara, Rao Balusu. (2016), Numerical Study of Mine
Site Specific Multiseam Mining and Its Impact on Surface Subsidence and Chain Pillar Stress,
Geotechnical and Geological Engineering, Volume 34, Issue 1, pp 217-235.

Elashiry A.A., Gomma W.A., Imbaby S.S. (2009), Numerical modelling of surface subsidenceinduced by
underground phosphate minesat Abu-Tatur area, Journal of Engineering Sciences, Assiut University,
Vol. 37, No. 3, pp. 699-709.

Suchowerska Iwanec A.M., Carter J.P., Hambleton J.P. (2016), Geomechanics of subsidence above single
and multi-seam coal mining, Journal of Rock Mechanics and Geotechnical Engineering, Volume 8§,
Issue 3, June 2016, pp. 304-313.

Tugrul Unlu, Hakan Akcin, Ozgur Yilmaz. (2013), An integrated approach for the prediction of
subsidence for coal mining basins, Engineering Geology 166, pp.186-203.

Kan Wu, Gong-Lin Cheng, Da-Wei Zhou, Experimental research on dynamic movement in strata
overlyingcoal mines using similar material modeling, Arab J Geosci DOI 10.1007/s12517-014—-1685—
3.

Zuev B.Yu., Korshunov G.I.. (2012), Physical modeling as an integral part of geomechanical monitoring
in complex geological conditions, Mining information and analytical Bulletin (scientific and technical
journal) [Fizicheskoe modelirovanie kak sostavnaya chast’ geomekhanicheskogo monitoringa v


http://www.qucosa.de/fileadmin/data/qucosa/documents/9636/Dissertation%20Vorona%20Maxim.pdf

slozhnyh gorno-geologicheskih usloviyah, Gornyi informacionno-analiticheskii bulleten (nauchno-
tekhnicheskij zhurnal)], Ne 5. pp. 15-22.

Zuev B. Yu., Cyril S.V., Melnitskaya M.E., Istomin R.S. (2017), Physical modeling of geomechanical
processes in the collapse of the roof rocks, Mine Surveying News [Fizicheskoe modelirovanie
geomekhanicheskih processov pri obrushenii porod krovli, Marksheiderskii vestnik], No. 3. pp. 56—60.

Singh, B.; Goel, RK. (May 19, 1999). Rock Mass Classification: A Practical Approach in Civil
Engineering. Elsevier Science; 1 edition, The Boulevard, Langford Lane Kidlington, Oxford.

Bieniawski, Z.T. (2007), Evaluation of the deformation modulus of rock masses using RMR. Comparison
with dilatometer tests. Workshop: Underground Works under Special Conditions.

Back Y., Bae G.J,, Kwon O.I, Jang S.H., Koo H.B. (2005), Sensitivity analysis of shear strength
parameters and slope angle in slope stability analysis, Landslidesandavalanches. Taylor &
Francisgroup, London.

Temporary rules of constructions protection and natural objects from harmful underground mining
influence of ores and non-metallic deposits with unexplored process of rocks displacement
[Vremennye pravila ohrany sooruzhenij i prirodnyh ob”ektov ot vrednogo vliyaniya podzemnyh
gornyh razrabotok mestorozhdenij rud cvetnyh metallov s neizuchennym processom sdvizheniya
gornyh porod]. (1986), Leningrad, VNIMI.

Instructions for the protection of structures and natural objects in the zone of underground mining
influence on the mining of Talnakh and Oktyabrskaya deposits [Ukazaniya po ohrane sooruzhenij i
prirodnyh ob”ektov, nahodyashchihsya v zone vliyaniya podzemnyh gornyh rabot na gornyh otvodah
Talnahskogo i Oktyabr’skogo mestorozhdenij]. (2003) (Ministry of industry and energy of the Russian
Federation, open joint stock company «Scientific Research Institute of Mining Geomechanics and
Mine Surveying—Interindustry Research Center VNIMI, “Mining and metallurgical company
“Norilskii Nickel»), 52 p.

Gusikhin, F.P., Kuznetsov, G.N., Szklarska M.F. (1991) Modelling in geomechanics [Modelirovanie v
geomekhanike], Nedra, Moscow, Russia 240 p.

Zuev B.Yu. Physical modeling of geomechanical processes in block-hierarchical masses based on a
common comprehensive conditions of similarity, Mining information and analytical Bulletin (scientific
and technical journal) [Fizicheskoe modelirovanie geomekhanicheskih processov v blochno-
ierarhicheskih massivah na osnove edinogo kompleksnogo usloviya podobiya, Gornyi informacionno-
analiticheskii bulleten, (nauchno-tekhnicheskij zhurnal),] (2014), Ne 4, pp. 356-360.

Zuev B.Yu. Development of methods and technical means for determining static and dynamic stresses in
physical models of layered and block-hierarchical mountain ranges, Mining information and analytical
Bulletin (scientific and technical journal) [Razrabotka metodov i tekhnicheskih sredstv opredeleniya
staticheskih i dinamicheskih napryazhenij v fizicheskih modelyah sloistyh i blochno-ierarhicheskih
gornyh massivah. Gornyj informacionno-analiticheskij byulleten’]. (2014), Ne 4, pp. 356-360.

Zuev B.Yu., Paltsev A.l. Scientific and methodical bases of physical modeling of geomechanical
processes in underground mining, Mining information and analytical Bulletin (scientific and technical
Jjournal) [Nauchno-metodicheskie osnovy fizicheskogo modelirovaniya geomekhanicheskih processov
pri podzemnoj razrabotke poleznyh iskopaemyh, Gornyj informacionno-analiticheskij byulleten’].
(2010), Ne 5, M., pp. 29-37.

Zuev B.Yu., Krotov N.V., Shabarov A.N., Borisov A.V., Meshkov A.A. Results and prospects of research
of geomechanical processes activation at intensive development of coal seams on physical models,
Abstracts of the international scientific-practical conference devoted to the 185th anniversary of the
Department of Mining arty [Rezul’taty i perspektivy issledovanij aktivizacii geomekhanicheskih
processov pri intensivnoj razrabotke svit ugol’nyh plastov na fizicheskih modelyah. Gornoe delo v
XXI veke: tekhnologii, nauka, obrazovanie: Tezisy dokladov Mezhdunarodnoj nauchno-prakticheskoj
konferencii, posvyashchennoj 185-letiyu kafedry «Gornoe iskusstvoy], (2017), SPb: Mining university,
pp- 37-39.

Chemenda A.L, Bois T., Bouissou S., Tric E. (2009), “Numerical modelling of the gravity induced
destabilization of a slope: The example of the La Clapicre landslide, southern France”, Numerical
modelling Geomorphology, Vol. 109, Iss. 3—4, pp. 86-93.

Ritter, S., Giardina, G., DeJong, M.J., Mair, R.J. (2018) “Centrifuge modelling of building response to
tunnel excavation”, International Journal of Physical Modelling in Geotechnics, Vol. 18, Issue 3, pp.
146-161.



Xu X., Chen Yu., Li S. (2013), “Study of Shock Landslide-Type Geomechanical Model Test for
Consequent Rock”, Landslide Science and Practice, Vol. 3, pp. 11-13.

Goncharov M.A. (2010), “Applicability of similarity conditions to analogue modelling of tectonic
structures”, Geodynamics & tectonophysics, Vol. 1, no. 2, pp. 148—168.

Adachi, J.I., Detournay, E. and Drescher, A. (1996) ‘Determination of rock strength parameters from
cutting tests’, Proc. NARMS, pp. 1517-1523.

Altindag, R. (2003) ‘Correlation of specific energy with rock brittleness concepts on rock cutting’, The
South African Institute of Mining and Metallurgy, (April), pp. 163—-172.

Augustine, C.R. (2009a) ‘Hydrothermal spallation drilling and advanced energy conversion technologies
for Engineered Geothermal Systems’, p. 333.

Chen, Y.-L. et al. (2012) ‘Experimental study on the influence of temperature on the mechanical
properties of granite under uni-axial compression and fatigue loading’, International Journal of Rock
Mechanics and Mining Sciences. Elsevier, 56, pp. 62—66.

Detournay, E. et al. (1995) ‘Assessment of rock strength properties from cutting tests: Preliminary
experimental evidence’, in Proc. of the Colloquium Mundanum on Chalk and Shales, Brussels, pp. 11—
13.

Detournay, E., Drescher, A. and Hultman, D.A. (1997) ‘Portable rock strength evaluation device’. Google
Patents.

Ezzedine, S.M., Rubenchik, A. and Yamamoto, R. (2015) ‘Laser-Enhanced Drilling and Laser Assisted
Fracturing for Subsurface EGS Applications’, Proceedings of 40th Stanford Geothermal Workshop, pp.
1-7.

Gajdos, M. et al. (2015) ‘Use Of Plasma-Based Tool For Plug And Abandonment’. Society of Petroleum
Engineers. doi: 10.2118/175431-MS.

Glowka, D.A. (1985) Design considerations for a hard-rock PDC drill bit. Sandia National Labs.,
Albuquerque, NM (USA).

Graves, R. et al. (2002) ‘Comparison of specific energy between drilling with high power lasers and other
drilling methods’, SPE Annual Technical ..., pp. 1-8. doi: 10.2118/77627-MS.

Gupta, H.K. and Roy, S. (2006) Geothermal energy: an alternative resource for the 21st century. Elsevier.

Hassani, F., Nekoovaght, P.M. and Gharib, N. (2015) ‘The influence of microwave irradiation on rocks
for microwave-assisted underground excavation’, Journal of Rock Mechanics and Geotechnical
Engineering. Elsevier Ltd, 8(1), pp. 1-15. doi: 10.1016/j.jrmge.2015.10.004.

Jerby, E. et al. (2014) ‘Method and devices for solid structure formation by localized microwaves’.
Google Patents, 1(19). Available at: https://www.google.com/patents/US20140021171.

Keshavarz, M., Pellet, F.L. and Loret, B. (2010) ‘Damage and changes in mechanical properties of a
gabbro thermally loaded up to 1,000 C’, Pure and applied geophysics. Springer, 167(12), pp. 1511—
1523.

Kocis, . et al. (2015) ‘Utilization of Electrical Plasma for Hard Rock Drilling and Casing Milling’.
Society of Petroleum Engineers. doi: 10.2118/173016-MS.

Kollg, J. (1999) ‘A Comparison of Water Jet, Abrasive Jet and Rotary Diamond Drilling in Hard Rock’,
Water, (1), pp. 1-8.

Lukawski, M.Z. et al. (2014) ‘Cost analysis of oil, gas, and geothermal well drilling’, Journal of
Petroleum Science and Engineering. Elsevier, 118, pp. 1-14. doi: 10.1016/j.petrol.2014.03.012.

Nixon, D.R. and Schumacher, B.W. (1971) Use of Electron Beam Gun for Hard Rock Excavation.
Westinghouse electric corp sunnyvale ca missile launching and handling dept.

Petty, S. et al. (2006) Geothermal well cost analyses 2006. Sandia National Laboratories. Pininska, J.
(2007) ‘Wplyw podwyzszonej temperatury na wilasciwosci mechaniczne skal’, Prace Naukowe
Instytutu Geotechniki i Hydrotechniki Politechniki Wroctawskiej. Konferencje, 76(42), pp. 527-534.

Potter, R.M., Potter, J.M. and Wideman, T.W. (2010) ‘Laboratory Study and Field Demonstration of
Hydrothermal spallation Drilling’, GRC Transactions, 34, pp. 249-252.

Preston, F.W. and White, H.E. (1934) ‘Observations on spalling’, Journal of the American Ceramic
Society. Wiley Online Library, 17(112), pp. 137-144.

Rothenfluh, T. (2013) Heat transfer phenomena of supercritical water jets in hydrothermal spallation
drilling. Eidgenossische Technische Hochschule ETH Zirich. Available at: internal-
pdf://205.235.58.113/eth-6916-02.pdf.

Schmidt, F., Janssen, H. and Brecher, C. (2017) ‘Realization and first time operation of a high-power
laser-water-jet system’.


http://https/www.google.com/patents/US20140021171
http://internal-pdf/205.235.58.113/eth-6916–02.pdf
http://internal-pdf/205.235.58.113/eth-6916–02.pdf

Summers, D.A. and Henry, R.L. (no date) ‘Water Jet Cutting of Sedimentary Rock’. Society of Petroleum
Engineers. doi: 10.2118/3533-PA.

Sygata, A., Bukowska, M. and Janoszek, T. (2013a) ‘High temperature versus geomechanical parameters
of selected rocks—the present state of research’, Journal of Sustainable Mining. Elsevier, 12(4), pp. 45—
51.

Sygata, A., Bukowska, M. and Janoszek, T. (2013b) ‘High Temperature Versus Geomechanical
Parameters of Selected Rocks—The Present State of Research’, Journal of Sustainable Mining.
Elsevier Masson SAS, 12(4), pp. 45-51. doi: http://dx.doi.org/10.7424/jsm130407.

Tester, J.W. et al. (2006) ‘The future of geothermal energy’, Impact of Enhanced Geothermal Systems
(EGS) on the United States in the 21st Century, Massachusetts Institute of Technology, Cambridge,
MA, p. 372.

Wagner, F. et al. (2009) ‘The Laser Microjet Technology—10 Years of Development (M401)’, publisher
unknown, while the date of the publication is unknown, it is believed to be prior to Aug, 19, p. 9.

Wideman, T.W. ef al. (2011) ‘Hydrothermal Spallation for the Treatment of Hydrothermal and EGS Wells
: Reservoir Production and Flow Rates’, GRC Transactions, 35.

Xu, Z. et al. (2004) ‘Laser spallation of rocks for oil well drilling’, in Proceedings of the 23rd
International Congress on Applications of Lasers and Electro-Optics. Citeseer, pp. 1-6.

Anand, U., Katz, J. 2003. Prevention of Nozzle Wear in Abrasive Water Suspension Jets (AWSJ) Using
Porous Lubricated Nozzles. J. Tribol 125 (1):168-180.

Bruni, M., Biassotti, H., Salomone, G. 2007. Radial Drilling in Argentina. Society of Petroleum
Engineers. SPE Latin American and Caribbean Petroleum Conference. 15-18 April 2007. Buenos
Aires, Argentina.

Buset, P., Riiber, M., Eek, A. 2001. Jet Drilling Tool: Cost-Effective Lateral Drilling Technology for
Enhanced Oil Recovery. Society of Petroleum Engineers. SPE/ICoTA Coiled Tubing Roundtable. 7-8
March 2001. Houston, Texas.

Dehkhoda, S. 2014. Experimental Study of Rock Breakage with Pulsed Water-jet. Rock Mechanics for
Global Issues. 8th Asian Rock Mechanics Symposium. 14—16 October 2014. Sapporo, Japan.

Jasper, S., Hussong, J., Lindken, R. 2017. Visualisation and quantitative analysis of the near nozzle
formation and structure of a high pressure water jet in air and in water. Proceedings of ILASS2017
28th European Conference on Liquid Atomization and Spray Systems, 6—8 September 2017. Valencia,
Spain.

Kolle, J.J. 1999. A Comparison of water jet, abrasive jet and rotary diamond drilling in hard rock.
Tempress Technologies Inc.

Li, J,, Li, G., Huang, Z., Song, X., Yang, R., Peng, K. 2015. The self-propelled force model of a multi-
orifice nozzle for radial jet drilling. Journal of Natural Gas Science and Engineering 24 (2015) 441—
448.

Liu, H., Kang, C., Zhang, W., Zhang, T. 2017. Flow structures and cavitation in submerged waterjet at
high jet pressure. Experimental Thermal and Fluid Science (88): 504-512.

Lu, Y., Tang, J., Ge, Z., Xia, B., Liu, Y. 2013. Hard rock drilling technique with abrasive water jet
assistance. International Journal of Rock Mechanics and Mining Sciences (60): 47-56.

Momber, A.W. 2001. Energy transfer during mixing of air and solid particles into a high-speed waterjet:
an impact-force study. Experimental Thermal and Fluid Science (25): 31-41.

Ozcelik, Y., Engin, I.C. 2012 Development of cuttability chart in abrasive water jet cutting. Eurock 2012
the 2012 ISRM International Symposium, 28-30 May 2012, Stockholm, Sweden.

Pi, V.N. 2008. Performance Enhancement of Abrasive Waterjet Cutting. Technische Universiteit Delft.

Reinsch, T., Bruhn, D. 2017. Novel Productivity Enhancement Concept for a Sustainable Utilization of a
Geothermal Resource—The SURE Project. Geothermal Energy Science.

Salem Ragab, A.M., Kamel, A.M.. 2013. Radial Drilling Technique for Improving Well Productivity in
Petrobel—Egypt. Society of Petroleum Engineers. North African Technical Conference Exhibition.
15-17 April 2013. Cairo, Egypt.

Summers, D.A. 1995. Waterjetting Tecnology. First edition. Taylor & Francis. New York.

Xiaohong, L., Jiansheng, W., Yiyu, L., Lin, Y., Huiming, K., Jiajun, S. 2000. Experimental investigation
of hard rock cutting with collimated abrasive water jets. International Journal of Rock Mechanics and
Mining Sciences 37 (7): 1143-1148.

Zelenak, M., Foldyna, J., Scucka, J., Hloch, S., Riha, Z. 2015. Visualisation and measurement of high—
speed pulsating and continuous water jets. Measurement (72): 1-8.


http://http/dx.doi.org/10.7424/jsm130407

Dmitrak Yu. V., Kamnev E.N. Jsc “Leading design and survey and research Institute of industrial
technology” — a Path of 65 years. Mining journal. 2016. No. 3. S. 6-12.

Golik V.I. Conceptual approaches to the creation of low- and non-waste mining based on a combination of
physical and technical and physical and chemical geotechnologies. Mining journal. 2013. No. 5. P. 93—
97.

Golik V.I. Conceptual approaches to the creation of low- and non-waste mining based on a combination of
physical and technical and physical and chemical geotechnologies. Mining journal. 2013. No. 5. P. 93—
97.

Golik V.I., Komashchenko V.I., Kachurin N. Mmm. The concept of combining technologies of ore
deposits development. News of Tula state University. earth science. 2015. No. 4. P. 76-88.

Hoevel V.1, Razorenov Y.I., Polukhin O.N. Metal extraction from ore benefication codas by means of
lixiviation in a disintegrator. International Journal of Applied Engineering Research. 2015. Vol. 10.
No. 17. P. 38105-381009.

Kaplunov, D.R., M.V. Ryl’nikova Renewable energy as georesurs in the system of technogenic
transformation of mineral resources. Mining journal. 2015. No. 9. With.

Lizunkin V.M., Gavrilov A.A., Morozov A. Development of low-power steep-falling uranium veins by
underground leaching. Mining journal. 2013. No. 8-2. Pp. §9-95.

Lutsenko N.I., Ravshanov N.M. Technology of production and processing of uranium by the method of
borehole underground leaching. Mining journal. 2016. No. 10. P. 91-97.

Lyashenko V.I. Environmental safety of uranium production in Ukraine. Mining journal. 2014. No. 4.
From 131-135.

Morozov A.A., Smagin A.P., Beznosov G.F., Yurt A.N. Technical and economic evaluation of the
efficiency of block underground leaching of uranium from poor ores of Streltsovsky ore field. Mining
journal. 2013. No. 8-2.

Solodov, I.N., Morozov A.A. Physical and chemical geotechnologies — the main vector of development of
uranium mining industry. Mining journal. 2017. No. 7. P. 67-72.

Svyatetsky V.S., Litvinenko V.G., Morozov A.A. about possibility and conditions of application of block
underground leaching of uranium ores of the Streltsovsky Deposit. Mining journal. 2012. No. 10.

Svyatetsky V.S., Solodov LN. Strategy of technological development of uranium mining industry in
Russia. Mining journal. 2014. ng in a Complex Underground Mine//Interfaces. 2014. Vol. 44. No. 2. P.
204-221.

Ale, B.J.M. (2002). Risk assessment practices in The Netherlands. Safety Science Volume 40, Issue 1-4,
2002, Pages 105-126.

Alejano, L.R., Stockhausen, H.W., Alonso, E., Bastante, F.G. Ramirez Oyanguren, P. (2008) ROFRAQ: A
statistics-based empirical method for assessing accident risk from rockfalls in quarries. International
Journal of Rock Mechanics and Mining Sciences Volume 45, Issue 8, December 2008, Pages 1252—
1272.

Artem’yev, V.B., Dobrovol’skiy, A.l., Sal’nikov, A.A., Galkin, V.A., Loginov, A.K., Kravchuk, L.L.,
Kilin, A.B., Nevolina, Ye.M., Fedorov, A.V., Zan’kov, A.P. (2010a). Effektivnost’ i bezopasnost’
proizvodstva s tochki zreniya ekonomiki: protivorechiye ili yedinstvo. Biblioteka gornogo inzhenera-
rukovoditelya, Vypusk #9//Efficiency and safety of production from the economic point of view:
contradiction or unity. Library of mining executive engineer, Issue # 9.

Artem’yev, V.B., Kilin, A.B., Azev, V.A., Kostarev, A.S., Shapovalenko, G.N., Yantsizhin, V.M.,
Yermak, G.P., Katychakov, S.V., Galkin, V.A. (2010b). Planirovaniye i realizatsiya Programmy
sovershenstvovaniya proizvodstva v usloviyakh finansovogo krizisa. Biblioteka gornogo inzhenera-
rukovoditelya, Vypusk #6//Planning and implementation of the Program for improving production in
the context of the financial crisis. Library of the mining executive engineer, Issue # 6.

Baskakov, V.P., Yefimov, V.I., Senatorov, G.V. (2011). Otsenka riskov avariy, intsidentov i neschastnykh
sluchayev. Plany upravleniya bezopasnost’yu truda. Izvestiya Tul’skogo gosudarstvennogo
universiteta. Nauki o zemle. Vypusk 1//Assessment of the risks of failures, incidents and accidents.
Safety management plans. News of Tula State University. Earth sciences. Issue 1.

Bottelberghs, P.H. (2000) Risk analysis and safety policy developments in the Netherlands. Journal of
Hazardous Materials, 71 (1-3), pp. 59-84.

Butler, A.J., Harber, A.J., Nettleton, I.M., Terente, V.A. (2000) Rock slope risk management and the
Quarries Regulations. Industrial Minerals and Extractive Industries Geology, pp. 264-268.



Buyko, K.V., Pantyukhova, Yu.V. (2010). Podkhody k otsenke urovnya promyshlennoy bezopasnosti v
organizatsiyakh, ekspluatiruyushchikh opasnyye proizvodstvennyye ob”yekty. Bezopasnost’ truda v
promyshlennosti, #10, S. 42—46//Approaches to assessing the level of industrial safety in organizations
operating hazardous production facilities. Labor safety in industry, # 10, P. 42—46.

GOST R 12.3.047-98 Sistema standartov bezopasnosti truda. Pozharnaya bezopasnost’
tekhnologicheskikh protsessov. Obshchiye trebovaniya. Metody kontrolya//The system of labor safety
standards. Fire safety of technological processes. General requirements. Control methods
http://standartgost.ru/g/GOST _12.3.047-98.

Gridina, E.B., Andreev, R.E. (2016). Principles of providing safety, comprehensive analysis of the injury
risk and the targeted impact on the traumatic factors as the instruments of increasing the efficiency of
integrated safety management systems at mining enterprises of the Russian Federation, «Research
Journal of Pharmaceutical, Biological and Chemical Sciences», vol. Ne 7 (3), may 2016, p. 2641-2650.

Hu, X., Griffin, M., Yeo, G., Kanse, L., Hodkiewicz, M., Parkes, K. (2018) A new look at compliance
with work procedures: An engagement perspective. Safety Science Volume 105, June 2018, Pages 46—
54.

Ivanov, Yu.M., Korshunov, G.I., Gridina, Ye.B., Pasynkov, A.V. (2011). Ugol’'nyye predpriyatiya:
rabotat’ bez avariy. Okhrana truda i sotsial’noye strakhovaniye, #11, S. 48-55//Coal enterprises: work
without accidents. Labor protection and social insurance, # 11, P. 48-55.

Joy, J. (1998). Introduction to risk management. University of New South Wales Sydney.

Klimkova, Ye.V., Ryzhikov, Ye.N. (2017). Snizheniye proizvodstvennogo travmatizma putem
sovershenstvovaniya sistemy upravleniya okhranoy truda. Izvestiya Tul’skogo gosudarstvennogo
universiteta. Nauki o zemle. Vypusk 1//Reducing industrial injuries by improving the OSH
management system. News of Tula State University. Earth sciences. Issue 1.

Krzemien, A., Dyszy, A. (2007) Occupational health and safety management rules according to pier-merit
program in polish coal mines. Zapiski Gornogo instituta. Vol. 170, p. 200-202.

Marshal, V. (1989). Osnovnyye opasnosti khimicheskikh proizvodstv. Per. s angl. Moskva, M.: Mir //The
main dangers of chemical production.

Matheson, G.D., Reeves G.M. (2011) The identification, appraisal and assessment of hazards on quarry
rock faces in terms of the UK Quarries Regulations. Quarterly Journal of Engineering Geology and
Hydrogeology Volume 44, Issue 2, May 2011, Pages 259-275.

Pappas, D.M., Mark, C. (2003) Profile of groundfall incidents in underground coal mines. Mining
Engineering Volume 55, Issue 9, September 2003, Pages 65-71.

Petit, P.J., Fraser, P.D. (2013) What is the best energy-delivery system for hand-held stope drilling and
associated equipment in narrow-reef hard rock mines? Journal of the Southern African Institute of
Mining and Metallurgy. Volume 113, Issue 3, March 2013, Pages 243-249.

Rudakov, M.L. (2016). Korporativnyye programmy «Nol’ neschastnykh sluchayev» kak element
strategicheskogo planirovaniya v oblasti okhrany truda dlya ugledobyvayushchikh predpriyatiy.
Zapiski gornogo instituta. Tom 219. S.465-471//Corporate programs “Zero accidents” as an element of
strategic planning in the field of labor protection for coal mining enterprises. Notes of the Mining
Institute. Vol. 219. P. 465-471.

I'OCT 22.1.01-95. Monitoring and forecasting. Basic principles. — M.: Standards edition, 1997. — 5 p.

I'OCT 53239-2008. Underground storages of hydrocarbons. Monitoring rules for construction and
operation. Moscow, Federal state unitary enterprise “Standartinform”, 2009, 19 p.

CII 11-104-97. Engineering geodesic surveys for construction. — M.: PNIIIS of Gosstroy of Russia, 1997.
- 77 p.

Instructions for observations of movement of the earth surface and undermined constructions on coal and
shale deposits/Ministry of coal industry of the USSR: Appr. 30.12.87. Pa3pa6. VNIMI: Authors: L.A.
Petukhov, N.I. Mitichkina, V.N. Zemisev et al. — M.: “Nedra”, 1989. — 96 p.

Methodological guidelines on observations of rock shifts and undermined constructions/Ministry of coal
industry of the USSR. All-Union. Order of the Red Banner of Labor Research and Development
Institute of Mining. geomechanics and mine surveying. — L., 1987. — 183 p.

Mustafin M.G. Modeling of the geomechanical state of the rock massif for the extraction of methane from
coal seams. Notes of Mining Institute. 2015. V. 216. P. 57-61.

Mustafin M.G. Influence of speed of moving of a working face onto dynamics of destruction of rocks of a
roof of a coal bed. Mountain information-analytical bulletin. 2008. No. 1 P. 17-22.


http://standartgost.ru/g/GOST_12.3.047-98

Kazanin O.I., Mustafin M.G., Meshkov A.A. Analysis of the causes of downwarpings on earth surface
during development of Baikaimsky coal bed at Krasnoyarskaya mine. OAO SUEK-KUZBASS.
Mountain information-analytical bulletin (scientific and technical magazine). 2013. No. 4. P. 257-261.

Mustafin M.G., Beregovoy D.V. Construction of a quarry model based on a survey from an unmanned
aerial vehicle. Mine surveying bulletin. 2016. No. 6. P. 25-29.

Mustafin M.G., Kazantsev A.l., Valkov V.A., Monitoring of Deformation Processes in Buildings and
Structures in Metropolises/Procedia Engineering, Ne 189, T, 2017. pp. 729-736.

Rules for the protection of structures and natural objects from the harmful effects of underground mining
in coal fields. Pb 07-269-98. (VNIMI, 1998. P. 234.

Grishchenkova, E.N. Mathematical modeling of conditions for surveying observation stations by the
method of electronic  tacheometry/E.N.  Grischenkova//Izvestia ~ Vuzov. Geodesy and
aerophotosurveying. —2017. — No.5. P. 49-53.18.

Grishchenkova, ENN. Use of neural network to refine the predicted deformations of the earth’s
surface/E.N. Grishchenkova, M.G. Mustafin//Mine surveying bulletin. — 2018. — Ne 1. P. 53-58.

Battachacharyya, D.P. 1983. Origin of Berthierine in ironstones. In Clays and Clay Minerals, Vol. 31, No.
3, 173-182.

Brigatti M.F. Malferrari D. Laurora A. Elmi C. 2011. Structure and mineralogy of layer silicates: recent
perspectives and new trends. In EMU Notes in Mineralogy, Vol. 11, Chapter 1, 1-71. Modena, Italy.
Brindley G.W. & Hang P.T. 1973. The nature of Garnierites-1 Structures, chemical composition and color

characteristics. In Clays and Clay Minerals, Vol. 21, No. 2, 27-40. Oxford: Pergamon Press.

Brindley G.W. 1984. Chemical composition of Berthierines-a review. In Clays and Clay Minerals, Vol.
30, No. 2, 153-155. Oxford: Pergamon Press.

Brindley G.W. 1984. Crystal structures of clay minerals and their X-ray identification (Reprint. with
amendments). London: Mineralogical Soc.

Derie R. Ghodsi M. Calvo-Roche C. 1976. DTA study of the dehydration of synthetic goethite aFeOOH.
In Journal of Thermal Analysis, Volume 9, Issue 3, 435-460.

Dolginov E. Kropacev S. Klitzsch E. 1994. Abrifl der Geologie Rufllands und angrenzender Staaten (Mit 2
Tabellen im Text). Stuttgart: Schweizerbart.

Elias M. 2015. Nickel laterite deposits — geological overview, resources and exploitation. In Giant Ore
Deposits: Characteristics, genesis and exploration, CODES Special Publication 4, 205-220. University
of Tasmania: Centre for Ore Deposit Research.

Fey M.V. Dixon J.B. 1981. Synthesis and properties of poorly crystalline hydrated aluminous goethites. In
Clays and Clay Minerals. Vol. 29, No. 2, 91-100. Oxford: Pergamon Press.

Foldvari M. 2011. Handbook of thermogravimetric system of minerals and its use in geological practice.
In Occasional Papers of the Geological Institute of Hungary, Vol. 2.

Golightly J.P. 1981. Nickeliferous laterite deposits. In Econ. Geol, Vol. 75, 710-735.

Haldar S.K. 2017. Platinum-Nickel-Chromium Deposits Geology, Exploration and Reserve Base.
Amsterdam: Elsevier.

Herrington R.J. Zaykov V.V. Maslennikov V.V. Brown D. Puchkov V.N. 2005. Mineral Deposits of the
Urals and Links to Geodynamic Evolution. In Inc Economic Geology Society of Economic Geologists,
100th Anniversary Volume, 1069-1095.

Jubelt R. 1953. Die Nickelhydrosilikatlagerstitten bei Kuhschnappel am Siidrand des Séichsischen
Granulitgebirges. In Wiss. Z. Univ. Leipzig, Math.-nat, Vol. 3, 239-270.

Jubelt R. 1956. Zur Geologie silikatischer Nickellagerstatten am Siidrand des Séchsischen
Granulitgebirges. In Z. angew. Geol, Vol. 2, 371-379.

Kozlowska A. Maliszewska A. 2015. Berthierine in the Middle Jurassic sideritic rocks from southern
Poland. In Geological Quarterly No. 59 (3), 551-564. Warzawa.

Lazarenkov V.G. Talovina I.V. Vorontsova N.I. Mezentseva O.P. Ryzhkova S.0O. 2011. Nickel Chlorites
in the Oxide-Silicate Nickel Deposits of the Urals. In Litologiya i Poleznye Iskopaemye, No. 4, 352—
361, St. Petersburg.

Laznicka P. 1985. Phanerozoic environments, associations, and deposits: Empirical metallogeny—
Depositional environments, lithologic associations, and metallic ores. New York: Elsevier.

Mackenzie K.J.D. Berezowski R.M. 1984. Thermal and Mdossbauer studies of iron-containing hydrous
silicates. In Thermochimical Acta, Vol. 74, Iss. 1-3, 291-312. Amsterdam: Elsevier.

Maksimovic Z. Bish D.L. 1978. Brindleyite, a nickel-rich aluminous serpentine mineral analogous to
berthierine. In American Mineralogist, No. 63, 484-489.



Marsh E. Anderson E. Gray F. 2013. Nickel-Cobalt Laterites — A Deposit Model Chapter H of Mineral
Deposit Models for Resource Assessment. In Scientific Investigations Report 2010-5070-H. Reston:
USGS.

Mikhailov B.M. 1999. Nickel Ores in the Urals. In Lithology and Mineral Resources, Vol. 35, No. 4, 351—
364. St Petersburg.

Mikhailov B.M. 2002. Perspective of mineral base of nickel industry in Urals. In Regionalnaya geologiya
I metallogeniya, No. 15, 97-109.

Moore D.M. Reynolds R.C. 1997. X-ray diffraction and the identification and analysis of clay minerals (2.
ed.). Oxford [u.a.]: Oxford Univ. Press.

Paul M. 1995 Mineralogie, Chemismus und Gliederung der Ni-filhrenden Verwitterungskrusten auf
Serpentinit von Callenberg, Sachsen. In Z. geol. Wiss, No. 23 (3), 331-347. Berlin.

Puchkov V.N. 2003. Uralides and Timanides: their structural relationship and position in the geologic
history of the Ural-Mongolian fold belt. In Russian Geology and Geophysics, Vol. 44, No. 1-2, 28-39.

Résler H.J. Starke R. 1967. Einfiithrung in die Tonmineralogie—1. Lehrbrief. Freiberg: Bergakademie.

Rosler H.J. Starke R. 1970. Einfiihrung in die Tonmineralogie—2. Lehrbrief; (unv. Nachdr. der 1. Aufl.)
Freiberg: Bergakademie.

Rosler H.J. 1984. Lehrbuch der Mineralogie: Mit 65 Tab. (3., iiberarb. u. erginzte Aufl.). Leipzig:
Deutscher Verlag fiir Grundstoffindustrie.

Schellmann W. 1964. Zur lateritischen Verwitterung von Serpentinit. In Geol. Jb., No. 81, 645-678.

Schellmann W. 1971. Uber Bezichungen lateritischer Eisen-, Nickel-, Aluminium- und Manganerze zu
ihren Ausgangsgesteinen. In Mineral. Deposita, No. 6, 275-291.

Schellmann W. 1981. Untersuchungen zur Typisierung und technologischen Verwertbarkeit Ni-, Co- und
Cr- fiihrender Lateriterze. In Statusseminar Rohstofforschung, 640-52.

Schellmann W. 1982. Eine neue Lateritdefinition. In Geolog. Jb. No. 54, 1-17.

Schellmann W. 1983. Geochemical principles of lateritic nickel ore formation. In Proc. II. Int. Sem.
Laterit. Processes, 119-136. Sao Paolo.

Seltmann R. 2000. The eroded Uralian paleozoic ocean to continent transition zone: Granitoids and related
ore deposits. International Field Conference in the Urals, Russia, 18-30 July 2000, excursion
guidebook. London: IGCP.

Smykatz-Kloss W. 1974a. Differential thermal Analysis. Application and Results in Mineralogy. Berlin —
Heidelberg — New York: Spinger Verlag

Smykatz-Kloss W. 1974b. The determination of the degree of (dis)order of kaolinite by means of DTA. In
Chemie der Erde, No. 33 (4), 358-364.

Sokolov G.A. 1948. Chromites of the Ural, its composition, conditions of formation and distribution. In
Reports of the Geological Institute, Moskau: Russian Academy of Science.

Talovina 1.V., Heide G. Serpentines of Chrysotile-pecoraite series as genesis indicators of nickel deposits
in the Urals weathering crusts. Journal of Mining Institute. 2016. Vol. 221. P.629-637. DOI
10.18454/PM1.2016.5.629.

Talovina I.V. Lazarenkov V.G. Ryzhkova S.0O. Ugol’kov V.L. Vorontsova N.I. 2008. Garnierite in Nickel
Deposits of the Urals; In St. Petersburg State Mining Institute (Technical University) Lithology and
Mineral Resources, 2008, Vol. 43, No. 6, 588-595.

Talovina I.V. Lazarenkov V.G. Vorontsova N.I. 2013. . verofttl. Art. National Mineral Resources
University (Mining University), Saint Petersburg.

Tardy Y. 1997. Petrology of laterites and tropical soils. Rotterdam [u.a.]: Balkema.

Toth T.A. Fritz S.J. 1997. An Fe-Berthierine frome cretaceous laterite: part I. Characterization. In Clays
and Clay Minerals, Vol. 45, No. 4, 564—579. Oxford: Pergamon Press.

Vittovskaya 1.V. 1990. Nickel mineral forms and concentration mechanisms in laterite deposits. In
Balasubra-MANIAN, K.S. (ed.), Weathering: Its Products and Deposits, Vol. 2, Athens, Theophrastus
Publications, 147-169.

Wiewiora A. 1989. Crystallochemical classification of phyllosilicates based on the unified system of
projection of chemical composition: III. The Serpentine-Kaoline group. In Clay minerals Vol. 25, 93—
98.

Allégre, C.J., Provost, A., Jaupart, C. (1981) Oscillatory zoning: A pathological case of crystal growth.
Nature, 294, 223-228.



Andrusenko, N.I. (1971) Geology and genesis of the Iceland spar of the Siberian platform. 228 p.

Andrusenko, N.I., Dronov V.V. (1969) Some problems on the crystal ontogenesis of the Iceland spar.
Zapiski RMO, 5, 562-559.

Bryksina, N.A, Sheplev, B.C. (1997) Periodic zoning arising during growth of calcite from an aqueous
solution, Mathematical modeling. 9 (6), 32-38.

Dowty, E. (1976) Crustal structure and crystal growth: II. Sector zoning in minerals. American
Mineralogist, 61(5-6), 460—469.

El Ali, A., Barbin, V., Callas, G., Cerwelle, B., Ramseyer, K., Bouroulec, J. (1993) Mn* -activated
luminescence in dolomite, calcite and magnesite: quantitative determination of manganese and site
distribution by EPR and CL spectroscopy. Chemical Geology, 104, 189-202.

Fernandez-Gonzalez, A., Prieto, M., Putnis, A., & Lopez-Andrés, S. (1999) Concentric zoning patterns in
crystallizing (Cd,Ca)CO3 solid solutions from aqueous solutions, Mineralogical Magazine, 63(3),
331-331.

Fleischer, M., Wilcox, R.E., Matzko, J.J. (1984) Microscopic Determination of the Nonopaque Minerals:
U.S. Geological Survey Bulletin 1627, 453p.

Gurevich, M.S. (1961) Hydrothermal stage composition groundwater formation according to the study of
liquid inclusions in minerals. Materials on regional and exploratory geology, 143—192.

Gotze, J. (2012) Application of cathodoluminescence (CL) microscopy and spectroscopy in geosciences.
Microscopy and Microanalysis, 18, 1270—-1284.

Gotze, J., Kempe, U. (2009) Physical principles of cathodoluminescence and its applications to
geosciences. In: Gucsik, A. (editor) Cathodoluminescence and its application in the planetary sciences.
Springer, Berlin Heidelberg New York, 1-22.

Habermann, D., Neuser, R.D., Richter, D.K. (1996) REE-activated cathodoluminescence of calcite and
dolomite: high-resolution spectrometric analysis of CL emission (HRS-CL). Sedimentary Geology,
101, 1-7.

Habermann, D., Neuser, R.D., Richter, D.K. (1998) Low-limit of Mn?"-activated cathodoluminescence of
calcite: state of the art. Sedimentary Geology, 116, 13-24.

Habermann, D., Niklas, J.R., Meijer, J., Gétte, T. (2001) Structural point defects in «Iceland spar» calcite.
Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials
and Atoms, 181 (1-4), 563-5609.

Harstad, A.O., Stipp, S.L.S. (2007) Calcite dissolution: Effects of trace cations naturally present in Iceland
spar calcites. Geochimica et Cosmochimica Acta, 71(1), 56-70.

Hemming, N.G., Reeder, R.J., & Hart, S.R. (1998) Growth-step-selective incorporation of boron on the
calcite surface. Geochimica et Cosmochimica Acta, 62(17), 2915-2922.

Ivanov, M.A, Kukuy, A.L, Logunova, M.N. (2017) Crystal-optical model of anomalous biaxiality in the
Iceland spar crystals of the Razlom deposit. Materials of the Fedorov session, 2017. 102—104.

Kapchenko, L.N (1964). The question about genesis of deep brines of the Siberian Platform.
Geochemistry, (11), 1182-1192.

Kukui, A.L, Matveeva, O.P. (2014) Iceland spar of large and unique deposits of Russia. 156 p.

Kukui, A.L., Skublov, S.G. (2006) Geochemistry of rare earth elements in Iceland spars from deposits in
the Siberian Craton. In Doklady Earth Sciences (Vol. 418, No. 1, pp. 109-113). SP MAIK
Nauka/Interperiodica.

Logunova, M.N., Skublov, S.G., Ivanov, M.A. (2017) Trace elements distribution in the sectorial and
growth zones of island spar from the Razlom deposit (Siberian calcite-bearing province). Materials of
the Fedorov session, 83—85.

Logunova, M.N., Vasilev, E.A., Ivanov, M.A. (2016). Peculiarities of micro-zoning of Iceland spar from
“Razlom” deposit (Siberian calc-spar bearing province). Mining informational and analytical bulletin
(scientific and technical journal), (8), 287-295.

Lurie, M.L, Masaitis, V.L. (1958) Trap Formation, Geol. structure of the USSR. 3.

McDonough W.F., Sun S.-S. (1995) The composition of the Earth. Chemical Geology, 120 (3-4), 223—
253.

Neuser, R.D., Bruhn, F., Goétze, J., Habermann, D., & Richter, D.K. (1995) Kathodolumineszenz:
methodik und anwendung. Zentralblatt fiir Geologie und Paldontologie Teil I, H, 1(2), 287-306.

Prieto, M., Fernandez-Gonzalez, A., Putnis, A., & Fernandez-Diaz, L. (1997) Nucleation, growth, and
zoning phenomena in crystallizing (Ba,Sr)CO3, Ba(S04, CrO4), (Ba,Sr)SO*, and (Cd,Ca)CO’ solid
solutions from aqueous solutions. Geochimica et Cosmochimica Acta, 61(16), 3383-3397.



Reeder, R.J. (1996) Interaction of divalent cobalt, zinc, cadmium, and barium with the calcite surface
during layer growth. Geochimica et Cosmochimica Acta, 60(9), 1543-1552.

Reeder, R.J., Fagioli, R.O., Meyers, W.J. (1990) Oscillatory zoning of Mn in solution-grown calcite
crystals. Earth-Science Reviews, 29(1-4), 39—46.

Rusinov, V.L, Kudrya, P.F., Zotov, A.V., Laputina, I.P. (1994) Self-organization in a crystal-solution
system on the example of the emergence of oscillation zonation in manganese calcite. Reports of the
Russian Academy of Sciences, 337, 511-513.

Scropishev, A.V., Kukuy A.L. (1973) Iceland spar. 192 p.

Wang, Y., Merino, E. (1992) Dynamic model of oscillatory zoning of trace elements in calcite: Double
layer, inhibition, and self-organization. Geochimica et Cosmochimica Acta, 56(2), 587-596.

Zyuzin, A.Y. (1978) Geophysical methods of studying paleovolcanic calderas in tuffs of the Siberian
Platform. International Geology Review, 20(4), 477—480.

Buch, L. 1834. Uber Terebrateln, mit einem Versuch, sie zu classificiren und zu beschreiben. Berlin.
Konigl: Akademie der Wissenschaften. P. 124.

Eichwald, E. 1829. Zoologia specialis quam expositus animalibus tum vivis: tum fossilibus potissimum
Rossiae in universum et Poloniae in species. Vilnae: typis Josephi Zawadzki. P. 328.

Harper, D.A.T., Popov, L.E. & Holmer, L.E. 2017. Brachiopods: origin and early history. Palaeontology
60(5): Pp. 609-631.

Hints, L., Harper, D.A.T. 2003. Review of the Ordovician rhynchonelliformean Brachiopoda of the East
Baltic: Their distribution and biofacies. Bulletin of the Geological Society of Denmark, Vol. 50: Pp.
29-43.

Kaesler, R.L. (ed.). 2002. Treatise on Invertebrate Paleontology, Vol. 4. Boulder, Colorado, and
Lawrence, Kansas: Geol. Soc. Amer., Inc., Univ. Kansas: Pp. 921-1675.

Lamansky, V.V. 1905. Die dltesten silurischen Schichten Russlands. Trudy Geologicheskogo Komiteta.
20: Pp. 1-203.

Lesnikova, A. Ph. 1923. Paleontologicheskaya kharakteristika nizhnego silura vdol’ Severnoy zheleznoy
dorogi mezhdu stantsiyami Zvanka i Naz'ya [Paleontological characteristics of the Lower Silurian
along the Northern Railway between Zvanka and Nazya stations]. 1zvestiya geologicheskogo komiteta.
42, Ne 5-9: Pp.129-182.

Murchison R., Verneuil E., Keyserling A. 1845. Géologie de la Russie d’Europe et des montagnes de
[’Oural. Paris: P. Bertrand. Vol. 2. P. 146.

Pander, Ch. H. 1830. Beitrage zur Geognosie des Russischen Reiches von Dr. Christian Heinrich Pander.
St.Petersburg. XVIII: P. 165.

Popov, L.E., Egerquist E., Zuykov, M.A. 2005. Ordovician (arenig—caradoc) Syntrophiidine brachiopods
from the east Baltic region. Palacontology, vol. 48, Part 4: Pp. 739-761.

Schmidt F. 1861. Untersuchungen uber die silurische Formation von Estland, Nord-Livland und Oesel.
Archiv fur die Naturkunde Liv-, Est- und Kurlands. Ser. I, Bd. 2: Pp. 1-248.

Strangways, W.T. 1830. Geognosticheskoe opisanie Sanktpeterburgskich okrestnostey. Trudy
Mineralogicheskogo obshchestva. St.Petersburg. V. 1: Pp. 1-96.

Tsinkoburova, M.G., Bezgodova, D.V. 2015. Ob osobennostyach kompleksa Orthambonites Pander —
Orthis Dalman (brachiopody) iz utrachennych obnazheniy sredneordovikskich otlozheniy na reke
Pulkovke (Leningradskaya oblast.). Zapiski Gornogo institute, V. 212: P. 72-78.

Geologicheskaja s”emka v rajonah razvitija otlozhenij s organogennymi postrojkami: Metod. posobie po
geologicheskoj s”emke masshtaba 1:50 000 (Geological survey in areas of sediments with organogenic
structures: Teaching materials on geological survey, scale 1:50000): Iss. 2. VSEGEI; Ed. N.M.
Zadorozhnaja, V.V. Lavro. Leningrad: Nedra, 1982, p. 328.

Korago E. et al. Tektonika I metallogeniya ranih kimmerid Novoy Zemly (Tectonics and metallogeny of
early Cimmerian structure of the Novaya Zemlya Archipelago) // Korago E., Kovaleva G., II’in V.,
Pavlov L. / S-Pb.: Nedra, 1992. p. 196.

Matveev V. Stratigrafija i brahiopody kamennougol’nyh otlozhenij ostrova Severnyj arhipelaga Novaja
Zemlja (Stratigraphy and brachiopods of carboniferous deposits of Severny Island of the Novaya
Zemlya Archipelago): Author’s abstract PhD in Geological and Mineral Sciences. Sankt-Peterburg.
gornyj in-t. St Petersburg, 1998, p. 19.

Matveev V., Stepanova T. Karbonatnye karkasnye postroyky v kamennougolnyh otlozheniyah na ostrove
Severny archipelaga Novaya Zemlya (Carbonate frame construction in carboniferous deposits on the



Ostrov Severny on the Novaya Zemlya Archipelago) // Types of sedimentogenezis and lithogenezis and
it evolution in the history of the Earth. T. II. Ekaterinburg: UGG Ur. of. RAS, 2008. p. 57-60.

Matveev V. Strukturnaya posizciya karbonatnih postroek v paleozoe na archipelage Novaya Zemlya
(Structural position of the carbonate constructions of Paleozoic on the Novaya Zemlya Archipelago) //
Reefs and carbonate psephitolithos. Materials of Russian lithological conference. Syktyvkar: Geoprint.
2010. p. 112-113.

Matveev V.P. Rif ostrova Berkha kak indikator paleotektonicheskikh kolebanij i izmenenij urovnya
morskogo bassejna v rannem karbone na arkhipelage Novaya Zemlya (The reef of the Berha Island as
an indicator of paleotectonic fluctuations and changes of sea level in the Early Carboniferous on the
Novaya Zemlya archipelago)/Geology of reef’s // Materials of Russian lithological conference.
Syktyvkar: IG Komi SD UrO RAS, 2015. p. 99-102.

Putevoditel’ ekspedicii na Barencevomorskoe poberezh’e arhipelaga Novaja zemlja (Guide of the
expedition to the coast of the Novaya Zemlya Archipelago in the Barents Sea). St Petersburg: 1zd-vo
VSEGE], 2014, p. 82.

Rifogennie i sul’phatonosnie formacii fanerosoya SSSR (Reef and sulfate formation in the Phanerozoic of
the USSR)/G. Beleniczkaja, N. Zadorozhnaja, A. Ioganson. Moscow: Nedra, 1990. p. 291.

Sovremennye i iskopaemye rify. Terminy i opredeleniya: spravochnik (Modern and ancient reefs. Terms
and definitions: reference book)/1.T. Zhuravleva, V.N. Kosmynin, V.G. Kuznetsov et al. — M.: Nedra,
1990. 184 p.

Tarasenko A. et al. Litologo-geohimicheskaya charakteristika rifovogo massiva ostrova Bercha
(archipelag Novaya Zemlya) (Lithological and geochemical characteristics of the reef’s massif of the
Berkha Island (the Novaya Zemlya archipelago))//Tarasenko A., Matveev V., Slaydneva D., Kirillova
D./Notes of Mining University/NMRU «Mining». S-Pb, 2015. T.212. p. 62-71.

Zciklicheskaja 1 sobytijnaja sedimentacija (Cyclic and event sedimentation). Translated from English;
edited by G. Einzele, A. Zeylaher. Moscow: Mir, 1985, p. 504.

Butt C.R. Nickel laterite ore deposits: Weathered serpentinites, Elements, 2013, 9, p. 123-128.

Edelstein LI. Petrology of the hyperbasites of the Tobol-Irgiz region of the Southern Urals and features of
the weathering crusts associated with them, M: Nauka, 1968. 200 p.

Freyssinet P., Butt C.R.M., Morris R.C., Piantone P. Ore-forming processes related to lateritic weathering,
Economic Geology 100th Anniversary. 2005, Volume, p. 681-722.

Geology and mineral resources of Russia, In 6 volumes. Volume 1: West of Russia and the Urals. Book 2:
The Urals. SPb: Publishing house VSEGEI 2011. 584 p.

Goldfarb R.J., Marsh E.E., Monecke T. Progress in understanding the evolution of nickel laterites, The
challenge of finding new mineral resources — Global metallogeny, innovative exploration, and new
discoveries: Society of Economic Geologists Special Publication 2010, 15, p. 451-485.

Marsh E.E., Anderson E.D., Gray F.U.S. Nickel-cobalt laterites: a deposit model, Geological Survey
Scientific Investigations Report 2011-5070-H. Chapter H. 38 p. 10.

Mikhailov B.M. On genesis of nickel ores of Ufaley (Middle Urals) // Lithology and mineral resources.
1997. Nel. P. 3—13.

Mikhailov B.M., Ivanov L.A. Problems of Fe-Co-Ni deposit Buruktal, South Urals. Applied metallogeny.
2003. Ne 1. C.5-12.

Mudd G.M. Global Trends and Environmental Issues in Nickel Mining: Sulfides Versus Laterites, Ore
Geology Reviews, 2010, 38 (1-2): p. 9-26.

Petrov O.V, Gurskaya L.I., Feoktistov V.P. Petrov O.V. Metallogeny of nickel and prospects of its raw
materials base development in Russia, Regional geology and metallogeny, 2013. T. 54. P. 64-74.

Razumova V.N. Ancient weathering crusts and hydrothermal process, M: Nauka, 1977, GIN, issue 303,
153 p.

Samama J.-C. Ore fields and continental weathering N.-Y.: Van Nostrand Reinhold Co Company Inc.,
1986, 326 p.

Talovina I.V. Geochemistry of the Urals oxide-silicate nickel deposits, National Mineral-resourses
University “Mining”. SPb, 2012. 270 p.

Talovina I.V., Heide G. Serpentines of chrysotile — pecoraite series as genesis indicators of nickel deposits
in the Urals weathering crusts/Journal of Mining Institute, Ne 221, 2016. p. 629-637.

Technological mineralogy of supergene nickel ores. Leningrad. Nauka — 1988, 274 p.



Amiri, M., Moghadasi, J. & Jamialahmadi, M. 2012. The prediction of calcium carbonate and calcium
sulfate scale formation in Iranian oilfields at different mixing ratios of injection water with formation
water. Petroleum Science and Technology 30(3): 223-236.

Amiri, M., Moghadasi, J. & Jamialahmadi, M. 2013. The effect of temperature on calcium sulfate scale
tendency in an Iranian oil reservoir and production equipment during water injection. Energy Sources,
Part A: Recovery, Utilization and Environmental Effects 35(23): 2264-2273.

Baraka-Lokmane, S. & Sorbie, K. 2010. Effect of pH and scale inhibitor concentration on phosphonate—
carbonate interaction. Journal of Petroleum Science and Engineering 70(1-2): 10-27.

Baraka-Lokmane, S., Sorbie, K., Poisson, N. & Kohler, N. 2009. Can green scale inhibitors replace
phosphonate scale inhibitors?: Carbonate coreflooding experiments. Petroleum Science and
Technology 277(4): 427—441.

Haghtalab, A. & Kiaei, Z. 2012. Evaluation of the effective parameters in synthesis of the nano-structured
scaling inhibitors applicable in oil fields with sea water injection process. Journal of Nanoparticle
Research 14(10): 1210-1220.

Jordan, M.M., Graft, C.J. and Cooper, K.N. 2001. Deployment of a scale squeeze enhancer and oil-soluble
scale inhibitor to avoid oil production losses in low water-cut well. SPE Production and Facilities
16(4): 267-276.

Khormali, A., Petrakov, D.G. & Nazari Moghaddam, R. 2017. Study of adsorption/desorption properties
of a new scale inhibitor package to prevent calcium carbonate formation during water injection in oil
reservoirs. Journal of Petroleum Science and Engineering 153: 257-267.

Khormali, A., Sharifov, A.R. & Torba, D.I. 2018. Increasing efficiency of calcium sulfate scale prevention
using a new mixture of phosphonate scale inhibitors during waterflooding. Journal of Petroleum
Science and Engineering 164: 245-258.

Li, J., Tang, M., Ye, Z., Chen, L. & Zhou, Y. 2017. Scale formation and control in oil and gas fields: A
review. Journal of Dispersion Science and Technology 38(5): 661-670.

Molchanov, A.A. & Ageev, P.G. 2017. Implementation of new technology is a reliable method of
extracting reserves remaining in hydro-carbon deposits. Journal of Mining institute 227:530-539.

Mollakhorshidi, A., Moghadasi, J. & Arabjamaloei, R. 2012. An experimental study of the effects of salt
solutions on formation damage in a water injection operation in petroleum reservoirs. Petroleum
Science and Technology 30(20): 2169-2184.

Zhang, S., Qu, H., Yang, Z., Fu, C.-E., Tian, Z. & Yang, W. 2017. Scale inhibition performance and
mechanism of sulfamic/amino acids modified polyaspartic acid against calcium sulfate. Desalination
419: 152-159.

Almaev, R.Kh. 1991. Influence of solutions of surfactants on the phase permeability of oil-saturated rocks,
Oil Industry. Vol. 2: 18-20.

Baykov, V.A. et al. 2014. Modeling of fluid flow to wells in low-permeability reservoirs with allowance
for non-linear, Oil Industry. Vol. 11: 54-58.

Evseev O.V. et al. 2013. Methods for investigating the fracture of auto-fracturing in injection wells.
Scientific and technical bulletin of OJSC “NK” Rosneft. Vol. 2: 29-35.

Gimatudinov, Sh.K. 1962. On the mechanism of the detergent action of waters of different compositions
in the displacement of oil from a porous medium. Oil Industry. Vol. 10: 43—48.

Kamal M.S. 2016. A review of gemini surfactants: a potential application in enhanced oil recovery.
Journal of Surfactants and Detergents. Vol. 19: 223-236.

Petrov NA et al. Cationic surfactants—effective inhibitors in the technological processes of the oil and gas
industry. St. Petersburg: Nedra.

Rogachev MK, Kuznetsova A.N. 2016. Research and development of solutions of surfactants for flooding
of low-permeability polymictic reservoirs. Scientific and technical journal “Engineer-oilman”. Vol. 1:
49-53.

Hesse, M. 2014. Selective comminution for pre-concentration at mineral processing. (issue
1): p. 225-228.

Hesse, M. 2017. Selektive Zerkleinerung von Erzen und Industriemineralen bei Prallbeanspruchung.
Freiberg: Technische Universitit Bergakademie Freiberg.

Hesse, M.; Lieberwirth, H., 2014. Selektive Zerkleinerung zur Fluorit/Baryt-Anreicherung bei der
Aufbereitung von Bergbauhalden. Chemie-Ingenieur-Technik volume 86 (issue 6): p. 797-805.



Kerl, B.; Wimmer, F. 1883. Biittgenbach’s System der Aufbereitung von Mineralien. Berg- und
Hiittenmdnnische Zeitung volume XLII (issue 7): p. 68—69.

Lange, R. 2000. Der Bergbau auf Flussspat in Marienberg/Erzgebirge 1955-1958, Drebach: Venusberg-
Spinnerei.

Masuda, H. & Higashitani, K. & Yoshida, H. 2006. Powder Technology Handbook. Taylor & Francis
Group.

Reiners, E. 1961. Der Mechanismus der Prallzerkleinerung beim geraden, zentralen Sto3 und die
Anwendung dieser Beanspruchungsart bei der Zerkleinerung, insbesondere bei der selektiven
Zerkleinerung von sproden Stoffen. Aachen: Technische Hochschule Aachen.

Sommer, O. 1955. Anreicherung von Reinkohle durch Absiebung von selektiv mittels Prallmiihlen
zerkleinertem Grobmittelgut. Bergfreiheit volume 20: p. 140—151.

Abramkin, S.E. & Dushin, S.E. 2017. Prospects for the development of control systems for gas producing
complexes. Proceedings of 2017 IEEE 2nd International Conference on Control in Technical Systems:
150-153.

Asadulagi, M.M. & Pershin, .M. 2017. Ways of modeling distributed systems with random effects.
Sovremennaya nauka i innovacii 17(1): 31-37. (in Russian).

Besekerskiy, V.A. & Popov, E.P. 2003. Theory of automatic control systems, 4th edition. Saint-
Petersburg: Professiya. (in Russian).

Drovosekova T.I. & Pershin .M. 2016. Peculiarities of modeling hydro-lithospheric processes in the
region of Kavkazskiye mineralnye vody (Caucasus mineral springs), Proceedings of the 19th
International Conference on Soft Computing and Measurements: 215-217.

Dushin, S.E. & Zotov, N.S. et al. 2005. Automatic control theory: Textbook for high schools. Moscow:
Vishayashkola. (in Russian).

Evseeva, M.M., Rud’, N.I. & Pershin, .M. 2012. The environmental conditions of the Kavkazskie
Mineralnye Vody (Caucasian Mineral Waters) health resort region, methods for their monitoring and
improvement. Voprosy kurortologii, fizioterapii, i lechebnoi fizicheskoi kultury 5: 68-71.

Grigoriev, V.V., Bistrov, S.V. & Boikov V.I. et al. 2013. Designing of regulators for stochastic systems
and plants with indeterminate parameters. Saint-Petersburg: NIU ITMO. (in Russian).

Ilyushin, Y.V. & Afanasieva, O.V. 2016c. Synthesis of a distributed control system. International Journal
of Control Theory and Applications 9(30): 41-60.

Ilyushin, Y.V. & Pervukhin, D.A. et al. 2016a. Solution of problem of heating elements’ location of
distributed control objects. Global Journal of Pure and Applied Mathematics 12(1): 585-602.

Ilyushin, Y.V. & Pervukhin, D.A. et al. 2016b. Optimal control of the temperature field of a complex
control system. International Journal of Control Theory and Applications 9(35): 23-36.

Leigh J.R. 2012. Control Theory, a guided tour, 3rd edition. Stevenage: The Institution of Engineering
and Technology.

Malkov, A.V. & Pershin, .M. 2012. Systems with distributed parameters. Analysis and synthesis.
Moscow: Nauchnyi mir. (in Russian).

Malkov, A.V., Pershin, .M. & Pomelyaiko, L.S. et al. 2015. Kislovodskoye field of carbonate mineral
water: system analysis, diagnosis, prognosis, control. Moscow: Nauka. (in Russian).

Pershin, .M. & Pervukhin, D.A. et al. 2017a. Design of distributed systems of hydrolithosphere processes
management. A synthesis of distributed management systems. /[OP Conference Series: Earth and
Environmental Science 87(3): paper Ne 032029.

Pershin, .M. & Pervukhin, D.A. et al. 2017b. Design of distributed systems of hydrolithospere processes
management. Selection of optimal number of extracting wells. /OP Conference Series: Earth and
Environmental Science 87(3): paper Ne 032030.

Pershin, .M. 2002. Synthesis of systems with distributed parameters. Pyatigorsk: RIO KMV. (in Russian).

Pershin, .M. 2005. Synthesis of systems with distributed parameters. Mechatronika, avtomatizatsia,
upravlenie 6: 2—-10. (in Russian).

Pershin, .M. 2007. Analysis and synthesis of systems with distributed parameters. Pyatigorsk: RIO KMV.
(in Russian).

Pershin, M.I. 2014. The study of dynamic characteristics of errors in approximation distributed objects.
Sovremennaya nauka i innovacii 8(4): 46-50. (in Russian).

Rapoport, E.Y. & Pleshivtseva, Y.E. 2017. Technology of solving multi-objective problems of control of
systems with distributed parameters. Optoelectronics, Instrumentation and Data Processing 53(4):
316-328.



Voronov, A.A. & Kim, D.P. et al. 1986. Automatic control theory. Part 1. Theory of linear systems of
automatic control. Moscow: Vishayashkola. (in Russian).

Alvarado, M. et al. 2017. A methodology to monitor airborne PM10 dust particles using a small unmanned
aerial vehicle. Sensors. 17(2).

Carpenter, S. & Brock, W. & Hanson, P. 1999. Ecological and social dynamics in simple models of
ecosystem management. Conservation Ecology 3(2): 4.

Genikchovich, E.L. et al. 2012. Modeling of air pollution characteristics for practical approach
Proceedings of Voeikov Main Geophysical Observatoty. 565: 49-78.

Danilov, A.S. & Smirnov, Y.D. & Korelsky, D.S. 2016. Promising method of remote environmental
monitoring of Russian oil and gas industry facilities. Oil Industry.2: 121-122.

Danilov, A.S. & Smirnov, Y.D. & Pashkevich, M.A. 2013. Estimation of quality of environment with the
use of small pilotless aircrafts. St. Petersburg: Jornal of Mining Institute. 204: 269-271.

Gatrell, J.D. & Jensen, R.R. & Patterson, M.W. & Hoalst-Pullen, N. 2016. Urban Sustainabillity: Policy
and Praxis, Switzerland.

Pagan, R.J. & Prasad, P. & Diniz da Costa, J.C. & Van Berkel, R. 2003. Cleaner production applications
for coal utilisation. /n: Richard Brown and QUT and Colleen Hanahan the National Environment
Conference, Brisbane, Queensland, Australia.

Prudden, S. et al. 2018. Measuring wind with Small Unmanned Aircraft Systems. Journal of Wind
Engineering and Industrial Aerodynamics. 176: 197-210.

Strake, L. 2016. Breaking New Groung: Mining, Minerals and Sustainable Development. Routledge.

Timofeeva, S.S. & Karpova, I.A. 2017. Estimation of environmental load on the atmosphere at the
production of brown coal. Irkutsk: Proceedings of the ISTU. 1(72): 47-53.

Vila, T. et al. 2016. An overview of small unmanned aerial vehicles for air quality measurements: Present
applications and future prospective. Sensors. 16(7).

Avershin S.G. Mining works under structures and reservoirs. Moscow: Ugletekhizdat, 1954. 324 p.

Gusev V.N. Assessment of water conducting fracture zones height by determining the boundary horizontal
deformation for geological conditions of the Yakovlevski mine/V.N.Gusev, D.A.Iliukhin,
A.E.Zhuravlev // Proceedings XV International ISM Congress 2013. Sep. 16-20 2013. Aachen, 2013.
P.600-610.

Gusev V.N. Forecast of safe conditions for development of the coal seams formation under water objects
on the basis of geomechanics of technogenic water-conducting cracks//Zapiski Gornogo instituta.
2016. T.221. P. 638-643

Gusev V.N. Geomechanics of technogenic water-conducting cracks/Saint-Petersburg. Mining Institute.
SPb, 1999. 156 p.

Gusev V.N. Patent 2477792 of the Russian Federation, C1, IPC E21C 39/00. Method for determination of
the height of the zone of water-conducting cracks over the worked out space in reservoir deposits /
V.N. Gusev, A.S. Mironov, D.A. Ilyukhin. 03/20/2013. Bul. Ne 8.

Gusev V.N. To the question of accounting for the thickness, mechanical properties and location of strata
layers during their bending//Mining information-analytical bulletin. 2000. T.6. P.128-129.

Gvirtsman B.Ya Safe excavation of coal under water objects/ B.Ya Gvirtsman, N.N. Katsnelson, E.V.
Boshenyatov, G.A. Nesterov, V.P. Samarin. Moscow: Nedra, 1977. 175 p.

Gvirtsman B.Ya. The size of the zones of water-conducting cracks in the development of the formation of
coal seams/B. Ya. Gvirtsman, V.N. Gusev, A.S. Yagunov//Labor Safety in Industry. 1980. Ne 8. P. 53—
54.

Instructions for observations of the displacement of the earth’s surface and the underworked buildings and
structures at the potash mines of the Verkhnekamskoye field. St. Petersburg-Perm, 2012.

Jincai Zhang. Coal mining under aquifers in China: a case study/Jincai Zhang, Baohong
Shen//International Journal of Rock Mechanics & Mining Sciences, 2004. N 41. P. 629-639.

Katznelson N.N. A new approach to the determination of the possibility of excavating coal under
watercourses and water bodies / N.N. Katsnelson, N.M. Nikolskaya//Sat. VNIMI. 1959. Ne 36. C.3-27.

Mohr F. Der Abbau unterWasser. “Schlagel und Eisen”, 1965. Nr 100, s. 634—641.

Norvatov Yu. A. Management of Hydrogeomechanical Processes at Underworking of Water
Objects/Yu.A. Norvatov, A.S. Mironov, V.N. Gusev//Methods, Technical Means of Surveying and
Study of the Process of Rock Shifting / VNIMI.L., 1988. P. 155-160.



Novokshonov V.N. Investigation of the process of development of technogenic cracks in the undermining
rock mass at the Starobinsky deposit/V.N. Novokshonov, A.F. Danilova, V.N. Deshkovsky, V.E.
Zeytts // Mining Journal. 2014. Ne 2. P. 19-22.

Rules for the protection of structures and natural objects from the harmful effects of underground mining
in coal deposits/VNIMI. SPb, 1998. 291 p.

Zhao Wen. Mechanical mechanism of forming process of bedded rock mass structures/Zhao Wen, V.N.
Gusev//China Mining Magazine (Bimonthly). 1997. Vol. 6. N 4 (SUM N 32). P. 52-55.

Begichev S.N. Laser centering in the orientation of underground surveying reference network [Lazernoe
centrirovanie pri orientirovanii podzemny’kh markshei’derskikh oporny’kh setei’], thesis of Doctor of
Science, 05.15.01, St. Petersburg, 1992, 19 p.

Borshch-Kompaniets V.I. Geodesy. Mine surveying [Geodeziia. Markshei’derskoe delo], Moscow, Nedra,
1989, 511 p.

Instructions for the production of mine surveying [Instruktciia po proizvodstvu markshei’derskikh rabot],
RD 07-603-03, St. Petersburg, TCOTPBSP, 2003, 112 p.

Mine surveying: a textbook for high schools [Markshei’derskoe delo: Uchebnik dlia vuzov], Ogloblin
D.N., Gerasimenko G.I., Akimov A.G. and others, 3rd ed. rev. and enl., Moscow, Nedra, 1981, 704 p.

Meshcheryakov A.V., Orlovsky S.V., The device for underground surveys optical orientation [Pribor dlia
opticheskogo orientirovaniia podzemny’kh s’emok], USSR author certificate No. 572890/26, cl.
GO01C15/12, 1957.

Minichev V.P., Tashlykov M.N., The method for orientation of a sublevel mine working through one
vertical working [Sposob orientirovaniia pode’tazhnoi’ gornoi’ vy’rabotki cherez odnu vertikal’nuiu
vy’rabotku], USSR author certificate No. 1128293, cl. GO1C15/12, 1987.

Ogloblin D.N. Mine surveying for underground mining [Markshei’derskie raboty’ pri podzemnoi’
razrabotke mestorozhdenii’], Chast’ III, Orientirovanie podzemnoi’ s’’emki [Part III, Orientation of
underground survey]. — Moscow, Govern. R&D publisher of literature on ferrous and nonferrous
metallurgy, 1953, 265 p.

Sokolov V.N., Kovtun M.I., Chernov V.A. and Frolov Yu. N. Optical plumb line with a self-aligning sight
line [Opticheskii’ otves s samoustanavlivaiushchei’sia liniei’ vizirovaniia], USSR author certificate
No. 261715, cl. GO1C15/10, 09.08.75.

Surveyor reference book [Spravochnik markshei’dera], 3 vol., Part II, Moscow, Publishing house “Gornoe
delo” “Kimiriysky Center” LLC, 2015, 432 p.

Mine surveying guide [Spravochnik po markshei’derskomu delu], Edited by prof. Omelchenko A.N., 4th
ed., rev. and enlarge, Moscow, Nedra, 1979, p. 576.

User’s manual. Trimble M3 Total Station. Version A 1.2.0 Part Number C216E.: Trimble Navigation
Limited Engineering and Construction Division 5475 Kellenburger Road Dayton, Ohio 45424-1099
USA. —2008: http://www.mcesurvey.com/files/Trimble M3 Total Station 080405.pdf.

Arsentyev V.A., Kotova E.L. 2016, New technology of dry beneficiation of fly ash from coal power plants
using applied mineralogy techniques. Journal of Mining Institute 220: 521-525.

Bityukova L., Motler R. 2010, Composition of oil shale ashes from pulverized firing and circulating
fluidized-bed boiler in Narva thermal power plants. Oil shale 27(4): 339-353.

Gerasimov A.M., Syroezhko A.M., Dronov S.V., Strakhov V.M. 2012, Influence of shale’s mineral
composition on its thermochemical processing with asphal. Coke and Chemistry 55(4): 150-154.

Kiilaots, 1., Goldfarb, J.L., Suuberg, E.M. 2010, Characterization of Chinese, American and Estonian oil
shale semicokes and their sorptive potential. Fuel 89(11): 3300-3306.

Lapidusa A.L., Golosman E.Z., Strizhakova Yu. A. 2011, Cobalt-cement catalysts for the synthesis of
motor fuel components from synthesis gas obtained from oil shale. Solid Fuel Chemistry 45(3): 175—
178.

Leimbi-Merike R., Tiina H., Eneli L., Rein K. 2014, Composition and properties of oil shale ash concrete.
Oil shale 31(2): 147-160.

Liu H. 2011, Pyrolysis of oil shale mixed with low-density polyethylene. Oil shale 28(1): 42—48.

Nazarenko M. Yu., Bazin V. Yu., Salticova S.N., Konovalov G.V. 2014, Physicochemical properties of
fuel shale. Coke and Chemistry 57(3): 129—133.

Nazarenko M.Yu., Kondrasheva N.K., Saltykova S.N. 2016, Efficiency of applying oil shale and ash-shale
wastes for water treatment from organic pollutants. Bulletin of the Tomsk Polytechnic University, Geo
Assets Engineering 327 (9): 95-101.


http://www.mcesurvey.com/files/Trimble_M3_Total_Station_080405.pdf

Nazarenko M. Yu., Kondrasheva N.K., Saltykova S.N. 2017, Sorption properties of fuel shale and spent
shale. Coke and Chemistry, 60 (2): pp. 86—89.

Patrakov Yu. F., Pavlusha E.S., Fedorova N.I., Strizhakova Yu. A. 2008, Composition of the products of
the supercritical benzene extraction of combustible shale from the Kashpirskoe deposit. Solid Fuel
Chemistry 42(2): 65-67.

Raado L-M., Rein K., Hain T. 2014, Oil shale ash based stone formation — hydration, hardening dynamics
and phase transformations. Oil shale 31(1):91-101.

Shabarov A.N., Nikolaeva N.V. 2016, Complex utilization of treatment wastes from thermal power plant.
Journal of Mining Institute 220: 607-610.

Smirnova, T.S., Vaxidova, L.M., Mirabidinov, Sh.N.U., 2013, Mineralno-syrevye resursy rossii i mirovoj
opyt prirodopolzovaniya [Mineral resources of Russia and the world experience of nature]. Vestnik
Permskogo nacionalnogo issledovatelskogo politexnicheskogo universiteta. Geologiya. Neftegazovoe i
gornoe delo 7: 7-17.

Strizhakova Yu. A., Usova T.V. 2008, Current trends in the pyrolysis of oil shale: A review. Solid Fuel
Chemistry 42(4): 197-201.

Syroezhko A.M., Oyunbold D., Slavoshevskaya N.V., Strakhov V.M. 2010, Influence of coal, shale, and
petrochemical binders and fillers on the properties of cold-rammed hearth mass. Coke and Chemistry
53(6): 222-227.

Wang H., Song W.L. 2011, Kinetic of isothermal and non-isothermal pyrolysis of oil shale. Oil shale
28(3): 415-424.

Wang Q., Bai J., Ge J., Wie Y.Z., Li S. 2014, Geochemistry of rare earth and other trace elements in
Chinese oil shale. Oil shale, 31(3): 266-277.

Xie F.F., Wang Z. Lin W.G., Song W.L. 2010, Study on thermal conversion of Huadian oil shale under N,
and CO, atmospheres. Oil shale 27(4): 309-320.

Xie Y., Xue H., Wang H., Lie Z., Rang C. 2011, Kinetics of isothermal and non-isothermal pyrolysis of
oil shale. Oil shale 28(3): 415-424.

Yudovich, Ya. E. 2013, Goryuchie slancy respubliki Komi [Shale oil of the Republic of Komi. Syktyvkar:
Geoprint, s. 90].

Ajmone-Marsan F. & Biasioli M. 2010. Trace elements in soils of urban areas. Water Air Soil Pollut 213:
121-143.

Alekseenko V. & Alekseenko A. 2014. The abundances of chemical elements in urban soils. Journal of
Geochemical Exploration. 147(B): 245-249.

Alekseenko V.A. et al. 2017a. Geochemical Barriers for Soil Protection in Mining Areas. Assessment,
Restoration and Reclamation of Mining Influenced Soils. Academic Press.

Alekseenko V.A. et al. 2017b. Metallisation and environmental management of mining site soils. Journal
of Geochemical Exploration 174: 121-127.

Alekseenko V.A. et al. 2017c. Natural Restoration of Mining Influenced Soils in the Northwestern
Caucasus, Russia. Assessment, Restoration and Reclamation of Mining Influenced Soils. Academic
Press.

Bangian A.H. et al. 2012. Optimizing post-mining land-use for pit area in open-pit mining using fuzzy
decision making method. International Journal of Environmental Science and Technology. 9: 613—-628.

Barber L.B. et al. 2006. Chemical loading into surface water along a hydrological, biogeochemical, and
land use gradient: a holistic watershed approach. Environ Sci Technol 40: 475-486.

Bech J. et al. 2015. Geochemical distribution of potentially harmful elements in periurban soils of a
Mediterranean region: Manresa (Catalonia, Spain). Fresenius Environmental Bulletin 24(12A): 4379—
4389.

Cao X. 2007. Regulating mine land reclamation in developing countries: The case of China. Land-use
Policy 24(2): 472-483.

Chodak M. & Niklinska M. 2010. Effect of texture and tree species on microbial properties of mine soils.
Appl Soil Ecol 46: 268-275.

Doley D. et al. 2012. Examining the Australian context for post-mined land rehabilitation: Reconciling a
paradigm for the development of natural and novel ecosystems among post-disturbance landscape.
Agriculture, Ecosystems and Environment 163: 85-93.

Gallagher F.J. et al. 2008. Soil metal concentrations and vegetative assemblage structure in an urban
brownfield. Environ Pollut 153: 351-361.



Kulmala M. et al. 2004. Formation and growth rates of ultrafine atmospheric particles: a review of
observations. J Aerosol Sci 35: 143-176.

Mendez M.O. & Maier R.M. 2008. Phytoremediation of mine tailings in temperate and arid environments.
Reviews Environmental Science and Biotechnology 7: 47-59.

Ansong, M., Mensah, L.D., & Adaramola, M.S. (2017). Techno-economic analysis of a hybrid system to
power a mine in an off-grid area in Ghana. Sustainable Energy Technologies and Assessments, 23, 48—
56.

Arent, D.J., Wise, A., & Gelman, R. (2011). The status and prospects of renewable energy for combating
global warming. Energy Economics, 33(4), 584-593.

Armaroli, N., & Balzani, V. (2007). The future of energy supply: challenges and opportunities.
Angewandte Chemie International Edition, 46(1-2), 52—66.

Awuah-Offei, K. (2016). Energy efficiency in mining: a review with emphasis on the role of operators in
loading and hauling operations. Journal of Cleaner Production, 117, 89-97.

Baig, M.H., Surovtseva, D., & Halawa, E. (2015). The potential of concentrated solar power for remote
mine sites in the Northern territory, Australia. Journal of Solar Energy, 2015.

Belsky, A.A., Skamyin, A.N., & Iakovleva, E.V. (2016). Configuration of a standalone hybrid wind-diesel
photoelectric unit for guaranteed power supply for mineral resource industry facilities. International
Journal of Applied Engineering Research, 1(11), 233-238.

Bravo, R., & Friedrich, D. (2018). Two-stage optimisation of hybrid solar power plants. Solar Energy,
164, 187-199.

British Petroleum, B.P. (2017). Statistical Review of World Energy, 2017.

Choi, Y., & Song, J. (2017). Review of photovoltaic and wind power systems utilized in the mining
industry. Renewable and Sustainable Energy Reviews, 75, 1386—1391.

Chowdhury, O., & Tripathy, D.P. (2014). Design of haul road illumination system for an opencast coal
mining project—a case study. LEUKOS, 10(3), 133-143.

Chueco, F., Lopez, F., & Bobadilla, M. (2015). Technical and economic evaluation of fluorescent and
LED luminaires in underground mining. A case study: New mine level of El Teniente. Energy and
Buildings, 93, 16-22.

Denholm, P., Jorgenson, J., Miller, M., Zhou, E., & Wang, C. (2015). Methods for Analyzing the
Economic Value of Concentrating Solar Power with Thermal Energy Storage (No. NREL/TP--6A20-
64256). National Renewable Energy Laboratory (NREL), Golden, CO (United States).

Fortov, V., & Popel, O. (2013). Vozobnovlyaemyye istochniki energii v mire iv Rossii [Renewable
energey sources in the world and in Russia]. Energeticheskiy vestnik [Energy bulletin], 16, 20-31.

Franz, M., & Wenzl, F.P. (2017). Critical Review on Life Cycle Inventories and Environmental
Assessments of LED-Lamps. Critical Reviews in Environmental Science and Technology, 47(21),
2017-2078.

Gorbacheva, N.V., & Sovacool, B.K. (2015). Pain without gain? Reviewing the risks and rewards of
investing in Russian coal-fired electricity. Applied energy, 154, 970-986.

Holmberg, K., Kivikyto-Reponen, P., Harkisaari, P., Valtonen, K., & Erdemir, A. (2017). Global energy
consumption due to friction and wear in the mining industry. 7ribology International, 115, 116—139.
Jayawardena, A., Duffy, D., & Manahan, J. (2015, October). Impact of light on safety in industrial
environments. In Petroleum and Chemical Industry Committee Conference (PCIC), 2015 IEEE (pp. 1-

9). IEEE.

Kannan, N., & Vakeesan, D. (2016). Solar energy for future world: — A review. Renewable and
Sustainable Energy Reviews, 62, 1092—1105.

Kovshov, S., & Kovshov, V. (2015). Chemical Technology of Dust Suppression on Open-Pit Mines.
International Journal of Ecology & Development™, 30(3), 55-67.

Kovshov, S.V., & Kovshov, V.P. (2014). Biogenic Fixation of Dusting Surfaces. Life Science Journal,
11(9), 401-404.

Levesque, M., Millar, D., & Paraszczak, J. (2014). Energy and mining—the home truths. Journal of cleaner
production, 84,233-255.

Limanskiy, A.V., & Vasilyeva, M.A. (2016). Using of low-grade heat mine water as a renewable source of
energy in coal-mining regions. Ecological Engineering, 91, 41-43.

Mills, S. (2018). Combining solar power with coal-fired power plants, or cofiring natural gas. Clean
Energy. https://doi.org/10.1093/ce/zky004.


http://https/doi.org/10.1093/ce/zky004

Murray, C., Platzer, W., & Petersen, J. (2017). Potential for solar thermal energy in the heap bioleaching
of chalcopyrite in Chilean copper mining. Minerals Engineering, 100, 75-82.

Nieuwenhout, F.D.J., Van Dijk, A., Lasschuit, P.E., Van Roekel, G., Van Dijk, V.A.P., Hirsch, D., ... &
Wade, H. (2001). Experience with solar home systems in developing countries: a review. Progress in
Photovoltaics: Research and Applications, 9(6), 455—474.

Pal, N., Krishna, S.V., Gupta, R.P., Kumar, A., & Prasad, U. (2012). Haul roads lighting system for open
cast mine using green energy. In Proceedings of the International MultiConference of Engineers and
Computer Scientists (Vol. 2).

Panwar, N.L., Kaushik, S.C., & Kothari, S. (2011). Role of renewable energy sources in environmental
protection: a review. Renewable and Sustainable Energy Reviews, 15(3), 1513-1524.

Paredes-Sanchez, J.P., Villicaiia-Ortiz, E., & Xiberta-Bernat, J. (2015). Solar water pumping system for
water mining environmental control in a slate mine of Spain. Journal of Cleaner Production, 87, 501—
504.

Pavel, C.C., Marmier, A., Tzimas, E., Schleicher, T., Schiiler, D., Buchert, M., & Blagoeva, D. (2016).
Critical raw materials in lighting applications: Substitution opportunities and implication on their
demand. physica status solidi (a), 213(11), 2937-2946.

Sammarco, J.J., & Lutz, T. (2011). Visual performance for incandescent and solid-state cap lamps in an
underground mining environment. /[EEE Transactions on Industry Applications, 47(5), 2301-2306.

Song, J., & Choi, Y. (2015). Design of photovoltaic systems to power aerators for natural purification of
acid mine drainage. Renewable Energy, 83, 759—766.

Song, J., & Choi, Y. (2016). Analysis of the potential for use of floating photovoltaic systems on mine pit
lakes: Case study at the ssangyong open-pit limestone mine in Korea. Energies, 9(2), 102.

Sanchez, J.P.P. (2018). Solar energy applications in mining: a case study. In Awuah-Offei K. (eds) Energy
Efficiency in the Minerals Industry (pp. 273-285). Springer, Cham.

Tripathi, A., Murthy, C.S., & Aruna, M. (2016). Influence of mine environmental parameters on the
performance of solar energy system—a review. Concurrent Advances in Mechanical Engineering, 2,
1-5.

Vyhmeister, E., Muifioz, C.A., Miquel, J.M.B., Moya, J.P., Guerra, C.F., Mayor, L.R., ... & Reyes-Bozo,
L. (2017). A combined photovoltaic and novel renewable energy system: An optimized techno-
economic analysis for mining industry applications. Journal of Cleaner Production, 149, 999-1010.

Wang, W., Wang, Y., Song, W., & Shi, G. (2016). Evaluation of infrared heat loss of dust-polluted surface
atmosphere for solar energy utilization in mine area. International Journal of Hydrogen Energy,
41(35), 15892-15898.

WCA, Coal & electricity, http://www.worldcoal.org/coal/uses-coal/coal-electricity, 2018.

Xu, J., Gao, W., Xie, H., Dai, J., Lv, C., & Li, M. (2018). Integrated tech-paradigm based innovative
approach towards ecological coal mining. Energy, 151, 297-308.

Ye, R., Xiang, C., Lin, J., Peng, Z., Huang, K., Yan, Z., ... & Ceriotti, G. (2013). Coal as an abundant
source of graphene quantum dots. Nature communications, 4, 2943.

Zhang, L., Wang, J., & Feng, Y. (2018). Life cycle assessment of opencast coal mine production: a case
study in Yimin mining area in China. Environmental Science and Pollution Research, 25(9), 8475—
8486.

Aboutanios, E. 2017. An Adaptive Clarke Transform Based Estimator for the Frequency of Balanced and
Unbalanced Three-Phase Power Systems. 25th European Signal Processing Conference, EUSIPCO
2017 2017-Janua (1):1001-5.

Besselmann, Thomas J., Andrea Cortinovis, Sture Van de moortel, Arne Marius Ditlefsen, Mehmet
Mercangoz, Harald Fretheim, Pieder Joerg, Erling Lunde, Terje Knutsen, and Tor Olav Stava. 2017.
Increasing the Robustness of Large Electric Driven Compressor Systems During Voltage Dips. /EEE
Transactions on Industry Applications 9994 (c):1-9.

Bharadwaj, Ch. Anil, and Suman Maiti. 2016. Modular Multilevel STATCOM with Energy Storage. In
2016 11th International Conference on Industrial and Information Systems (ICIIS), 730-35.

Bollen, M.H.J. 1996. Voltage Sags: Effects, Mitigation and Prediction. Power Engineering Journal 10
(3):129-35.

Chatzivasileiadi, Aikaterini, Eleni Ampatzi, and Ian Knight. 2011. Characteristics of Electrical Energy
Storage Technologies and Their Applications in Buildings. Cardiff University.

Costa, Flavio B., and Johan Driesen. 2013. Assessment of Voltage Sag Indices Based on Scaling and
Wavelet Coefficient Energy Analysis. IEEE Transactions on Power Delivery 28 (1):336-46.


http://www.worldcoal.org/coal/uses-coal/coal-electricity

Drury, Gerrard, Vic Gosbell, Phil Ciufo, Vic Smith, Sarath Perera, and Sean Elphick. 2015.
Characteristics of Power Quality Disturbances in Australia: Voltage Dips at Low-Voltage Sites. /ET
Generation, Transmission & Distribution 9 (15):2382-88.

Katic, Vladimir A., and Aleksandar M. Stanisavljevic. 2017. Novel Voltage Dip Detection Algorithm
Using Harmonics in the Dip’s Transient Stage. In IECON 2017-43rd Annual Conference of the IEEE
Industrial Electronics Society, 351-56.

Leborngne, Roberto Chouhy. 2005. Voltage Sags Characterisation and Estimation. Chalmers University of
Technology.

Perez, Enrique, and Julio Barros. 2006. Voltage Event Detection and Characterization Methods: A
Comparative Study. In 2006 IEEE/PES Transmission & Distribution Conference and Exposition: Latin
America, 15:1-6.

Shonin, O B, S B Kryltcov, and N G Novozhilov. 2017. The Digital Algorithm for Fast Detecting and
Identifying the Asymmetry of Voltages in Three-Phase Electric Grids of Mechanical Engineering
Facilities. In MEACS2016, 1-6.

Wang, Ying, Azam Bagheri, Math H.J. Bollen, and Xian Yong Xiao. 2017. Single-Event Characteristics
for Voltage Dips in Three-Phase Systems. /EEE Transactions on Power Delivery 32 (2):832-40.

Weldemariam, L.E., V Cuk, and J.F.G. Cobben. 2016. Weighting Factors for Estimating the Economic
Impact of Voltage Dips. In 2016 IEEE International Conference on Power System Technology
(POWERCON), 1-6.

Zyl, Annabelle Van, Rene Spee, Alex Faveluke, and Shibashis Bhowmik. n.d. Voltage Sag Ride-Through
for Adjustable Speed Drives with Active Rectifiers. In IEEE Industry Applications Society Annual
Meeting, 486-92. New Orleans, Louisiana.

Abramovich, B.N. & Sychev, Y.A. 2016, Energy safety of technological processes of oil extraction,
Neftyanoe Khozyaystvo — Oil Industry, 9 120-123.

Abramovich B., Sychev Y. (2016). Problems of ensuring energy security for enterprises from the mineral
resources sector. Zapiski Gornogo Instituta — Journal of Mining Institute, 217(1) 132—139.

Annual statistics of world energy URL: https://yearbook.enerdata.ru.

Arutyunov VS Lisichkin GV (2017). Energy Russ Chem Rev 86(8) 777-804.

Bahga A, Madisetti V K 2016. Blockchain platform for industrial Internet of Things J. Softw. Eng. Appl 9
(10) 533.

Belsky A., Skamyin A. and lakovleva, E. 2016. International Journal of Applied Engineering Research
11(1) 233-238.

BP Global URL: https://www.bp.com.

Christidis K, Devetsikiotis M, 2016. Blockchains and Smart Contracts for the Internet of Things IEEE
Access 4 2292-2303.

Cummings CL Rosenthal S Enviro Sys Decis (2018). 38(2) 208-215.

EES EAEC-private, information-analytical, energy website, URL: http://www.eeseaec.org.

European Commission URL: http://ec.europa.eu

Ginters, E., Cirulis, A., Blums, G. 2013. Markerless outdoor AR-RFID solution for logistics Procedia
Computer Science, 25, pp. 80—89.

Gibon T., Arvesen A., Hertwich E.G., Renewable Sustainable Energy Rev (2017) 76 1283-1290.

Global Infrastructure outlook URL: https://outlook.gihub.org/.

International Energy Agency URL: https://www.iea.org.

International renewable energy agency URL: http://www.irena.org.

Kozyaruk A. 2016. Energy efficient electromechanical systems of mining and transport machines. Zapiski
Gornogo Instituta — Journal of Mining Institute, 218 (2) 261-2609.

Kuznetsov P Solyonyj S Sychev Y Abramovich B (2018). MATEC Web of Conferences (St. Petersburg:
EDP Sciences) 161 2010.

Levonevskiy D, Vatamaniuk I, Saveliev A. 2017. International Conference on Interactive Collaborative
Robotics Springer, Cham 134-143.

Mourtzis, D., Zogopoulos, V., Vlachou, E. 2017. Augmented Reality Application to Support Remote
Maintenance as a Service in the Robotics Industry Procedia CIRP, 63, pp. 46-51.

Myhrvold NP Caldeira K (2012). Environ Res Lett 7(1) 014019.

Nishijima S., Eckroad S., Marian A., Choi K., Kim W.S., Terai M. (2013). Supercond Sci Technol 26(11)
113001.

Pashke M. 2017. Zapiski Gornogo Instituta — Journal of Mining Institute 226 (4) 487.


http://https/yearbook.enerdata.ru
http://https/www.bp.com.
http://www.eeseaec.org/
http://ec.europa.eu/
http://https/outlook.gihub.org/
http://https/www.iea.org
http://www.irena.org/

Safina, E., Khokhlov, S. 2017 Paradox of alternative energy consumption: Lean or profligacy?
International Journal for Quality Research, 11 (4), 903-916.

U.S. Energy information administration URL: https://www.eia.gov.

World energy council URL: https://www.worldenergy.org/.

Yegorov Y. (2016). Region 3(1) 89-106.

Yu L Zhukovskiy, N A Korolev, I S Babanova and A V Boikov IOP Conf. Series: Earth and
Environmental Science 87 (2017) 032055.

Zhukovskiy, Y. & Malov, D. 2018, “Concept of Smart Cyberspace for Smart Grid Implementation”,
Journal of Physics: Conference Series.

Zhukovskiy, Y.L., Vasilev, B.U. & Koteleva, N.I. 2017, “Quality estimation of continuing professional
education of technical specialists”, Proceedings of the 2017 International Conference “Quality
Management, Transport and Information Security, Information Technologies”, IT and QM and IS 2017
704-707.

Bunin, M.V. Ryazantseva, L.A. Samuseva, Khabarova I.A. theoretical and practical application of
combined physico-chemical and energetic effects on geo-materials and aqueous suspensions./Mining
Journal 2017. No. 11. p. 65-73.

Chanturia, V.A. Scientific basis and development of innovative processes of complex processing of
mineral raw materials//Mining journal. 2017. No. 11. p. 3. 57-63.

Chen T., C. Lei, B. Yan, Xiao X. extraction of metals from the tailings of sulphide copper using the
technology of leaching and fractional precipitation//Hydrometallurgy. — 2014.- Thom. 147-148. — p.
178-182.

Ermolovich O.V. Ermolovich, E.A., composite fillers with mechanically activated waste concentrated//
Izvestia of the Tula State University. geoscience. Question 3. 2016. p. 13-24.

Evdokimov S.1., Evdokimov S.V. Flotation of technogenic tungsten-molybdenum resources at the disposal
of the tailings and processing plant tarnavskogo// Mining journal. 2015. No. 8. p. 91-96.

Golik V., Yury Dmitrak the transportation of solidified mixtures during underground mining operations.
In: E3 s Web of Conferences the second international innovative Mining Symposium. 2017.

Golik V.I., Y.V. Dmitrak the transportation of tailings metal leaching. In: E3 s Web of Conferences the
second international innovative Mining Symposium. 2017.

Guzanov, S.P., E.A. Lytneva, Anushenkov, A.N., Volkov E.P. filling mixtures on the basis of waste of
enrichment of ore in underground mining systems in the Norilsk industrial region // Mountain
magazine. 2015. No. 6. p. 123-128.

Kachurin N.M. Stas G.V., Kalaev, S.Z., Korchagina T.B. Environmental assessment of effectiveness of
environmental protection and conservation activities by underground method// Izvestiya of Tula State
University. geoscience. 2016. No. 3. p. 63-81.

Kaplunov D.R. Kaplunov D.R. a Theoretical basis for the design of operation of ores: formation and
development// Mining magazine. 2014. No. 7. p. 49-51.

Kaplunov D.R., Radchenko D.N. principles of design and selection of technologies for mining, ensuring
the sustainable development of underground mines. Gorny Zhurnal. 2017. No. 11. p. 68-75.

Kumykova, T.M., Kumykov V.H. Method of forming and loading-transport systems in deep open pits
mine complex// journal of mining science. 2017. No. 4. p. 105-117.

Lyashenko V.I., Franchuk V.P., Kisliy B.P. Modernization of technical and technological complex of
uranium mining. Gorny Zhurnal. 2015. No. 1. p. 101-107

Predictions of dilution and ore losses: strategies and considerations// SME annual conference and Expo
and the 117th national Western conference for the mining industry mining: navigating the global
waters. Denver, United States. — 2015. p. 529-532.

Sekisov A.G.,. Shevchenko Yu. S., Lavrov A. Yu. Prospects of underground leaching in gold
mines//journal of mining science 2016. No. 1. p. 110-116.

Tomashenko, V.I. Vasilyev, P.V., Maslennikov S.A. a reliable raw material base for underground mining
KMA// Izvestia of the Tula State University. geoscience. Issue 2. 2016. p. 101-114.

Tomashenko, V.I. Vasilyev, P.V., Maslennikov S.A. a reliable raw material base for underground mining
KMA// Izvestia of the Tula State University. geoscience. Issue 2. 2016. p. 95-101.

Urakaev F.H., Yusupov, T.S., Numerical Evaluation of the kinematic and dynamic characteristics of
processing of mineral raw materials in Disintegrator// journal of mining science. 2017. No. 1. p. 127—
135.


http://https/www.eia.gov
http://https/www.worldenergy.org/

Zakharov L.V., Voroshilov A.G., Terekhina Yu. V. online technology store waste (tailings) x-ray
radiometric separation in empty space career Primorsky GOK//Mining journal. 2016. No. 1. p. 90-97.

Zoteev O.V., Kalmykov V.N., A. Gogotin A., Sold N. The main methods of selection of technology of
storage of waste ore dressing in underground quarries and the collapse of the zone. Gorny Zhurnal.
2015. No. 11. p. 79-86.

Bernshtejn, M.L. 1968. Termomechanical treatment of metals and steels. Moscow: Metallurgy.

Bhadeshia, H.K.D.H. et al. 2006. Steels: Microstructure and properties. Oxford.

Bobrov, V.L. 2012. Increase of wear resistance of tangential cutters of roadheaders by improvement of
heat treatment. Saint Petersburg.

Bolobov, V.I. et al. 2014. To the effect of rock strength on its abrasive properties. Mining equipment and
electromechanics. 9: 40—43.

Chupin, S.A. 2016. Increasing of wear resistance of rotary cutters of roadheaders for carrying out
workings on rocks of medium strength. Saint Petersburg.

Fedorova, L.V. et al. 2017. Improvement of threaded joint reliability by means of electromechanical
processing. Journal of Mining Institute. 221: 456-461.

Gajewski J. et al. 2008. Artificial Intelligence methods in the study of cutting heads knives. Warsaw.

Horeshok, A.A. et al. 2013. Production and operation of the destructive tool of mining machines:
monograph. Tomsk.

Hrushhov, M.M. et al. 1960. Study of metal wear. Moscow: Academy of science USSR.

Krapivin, M.G. et al. 1990. Mining tools. Moscow.

Lahtin, Ju.M. et al. 1990. Material science. Moscow: Mechanical engineering.

Levankovskij, L.A. et al. 1998. Analysis and assessment of the influence of the main factors and
conditions on the wear of rotary incisors in the operation of roadheaders. Destruction of rocks and
composite materials by turning incisors: a collection of scientific papers. 1: 81-109.

Liu S. et al. 2017. Experimental research on wear of conical pick interacting with coal-rock. Engineering
Failure Analysis. 74: 172-187.

Ljuboshhinskij, D.M. et al. 1961. Destruction of coals by executive bodies of excavating machines.
Moscow.

Naumov, A.A. et al. 2013. Novel Physical Simulation Technique Development for Multistage Metal
Plastic Deformation Processing. Material science forum. 762: 62—69.

Petrova, S.N. et al. 1960. Hardening of steels. Moscow.

Rong H. et al. 2011. Dependence of wear behaviors of hardmetal YG8B on coarse abrasive types and their
slurry concentrations. Wear. 271:1156-1165.

Seraj, R.A. et al. 2016. Microstructural evolution and wear resistance of friction stir-processed AISI
52100steel. Metallurgical and materials transactions A. 47: 3564-3572.

Simoneau A. et al. 2006. Chip formation during microscale cutting of a medium carbon steel.
International Journal of Machine Tools and Manufacture. 46:467—481.

Thuro, K. et al. 1998. Geological limits in roadheader excavation — four case studies. 8th Internationall
AEG Congress. 2: 3545-3552.

William, D.C. 2014. Materials Science and Engineering. Hoboken.

Sandler GH. Reliability systems engineering. 1963. Englewood Cliffs, NJ: Prentice-Hall.

Bazovsky 1. 1961. Reliability theory and practice. New York: Dover Publications Inc.

Voloshin N.N., Gashiyev V.I. 1974. Reliability of the process units and equipment in dressing plants.
Moscow: Nedra.

Alekseyeva T.V., Babanskaya V.D., Basta T.M., et al. 1989. Technical diagnostics of hydraulic drives.
Moscow: Mashinostroyenie.

Turchaninov S.P.. 1971. Hydroabrasive wear of metals at cavitation. Moscow: Mashinostroyenie.

Smoldyrev AE. 1980. Pipeline transportation. Moscow: Nedra.

Karimi A., Verdon C., Barbezat G. 1993. Microstructure and hydroabrasive wear behavior of high-
velocity oxy-fuel thermally sprayed Wc-Co (Cr) coatings. Surface and Coating Technology. 57(1):81—
95.

Romashev A.O., Aleksandrova T.N., For the issue of statistical verification of data for beneficiation of
ores with various geneses/ARPN Journal of Engineering and Applied Sciences, Ne 19, Vol 12, 2017. p.
5613-5619.



Sherington I, Hayhurst P. 2001. Simultaneous observations of the evolution of debris density and friction
coefficient in dry sliding steel contacts. Proceedings of the 9th Nordic Symposium on Tribology;
249(3-4):182-7.

Yao M, Page NW. 2001. Friction measurements on Ni-Hand 4 during high pressure crushing of silica.
Wear. 249:116-25.

Aleksandrov V.1, Menshikov C.C. 2014. Quotient of slurry pump technical state. Natural and
Engineering Sciences; 4:66-71.

Vasilyeva M.A., Voeth S., 2016. Investigation of the polymer material of the working chamber-channel of
the magnetic pump for pumping heavy oils. Notes of the Mining Institute, 221: 651-654.

Lu B., Lamnawar K., Maazouz A., 2017. Rheological and dynamic insights into an in situ reactive
interphase with graft copolymers in multilayered polymer systems. Soft matter, 13/13: 2523-2535.

Berta M., Wiclund J., Kotse R. 2016. Correlation between in-line measurements of tomato ketchup shear
viscosity and extensional viscosity Journal of Food Engineering. 173: 8-14.

Gusev V.P. Fundamentals of hydraulics. Ecological and technologycal aspects of ash and slag wastes
utilization. 2009 Textbook/Tomsk. TPU Publishing House. 172 p.

Aleksandrova T.N., Korchevenkov S.A. 2017. Journal of Ecological Engineering, 4 (18): 15-24.

Aleksandrov V.I., Vasilyeva M.A., Pomeranets 1.B. 2017. Estimation of efficiency of hydrotransport
pipelines polyurethane coating application in comparison with steel pipelines. JOP Conference Series:
Earth and Environmental Science, 87(8): 22001-22001.

Alexandrov V.I., Dedushenko I.A., Avksentiev S.Yu. 2017. Energy efficiency of using pipes lined with
polyurethane. Mineral Processing Journal. 2: 54-59.

Alexandrov V., Vasilyeva M. 2017. Estimation of efficiency of hydrotransport pipelines polyurethane
coating compared to steel pipelines. /8th International Conference on Transport and Sedimentation of
Solid Particles. 19-26.

Cao, G., Zhu, Z., Peng, W., Mao, X., (2010) Modeling and natural frequency characteristics of coupled
vibration with varying length of hoisting rope in drum winding system. 2010 International Conference
on Computing, Control and Industrial Engineering, CCIE 2010 Vol. 2:367-370.

Cao, G.-H., Zhu, Z.-C., Peng, W.-H., Shao, X.-G. (2009) Coupled vibration of hoisting rope during
tramcar pushing into or out cage in winding hoist system. Meitan Xuebao/Journal of the China Coal
Society 34(5):702-706.

Cao, G.-H., Zhu, Z.-C., Peng, W.-H., Shao, X.-G., (2010) Extension-torsionally coupled vibration of wire
rope in a variable mass hoisting system. Zhendong yu Chongji/Journal of Vibration and Shock
29(2):64-68.

Cholewa W., (1989) Determination of stresses in hoisting ropes in multi-rope friction hoists. Mining
Science and Technology 9(1):101-106.

Dmitriev, V.T., Timukhin, S.A., Simisinov, D.I., Karyakin, A.L, (2017) Analysis of energy parameters of
mine hoists Gornyi Zhurnal (8):70-72.

Greenway, M.E, (2008) Lateral stiffness and deflection of vertical ropes with application to mine shaft
hoisting. Australian Journal of Mechanical Engineering, 5(1), c. 59-70.

Kacy K, (2010) Brake control strategy reducing after-stop conveyance oscillations. Hoist and Haul 2010 —
Proceedings of the International Conference on Hoisting and Haulage p. 3-7.

Su, R., Ding, W., Peng, C. 2010. Vibration analysis of multi-rope friction hoist and shaft tower 2010
International Conference on Measuring Technology and Mechatronics Automation, ICMTMA 2010 p.
1071-1074.

Trifanov G.D, Strelkov M.A, Zverev V.V, (2015) Minimization of dynamic loading in wire ropes of mine
hoisting systems. Gornyi Zhurnal, 2015 (8): 92-95.

Vagin V.S., Kurochkin A.I, Karpesh A.A, (2017) Compact mobile Sinking Hoists Creation Prospects.
Procedia Engineerng. 206:21-24.

Wang, J., Cao, G., Song, J., Wu, R. Winding modeling and driving method of varying length rope based
on ADAMS. Applied Mechanics and Materials 201-202: 43—46.

Wolny S, (2011) Dynamic loading of conveyances in normal operating conditions. Archives of Mining
Sciences. Vol.56(4): 665—682.

Wolny S, Plachno M, (2009) Experimental verification of bearing rope loading in typical operating
conditions of the hoisting installation Archives of Mining Sciences. Vol.54(3): 531-542.



Chekmasov, N.V. & Shishljannikov, D.I. & Trifanov M.G. 2013. Evaluation of Efficiency of Potash
Block with Incisors of Executive Bodies of Machines Ural-20R, Higher Education Institution News.
Mining Journal 6: 103—107.

Chupin, S.A. & Bolobov, V.I. & Maksimov, A.B. 2016. Studying Influence of Thermal Mechanical
Treatment of Material of Indexable Incisor Holder Material in terms of its Hardness, Mining
Equipment and Electromechanics 9: 38-41.

Cutting Tool, Mining Information Analytical Bulletin (Scientific and Technical Journal) 5: 113-119.

Gabov, V.V. & Shishljannikov, D.I. & Chekmasov, N.V. 2012. Increasing Efficiency of Potash Ore
Separation from Mountain Massif with the Use of Echelon Symmetrical Cross Cutting Pattern, Mining
Equipment and Electromechanics11: 41-44.

Huang XD, Zhang XM, Leopold J, Ding H Analytical Model for Prediction of Residual Stress in Dynamic
Orthogonal Cutting Process // Journal of manufacturing science and engineering-transactions of the
asme. 2018. Vol. 140. Iss. 1. Ne article 011002.

Klejnert H.-V. New results obtained at the experimental stand “Cutting heads for selective harvesters” //
Gljukauf. 1982. — Ne 9: 33-39.

Krestovozdvizhensky PD, Klishin VI, Nikitenko SM, Gerike PB Selection of the shape of reinforcing
inserts for tangential rotary cutters of mining machines // Physico-technical problems of mining. 2014.
No. 6: 107-115.

Lavrenko, S.A. & Yungmeister, D.A. & Shishljannikov, D.I. & Yusupov, G.A. 2015. Simulation of the
Process of Destruction of the Array of Cambrian Clays By Cutters Actuating Device of Sinking
Machinery in terms of OJSC “Metrostroy”, International Journal of Applied Engineering Research?:
16409-16417. Saint-Petersburg.

Lavrenko, S.A. & Korolev, I. A. 2018. Research of Destruction of Cambrian Clays with Cutting at
Tunneling of Pits of Saint-Petersburg Subway, Mining Journal 2: 53-58.

Lavrenko, S.A. & Trufanova, I.S. 2015. Experimental Research of Destruction of Cambrian Clays with.

Posin, E.Z. The destruction of coal mining machines/ E.Z. Posin, V.Z. Melamed, V.V. Ton. — M.: Nedra,
1984. — P. 288.

Protoseny, A.G., Mechanics of underground structures. Spatial models and monitoring/A.G., Protoseny,
Y.N. Ogorodnikov, P.A. Demenkov, M.A. Karasev, M.O. Lebedev, D.A. Potemkin, E.G., Kozin. —
SPb.: State mining University, 2011. — P. 355.

Shishljannikov, D.I. 2012. Increasing Efficiency of Potash Ore Separation from Mountain Massif with
Extraction Machine Incisors, Thesis of Cand. Tech. Sci. 05.05.06 — Shishljannikov Dmitry Igorevich;
159. Saint-Petersburg.

Starkov, L.I. & Shishljannikov, D.I. & Maksimov, A.B. & Lavrenko, S.A. 2017. Application for the RF
Patent No. 2017113633. Executive Body for Tunneling and Cleaning Unit. PNIPU.

Verzhanskiy, A.P. & Yungmeister, D.A. & Lavrenko, S.A. & Isayev, A.l. & Ivanov A.V. 2014.
Mechanized Complexes for Tunneling of Special Pits at Mines of Metrostriy, JSC (Saint-Petersburg),
Mining Journal 5: 94-99.

Zhang Q.-H., Ding X.-L., Wu A.-Q. A comparison of the application of block theory and 3D block-cutting
analysis // International Journal of Rock Mechanics and Mining Sciences. 2017. Vol. 99. P. 39-49.
Afanaseva, O.V., Pervukhin, D.A., Nyrkov, A.F., Chernyi, S.Y., Bezyukov, O.K. & Serdito, Y.N. 2017.
Combustion engines vibro-activity diagnostic system, using the methods of similarity theory and
analysis of dimensions. Paper presented at the Proceedings of 2017 IEEE 2nd International

Conference on Control in Technical Systems: 93-95.

Baranov, L.G., Sennikov, Y.I., Skuridin, A.A. & Tuzov, L.V. 1976. Vibro-acoustic method of the
cylinder-piston engine group diagnosis 11. Shipbuilding: p. 26-29.

Bezyukov, O.K. & Afanas’eva, O.V. 2015. Methods of evaluation of vibrational activity of power plants
using the similarity theory and dimensional analysis. Zapiski Gornogo Instituta 213: 36—46.

Bezyukov, O.K. & Afanasyeva, O.V. 2014. Methods for reducing the vibroactivity of internal combustion
engines. Thematic collection “Ways to improve the effectiveness of combat use of missile forces and
artillery and integration with multi-species precision weapons in operation (combat)”: materials of the
48 military scientific conference 43: 286-290.

Bezyukov, O.K. & Afanasyeva, O.V. 2014. Protection methods for ship crew and passengers against the
vibration of power plants. Life Science Journal 11(5): 483-486.

Bezyukov, O.K. & Afanasyeva, O.V. 2013. Reducing of the internal combustion engines vibration level
by improving the design of the cylinder piston group. Protection against noise and vibration: 469—476.



Bezyukov, O.K. & Afanasyeva, O.V. 2012. Patent Ne RU2450147 C2.

Bezyukov, O.K., Afanasyeva, O.V., & Afanasyev, P.M. 2014. Patent Ne RU 2014614816.

Bezyukov, O.K., Afanasyeva, O.V. & Pervukhin, D.A. 2018. Patent Ne RU2644434 C1.

Chainov, N.D., Myagkov, L.L. & Russinkovsky, V.C. 2004. Software package for calculation of vibration
and structural noise of hull parts of automobile diesel engine. Internal combustion engines (Ukraine) 2:
108-110.

Di Carlo, A.L., White, N.C. & Litovitz, T.A. 2001. Mechanical and Electromagnetic Induction of
Protection Against Oxidative Stress. Bioelectrochemistry 53(1): 87-95.

Dorokhov, A.F., Sanaev, N.K. & Masuev, M.A. 2008. Reduction of power losses for overcoming
frictional forces in ship high-speed diesel engines. Friction and lubrication in machines and
mechanisms 9: 37-44.

Doykin, A.A. 2013. Calculation-experimental method for profiling the generator of the piston to increase
the service life of ICE tribo-compression “piston-cylinder”. Thesis for the competition uch. step. Ph.D.,
Chelyabinsk: 132.

Fan, R.L., Wang, J.Z. & Lu, Z.H. 2010. Vibration isolation optimization for automotive engine mounting
system. Chinese Society for Internal Combustion Engines 28 (3): 269-274.

Fridman, V. 2018. Vibrations of an internal combustion engine. Foundations in engineering mechanics Ne
9789811047855: 239-247.

Ionov, A.V., Buvailo, L.E., Volkova, M.V. & Starostin, A.P. 2010. Elastomer Materials in Ship Vibration
and Noise Protection Means. Russian Journal of General Chemistry 80(10): 2122-2133.

Larin, V.B. 2001. Some Optimization Problems for Vibroprotective Systems. International Applied
Mechanics 37(4): 456-483.

Makarov, A.P., Smirnov, S.V. & Osokin, S.V. 2014. Mathematical modeling of piston motion in a
cylinder. News of MSTU “MAMI” 1 (2(20)): 23-31.

Minasyan, M.A. 2002. Paten Ne RU2182243.

Nikishin, V.N. 1978. Fundamentals of the theory of collision and investigation of oscillations of a pair of
piston-cartridges of an automobile diesel engine: Abstract of diss. cand. tech. science. Moscow.

Nikitin, Y.N., Finkelberg, L.A., Kostyuchenko, A.N. & Vershinin, A.V. 2004. Paten Ne RU 2235216.

Pavlov, E.P., Berezhnev, A.L. & Malinina, I.N. 2001. Calculation study of the piston shift in order to
optimize the design relationships of the cylinder-piston diesel group. Engine building 1: 10—-12.

Polovinkin, V.N., Minasyan, M.A., Kovalev, V.N. & Vinogradov, V.D. 1991. Directions for solving the
problem of acoustic ecology and increasing the reliability of ICE. Engine building 4:15-20.

Pushkarev, V.K. & Yakunin, R.V. 2008. Development of the calculation technique with the help of
numerical methods of oval-barrel profiles of pistons of automotive tractor engines. Proceedings of
NAMI 240: 123-129.

Scuria-Fontana, C. 1994. Fighting Vibration with Vibration. Mechanical Engineering 116(9): 38.

Tuzov, L.V., Bezyukov, O.K. & Afanasyeva, O.V. 2012. Vibration of marine combustion engines. St.
Petersburg: Publishing house of the Polytechnic University.

Vasilyev, A. & Dolgov, K. 2007. The arrangement scheme and its influence on vibration process of the
vehicle piston engine. Mechanika: Kaunas University of Technology 4 (66): 44—48.

Watson, M.J., Sheldon, J.S., Lee, H., Byington, C.S. & Behbahani, A. 2010. Novel joint time frequency
vibration diagnostics of turbine engine accessories. Proceedings of the Turbo Expo 2010: Power for
Land, Sea, and Air: 353-363.

Zelenov, B.A., Krylov, B.S., Yudkin, V.F. & Yudkin, A.V. 2007.Non-traditional alloys for engine
building. Engine building 2: 16-18.

Brenner, V.A. & Zilbert, I.S. & Zykov, V.A. & Liuboshchinskiy, D.M. 1978. Modes of Combine
Operation to Exract Potash Ores, Nedra: 216. Moscow.

Chekmasov, N.V. & Shishljannikov, D.I. & Trifanov, M.G. & Asonov, A.S. Patent RU 2618630 C1 MIIK
E 21 C35/24. Method to Control Mountain Combine with Planetary Disc Executive Body /— No.
2016110648; Applied on 22.03.2016; Published on 05.05.2017., Bul. No. 13

Dokukin, A.V. & Frolov, A.V. & Pozin, Y.Z. 1976. Selecting Extracting Machine Parameters. Scientific
and Methodical Basics, Nauka: 144. Moscow.

Kabiev, S.K. 1992. Optimizing Combine Parameters to Extract Potash Ores, Nedra: 239. Moscow.

Kharmalova, N.A. 1998. Researching Mechanism for Destruction of Salt Rock with Incisor Tool, Thesis
of Cand. Tech. Sci., spec. 05.15.11:173. PGTU, Perm.



Krasnikov, Y.D. & Solod, S.V. & Khazanov, Kh.I. 1989. Increasing Reliability of Mining Extracting
Machines, Nedra: 215. Moscow.

Lavrenko, S.A. & Korolev, I. A. 2018. Research of Destruction of Cambrian Clays with Cutting at
Tunneling of Pits of Saint-Petersburg Subway, Mining Journal 2: 53-58.

Lavrenko, S.A. & Yungmeister, D.A. & Shishljannikov, D.I. & Yusupov, G.A. 2015. Simulation of the
Process of Destruction of the Array of Cambrian Clays By Cutters Actuating Device of Sinking
Machinery in terms of OJSC “Metrostroy”, International Journal of Applied Engineering Research 7:
16409-16417. Saint-Petersburg.

Shishljannikov, D.I. & Chekmasov, N.V. & Trifanov, M.G. & Gabov, V.V. & Ivanov, S.L. & Asonov,
S.A. 2015. Increasing Efficiency of Tunneling&Cleaning Combine Operation at Potash Pits Basing
upon Parameter Registration Record Analysis, Mining Equipment and Electrical Mechanics 4(113): 3—
10.

Shishljannikov, D.I. 2017. Improving Dectruction Bodies of Tuneling and Cleaning Ural Combines,
Bulletin of Ural State Mining University 2(46): 711-74.

Tunneling and Cleaning Combines to Extract Potash Ores. Selecting Assigning Parameters and
Calculating Rock Destruction Parameters, Sectoal Methodology - L.: VNIIG, 1986. — 54 p.

Verzhanskiy, A.P. & Yungmeister, D.A. & Lavrenko, S.A. & Isayev, A.l. & Ivanov, A.V. 2014.
Mechanized Complexes for Tunneling of Special Pits at the mines of Metrostriy, JSC (Saint-
Petersburg), Mining Journal 5: 94-99.

Khoreshok A, Tyulenev M and Véth S. 2016. Conditions for Minimum Dynamic Loading of Multi-brake
Hoists Proceedings of the 8th Russian-Chinese Symposium “Coal in the 21st Century” 239-245.

Lautwein C., Wagener C. 2017 If it gets too dynamic, drive technology, Issue 11.

Schilling N., Schneider G., Voth S. 2017. Redundant Safety Device for Hand Lever Hoists — especially
Chain Hoist, International research and practice conference ‘“Innovations and perspectives of the
development of mining machinery and electro-mechanics IPDME-2017", 248-252.

Vasilyeva M.A., V&th S. 2016. Properties that determine the efficiency and safety of form fitting safety
couplings, Notes of the Mining Institute, 219: 345-351.

Voth S. 2015. Safety gear hoists, Part 1: Loads on components, Hoists and conveyors, Booklet 3.

Voth S. 2015. Safety Brakes, Part 3: Intelligent Braking, Hoisting and Handling Equipment, Issue 5.

Véth S. 2017. Multifunctional Testing Rig for machinery safety Equipment, /st International Innovative
Mining Symposium, Article Number 03007

Voth S., Maksarov V.V., Vasilyeva M. A. 2018. Power flow Direction and Efficiency of Hoists in
different Operational Modes considering Losses in Gearing and Rope Drive, Acta Montanistica
Slovaca, to be published.

Voth S. 2017. Load Cases Relevant for Proof of Competence of fast Running Hoists, 2nd International
Innovative Mining Symposium, 62—71.

Véth S. 2016. Emergency braking of fast running coal handling gantry hoists, Proceedings ICPC-2016,
1:135-140.

Voth S., Tyulenev M.A. 2016. Cable hoists with safety brakes, Bulletin of KuzGTU, 1:88-96.

Voth S. 2014. Safety Concepts for Container Crane Hoists, Proceedings of the 17th ITI-Symposium, 1T,
127-133.

Voth S. 2012. International Safety Standards for Cranes, Proceedings 5th ISEP International Week,
Worldwide Engineering Challenges, Instituto Superior de Engenharia do Porto, 17-22.

WIPO/PCT WO02016/110333A1, System arrangement of lifting mechanisms and method of operating the
arrangement.

Bauernhansel, Th. 2017. Die vierte Industrielle Revolution — Der Weg in ein wertschaffendes
Produktionsparadigma, in: Vogl-Heuser, B./Bauernhansel, Th. (ed). Handbuch Industrie 4.0 in
Produktion, Automatisiertung und Logistik, Berlin.

Chopra, A./Singh, M. 2013. Agent Communication, in: Weiss, G. (ed.), Multiagent systems, 2013, 101 et
seq., Cambridge.

Durfee, E./Zilberstein, 2013. Sh., Multiagent Planning, Control and Execution, in: Weiss, G. (ed.),
Multiagent systems, 2013, 485 et seq., Cambridge.

Ernst, St., Agile Softwareprojekte und Vertragsauslegung CR 2017, 285 et seq.

Faust, F., Digitale Wirtschaft — Analoges Recht: Braucht das BGB ein update?, Gutachten A. zum 71.
Deutschen Juristentag, Verhandlungen des Deutschen Juristentags, 2016, A) et seq., Miinchen.

Ferber, J. 2001. Multiagentensystem: eine Einfithrung in die Verteilte Kiinstliche Intelligenz, Miinchen.



Furrer, A., Der Einsatz der Blockchain in der Logistik, in: Jusletter 4. Dezember 2017, S. 4.

Hoffmann-Riem, W., Verhaltenssteuerung durch Algorithmen — Eine Herausforderung fiir das Recht, AGR
142 (2017), 1 et seq.

Kluge, V./Miiller, A.-K., Autonome Systeme — Uberlegungen zur Forderung nach einer “Roboterhaftung”,
InTeR 2017, 24 et seq.

Lunze, J. K. 2016. Kiinstliche Intelligenz fiir Ingenieure — Metzhoden zur Losung ingenieurstechnischer
Probleme mit Hilfe von Regeln, logischen Formeln und Bayesnetzen, Berlin.

Miiller; J.P. 1996. The Design of Intelligent Agents. A Layered Approach, Berlin, Heidelberg.

Nitschke, T. 2011. Vertrdge unter Beteiligung von Softwareagenten — ein rechtlicher Rahmen, Frankfurt
a.M.

Pieper, F.-U., Die Vernetzung autonomer Systeme im Kontext von Vertrag und Haftung, InTeR 2016, 188
et seq.

Russel, St./Norvig, P. 2016. Artificial Intelligence, a modern approach, Boston.

Wooldridge, M. 2013. Intelligent Agents, in: Weiss, G. (ed.), Multiagent systems, 2013, 3 et seq.,
Cambridge.

Bhata, P., Langhans, J.W., Lei, K.P.V. 1989. Alkaline oxidative leaching of gold bearing arsenopyrite
ores, Rept. Invest./Bur. Mines US Dep. Inter,. Ne 9258. pp. 1-12.

Bowen, P.J., Hourn, M.M. Treatment of sulphidic materials, Patent WO 2013 020175, prior. 2011-08-08,
pub. 2013-02-14.

Caetano, M.L., Ciminelli, V.S.T., Rocha, S.D.F., Spitale, M.C., Caldeira, C.L. 2009. Batch and continuous
precipitation of scorodite from dilute industrial solutions. Hydrometallurgy. P. 44-55.

Conway, M.H., Gale, D.C. 1990. Sulfur’s Impact on the Size of Pressure Oxidation Autoclaves, JOM,
September.

Demopoulos, G.P., Droppert, D.J., Weert, G.Van, Harris, B., Krause, E. 1994. Option for the
immobilization of arsenic as crystalline scorodite//Impurity Control and Disposal in
Hydrometallurgical Processes. CIM, Montreal. P. 57-69.

Fraser, K.S., Walton, R.H., Wells, J.A. 1991. Processing of refractory gold ores, Minerals Engineering,
vol. 4, no. 7-11, pp. 1029-1041.

Iglesias, N., Palencia, I., and Carranza, F. 1993. Removal of the refractoriness of a gold bearing pyrite-
arsenopyrite ore by ferric sulfate leaching at low concentration. Proc. of EPD Congress 1993. Minerals,
Metals and Materials Society. pp. 99-115.

Iglesias, N., Carranza, F. 1994. Refractory Gold-Bearing Ores: A Review of Treatment Methods and
Recent Advances in Biotechnological Techniques. Hydrometallurgy, vol. 34, no. 3, pp. 383-395.

Krause, E., Ettel, V.A. 1989. Solubilities and stabilities of ferric arsenate compounds. Hydrometallurgy,
vol. 22, no. 3, pp. 311-337.

Langmuir D., Mahoney J., Rowson J. 2006. Solubility products of amorphous ferric arsenate and
crystalline scorodite (FeAsO,-2H,0) and their application to arsenic behavior in buried mine tailings.
Geochimica et Cosmochimica Acta, vol. 70, pp. 2942-2956.

Sanchez, M.A., Vergara, F., Castro, S.H. 2000. The removal of arsenic from hydrometallurgical process
and effluent streams. University of Concepcion, P. 10.

Abramzon A.A., Shchukin E.D. (eds). 1984. Reference book Surface phenomena and surface-active
substances. Leningrad: Chemistry.

Beloglazov LN. et al.., Syrkov A.G. 2011. Chemico-physical foundations and methods for obtaining
surface-nanostructured metals. St. Petersburg: St. Petersburg State University.

Bystrov D.S., Syrkov A.G., Pantyushin 1.V., Vakhreneva T.G. 2009. Antifrictional properties of industrial
oil with additives of nanostructured metals. Chemical physics and mesoscopy 11(4): 462—466.

Dedkov G.V. 2000. Nanotribology: experimental facts and theoretical models. Achievements of Physical
science 170(6): 585-618.

Directory Aluminum. Metallurgy, processing and application of aluminum alloys. 1985. M.: Metallurgy.
Finlayson M.F., Shah B.A. 2012. The influence of surface acidity and basicity on adhesion of poly
(ethylene-co-acrylic acid) to aluminum. Journal of Adhesion Science and Technology 4(1): 431-439.
Nechiporenko A.P. 2017. Donor-acceptor properties of surface of solid-phase systems. Indicator method.

St. Petersburg: Lan’.

Nechiporenko A.P., Burenina T.A., Koltsov S.I. 1985. Indicator method for studying the surface acidity of

solids. Journal of General Chemistry 55(9): 1907-1912.



Sitnikov P.A., Ryabkov Yu. I., Ryazanov M.A., Belykh A.G., Vaseneva L.N., Fedoseev M.S., Tereshatov
V.V. 2013. Influence of acid-base properties of the surface of aluminum oxide on the reactivity with
epoxy compounds. Komi Scientific Center of the Ural Branch of the Russian Academy of Sciences.
Chemical sciences 15(3): 19-26.

Sorochkina E.A., Smotraev R.V., Kalashnikov Yu. V., Gruzdeva E.V. 2013. Acid-base properties of a
surface of spherically granulated sorbents on the basis of hydrated oxides of zirconium and aluminum.
Questions of chemistry and chemical technology 6: 102—104.

Sychov M.M., Minakova T.S., Slizhov Yu. G., Shilova O.A. 2016. Acid-base characteristics of the
surface of solids and control of properties of materials and composites. St. Petersburg: Himizdat.

Syrkov A.G. 1993. Russian Journal of Inorganic Chemistry 38(5):753-759.

Syrkov A.G. 2013. Synergistic enhancement of the reactivity of aluminum in the presence of quaternary
ammonium compounds on the surface. Russian Journal of General Chemistry 83(8): 1392—-1393.

Syrkov A.G. 2013. Smart nanoobjects: from laboratory to industry (Book Chapter). New York: Nova
Science Publishers, Inc.: 75-85.

Syrkov A.G. 2015. Synergetic change of tribochemical properties of copper in the presence of Quaternary
Ammonium Compounds at the surface. Russian Journal of General Chemistry 85(6): 1538—1539.

Syrkov A.G., Bazhin V.Yu., Yachmenova L.A. 2014. Materials of International Salon «Crime HI-TECH-
2014». Sevastopol’.

Tanabe K. 1973. Solid acids and bases. Moscow: Mir.

Taraban V.V., Syrkov A.G., Silivanov M.O., Nazarova E.A. 2015. Tribochemical properties of
heterogeneous systems containing surface-modified dispersed Aluminum. Chemical Physics and
Mesoscopy 17(4): 557-564.

Zakharova N.V., Sychov M.M., Korsakov V.G., Myakin S.V. 2011. Evolution of the donor-acceptor
centers of surface of ferroelectrics during dispersion. Condensed media and interphase boundaries
13(1): 56-62.

Adamson, A.W. & Gast, A.P. 1997. Physical chemistry of surfaces. New York: John Wiley & Sons.
Airey, G.D., Collop, A.C., Zoorob, S.E. & Elliott, R.C. 2008. The influence of aggregate, filler and
bitumen on asphalt mixture moisture damage. Construction and Building Materials 22: 2015-2024.

Betehtin, A.G. 2007. Kurs mineralogii [The course of mineralogy]. Moscow: KDU.

Cui, S., Blackman, B.R.K., Kinloch, A.J. & Taylor, A.C. 2014. Durability of asphalt mixtures: Effect of
aggregate type and adhesion promoters. International Journal of Adhesion & Adhesives 54: 100—111.

Fischer, H.R., Dillingh, E.C. & Hermse, C.G.M. 2013. On the interfacial interaction between bituminous
binders and mineral surfaces as present in asphalt mixtures. Applied Surface Science 265: 495-499.

Horgnies M., Darque-Ceretti E., Fezai, H. & Felder, E. 2011. Influence of the interfacial composition on
the adhesion between aggregates and bitumen: Investigations by EDX, XPS and peel tests.
International Journal of Adhesion & Adhesives 31: 238-247.

Kondrasheva, N.K. & Zyryanova, O.V. 2015. The study of physicochemical properties of the distillates
and residues termodestruction and catalytic processes and their application in mining industries.
Journal of Mining Institute 216: 89-96.

Read, J. & Whiteoak, D. 2003. The shell bitumen handbook. Bristol: Thomas Telford.

Solomencev, A.B. & Buhtijarov, S.V. 2014. Comparative evaluation of methods for determining adhesion
of road bitumen with adhesion promoters to the surface of mineral material. Stroitel’stvo i
Reconstrukciya [Building and Reconstruction] 1: 85-91.

Vasil’ev, V.V., Ivkin, A.S., Salamatova, E.V. & Maydanova, N.V. 2018. Improvement of methods for
determination of bitumen adhesion to mineral materials. /zvestiya SPbGTI (TU) [Bulletin of St PbSIT
(TU)] 42: 58-61.

Xie, J., Wu, S., Pang, L., Lin, J. & Zhu, Z. 2012. Influence of surface treated fly ash with coupling agent
on asphalt mixture moisture damage. Construction and Building Materials 30: 340-346.

Yan, K.Z., Xu, H.B. & Zhang H.L. 2013. Effect of mineral filler on properties of warm asphalt mastic
containing Sasobit. Construction and Building Materials 48: 622—627.

Zhang, J, Apeagyei, A.K., Airey, G.D. & Grenfell, J.R.A. 2015. Influence of aggregate mineralogical
composition on water resistance of aggregate-bitumen adhesion. International Journal of Adhesion &
Adhesives 62: 45-54.

Belay G.E., Lev LE., Yatsenko A.L., Gerasimova T.I. 1971. Effect of REM on the processes of structure
formation and the properties of iron-carbon alloys. In the book «Rare earth metals and alloys».
Moskow: Nauka.



Dyyukin D.A., Kisilenko V.V. 2008. Steel production. Processes of smelting, out-of-furnace processing
and continuous casting. Moscow: Nauka. V. 1.

Lyakishev N.P. 1996. Diagrams of the state of double metal systems: Handbook. Moscow:
Mashinostroenie. V. 1. 992 p.

Lyakishev N.P. 1997. Diagrams of the state of double metal systems: Handbook. Moscow:
Mashinostroenie. V. 2. 1024 p.

Lyakishev N.P. 1999. Diagrams of the state of double metal systems: Handbook. Moscow:
Mashinostroenie. V. 3. Part. 1. 992 p.

Lyakishev N.P. 2000. Diagrams of the state of double metal systems: Handbook. Moscow:
Mashinostroenie. V. 3. Part. 2. 448 p.

Sidelkovskyi M.P. 1971. Effect of rare-earth elements and boron on stainless, heat-resistant and heat-
resistant steels. In the book «Rare earth metals and alloys». Moscow: Nauka.

Smirnov L.A., Rovnushkin V.A., Oryshchenko A.S., Kalinin G.Yu., Milyuts V.G. 2016. Modification of
Steel and Alloys with Rare-Earth Elements. Part 1. Metallurgist. 59(11-12): 1053-1061.

Waudby P.E. 1978. Rare earth additions to steel. International Metals Reviews. 23(1): 74-98.

Yakobshe R.Ya., Skok Yu.Ya., Baranova V.N. 2002. Increase of uniformity of axial zone of continuously
cast slabs by methods of external influences. Metallurgical and mining industry. 10: 143—146.

Yavoiskii V.I., Rubenchik Yu.l., Okelko A.P. 1980. Nonmetallic Inclusions and Steel Properties.
Moscow: Metallurgiya.

Agulyansky, A., 2004. The chemistry of tantalum and niobium fluoride compounds. Elsevier, 1-10.

Andres, U., 1976. Magnetohydrodynamic and magnetohydrostatic methods of mineral separation. New
York, John Wiley and Sons, 109.

Bose, D., K., Gupta C., K., 2001. Extractive metallurgy of tantalum miner. Process. Extr. Metall. Rev. 22,
389-412.

Cannon, Robert H., Jr., 1967. Dynamics of physical systems. New York: McGraw-Hill, 19-28.

Cengel, Y., A., Cimbala J., M., 2010. Fluid mechanics: fundamentals and applications. McGraw-Hill.
Second edition, 7.1-7.128.

Cerny, P., Ercit, T., S., 1989. Mineralogy of niobium and tantalum: crystal chemical relationships,
paragenetic aspects and their economic implications. Lanthanides, Tantalum and Niobium. Springer-
Verlag. Heidelberg. Germany, 27-79.

Corrans 1., J., Levin J., 1979. Wet high-intensity magnetic separation for the concentration Witwatersrand
gold-uranium ores and residues. Journal of the South African institute of mining and metallurgy, 210—
228.

Emsley, J., 2001. Tantalum. Nature’s building blocks: An a-z guide to the elements. Oxford. England,
420.

European Commission, 2014. Report on critical raw materials for the EU. Non-critical raw materials
profiles, 100-103.

Fandrich, R., Gu, Y., Burrows, D., Moeller, K., 2007. Modern SEM-based mineral liberation analysis.
International journal of mineral processing. 84, 310-320.

Foord, E., E., 1982. Minerals of tin, titanium, niobium and tantalum in granitic pegmatites. Canada. Short
course in granitic pegmatites in science and industry, 187-238.

Goldberg, D., 2006. Fundamentals of chemistry (5th ed.). McGraw-Hill, 10-34.

Habashi, F., 1997. Handbook of extractive metallurgy. Vol. 3. Wiley-VCH. Germany, 1404 1421.

Karamzin V.V., Karamzin V.1, 2005. Magnetic, electric and specific methods of processing of minerals
resources. Moscow state mining university. Russia, 19.

King, R., P., 2001. Modeling and simulation of mineral processing system. University of Utah USA, 201—
202.

Lastra, R., 2007. Seven practical application cases of liberation analysis. International journal of mineral
processing, 337-347.

Liu, J., Liu, J., Ding, J., Chai, T., 2008. Intelligent control for operation of iron ore magnetic separating
process. 7th World congress on intelligent control and automation. China, 2798 2803.

Nest, M., 2011. Coltan. Polity press. Cambridge, 36-37.

Ogden, J., 1999. The Handbook of chemical engineering. Research & education association, D—178.

Papp, John, F., 2015. Minerals yearbook Nb & Ta. US geological survey, 160—-161.

Pascoe, R.D., Power, M.R., Simpson, B., 2007. QEMSCAN analysis as a tool for improved understanding
of gravity separator performance. Minerals engineering. 20, 487—495.



Polkin, S., 1., 1987. Processing of ores and placers of rare and noble metals. Nedra. Moscow. Process. 84,
337-347.

Sandmann D., Gutzmer J., Use of mineral liberation analysis (MLA) in the characterization of lithium-
bearing micas. Journal of minerals and materials characterization and engineering. 2013. 1, 285-292.
Tucker, P., 1994. Modelling wet high intensity magnetic separation: a case study. Minerals Engineering,

Vol. 7. No. 10, 1281-1300.

Tucker, P., Newton, S., 1992. Development of a mathematical model of wet high intensity magnetic
separation. Transactions of the institution of mining and metallurgy. Section C. 101, 121-126.

Abdallah W., Buckley J.S., Carnegie A. and Edwards J., “Fundamentals of Wettability,” Oilf. Review 19,
pp. 44-61, (2007).

ASTM Standard E384-17, Standard Test Method for Knoop and Vickers Hardness of Materials, (West
Conshohocken, PA: ASTM International, 2017) https://doi.org/10.1520/¢0384-17.

ASTM Int., “ASTM E10-15: Standard Test Method for Brinell hardness of Metallic Materials, ASTM
Stand., pp. 1-32, (2012).

Bazhin V.Y., Gutema E.M., and Savchenkov S.A (2017). Production Technology Features For Aluminum
Matrix Alloys With a Silicon Carbide Framework Metallurgist Vol. 60, No. 11-12, P. 1267-1272.

Boopathi, M., Arulshri K.P. and Iyandurai, N., 2013. Evaluation of Mechanical Properties of Aluminum
alloy 2024 reinforced with silicon carbide and fly ash hybrid metal matrix composites” American
Journal of Applied Sciences, 10 p. 219-229.

Canakci, A. and Arslan, F. “Abrasive wear behavior of B4C particle reinforced Al2024 MMCs,”
International Journal of Advanced Manufacturing Technology, vol. 63, pp. 785-795, 2012.

Casati, R. and Vedani M., Metal Matrix Composites Reinforced by Nano-Particles-A Review Metals,
4(1), 65-83, (2014).

Dhanasheka, M. and Senthil Kumar V.S, (2014). Squeeze Casting of Aluminum Metal Matrix
Composites—An Overview. Procedia Eng. vol. 97, Pp. 412-420.

Endalkachew, M., Bazhin V.Yu and Savchenkov S. 2016. Review on Nano Particle Reinforced Aluminum
Metal Matrix Composites. Research Journal of Applied Sciences, 11: 188—196.

George E. Dieter, Mechanical Metallurgy, 2nd ed. (New York, NY: McGraw-Hill Book Co., 1976), pp.
282-293.

Gnjidi Z., Boi D. and Mitkov M., (2001). The influence of SiC particles on the compressive properties of
metal matrix composites. Mater. Character. 147: 129-138.

Hashim, J., Looney L. and Hashmi M.S.J. The wettability of SiC particles by molten aluminum alloy. J.
Mater. Process. Technol., vol. 119, pp. 324-328, (2001).

Jakes, J.E., Frihart, C.R., Beecher, J.F., Moon, R.J., and Stone, D.S.: Experimental method to account for
structural compliance in Nano-indentation measurements. J. Mater. Res. 23(4), 1113 (2008).

Kala, H., Mer, K.K.S and Kumar, S. (2014). A Review on Mechanical and Tribological Behaviors of Stir
Cast Aluminum Matrix Composites. Procedia Mater. Sci. vol. 6, 1951-1960.

Onat, A. Akbulut, H. and Yilmaz, F. “Production and characterization of silicon carbide particulate re-
inforced aluminum-copper alloy matrix composites by direct squeeze casting method,” Journal of
Alloys and Compounds, vol. 436, no. 1-2, pp. 375-382, 2007.

Yang, L.J. The effect of casting temperature on the properties of squeeze cast aluminum and zinc alloys. J.
Mater. Process. (2003).

Zhou W. and Xu Z.M., Casting of SiC reinforced metal matrix composites. J. Mater. Process. Tech.
Volume 63, Issues 1-3, January 1997, Pages 358-363.

Aleksandrova T.N., Nikolaeva N.V., Romashev A.O., Aleksandrov A.V. Noble and rare metals in
caustobioliths and prospects of their recovery. Journal of Mining Science. 2015. T. 51. Ne 6. P. 1254—
1261.

Aleksandrova, T.N.; Panova, E.G. Technological aspects of extraction of precious and rare metals from
carbonaceous rocks. Journal of Mining Institute, 2016, T: 217 p: 72-79.

Aleksandrova, T.N., Litvinova, N.M., Aleksandrov, A.V., Korchevenkov, S.A., Bogomyakov, R.V.
Analysis of losses of noble metals and rational methods of their decreasing in the time of development
of placers. Tsvetnye Metally, 2014, (5), p. 11-15.

Buryak, V.A., Mikhailov, B.K., and Tsymbalyuk, N.V., Genesis, Morphology, and Perspectives of Gold-
and Platinum-mineralization of Black Shale Occurrences, Rud. Met., 2002, no. 6.


http://https/doi.org/10.1520/e0384-17

Khanchuk, A.L., Rasskazov, 1.Y., Aleksandrova, T.N., and Komarova, V.S., Natural and technological
typomorphic associations of trace elements in carbonaceous rocks of the Kimkan noble metal
occurrence, Far East. Russian Journal of Pacific Geology, 2012, 6(5), p. 339-348.

Litvinova N.M., Gurman M.A., Rasskazova A.V., Alexandrova T.N. Research of mineralogical —
technological peculiarities of refractory gold-bearing ores. Eurasian Mining. 2014. Ne 1. P. 28-33.

Mamaev Yu.A., Yatlukova N.G., Aleksandrova T.N., Litvinova N.M. On gold extraction from rebellious
ores. Journal of Mining Science. 2009. T. 45. No 2. P. 187-193.

Osinski G.R. The geologycal record of meteorite impacts//40th ESLAB Symp. 1st Inter. Conf. on Impact
Cratering in the Solar System. Noordwijk. 2006. P. 156—158.

Rasskazov 1.U., Grehnev N.I., Alexandrova T.N. Anthropogenic deposits inside dumps of ore-dressing
and processing enterprises of the Far East region. Russian Journal of Pacific Geology. 2014, T: 33 Ne 1
P. 102-114.

Sazonov, V.N., Koroteev, V.A., Ogorodnikov, V.N., Polenov, Yu.A., and Velikanov, A.Ya., Gold in
“Black Shales” in the Ural, Litosfera, 2011, no. 4.

Smit J. Crises in the history of life and the record of large impacts//40th ESLAB Symp. 1st Inter. Conf. on
Impact Cratering in the Solar System. Noordwijk. 2006. P. 203-204.

Yakutseni, S.P., Rasprostranyonnost’ uglevodorodnogo syr’ya obogashchennogo tyazhelymi elementami i
primesyami. Otsenka ekologicheskikh riskov (Occurrence of Hydrocarbonaceous Raw Materials,
Enriched with Heavy Impurity Elements. Estimation of Ecology Risks), Saint-Petersburg: Nedra, 2005.

Akhmedzhanov T.K. and others (2011) «An Innovative way of extracting vanadium from oil and oil
products» [«Innovacionnyj sposob izvlecheniya vanadiya iz nefti i nefteproduktov»]. the Innovative
patent of RK No. 24905. Bull. No. 11.

Alexandrova T.N., Panova E.G. (2016) «Technological aspects of extraction of precious and rare metals
from carbonaceous rocksy». [«Tekhnologicheskie aspekty izvlecheniya blagorodnyh i redkih metallov
iz uglerodsoderzhashchih porod»]. Notes of Mining Institute. Vol. 217 pp. 72-79.

Baymanova A.E., Rymbaeva A.U. etc. (2007) «The Study of problems of technogenic migration of
elements-heavy metals from oils». [«Izuchenie voprosov tekhnogennoj migracii ehlementov tyazhelyh
metallov iz sostava neftej»] Scientific-technological development of oil and gas complex: reports of the
Fifth International scientific Nadrowski readings. Almaty. Aktobe. pp. 442-446.

Kochetkov (USTU) O.S., Alisievich L.N. (“Severnipigaz”). Gaideek V.I. (Ministry of natural resources of
the Republic of Komi). Yudin (LLC” Severgazprom”) V.M. (2000) «On the ways of formation of oil
and gas fields (on the example of the Timan-Pechersk province)» [«O putyah formirovaniya
mestorozhdenij nefti i gaza na primere timano pecherskoj provincii»]. Geology of oil and gas. 2000. Ne
5 pp. 64-71.

Kozlovskaya 1.Yu., Martsul V.N. «Complex processing of spent cracking catalys». [«Kompleksnaya
pererabotka otrabotannogo katalizatora krekinga»]. Bulletin of Vitebsk state technological University.
chemical technology and ecology. vol. 2. pp. 90-94.

Magerramov A.M., Akhmedov R.A., Akhmedova N.F. (2009) «Petrochemistry and oil refiningy.
[«Neftekhimiya i neftepererabotka uchebnik dlya vysshih uchebnyh zavedenij»] Textbook for higher
education. Baku: Publishing house “Babyuniverse”. S. 660.

Magomedov R.N., Popova Z.A., Maryutina T.A., H.M. Kadiev, N. Khadzhiev. (2015) «The state and
prospects of the demetallization of heavy petroleum raw materials (review)». [«Sostoyanie i
perspektivy demetallizacii tyazhelogo neftyanogo syrya obzor»]. Petrochemistry. vol. 55. No. 4. pp.
267-290.

Marakushev A.A., Paneyakh N.A., Rusinov V.L., Zotov I.A. (2007) «Metal compounds in oil fields of
Orenburg region» [«Tekhnologicheskie aspekty izvlecheniya blagorodnyh i redkih metallov iz
uglerodsoderzhashchih porod»]. Izv. higher. studies’. head. Geology and exploration. No. 6. pp. 33—40.

Nurabaeva B.M., Akhmedzhanov T.K., Ismagilova L.T. (2013) «Method and technological scheme of
extraction of vanadium and other metals from petroleum and petroleum products during their
preparation». [«Sposob i tekhnologicheskie skhemy izvlecheniya vanadiya i drugih metallov iz nefti i
nefteproduktov pri ih podgotovke»]. Modern science-intensive technologies. Ne 4. pp. 49-52.

Sukhanov A.A., Yakutseni V.P., Petrova Yu.E. (2012) «Assessment of the prospects for industrial
development of metalliferous oil potential and possible ways of its osushestvleniya». [«Ocenka
perspektiv promyshlennogo osvoeniya metallonosnogo potenciala neftej i vozmozhnye puti ego
osushchetsvleniya»] Neftegazovaya Geologiya. Theory and practice. Vol. 7. Ne 4.—http://ngtp.EN.


http://ngtp.en/

Telyakov N.M., Telyakov A.N., Bazhin V.Yu., Neiko. M.A., «Metalliferous oil: catalytic poisons or the
source of the metals» [«Metallonosnye nefti kataliticheskie yady ili istochnik polucheniya
metallovy].Available at: Neftegaz. RU.

The’yev. P.V., G.A. Ponomareva. (2010) «On the question of the distribution of trace elements in the oil
of the Orenburg region». [«K voprosu o raspredelenii mikroehlementov v neftyah orenburgskoj
oblasti»]. Oil and Gas technologies: SB. Tr. intl. scientific.- prakt. Conf. Vol. II. Samara: Samara State
Technical University. pp. 91-95.

Yakubov M.R., Minicheva S.N., Borisov D.N., Gryaznov P.I., Romanov V.G., Kharlampidi K.E. (2010)
«Composition and properties of products of interaction of asphaltenes heavy oils with sulfuric acid».
[«Sostav i svojstva produktov vzaimodejstviya asfaltenov tyazhelyh neftej s sernoj kislotoj»]. Vestnik
Kazanskogo tekhnologicheskogo universiteta. Ne 7. pp. 227-233.

Yashchenko 1.G. (2012) «Vandevoorde Heavy oil Russia» [«Tyazhelye vanadievonosnye nefti Rossii»].
News of Tomsk Polytechnic University. Vol. 321. Ne 1. Pp. 105-111.

Adzhiev A.YU., Moreva N.P., Dolinskaya N.I. 2015. Locally produced zeolites for deep gas dehydration
in the production of liquefied gas. NefteGazoHimiya, 3: 34-38.

Alekseev, A.I. 2015. Complex processing of apatite-nepheline ores based on the creation of closed
technological schemes. Journal of mining institute, 215: 75-81.

Alieva S.B. 2010. Synthesis of wide-porous mordenite from an aluminate solution of alumina production.
In the world of scientific discoveries, 4(15): 60—63.

Gershenkop A. SH., Hohulya M.S., Muhina T.N. 2010. Processing of technogenic raw materials of the
Kola Peninsula. Bulletin of the Kola Science Center of the Russian Academy of Sciences, 1: 4-8.

Marinina O.A., Noskov V.A. 2011. Economic efficiency of complex use of apatite-nepheline ores of the
Khibiny deposit. Mining information and analytical bulletin (scientific and technical journal), 3: 33—
44.

Pavlov K.V. 2014. Peculiarities of modernization of old industrial regions. National interests: priorities
and security, 28: 11-23.

Pavlov M.L., Travkina O.S., Kutepov B.I. 2008. Development of the synthesis of powdered zeolite type A
from kaolin. Oil refining and petrochemistry, 4: 61-63.

Travkina O.S. Synthesis of powdered zeolites of types LTA and FAU from kaolinite. 2011. Vestnik of the
Bashkir University, 16: 21-25.

Hosseini S.A. Optimization of Synthesis Conditions of Zeolite 4 A from Nepheline Syenite. 2015.
International Journal of Materials Chemistry and Physics, 1(2): 93-98.

Mezni M. 2011. Synthesis of zeolites from the low-grade Tunisian natural illite by two different methods.
Applied Clay Science, 52(3): 209-218.

Molina A., Poole C. 2004. A comparative study using two methods to produce zeolites from fly ash.
Minerals Engineering, 17(2): 167-173.

Moreno N. 2002. Pure zeolite synthesis from silica extracted from coal fly ashes. Journal of Chemical
Technology and Biotechnology, 77(3): 274-279.

Mulgundmath V.P. 2012. Adsorption and separation of CO2/N2 and CO2/CH4 by 13X zeolite. The
Canadian Journal of Chemical Engineering, 90(3): 730-738.

Rainer A.R. 2004. Hydrothermalsynthese ausgewihlter Zeolithe und ihre Charakterisierung durch
Adsorption. Institut fiir Technische Chemie der Universitét Stuttgart.

Wang C. 2013. Synthesis of zeolite X from low-grade bauxite. Journal of Chemical Technology and
Biotechnology, 88(7):1350-1357.

Dibrov I.A., Chirkst D.E., Litvinova T.E. Thermodynamic research of acid cracking of eudialyte
concentrate//Journal of applied chemistry. 1996. V. 69. Iter. 5. P. 727-730.

Flett D.S. Solvent extraction in hydrometallurgy: the role of organophosphorus extractants.//Journal of
Organometallic Chemistry. 2005. V. 690. P. 2426-2438.

Gindin L.M. Extraction processes and their using. M.: Science. 1984. 144 p.

Illyuviyeva G.V. Extraction properties of naphthenic acids.//Zap. Leningr. Gorn. Inst.. 1966. V. 46. Iter. 3.
P. 95-109.

Jaycock M.J. Solvent extraction using carboxylic acids and their salts as extractants/M.J. Jaycock, A.D.
Jones, C. Robinson//Journal of Inorganic and Nuclear Chemistry. 1974. Vol. 36. P. 887-898.

Lo T.C. Handbook of Solvent Extraction/ T.C. Lo, M.H.I. Baird, C. Hanson. New York.: Wiley-
Interscience. 1983. 980 p.



Masloboyev V.A., Lebedev V.N. Rare earth raw materials of Kola peninsula and problems of complex
processing. Apatity, publ. KSC AS USSR, 1991. 152 p.

Miller F. Carboxylic acids as metal extractants.//Talanta rev. 1974. V. 2. P 685-703.

Mykhaylychenko A.I., Mikhlin E.B., Patrikeev Yu.B. Rare earth metals. M.: Metallurgy, 1987.

Peppard D. Methods of selection of rare earth metals/D. Peppard, Zh. Mason, J. Meyer, V.M. Driskoll.
M.: Foreign literature. 1961. 443 p.

Preston J.S. Solvent extraction process for the separation of rare earth metals / J.S. Preston, A.C. Du
Preez//Proceedings of International Solvent Extraction Conference «ISEC-90». 1990. V. 1. P. 883.

Preston J.S. Solvent extraction of metals by carboxylic acids.//Hydrometallurgy. 1985. V. 14. P. 171-188.

Sato T. Liquid-liquid extraction of rare earth elements from aqueous solutions by acidic organophosphorus
compounds.//Hydrometallurgy. 1989. V. 22. P. 121-130.

Singh D.K., Singh H.P., Mathur J.N. Extraction of rare earths and yttrium with high molecular weight
carboxylic acids.//Hydrometallurgy. 2006. V. 81. P. 174-181.

Voldman G.M., Zelikman A.N. Theory of hydrometallurgical processes. M.: Intermet-Engineering. 2003.
464 p.

Voropanova L.A. 2016. The extraction of silvoer ions from hydrochloric acid solutions of TBP. Zapiski
Gornogo instituta. Vol. 218, 220-224.

Zakharov V.I., Voskoboynikov N.B., Skiba G.S., Solovyov A.V., Majorov D.V., Matveev V.A.
Development of hydrochloric acid technology of complex processing of eudialyte.//Notes of Mining
Institute. V. 164. P. 102—105.

Butcher T., Brown T. 2014. Gallium. Critical Metals Handbook, First Edition. Edited by Gus Gunn.

Chirkst D.E., Cheremisina E.A., Cheremisina O.V., Ponomareva M.A. 2013. Sorption of Gallium from the
Alkali Solutions Based on Anionites. Russian Journal of Non Ferrous Metals. 54 (3), 201-208.

Chistyakov A.A., Chirkst D.E., Cheremisina O.V. 2011. Sorption of Aluminate from Alkaline Solutions
on D-403 Anion Exchanger. Russian Journal of Physical Chemistry A. 85 (11), 1995-1999. GOST
10896-78. lonites. Preparation for tests.

Jankovsky O., Simek P., Klimova K., Sedmidubsky D., Pumera M., Sofer Z. 2015. Highly selective of
Ga3+ ions from Al3+/Ga3+ mixtures using graphite oxide. Carbon. 89, 121-129.

Long H., Zhao Z., Chai X., Li X., Hua Z., Xiao Y., Yang Y. 2015. Binding Mechanism of the Amidoxime
Functional Group on Chelating Resins toward Gallium(III) in Bayer Liquor. Ins. Eng. Chem. 54, 8025—
8030.

Lukishina T. V., Adeeva L. N., Borbat B. F. 2011, Gallium sorption extraction from muriate solutions of
Purolite S-930 chelate resin. Tyumen State University bulletin. 5, 85-89.

Marchenko Z., Baltsezhak M. 2007. Spectral photometry methods in UF and visible spheres in non-
organic analysis. M.: BINOM. Laboratory of knowledge.

Mironov 1. V. 2003. Ambient influence and complex formation in electrolyte solutions. Novosibirsk: /NI
SB RAS.

Okudan M.D., Akcil A., Tucuk A., Deveci H. 2015. Recovery of Gallium and Aluminum from
Electrofilter Dust of Alumina Calcination Plant in Bayer Process. Separation Science and Technology.
50 (16), 2596-2605.

Quick reference of physical and chemical values. Ed. 10/Editors: A. A. Ravdel and A. M. Ponomareva.
SPb.: “Ivan Fyodorov”, 2003.

Thanh Luong H.V., Liu J.C. 2014. Flotation separation of gallium from aqueous solution. Effects of
chemical speciation and solubility. Separation and Purification Technology. 132, 115-119.

Zhao Z., Yang Y., Xiao Y., Fan Y. 2012. Recovery of gallium from Bayer liquor: A review.
Hydrometallurgy. 125-126, 115-124.

Aleksandrova T.N. & Rasskazova V.A. 2016. Studying the dependence of coal quality fine briquettes on
technological parameters of their production. St. Petersburg: Jornal of Mining Institute.: 573-577.

Avdohin V.M. 2012. Coal improvement. The technologies. Moscow.

Baranova M.P. & Ekaterinchev V.M. 2011. The using of recycled resources in coal-water slurry
technologies, Barnaul, publishing center of I.I. Polzunov Altai state technical University 2(1). 235-238.

Efimova N.V. 2017. Analysis of the state and main trends of production, enrichment and ecology of
consumption of energy coals in Russia. Tula: Proceedings of the TSU. 1: 83-91.

Hzmalyan D.M. & Kagan YA.A. 1976. Theory of combustion and firing systems. Moscow.

Kuenzer C. & Zhang J. & Tetzlaff A. & etc. 2007. Uncontrolled Coal Fires and their Environmental
Impacts: Investigating two Arid Mining Regions in North-Central China, Applied Geography. 1: 42—62



Mosa E.S. & Saleh A.M. & Taha T.A. 2008. Effect of chemical additives on flow characteristics of coal
slurries. Physicochemical Problems of mineral Processing. 42: 107-118.

Pevzer M.E. 2003. Mining ecology. Moscow.

Vasylev V.S. 2013. Briquetting of coal wastes in roller presses. Kiev, publishing House “Coal of
Ukraine”. 4: 40-46.

Alekseev A.l. 1982. Method for obtaining a reagent for purification of fluorine-containing wastewater.
Publ. in B.I.19852, No. 35 A.s. No. 960129. USSR.

Alekseev A.L. 1985. Calcium hydro aluminates and hydro garnets (synthesis, properties, applications).
Leningrad: LSU publ. p. 184.

Alekseev AL, Alekseev A.A. 2007. Water chemistry: Textbook, handbook. — In two books. — Book II. —
St. Petersburg: KHIMIZDAT. p. 456

Churkina O.S., Lopatin A.V. 2017. Development of cost-effective water purification technology based on
complex processing of saponite ore with the use of oxychloride coagulant. International scientific
journal “Innovative development” No. 5. Publ. «IP Sigitov T.M.» (CSER), Perm. p. 20-26.

Federal Environmental Protection Regulation 14.1:2.110-97. 1997. Method for measuring the contents of
suspended solids and total impurities in samples of natural and treated wastewater. Moscow.

Feklichev V.G. 1989. Diagnostic spectra of minerals. Moscow. Nedra, p. 479.

GN 2.1.5.1315-03. 2003. Threshold Limit Values (TLV) of Chemicals in Water Bodies of Public Water
and Cultural and General Water Management. Hygiene Standards. Russian Ministry of Health.
Moscow.

Groshev V.A. 2003. Ecological situation in the Arkhangelsk Region. Abstract. [Electronic resource] —
Access  mode:  https://referatbank.ru/referat/preview/12897/referat-ekologicheskaya-obstanovka-
arhangelskoy-oblasti.html.

Oblitsov A.Yu., Rogalyov V.A. 2012. Prospective directions of utilization of waste from the enrichment of
the diamondiferous rock of the deposit named after M.V. Lomonosov. Zapiski Gornogo Instituta. Vol.
No. 195. — SPb. p. 163-167.

Utin A.V. 2012. Method of thickening the saponite suspension. Patent No. 2448052.

Vaganov V.I., Golubev Yu.K., Minorin V.E. 2002. Methodical guidelines for estimating the forecast
resources of diamonds, precious and non-ferrous metals. The “Diamonds” issue. Edited by Yu.K.
Golubev. — Moscow: TsNIGRI. p. 106.

ASTM D2872, 2012. Standard test method for effectof heat and air on a moving film of asphalt (rolling
thin film oven test). West Conshocken: ASTM International.

ASTM D36, 1995. Standard test method for softening point of bitumen (Ring and ball apparatus). s.1.:
American Society for Testing and Materials.

ASTM D5, 1997. Standard test method for penetration of bitumenous materials. s.l.: American Society for
Testing and materials.

Bardon, C., 1996. The colloidal structure of crude oils and suspensions of asphaltenes and resins. Fuel
science and technology international, 1-2(14), pp. 203-242.

Bratchun, V. et al., 2015. Aging of bituminous concrete mixes, bituminous concretes and the ways of their
thermo-oxidative firmness increase. Modern industrial and civil contruction, 11(3), pp. 105-117.

Corbett, L.W., 1969. Composition of asphalt based on genericfractionation, using solvent diaspaltening,
elusion-adsorption chromatography and densimetric characterisation. Analytical Chemistry, Issue 41,
pp. 576-579.

D1754, A., 2014. Standard test method for effects of heat and air on asphaltic materials (thin-film oven
test). s.l.:West Conshohocken.

Dondi, G. et al., 2016. Evaluation of different short term aging procedures with neat, warn and modified
bitumen. Construction and building materials, Issue 106, pp. 282-289.

Edwards, Y., Tasdemir, Y. & Isacsson, U., 2005. Influence of commercial waxes on bitumen ageing
properties. Energy & Fuels, Issue 19, pp. 2519-2525.

EN 12593, 2013. Bitumens and bituminous binders. Method for determination of the Fraass breaking
point. s.1.:Standardinform.

EN 13302, 2013. Bitumens and bituminous binders. Determination of dynamic viscosity.
s.l.:Standardinform.

Farrar, M., Grimes, W. & Sui, C., 2012. Thin film oxidative ageing and low temperature performance
grading using small plate dynamic shear rheometry: an alternative to standard RTFO, PAV, and BBR.
Istanbul, Westwrn Research Institute.


http://https/referatbank.ru/referat/preview/12897/referat-ekologicheskaya-obstanovka-arhangelskoy-oblasti.html
http://https/referatbank.ru/referat/preview/12897/referat-ekologicheskaya-obstanovka-arhangelskoy-oblasti.html

Farrar M.J., e. a., 2015. Towards a microstructural model of bitumen aging behavior. International journal
of pavement engineering, 16(10), pp. 939—949.

Gamarra, A. & Ossa, E.A., 2016. Thermo-oxidative aging of bitumen. International journal of pavement
engineering.

Glover, C. et al., 2014. Evaluation of binder aging and its influence in aging of of hot mix asphalt
concrete: technical report. Texas Department of Transportation.

Handle, F., 2016. The bitumen mocrostructure: a fluorescent approach. Materials and structures, Issue 49,
pp- 167-180.

Herrington, P.R., 1998. Oxidation of bitumen in the precence of a constant of oxygen. Petroleum science
and technology, 9&10(16), pp. 1061-1084.

Herrington, P.R., 2007. OXIDATION OF BITUMEN IN THE PRESENCE OF A. Petroleum science and
technology.

Lamontagne, J., Dumas, P., Mouillet, V. & Kister, J., 2001. Comparison by Fourier transform infrared
(FTIR) spectroscopy of different ageing techniques: application to road birumen. Fuel, 4(80), pp. 483—
488.

Lu, X. & Isacsson, U., 2002. Effect of ageing on bitumen chemistry and rheology. Construction and
building materials, Issue 16, pp. 15-22.

Makowska, M., Hartikainen, A. & Pellinen, T., 2017. The oxidation of bitumenwitnessed insitu by
infrared spectroscopy. Materials and structures.

Nivitha, M., Prasad, E. & Krishnan, J.M., 2016. Ageing in modified bitumen using FTIR spectroscopy.
International Journal of Pavement Engineering, 17(7), pp. 565-577.

Petersen, J., Barbour, F. & Dorrence, S., 1974. Catalysis of asphalt oxidation by mineral aggregate
surfaces and asphalt components. Proceedings Association of Asphalt Paving.

Petersen, J.C., 2007. A Dual, sequental mechanosm for the oxidation of petroleum asphalts. Petroleum
science and technology.

Petersen, J.C., 2009. A Review of the Fundamentals of asphalt oxidation. Transportation research circulr,
October.

Quddus, M., Sarwar, S. & Khan, F., 1995. The chemical composition of catalytic blown asphalt. Fuel,
5(74), pp. 684—689.

Redelius, P. & Soenen, H., 2015. Relation between bitumen chemistry and performance. Fuel, Issue 140,
pp. 34-42.

Robert, N., Self, A. & Read, J., 2015. The Shell Bitumen Handbook. The sixth edition ed. London: ICE
Publishing.

Siddiqui, M. & Ali, M., 1999. Investigation of chemical transformations by NMR and GPC during the
laboratory aging of arabian asphalt. Fuel, Issue 78, pp. 1407-16.

Simone, A., Pettinari, M., Petretto, F. & Madella, A., 2012. The influence of the binder viscosity on the
laboratory short term aging. Sustainability of road materials, October, pp. 29-31.

Soenen, H., Lu, X. & Laukkanen, O.-V., 2016. Oxidation of bitumen: molecular characterization and
influence on rheological properties. Rheo Acta, 55(4), pp. 315-326.

Steiner, D. et al., 2016. Towards an optimised lab procedure for long-term oxidative ageing of asphalt mix
specimen. International journal of pavement engineering, 17(6), pp. 471-477.

Vasiliev, V., Maidanova, N. & Salamatova, E., 2017. Comparative analysis of the properties of road
bitumen. Issue 2, pp. 14—-19.

Wang, S., Chang, J. & Tsiangg, R., 1999. Investigation of chemical transformations by NMR and GPC
during the laboratory aging of Arabian asphalt. Fuel, Issue 78.

Wu, S.P. et al., 2009. Influence of aging on the evolution of structure, morphology and rheology of base
and SBS modified bitumen. Construction and building materials, Issue 23, pp. 1005-10.

Aleksandrov A.V., Aleksandrova T.N., Litvinova N.M., Rasskazova A.V. 2017. Combined technologies
of enrichment of difficult-to-digest gold-bearing ores of the Yakut cluster // Mining information-
analytical bulletin (scientific and technical journal).—2017.-No0.S24.-P.40-49. (access mode:
https://library.ru/item.asp?id=32234512)

Aleksandrova T.N., Gurman M.A., Kondratyev S.A. 2011. Problems of gold recovery from persistent ores
in the south of the Far-Eastern region of Russia and some ways of their solution // Physico-technical
problems of mining. —No.5.- pp. 124-135. (access mode: https://library.ru/item.asp?id=17299310).

Aleksandrova T.N., Yatlukova N.G., Litvinova N.M., Babenko G.I., Bilevich 1.Y. 2007. A method for
extracting valuable components from gold-containing sulfide ores. Patent No. 2339455 dated 27.11.08.


http://https/library.ru/item.asp?id=32234512
http://https/library.ru/item.asp?id=17299310

IPC7B03D1/02. — No. 2007117676/03; claimed. 11/05/2007; publ. 27.11.2008. Bul. 33. (access mode:
https://elibrary.ru/item.asp?id=18732838)

Bespaev H.A., Lyubetskiy V.N., Lyubetskaya L.D., Uzhkenov B.S. 1981. Gold ore belts of Kazakhstan
(deep structure, geodynamics of development, deep factors of localization of mineralization). —
Almatyi. 2008.

Guay W.J. 1981. Gold and Silver: Leaching, Recovery and Economics //SME-AIME. — 1981. — C. 17-22.

Heide. K., K. Gerth. and E. Hartmann. 2000. “The detection of an inorganic hydrocarbon formation in
silicate melts by means of a direct-coupled-evolved-gas-analysis-system (DEGAS).” Thermochimica
acta 354. (2000): 165-172.

Heide K. and Ch.M. Schmidt. 2005. “Determination of volatiles in volcanic rocks and minerals with a
Directly Coupled Evolved Gas Analyzing System (DEGAS)-Part I: Interpretation of degassing profiles
(DEGAS-profiles) of minerals and rocks on the basis of melting experiments.” Annals of Geophysics
48.4-5 (2005).

Kanaeva. Z. K., A.T. Kanaev. and G.V. Semenchenko. 2014. “Geological structure of the gold-arsenic
deposit of Bakyrchik of East Kazakhstan.” Fundamental researches 11.11 (2014).

Malyigin A.A. Dyachkov B.A. 2000. Gold-ore belts of East Kazakhstan and their forecast
estimate//Vestnik VKGTU.- 2000. — #3.

Meretukov M.A. 2007. Gold and natural carbonaceous matter. M.: Ore and Metals, 2007. 108 p.

Mossman, D. J. 1999. Carbonaceous substances in mineral deposits: implications for geochemical
exploration. Journal of Geochemical Exploration, 66(1-2), 241-247.

Napseev V.A. Starova M.M. 1974. On the nature of finely dispersed gold in pyrite and arsenopyrite gold
deposits. /Sb. Mineralogy and geochemistry of gold. Ch.1. — Vladivostok DVGI. 1974.

Osseo-Asare K., Afenya P. M., Abotsi G. M. K. 1984. Carbonaceous matter in gold ores: isolation,
characterization and adsorption behavior in aurocyanide solutions //Precious metals: Mining,
extraction and processing. — 1984. — C. 125-144.

Radtke A. S., Scheiner B. J. 1970. Studies of hydrothermal gold deposition-(pt.) 1, carlin gold deposit,
nevada, the role of carbonaceous materials in gold deposition /Economic Geology. — 1970. — T. 65. — -
2.-C. 87-102.

Rafailovich M.S. 2010. Krupnotonnazhnyie mestorozhdeniya zolota i tsvetnyih metallov Kazahstana i
sosedney Azii.- GPNTB Rosii. 2010.

Razvozzhaeva E.A., Budyak A.E., Prokopchuk S.I. 2013. — The sorption activity of the insoluble
carbonate of black-language education in the process of regional metamorphism (Baikal-Patom
Nagora) // Geochemistry. —2013. — No. 1. — P. 92-92.

Rossovsky S.N. 1986. Technological evaluation of refractory gold-silver ores and concentrates:
Methodological recommendations /VIMS, 1986. 73 pp.

Sazanov Yu. N. 1991. Termicheskiy analiz organicheskih soedineniy. — Nauka. Leningr. otdelenie. 1991.

Schmidt. C. and K. Heide. 2001. “Thermal analysis of hydrocarbons in Paleozoic black shales.” Journal of
thermal analysis and calorimetry 4.3 (2001): 1297-1302.

Schmidt C. M. 2005. DEGAS—Untersuchungen zur Verwitterung von Schwarzpeliten [Dissertation].
Jena: Friedrich-Schiller-Universitdt; 2005.

Stelzner. T. & Heide. K. 1992. Degassing behavior of optical glasses. Glastechnische Berichte. 65(5).
150-156.

Zubkov V.S. 2000. Geochemical processes and minerals. — Vestn. GeolU. 2000. Issue. 2. P. 74-93.

Baacke, D. 2000. Geochemisches Verhalten umweltrelevanter Elemente in stillgelegten
Polysulfiderzgruben am Beispiel der Grube “Himmelfahrt” in Freiberg/Sachsen. Dissertation. TU
Bergakademie Freiberg, Freiberg. Fakultit fiir Geowissenschaften, Geotechnik und Bergbau.

Bauer, M. E.; Seifert, T.; Burisch, M.; Krause, J.; Richter, N.; Gutzmer, J. 2017. Indium-bearing sulfides
from the Himmerlein skarn deposit, Erzgebirge, Germany. Evidence for late-stage diffusion of indium
into sphalerite. Minerlium Deposita 27(7): 18.

Brickett, L.A.; Hammack, R.W.; Edenbom, H.M. 1995. Comparison of methods used to inhibit bacterial
activity in sulfide ore bioleaching studies. Hydrometallurgy 39(1-3): 293-305.

Buzatu, A.; Dill, H.G.; Buzgar, N.; Damian, G.; Maftei, A.E.; Apopei, A.l. 2016. Efflorescent sulfates
from Baia Sprie mining area (Romania)--Acid mine drainage and climatological approach. The
Science of the total environment 542(Pt A): 629-641.


http://https/elibrary.ru/item.asp?id=18732838

Carbone, C.; Dinelli, E.; Marescotti, P.; Gasparotto, G.; Lucchetti, G. 2013. The role of AMD secondary
minerals in controlling environmental pollution. Indications from bulk leaching tests. Journal of
Geochemical Exploration 132: 188-200.

Cook, N.J.; Ciobanu, C.L.; Brugger, J.; Etschmann, W.; Howard, D.L.; De Jonge, M.D.; Ryan, C.;
Paterson, D. 2012. Determination of the oxidation state of Cu in substituted Cu-In-Fe-bearing
sphalerite via u-XANES spectroscopy. American Mineralogist 97: 476-479.

Cook, N.J.; Ciobanu, C.L.; Williams, T. 2011. The mineralogy and mineral chemistry of indium in
sulphide deposits and implications for mineral processing. Hydrometallurgy 108(3—4): 226-228.

Czyzak, S.J.; Manthuruthil, J.C. & Reynolds, D.C. 1962. Etch Pit Studies on ZnS Crystals. Journal of
Applied Physics 33(1): 180-184.

Doebelin, N. & Kleeberg, R. 2015. Profex: a graphical user interface for the Rietfeld refinement program
BGMN. Journal of Applied Crystallography (48): 1573—1580.

Espaiia, J.-S.; Pamo, E.-L.; Santofimia, A.; Aduvire, O, Reyes, J.; Barettino, D. 2005. Acid mine drainage
in the Iberian Pyrite Belt (Odiel river watershed, Huelva, SW Spain): Geochemistry, mineralogy and
environmental implications. In: Applied Geochemistry 20: 1320-1356.

Etzel, K.; Klingl, A.; Huber, H; Rachel, R.; Schmalz, G.; Thomm, M.; Depmeier, W. 2008. Etching of
{111} and {210} synthetic pyrite surfaces by two archaeal strains, Metallsphaera sedula and
Sulfolobus metallicus. Hydrometallurgy 94: 116-120.

European Commission, 2010. Critical raw materials for the EU. Report of the ad-hoc working group on
defining critical raw materials. Version from 30th of August, 2010.

European Commission, 2014. Report on Critical Raw Materials for the EU, Report of the Ad hoc Working
Group on defining critical raw materials, Brussels.

Giebner, F.; Kaschabek, S.; Schopf, S. & Schlomann, M. 2015. Three adapted methods to quantify
biomass and activity of microbial leaching cultures. Minerals Engineering 79: 169—175.

Holmes, P. R.; Crundwell, F. K. 1995. Kinetic aspects of galvanic interactions between minerals during
dissolution. Hydrometallurgy 39(1-3): 353-375.

Johan, Z. 1988. Indium and germanium in the structure of sphalerite: an example of coupled substitution
with Copper. Mineralogy and Petrology (39): 211-229.

Perez, P. & Dutrizac, J. E. 1991. The effect of the iron content of sphalerite on its rate of dissolution in
ferric sulphate and ferric chloride media. Hydrometallurgy 1991(26): 211-232.

Rosler, H. J. 1984. Lehrbuch der Mineralogie, 3th ed.; VEB Deutscher Verlag fiir Grundstoffindustrie,
Leipzig.

Schippers, A. & Sand, W. 1999. Bacterial Leaching of Metal Sulfides Proceeds by Two Indirect
Mechanisms via Thiosulfate or via Polysulfides and Sulfur. Applied and Environmental Microbiology
65(1): 319-321.

Schliiter, R. & Mischo, H. 2015. in Proc. of the 26th Ann. Gen. Meet. & Conf. — SOMP 2015, Technische
Universitdt Bergakademie Freiberg, Freiberg.

Schliiter, R. & Mischo, H. 2018. In-situ bioleaching in crystaline rockformations: Comparison of
conditioning methods for enhanced permeability. SME Annual Meeting Feb. 25-28, 2018,
Minneapolis, MN.

Schwarz-Schampera, U. & Herzig, P. M. 2002. Indium. Geology, Mineralogy, and Economics. with 31
Figures and 54 Tables. Berlin Heidelberg: Springer-Verlag.

Seifert, Th. & Sandmann, D. 2006. Mineralogy and geochemistry of indium-bearing polymetallic vein-
type deposits: Implications for host minerals from the Freiberg district, Eastern Erzgebirge, Germany.
Ore Geology Reviews 28(1): 1-31.

Shimizu, M. & Kato, A. 1991. Rogesite-bearing tin ores from the Omodani, Akenobe, Fukoku, and Ikuno
polymetallic vein-type deposits in the inner zone of Southwestern Japan. The Canadian Mineralogist
29:207-215.

Stevens, L.G. & White, C.E.T. 1990. Indium and Bismuth. Metals Handbook; Vol. 2, 10th ed., The
Materials Information Society, Ohio, 750-757.

Vera, M.; Schippers, A.; Sand, W. 2013. Progress in bioleaching: fundamentals and mechanisms of
bacterial metal sulfide oxidation. Applied microbiology and biotechnology 97 (17): 7529-7541.

Viollier, E.; Inglett, P. W.; Hunter, K.; Roychoudhury, A. N. & Van Cappellen, P. 2000. The ferrozine
method revisited: Fe(II)/Fe(IlI) determination in natural waters. Applied Geochemistry 15: 785-790.

Wang, Z.; Daemen, L. L.; Zhao, Y.; Zha, C. S.; Downs, R. T.; Wang, X. 2005. Morphology-tuned
wurtzite-type ZnS nanobelts. In: Nature materials 4(12): 922-927.



Werner, A.; Meschke, K.; Bohlke; Daus, B.; Haseneder, R.; Repke, J.-U. 2018. Resource Recovery from
Low-Grade Ore Deposits and Mining Residuals by Biohydrometallurgy and Membrane Technology,
Potentials and Case Studies. ChemBioEng Reviews. 5(1): 6-17.

West, J. 2011. Decreasing Metal Ore Grades—Are They Really Being Driven by the Depletion of High-
Grade Deposits? Journal of Industrial Ecology 15(2): 165-168.

Wiche, O.; Zertani, V.; Henschel, W.; Achtziger, R. & Midula, P. 2017. Germanium and rare earth
elements in topsoil and soil-grown plants on different land use types in the mining area of Freiberg
(Germany). Journal of Geochemical Exploration 175: 120-129.

Aboutanios, E. 2017. “An Adaptive Clarke Transform Based Estimator for the Frequency of Balanced and
Unbalanced Three-Phase Power Systems.” 25th European Signal Processing Conference, EUSIPCO
2017 2017-Janua (1):1001-5. https://doi.org/10.23919/EUSIPCO.2017.8081358.

Besselmann, Thomas J., Andrea Cortinovis, Sture Van de moortel, Arne Marius Ditlefsen, Mehmet
Mercangoz, Harald Fretheim, Pieder Joerg, Erling Lunde, Terje Knutsen, and Tor Olav Stava. 2017.
“Increasing the Robustness of Large Electric Driven Compressor Systems During Voltage Dips.” IEEE
Transactions on Industry Applications 9994 (c):1-9. https://doi.org/10.1109/TIA.2017.2781638.

Drury, Gerrard, Vic Gosbell, Phil Ciufo, Vic Smith, Sarath Perera, and Sean Elphick. 2015.
“Characteristics of Power Quality Disturbances in Australia: Voltage Dips at Low-Voltage Sites.” IET
Generation, Transmission & Distribution 9 (15):2382-88. https://doi.org/10.1049/iet-gtd.2015.0556.

Emanuel, Alexander Eigeles. 2010. Power Definition and the Physical Mechanism of Power Flow. st ed.
John Wiley.

Mohan, Ned, Tore M Undeland, William P Robbins, and Kevin Murphy. 2003. Power Electronics. Edited
by Bill Zobrist. 3rd ed. Hoboken: John Wiley.

Park, R H. 1929. “Abridgment of Two-Reaction Theory of Synchronous Machines Generalized Method of
Analysis - Part L” Journal of the ALEE. 48 (3):716-27.
https://doi.org/10.1109/JAIEE.1929.6535099.

Rong, Cai. 2004. “Analysis of STATCOM for Voltage Dip Mitigation.”

Shonin, O B, S B Kryltcov, and N G Novozhilov. 2017. “The Digital Algorithm for Fast Detecting and
Identifying the Asymmetry of Voltages in Three-Phase Electric Grids of Mechanical Engineering
Facilities.” In MEACS2016, 1-6. https://doi.org/10.1088/1742-6596/755/1/011001.

Watanabe, E H, M Aredes, J L Afonso, J G Pinto, L F C Monteiro, and H Akagi. 2010. “Instantaneous P-q
Power Theory for Control of Compensators in Micro-Grids.” 2010 International School on
Nonsinusoidal Currents and Compensation, 17-26. https://doi.org/10.1109/ISNCC.2010.5524475.

Weldemariam, L.E., H.J. Gartner, V. Cuk, J. F.G. Cobben, and W.L. Kling. 2015. “Experimental
Investigation on the Sensitivity of an Industrial Process to Voltage Dips.” 2015 IEEE Eindhoven
PowerTech, PowerTech 2015. https://doi.org/10.1109/PTC.2015.7232318.

Weldemariam, L.E., V Cuk, and J.F.G. Cobben. 2016. “Weighting Factors for Estimating the Economic
Impact of Voltage Dips.” In 2016 IEEE International Conference on Power System Technology
(POWERCON), 1-6. IEEE. https://doi.org/10.1109/POWERCON.2016.7753876.

Zyl, Annabelle Van, Rene Spee, Alex Faveluke, and Shibashis Bhowmik. 1997. “Voltage Sag Ride-
Through for Adjustable Speed Drives with Active Rectifiers.” In IEEE Industry Applications Society
Annual Meeting, 486-92. New Orleans, Louisiana.

BBF.ru. ‘Economic Journal’ 2013.

Bowersox Donald J., Closs David J. Logistical Management: The Integrated Supply Chain Process. M.:
Olymp-Business, 2010. — 640 pg.

Bukharinov, R.A. Application of Informal Informational Economy Methods for Organization of
Procurement of an Industrial Facility: Thesis work for PhD in Economics: 08.00.00/Bukharinov,
Roman Aleksandrovich — Perm, 2010. — 172 pg.

Cherenkov, V.I. Fundamentals of International Logistics: Guidance Manual. SPb: St Petersburg
University Press, 2016. — 488 pg.

ECONOMY. Examples and Factual Background (Electronic source: www.popecon.ru). Dependence of
Russia’s Oil and Gas Sector on Import of Machinery, Technologies and Materials. 09.10.2017

Fedotenkov, D.G. Major Problems and Paths of Development of Transportation Logistics//Problems of
Contemporary Economy, Materials of the III International Academic Conference (Chelyabinsk,
December, 2013).


http://https/doi.org/10.23919/EUSIPCO.2017.8081358
http://https/doi.org/10.1109/TIA.2017.2781638
http://https/doi.org/10.1049/iet-gtd.2015.0556
http://https/doi.org/10.1109/JAIEE.1929.6535099
http://https/doi.org/10.1088/1742-6596/755/1/011001
http://https/doi.org/10.1109/ISNCC.2010.5524475
http://https/doi.org/10.1109/PTC.2015.7232318
http://https/doi.org/10.1109/POWERCON.2016.7753876
http://bbf.ru/
http://www.popecon.ru/

Juttner U A Strategic Framework for Integrating Marketing and Supply Chain Strategies/U Juttner, M.
Christopher, J Godsell//International Journal of Logistics Management. 2010. Vol. 21 No. 1 PGS 104-
126.

Kasatkin, R.G. The System for Liquefied Natural Gas Transportation by Sea from the Arctic. — M.: LKI,
2008. — 104 pg.

Kirillova, A.G.Multimodal Container Transport and Piggyback Services. M.: All-Union Institute of
Scientific and Technical Information under the auspices of the Russian Academy of Sciences, 2011. —
260 pg.

Levikov, G.A. Logistics, Transport and Forwarding, Quick Reference Wordbook. — M.: Translit. — 2008. —
224 pg.

Lukinskiy, V.V. Stock Management for the Purpose of Supply, Optimum Scope of Order:
monograph/V.V. Lukinskiy. — Stavropol: State Educational Institution of Higher Professional
Education ‘SevKavGTU’ (=North Caucasus State Technical University), 2007. — 124 pg.

Mandel, A. Ya., Paliy, V.V., Ratnikov, P.V.//Basic Technical and Technological Aspects of Development
of Hydrocarbon Deposits in way of Arctic Sea Shelf of the RF (Electronic version of Neftegaz.ru
journal). —2013. — Available at: http://neftegaz.ru/science/view/769Archives, 2008. — 416 pg.

Matushevich, O.V. Contemporary Approaches to Defining a Material Flow by Domestic
Analysts//Siberian School of Finance. - 2016. No. 6 (119). — pgs 60—64.

Plotkin, B.K. Establishment and Development of the Theory of Mineral Resources Logistics/B.K. Plotkin,
M.M. Khaykin // Transactions of the Mining Institute. 2017. Vol. 223. PGS 139-146. DOI:
10.18454/PM1.2017.1.139/

Poleshkina, 1.0. Supply Chain Management as a Driving Force for Dairy Companies’ Competitive Edge //
Economic and Social Changes: Factual Background, Trends, Forecast. — 2016. No. 5 (47). — pgs 251—
271.

Porter E. Michael. Competitive Strategy: Techniques for Analysing Industries and Competitors/Michael E.
Porter; translated from English. — M.: Alpina Business Books, 2005. — 454 pgs.

Russia: Innovations Course [Electronic source]. Public Expert and Analysis Report on the Course of
Implementation of the ‘Strategy of Innovation Development of the Russian Federation for the Period of
up to 2020’ — Available at: http://innovation.gov.ru/taxonomy/term/586.

The Great Encyclopaedia of Oil and Gas. (Electronic source). ngpedia.ruyxhowto.html.

Tyurin, A. Yu. Planning of Transportation Logistical Operations at Operating Level of Decision Making //
Bulleting of Kuzbass State Technical University. — 2017. No. 2 (120). - pgs 190-198.

Umetaliev, A.S. Logistics of Harmonization of International Customs Terminals // Proceedings of Issyk-
Kul Forum of Accountants and Auditors of Central Asian Countries. —2015. No. 2 (9). — pgs 225-230.

Valeev, V.G. Remote Monitoring of Transportation of Dangerous Goods // Transactions of the Mining
Institute. Vol.149. PGS 257-259.

Vasilyev, Yu. N. Problems and Prospects of Development of Export Supply of Oil and Gas Sector’s
Produce // Transactions of the Mining Institute. Vol.191. PGS 102-106.

Website of the Ministry of Industry and Trade. http://minpromtorg.gov.ru/about/

Website of ‘TRANSGASIMPORT". http://www.ransgazimport.ru

Website of ‘Navigator Logistics’ http://www.navigatorlogistics.fi/ru/

Yu. E. Timofeeva, M.M. Pimonenko. International Research Projects in Transportation Logistics//
Transport of the Russian Federation.—2009 No. 1 (20). PGS 50-52.

A neural chip created for future supercomputers, http://lenta.ru/articles/2014/08/07/neintcircuit/, last
accessed 2018/01/21.

About The National Technological Initiative, http://government.ru/news/20118/, last accessed 2018/01/21.

Agency for Strategic Initiatives, http://asi.ru/projects/, last accessed 2018/01/22.

Dyatlov, S.A., Lobanov, O.S. (2017). NBIC Convergence as a Stage of Transition of Saint-Petersburg’s E-
Government Information Space to the Sixth Techno-Economic Paradigm. Communications in
Computer and Information Science, 745, 347-361. DOI: 10.1007/978-3-319-69784—0_30.

Dyatlov, S.A., Lobanov, O.S., Selischeva, T.A. (2017). Information space convergence as a new stage of
e-governance development in Eurasian economic space. ACM International Conference Proceeding
Series, Part F130282, 99—106. DOI: 10.1145/3129757.3129775.

GSMA Mobile Economy Report, https://www.gsma.com/mobileeconomy/, last accessed 2018/01/25.

Human Brain Project, https://www.humanbrainproject.eu/, last accessed 2018/01/21.

Internet Initiatives Development Foundation, http://www.iidf.ru, last accessed 2018/01/22.


http://neftegaz.ru/science/view/769Archives
http://innovation.gov.ru/taxonomy/term/586
http://ngpedia.ru›howto.html/
http://minpromtorg.gov.ru/about/
http://www.ransgazimport.ru/
http://www.navigatorlogistics.fi/ru/
http://lenta.ru/articles/2014/08/07/neintcircuit/
http://government.ru/news/20118/
http://asi.ru/projects/
http://https/www.gsma.com/mobileeconomy/
http://https/www.humanbrainproject.eu/
http://www.iidf.ru/

Mu-ming Poo, Jiu-lin Du, Nancy Y. Ip, Zhi-Qi Xiong, Bo Xu, Tieniu Tan (2016). China Brain Project:
Basic Neuroscience, Brain Diseases, and Brain-Inspired Computing. Neuron, vol. 92, issue 3, 591-596.
DOI: 10.1016/j.neuron.2016.10.050.

Nelson, R.R. (2008). Economic Development from the Perspective of Evolutionary Economic Theory.
Oxford Development Studies, vol. 36, no. 1, 9-21.

Nikolskaya, P., Mogilevskaya, A. (2016). Ministry of Economic Development proposed to extend
indefinitely the benefits for T companies, Available:
http://www.rbc.ru/economics/13/05/2016/573609079a7947f492a5076d6? from=newsfeed, last accessed
2018/01/22.

Pharmacy Benefit Strategists, http://electrxtoday.com, last accessed 2018/01/21.

Prahalad, C.K. and Krishnan, M.S. (2016). The New Age of Innovation: Driving Cocreated.

Russian biometric portal, http://www.biometrics.ru, last accessed 2018/01/24.

Russian Venture Company, http://www.rusventure.ru/en/, last accessed 2018/01/21.

Society for Neuroeconomics, http://www.neuroeconomics.org/, last accessed 2018/01/21.

SyNAPSE Program, http://www.artificialbrains.com/darpa-synapse-program, last accessed 2018/01/23.

Systems of Neuromorphic Adaptive Plastic Scalable Electronics,
http://www.darpa.mil/Our_Work/DSO/Programs/Systems_of Neuromorphic Adaptive Plastic_Scalab
le_Electronics (SYNAPSE).aspx, last accessed 2018/01/21.

The Brain Research through Advancing Innovative Neurotechnologie,
http://www.braininitiative.nih.gov/? AspxAutoDetectCookieSupport=1, last accessed 2018/01/21.

Web Horizon 2020. The Framework Programme for Research and Innovation / European Commission,
https://ec.europa.eu/programmes/horizon2020, last accessed 2018/01/22.

Artemyev, V.B., Galkin, V.A., Makarov, A.M., & Kravchuk, I.L. (2016). The Mechanism of prevention of
realization of a dangerous production situation. Coal, 5, 73-77.

Artemiev, V.B., Lisovskiy, V.V., Galkin, V.A., & Kravchuk, I.L. (2015). To a significant increase of
industrial safety at the enterprises of “SUEK” (from “maps of the battlefield” — to the “Charter of the
boy” with dangerous production situations). Coal, 9, 4-9.

Baskakov, V.P. (2009). Organizational and Technological Means to Decrease Accident and Injury
Hazards at Coal Mines. Mining Information and Analytic Bulletin. Special Issue: Safety in Coal
Mining, 45-49.

Belnitskaya, Yu. D. (2014). Process approach in the labor safety management system at the enterprises of
the machine-building industry sector. Organizing committee of the conference, 94.

Bukhtoyarov, V.F. (2015). Problems and ways of safety and labor protection. International journal of
experimental education, 5(1), 76-78.

Borodulya, E.B. & Zhirnov, A.V. (2014). The problem of assessing the effectiveness of the economic
activity of the enterprise. International Technical and Economic Journal, 2, 43—49.

Boyle, A.J. (1998). Safety Management Strategy and Practice. Safety Science, 28(3), 209-211.

Ermakov, E.A. & Sencus, V.V. (2015). Technique of estimation of efficiency of technological schemes of
mines on economic criterion and conditions of industrial safety. Mining informational and analytical
bulletin (scientific and technical journal), 3, 26-37.

Forsyuk, A.A., & Kobylkin, S.S. (2009). Industrial Safety Condition at Coal Mines of Russian Federation.
Mining Information and Analytic Bulletin. Special Issue: Issue-Related Appendix. Safety, 23-26.

Gendler, S.G., & Gospodarikov, D.A. (2001). Methodical bases of calculation of economic damage from
injuries and occupational diseases in modern conditions. Safety, 5, 21-24.

Gendler, S.G., Kochetkova, E.A. & Samarov, L.Y. (2014). The efficiency of financial investments in the
protection of labour in coal mines. Mining journal, 4, 50-53.

Hollnagel, E. (2008). Risk + barriers = safety? Safety Science, 46(2), 221-229.

Hopkins, A. (2014). Issues in safety science. Safety Science, 67, 6-14.

Hovden, J. (1196). Safety Management Systems. Safety Science, 24(2), 157-158.

Kazer, B.M. (1995). Safety at work. Safety Science, 21(1), 79-80.

Leplat, J.N (1198). About implementation of safety rules. Safety Science, 29(3), 189-204.

Manikam, P. (2012). Safety Management of Small-Sized Chemical Waste Treatment Facilities in Victoria,
Australia. Management, 2(5), 221-231.

Manikam, P. (2013). What have we learned about learning from accidents. Post-disasters reflections.
Safety Science, 46(4), 566-584.


http://www.rbc.ru/economics/13/05/2016/573609079a7947f49a5076d6?from=newsfeed
http://electrxtoday.com/
http://www.biometrics.ru/
http://www.rusventure.ru/en/
http://www.neuroeconomics.org/
http://www.artificialbrains.com/darpa-synapse-program
http://www.darpa.mil/Our_Work/DSO/Programs/Systems_of_Neuromorphic_Adaptive_Plastic_Scalable_Electronics_(SYNAPSE).aspx
http://www.darpa.mil/Our_Work/DSO/Programs/Systems_of_Neuromorphic_Adaptive_Plastic_Scalable_Electronics_(SYNAPSE).aspx
http://www.braininitiative.nih.gov/?AspxAutoDetectCookieSupport=1
http://https/ec.europa.eu/programmes/horizon2020

Merkusheva, D.S., Mikhalchenko, V.V. & Rubanik, Yu.T. (2014). Quantitative analysis of economic risks
of the coal-mining enterprise. Bulletin of KemGU, 4, 60.

OST R 12.0.008-2009 Occupational Safety and Health Management Systems in Organizations.

OHSAS 18001-1999«Occupational Health and Safety Assessment Seriesy.

(2010). Review of Environmental Pollution on Territory of Northern Territorial Administration for
Hydrometeorological and Environmental Monitoring for 2009. Northern Territorial Administration for
Hydrometeorological and Environmental Monitoring.

Shuvalov, Yu.V., Burlakov, S.D., & Mikhailova, N.V. (2003). Assessment of Negative Impact from
Environmental Factors on Health Condition of Employees of Mining Companies in Northern
Territories. Proceedings of 2nd International Research Conference ‘Miner’s Week’, 61-67.

Wegman, F., & Hagenzieker, M. (2010). Editorial safety science special issue road safety management.
Safety Science, 48(9), 1081-1084.

Wu, S., Zhiyu, S., Mingzhong G., & Li, Y. (2014). Analysis of regularity and occurrence causes of coal-
gas dynamic disasters accidents. Progress in Mine Safety Science and Engineering, 800.

Abdelsalam, H.M. et al. 2013. Potential knowledge process outsourcing of Egyptian oil and gas
engineering services industry. International Journal of Knowledge-Based Development 4(4): 338-362.

Al-Fattah, S.M. 2013. National oil companies: Business models, challenges, and emerging trends.
Corporate Ownership and Control 11(1): 713-722.

Ampilov, Y.P. 2015. Russian Oil and gas industry in the context of low oil prices: Problems and
prospects. Geomodel-2015, Proceedings of the 17th Scientific-Practical Conference on Oil and Gas
Geological Exploration and Development.

Avilova, V.V. & Parfir’eva, E.N. 2014. Aktual’nye voprosy rynka nefteservisnyh uslug [Topical issues of
the oil and gas services market]. Vestnik Kazanskogo tehnologicheskogo universiteta [Bulletin of the
Technological University] 17: 305-307. (In Russ.).

Burenina, 1.V. & Hasanova, G.F. 2014. Vybor optimal’noj strategii razvitija nefteservisnoj kompanii [The
choice of the optimal development strategy for the oil and gas company]. Vestnik Sibirskoj
gosudarstvennoj avtomobil 'no-dorozhnoj akademii [Vestnik SibADI] 6: 118—123. (In Russ.).

Bushuev, V.V. et al. 2010. Nefijanaja promyshlennost’ Rossii - scenarii sbalansirovannogo razvitija
[Russia’s oil and gas industry — scenarios for balanced development]. Moscow: Energy (In Russ.).

Chuev, D. Je. 2012. Rossija na mirovom rynke nefteservisnyh uslug [Russia in the world market of oil and
gas services]. Rossijskoe predprinimatel’stvo [Russian Journal of Entrepreneurship] 11: 94-98. (In
Russ.).

Galljamova, D.H. et al. 2014. Vlijanie institutov globalizacii na makrojekonomicheskie i innovacionnye
parametry razvitija rossijskoj jekonomiki [Influence of the institutes of globalization on
macroeconomic and innovative parameters of development of the Russian economy]. Vestnik
Kazanskogo Tehnologicheskogo Universiteta [Bulletin of the Technological University] 4: 330. (In
Russ.).

Gong, B. 2018. The shale technical revolution — cheer or fear? Impact analysis on efficiency in the global
oilfield servicemarket. Energy Policy 112: 162—172.

Guo, J.L. et al. 2015. The Application of Smart Electric Distribution Network Technology in the
Construction of Smart Oilfield. Paper presented at International Conference on Social Science,
Management and Economics (SSME 2015) Guangzhou, China.

Gvilija, N.A. 2014. Vlijanie jekonomicheskih sankcij na konfiguraciju i funkcionirovanie cepej postavok
korporacij [The impact of economic sanctions on the configuration and operation of the supply chains
of the corporation]. Vestnik JuUrGU. Serija “Jekonomika i menedzhment” [Bulletin of South Ural
State University, Series “Economics and Management”] 8(4): 164—168. (In Russ.).

Hartley, P. & Medlock III, K.B. 2008. A model of the operation and development of a National Oil
Company. Energy Economics 30(5): 2459-2485.

Hval’nevich, A.V. 2015. Razvitie mirovogo rynka uslug po dobyche nefti i gaza [The development of the
world’s oil and gas extraction services]. Rossijskij vneshnejekonomicheskij vestnik [Russian Foreign
Economic Journal] 8: 116-126. (In Russ.).

Kellock, D. 2013. Depth control: In real time. Offshore Engineer 38(9): 86-88.

Kotljarov, 1.D. 2015. Autsorsingovaja model’ organizacii rossijskoj neftegazovoj otrasli: problemy i puti
reshenija [Outsourcing model of the organization of the Russian oil and gas industry: problems and
solutions]. Voprosy jekonomiki [Issues of Economics] 9: 45—64. (In Russ.).



Krajnova, Je.A. & Krotkov, G.I. 2013. Problemy i prioritety razvitija rossijskogo rynka nefteservisnyh
uslug [Problems and priorities of development of the Russian market of oil and gas services]. Zapiski
Gornogo instituta [Journal of Mining Institute] 201: 182—184. (In Russ.).

Krjukov, V.A. & Selezneva, O.A. 2013. Neftegazovye resursy v menjajushhejsja institucional’noj srede
[Oil and gas resources in a changing institutional environment]. Jekonomicheskij zhurnal Vysshej
shkoly jekonomiki [The HSE Economic Journal] 17(3): 407-429. (In Russ.).

Marten, C. & Gatzen, M.M. 2014. Decreasing operational cost of high performance oilfield services by
lifecycle driven trade-offs in development. CIRP Annals — Manufacturing Technology 63(1): 29-32.
Matei, N.M. et al. 2017. A Multi-Agent System for Management of Control Functions as Services in
Onshore Oilfield. Paper presented at the 9th International Conference on Electronics, Computers and

Artificial Intelligence — ECAL 2017, Targoviste, Romania.

Michael, A. 2016. Financial impact of price volatility on the oilfield services sector of the petroleum
industry. Paper presented at the SPE Hydrocarbon Economics and Evaluation Symposium, 17 May
2016—18 May 2016, Houston, United States.

Milovidov, K.N. & Kalashnikova, T.V. 2007. Tendencii tehnologicheskogo razvitija servisnyh neftjanyh
kompanij [Trends in technological development of service oil and gas companies]. Problemy
Jjekonomiki i upravlenija neftegazovym kompleksom [Problems of Economics and Management of the
Oil and Gas Complex] 3: 4-8. (In Russ.).

Moraes, E.C. & Lepikson, H.A. 2014. Service-oriented framework for oil fields automation. Frontiers of
Manufacturing and Design Science IV, Hong Kong, CHINA. 496-500: 1438—1441.

Muchkin, K.P. 2015. Problemy razvitija rossijskoj neftjanoj promyshlennosti v uslovijah mezhdunarodnyh
sankcij [Problems of development of the Russian oil and gas industry in the context of international
sanctions). Territorija novyh vozmozhnostej. Vestnik Vladivostokskogo gosudarstvennogo universiteta
jekonomiki i servisa [Territory of new opportunities. Bulletin of Viadivostok State University of
Economics and Service] 4: 90-103. (In Russ.).

Na, J. et al. 2017. Is the service sector different in size heterogeneity? Journal of Economic Interaction
and Coordination 12(1): 95-120.

Onerhime, A. et al. 2014. Addressing safety challenges of operating in sour gas fields: A case study from
the middle east. Paper presented at SPE Middle East Health, Safety, Environment and Sustainable
Development Conference and Exhibition, 22 September 2014-24 September 2014, Doha, Qatar.

Pavlovskaja, A.V. & Antropova, A.S. 2013. Problemy razvitija neftegazovogo servisa v Rossii [Problems
of development of oil and gas service in Russia]. Problemy jekonomiki i upravlenija neftegazovym
kompleksom [Problems of Economics and Management of the Oil and Gas Complex] 8: 4-10 (In
Russ.).

Savinov, Ju. A. & Hval’nevich, A.V. 2016. Razvitie rossijskogo rynka uslug po dobyche nefti i gaza v
uslovijah sankcij [Development of the Russian oil and gas services market under sanctions]. Rossijskij
vneshnejekonomicheskij vestnik [Russian Foreign Economic Journal] 8: 79-96. (In Russ.).

Shokola, Y.V. et al. 2017. Innovative and Sustainable Development of Oil and Gas Complex. Paper
presented at the 2017 IEEE Russia Section Young Researchers in Electrical and Electronic
Engineering Conference, St Petersburg, Russia.

TayyabHanif, M. et al. 2013. Improvement of oilfield services quality through concurrent engineering
techniques. Advanced Concurrent Engineering, Proceedings of the 19th ISPE International
Conference on Concurrent Engineering, 2012, Trier, Germany.

Teka, Z. 2012. Linkages to manufacturing in the resource sector: The case of the Angolan oil and gas
industry. Resources Policy 37(4): 461-467.

Tokarev, A.N. 2014. Nefteservis kak osnova innovacionnogo razvitija neftjanoj promyshlennosti [Oil
service as a basis for innovative development of the oil industry]. Sibirskaja finansovaja shkola
[Siberian Financial School] 4: 91-99. (In Russ.).

Tuktarov, S.R. & Bol’shakova, O.1. 2016. Sostojanie i1 perspektivy razvitija rynka nefteservisnyh uslug v
Rossii [Situation and prospects of development of the market of oilfield services in Russia]. Vestnik
Universiteta [Bulletin of the University] 12: 32-37. (In Russ.).

Agua, F., Félix, I., Kobyli, U., Kobyli, Z., Garcia-heras, M., & Villegas, M.A. (2017). Chemical-physical
characterisation of Early Iron Age glass beads from Central Europe. Boletin de La Sociedad Espanola
de Ceramica Y Vidrio, pp. 119-130. Available at: http://www.kulturbetrieb-arnstadt.de/


http://www.kulturbetrieb-arnstadt.de/

Baker, D.R., Mancini, L., Polacci, M., Higgings, M.D.., Gualda, G.A.R., Hill, R.J., Rivers, M.L. (2012).
An introduction to the application of X-ray microtomography to the three-dimensional study of igneous
rocks. Lithos, pp. 262-276.

Bertini, M., Mokso, R., Krupp, E.M. (2014). Unwinding the spiral: Discovering the manufacturing
method of Iron Age Scottish glass beads. Journal of Archaeological Science, pp. 256-266.

Boas, F.E., Fleischmann, D. (2012). CT artifacts: Causes and reduction techniques. Imaging in Medicine,
4(2), pp 229-240. Available at: http://www.edboas.com/science/CT/0012.pdf.

Bonneau, A., Moreau, J.-F., Hancock, R.G.V., Karklins, K. (2013). Archaeometrical analysis of glass
beads—potentials, limitations and results. BEADS: Journal of the Society of Bead Researchers, p. 46.

Bruker microCT.  (2010).  Skyscan, the wuser’s guide. Available at: http://bruker-
microct.com/next/CTan_UserManual.pdf.

Corning museum of glass. (2018). Available at: https://www.cmog.org/research/glass-dictionary.

Dubin, L.S., Togashi, K., (2009). The Worldwide History of Beads, revised edition. USA: Thames and
Hudson.

Fenzi, F., Lerma, S., Mendera, M., Messiga B., Riccardi, M., Vigato, P.A. (2013). Medieval glass making
and working in Tuscany and Liguria (Italy). Towards a standard methodology for the classification of
glass-making and glass-working indicators. Modern Methods for Analysing and Historical Glass, 1st
ed. Edited by Koen Janssens. Chichester: John Wiley & Sons, Ltd, pp. 473-37.

Grillo, K., Aultman, J. (2003). DAACS Cataloging Manual: Beads.

Gusenbauer, C., Reiter, M., Salaberger, D., Kastner, J. (2016). Comparison of Metal Artefact Reduction
Algorithms from Medicine Applied to Industrial XCT Applications, pp. 1-9.

Henderson, J. (2013). Silica, lime and glass colourants. In: Ancient Glass: An Interdisciplinary
Exploration. Cambridge: Cambridge University Press.

Hughes, S. (2011). CT Scanning in Archaeology. Computed Tomography — Special Applications. Edited
by Dr. Luca Saba, pp. 57-70.

lassonov, P., Gebrenegus, T., & Tuller, M. (2009). Segmentation of X-ray computed tomography images
of porous materials: A crucial step for characterization and quantitative analysis of pore structures.
Water Resoures Research.

Karklins, K. (1985). Glass beads: The 19th Century Levin Catalogue and Venetian Bead Book and Guide
to Description of Glass Beads. Ottawa: Parks Canada.

Kidd, Kenneth E. and Kidd, Martha Ann (2012). A Classification System for Glass Beads for the Use of
Field Archaeologists. BEADS: Journal of the Society of Bead Researchers.

Lahlil, S. S., Biron, 1., Galoisy, L. Morin, G. (2008). Rediscovering ancient glass technologies through the
examination of opacifier crystals. Applied Physics A, Volume 92, Issue 1, pp. 109-116.

Moretti C, Hreglich S. (2013). Raw materials, recipes and procedures used for glass making. Modern
Methods for Analysing and Historical Glass, 1st ed. Edited by Koen Janssens. Chichester: John Wiley
& Sons, Ltd, pp. 30-37.

Nass, A.F. Van. (2017). Understanding antic ornaments with u-computed tomography and XRF analysis.
Delft University of Technology.

Rauch, A. (2008). Corallenfabrik van Selow. Dissertation, 301. Technische Universitdt Dortmund.

Robertshaw, P., Wood, M., Popelka-Filcoff, R.S., Glascock, M.D., Rasoarifetra, B., Melchiorre, E. (2006).
Chemical analysis of glass beads from Madagascar. Journal of African Archaeology, pp. 91-109.

Shelby, J.E. (2005). Glass melting. In: Introduction to Glass Science and Technology, 2nd ed. Cambridge:
The Royal Society of chemistry, p. 41.

Shugar, A.N., O’Connor, A. (2011). The Analysis of 18th Century Glass Trade Beads from Fort Niagara:
Insight into Compositional Variation and Manufacturing Techniques. Northeast Historical
Archaeology, pp. 58—68.

Turner, G. L’E. (1983). Nineteenth-century Scientific Instruments. 1st ed. London: Published by Sotheby
Publications.

Vanhoefen A. (2015). Internationales Arbeitskolloquium zum Thema “Schmelzzimmer”. Available at:
http://www kulturbetrieb-arnstadt.de/

Wakefield, H., Buechner, T.S., (2010). Glassware. Encyclopadia Britannica, Available at:
https://www .britannica.com/art/glassware/Mid-15th-to-mid—19th-century.

Wondergem-de Best, A. (1994). Redox behaviour and fining of molten glass. PhD. Eindhoven University
of Technology, Netherlands.


http://www.edboas.com/science/CT/0012.pdf
http://bruker-microct.com/next/CTan_UserManual.pdf
http://bruker-microct.com/next/CTan_UserManual.pdf
http://https/www.cmog.org/research/glass-dictionary
http://www.kulturbetrieb-arnstadt.de/
http://https/www.britannica.com/art/glassware/Mid-15th-to-mid–19th-century

Alam, M.R., Reaz, M.B.I,, & Ali, M.A.M. 2012. A review of smart homes—Past, present, and future.
IEEE Transactions on Systems, Man, and Cybernetics, Part C (Applications and Reviews), 42(6),
1190-1203.

Alvarado, V. & Eduardo, M. 2010. Enhanced oil recovery: an update review. Energies, 3(9): 1529-1575.

Atzori, L., Tera, A., Morabito, G. 2010. The internet of things: A survey. Computer networks, 54(15),
2787-2805.

Benndorf, J., Jansen, J.D. 2017. Recent developments in closed-loop approaches for real-time mining and
petroleum extraction. Mathematical Geosciences, 49(3), 277-306.

Burda, B. et al. 2007. Information architecture strategy for the digital oil field. Digital Energy Conference
and Exhibition, Society of Petroleum Engineers.

Chen, M., Mao, S., Liu, Y. 2014. Big data: A survey. Mobile networks and applications, 19(2), 171-209.

Cherepovitsyn, A. & Tcvetkov, P. 2017. Overview of the prospects for developing a renewable energy in
Russia. In Green Energy and Applications (ICGEA), International Conference, 113-117. DOI:
10.1109/ICGEA.2017.7925466.

Cocchia, A. 2014. Smart and digital city: A systematic literature review. Smart city, Springer, Cham, 13—
43,

Deloitte Touche Tohmatsu. Vision 2040 Global scenarios for the oil and gas industry, 2014. URL:
http://www2.deloitte.com/content/dam/Deloitte/ru/Documents/energy-
resources/ru_er_vision2040 new_eng.pdf.

Forrester Research. Tech Radar, Internet of Things Security, Q1 2017.

Gao, C.H., Rajeswaran, R.T., Nakagawa, E.Y. 2007. A literature review on smart well technology.
Production and Operations Symposium, Society of Petroleum Engineers.

Gartner Inc. IT Glossary. URL: gartner.com/it-glossary.

Granit-Electron Company. History of the development. URL: https://www.granit-electron.ru/en/about-
company/history/.

Guldemond, E. 2011. Collaborative work environments in smart oil fields. Diss. (SI: sn).

Hashem, I.A.T., Yaqoob, 1., Anuar, N.B., Mokhtar, S., Gani, A., Khan, S.U. 2015. The rise of “big data”
on cloud computing: Review and open research issues. Information Systems, 47, 98—115.

Jamal M., Al-Mufarej M., Al-Mutawa M., Anthony E., Hom C., Singh S., Moricca G., Kain J., Saputelli
L. 2013. Effective well management in Sabriyah intelligent digital Oilfield. Paper SPE 167273
prepared for presentation at the SPE Kuwait Oil and Gas Show and Conference, Mishref, Kuwait, 7—
10 October 2013, 12 p.

Lane, D. 2018. The political economy of Russian oil. Business and State in Contemporary Russia.
Routledge, 101-128.

Meriam-Webster Inc. Dictionary. URL: https://www.merriam-webster.com/dictionary/digitalization.

Nevskaya, M.A., Fedoseev, S.V., Marinina, O.A. 2016. The analysis of the problems of mining waste
products in the mineral resources sector of the Russian Federation. International Journal of Applied
Engineering Research, 11(16), 9018-9025.

Ponomarenko, T.V., Cherepovitsyn, A.E., Fedoseev, S.V., & Sidorov, D.E. 2016. Organizational-
economic mechanism of financing strategic investment projects at the regional level in regions with
poor infrastructure. International Journal of Applied Engineering Research, 11(16), 9007-9013.

Russian Government. Strategic Program “Digital economy of the Russian Federation”. URL:
http://government.ru/docs/28653/.

Saad al-sumaiti, A, Mohammed, H.A., Magdy, M.A.S. 2014. Smart home activities: A literature review.
Electric Power Components and Systems, 42.3—4, 294-305.

Saul J.B. 2012. Digital transformation: opportunities to create new business models. Strategy &
Leadership, 40 (2), 16-24. DOI: https://doi.org/10.1108/10878571211209314.

Schapire, R.E. 2003. The boosting approach to machine learning: An overview. Nonlinear estimation and
classification, Springer, New York, 149-171.

Soma, R., Bakshi, A., Prasanna, V.K. 2007. A semantic framework for integrated asset management in
smart oilfields. Cluster Computing and the Grid. Seventh IEEE International Symposium, pp. 119—
126.

Statista. 2018a. Data volume of global consumer IP traffic from 2015 to 2021 URL:
https://www.statista.com/statistics/267202/global-data-volume-of-consumer-ip-traffic/.

Statista. 2018b. Number of internet users worldwide URL:
https://www .statista.com/statistics/273018/number-of-internet-users-worldwide/.


http://www2.deloitte.com/content/dam/Deloitte/ru/Documents/energy-resources/ru_er_vision2040_new_eng.pdf
http://www2.deloitte.com/content/dam/Deloitte/ru/Documents/energy-resources/ru_er_vision2040_new_eng.pdf
http://gartner.com/it-glossary
http://https/www.granit-electron.ru/en/about-company/history/
http://https/www.granit-electron.ru/en/about-company/history/
http://https/www.merriam-webster.com/dictionary/digitalization
http://government.ru/docs/28653/
http://https/doi.org/10.1108/10878571211209314
http://https/www.statista.com/statistics/267202/global-data-volume-of-consumer-ip-traffic/
http://https/www.statista.com/statistics/273018/number-of-internet-users-worldwide/

The World Bank. World Development Report 2016: Digital Dividends. URL:
http://www.worldbank.org/en/publication/wdr2016.

Vlachos, N. 2016. Internet traffic volumes characterization and forecasting. Doctoral dissertation, Heriot-
Watt University.

WebFinance Inc. Business Dictionary URL:
http://www.businessdictionary.com/definition/digitalization.html.

Westerman, G., Bonnet, D., McAfee, A. 2014. Leading digital: Turning technology into business
transformation. Harvard Business Press.

Wollschlaeger, M., Sauter, T., Jasperneite, J. 2017. The future of industrial communication: Automation
networks in the era of the internet of things and industry 4.0. [EEE Industrial Electronics Magazine,
11(1), 17-27.

Zanella, A., Bui, N., Castellani, A., Vangelista, L., Zorzi, M. 2014. Internet of things for smart cities.
IEEE Internet of Things journal, 1(1), 22-32.

About a state and use of mineral raw material resources of the Russian Federation in 2015. State report.
Ministry of Natural Resources and Environment of the Russian Federation, 2017 [O sostoyanii i
ispol’zovanii mineral’no-syr’evyh resursov Rossijskoj Federacii v 2015 godu. Gosudarstvennyj
doklad. Ministerstvo prirodnyh resursov i ekologii Rossijskoj Federacii], viewed 15.02.2018,
http://www.mnr.gov.ru/docs/o_sostoyanii_i_ispolzovanii_mineralno_syrevykh resursov_rossiyskoy f
ederatsii/gosudarstvennyy_doklad o_sostoyanii_i_ispolzovanii_mineralno_syrevykh resursov_rossiys
koy federatsii/.

About the list of the priority projects realized in the territory of the Arctic zone of the Russian Federation.
Ministry of Economic Development of the Russian Federation, 2016 [O perechne prioritetnyh
proektov, realizuemyh na territorii Arkticheskoj zony Rossijskoj Federacii. Ministerstvo
ekonomicheskogo razvitiya Rossijskoj Federacii], viewed 08.03.2018,
https://arctic.gov.ru/FilePreview/9053275b-7821-e611-80cc-e672fede8ede?nodeld=4370391e-.

Arctic 18-24-35: View of the youth, n.d. [Arktika 18-24-35: Vzglyad molodih], viewed 17.04.2018,
http://roscongress.vcongress.ru/materials/arktika-18-24-35/.

Athanasopoulos, G., Hyndman, R. J., Kourentzes, N. & Petropoulos, F. 2017. Forecasting with temporal
hierarchies. European Journal of Operational Research 262(1): 60-74.

Austvik, O. & Moe, A. 2016. Oil and gas extraction in the Barents Region. Encyclopedia of the Barents
Region (Volume I1): 115-121. Oslo: Pax.

Berg, J.E., Nelson, F.D. & Rietz, T.A. 2008. Prediction market accuracy in the long run. International
Journal of Forecasting 24(2): 285-300.

Blunden, M. 2009. The new problem of Arctic stability. Survival 51, 5: 121-142.

Blunden, M. 2012. Geopolitics and the Northern Sea Route. International Affairs 88(1): 115-129.

Bogoyavlensky, V.I. & Bogoyavlensky, I.V. 2015. Development of oil and gas fields in the Arctic seas
and other Russian offshore areas. Vestnik MGTU 18(3): 377-385.

Bykovskii, V. 2014. Western Siberia, oil and gas [Zapadnaya Sibir, Neft’ I gaz], viewed 17.04.2018,
http://900igr.net/prezentacija/ekonomika/zapadnaja-sibir-neft-i-gaz-208090/rossija—21.html.

Carayannis, E., Cherepovitsyn, A. & Ilinova, A. 2017. Sustainable Development of the Russian Arctic
zone energy shelf: the Role of the Quintuple Innovation Helix Model. Journal of the Knowledge
Economy 8 (2): 456-470.

Chanysheva, A.F. & Cherepovitsyn, A.E. 2017. Oil and gas companies and states organizational and
economic mechanism of interactions for cross-border marine oil and gas fields. Academy of Strategic
Management Journal 16 (2), viewed 05.04.2018, https://www.abacademies.org/articles/Oil-and-gas-
companies-and-states-organizational-and-economic-mechanism-1939-6104-SI-16-2-129.pdf.

Chatfield, C. 2000. Time-series forecasting. U.S.: CRC Press.

Cherepovitcyn, A. & Smirnova, N. 2013. Features of the Russian license and tax policy at offshore oil and
gas fields development. Society of Petroleum Engineers — SPE Arctic and Extreme Environments
Conference and Exhibition, AEE, Moscow 3: 2632-2661.

Cherepovitsyn, A.E., Ilinova, A.A. & Smirnova, N.V. 2017. Key stakeholders in the development of
transboundary hydrocarbon deposits: The interaction potential and the degree of influence. Academy of
Strategic Management Journal 16 (2), viewed 05.04.2018, https://www.abacademies.org/articles/Key-
stakeholders-in-the-development-of-transboundary-hydrocarbon-deposits-1939-6104-SI-16-2-130.pdf.

Claes, D. & Osterud, O. 2010. The new geopolitics of the High North. S1st ISA Convention in New
Orleans.


http://www.worldbank.org/en/publication/wdr2016
http://www.businessdictionary.com/definition/digitalization.html
http://www.mnr.gov.ru/docs/o_sostoyanii_i_ispolzovanii_mineralno_syrevykh_resursov_rossiyskoy_federatsii/gosudarstvennyy_doklad_o_sostoyanii_i_ispolzovanii_mineralno_syrevykh_resursov_rossiyskoy_federatsii/
http://www.mnr.gov.ru/docs/o_sostoyanii_i_ispolzovanii_mineralno_syrevykh_resursov_rossiyskoy_federatsii/gosudarstvennyy_doklad_o_sostoyanii_i_ispolzovanii_mineralno_syrevykh_resursov_rossiyskoy_federatsii/
http://www.mnr.gov.ru/docs/o_sostoyanii_i_ispolzovanii_mineralno_syrevykh_resursov_rossiyskoy_federatsii/gosudarstvennyy_doklad_o_sostoyanii_i_ispolzovanii_mineralno_syrevykh_resursov_rossiyskoy_federatsii/
http://https/arctic.gov.ru/FilePreview/9053275b-7821-e611-80cc-e672fe4e8e4e?nodeId=4370391e-
http://roscongress.vcongress.ru/materials/arktika-18–24–35/
http://900igr.net/prezentacija/ekonomika/zapadnaja-sibir-neft-i-gaz-208090/rossija−21.html
http://https/www.abacademies.org/articles/Oil-and-gas-companies-and-states-organizational-and-economic-mechanism-1939–6104-SI-16-2-129.pdf
http://https/www.abacademies.org/articles/Oil-and-gas-companies-and-states-organizational-and-economic-mechanism-1939–6104-SI-16-2-129.pdf
http://https/www.abacademies.org/articles/Key-stakeholders-in-the-development-of-transboundary-hydrocarbon-deposits-1939–6104-SI-16–2-130.pdf
http://https/www.abacademies.org/articles/Key-stakeholders-in-the-development-of-transboundary-hydrocarbon-deposits-1939–6104-SI-16–2-130.pdf

Conley, H. et. al. 2013. Arctic economics in the 21st century. The benefits and costs of cold. Report of the
CSIS Europe Program.

Conley, H. & Kraut, J. 2010. Strategic interests in the Arctic: an assessment of current challenges and
new opportunities _for cooperation. a report of the CSIS Europe program.

Criticism of oil and gas projects. Opinions of managers, politicians, experts and industrialists on raw
dependence of economy of Russia and development of fields of hydrocarbons in the Arctic, 2012
[Kritika neftegazovyh proektov. Mneniya upravlencev, politikov, specialistov i promyshlennikov o
syr’evoj zavisimosti ekonomiki Rossii i osvoenii mestorozhdenij uglevodorodov v Arktike], viewed
15.02.2018, http://www.greenpeace.org/russia/Global/russia/report/Arctic-0il/2015-03-
17 _oil gas projects_critics.pdf.

Gardner, E.S. & McKenzie, E. 2011. Why the damped trend works. Journal of the Operational Research
Society 62(6): 1177-1180.

Goodwin, P. & Wright, G. 2014. Decision Analysis for Management Judgment 5th ed. John Wiley and
sons.

Green, K.C. 2002. Forecasting decisions in conflict situations: a comparison of game theory, role-playing,
and unaided judgement. International Journal of Forecasting 18(3): 321-344.

Heininen, L. 2012. Arctic strategies and policies. Inventory and Comparative Study.

Henderson, J. 2014. International partnership in Russia: conclusions from the oil and gas industry.
London: Palgrave Macmillan.

Henderson, J. & Loe, J. 2014. The prospects and challenges for Arctic oil development, viewed
15.02.2018, https://www.oxfordenergy.org/wpcms/wp-content/uploads/2014/11/WPM-56.pdf.

Howard, R. 2009. The Arctic gold rush: the new race for tomorrow’s natural resources, viewed
15.02.2018,
https://books.google.ru/books?id=CjialnLdIgMCé&pg=PA174&dq=USA+Arctict+shelf&hl=ru&sa=X
&ved=0ahUKEwjj3u60xv3RAhWzZpoKHYI1A EQ6AEIWTAE#v=onepage&q=USA%20Arctic%?2
Oshelf&f=false.

Kapyla, J. & Mikkola, H. 2013. The global Arctic. The growing Arctic interests of Russia, China, The US
and European Union. Global security research programme. The Finnish institute of international
affairs.

Keil, K. 2012. Opening oil and gas development in the Arctic: a conflict and risk assessment. Tvergastein
Interdisciplinary Journal of the Environment 11 (2): 36-43.

Kourentzes, N. & Sagaert, Y. R. 2018. Incorporating Leading Indicators into Sales Forecasts. Foresight:
The International Journal of Applied Forecasting 48: 24-30.

Kourentzes, N., Petropoulos, F. & Trapero, J. R. 2014. Improving forecasting by estimating time series
structural components across multiple frequencies. International Journal of Forecasting 30(2): 291—
302.

Kruk, M.N. & Nikulina, A.Y. 2016. Economic estimation of project risks when exploring sea gas and oil
deposits in the Russian Arctic. International Journal of Economics and Financial Issues 6 (2): 138—
150.

Laruelle, M. 2014. Russia’s Arctic strategies and future of the far north. Armonk: M.E. Sharpe Inc.

Miles, J. 2008. A Primer on Prediction Markets. Foresight: The International Journal of Applied
Forecasting 9: 33-35.

Moe, A. 2013. Norway and Russia: Neighbours with strong interests in the Arctic. Energy Security and
Geopolitics in the Arctic: Challenges and Opportunities in the 21st Century 1: 127-164.

Nikulina, A.Y. & Kruk, M.N. 2016. Impact of sanctions of European Union and Unites States of America
on the development of Russian oil and gaz complex. International Journal of Economics and Financial
Issues 6 (4): 1379—-1382.

Oil prices are ready for takeoff, n.d. [Tseny na neft prigotovilis k vzletu], viewed 15.03.2018,
https://iz.ru/655330/evgeniia-pertceva/parfiumerno-kosmeticheskii-minimum.

Ord, K., Fildes, R. A. & Kourentzes, N. 2017. Principles of Business Forecasting. 2nd ed., Wessex Press.

Overland, 1. 2010. The Arctic is hot, part 1. Russia’s Arctic energy policy International Journal 65(4):
865-878.

Peimani, H. 2013. Energy security and geopolitics in the Arctic. Challenges and opportunities in the 21st
Century.

Price of Brent crude oil, 2017 [Cena nefti marki Brent], viewed 12.04.2018, http://market-
prices.com/Crude_Oil/.


http://www.greenpeace.org/russia/Global/russia/report/Arctic-oil/2015-03-17_oil_gas_projects_critics.pdf
http://www.greenpeace.org/russia/Global/russia/report/Arctic-oil/2015-03-17_oil_gas_projects_critics.pdf
http://https/www.oxfordenergy.org/wpcms/wp-content/uploads/2014/11/WPM-56.pdf
http://https/books.google.ru/books?id=Cjia1nLdlqMC&pg=PA174&dq=USA+Arctic+shelf&hl=ru&sa=X&ved=0ahUKEwjj3u6Oxv3RAhWzZpoKHYl1A_EQ6AEIWTAE#v=onepage&q=USA%20Arctic%20shelf&f=false
http://https/books.google.ru/books?id=Cjia1nLdlqMC&pg=PA174&dq=USA+Arctic+shelf&hl=ru&sa=X&ved=0ahUKEwjj3u6Oxv3RAhWzZpoKHYl1A_EQ6AEIWTAE#v=onepage&q=USA%20Arctic%20shelf&f=false
http://https/books.google.ru/books?id=Cjia1nLdlqMC&pg=PA174&dq=USA+Arctic+shelf&hl=ru&sa=X&ved=0ahUKEwjj3u6Oxv3RAhWzZpoKHYl1A_EQ6AEIWTAE#v=onepage&q=USA%20Arctic%20shelf&f=false
http://https/iz.ru/655330/evgeniia-pertceva/parfiumerno-kosmeticheskii-minimum
http://market-prices.com/Crude_Oil/
http://market-prices.com/Crude_Oil/

Regions of the Arctic zone of the Russian Federation, n.d. [Regiony Arkticheskoi zoni RF], viewed
12.04.2018, http://www.arctic-info.ru/encyclopedia/countries-and-regions/regiony-arkticheskoy-zony-
rf.

Rowe, E. & Blakkisrud, H. 2014. A new kind of Arctic power? Russia’s policy discourses and diplomatic
practices in the circumpolar north. Geopolitics 19(1): 66—85.

Rowe, G. 2007. A guide to Delphi. Foresight: The International Journal of Applied Forecasting 8: 11-16.

Sagaert, Y. R., Aghezzaf, E. H., Kourentzes, N. & Desmet, B. 2018. Tactical sales forecasting using a
very large set of macroeconomic indicators. European Journal of Operational Research 264(2): 558—
569.

Schoemaker, P. J. 1995. Scenario planning: a tool for strategic thinking. Sloan management review 36(2),
25.

Smirnova, N.V. & Rudenko, G.V. 2017. Tendencies, problems and prospects of innovative technologies
implementation by Russian oil companies. Journal of Industrial Pollution Control 33 (1): 937-943.
Tamnes, R. & Offerdal, K. 2014. Geopolitics and security in the arctic: regional dynamics in a global

world. Routledge Global Security Studies.

Zysk, K. 2011. The evolving Arctic security environment: an assessment. In S. J. Blank (ed.), Russia in
the Arctic: 96-97. Strategic Studies Institute: Carlisle.

Arutyunova N.D. Introduction. The logical analysis of a language. The image of a human in culture and
language. Moscow, Indrik, 1999 (published in Russian).

Bartminski Jerzy: Der Begriff des sprachlichen Weltbildes und die Methoden seiner Operationalisierung.
Tekst i dyskurs—text und diskurs 5, 2012. (Seite: 261-289), Ubersetzung aus dem Polnischen:
Waldemar Czachur, Wolfgang Schramm. [Internet].
https://www.yumpu.com/de/document/view/27091576/der-begriff-des-sprachlichen-weltbildes-und-
die-tekst-i-dyskurs/5.

Bressan, David. https://blogs.scientificamerican.com/history-of-geology/the-genesis-of-the-dolomites-
from-the-sea-to-the-sky/.

Burke, Kenneth “On symbols and society” — The University of Chicago Press, 1989 —317p.

Clark, Sandra H.B. Birth of the mountains. https://pubs.usgs.gov/gip/birth/birth.pdf.

Coal Education. http://www.coaleducation.org/glossary. htm#D.

Einer, F.F., Sakhovaler A.Y., Yasny, V.K. Modern German-Russian dictionary on mining and ecology of
mining production./Editor Seidenwarg, V. — Moscow, “Russo”, 2003. — 584 p.

Humboldt, Wilhelm. On Language: on the diversity of human language construction and its influence on
the mental development of the human species. — Cambridge University Press, 1999.

Hurst, Martin D.; Mudd, Simon M.; Attal, Mikael; Hilley, George. Science. 23 Aug 2013: Vol. 341, Issue
6148, pp. 868-871. DOI:10.1126/science.1241791.
http://science.sciencemag.org/content/341/6148/868.full?sid=d20cff05-a88b-433b-ad85—
0d790a3a8107].

Lakoff, George and Johnsen, Mark. Metaphors we live by. London: The university of Chicago press,
2003.

Murawski, H., Meyer, W. Geologisches Worterbuch. 12. iiberarbeitete und erweiterte Auflage. Spektrum
Akademischer Verlag: Heidelberg, 2010. — 221 S.

Ovsyannikova, V.V. Metaphoric models in scientific geological discourse. — Tomsk, 2010 (published in
Russian).

Petropedia. https://www.petropedia.com/definition/5462/dead-well.

Risager, Karen. Language and Culture: Global Flows and Local Complexity. — Multilingual matters Ltd,
2006.

Sapir, Edward. Language. An Introduction to the Study of Speech. 1921. San Diego etc.: Harcourt Brace
& Company.

Schlumberger Oilfield Glossary. http://www.glossary.oilfield.slb.com/.

Sishchuk, Y. German borrowings in Russian geological and mining terminology. — Proceedings of the
Mining Institute. Vol. 219 — St. Petersburg, National University of Mineral Resources, 2016. — Pp.
504-507.

Simoff, Simeon; Bohlen, Michael H.; Mazeika, Arturas. Visual Data Mining: Theory, Techniques and
Tools for Visual Analytics. Springer Science & Business Media, 2008.

Sulak, S. The study of terminology of the conceptual field “Finance”, 2006 (published in Russian).

US Geological Survey. https://geomaps.wr.usgs.gov/parks/province/rockymtn.html.


http://www.arctic-info.ru/encyclopedia/countries-and-regions/regiony-arkticheskoy-zony-rf
http://www.arctic-info.ru/encyclopedia/countries-and-regions/regiony-arkticheskoy-zony-rf
http://https/www.yumpu.com/de/document/view/27091576/der-begriff-des-sprachlichen-weltbildes-und-die-tekst-i-dyskurs/5
http://https/www.yumpu.com/de/document/view/27091576/der-begriff-des-sprachlichen-weltbildes-und-die-tekst-i-dyskurs/5
http://https/blogs.scientificamerican.com/history-of-geology/the-genesis-of-the-dolomites-from-the-sea-to-the-sky/
http://https/blogs.scientificamerican.com/history-of-geology/the-genesis-of-the-dolomites-from-the-sea-to-the-sky/
http://https/pubs.usgs.gov/gip/birth/birth.pdf
http://www.coaleducation.org/glossary.htm#D
http://science.sciencemag.org/content/341/6148/868.full?sid=d20cff05-a88b-433b-ad85–0d790a3a8107
http://science.sciencemag.org/content/341/6148/868.full?sid=d20cff05-a88b-433b-ad85–0d790a3a8107
http://https/www.petropedia.com/definition/5462/dead-well
http://www.glossary.oilfield.slb.com/
http://https/geomaps.wr.usgs.gov/parks/province/rockymtn.html

Volodina, M.N. The cognitive-informational nature of a term and terminological nomination. — Moscow,
1998 (published in Russian).

Vorkachev, S.G. Cultural linguistics, linguistic persona, concept: development of anthropological
paradigm in language studies. — Philological sciences. —2001. Ne 1, pp. 64—72 (published in Russian).

Whorf, Benjamin L. [1941]. 2001. The Relation of Habitual Thought and Behavior to Language. In:
Duranti, Alessandro (ed.), Linguistic Anthropology: A Reader. Pp. 363-381. Malden and Oxford:
Blackwell.

World Oil. http://www.worldoil.com/news/2018/3/9/aging-oil-fields-defy-gravity-to-pump-more-crude.

About modification of the Labor code of the Russian Federation and article 1 of the Federal law “on
technical regulation” (with changes and additions. Federal law of December 3, 2012 no. 236-FZ):
adopted by the state. Dumoy Feder. Coll. Grown. Federation 23 November 2012: endorsement. The
Federation Council Feder. Coll. Grown. Federation 28 November 2012//ROS. Gas. (2012).

Biackler F. Knowlege, Knowledge Work and Organizations: an Overview and Interpretation/F. Biackler:
Organizational studies, Vol. 16 N 6. pp. 1023-1026 (1995).

Butrova O.F. The national frame of qualifications of the Russian Federation: Recommendations., V.I.
Blinov, I.A. Voloshina [etc.]. Moscow, Federal Institute of education development, (2008).

Draft Order of the Ministry of labor and social protection of the Russian Federation “on approval of the
draft professional standard” head of educational organization (prepared by the Ministry of labor
23.06.2016). Available at: http://www.garant.ru/products/ipo/prime/doc/56574265/ (accessed 9 April
2018).

Formation of the National qualifications system: collection of normative documents. Moscow, Publishing
House “Pero”, (2014).

Foss N.J. Strategy, economic organization and the knowledge economy/Foss N.J.N.Y.: Oxford University
Press, (2006).

Order of the Ministry of health and social development of the Russian Federation (Minzdravsotsrazvitija
of Russia) from August 26, 2010 no. 761H Moscow (On approval of the Uniform qualification
reference book of positions of heads, specialists and employees, section “Qualifying characteristics of
posts of workers of education”), ed. by 31.05.2011 Registered in the Ministry of justice 6.10.2010 no.
18638.

Resolution of the Government of the Russian Federation no. 1242 of 12.10.2017 (on the development,
implementation and evaluation of the effectiveness of certain state programs of the Russian
Federation). Collection of legislation of the Russian Federation. no. 43, art. 6323 (part II), (2017).

Resolution of the Government of the Russian Federation no. 1642 dated 26.12.2017 (on approval of the
state program of the Russian Federation “development of education”). Collection of legislation of the
Russian Federation. no.1, art. 375 (part II) (2017).

The layout of the professional standard. Available at: http:/nspkrf.ru/ (accessed 9 January 2017).

The order of the Government of the Russian Federation of 07.10.2010 No. 1696-R (about approval of the
program of development of Federal public educational institution of higher education “St. Petersburg
state University” till 2020)//legislation Assembly of the Russian Federation, no 42, Art. 5415 (2010).

The order of the Ministry of health and social development of the Russian Federation (Ministry of health
and social development of Russia) of January 11, 2011 no. 1 N Moscow (about the approval of the
Uniform qualification reference book of positions of heads, experts and employees, the section
“Qualification characteristics of positions of heads and specialists of higher and additional professional
education” is Registered in Ministry of justice of the Russian Federation on March 23, 2011 no. 20237.

The order of the Ministry of labor of Russia from April 12, 2013 no. 148H (approval skill levels to
develop projects of professional standards) registered in Ministry of justice of Russia 27.05.2013 no.
28534.

The order of the Ministry of the Russian Federation from 08.09.2015 no. 608H (On approval of
professional standard “Teacher of vocational training, professional education and additional
professional education” Registered in the Ministry of justice 24.09.2015 no. 38993.

Twelve solutions for new education: the report of the Centre for strategic research and Higher school of
Economics/under the editorship of Y.I. Kuzminov, 1.D. Frumina; Center for strategic research;
Research University “Higher school of Economics”. Moscow, (2018).

Wiig K. Knowledge Manegment: Where did it Come and Where will it Go? Expert System with
Applications/K. Wiig. Elsevier—Vol.14 Fall. London: Pergamon Press, (1997).


http://www.worldoil.com/news/2018/3/9/aging-oil-fields-defy-gravity-to-pump-more-crude
http://www.garant.ru/products/ipo/prime/doc/56574265/
http://nspkrf.ru/

Aven, T., Zio E. & Baraldi, P. 2014. Uncertainty in Risk Assessment: The Representation and Treatment
of Uncertainties by Probability and Non-Probability Methods. Indianapolis: Wiley.

Aven, T. 2015. Risk Assessment and Risk Management: Review of Recent Advances on their Foundation.
European Journal of Operational Research. 253: 1-13.

Babenko, A.G., Lapin, S.E., Vilgelm, A.V. & Orzehovsky, S.M. 2011. Principles of the design of
multifunctional safety systems in coal mines—experience and prospects of their use in Kuzbass.
Besopasnost’ truda v promishlennosti 1: 16-22.

BP Statistical Review of World Energy, June 2017, 2017. URL:
https://www.bp.com/content/dam/bp/en/corporate/pdf/energy-economics/statistical-review-2017/bp-
statistical-review-of-world-energy-2017-full-report.pdf.

Canbulat, I, Hoelle, J. & Emery J. 2013. Risk Management in Open Cut Coal Mines. International
Journal of Mining Science and Technology 23: 369-374.

EU-OSHA review of successful Occupational Safety and Health benchmarking initiatives, 2015. URL:
https://osha.europa.eu/en/tools-and-publications/publications/report-eu-osha-review-successful-
occupational-safety-and-health/view.

Grachev, A.Ju. et al. 2016. MFSS in the coal mine: staff tracking and alerting. Vestnik nauchnogo centra
po besopasnosti v ugolnoi promishlennosti 2: 121-124.

International Labour Organization. The World Employment and Social Outlook: Trends 2018, 2018.
URL: http://www.ilo.org/global/research/global-reports/weso/2018/WCMS_615594/lang--
en/index.htm.

Kazanin, O.I. & Rudakov, M.L. 2016. Benchmarking initiatives in the field of occupational safety and
health in the context of development of the coal industry of Russia. Research Journal of
Pharmaceutical, Biological and Chemical Sciences 7(2): 2092-2099.

Kirsch, P., Harris, J., Sprott, D. & Cliff, D. 2014. Industry scale knowledge management—RISKGATE
and Australian coal operations. Canadian Institute of Mining Journal 5 (2): 79-86.

Kirsch, P. Shi, M. & Sprott, D. 2014. Riskgate: Industry Sharing Risk Controls Across Australian Coal
Operations. Australian Journal of Multi-Disciplinary Engineering, 11(1): 47-58.

Kokorin, A.O. 2016. Paris UN Climate Agreement: the presents and future impact on the economies of
Russia and other countries. Ecologicheskiy Vestnik Rossii 3: 40—43.

Korshunov, G.I., Rudakov, M.L. & Kabanov, E.I. 2018. The Use of a Risk-Based Approach in Safety
Issues of Coal Mines. Journal of Environmental Management and Tourism 9(1): 181-186.

Martens, P.N., Rattmann, L., Janssen, S. & Kratz, T. 2011. Advances in Longwall Mining. Materials of
the 22-nd World Mining Congress & Expo, Istanbul, Turkey 1: 85-96.

Parchanski, J. 2016. Risk of injuries among coal mine workers and its hysteresis. Zapiski Gornogo
instituta 222: 869-876.

Rykov, A.M. Li Khi Un & Filatov, Yu.M. 2016. Risk-Oriented Approach to Provision of the Coal Mines
Safety. Bulletin of the Scientific Center on Works Safety in the Coal Mining Industry. 1: 73-76.

Slastunov, S.V. & Yutyaev E.P. 2017. Justifies Selection of a Seam Degassing Technology to Ensure
Safety of Intensive Coal Mining. Zapiski Gornogo instituta 223: 125-130.

Tarazanov, [.G. 2018. Russia’s coal industry performance for January-December, 2017. Ugo!l’— Russian
Coal Journal 3: 58-74.

Towards Zero: Western Australia’s Road Safety Strategy for 2008-2020. 2008. URL:
http://rsc.wa.gov.au/Towards-Zero.

United Nations. Transforming our World: The 2030 Agenda for Sustainable Development. 2015. URL:
https://sustainabledevelopment.un.org/post2015/transformingourworld/publication.

Vaganov, V.S. 2017. Safety regulations for coal mines as the development of multi-functional safety
systems. Mining Industry 2 (132): 77-83.

ASCE Code of Ethics. Available at: http://www.asce.org/code-of-ethics/ (accessed on 10 April 2018).

Bakshtanovskiy, V.I. & Novoselov, V.V. 2013. Ethics of the engineer: through understanding to education
[Etika inzhenera: cherez ponimaniye k vospitaniyu]. In V.I. Bakshtanovskiy & V.V. Novoselov (eds).
Applied Ethics Sheets [Vedomosti prikladnoy etiki] 42.

Bakshtanovskiy, V.I. 2018. Professional ethics of the engineer: Experience of collective reflection for
master (ant) and professors: collective monograph [Professional’naya etika inzhenera: Opyt
kollektivnoy refleksii dlya magistr(ant)ov i professorov: kollektivnaya monografiya]. In V.IL
Bakshtanovskiy (ed.) Tyumen: Tyumen Industrial University (TIU).


http://https/www.bp.com/content/dam/bp/en/corporate/pdf/energy-economics/statistical-review-2017/bp-statistical-review-of-world-energy-2017-full-report.pdf
http://https/www.bp.com/content/dam/bp/en/corporate/pdf/energy-economics/statistical-review-2017/bp-statistical-review-of-world-energy-2017-full-report.pdf
http://https/osha.europa.eu/en/tools-and-publications/publications/report-eu-osha-review-successful-occupational-safety-and-health/view
http://https/osha.europa.eu/en/tools-and-publications/publications/report-eu-osha-review-successful-occupational-safety-and-health/view
http://www.ilo.org/global/research/global-reports/weso/2018/WCMS_615594/lang--en/index.htm
http://www.ilo.org/global/research/global-reports/weso/2018/WCMS_615594/lang--en/index.htm
http://rsc.wa.gov.au/Towards-Zero
http://https/sustainabledevelopment.un.org/post2015/transformingourworld/publication
http://www.asce.org/code-of-ethics/

Bannikova, L.N., Boronina, L.N. & Vishnevskiy, Yu.R. 2017. Engineering Education and Training of
Young Engineers: Practice and Urgent Issues. Engineering Education [Inzhenernoye obrazovaniye] 21:
17-23.

Baum, R.J. 1980. Ethics and Engineering Curricula (The Teaching of Ethics, VII). Hastings: The Hastings
Center.

Baura, G.D. 2006. Engineering ethics: An industrial perspective. Amsterdam: Elsevier Academic Press.

Bowen, W.R. 2008. Engineering Ethics: Outline of an Aspirational Approach. Springer Science &
Business Media.

Bykova, O.G. & Ovchinnikova, E.N. 2014. Application of innovative teaching technologies in the
teaching of informatics. Modern Educational Technologies in the Teaching of Natural Sciences and
Humanities [Sovremennye obrazovatel’'nye tehnologii v prepodavanii estestvennonauchnyhi
gumanitarnyh discipline]; International Scientific and Methodological Conference, St. Petersburg,
National mineral resources university (Mining University), 27-29 May 2014: 414-419.

Evstifeeva, E.A., Tyagunov, A.A., Rassadin, S.V. & Filippchenkova, S.I. 2016. Humanities and Social
Technologies to Develop Engineer’s Personal Potential in Self-Developing University Environment.
Engineering Education [Inzhenernoye obrazovaniye] 19: 23-26.

Fleddermann, C.B. 2012. Engineering ethics, 4th ed. Prentice Hall.

Harris, C.E., Pritchard, M.S. & Rabins, M.J. 2009. Engineering ethics: Concepts and cases, 4th ed.
Belmont: Wadsworth Publishing Company.

Herreid, C.F. 1997. What is a case? Journal of College Science Teaching 27: 92-94.

Katuntsov, E.V., Kultan, J. & Makhovikov, A.B. 2017. Application of Electronic Learning Tools for
Training of Specialists in the Field of Information Technologies for Enterprises of Mineral Resources
Sector. Journal of Mining Institute [ Zapiski Gornogo intituta) 226: 503-508.

Kazanin, O.I. & Drebenstedt, C. 2017. Mining Education in the 21st Century: Global Challenges and
Prospects. Journal of Mining Institute [ Zapiski Gornogo intituta) 225: 369-375.

Kilpatric, W.H. (1918). The Project Method. Teachers College Record. 19 September: 319-334.

Martin, M.W. & Schinzinge, R. 2005. Ethics in Engineering, 4th ed. New York: McGraw-Hill.

Martin, M.W. & Schinzinge, R. 2010. Introduction to engineering ethics, 2nd ed. New York: McGraw-
Hill.

Michelfelder, D. & Jones, S.A. 2013. Sustaining Engineering Codes of Ethics for the Twenty-first
Century. Science and Engineering Ethics 19: 237-258.

NSPE Code of Ethics for Engineers. Available at: http://www.nspe.org/resources/ethics/code-ethics
(accessed 10 April 2018).

Ovchinnikova, E.N. 2016. Lecture-conference as a form of interactive learning in the system of higher
professional education. Proceedings of the XXII International Scientific and Methodological
Conference Modern Education: Content, Technology, Quality [Sovremennoye obrazovaniye:
soderzhaniye, tekhnologii, kachestvo]; St. Petersburg, ETU, 20 April 2016. St. Petersburg 2: 263-265.

Ovchinnikova, E.N., Ravilova, R.G. & Khalturina, A.G. 2018. Engineering ethics through the eyes of
first-year students of a technical university. Proceedings of the XXIV International Scientific and
Methodological Conference Modern Education: Content, Technology, Quality [Sovremennoye
obrazovaniye: soderzhaniye, tekhnologii, kachestvo]; Stz. Petersburg, ETU, 18 April 2018. St.
Petersburg 1: 259-262.

Pinkus, R.L.B. 1997. Engineering ethics: Balancing cost, schedule, and risk. Lessons learned from the
space shuttle. Cambridge University Press.

Polat, E.S. 2010. New pedagogical and information technologies in the education system [Novyye
pedagogicheskiye i informatsionnyye tekhnologii v sisteme obrazovaniya]. Moscow: Academy.

Romanova, G.V. 2014. On the importance of forming the professional ethics of the future engineer [O
vazhnosti formirovaniya professional’noy etiki budushchego inzhenera]. Herald of Kazan
Technological Uniersity [ Vestnik Kazanskogo tekhnologicheskogo universiteta] 17 (10): 298-301.

RosNIO. Code of Ethics for Scientists and Engineers [Kodeks etiki uchenykh i inzhenerov]. 2002.
Available at: http://www.rusea.info/ethics (accessed 18 April 2018).

Software Engineering. 2014. Curriculum Guidelines for Undergraduate Degree Programs in Software
Engineering. Available at: https://www.acm.org/binaries/content/assets/education/se2014.pdf (accessed
12 April 2018).

Solov’ev, V.P., Pereskokova, T.A. & Krupin, Yu.A. 2015. Development of engineering graduates’
competences, Engineering Education [Inzhenernoye obrazovaniye] 18: 44-56.


http://www.nspe.org/resources/ethics/code-ethics
http://www.rusea.info/ethics
http://https/www.acm.org/binaries/content/assets/education/se2014.pdf

The British  Computer Society Code of Good Practice. 2014.  Available at:
https://www.bcs.org/upload/pdf/cop.pdf (accessed on 15 April 2018).

The Code of APEC Engineer Professional Ethics in  Russia.  Available at:
http://portal.tpu.ru/apec_eng/certification/Requirements%20t0%20be%20registered/Ethics  (accessed
on 25 March 2018).

Van den Hoven, J. 2016. Ethics and the UN Sustainable Development Goals: The Case for
Comprehensive Engineering: Commentary on “Using Student Engagement to Relocate Ethics to the
Core of the Engineering Curriculum”. Science and Engineering Ethics. Available at:
https://www.ncbi.nlm.nih.gov/pubmed/28028778 (accessed 9 April 2018).

Verax, F. 2017. Engineering ethics and post-normal science: A French perspective. Futures 91 (August):
76-79.

Zhelezniak, V.N. & Seredkina, E.V. 2017. Engineering ethics in a technical university: challenges and
expectations [Inzhenernaya etika v tekhnicheskom vuze: trudnosti i nadezhdy]. Bulletin of PNRPU.
Culture. History. Philosophy. Law 2: 33-40.

Abramovich, B.N. & Sychev, Y.A. 2016, Energy safety of technological processes of oil extraction,
Neftyanoe Khozyaystvo—Oil Industry, 9 120-123.

Abramovich B., Sychev Y. (2016). Problems of ensuring energy security for enterprises from the mineral
resources sector. Zapiski Gornogo Instituta—Journal of Mining Institute, 217(1) 132—-139.

Afanasjev, V.P., Gudovskikh, A.S., Pukhova, V.M., Terukov, E.I., Orekhov, D.L. Professional training
and retraining of specialists in the field of thin film solar power engineering (2016). 2015 4th Forum
Strategic Partnership of Universities and Enterprises of Hi-Tech Branches (Science. Education.
Innovation) 21-23.

Beran, T.N., Donnon, T., Hecker, K. A review of student evaluation of teaching: Applications to
veterinary medical education (2012). Journal of Veterinary Medical Education, 39 (1) 71-78.

Cao, C. Optimization of ideological and political education teaching by using big data/ (2017). Agro Food
Industry Hi-Tech, 28 (3) 1664—1668.

Dinis-Carvalho, J., Fernandes, S. Student’s role in the implementation of a lean teaching and learning
model (2016). International Symposium on Project Approaches in Engineering Education, 6, 284-293.

Dorozhkin, E.M., Kopnov, V.A., Romantsev, G.M. Multistage system of vocational pedagogical
education (2015). Proceedings of 2015 International Conference on Interactive Collaborative Learning,
ICL 725-728.

Dym, C.L., Agogino, A.M., Eris, O., Frey, D.D., Leifer, L.J. Engineering design thinking, teaching, and
learning (2005). Journal of Engineering Education, 94 (1) 103-119.

Dziechciarz-Duda, M., Dziechciarz, J. The identification of training needs for human capital quality
improvement in Poland—A statistical approach (2016). Statistics in Transition, 17 (4) 723-736.

Energy education in Greece: Learning about renewable electrical energy perspectives (2013). Proceedings
of the 24th International Conference on European Association for Education in Electrical and
Information Engineering, EAEEIE 2013 128-132.

Gargallo, B., Morera, 1., Garcia, E. Innovative methodology at the university. Its effects on learning
processes of university students [Metodologia innovadora en la universidad. Sus efectos sobre los
procesos de aprendizaje de los estudiantes universitarios] (2015). Anales de Psicologia, 31 (3) 901—
915.

Graban, M. (2011). Lean Hospitals: Improving Quality, Patient Safety, and Employee Engagement.

Heinemann, B., Ceausu, 1., Buchmiiller, M., Kopia, J. Quality management system certification and the
continuous improvement process by the example of a training company in Germany (2017) Quality—
Access to Success, 18 (156) 97-101.

Katuntsov E.V., Kultan J., Makhovikov A.B. (2017). Application of Electronic Learning Tools for
Training of Specialists in the Field of Information Technologies for Enterprises of Mineral Resources
Sector. Zapiski Gornogo Instituta—Journal of Mining Institute. 226 (4) 503-508.

Luedi, M.M., W6élfl, C.C., Wieferich, K., Dogjani, A., Kauf, P., Doll, D. Teaching Advanced Trauma Life
Support (ATLS): A nationwide retrospective analysis of 8202 lessons taught in Germany (2017).
Journal of Surgical Education, 74 (1) 161-166.

Mardashov, D.V., Vasiliev, B.U. Methodology of educational process organization using training
simulator (2016) 2016 IEEE Conference on Quality Management, Transport and Information Security,
Information Technologies, IT and MQ and IS 2016; 144-146.


http://https/www.bcs.org/upload/pdf/cop.pdf
http://portal.tpu.ru/apec_eng/certification/Requirements%20to%20be%20registered/Ethics
http://https/www.ncbi.nlm.nih.gov/pubmed/28028778

Mousavi, A., Mares, C., Stonham, T.J. Continuous feedback loop for adaptive teaching and learning
process using student surveys (2015). International Journal of Mechanical Engineering Education, 43
(4) 247-264.

Ramsden, P.A Performance Indicator of Teaching Quality in Higher Education: The Course Experience
Questionnaire (1991). Studies in Higher Education, 16 (2) 129-150.

Toro, M.L., Bird, E., Oyster, M., Worobey, L., Lain, M., Bucior, S., Cooper, R.A., Pearlman, J.
Development of a wheelchair maintenance training programme and questionnaire for clinicians and
wheelchair users (2017). Disability and Rehabilitation: Assistive Technology, 12 (8) 843—851.

Zhang, S., Liu, Q., Wang, Q. A study of peer coaching in teachers’ online professional learning
communities (2017). Universal Access in the Information Society, 16 (2) 337-347.

Zhukovskiy, Y. & Malov, D. 2018, “Concept of Smart Cyberspace for Smart Grid Implementation”,
Journal of Physics: Conference Series.

Zhukovskiy, Y.L., Vasilev, B.U. & Koteleva, N.I. 2017, “Quality estimation of continuing professional
education of technical specialists”, Proceedings of the 2017 International Conference “Quality
Management, Transport and Information Security, Information Technologies”, IT and QM and IS
2017; 704-707.

Zhukovsrij, U.L., Vasiliev, B.U. Interdisciplinary research underlying education at the educational and
scientific facilities for innovative economy (2016). 2016 IEEE Conference on Quality Management,
Transport and Information Security, Information Technologies, IT and MQ and IS 2016; 262-264.



	Half Title
	Title Page
	Copyright Page
	Table of Contents
	Preface
	Organizers
	Mineral exploration and mining
	Russian developments of equipment and technology of deep hole drilling in ice

	REFERENCES



