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Abstract. In the article, the concepts of natural resource potential, post-technogenic landscape, and anthropogenic
transformation are defined. The difference between quantitative and qualitative changes in the natural ecological system
is considered. The types of resource waste and natural resources promising for use are analyzed. An assessment of the
natural resource potential of the territories affected by mining operations is presented. The assessment is carried out on
the example of the Kryvyi Rih iron ore complex. The use of renewable energy sources is considered as the most
important prospects for the development of post-technogenic landscapes in mining regions, the main advantages of
using renewable energy sources are determined. In the context of the effective use of post-technogenic landscapes, the
potential of solar energy and wind power plants (wind turbines) was investigated. Calculations of the efficiency of the use
of renewable energy sources in the territories disturbed by mining operations are given. A comparison of the efficiency of
wind turbines (electricity production) in the conditions of Kryvbas dump sites with vertical and horizontal wind power
plants is made taking into account the height of the location. Evidence is presented regarding the feasibility of using
windmills with a vertical axis of turbine rotation. It is established that vertical wind power plants can produce electricity 7
times more than traditional (horizontal) ones. The main factors that determine the need for the development of non-
traditional sources of energy in Ukraine are determined. The possibility of using post-technogenic landscapes for nature
conservation, recreational and tourist purposes is considered. Examples of the use of the natural resource potential of
territories disturbed by mining operations during open-pit mining operations are given, and the use of disturbed lands in
the coal industry is discussed. Possibilities of involving post-technogenic landscapes in the economic activity of mining
regions are considered. In the article, the authors prove that the degree of transformation of the natural resource
potential of territories disturbed by mining operations determines the possibility of reclamation or use of these territories
for the needs of society.

Keywords: natural resource potential, territories affected by mining operations, landscape transformation,
renewable energy sources, solar energy, wind power plants, vertical windmills, horizontal windmills, reclamation of
territories, use of post-technogenic landscapes, man-made landscape.

1. Introduction

In Ukraine, there is an existing technical, scientific, land, and natural resource
potential for involving post-technogenic landscapes to the economic fund of the
country. There is a possibility of their, if not complete restoration, but effective use
for the needs of society.

The ability of the natural complex or its individual components to satisfy society's
needs for energy, raw materials, and the implementation of various types of economic
activity constitute its natural resource potential.

The degree of transformation of the natural resource potential of territories
disturbed by mining operations determines the possibility of reclamation or use of
these territories for the needs of society.

The most interesting thing today is the use of land unsuitable for agricultural
needs for renewable energy sources - solar panels, wind turbines, or the creation of
forest park recreation areas.

2. Methods
A post-technogenic landscape is a technogenic (changed by man) landscape that
is formed under the influence of the activities of a certain industrial enterprise. The
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depth of landscape change by man depends mainly on the form of production
activity.

The post-technogenic landscape should be considered as a space-time system of
components, which is characterized by a high level of organization, which develops
as a whole and is subject to general geographical regularities. Post-technogenic
landscapes are complexes purposefully formed by human activity to perform certain
socio-economic functions. The post-technogenic landscapes inherits from the natural
landscape only the geological basis, the main features of the relief and the zonal
features of the climate. The meso-relief is transformed (valleys are filled in, terrain
irregularities are cut, etc.), its own microclimate is created.

A common feature of all types of post-technogenic landscapes is a certain degree
of their change, transformation as a result of economic activity. This makes it
possible to talk about the concept of anthropogenic transformation of the landscape.

Anthropogenic transformation is a change in natural systems under the influence
of human economic activity. Anthropogenic transformation characterizes the
combined impact of various types of burden on the landscape system, which takes
into account not only changes in the structure of the geosystem as a whole, but also
physical and chemical pollution of the components of the landscape system, changes
in the species composition, etc.

The degree of landscape transformation depends on the size, type, intensity of
influence, directionality; the nature of the impact of economic activity on the
components of the environment.

The production activity of man makes certain changes in the processes taking
place in the natural ecological system, and thereby causes a disturbance of the
balance between its individual elements.

As a result, new less productive ecological systems appear in place of natural
ones. At the same time, both quantitative and qualitative changes in ecological
systems may appear.

Quantitative changes can occur if external changes do not contradict natural
biochemical processes and do not exceed the natural level of viability (sustainability)
of living organisms in terms of intensity (that is, quantitatively). In this case, in
response, the reaction of the ecological system will be to increase the activity
(increase the productivity) of certain groups of populations of living organisms; as a
result, the sustainable balance of the ecological system is restored or ensured at
another, higher level, without any qualitative changes.

Qualitative changes in the natural ecological system occur when they contradict
natural biochemical processes or exceed the limits of viability (sustainability) of
individual elements (populations) of the natural ecological system. Qualitative
changes in the ecological system (replacing one biocenosis with another) will occur
until a qualitatively new sustainable ecological system appears. For example, a
change in the hydrogeological regime of waters in the zone of influence of mining
operations can qualitatively change the flora and fauna of the surrounding area:
marshes or shrub communities may appear in the place of forests.
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The new ecological system that has arisen in the zone of an industrial enterprise
may differ sharply by its parameters from the natural one and be unsuitable for the
normal life of people.

Even small local changes in this system can lead to significant qualitative changes
over large areas.

When solving production tasks, positive results can be achieved when changes in
the environment are of a purely quantitative nature. At the same time, the new
ecological system, in which the enterprise is an active element, does not differ
qualitatively from the original natural one. In the presence of quality changes in the
natural environment, it is not always possible to develop and implement measures
that ensure its initial or set parameters (quality).

At the present stage, the most important tasks of rational nature management of
mining regions are: comprehensive use of mineral resources extracted from the
subsoil, protection of the natural environment, economic efficiency of landscape
existence.

Solving these tasks is related to the definition of the concept of the natural
resource potential of the landscape and, as a result, the development of fundamentally
new and improvement of existing technologies for the extraction of useful
components from the subsoil, complex processing of mined mineral raw materials
using closed and low-waste schemes, the use of post-technogenic landscapes as areas
for the placement of alternative energy facilities.

The identification of a set of natural factors that are of the most importance for
human life support existing in a particular landscape constitutes the natural resource
potential of the territory.

The mining landscape is formed as a result of mineral extraction and soil
movement during construction, as well as mining waste storage activities. It is very
diverse and is determined by the nature of the mined mineral raw materials and the
properties of the mining rocks containing them, general natural conditions (climate,
groundwater level, etc.), mining methods and technical means used in mining.

In the process of conducting mining operations, the landscape is radically
changed, the damage of which is due to the formation of man-made waste from
overburden (external dumps), beneficiation waste (tailings), recesses in the earth's
crust (the manufactured space of the quarry field). The underground method of
deposits mining is characterized by a violation of the stability of the massif of mining
rocks with significant losses (up to 20-40%) of contour reserves of useful minerals
with outcrop of sinkholes to the earth's surface and even the occurrence of man-made
earthquakes.

Mining processes have a negative impact on the air and water environment as
well, the pollution of which leads to a decrease in their quality indicators.

At the same time, storage of primary mining waste on the earth's surface creates
prerequisites for their further use.

In modern conditions, man-made mining landscapes are not only widespread, but
also quite diverse.
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In the developed countries of the world, the level of use of industrial waste is
quite high (today it reaches 80%).

In Ukraine, the most promising resource waste should include:

1) tailings of ferrous and non-ferrous metal ore enrichment, the total reserves of
which (Kremenchutsk-Kryvorizkyi Iron Ore Basin) have already reached 2.5 billion
tons with a total iron content of 14-20%, and in the Nikopol-manganese ore district -
240 million tons, the content manganese in which is 10-15%. Utilization of sludge
from the Mykolaiv alumina plant will allow obtaining gold-rutile-zirconium (gold —
36-42%, zircon — 40-60%, rutile — 14-20%) concentrates;

2) mineral raw materials left in previously mined-out deposits, the volume of
which reaches 30-40% of outlined reserves, the content of total iron in which is 45-
67%;

3) stocks of poor and oxidized ores, which are stored in dumps.

The use of these resources will allow obtaining additional volumes of iron ore
concentrate and materials for the construction industry.

In addition, promising types of natural resources should include:

— the potential of post-technogenic landscapes, which is characterized by a large
area of vacant plots of land and an anomalous increase in the height of new man-
made formations, promising and the possibility of its use for the development of
renewable energy, which will contribute to the revival of the secondary ecosystem in
the territories disturbed by mining operations, will provide electricity for high-energy
processes of demineralization of mine and quarry waters;

— recreational, natural and tourist potential of some post-technogenic landscape
objects.

The high significance of the results of the development of this resource potential
transformed by previous exploitation of deposits, its impact on the level of
development of mining regions, as well as the insufficient study of the possibility of
its development determine the urgency of solving this problem.

One of the most important prospects for the development of post-technogenic
landscapes in mining regions is the use of renewable energy sources (RES).

Among the problems of renewable energy development in Ukraine, one of the
main is a significant shortage of land plots for the location of alternative energy
facilities. In the conditions of mining regions, there is no problem of shortage of land
plots for the placement of RES.

Nowadays, the Kryvyi Rih Iron Ore Complex is represented by 5 mining and
beneficiation enterprises with 9 quarries, 8 operating mines, as well as a number of
auxiliary structures. The total area of alienated lands in Kryvorizhzhia is 69.9
thousand hectares. Of these, 15% are allocated to quarries, 25% to landfills, and 28%
to tailings storage facilities. And only about 1% of the disturbed areas have been
rehabilitated, and up to 8% of the areas are outside the scope of mining operations
and are not used in agriculture. Thus, there are prospects for the use of alternative
energy sources in the conditions of technogenically changed landscapes of the
country's mining regions.
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In the context of the effective use of post-technogenic landscapes, the potential of
solar energy must first be considered. Solar radiation is not a constant value and
depends on many factors - the season, time of day, weather conditions and
geographical location. These factors should also be taken into account when
calculating the amount of solar panel power required. If it is planned to use the
system all year round, then the calculation should be carried out with taking into
account the most unfavorable months from the point of view of solar radiation.

3. Results and discussion

When calculating for each specific region, it is necessary to analyze statistical
data on solar activity for several years. Based on these data, the average effective
power of the solar flux per square meter of the earth's surface should be determined.
This data can be obtained from local or international weather services. Statistical data
will make it possible to predict with minimal error the amount of solar energy for the
system, which will be converted by solar panels into electricity [1].

The specific power of solar radiation for the city of Kryvyi Rih, Dnipropetrovsk
region, in kW/m?/day is given in Table 1.

Table 1 — Specific power of solar radiation for the city of Kryvyi Rih, kW/m?/day by month
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As of 2020, the efficiency coefficient of the photovoltaic panel reaches 30%. We
accept the average statistical value of the products presented on the market of
photovoltaic panels efficiency EF = 16%.

The coefficient of losses per charge-discharge of batteries: K = 0.83.

Theoretical specific power of the photovoltaic panel:

E=3.44x0.83 x 0.16 = 0.456 kW/m>.

Theoretically, 2.2 m? of panel area is needed to produce 1 kW.

In fact, the most common standard solar module has the following parameters:

Standard solar module size 1.966 x 0.992 = 1,95 m?.

The power of the module is 250 W.

To produce 1 kW, it is necessary to use 6.5 m? of the area of the panels or 7.5 m
of the area of the territory.

The number of hours of sunshine per year is 2430 hours.

Annual capacity of the 1st module: 2430 x 0.25 =730 kW/h.

Annual capacity from an area of one hectare:

10000 : 7.5 m? x 730 kW/h = 973330 kW/h.

2
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Thus, totally: 10,000 m? : 7.5 m2/kW = 1334 panels can be placed on the area of
1 ha which can generate 973 thousand kW/h of electricity.

The averaged data on the average monthly energy of solar radiation (insolation)
with taking into account climatic conditions (frequency and strength of cloudiness)
for fixed panels oriented to the south at various angles of inclination and for systems
that do not track the movement of the Sun is given above. Insolation was measured in
an open space. Strong terrain, the proximity of high-rise buildings or big trees can
reduce the power of solar radiation several times. On the contrary, the proximity of
an open water surface or snow cover can slightly increase the perceived insolation
due to reflected radiation (primarily this applies to panels installed at a significant
angle to the horizon or vertically).

Areas disturbed by mining operations, which cannot be used in agriculture, are
suitable for the placement of solar panels.

The second effective way of using the natural potential of man-made landscape
objects is wind energy. Let's consider the wind energy potential of external dumps. In
a wind flow, the wind speed increases with increasing height above the Earth's
surface. Objects of man-made landscape of mining areas (dumps) are characterized
by a significant height in relation to the day surface mark. This value reaches 100-120
m and may grow over time [2].

Therefore, wind power plants (WPP) can be located on dumps of different
heights, thereby increasing the production of electricity. Research in the calculation
of the vertical profile of the average annual wind speed values revealed the

dependence of this indicator both on the season and on the value of the average wind
speed (table 2).

Table 2 — Growth coefficient of average wind speed with height

Season Height, m
10 20 40 60 80 100
Winter 1 1.12 1.26 1.35 1.43 1.50
Spring 1 1.17 1.36 1.50 1.59 1.66
Summer 1 1.18 1.40 1.55 1.67 1.76
Autumn 1 1.12 1.26 1.35 1.43 1.50
Year 1 1.15 1.32 1.44 1.53 1.60

Figure 1 shows the calculations of the vertical wind profile based on the average
annual data in Table 2.

Figure 1 shows, for example, if the average speed at a height of 10 m is 6 m/sec,
then at a height of 100 m it is already 9.6 m/s. Thus, the wind energy potential on
high dumps will exceed the flat one by 60%.

For more efficient use of the wind flow, it is necessary to establish a vertical
profile of wind speeds.

Nowadays, wind turbines with a horizontal axis of rotation of the turbine have
become the most widespread. They were effectively used in areas with strong winds.
Such installations begin to generate electric current at a wind speed of 8 m/s, and
work normally at speeds greater than 12-14 m/sec. But for areas with moderate wind
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speed (from 3 m/sec to 13 m/sec), wind generators with a vertical axis of turbine
rotation are more effective.

A comparison of the efficiency of wind turbines (electricity production) in the
conditions of the Kryvbas dump by vertical and horizontal wind power plants with
taking into account the height of the location, is shown in Table 3.
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Figure 1 — Vertical profile of average annual wind speeds V in the surface layer up to 100 m
high at a wind speed of 10 m from 3 to 10 m/sec

Based on the calculation results (table 3), when the wind turbines are located
outside the landfill (relative height 0 m), in the conditions of Kryvyi Rih, vertical
wind power plants can produce electricity more than 7 times more than traditional
(horizontal) ones. The amount of produced electricity increases with the height of the
wind turbine location.

The location of horizontal wind power plants on the surface of a high dump with
a height of 100 m increases the amount of generated electricity from 1228 kW/days
to 3607 kW/days, that is by 2.9 times.

A vertical wind energy installation under similar location conditions increases the
amount of energy produced from 8.849 to 16.544 kW/days, that is by 1.8 times.

Comparing the indicators of vertical and horizontal installations when they are
located on landfills (16544:1228 kW/days), we can conclude that the efficiency of
vertical wind turbines increases by 13.4 times.

The main factors determining the need for the development of non-traditional
sources of energy in Ukraine:



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2022. Ne 162 45

— lack of sufficient volumes of own organic fuel, dependence on its import,
growing scarcity of traditional energy resources, their high cost on the world market
and problems with external supply;

— negative state and trends in the fuel and energy complex, in particular
insufficient efficiency of traditional fuel and energy resources and wear and tear of
fixed assets;

— environmental problems, in particular the need to fulfill international
obligations to limit the volume of harmful emissions;

— the presence of territories disturbed by mining operations, which cannot be used
in agriculture, residential construction, etc.

Table 3 — Production of electricity in the conditions of Kryvbas dump sites by vertical and
horizontal wind power plants with a capacity of 100 kW for various variants for their placement
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1.8 3.0 - - 3 - - - - - -
2 4.4 9 1 6 9 54 - - - -
2.5 5.0 12 2 13 24 288 - - - -
3 5.6 67 6 22 402 1474 - - - -
4 6.7 76 13 34 088 2584 - - - -
5 7.6 79 22 46 1738 3634 1 6 79 474
6 8.5 54 34 57 1836 3078 3 15 162 810
7 9.6 36 46 70 1656 2520 7 24 252 864
8 10.8 18 57 84 1026 1512 12 32 216 576
9 11.8 6 70 100 420 600 22 46 132 276
10 13.0 4 84 100 336 400 38 68 152 272
11 13.0 2 100 100 200 200 48 73 96 146
12 13.0 1 108 10 108 100 59 89 59 89
13 13.0 1 108 100 108 100 80 100 80 100
Total 365 - 8849 | 16544 - 1228 3607

Also, specialists of the Institute of Nature Management and Ecology of the
National Academy of Sciences of Ukraine (IPPE of the National Academy of
Sciences of Ukraine) conducted complex studies on the restoration of secondary
ecosystems in territories disturbed by mining operations, and the effectiveness of
using post-technogenic landscapes for nature conservation, recreational and tourist
purposes was proven. Thus, at present, 3 landscape reserves "Vizirka", "Vershina"
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and "Bohdanivskyi" with a total area of 1556 ha have already been created on the
lands of Inguletskyi, Prosyanskyi and Pokrovskyi GZK [3].

The priority areas of use of disturbed lands in the coal industry are:

— agricultural — agricultural lands on areas that are suitable by relief, quality of
soils that make up the upper horizons, with taking into account the application of a
reclamation layer;

— forestry — forestation on lands where forest restoration with valuable species
can be ensured;

— sanitary and hygienic — planting herbs, bushes and trees.

Therefore, there i1s an available technical, scientific, land, natural resource
potential for involving post-technogenic landscapes to the country's economic base in
Ukraine. There is a possibility of their, if not complete restoration, but effective use
for the needs of society.

4. Conclusions

Hence, it can be concluded that open-pit and underground mining works have a
special influence on the occurrence of disturbed lands. The negative impact of the
territories disturbed by mining operations on the environment in most cases only
increases over time, therefore their further use is very important.

The following main advantages of the use of RES are determined:

— energy obtained from renewable energy sources is free;

— renewable energy sources, unlike traditional ones, are evenly distributed over
the territory;

— RES are ecological sources, since their use practically does not pollute the
environment and does not have a significant impact on climate change;

— thanks to RES, it became possible to use lands unsuitable for economic needs.

The solar energy potential and the wind energy potential of external dumps in the
context of effective use of the natural potential of man-made landscape objects are
determined.

The possibility of using the natural potential of man-made landscape objects for
recreational purposes was considered, based on the Institute's obtained experience in
creating natural reserves on the territories of developed quarries.
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OLIHKA  NPUPOAHO-PECYPCHOro MNOTEHUIANY MOPYWEHUX TIPHA4UMU  POBOTAMU
TEPUTOPIN B KOHTEKCTI EGEKTUBHOIO BUKOPUCTAHHA NOCTEXHOMEHHUX NAHALWA®TIB
Konau I.1., Axy6enko J1.B., Mopmyns T.M., HaHbko T.T., lopobeub H.B., ansyeHko 3.C.

AHoTauif. Y cTaTTi HaBeJEHO BU3HAYEHHS MOHATb MPUPOQHO-PECYPCHOMO MOTEHLiamny, MNOCTEXHOreHHOro
nangwadTy, aHTPOnoreHHoi TpaHcopmallii. Po3rnsHyTa pisHULS MiX KiNbKICHAMM | SIKICHAMW 3MiHAMW B NPUPOLHI
eKororivHin cuctemi. lNpoaHarnisoBaHi NepcnekTUBHI 40 BUKOPUCTAHHSA BUAW PECYPCHUX BiOXOZIB i NPUPOAHMX PecypciB.
[aHa oujHKa NpMpOQHO-PECYPCHOMO NOTEHLiany NOpYLWeHWX ripHuyummu poboTtamm Teputopin. OuiHka npoeedeHa Ha
npuknagi KpuBopisbkoro 3anisopygHoro KOMMnekcy. PO3rnsiHyTO BUKOPUCTAHHA  BiHOBMIOBAHWX XKepen eHeprii, sk
HalBaXMBILLMX NEPCMEKTUB OCBOEHHS MOCTEXHOTEHHWX NaHAWadTiB Yy ripHM40800yBHUX pErioHax, BU3HAYEHi OCHOBHI
nepesBarn BUKOPWUCTAHHS BIOHOBIIOBANbHUX [DKEpPen eHepreTvkn. B KOHTEKCTi  edheKTMBHOrO  BMKOPWUCTaHHS
MOCTEXHOTEHHWX NaHAWadTiB 4OCMIMKEHO NOTEHLjan COHSYHOI EHEPreTUKN i BITPOEHEPreTUYHNX YCTAHOBOK (BITPSIKIB).
HaBegeHi po3paxyHkn ePEeKTMBHOCTI BUKOPUCTaHHS BigHOBMIOBAMBHUX JKEPEN EHEPreT KM Ha MOPYLIEHUX FipHUYUMK
poboTamu TepuTopisx. 3pobreHo NopiBHSHHS eheKTUBHOCTI pobOTK BITPSKiB (BUPOBHULTBA eNeKTpoeHeprii) B yMoBax
Bigganis Kpusbacy BepTvKanbHAMMW Ta rOpU3OHTaNbHUMI  BITPOEHEPrETUMHUMU YCTaHOBKaMK 3 YpaxXyBaHHAM BUCOTM
posTallyBaHHs. HaBedeHi AoKa3n WOAO AOLINbHOCTI BUKOPUCTAHHS BITPSIKIB i3 BEPTUKANbHO BICCHO 0BepTaHHs
Typ6iHu. BcTaHOBNEHO, L0 BEpTUKaNbHi BITPOEHEPreTUYHI YCTaHOBKM MOXYTb BUpOONATH enekTpoeHeprii GinbLue Hix B
7 pasiB 3a TpaguuiiHi (ropu3oHTanbHi). Bu3HAYeHi OCHOBHI YMHHWKM, LIO BM3HAYalTb HEOOXIOHICTb PO3BUTKY
HETpaaULiAHWX DXepen eHepreTukn B YKpaiHi. Po3rnsaHyTa MOXNWBICTb BUKOPUCTAHHSA MOCTEXHOrEHHUX NaHaLwadTis
AN NPUPOLOOXOPOHHUX, PeKpeaLitHux i TYpUCTUYHUX Uined. [adi npuknagu BUKOPUCTAHHS NPUPOLHO-PECYPCHOMO
noTeHLiany nopyLeHuX ripHM4MmMm poboTamu TepuTOpIn Npu BIOKPUTUX TipHUYMX poboTax i PO3rAsHYTO BUKOPUCTAHHS
NOPYLLIEHNX 3eMerb Y BYriNbHIA NpoMUCAOBOCTI. [locnimKeHi MOXIMBOCTI 3anyyeHHs NOCTEXHOreHHUX naHawadTis y
rocrnofapchkin AisnbHOCTI ripHUYOZ0BYBHWUX perioHiB. Y CTaTTi AOBEAEHO, WO CTyniHb TpaHcdopmaLii npupogHo-
PEeCypcHOr0 MOTeHUiany MopyLUeHUX FipHUYMMM poboTaMu TepuTopi BM3HAYAE MOXIMBICTb PeKynbTuBaUii um
BMKOPUCTaHHS! X TepuTopii anst notped cycninbCcTea.

KntovoBi cnoBa: npupogHO-pecypCHUIn NoTeHLian, NopyLUeHi ripHuiMMm poboTami TepuTopii, TpaHcdopmais
naHawadTy, BigHOBMIOBANbHI MKXepena eHeprii, COHSYHA EeHEepreTuka, BITPOEHEPreTWYHi YCTAHOBKYW, BEpTUKamnbHi
BITPSIKM, FOPU3OHTASBHI BITPSIKMA, peKyNbTUBALS TEPUTOPIN, BUKOPUCTAHHS NOCTEXHOTEHHMX NaHawadTis.
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