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ECOLOGICAL EVALUATION OF REMEDIATION EFFICIENCY
OF VILNOHIRSK MINING AND METALLURGICAL PLANT

One of the important tasks of reclamation activities is activation of the natural regeneration or purposeful formation of envi-
ronmentally sustainable artificial ecosystems that are valuable in economic, environmental, and esthetic terms.

Purpose. To assess the reclamation quality of the mining area of the Vilnohirsk Mining and Metallurgical Plant to predict the
potential for restoring the ecological functions of the technologically disturbed ecosystem. The object of the study was the re-
claimed soils of Vilnohirsk Mining and Metallurgical Plant, for which the basic physical and chemical characteristics were studied
based on the established procedures; the results are presented in the form of schematic cartograms of the thickness of the humus
layer and underlying rocks.

Methodology. To implement the ecological direction of reclamation of mining territories, a landscape-ecological approach is
used, taking into account the need to improve the environmental condition of the area by arranging agricultural land or forest
plantations, ordering the territory for recreational needs. For the purpose of soil agrochemical study, soil samples were selected for
agrochemical analyses, such as humus content, water extraction, particle composition, and soil moisture.

Findings. The results of the study demonstrated that during the technical stage of land reclamation of Vilnohirsk Mining and
Metallurgical Plant, an artificial soil was obtained similar in its physical and chemical characteristics to the natural zonal middle-
loamy chernozem on loess-like subsoil that existed within this site before mining operations were carried out. Although this re-
claimed soil is somewhat less fertile, it can be used for afforestation purposes. The absence of topsoil salinization indicates the
similarity of its main physical and chemical characteristics to the zonal virgin chernozem. Thus, the technical stage of reclamation
of this site was performed at the appropriate level. The reclaimed soil was characterized by physical and chemical properties posi-
tive from an environmental point of view (no salinization, humus content value, physical properties). It can be predicted that forest
woody species planted in the future on this site will contribute to naturalization and ensure the sustainable development of the
newly formed artificial ecosystem.

Originality. It is proposed to take into account the environmental conditions suitable for soil biota development when assessing
remediation quality. These animals make a significant environmental contribution to positive transformation of soil ecological
features.

Practical value. The performed scientific work is a part of current integral ecological task on providing a human with a set of
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material and intangible services — natural resources and healthy environments.
Keywords: reclaimed soil, soil bonitation, mining, Vilnohirsk Mining and Metallurgical Plant

Introduction. Environmental protection, rational use of
natural resources, and ensuring of environmental safety of hu-
man life are essential conditions for the sustainable economic
and social development of European countries. Increased hu-
man pressure on natural environments has escalated world-
wide; it induces loss of biodiversity, destruction of native com-
plexes and degradation of important ecosystem functions.
Such processes cause significant economic damage and pose a
real threat to human life and health. As a result of coal mining,
the lands intended for are withdrawn from agricultural use.
Thus, such lands are replaced by man-made landscapes, i.e.
dumps and open-cuts, which are characterized by subsidence,
highly mineralized groundwater table rise, acid mine drainage,
toxic contamination. These factors affect wide range of species
and biological diversity within territories disturbed by produc-
tion activities. Disrupted lands developed during coal mining
can be partially restored by remediation. The loss of ecosystem
services may be irreversible with the current rate of nature deg-
radation. At the local level, replacement of ecosystem func-
tions by technical means is in most cases more expensive than
restoration of natural ecosystems. Ecosystem functions, in-
cluding environment-forming, are not only implemented by
environmental communities and ecosystems, but also by indi-
vidual animal species and their populations. Currently, theory
and practice of ecosystem services assessment that are focused
on improving the environment quality are the least developed,
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particularly in regard to environment-forming functions of
biota when carrying out reclamation activities [1].

Territories disturbed by mining activities can be restored by
reclamation. Directions of restoration of anthropogenically
transformed geosystems were determined on the basis of es-
tablishing their suitability for a certain type of economic devel-
opment, such as agricultural, forest and water management,
recreational, environmental, construction, and others. The
measures of mining reclamation involve reducing the areas
alienated for the mining activities to a rational minimum; use
of equipment and compliance with technology that ensure
maximum reduction of the harmful impact of mining opera-
tions on the environment; selective removal and storing of hu-
mic topsoil; separate excavation of overburden and toxic par-
ent rocks; formation of dumps and covering their surface with
a layer of fertile soil or placement of external dumps in ravines,
gullies and other unsuitable areas; restoration or construction
of new access roads to the reclaimed territory.

An important task of reclamation measures is acceleration
of natural regeneration or purposeful formation of artificial
ecosystems that are environmentally sustainable and valuable
in economic, environmental, esthetic respects. Among eco-
system functions, due to the activity of the soil invertebrates, of
special interest is the study of the animal effect on long-term
cumulative processes such as soil structure, its microzonality,
structure of microbial communities that affect soil stability
and fertility. Soil biota not only provides the implementation
of certain important ecosystem services that accelerate the re-
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covery of both soils and ecosystems in general within the coal
mining sites [2], but also it is associated with the soil physical
and chemical gradients (temperature, humidity, acidity, salin-
ity, exchange capacity, and so on), and also affects them by
transforming the soil as a habitat. This soil-forming function
of animals is an important biogeocenotic (ecosystem) process
associated with the environmental and environmental-trans-
forming activity of animals and their communities.

Literature review. Vilnohirsk Mining and Metallurgical
Plant is a mining and processing and metallurgical enterprise
in Ukraine, operating on the basis of the Malyshevskyi (Sa-
motkanskyi) placer deposit of tertiary-age sands with ilmenite,
rutile, and zircon. It is a leading enterprise in the metallurgical
industry of Ukraine due to production of rare metal concen-
trates. It is the raw material base of a number of sectors impor-
tant for the Ukrainian economy, such as chemical, electrical
and engineering ones.

Overburden rocks are dense greenish-gray and reddish-
brown clays, yellowish-brown and pale-yellow loess-like
loams. Ore is represented by quartz fine-grained sands with a
clay fraction of 10 to 45 % and the amount of heavy minerals
up to 15—20 %. The small capacity of overburden rocks deter-
mined the open-pit mining method. Mine development is car-
ried out by a quarry method using a rotary complex.

The basic approach to scientific research was a comprehen-
sive approach to the problem of ecosystem services, which de-
termines the transition to new ecologocentric concept of nature
management; it is needed to conserve the natural mechanisms
of regulation and highlights the key value of environment-form-
ing functions of the nature and the need for its integration into
economy. The works by leading scientists have determined eco-
logical role of soil invertebrates involved in stability formation
of anthropogenically transformed ecosystems, as “centers of
pedogenic processes” [3]. Of particular scientific interest is the
study of organic matter addition and earthworm inoculation ef-
fects on the biological activity of soil contaminated with mobile
forms of heavy metals [4]. Some scientists noted that pure mine
spoil often has a high density, low structure rate, as well as high
salinity of water extracts, which together leads to extremely low
suitability of such mine spoil application as substrate for living
of soil biota [5]. For this reason, the pure mine spoil is covered
with remediation layer from non-toxic material (non-saline
loess-like loam, clay) in the process of reclamation. The next
stage of remediation activity is application of fertile humic layer
onto the mine spoil. On the territory of steppe Ukraine, humic
mass of ordinary chernozem or humusless substrates are usually
applied for this purpose.

At the biological stage of reclamation, herbaceous, tree and
shrub plantations are planted on artificially created soil [6]. Nu-
merous living animals dwelling in the soil [7], particularly repre-
sentatives of saprotrophic complex, play an important role in de-
velopment of the artificial soil stability. Previous studies showed
that the life activity of soil invertebrates in anthropogenically
transformed areas has a positive effect on the ecological proper-
ties of soils [7, 8]. Under conditions of technogenically disturbed
ecosystems, this transforming function of animals contributes to
positive changes in their ecological status, leads to naturalization
of artificial ecosystems under conditions of industrial zones. Sub-
sequently, the conditions of newly formed artificial ecosystems
influence the life activity of the animal community [9].

To implement the ecological direction of reclamation of min-
ing territories, a landscape-ecological approach is used which al-
lows the adoption of the most appropriate method of mining and
biological reclamation to determine the further effective use of
land, taking into account the need to improve the environmental
condition of the area by arranging agricultural land or forest plan-
tations, ordering the territory for recreational needs, and others. It
is planned that the study area will be used for forest planting.

Forest remediation is one of ways for optimization of tech-
nogenically disturbed lands. According to the modern concept
of land remediation, forest remediation is carried out in the

absence of reasonability to recycle the land for agricultural use.
The main purposes of forest remediation are the increasing of
forest fund and the improvement of environment. Environ-
mentally, the main task of the reclamation is creation of sus-
tainable forest plantations that have a powerful environment-
forming effect on technogenically disturbed sites [10]. Forest
remediation is the most effective method for the recovery of
disturbed lands under steppe conditions; after its performing
will be a dramatic increase in the forest area of the damaged
territory, because the forest provides a reliable water retention,
reduces wind strength, redistributes better the summer and
winter precipitation, conversion surface runoft waters into deep
runoff waters, leveling of temperature regimes, and so on.

Purpose. The purpose of the work was to determine the
suitability of reclaimed lands of Vilnohirsk Mining and Metal-
lurgical Plant for growing forest plantations and further natu-
ralization. The subject of the study presented was assessment
the remediation quality in order to identify the conditions for
planting of woody plants and further natural population of soil
invertebrates living. The object of the study was recultivated
soils of Vilnohirsk Mining and Metallurgical Plant; the main
physical and chemical characteristics were studied. Since soil
is the basis of any terrestrial ecosystem that determines direc-
tion of development and features of ecosystem functioning,
the rate of its formation determines the rate of recovery of all
other ecosystem components and functioning conditions
(bacteria, plant and animal communities). Therefore, the ef-
ficiency of forest ecosystem recovery can be estimated by the
rate of soil formation and environmental properties of the root
layer created during the remediation process. We mean soil-
forming process as the way of the initial substrate transforma-
tion by interaction of all soil-forming factors.

Methods. The research was conducted on the cartographic
basis of 1:25,000 scale mining plans. The data of soils field sur-
vey were obtained by specialists of State-Owned Enterprise
“Dnepropetrovsk Institute of Land Management”. Each plot
was divided into some squares where pits and wells were staked
angularly. With the purpose of soil agrochemical study, 12 pro-
file pits were placed, from which the soil samples were selected
for the following agrochemical analyses of humus content
(GOST 26215-84), water extraction (GOST 26422-85 —
GOST 26428-85, particle composition, soil moisture. For the
analysis of soil organic matter, soil samples (0—15 cm depth)
were collected in plastic bags, stored in insulated containers
and returned to the laboratory. Each sample was dried at
40 °C. Organic carbon was determined according to Turin’s
modified method (acid-dichromate digestion, 120 °C, 45 min,
in a thermostat, catalyst Ag,SO,). The following cartograms
were prepared: thickness of humic layer, underlying rocks.

Brief description of the mining and technical stage of recla-
mation. The square of reclaimed lands of Vilnohirsk Mining
and Metallurgical Plant is 60.0 ha. Mining and technical rec-
lamation of the surveyed areas were carried out by Vilnohirsk
Mining and Metallurgical Plant.

Loess-like loam and loess were the most common subsoil.
Loess deposits of the studied area were represented by a carbon-
ate pale and yellowish-pale loam. Loess rocks are the most fa-
vorable underlying rocks in reclamation process, but during
mining activity they were often mixed with red-brown clays.
Red-brown clay included rocks of rather heavy mechanical
composition. The analysis of water extracts demonstrates the
presence of easily soluble salts in red-brown clays, which togeth-
er with compactness causes their water and air permeability.

In place of reclamation areas, fine-textured low-humic
low-washed ordinary chernozem and fine-textured low-humic
ordinary chernozem had previously been formed. Such soil
type is characterized by the following main indicators.

1. Fine-textured low-humic ordinary chernozem on loess:
the depth of organic layer including all humus horizons
(H + Hp) was 69 cm; humus content in the plow horizon was
3.6 %; content of physical clay in the plow horizon was 39.6 %.
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A quality score was 87; taking into account the environmental
factor, it amounted to 43.

2. Fine-textured low-humic ordinary chernozem on loess:
depth of humus horizons (H + Hp) was 47 cm; humus content
in the plow horizon was 3.39 %; content of physical clay hu-
mus content in the plow horizon was 39.8 %. A quality score
was 83; taking into account the environmental factor, it
amounted to 41.

Assessment of the remediation quality was performed by
comparing bonitet scores of reclaimed lands and zonal native
soils. In this area, low-humus middle loamy ordinary deep cher-
nozem on loess was taken as reference soil for bonitation of re-
claimed lands. This soil type is characterized by the following
main parameters: humic horizons thickness (H + Hp) of 85 cm;
humus content in the topsoil of 5.1 %; content of physical clay in
tilth topsoil of 40.0 %. A quality score was 80; taking into account
the environmental factor, it amounted to 39. The above data are
used in assessment of reclaimed lands. Evaluation of effective-
ness of land reclamation is an integral part of soil and agrochem-
ical survey, and it includes bonitation of reclaimed soil.

Results. Characterization of reclaimed soil. Slope of surface
of the surveyed area in the northern part does not exceed 1°,
and in the southern part it exceeds 3°. Microdepressions and
other kinds of surface subsidence have not been observed. The
surveyed reclaimed area was presented by the one whole plot.

Topsoil quality. Applied humic layer is represented by a
mixture of humic and transitional horizons of deep low-hu-
mus heavy loamy ordinary chernozem, low and medium erod-
ed. Humus content within 0—10 cm of depth varied from 2.8 to
4.0 % with the average of 3.4 %. Humic layer varied in thick-
ness from 40 to 63 cm. On average, the depth of the bulk fertile
layer is 50 cm (Figure, a). Structure of profile of filled reculti-
vated soils is characterized by two separate layers with a sharp
boundary between them. Soil profile description: H — Hp
0—50 cm — humic, gray-coloured, cloddy, fluffy, fresh, with
sharp transition; Pk 50—100 cm — subsoil, technogenic mix-
ture of loess-like loams and red-brown clays. Salinization with
water-soluble salts above the toxicity threshold in tilth topsoil
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Fig. Cartographic representation of thickness of humus layer
and humus content (a) and underlying rocks (b) on the re-
claimed site

was not detected. The soil was compacted below the plow pan.
Calcium carbonates were observed throughout the soil profile.

The underlying rocks. The rocks underlying the humus
layer are represented by loess loam and technogenic mixture of
loess-like loam and red-brown clay. The investigated rocks of
the remediation site contain no water-soluble salts above the
toxicity threshold. Long-term studies of recultivated lands
have not revealed the negative impact of nonsaline loess rocks
on soil productivity. In conditions of the investigated remedi-
ated site of Vilnohirsk Mining and Metallurgical Plant, influ-
ence coefficient was equal to 0.98.

Mechanical composition of soil. Mechanical composition of
remediated soils of Vilnohirsk Mining and Metallurgical Plant
is shown in Figure. Analyzing the data represented, the follow-
ing should be noted:

1. Mechanical composition of the bulk humus layer is mid-
dle loam and light loam.

2. Mechanical composition of the underlying rocks is
mainly heavy loam, sometimes light loam. Average content of
physical clay in the 0—100 cm layer was 49.3 %.

Salinity of reclaimed soil. Salinity of this soil can be closely
associated with the process of mixing of various soil and parent
rock layers during the mining.

Analysis of water extracts of reclaimed soils of Vilnohirsk
Mining and Metallurgical Plant revealed no presence of water-
soluble salts above toxicity threshold in the underlying rocks.
The underlying rocks were characterized as non-saline. Such
rocks do not cause a negative impact on reclaimed bulk soils.
The coeflicient of salinity impact was equal to 1.00. The humus
soil layer was also non-saline. In the absence of salinity, corre-
sponding map of salinity of the reclaimed soil was not compiled.

Evaluation of reclaimed soil. During the soil bonitation
process, a bonitation scale is used with 100 points to denote
the most suitable (the most fertile soil) soil within the area
studied. Territorial-specific correction coeflicients are used to
account for soil processes that significantly affect yields but
cannot be sufficiently identified using routine quantitative
methods. Initially, three first parameters can be used for calcu-
lation of total bonitation score of reclaimed land, followed by
the use of other parameters of soil fertility as correction coef-
ficients. The following characteristics of reclaimed soil proper-
ties were used to determine the score of bonitet (average on the
site, Table 1). The studies conducted have shown that the re-
mediation measures on the territory of Vilnohirsk Mining and
Metallurgical Plant (by the example of the investigated site)
were carried out at the proper level. As a result of mining op-
erations, topsoil of reclaimed soil was depleted in chemical
elements necessary for plant growth; as a result, the soil be-
comes more calcareous, and contains humus by 1.5—2 times
less than that topsoil of the native soil. Topsoil thickness was
on average 50 cm. Average humus content in the filled layer
was 3.4 %. The soil was compacted below the plow pan. The
underlying layer is represented by loess rocks (43.8 ha) and a
man-made mixture of loess rocks and red-brown clays
(16.2 ha). According to the results of the calculation of bonitet
scores (Table 2), the final score of reclaimed soil, taking into

Table 1

Parameters of reclaimed soil properties of Vilnohirsk Mining
and Metallurgical Plant

Parameter Parameter value
Humus layer thickness, cm 50
Humus content in the layer of 0—10 cm, % 34
Content of physical clay in the layer of 24.9
0—100 cm, %
Correction factors for:
- underlying of rocks 0.98
- salinization 1.00
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Table 2

Calculations of bonitet scores by properties of remediated soils of Vilnohirsk Mining and Metallurgical Plant

Properties of soil and its assessment, in scores .
- % | Correction .
depth of humic | humus content content of 2 | factors for- Final score
horizons in the topsoil physical clay §
—
. - - - o — —
Name of soil 2 Q Q = 2 g«
. g 2 23| w 5.| 532
13} E I3 k= R E o g - E5 € 5
= 2| = 2| = 2| 5| | 2 |882|_82
S| g| 2|8 g| 2| S|g|=2| &S| E|SEE|sEES
S| 8 S| 5 S =) S | 8 =) 53 =i S | £28|5e28%
< ) = < ) S < ) 3] [%7] =] ] 25838 |2658cs
Ordinary deep low-humus middle 8| — - |51 — — | 400 | — - 80 — — 80 41
loamy chernozem on loess
Reclaimed soils (average on site) 50| 58.8 | 48.8 | 3.4 | 66.7 | 49.3 (249 |46 | 253|582 0.98 | 1.00 57 27.9

account the environmental coefficient, was 27.9 compared to
41 points of the zonal soil.

Salinization with water-soluble salts above the toxicity
threshold in the arable layer of the studied soils was not found.
Analysis of water extracts of underlying rocks revealed the
presence of water-soluble compounds above the water solubil-
ity limit. Remediated soils were non-saline in the whole area.
Calcium carbonates were observed throughout the soil profile.

Conclusions. The results of the study demonstrated that
during the technical stage of land reclamation of the lands im-
pacted by Vilnohirsk Mining and Metallurgical Plant activity,
an artificial soil was obtained similar in its physical and chem-
ical characteristics to the natural zonal middle-loamy cherno-
zem on loess-like subsoil that had been located within this site
before the mining operations. Although this reclaimed soil is
somewhat less fertile, it can be used for afforestation purposes.
The absence of salinization of the upper layers of the soil indi-
cates the proximity of its main physical and chemical charac-
teristics to the zonal natural Chernozem.

Thus, the results of the studies performed showed that the
technical stage of reclamation of this remediated site was per-
formed at the proper level. Reclamation soil was characterized
by physical and chemical properties that are positive from an
environmental point of view (no salinization, proper humus
content and physical properties). This indicates the closeness
of the studied physical and chemical characteristics to the
zonal natural chernozem. It can be predicted that forest woody
species planted in the future on this site will contribute to nat-
uralization and ensure the sustainable development of the
newly formed artificial ecosystem.
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LIEHTPATIB PilKiCHUX MeTaliB. BiH € cupoBUHHOIO 0a3oi0
psily BaXJIMBUX 111 EKOHOMIKM YKpaiHU raay3ei, Takux sik
XiMiyHa, eJIeKTpOTeXHiuHa i1 MallMHOOYAiBHA.

Merta. O1iHKa SIKOCTi peKyJIbTUBALlil TEpUTOPii BUTOOYT-
Ky BiIbHOTiIpChKOro TipHUYO-MeTalypriiHOro KoMo6iHaTy 3
METOIO TTPOTHO3YBAHHSI MOTEHIlialy BiTHOBJICHHS €KOJIOTiY-
HUX QYHKIiN TEeXHOT€HHO MopylleHoi ekocucteMu. O0’ek-
TOM JIOCJIIXKEHHST BUCTYTIAIN PEeKYJbTUBOBaHI IpyHTU Binb-
HOTiPCHKOTO MPHUYO-METATYPriiiHOro KOMOIHATY, IS SIKUX
JIOCJTIIKYBaIMCh OCHOBHI (hi3MKO-XiMiUHI XapaKTepUCTUKU
32 3arajJbHONPUNHATUMU METOAMKAMMU; PE3YJbTATH Mpe.-
CTaBJIEHO y BUIJISINI CXeMAaTMYHUX KapTorpam MOTYXKHOCTI
TYMYCOBAHOTO 1IApY i MiACTUIAIOUUX MOPII.

Metomuka. [Ins peanizaliii €KOJIOTiYHOrO HampsiMy pe-
KYJIbTUBALLii TipHAYUX TEPUTOPI 3aCTOCOBYEThCS JiaH1Iad-
THO-EKOJIOTIYHUI MiAXi 3 ypaxyBaHHIM HEOOXiAHOCTI ITOKpa-
IEHHST eKOJIOTIYHOTO CTaHY MICIEBOCTI IUISIXOM YIOPSIIKY-
BaHHS CiJIbCBKOTOCITOAaPChKUX YTiab a00 JIICOBUX HACAIKEHD,
YIOPSIAKYBaHHSI TepUTOpIii sl pekpeauiitHux mnotped. s
arpoxiMivHOTO JOCITIIKEHHS TPYHTY BiIOMpasii 3pa3Ku IPYHTY
JUUISI TIPOBEIEHHST arpOXiMiYHMX aHaJTi3iB, TAKUX K BMICT I'yMy-
Cy, BWIYYEHHSI BOIM, CKJIaJl YACTUHOK i BOJIOTICTh IPYHTY.

PesynbraTu. JocinimkeHHs TPOAEMOHCTPYBAIU, 1110 Y XOJi
TEXHIYHOTrO eTary peKyJbTUBallii 3eMeb BibHOripchKoro rip-
HUYO-METATypriiHOro KOMOiHaTy OyJio ofepKaHO IITY4YHUI
IPYHT, 1110 3a (Hi3MKO-XiMIUYHMMU XapaKTepUCTUKAMM € TOfIi-
OHUM HATypaJbHOMY 30HAJTbBHOMY YOPHO3eMY 3BUYATHOMY
MaJIOTYMyCHOMY TJIMOOKOMY CEpeIHbOCYITIMHKOBOMY Ha Jie-
cax, 1110 iCHyBaB Ha 11ilt AUISHLL 0 MPOBEAeHHS TipHUYO-BUI0-
OyBHMX po0iT. X0ua peKyJIbTUBOBAHUIA I'PYHT MA€ AEIO MEHIITY
POMIOYiCTh, BiH MOX€ BUKOPUCTOBYBATHCS 3 METOIO JIICOPO3BE-
JIeHHs1. BincyTHiCTb 3acoIeHHsI BEpXHIX LIAPiB I'PYHTY CBiIYUTh
po OIM3bKICTb MOTr0 OCHOBHUX (Di3UYHUX 1 XIMIUYHUX XapaKTe-
PUCTUK 10 30HATBHOTO MPUPOIHOTO YOpHO3eMy. TakuM 4u-
HOM, TEXHIYHUI eTan peKyJIbTUBALLil 1aHOi TUISTHKA PEeKYIbTU-
Ballii BUKOHaHO Ha HaJIeXXHOMY PiBHi. PeKyIbTMUBOBaHU I IPYHT
XapakTepu3yeThest Hi3NKO-XiMIYHUMU BIACTUBOCTSIMU, TTO3U-
TUBHUMMU 3 €KOJIOTIYHOI TOYKU 30pYy (BiICYTHICTb 3aCOJICHHS,
BMICT TyMycCy, (i3nuHi B1acTUBOCTI). Lle cBimunTh npo O1m3b-
KiCTb AOCTIIKeHUX (DI3UUHMX i XIMIUHUX XapaKTePUCTUK A0 30-
HaJbHOTO TPUPOAHOTO YOpHO3eMy. MokHa TMPOTHO3YBATH,
1110 JTiCOBi ITOPONU, BUCAIXKEHI Y MallOyTHBOMY Ha 1Ll AiIsIHLL,
CIIPUATUMYTb HaTypaslizalii Ta 3a0e3neyarb CTajlhii PO3BUTOK
HOBOYTBOPEHOI LITYYHOT EKOCUCTEMU.

Haykosa HoBu3Ha. [Tossirae B TOMy, 1110 TIPM OITiHIIi IKOC-
Ti peKyJIbTUBALLil TPOMIOHYETHCS BpaxyBaTH €KOJIOTiUHI yMO-
BU, MPUAATHI IJIsI pO3BUTKY I'PyHTOBOI OioTu. Lli TBapmHu
BHOCSITh 3HAUHMI €KOJIOTIYHMIT BHECOK Y TTO3UTUBHY TPaHC-
(dopMallilo eKOJIOTIYHUX OCOOIUBOCTEI IPYHTY.

IIpakTnyna 3HaumMmicTh. BukoHaHa HaykoBa poOoTa €
YaCTUHOIO TIOTOYHOTO LITiICHOTO €KOJIOTiYHOTO 3aBIaHHS
110710 3a0e3MeYeHHs JIOAUHU HabOpOM MaTepiajibHUX i He-
MaTepiaJlbHUX TMOCIYr — IMPUPOAHUX PECYpPCiB i 3M0pOBOro
cepeoBUIIIA.

KmiouoBi caoBa: pexyavmusosani rpynmu, OOHImyeauHs
TpyHmie, 6udobysHa npomuciosicms, BinvHocipcvruil eipHuyo-
MemanypeiiHuil Komoinam

DKosornyeckas oueHka 3¢ HeKTHBHOCTH
peKyabTHBaNUN 3emesib BoibHOropckoro
TOPHO-METAJLTYPrUYecKOro KOMOMHATA

H.M.Jloza', A. E. [Taxomos', B. U. Yepnas?,
H. B. Bopowunosa®

1 — HayuHo-uccienoBaTesIbCKUii UHCTUTYT Ouosiorun JIHe-
MPOBCKOTO HALIMOHAIBHOTO YHUBepcutera umeHu Omnecs
T'onuapa, r. Inenp, YkpauHa, e-mail: irinaloza23@gmail.com
2 — JIHempOBCKUI rOCyIapCTBEHHBIN arpapHO-3KOHOMUYE-
CKUli yHUBepcuTeT, I. JlHenp, YkpanHa

YcKOpeHre eCTeCTBEeHHOM pereHepauy Wid IiejieHa-
MpaBjieHHOEe (DOPMUPOBAHUE SKOJIOTUYECKHM YCTOMUMBBIX U
LIEHHBIX B XO3SICTBEHHOM, IPUPOIOOXPAHHOM, DCTETUYC-
CKOM OTHOILIIEHUN MCKYCCTBEHHBIX KYJbTYpOMOTreOLIeHO30B
SIBJISICTCST OMHOM M3 BaXKHBIX 3a1a4 PEKYTbTUBALIMOHHBIX Me-
pornpusaThii  BoabHOrOpcKOro ropHO-MeTaLTypTUYecKOro
KOMOMHATa KaK BeIYIIETO MPeapUITHS METaUTyprudecKoi
oTpaciay YKpauHbI 1O TTPOU3BOJCTBY KOHIIEHTPATOB PEIKUX
MeTayutoB. OH SIBJISIETCS] CHIPbeBOU 6a30ii psima BaskKHBIX TSI
SKOHOMMKM YKpauHbl OTpaciieil, TaKuX KakK XUMUYecKas,
3JIEKTPOTEXHUYECKAsi 1 MAIITMTHOCTPOUTETbHAS.

Ieap. OueHka KayecTBa PEKYJIbTUBALUM TEPPUTOPUU
no0bIYM BOJTBHOTOPCKOTO TOPHO-METALTyPTUIECKOTO KOM-
OMHara C 11eJIblo POTHO3UPOBAHMS TTOTEHIIAaa BOCCTAHOB-
JICHUST DKOJIOTMYEeCKMX (DYHKIIMIA TEXHOTCeHHO HapyIICHHOM
aKocrcTeMbl. OOBEKTOM UCCIETOBAHUS BBICTYAINA PEKYIb-
TUBMPOBAHHBIE TTOYBHI BOJIBHOTOPCKOTO TOPHO-METaLTyp-
rMYeCcKOro KOMOMHaTa, /11 KOTOPBIX UCCIEIOBATUCh OCHOB-
HbIe (PU3UKO-XUMUYECKUE XapaKTePUCTUKH TT0 OOIIeTIPUHS -
ThHIM METOAMKAM; pe3yJbTaThl MPEACTaBICHbI B BUIE CXeMa-
TUYECKUX KapTOTpaMM MOIIHOCTU TYMYCHOTO CJIOSI U TIOMI-
CTUJIAIOLINX TTOPOI.

Metoauka. /11 peaau3anuu 5KOJ0THIECKOTo HaIlpaByie-
HUSI MEJMOpalMU LIAXTEPCKUX TEPPUTOPUN MCIOJIb3YETCs
JTaHIIA(PTHO-3KOJIOTUIECKUI TTOIXOM, YUMTHIBAIOIINI He-
00XOIMMOCTD YJIYYIIEHHUs 9KOJTOTMYECKOTO COCTOSIHUSI Tep-
PUTOPHUU 3a CUET OPraHU3ALNM CETbCKOXO3STMCTBEHHBIX YTO-
VA WK JIECHBIX HAacaXIeHU, 3aKa3za TEPPUTOPUM IJIsI pe-
KpealMoOHHBIX HYXI. B 1eJIsIx arpoXuMr4ecKoro uccieaona-
HUsI TOYBBI 00PA3LIbI TOYBBI ObLIM OTOOPAHBI ISl aTPOXUMU -
YeCKUX aHAJIM30B, TAaKMX KaK COJAepKaHUe TyMyca, U3BJIeue-
HME BOJIbl, COCTaB YACTHIL 1 BJIAXKHOCTb MTOYBHI.

Pesyabrarel. VMccienmoBaHus 1moKasaid, 9YTO B XOIE TeX-
HMYECKOIo 3Tara peKyJabTUBALUM 3eMeb BonbHOropckoro
TOPHO-METAJLTYPTUYeCKOr0 KOMOMHATa ObLUIa TTOJTydYeHa MC-
KYCCTBEHHAasl MOYBa, MO (PU3MKO-XMMHUUYECKUM XapaKTepu-
CTUKaM CXOXasl C TIPUPOIHBIM 30HAJbHBIM YEPHO3EMOM
OOBIKHOBEHHBIM MaJIOTyMYCHBIM IJTYyOOKUM CPeTHECYTTTMHM -
CTHIM Ha Jieccax, CYIIEeCTBOBABIIEM Ha JaHHOM YYacTKe JIO
MPOBECHUs] TOPHOJ00ObBIBAIOIIMX PA0OT. XOTS PEKYJIbTUBU-
pOBaHHas TOYBa MMEET HECKOJIbKO MEHBIIee TUIOIOPOINE,
OHa MOXeT MCIOJIb30BaThesl B IEIAIX Jiecopa3BeneHus. OT-
CYTCTBHE 3aCOJICHUSI BEpXHUX CJI0EB ITOYBHI CBUIIETEIBCTBYET
0 CXOJCTBE €€ OCHOBHBIX (DU3MUECKUX U XUMHUECKUX XapaK-
TEPUCTUK C 30HAJBHBIM TNPUPOIHBIM YEPHO3EMOM. Takum
00pa3oM, TeXHUYECKHUI 3Tal peKyJIbTUBAIIUN 3TOTO y9acTKa
OBLI BBITTOJTHEH Ha JODKHOM ypoBHE. PeKynbTuBUpOBaHHAS
IMOYBa XapaKTepu3yeTcsl (PU3UKO-XMMUYECKUMU CBOMCTBA-
MM, TIOJIOXKUTEJIbHBIMU C SKOJIOTMUECKON TOYKU 3peHUs (OT-
CYTCTBHME 3aCOJICHMsI, CoJepxkaHue rymyca, Gbu3ndecKue
CBoOIicTBa). MOXHO TTPOTHO3UPOBATh, UTO JIECOOOPA3YIOLIe
TTOPOJIBI, BHICAKCHHBIE B OYIyIIeM Ha 3TOM yJacTKe, OymyT
CIOCOOCTBOBATh HATypaju3aluyd U obecrieyaT YCTOMYUBOE
pa3BUTHE HOBOI MCKYCCTBEHHOM 9KOCHUCTEMBI.

Hayunasa HoBu3HA. 3aKJTI0YaeTCS B TOM, UTO TIPU OLIEHKE
KayecTBa BOCCTAHOBUTEILHBIX pabOT TpeiaraeTcsl YUUThI-
BaTh YCJIOBUS OKPYKAIOIIEH Cpelbl, MOAXOISIINE 111 Pa3BU-
THS TIOYBEHHOMN OMOTBI. DTU XXMBOTHBIC BHOCIT 3HAUMTEITb-
HbII 9KOJIOTMYECKUI BKJIAJ B MOJIOKUTENIbHYIO TpaHCc(hOp-
MaI1IO 3KOJIOTMYECKIUX OCOOCHHOCTE TTOYBBI.

IIpakTHyeckas 3HaYMMOCTh. BhimosHeHHAass HayYHasl pa-
0oTa SBJISICTCS YaCThIO TEKYIIEH KOMIUIEKCHOM 3KOJOTHYE-
CKOIi 3a7auM 1o 00ecrnevYeHMIo YeioBeka HabopoM MaTepu-
aJTbHBIX M HEMaTePHATBHBIX YCIYT — MIPUPOIHBIX PECYPCOB U
3M0POBOI OKpYKarollleid Cpe/ibl.

KioueBble ci10Ba: pexyavmusuposantHvie no4ewvl, OOHUMU-
POBKa noug, 000bl8AIOWA NPOMbIULLIEHHOCHb, BoabHoeopcKuil
20PHO-MemannypeutecKuil Komounam
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