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KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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TECHNOGENIC IMPACT OF MINING INDUSTRY
ON ENVIRONMENT IN KARAGANDA REGION
OF REPUBLIC OF KAZAKHSTAN

Abstract. This paper is devoted to evaluation of a technogenic impact of the mining industry on the envi-
ronment in effecting of a gold deposit in soils. This study determined a content of 27 chemical elements in slime of
the tailings and sampling materials of overburden; the analysis of structure of emissions in the atmosphere from the
organized sources. It was noted that tailing dump contents barium, boron, ferrum, manganese, strontium, phosphorus,
zirconia, and overburden rock has titanium. The emissions are such as sulfur oxides, nitrogen oxides, carbon oxide,
ferrous oxide and the inorganic fines.

Based on the received results a total soil pollution index (P=20.34) was calculated that it characterizes an
ecological soil conditions as hazard. In order to evaluate the soil conditions in the sanitary protection zone (SPZ) the
analysis of a soil pollution level in eight cardinal directions on the SPZ border of an enterprise was performed with
the six-year research results. It was found that the minimal pollution indexes (P;) are characteristic for soils in south-
west (12.53), east (13.13), northern (13.36) and the northwest (13.58) directions from the productive facilities. The
high contribution to indexes is made with the gross arsenic contents (6.90, 6.93, 5.38 and 6.75) within maximum
permissible concentration (MPC), respectively. The high soil pollution indexes (P, = 32.97 and 26.06), corresponding
to a critical pollution level, were determined in soils of the southeast and western borders in the sanitary protection
zone. In addition, this paper demonstrates an analysis of the flora and fauna condition in a studied area and impact of
the analyzing industrial facility on it. The research result can be applied to develop the maps for the estimating
potential inertial landscape stability to different types of pollution and erosive hazard.

Keywords: geosystem, soils, mining industry, Karaganda region.

Introduction. The purpose of this paper is to explore the impact of the mining industry on the
environment, stability of geosystems to the technogenic activity of mining industry and to estimate a
capability of self-recovery of the disrupted areas in mineral deposit territories in the Karaganda region.

The research objectives is to study the existing technogenic landscapes or natural complexes in the
Karaganda region and their geoecological conditions, to estimate impact of mining industry on them over
time; to evaluate the possibilities of self-recovery of these landscapes.

The impact of mining industry on environment for long time is a basic issue in ecology. The Kara-
ganda region of Kazakhstan is a center for mining and processing industry. The territory of the Karaganda
region makes 428 thsnd. km?. It is 15.7% of total area of the Kazakhstan territory. Deposits of various
minerals are in the Karaganda region, from them 100% of manganese reserves in the republic, 36% of
copper, 80% of tungsten, 64% of molybdenum, 54% of lead, over 40% of coal (including 100% of
crozzling coal reserves). Subsoil of area is rich with rare and rare-earth metals: bismuth, argentum,
antimony, titanium, nickel, cobalt, asteria, arsenic and others [1].
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Impact of mining operations begins with mineral investigation and continues to completion of field
exploitation that it takes decades. In addition it is important to appreciate a level of impact on environment
prior to conduct of operations in the deposit and in a complex to study the geosystem of the field.

Researches of an anthropogenic impact on the environment are relevant. Thus, the paper [2] analyzed
the samples of deposits from some chosen points in river heads to measure a concentration of heavy
metals. Results demonstrated that concentrations of heavy metals in environ of mines and cities were
higher than concentration in other areas. Pollution growth with heavy metals in the mining process should
be predicted in the formation process of the regional strategies in the environment management.

A state estimation of soils is performed in the agricultural areas [3]. It was found that generally
pollution was received from the anthropogenic sources, especially local industrial facilities.

The paper [4] studied the impact of the technogenic mineral formations on the environment with
using the analysis and synthesis of literary data. The high mercury content was found in the area of the
spent alluvial gold deposits.

For all that underground coal mining is reduced impact for the nature, but effect of rock dumps on the
environment components is not excluded from researches [5]. However an underground mining method is
technologically very complicated and demands some new approaches to its using [6].

Impact on landscapes does not stop after liquidation of mining enterprises that is subject to further
researches [7]. The impact principles of rock dumps in coal mines are studied, and the procedure of a
complex ecological evaluation of impact is improving [8]. In order to evaluate an impact of coal rock
dumps on environment the materials of space survey are applied [9].

An ecological approach is used for hydrocarbon production on Arctic shelf [10]. Oil products may
enter reservoirs in development process of oil deposits. Application of the correlation, factorial and cluster
Pearson analysis indicates that pollution with heavy metals in soils comes from an industrial activity [10].
The analysis of references and materials of environmental impact evaluation is able to formulate the basic
principles of typification of impact on the environment at the mining operations, to study a point of view
on impact of mining industry on all environment components [11, 12].

The paper [13] studied the interrelation between quality of natural surface water and finding of air
pollutants in the atmospheric air. It is of special interest for ecosystems and capability to use waste water
for soil treatment in irrigated fields that can be as an environmental action [14].

Thus, despite the extensive literature about impact of mining facilities on environment, there is an
information deficiency on long-term pollution of ecosystems and a possibility of their recovery.

As a rule, geosystems are as social-ecological and economical systems - landscapes in which con-
nections between its components are observed. Diagnostics determinates the ecological landscape eva-
luation and analyzes the current state of the studied facility in the certain directions including a condition
of fauna, flora, and soil, a hydrological mode, climatic conditions, etc.

Components of geosystems such as location, climatic conditions, hydrological mode, water content,
deposits of underground resources, vegetation and fauna can be its strong supporting factors and vice
versa. Thus all components of the landscape need to be considered to define its ecological evaluation, as a
result to know a risk of environmental consequences. To determine the ecological landscape evaluation
one of its major characteristics as stability is used, which can be characterized as opposition to external,
negative factors of the natural and technogenic environment without losing features of geosystem.

Referring to a paper [15] the environment changes may be defined as a catastrophic ecological
situation and a crisis ecological situation, which are close or it is able to become as catastrophic. The
critical ecological situation and excess of permissible technogenic pressure lead to a fast increase of risk in
natural resource losses. The observance of the natural conservation measures prevents the intense and
conflict ecological situations. But at that point the balance in an ecological capacity of the ecosystem has
to be observed.

Such areas are formed under the impact of the technogenic factors and they are called industrial
landscapes. Their landscape complexes are modified under the technological features of the industry [16].

Different types of industrial landscapes are such as the ore mining, mining and processing, energy
production. Depending on production types a morphological structure and spatial organization of the
initial natural and economic landscapes respectively are able to change in the process of their development
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and functioning. Changes in the environment and image of areas are good shown in industrial landscapes
of the appropriating type, for instance, with open-pit and dump geocomplexes of mining productions.
Thus, a morpholitogenic basis (relief and geological structure) of the landscape and its related properties
has been changing radically.

Methods. In order to solve the objectives, the Karaganda region with its underground resource
deposits was chosen and mining was started. However fields including their temporary characteristics
were chosen to valuate a geosystem prior to conducting operations and its change in processing.

This paper performs the geoecological researches containing a preparatory period (collecting,
analysis and material generalization in area of the deposit) and analyses the field, laboratory and analytical
monitoring data. The ecological-geochemical indexes, characterizing pollution of various environment
components of maximum permissible concentrations (MPC) and background values of the area of the
field, were determined.

The Karaganda region on the landscape characteristics is very different and interest of researches.
Steppe zones are generally characteristic for this area (figure 1, a), but in the east of the area the Karka-
ralinsky district called as "the forest oasis" is located, in the south— desert Balkhash district.

Figure 1 — Wilderness steppe zone:
a —route in the Topar reservoir; b — route in Temirtau (authors’ photo)

The big area is occupied with the technogenic landscapes formed as a result of mining activity
(figure 2).

Figure 2 — Technogenic landscape:
a— old spent tailing dump near Zhezkzagan; b — dump near Satpayev (authors’ photo)

The substantial natural areas include the protected natural territories unaffected with the technogenic
activity (table 1).

Thus, the substantial natural areas (232893 ha) of the Karaganda region makes only 0.54% of all land
fund of region.
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Table 1 — The substantial natural areas of the Karaganda region

No. Name Location area Area, ha
1 Karkaraly National State Natural Park Karkaralinsky district 90 323
2 Zhezkazgan Botanical Garden Zhezkazgan city 62

State natural wildlife areas:
3 Belodymovsky (zoological) Osakarovsky district 3000
4 Belagashsky (zoological) Bukhar-Zhyrau district 1500
5 Kuvsky (zoological) Karkaralinsky district 33500
6 Bektauatinsky (zoological) Aktogay district 500
7 Karaagashsky (zoological) Zhanaarkinsky district 15 000
8 Kyzylaraisky (zoological) Aktogay district 18 200
9 Ulytausky (zoological) Ulytausky district 19 300
10 Turangovy (botanical) Aktogay district 48
11 Kogashinsky (botanical) Zhanaarkinsky district 6 800

For more detailed analysis the stated purpose and objectives of this paper studied the gold-ore deposit
of the Karaganda region. Now the sources of impact on the environment are located in the area of the
deposit: overburden dump of rock refuse, open-pit mining of deposit, dump leaching.

The geosystem integrity of the studied area, its internal unity and independence of the environment
shows that the initial level before the conducting mining operations includes a steppe zone without
especially expressed borders and with its interconnected components. But after the beginning of the
conducting mining operations the integrity is broken with the new relief forms: mining pit, dumps of dead
rock, complex of heap leaching and steppe access roads.

The applied procedure in paper [17] of the ecological and geochemical investigations permits to
obtain some representative data on environmental pollution of the area, to determine the environment
pollution level and to evaluate the technogenic impact of earlier functioning industrial facilities on the
environment.

Results and discussion. The climatic conditions of the Karaganda region differ in a big variety that
caused by large territory, length from North to South and the biggest length from West to East and rugged
relief.

The climate in the studied area is extremely continental and dry, shown in big annual and daily
temperature amplitudes and in instability of climatic indexes in time (every year) [18]. The natural and
climatic zones are presented with steppe, semidesert and desert landscapes of a temperate zone.

In general the dry climate of the area is characteristic for the Karaganda region that caused by
existence of desert and steppe vegetation. The big semi-desert areas are occupied with the weakly com-
pacted and hilly sands where can be observed Artemisia arenaria, Agropyron fragile, Elymus giganteus,
Calligonum bushes and other beach grasses.

The area of the deposit includes the following facilities: overburden dumps, open-pit mining, dumps
of heap leaching, gold recovery plant with tailings dump and water pipeline, and also auxiliary industrial
facilities.

The initial research level found the possible pollution facilities:

1. soils (subsoils) in the area neighboring to technogenic facilities entering borders of the Sanitary
Protection Zone (SPZ);

2. the atmospheric air in a zone of active pollution and the SPZ border;

3. underground waters (productive underground reservoir), underground waters in zone of impact of
the area of heap leaching (ground waters) and a surface water of Lake Balkhash.

This paper will study impact of the gold-ore deposit on soils.

The areas, impacting on a condition of the landscape, are open-pit mining, tailings dump, overburden
dumps.
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The analysis results of slime from the tailings dump demonstrate that slime content has 27 chemical
elements such as barium, boron, ferrum, manganese, strontium, phosphorus, zirconia, i.e. as well as in
content of the mill tailings (figure 3). However, the overburden rock has titanium in difference from
sampling materials of the tailings dump (figure 4).
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Figure 3 — The analysis results of slime from the tailings dump (observation point 0101)
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Figure 4 — The analysis results of overburden rocks

Analyzing the structure of emissions in the atmosphere from organized sources (figure 5), it is noted
that the main contribution includes sulfur oxides, nitrogen oxides, carbon oxide, ferrous oxide and the
inorganic fines. The insignificant emissions of acetone, from sources of chemical plant, chlorine hydride
and hydrocianic acid are observed.

The approximate structure of associations of air pollutants at the gold-containing ores mining is
presented with the following elements [19]:

- lead, arsenic, zinc - elements of 1* hazard class;

- manganese, copper, antimony — elements of 2" hazard class;

- sulphide sulphur - element of 4™ hazard class;

On the basis of a studied structure and content of the ecologically hazard chemical elements in solid
wastes and raw materials of the deposit, including the discovery of these elements in soils (subsoils) of the
area, the following association of air pollutants (heavy metals and toxic elements) was accepted:
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H Fines B Ferrous oxide M Carbonic oxide

M Nitrogen oxide W Nitrogen dioxide B Sulfur dioxide

E Formaldehyde B Manganese and its compounds ®Hvdrocvanic acid

B Chromic oxide ¥ Sodium hydrate (NaOH) ?Chlorine hvdride
Hvdrogen fluoride Lead oxide Slake lime (Ca(OH)2)

Figure 5 — Structure of emissions in atmosphere from organized sources

- mercury, benzpyrene, lead, beryllium, cadmium, zinc — 1st hazard class;

- copper, molybdenum, cobalt — 2nd hazard class;

- manganese, titanium, barium, vanadium, strontium —3rd hazard class;

- gold, phosphorus, cyanides, sulfur, amount of polycyclic aromatic hydrocarbons (PAHs) — 4th
hazard class.

This association of air pollutants was a basis to evaluate the pollution of soils including a local natu-
ral and natural-technogenic background, it was also considered to estimate pollution of atmospheric air
and underground waters [17, 20-22].

Concentration values of air pollutants in an approbation point on border of the project sanitary
protection zone (SPZ) at distance of 3.1 km to the east from the mining site, and at 3.2 km to the south of
the heap leaching site were taken for a geochemical background. The choice of this point is motivated
with a short distance from an ore complex that it considers a natural ecological-geochemical background
of this area and enough distance from sources of an anthropogenic impact on this area during the inves-
tigation and opening of the deposit.

Average results of content of air pollutants in the soils selected on the SPZ border for 2012-2018 (fi-
gure 6) are illustrated below.
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Figure 6 — Average content of air pollutants of associations in the soil on the SPZ border for 2012-2018
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Soils of the sanitary protection zone of the deposit on the gross content of heavy metals in maximum
permissible concentration shares by four-year research results are characterized by the following
geochemical row:

As(11.7) > S(5.78) > Zn(3.20) > Cu(2.40) > Sb(1.52) > Pb(0.98) > Mn(0.54).

Table 2 — Evaluative criteria of soil conditions [19]

Ecological state of environment
Name of parameters Accepted Hazard Critical Catastrophic
(relatively satisfactory) (extraordinary) (disastrous)
Total pollution index (Pr) Less 16 16-32 32-128 Over 128

Calculating an average total pollution index (P;) of soils of the sanitary protection zone for seven
substances entering into association of air pollutants, established for the studied area, the value 20.34 was
received that characterizes an ecological condition of soils as hazard.

In order to evaluate a condition of soils of the sanitary protection zone the analysis of soil pollution
level in eight cardinal directions on the SPZ border of the enterprise was performed using the six-year
research results.

Results of the analysis of soil samples on border of sanitary protection zone on 8 points are presented
in figure 7.
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Figure 7 — Average content of air pollutants in soil on the SPZ border for 2012-2018 on 8 points:
a — lead, arsenic, zinc, copper, antimony; b — manganese, sulfur.

Comparing of the calculated total soil pollution indexes of the sanitary protection zone it was found
that minimal pollution indexes (P) are characteristic for soils in southwest (12.53), east (13.13), northern
(13.36) and northwest (13.58) directions from the industrial facilities. The large contribution to a value of
indexes is made with the gross arsenic contents (6.90, 6.93, 5.38 and 6.75 respectively) within MPC
(maximum permissible concentration).

Sulfur content makes 3.47 MPC (SW), 3.72 MPC (E), 4.59 (N) and 3.63 MPC (NE).

Copper content equals 2.30 MPC (SW), 2.20 MPC (E), 3.16 (N) and 2.42 MPC (NE).

Zinc content is 2.95 MPC (SW), 3.21 MPC (E), 3.15 (N) and 3.57 MPC (NE).

Antimony content equals 1.43 MPC (SW), 1.53 MPC (E), 1.55 (N) and 1.48 MPC (NE).

Lead content makes 0.89 MPC (SW), 0.98 MPC (E), 1.12 (N) and 1.11 MPC (NE).

Manganese content is 0.59 MPC (SW), 0.56 MPC (E), 0.40 (N) and 0.64 MPC (NE).

The received results confirmed the theory that including the prevailing winds in this area the minimal
concentrations of air pollutants, which characteristic for gold deposits, shall be observed.
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Thus, these results may conditionally be considered as indexes of a natural geochemical background
of the studied area.

Under value of total pollution index calculated on a gross content of minerals, the ecological
condition of soils in the northern and northwest directions is characterized as accepted, and in northeast as
hazard but close to an accepted value.

The large pollution soil indexes (32.97 and 26.06) corresponding to the critical pollution level were
determined respectively in soils of southeast and western borders of the sanitary protection zone.

Sulfur content is 5.58 MPC (SE) and 3.92 MPC (W), i.e. it is not significant above than a conditioned
background.

Copper content equals 2.07 MPC (SE) and 2.10 MPC (W), i.e. it is approximately twice less than the
conditional background.

Zinc content makes 3.44 MPC (SE) and 3.40 MPC (W), i.e. it is at a level of the conditional back-
ground.

Antimony content equals 1.50 MPC (SE) and 1.49 MPC (W), i.e. it is at a level of the conditional
background.

Lead content is 1.02 MPC (SE) and 0.96 MPC (W), i.e. it is at a level of the conditional background.

Manganese content makes 0.55 MPC (SE) and 0.60 MPC (W), i.e. it is at a level of the conditional
background.

Under value of total pollution index calculated on a gross content of minerals, the ecological
condition of soils in the southeast and western directions is characterized as a critical (extraordinary)
value.

Thus the increased arsenic and sulfur concentrations on the western SPZ border are observed near
open-pit mining that is an ore geological body, it can be a natural geological reason of high contents of
elements.

In other directions values of total pollution soil indexes within 15.98-17.27 were received.

It may be noted that the lead and copper contents in soils of the SPZ in all directions is at one level
within 0.75-1.12 MPC and 2.07-3.16 MPC respectively.

Zinc content (2.69-3.57 MPC) and sulphur content (3.47-5.58 MPC) are practically recorded at one
level, (except for NE direction). Antimony content within 4 years has never recorded in soils of the
southeast, southwest and northwest directions. In other directions the antimony content is in limits of 1.43-
1.55 MPC.

In reference to the contents of water soluble arsenic and mercury in soils on the SPZ border, they are
at a level below than a range of definition in the testing laboratories and make: arsenic - <005 at 2.0 mg/kg
MPC, mercury - <006 at 2.1 mg/kg MPC. Concentrations of water-soluble zinc in all selected soil samples
are approximately at one level and balance within 0.0495-0.0825 mg/kg.

MPC (maximum permissible concentration) for water-soluble zinc in soils were not determined.
Thus, from the above, it can be concluded that soils of the sanitary protection zone of the enterprise are
characterized as a facility with low migration and water properties.

Initial year can be chosen 2012 when the geosystem was not yet exposed. In 2014 some industrial
facilities were constructed such as tailings dump, building of washing plant, field camp, polygon of
household waste, warehouses, etc.

However, it is important to note that the pollutants getting to ambient air in the process of operations
from the organized high-level sources and unorganized low sources in process of dispersion settle on soil
near the industrial facilities and in the sanitary protection zone (1000 m). The representatives of flora and
fauna are potentially affected.

In the analyzed area the following ecological groups of plants were found: halophytes, ephemers and
ephemeroids. A basis of vegetable communities in September in the arid salted area was made with
Chenopodiaceae plants which were at a stage of blossoming and fructification.

In 2 years (2015) by the monitoring results in this area of the deposit 51 species of plant relating to 20
families were found.

As a result of the monitoring sites were recorded in the studied area:

- without vegetation — area of open-pit mining, dumps, tailings dump;

- subject to a considerable road digression — enterprise territory, polygons of household waste;
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- almost not changed specific species composition and structure of communities — sanitary protection
zone;

- with change of vegetable communities including ruderal, mesoxerophytic species and the cultivated
plant species which were absent in this area before — sites near tailings dams and residential zone of the
enterprise.

If to research fauna of the studied area then it is possible to note as follows:

- the constant load on fauna by reason of presence of humans and machines as this area is exposed to
a continuous technogenic impact;

- the animal habitats are taken away, especially considerably affects mammals and birds.

The activity of the studied industrial facility was resulted by the anthropogenic modifications of
landscapes.

Flora and fauna of the industrial facility for the reporting period were analyzed:

- 105 plant species and 79 animal species;

- every year of the analyzed period 4 plant species were recorded (3.8 %) (Salsola arbusculaeformis
Drob; Lasiagrostis splendens (Trin.) Kunth; Rheum tataricum L.; Limonium suffruticosum (L.) Kuntze)
and 3 animal species (3.8 %) (Aquilla nepalensis; Falco tinnunculus; Corvus corone);

- in 2014 and 2016, 12 plant species (11.4%) and 15 animal species (19%) repeated;

- in 2013 and 2015, 26 plant species (24.8%) repeated;

-in 2013 — 2015, 4 animal species (5%) repeated.

Conclusion. After restoration of the areas broken with mining industry the restored landscapes are
observed. It is possible to call their as post-industrial landscapes. However it is considered that the
economic modified landscapes can be more productive and substantial in comparison with natural as they
are better adapted to the anthropogenic impacts.

The pollution of soil cover, flora and fauna in the territory of the most industrial facility and its
sanitary protection zone were estimated.

The direct research purpose of soil cover in the area of the deposit is to evaluate indexes of subsoil
conditions in sites which will be under a technogenic impact during the perspective mining and ore
processing form and to control indexes of subsoil conditions in the polluted area during functioning of the
deposit [17]. Comparison of substance concentrations in soils of the deposit is made with the set up MPC
(maximum permissible concentration).

But it is important to note that the increased content of some chemical elements in the soil are not
always pollution indexes. It is necessary to consider that elements can be mineral deposits.

Data of theoretical papers were analyzed and they demonstrate that some chemical elements,
containing in soils of the deposit, were initially as the associated components.

Thus the high arsenic content has natural character as arsenic is an element associating to gold-
bearing formations — a gold indicator. Abnormal arsenic concentration is characteristic for the soils which
formed over deposits of polymetals. Ore samples contain sulfur more twice higher than contents in rock
refuse. Waste practically does not differ on the content of zinc, antimony, copper, lead and manganese.

The received data confirm the association of air pollutants for the enterprises on gold ore mining
which was offered in a regulatory document on the valuation level of environmental pollution [19]. By
results of sample analysis on other substances with set up MPC values the high concentration were not
observed.

This risk factor especially impacts on settlement of small mammals. Organization of construction
projects, roads leads to the artificial differentiation of habitats. It results to a direct reducing habitats and
isolation of the separate groups of the small mammals.

The monitoring found the sites without vegetation such as an area of open-pit mining, dumps and
tailings dump.

The areas are subject to a considerable road digression — enterprise territory and polygons of
household waste;

The areas are almost not changed specific species composition and structure of communities — a
sanitary protection zone;

The result of this paper can be the maps for the estimating potential inertial landscape stability to
different types of pollution and erosive hazard.
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E. A. llemxkosckas, E. U. I'oay6esa, M. K. Uopaes,
A. T. Opanosa, H. K. Hoii, M. b. UcabaeBa

"Kaparanpl MEMJIEKETTIK TEXHUKAIBIK, yHUBepcuTeTi, Kazakcran,
2M. JIoMOHOCOB aThIHAarsl MocKey MEMIIEKETTIK YHUBEPCHTETI, Pecelt

KA3AKCTAH PECITYBJINKACBI KAPAFAH/IbI OBJIBICBIHBIH MBICAJIBIHIA
TAY-KEH OHEPKOCIBIHIH KOPIIIAFAH OPTAFA TEXHOTEHAIK 9CEPI

AHHOTAnMsA. AJITBIH K€H OPHBIHBIH TOIBIPAKKa dCEp €Ty MBICAIBIH/IA OHSPKICINTIH KOpIIaFaH OpTaFa TEXHO-
TeHJIIK dcepiH OaranayFa apHAIFaH XKYMBIC. BYJT )KYMBIC KaluIbIK KOWMACHIHBIH IITAM/Ia XKOHE YCTIHTT KaOaTThIH YITi-
nepinae 27 XUMISUTBIK SJIEMEHTTEPiHIH KypaMblH aHBIKTayFa; YHBIMIACTHIPBUIFAH KO3/IepIeH aTMoc(epara IIbFa-
PHIHIBUIAPIBIH KYpaMBIH Taliayra apHanFaH. Kangslk KoiiManapeiHaa — Oapuiid, OOpIbIH, TEMipAiH, MapTaHeITiH,
CTpOHIUHAAIH, (ochopIblH, TUPKOHUIIIH, al YCTiHI KabaTTaFbel KBIHBICTapAa — THUTAHHBIH Kypamaapbl Oeim
Oonranpl Oenrinenred. llIpIFapbuTbiHIApAA HETI3T1 YAECTI KYKIPT OKCHATEPi, a30T OKCHATEPi, KOMIPTETi TOTBIFI,
TEMip TOTBIFbI, OeHOpPraHMKAIBIK IIaHbl KYpalasl. ANBIHFAH HOTH)KEJIEp HETi3iH/Ie TOIBIPaKTHIH JTaCTaHyBIHBIH YKaJl-
el KepeeTkimi (3¢ = 20.34) ecentenreH, OYJ1 TOMBIPAKTHIH AKOJOTHSIIBIK KaFIaWbIH KayilTi PEeTiHAE CHITaTTalIbl.
Canurapnblk-Kopranbin  aiiMarbiHblH (CKA) TombIparbiHBIH JKaFIaiiblH erKel-Terkeil Oaranay MakcaTbiHIa
kocimopeiHHbIH CKA 1mexkapachiHa jKapbIKThIH CEeri3 OarbIThIHAA TOMBIPAKTHIH JIACTaHYy IEHTEHIHE auThl MKBUIIBIK
3epTTey HOTIXKEJIEPIH NalijaiaHa OTHIPBIN Taljay Kyprisinai. EH TeMeHri jmacrtaHy KepceTKilTepi @HepKaCiNTiK
Heicanmapaan (3c) onrycrik-0ateic (12.53), mbreic (13.13), contyctik (13.36) xoHe conrycrik-Oatbic (13.58)
OarpITTaphIHA OPHAJACKAH TOMBIPAKTApbIHA TOH. KepceTKITepiiH IIaMachlHa €H YJIKCH YJIECTI MBIIIbSKTHIH
JKanmel Kypamel 6,90, 6,93, 5,38 xone 6,75 IIPK Ttuicinme kocansl. TombIpakTapAblH JTaCTaHYBIHBIH €H YKOFapFhI
kepcetkimrepi (3¢ = 32.97 xoHe 26.06) KpUTHKAIBIK JIACTaHY ICHI'CHHE COHKEC KeJIeTiH CAHUTapIBIK KOpFay aiima-
FBIHBIH OHTYCTIK-IIBIFBIC JKOHE OaThIC MIeKapalapblHAa OpHAJIacKaH TONBIPAKTaphIHAA OPBIH anraH. bynman Oacka,
Makanaja 3epTTesieTiH aiiMakThiH (opachkl MeH (ayHaChIHBIH XKal-KYil JKoHE KapaJlaThlH OHEPKICIN 00BEKTICIHIH
acepl TangaHabl. 3epTTey HOTIIKENEPIHIH KOPTHIHABICHI JIACTAYIbIH JKOHE IPO3USUIBIK KAYINTiH TypJepiHe JaH-
madTTapbIH AJIEYeTTI HHEPLUUSUIBIK TYPAKThUIBIFbIH Oaraiay KapTaiapblH o3ipIiey YIIiH Mai1anaHburybl MyMKiH.

Tyiiin ce3mep: reocucrema, TonbIpak, Tay-KeH eHepkacioi, KaparaHibl 00JIbICH.

E. A. llemkosckasn, E. U. T'oay6eBa, M. K. Uopaes,
A.T. Opanosa, H. K. Hoii, M. b. UcabaeBa

'Kaparananeckuii rocyapcTBEHHBIN TEXHUIECKUN yHUBEPCUTET, KazaxcTan
2 MoCKOBCKUIA rocyiapcTBeHHbli yHuBepcuteT uM. M. JlomonocoBa, Poccus

TEXHOTEHHOE BJIUSAHUE TOPHOM ITPOMBIINVIEHHOCTH HA OKPYKAIOIYIO CPEY
HA TIPUMEPE KAPAT'AHIUHCKOMU OBJIACTHU PECITYBJIMKH KA3AXCTAH

AnHoTanus. PaboTa nmocssimeHa oreHKe TEXHOTCHHOTO BIUSHISI TOPHON MPOMBIIIJICHHOCTH Ha OKPY KAIOIIYIO
Cpeoy Ha TpPHMEpe BO3IEHCTBHSA 30JI0TOHOCHOTO MECTOPOXKACHWS Ha TouBHL. JlaHHas pabora 3akiodaiach B
OIPEACTICHUU COACPIKAHUA 27 XUMHUYECKUX DJICMCHTOB B IIJIAME€ XBOCTOXpaHWJIMIIA U np06ax BCKPBILIX, aHAJIU3C
cocraBa BBIOPOCOB B arMoc(hepy OT OpraHM30BaHHBIX MCTOYHHUKOB. OTMEYaeTCs, YTO B XBOCTOXPAHHUIIUINE MPEOO-
JajaeT coaepkaHue Oapus, Oopa, *Kenesa, MapraHia, cTpoHIms, ¢ocdopa, MUPKOHUSA, a B MOPOIAX BCKPHIIIU —
TuTaHa. B BEIOpOCax OCHOBHOW BKJIAJ MPUXOJUTCS HA OKCHBI CEPBI, OKCHBI a30Ta, OKCHU]T YTIIepOoa, OKCHJI JKee3a,
MBUTh HEOpraHWYecKyro. Ha OCHOBE TOJYYEHHBIX PE3yJETAaTOB PACCUMTAH CYMMApHBIA IMMOKAa3aTelb 3arps3HCHUS
mouB (3¢=20.34), 4TO XapaKTEepHU3yeT IKOJOTHYECKOE COCTOSHHE IOYB KaK OMacHOe. B Iensdx JeTalbHOW ONCHKH
COCTOSIHHSI TIOYB CAHUTAPHO-3AIMUTHON 30HBI OBLT MPOM3BEACH aHANU3 YPOBHS 3arps3HEHHS IMOYB IO BOCHBMH
HaTpaBJICHUU CTOPOH cBeTa Ha TrpaHuue C33 mpennmpusTHs, HCIONb3Ys Pe3yNbTaThl MISCTIIICTHAX HCCICTOBAaHUH.
YcTaHOBIIEHO, YTO HaWMEHBIINE ITOKA3aTeNn 3arpsisHeHus (3c) XapaKTepHBI IJI 1O04YB B foro-3amamHoMm (12.53),
BocrounoM (13.13), ceseprom (13.36) u ceBepo-3amamuaom (13.58) HanpaBICHUAX OT IPOU3BOACTBCHHBIX 00BEKTOB.
Haunbonpmmit Bkaa B BEIMYUHY ITOKa3aTeNleil BHOCAT BaJIOBBIE CoJlepKaHus MbIIbsika 6.90, 6.93, 5.38 u 6.75 ITAK
cooTBeTcTBeHHO. Hambomnpmme mokazatenu 3arpssHeHus mouB (3¢ = 32.97 u 26.06), cOOTBETCTBYIOIINE KPHUTHU-
YECKOMY YPOBHIO 3arpsi3HEHUsI, ObUTH YCTAHOBJICHBI COOTBETCTBEHHO B IOYBAX FOTO-BOCTOYHOW M 3allaJHOW I'paHH-
I[bI CAHUTAPHO-3AIUTHOM 30HbI. KpoMe TOro, B CTaThe MPOBEJCH aHAINU3 COCTOSHUS (DIOPHI U (hayHbI HCCICAYEMOTO
peruoHa v BJIMAHHUE HAa HETO0 pacCMaTpuBacMOI'o IIPOMBIIIJICHHOT'O OGT)eKTa. PeSyﬂbTaTOM nuccjegoBaHusd MOT'yT UC-
MOJIL30BATHCS IS Pa3padOTKU KapT OLEHKHU MMOTCHIMAIFHON HHEPIMOHHOW YCTOWYUBOCTH JaHIIIA()TOB K Pa3HBIM
BHJIAM 3arps3HEHUHA U 3PO3HOHHON OMACHOCTH.

KirodeBbie cJioBa: re0CUCTEMa, TOYBEI, TOPHAs IPOMBIIUIEHHOCTH, KaparannuHckas 001acTs.
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