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Landscape forming factors of the Karkaraly low mountains

Abstract. The territory of geosystems of the Karkaraly low mountains is mainly forest
landscapes and dark-chestnut soil cover. The paper reflects the state of the soil and vegetation
cover of the forest landscapes of the Karkaraly low mountains in the Karaganda region. The
paper provides the results of chemical soil tests, describes the vegetation cover samples using
geoinformation technologies based on the standard quantitative index NDVI (Normalized
Difference Vegetation Index), confirmed in field studies in the summer of 2020. The work
performed aims at a comprehensive assessment of the physical, chemical, and biological
characteristics of the components of geosystems.

In course of the field study, a brief description of phytodiversity was compiled, indicating the
geomorphological attributes of key areas. To study the vegetation, sample plots of the underlying
soil and vegetation cover were set. Overview and thematic maps of the object under study were
created. At the final stage of the study, the interpretation of the results is presented with the
identification of cause-and-effect relationships of the state and fluctuations of geoecosystems.
Data sources include satellite images of Landsat-8 (US Geological Survey) and field studies
along the routes and four key areas. The results of the work allow defining the object under
study, determining the distinctive properties in key areas, as well as possible reasons for the
difference in the studied territory of geosystems.
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Introduction

Soil and vegetation cover plays a special part among the landscape-forming factors and
performs various functions, where one of them is ecological. In addition to natural factors
that influence the formation and development of the soil and vegetation cover, anthropogenic
impact, both indirect and direct, is of particular importance. The level of anthropogenic impact
can be assessed by the degree of pollution of the object under study, by changes in biochemical
processes in geoecosystems. The object under study in this paper is the landscapes of the
Karkaraly low mountains; therefore, identifying the degree of anthropogenic impact on the
study area is of particular interest. The intensity of anthropogenic impact on the environment
reduces the stability of geosystems, which requires a periodic monitoring of the territory to
determine positive or negative changes.

The study of the composition and properties of the soil of the area is an important problem.
After all, in order to have a well-kept and environmentally properly set plot, it is essential to
understand the chemical composition and type of the soil. In current times, it is important to find
out what is the pollution intensity in a given area, how it affects the phytodiversity and soil cover
of the object under study. Considering that plants.
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have an attached mode of life, the state of their organism reflects the state of the particular
local habitat. It is the chemical analysis will identify the signs, the causes of soil contamination.
Identification of the features of composition and properties of particular soils will determine
the methods of soil maintenance so that the percentage of fertility remains high enough. The
importance of assessing the state of natural plant populations lies in the fact that plants are the
main producers, where their role in the ecosystem can hardly be overestimated. Plants are a
sensitive objects that allows assessing the entire complex of impacts specific to a given territory
as a whole, since they assimilate substances and are directly affected simultaneously from two
environments: from the soil and from the air.

Territory under study

The geosystems of the Karkaraly low mountains are located in the eastern part of the Kazakh
Uplands in the Karkaraly district of the Karaganda region. They represent a low-hill terrain with
isolated massifs of low mountains extending from the north-northwest to the southeast for 30-35
km with a width of 20-25 km. The mountains are ones of the highest in Central Kazakhstan and
consist of individual ridge mountains (Zhirensakal, Akterek, Myrzashoky, Karkaraly, Buguly,
Koktobe, Shankoz). The highest point is Komsomolsky Peak with a height of 1403 m above sea
level, which is part of the southern ridge of Zhirensakal. To the south-east of this ridge are the
Akterek mountains, 1230 m above sea level, and Myrzashoky, 1170 m above sea level. To the
north are located: the Karkaraly jagged ridge, up to 1115 m above sea level (which gave the name
to the entire mountain-forest massif), the Bugula ridge (1323 m above sea level), and the Shankoz
ridge, up to 1360 m above sea level. In the west, there is the seven-peak Koktobe (1254 m above
sea level) [1]. The Karkaraly mountain-forest massif is divided by the wide intermountain valleys
of Kendara, Kurozek, Karatoka and others, and is endowed with fresh groundwater.

The diversity of terrain and soil cover determined the phytodiversity development.

The area under study is almost completely located in the dry steppe subzone of the steppe
landscape-climatic zone. In the Karkaraly low mountains, mainly pine forests grow with
undergrowth of Rosa spinosissima, Rosa majalis, Juniperus communis, Lonicera tatarica, Padus avium,
Crataegus sanguinea. They account for 71.3% of the total area of mountain forests. Birch forests
(Betula pendula, B. pubescens) are located on the slopes of northern and north-eastern exposure, in
valleys between hills, along rivers and streams. They occupy 10% of the forested territory, and
about 2% of the forested territory is occupied by aspen forests (Populus tremula) confined to relief
depressions, valleys of rivers and streams, and the toes of round slopes [2, 3, 4, 5].

The first geobotanical studies of the geosystems of the Karkaraly Mountains were carried
out by A.Ya. Gordyagin, a professor at Kazan University. It was then that the assumption was put
forward that the forests located in the islands inherit the former single forest massif, which had
a connection with the taiga forests in the north. Then, the same assumption was put forward by
[.M. Krashennikov, who believed that the island forests of the Karkaraly low mountains were the
remnants of the forest-steppe belt stretching from the Southern Urals to Altai. A large number of
boreal relics were discovered by V.N. Sukachev in the Kokshetau forests. Botanical studies of this
territory were also carried out by B.A. Bykov, who in his book described in detail the vegetation
cover of Central Kazakhstan, as well as its development in the Cenozoic era.

At the end of the 19" century, the West Siberian branch of the Geographical Society of Russia
was established. The expeditions arranged by the branch made a significant contribution to the
knowledge of not only the flora, but also the vegetation of the region. After 1917, botanical study
was carried out in connection with the solution of practical problems. Geobotanical work in the
region acquired a special scope during the development of virgin and fallow lands. In 1954-1955,
botanists studied the northern part of this region as members of the Special Complex Expedition
for the lands of new agricultural development. As a result of these works, the Natural Zoning
of the Territory was completed (1960), a map of the vegetation of Northern Kazakhstan was
compiled (which included the northern part of the region), and a description of the main types
of steppes was given. A map of the vegetation of the Karaganda region was compiled.
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In 1957 and 1959, the Biocomplex Expedition of the BIS and ZIS of the USSR Academy of
Sciences carried out research mainly in the western part of the Uplands, partly they also included
the geosystems of the Karkaraly low mountains.

In 1964-1966 and 1968, the work of the East Kazakhstan Expedition of the BIS of the USSR
Academy

of Sciences was arranged, as a result of which the territory of Eastern Saryarka was also
studied in detail. As a result, a map of the vegetation of the Kazakh Uplands was published, and
Z.V. Karamysheva and N.I. Rachkovskaya published a monograph “Botanical Geography of the
Steppe Part of Central Kazakhstan”. The monograph presents a list of flora with analysis, general
characteristics of vegetation, botanical and geographical zoning, and a detailed description of
the regions. In the eastern part of the Uplands, much attention was paid to the study of the forest
vegetation of the low mountains.

Later on, local floristic and geobotanical studies were conducted in this area. In recent years,
important resource studies have appeared in connection with the search for medicinal plant
species.

However, the ratio of anthropogenic and natural factors that affect the functioning of the
geosystems of forest areas is not fully covered in the scientific literature. There is no analysis of
the multiway relationships of phytodiversity with the lithogenic base, topography, hydrological
regime, and other factors.

Regarding the geosystems of the Karkaraly low mountains, work on expanding the network
of specially protected natural areas (SPNA) is being carried out very slowly. Among the existing
specially protected natural areas (SPNA), only the Karkaraly State National Natural Park and
Buiratau receive funding, and even then, to an insufficient extent. On the territory of Karkaraly,
not enough attention is paid to biotechnical measures to preserve and improve bioresources,
despite the fact that their numbers are decreasing due to poaching and deterioration of habitat
conditions. Now one of the most important tasks of conservation of nature and bioresources is to
protect the gene pool of flora and fauna, as the loss of each species can cause significant harm to
the social-economic and ecological-geographical interests of society. The depletion of flora and
fauna is observed in all regions of Central Kazakhstan. For rare and endangered species of flora
and fauna, excessive fishing, poaching and destruction of their natural habitats threatens with
complete extinction. Broad and systematic inventory studies of flora and fauna are lacking or
clearly insufficient [6].

The soils of the mountain-forest massifs of Karkaraly and Kent develop under the influence
of two factors, which are vertical zonality and geological features of the area. Like all other
mountain soils, dark chestnut soils are very heterogeneous in terms of their physical-chemical
and genetic production traits and differ from each other in the thickness and severity of the
humus horizon, the thickness of the fine-earth strata, the nature of the underlying rocks, the
degree of alkalinity and carbonate content.

Methodological framework and study methods

General geographical methods [7] were used in the work. To preliminary introduce the
object under study, as well as to identify the degree of compliance with the cartographic material
of the territory, to develop a unified methodology of observation and fixation of components for
the entire route, a reconnaissance survey of the area was carried out. Soil cover studies in key
areas were carried out using the methodology of V.M. Fridland. [8] The soil pits were set with
consideration to the terrain.

Analysis and discussion

According to the forms of the surface structure, the described area is divided into latitudinal-
northeast-trending bands, coinciding with the zones of anticlinal uplifts and synclinores described
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above. Itis common to the entire area that ancient pre-Upper Palaeozoic rocks form a low levelled
terrain, while igneous formations of the Middle-Upper Carboniferous and Permian age form
belts of mountainous relief or island mountain ranges, like the Karkaraly or Kent mountains.
The latter represent the result of long-term continental denudation as early as the Carboniferous,
as a result of which Upper Palaeozoic igneous formations accumulated on a flattened surface.
Comparison of the Middle Palaeozoic surface elevations in the Synclinorian basement and in
the anticlinal uplifts shows that this surface is partly undulating and partly broken into blocks.

In any case, the Middle Palaeozoic does not rise above the established or restored basal
surface of the Upper Palaeozoic, the latter being incompletely manifested in the modern surface
relief in a somewhat distorted form. Of course, it is difficult to say whether it is separated from
the Permo-Carboniferous deposits or directly inherited from the Upper Palaeozoic, but the
undoubted levelling of the Middle Palaeozoic relief

follows from the whole essence of the geological development of the Karkaraly region. The
active relief-forming nature of the Upper Palaeozoic magmatism becomes more obvious.

Not only lava accumulations, volcanic cones, and extrusive laccoliths, but also uplifted
massifs of granular granites solidified at a shallow depth rise above the level of the Middle
Palaeozoic surface. It can be assumed that the formation of the main positive landforms is
associated with the active magmatism processes. In particular, there is a direct evidence that
the granite and granodiorite massifs of the region were formed in the groundmass not by
metasomatic means, but by the active intrusion of magmatic melt, which raised the roof to a
height of up to 2 km from its original position.

In relation to the magmatic forms of the Upper Palaeozoic, the modern terrain is directly
inherited. Simple forms are sometimes inversed. For example, in some cases synclinally built
lava fields got a higher position than the zone of volcanic cones that formed these covers, which
was explained by the armouring of the surface by gently lying covers of acidic hard tuff lavas.

At the same time, the foregoing, apparently, gives reason to reject the idea that in Central
Kazakhstan, in the Mesozoic or at a later time, any single levelling surface developed, from which
all the now existing landforms occurred. In the Mesozoic, there was a period of descending
development of the terrain, but apparently, it was associated not so much with the levelling as
with the conservation of the ancient Upper Palaeozoic forms.

The modern terrain of the area is a typical combination of sharply defined mountain ranges
and wide branched intermountain plains, with river valleys locating along them. The plains are
located almost entirely on the Middle Palaeozoic rocks of the anticlinal zones, despite the fact
that these rocks are often more resistant and harder than the nearby igneous rocks of the Upper
Palaeozoic massifs.

The Upper Palaeozoic volcanicrelief is cut by narrow rectilinearly oriented valleys dependent
on faults. Intermountain valleys and plains are filled with Neogene and higher Quaternary
deposits. It is known that Paleogene and partly Upper Cretaceous loose rocks appear in the
valley deposits along the periphery of Central Kazakhstan. In connection with this, the age of
these valleys is determined on the interval from the Upper Cretaceous to the Neogene. The
Quaternary period is characterized by a noticeable revival of erosion, the cutting of river valleys
into the Neogene and Palaeozoic deposits, which causes the regeneration of the pre-Quaternary
terrain, strengthening its general dissection, sharpness and contrast of forms.

Mountain groups and individual island mountains are of a tectonic nature. Almost
everywhere they are morphologically well expressed, have a distinct sole, sharp forms, more
often than exposed tors.

The latest tectonic movements, which are widely manifested in the eastern part of Saryarka,
are established by a number of signs:

- wide ancient valleys separating mountain ranges, partly developed within tectonic troughs
or faults;

- stable contrasting appearance of some mountain structures, despite the relatively easily
destroyed constituent rocks (granitoids);
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- distinct rectilinear tectonic ledges, antecedent sections of river valleys, deformations of
levelling surfaces, confinement of springs and lakes to sharp inflections of the topographic
profile, wide development of cracks, slickensides, etc.

The shape of the mountains is developed mainly by erosion, although gravitational slope
processes, combined with physical and chemical weathering, are also widespread. Usually the
slopes of the mountains are steep, especially in the upper part, often more than 30°, where sharp
ridges are combined with gorges. Various bizarre forms of weathering, talus, stone streams are
noted here. In the lower part, the steepness of the slopes decreases to 15-20°, they acquire soft
convex and concave outlines. Erosive incisions take on smoother transverse and longitudinal
profiles, but the direction of the ravines coincides with the strike of the cracks.

According to the morphometry, the mountains of the Karkaraly district, as well as the entire
Saryarka, belong to the low-mountain type with a relative elevation above the framing surfaces
of 200-600 m. Since, in most cases, mountain ranges are framed by small hills, the measurement
reference is the surface of intramountain and intermountain depressions and valleys.

Watershed peaks have levelling surfaces. The north-western (Shyngys-Khantau) direction of
morphostructures changes to the east-northeast (Tekturmas) direction here, and therefore both
of these directions are noted on the main watershed, depending on the stability of the structures,
as well as the orientation of mountain ranges along widespread tectonic faults.

Low-mountain massifs are usually confined to the cores of Palaeozoic anticlines and are
mostly composed of stable rocks, often jaspers, quartzites, porphyries, and tuffites. More rarely,
Late Hercynian granitoids, which determines their appearance. The mountain peaks are pointed,
the slopes are rocky.

In this case, mainly the highest (eluvial landscapes) and the lowest (accumulative-eluvial or
superaqueous landscapes) places were selected [8]. Four key areas were set on the territory of the
study object (Table 1, Figure 1.)

The organization of field studies of the phytodiversity of geosystems of the Karkaraly low
mountains included the following stages:

1) Collection of herbarium material of vegetation cover of different systematic groups. At
this stage, a herbarium was collected, plant species were identified;

2) Characteristics of the vertical structure of the vegetation cover. In this case, a morphological
approach was used, implying the allocation of tiers according to the height of the crowns;

3) Determination by species — the abundance of woody and large herbaceous forms was
determined by the methods of Drude and Shennikov, Yaroshenko.

The cartographic research method included the modelling of a single natural
territorial complex with consideration to the preservation of its geometric image. The
key areas were selected based on the geographical and indicative localization of the
mapped ecosystems. The analysis of spatial images was carried out with the relationship
between the geometric and genetic aspects of the object under study. Each key area
is characterized by an individual genetic process and the structure of spatial forms.

Table 1. Coordinates of key areas

Key area Geographical coordinates
North latitude East longitude
1 2 3
No.1 4972811 75°31'45"
No.2 4971254 75°13'43"
No.3 49°41'18" 75°34'50"
No.4 49°34'27" 75°04'07"
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Key area No. 1 is located near the middle reaches of the Karkaralinka River, northeast of
the town of Karkaraly. The phytodiversity of this area is represented by forbs, predominantly
wormwood vegetation. There are trees (elms, birches) in combination with shrubs (rose hips,
currants) at the foot of the hills. The main representatives of vegetation: wormwood, fescue,
feather grass. The study area is in some places affected by pastureland, which is why the
vegetation is partially thinned out.

Key area No. 2 is located on the territory of the lower reaches of the Zharly River and
its tributary (the Taishchek River), which is represented by steppe shrub-sagebrush-fescue
associations with rare occurrence of Pinus sylvestris pine and Betula pendula birch. Shrubs
are mainly presented by steppe species (Rosa spinisissima, Spiraea crenata, S. Hypericifolia,
Caragana frutex). Key area No. 3 is located at the source of the Karkaralinka River, southwest of
Akzhol village.

Key area No. 4 is located on the territory of the middle reaches of the Zharly River near
Karbushevka village. The location map of key areas is shown in Figure 2. Soil pits were set
in the indicated key areas and soil samples were taken in accordance with the standards - GOST
17.4.4.02-84 “Nature Protection. Soils. Methods of sampling and sample preparation for chemical,
bacteriological, helminthological analysis”. For the chemical analysis of the soil of key areas, the
results of laboratory studies of EcoExpert LLP of the Republic of Kazakhstan were used

Earth remote probing (ERP) is in great demand in scientific geography and is used in
numerous studies. Vietnamese researchers Duong Thi Loi, TienYin Chou, and Yao-Min Fang
used ERP methods and

FCD index to study the forests of Thai Nguyen province [12]. Long-time satellite images
help to generalize information about the forest cover of the Earth [13, 14]. The study area is
located in the Karkaraly district of the Karaganda region. The source of data for the study of
the territory was multispectral space images of the Earth from the Internet resource of the US
Geological Survey (https:// earthexplorer.usgs.gov/) Landsat 8. These channels were used to
calculate the NDVI index (Figure 3).
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Figure 1. Map of the key areas of the geosystems of the Karkaraly low mountains.
Scale 1:500,000

Results

According to the results of NDVI calculation for Key Area No. 1 (Figure 2), the value is 0.20.
[9, 10, 11]. This indicator allows for attributing the vegetation of this territory closer to sparse.
Plant community consists of fescue-red feather grass, meadowsweet-fescue-red feather grass
vegetation on chestnut soils. For Area No. 2, the value is 0.45, which characterizes it as an area
with dense vegetation. It is represented by fescue-red feather-grass, Austrian wormwood-cattail-
fescue vegetation with forb-quackgrass meadows on dark chestnut and normal meadow soils.
Areas No. 3 and No. 4 show a value of 0.17-0.18, which means that the vegetation of these areas is
sparser. According to our assumptions, the reason for this is the ploughing of the steppes, cattle
grazing. Meadowsweet-fescue and oat grass, meadowsweet-forb and fescue-red feather-grass
vegetation grows in these areas on chestnut soils. In accordance with the NDVI indicators, the
areas were visited to assess the forest stand in terms of species and quality composition.
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Figure 2. Map of NDVI indicator of the study area as of June 2021. Scale 1:500,000

The main accumulator of nutrients in the soil in the key areas (Table 2) is humus, which
contains 95-99% of all soil nitrogen reserves, 60% of phosphorus, up to 80% of sulphur, and a
significant part of microelements. The content of humus in the soil cover varies from 3.31 to
7.25%, which for the steppe and forest-steppe zones determines Key Areas No. 1-4 as a fertile
layer (over 2%). [15].

The pH values of the soil of all key areas can be correlated as alkaline.

According to the table, in all four key areas, the index of chromium, arsenic and copper
exceeds the maximum allowable concentration (MAC) by more than 10 times. The concentration
of zinc, nickel and cobalt exceeds this indicator too. According to our assumption, the Karagaily
Mining and Processing Plant (MPP), located in the south-eastern part of the study area, has a
depressing effect on the ecosystem introducing imbalance in the results of soil surveys (Figure
3). The rest of the values in the areas are deemed standard.
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Table 2. Results of chemical analysis of soils from key areas

No. | Sampling point Areal Area 2 Area 3 Area 4 MAC
1 Total humus, % 3.31 7.25 5.77 6.96

2 pH 9.03 8.88 7.68 7.80

3 Nitrates (mg/100 g) 14.9 31.7 2.3 1.3 13
4 Manganese(mg/kg) 800 708 655 1312 1500
5 Vanadium (mg/kg) 76 62 82 71 150
6 Chromium (mg/kg) 83 75 69 66 6.0
7 Lead (mg/kg) <30 <30 <30 <30 32
8 Arsenic (mg/kg) <30 <30 <30 <30 2
9 Zinc (mg/kg) 56 49 39 70 23
10 Copper (mg/kg) 42 37 31 49 3
11 Nickel (mg/kg) 28 20 20 25 4
12 Cobalt (mg/kg) <10 <10 <10 13 5

According to the draft regulations for maximum allowable emissions (MAE) of pollutants

into the atmosphere of the Karagaily Mining and Processing Plant for 2022-2031 (10), the total
number of sources polluting the environment is 48 (29 stationary sources, and 19 fugitive sources).
The previous Draft MAE considered sources in the amount of 46. The increase in the number of
pollution sources is associated with the merger of two approved projects — DP “Reconstruction
of the Karagaily Mining and Processing Plant for processing ores from the Akbastau, Abyz,
Kosmurun deposits”. The reconstruction of the Karagaily Mining and Processing Plant considered
emissions from 46 pollution sources (the main operations of the concentrator). The Glavniy Pit
operation project considered emissions from 2 pollution sources (dusts from the pit walls and
beaches). Thus, when combining the above approved projects, 48 sources are obtained, which
are regulated by this Draft MAE for 2022-2031. Other additional sources of pollutant emissions
are not considered in the developed Draft MAE.

Figure 3. Karagaily Mining and Processing Plant of “Karagandatsvetmet” PA, a branch of

Kazakhmys Corporation LLP (photo by the author)
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Conclusions

The results of the studies allow noting that there is a significant change observed in landscape
components in these systems in terms of their qualitative composition. The vegetation index at
the key area located near the anthropogenic system reflects the sparseness of the vegetation
cover in relation to others. In the upper soil layer, some chemical elements significantly exceed
the MAC. The important factor for this deviation is the close location to the Karagaily Mining and
Processing Plant, which reflects the qualitative and species composition of the forest stand and
the chemical analysis of the soil cover. Obviously, the reason for the change should be considered
the involvement of more spaces in the anthropogenic landscape. The results obtained, statistical
data and geoinformation models can be used in geoinformation mapping at the district level
and in generating more detailed maps for a comprehensive atlas of the region, namely maps
of vegetation, forest land, undergrowth, herbaceous vegetation in forest lands. The derived
materials can be used as a cartographic basis for management in the field of forestry and forest
management, monitoring; and also as a basis for solving the problems of optimizing regional
nature management.
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Kapkapaasbl aaaca TayaapbIHBIH AaHAIAPT Ty3ymIi paKTOpAapbl

Anpaatna. Kapkapaasl adaca Tayaaphl TeoxKyiieAepiHiH ayMarbl HerisiHeH opMaH AaHAIIadTTapbIH
JKoHe >Kep >KaMBIAFBICBIHBIH, KYHTIpT-KYpeH TOIlbIpak TypiH kamTuabl. Enbexre Kaparananl 00AbICBIHBIH
Kapkapaas! asaca TayaapbIHbIH OpMaHABI AaHAIIAa(TTapHIHbIH TOIBIPAK JKoHe OCiMAIK JKaMBLAFbICHIHBIH
JKall-Kyii KepceTiareH. Maxkadaga TONBIPaKTBIH XMMUAABIK TaAAaybIHBIH HOTICKeadepi Oepiaren, NDVI
(Normalized Difference Vegetation Index — Oyaan api matin 6oiipinma BI) cranaapTThl caHABIK MHAEKC]
HeridiHge reoakHnapaTTbIK TeXHOAOTMAAapAbl IalijaZaHa OTBIPBIN, ©CIMAIK >KaMBIAFBICH YATiAepiHiH
2020 >KBLAFBI Ka3Fbl Ke3eHJe JadaldblK 3epTTeydepae pacTadraH cUIaTTaMachl KeaTtipiareH. JKyprisiain
JKaTKaH >KYMBICTap TeoXyifedep KOMIIOHEHTTepiHiH (QU3NKAABK-XUMUAABK >KoHe OMOAOTUAABIK
cunaTTaMaJapblH KellleHAi Oarasayra OaFbITTaAFaH.

JanaavIk sepTTeyaep OGapbICHIHAA HETi3ri yJackeaepaiH reoMopPOAOTHAABIK KYpaMaaphIH KepceTy
apKbIAbl (PUTOAaAyaHTYpAidik OOMBIHINIA KBICKAIlla CHIIaTTaMa >KacaaAbl. Ocimgikrepai seprrey yIiiH
TeceMe TOIIBIPaK-©CiMAIK >KaMBIAFBICBIHBIH ChIHAK adaHJapbl CaAbIHABL 3epTTey OOBEKTiCiHiH IToay
JKOHE TaKBIPBIIITHIK KapTadaphbl XKacaaabl. 3epTTeyAiH COHFbI CaTHICHIHAA I€ODKOXKYIeaepain Kaun-Kyuii
MeH aybITKyJAapbIHBIH cebell-caajapAblK OalldaHbICTapBIH aHBIKTall OTHIPLII, HOTUXKeAepai TyciHAipy
ycoiHbAFaH. /Jepekrep kesgepi Landsat-8 (AKII I'eoaormsaablK KbI3MeTi) FapBIIITHIK CypeTTepi,
MaplIpyTTap MeH 4 Herisri yyacke >KOHiHAeri gaJaablK 3epTTeyaep 00ab TaOblaagwl. KyMbicTapabiy
HOTIKeAepi 3epAeleHeTiH 3epTTey OOBbeKTiCiHiH cuIlaTTaMachiH Oepyre, Herisri yyackeaeperi aifpbiKIia
KacueTTepai, coHJali-aK 3epTTeAill OTBIpFaH TeoXKyliedep ayMarbl ailbIPMaIlblABIFLIHBIH BIKTUMAaA
ceDenTepiH aliKbIHAayFa MYMKiHAIK Oepeai.

Tyitin cesaep: opmaH aaHAmaPTTaphl, (GUTOAAYaHTYPAidiK, BDKOXYyile, XMMUAABIK Taljay,
6uoaayaHTypAiaik.

E. Keykenos, K. A:xanaaeesa, I'. bappimunkos, K. OpaseimOeToBa
EHY um. A.H.I'ymuresa, Acmana, Kasaxcman

Aanamadroobpasyomue ¢pakTopbl KapkapaanmHcKmx HU3KOropmit

Annoranus. Teppuropus reocucreM KapkapaanHCKMX HU3KOTOPHMII MMeeT, TAaBHBIM OOpasoM,
AecHble AaHAIMAQTH U TEMHO-KAIITaHOBBIN TUII IIOYBEHHOIO ITOKpoBa. B pabore oTpakeHO cocTosIHME
IIOYBEHHOTO M PacTUTeALHOTO IIOKpoBa JecHbIX JAaHamadgro KapkapaanHCKMX —HU3KOTOPHMIA
Kaparanaunckoit obaactu. B crarbe g4aHBI pe3yAbTaThl XMMIYECKOTO aHAaAM3a I[10YB, IIPUBEAEHO OIVICaHe
00pasIioB pacTUTEABHOIO IIOKPOBa C MCIOAb30BaHMEM reorHQOPMaIMIOHHBIX TeXHOJOIMI Ha OCHOBE
craHzaptHOTO KoamdecrseHHoro nHAekca NDVI (Normalized Difference Vegetation Index — gazee mo
Tekcty BV), ¢ moaTBepkAeHneM Ha IOAEBBIX MccaeloBaHuAX B AeTHnit nepuog 2020 roaa. ITposogumsie
paboTEI HallpaBAEHbI Ha KOMILAEKCHYIO OLIeHKY (PU3MKO-XMMUYECKUX U OMOAOTMUECKIX XapaKTePUCTUK
KOMITOHEHTOB I'€0CHUCTEM.

B xoae moaeBBIX MccaejoBaHNIT Oblaa cOCTaBAeHa KpaTKas XapaKTepUCTUKa Mo PUTOpa3HOoOOpasuio
C yKazaHmeM TreoMopQOAOTHMYECKUX IIPUHAAAEXKHOCTe) KAIOUeBBIX Y4acTKOB. Aas mMccAei0BaHIs
PacTUTEeABHOCTV OBLAY 3a105KEHBI ITPOOHEIE IL101IIa A IO ACTIAAIOIIETO IIOYBEHHO-PaCcTUTE AbHOIO IIOKPOBA.
boram cosganpl 0030pHas M TeMaTHyecKasl KapThl oObekra mccaejosanus. Ha saseprnaloreit crajum
McCAeJ0BaHNA IIpejcTaBAeHa MHTepIpeTallsl pe3yAbTaTOB C BbIsBAEHNMEM IPUIMHHO-CAeACTBEHHBIX
CBsA3eN coCTOsAHMA U (PAYKTyaruii reoskocucteM. VIcTOUHMKaMM AaHHBIX SIBASIOTCA KOCMUYECKIe CHUMKIA
Landsat-8 (I'eoaornueckoit cayxx0sr CIIA), moaesrie mccaejoBaHNs IO MapIIpyTaM M 4-M KAIOUeBBIM
yuactkaM. PesyabTaTsl paOOT ITO3BOASIOT AaTh XapaKTePUCTUKY M3ydyaeMOMY OOLEeKTYy MCCAejOBaHMs,
oIIpeAeAUTh OTANYUTEABHBIE CBOJICTBA Ha KAIOUEBBIX yJacTKaX, a TaK’Ke BO3MOJKHbIE IIPUYMHEI Pa3ANdus
M3yJ4aeMOll TepPpUTOPUN T€OCUCTEM.

Kaxougesble caoBa: aecHble daHAmMAadTH, PpUTOpasHOOOpasye, DKOCKCTEMa, XUMUYECKUIT aHaAW3,
6uopasHoobpasue.
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