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IMPACT OF ANTHROPOGENIC TRANSFORMATION
OF RIVERBEDS ON THE WATER RESOURCES OF ARID REGIONS
(THE YESIL AND NURA RIVERS CASE, NORTH KAZAKHSTAN)

Abstract. Kazakhstan belongs to countries with limited surface water resources, the total indicators of
household effluent of 50% probability level amount to 91.3 km? per year [1]. The region under study falls within the
Yesil (Yesil river) and Nura-Sarysu (Nura river) water-management basins. 3.1% of the river runoff of the country is
formed here [1]. The main rivers of these basins — Yesil (the old name - Ishim) and Nura were studied. The annual
flow of these rivers in a high-water year can exceed the flow of low-water year more than a hundred times [2]. At the
same time, these figures do not take into account theirretrievable loss of water resources associated with an increase
in evaporation from the water surface due to anthropogenic transformation of the beds and floodplain terraces of the
rivers. The article assesses the changes in main morphological elements of the river valleys, associated with the
development of the fields of building materials. The loss is estimated based on the analysis of different-time data of
remote sensing and hydrological calculations with determining the evaporation discharge from the water surface.

Keywords: water resources, anthropogenic transformation, evaporation from an open water surface, irretrie-
vable losses of water, water consumption, suburban area, Yesil river, Nura river.

Introduction. The surface water resources of Kazakhstan are limited and extremely unevenly
distributed throughout the territory. This significantly affects the processes of population settlement and
the sustainable organization of the country’s territory. According to the Institute of Geography of the
Ministry of Education and Science of the Republic of Kazakhstan, the total indicators of household
effluent of 50% probability level amount to 91.3 km® per year [1]. 48.5% of them are transboundary and
come from neighboring countries: the Russian Federation, the Republic of Uzbekistan, the Kyrgyz
Republic and the People’s Republic of China. The region under study falls within the Yesil and Nura-
Sarysu water-management basins (figure 1). Less than 6% of the river runoff of Kazakhstan is formed
here [1].

The Yesil water-management basin is transboundary and belongs to the basin of the Kara Sea. The
Nura-Sarysu basin is the only inland water-management basin in Kazakhstan, and it is an inland drainage
basin. 3.1% of the river runoff of Kazakhstan is formed in these two basins [1]. The vulnerability of the
supply of the population and the economy with water resources is enhanced due to the expected decrease
in precipitation in the region [3].

The issues of conservation and sustainable use of water resources become relevant under these
conditions. One of the aspects of water resources conservation is reducing unproductive losses [4]. Unpro-
ductive non-recoverable losses of water resources in the study area are associated with anthropogenic
multiple widening of riverbeds for the development of stocks of building materials by reducing the arcas
of floodplain terraces of the Yesil and Nura rivers. During the period of active construction of Nur-Sultan
(1998-2017), more than 50 quarries for the extraction of building materials operated only within the
suburban zone.
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Figure 1 — The location of the territory under study in the system of water-management division of the Kazakhstan’s territory:
a) Water-management basins of Kazakhstan: 1 — Yesil, 2 — Nura-Sarysu;
b) The Yesil and Nura river valleys within the suburban zone of the city of Nur-Sultan

The purpose of the studies was the assessment of the current state and the anthropogenic transfor-
mation of the river network sections located on the borders of the suburban zone of Nur-Sultan. The
territories of the suburban zone are intended for the development of the city, the placement of engineering
and transport infrastructure, as well as the formation of a natural-ecological framework. In the future, the
suburban zone should form a single social, natural and economic territory with the city.

The article presents the results of studies of the anthropogenic transformation of individual sections
of the Yesil and Nura river valleys. New data were obtained during field studies and office processing of
the data using geo-information technologies. Quantitative parameters for changes in the structure of the
riverbeds and floodplain terraces of the Yesil and Nura rivers, which influenced the resource potential of
the rivers, were received.

Materials and methods. The published climatic and hydrological materials [5-7], data acquired
through grant funding from the Republican State Enterprise “Kazhydromet”[8], monitoring and statistical
data [9-11], data on commonly occurring mineral resources [12] and the remote sensing data [13-15] were
used for conducting the study.

The quantitative parameters of the transformation of the riverbeds and floodplain terraces of Yesil
and Nura were studied and determined on the basis of field and desktop study methods. They included the
survey of river valleys by an unmanned acrial vehicle (UAV) Phantom 4, a comparative analysis of
different-time digital Sentinel and Landsat satellite images [13-16], an analysis of topographic maps of the
Yesil and Nura river valleys. The processes of natural-anthropogenic transformation in the river valleys
were studiedand mapped on the basis of the application of quantitative assessment methods in the ArcGIS
10.1 software modules. The quantitative parameters of the valleys were determined in field conditions on
the basis of aerial surveying from the UAV on key sections of the Yesil and Nura rivers,with a total length
of 5.29 km. To obtain the images of high resolution, the following parameters of surveying were applied:
the degree of overlap of 70%, the flight height of 150 m, the capture bandwidth of up to 200 m, and the
average motion speed from 7 to 10 m/s. The coordinates and absolute elevations were clarified using
GNNS of a Trimble R8 receiver with the creation of a reference network. The main reference stations
were objects located near the riverbeds and ledges of the floodplain terraces, which were clearly distin-
guished on the ground and in the images. The obtained images were processed in the AgisoftPhotoScan
Professional 1.4.4 specialized program.

The changes in the main parameters of the riverbed and floodplain terraces of Yesil and Nura were
assessed on the basis of the application of geo-information mapping methods for materials of Sentinel and
Landsat satellite images of different periods, detailed aerial surveying of the beds and floodplain terraces
of the rivers. Based on the use of satellite images and orthophotomaps obtained from the UAV, the boun-
daries of water surfaces were determined using the classification taught by ArcGIS 10.1 tools. According
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to the results of processing, a comparative analysis of the open water surface areas of the Yesil and Nura
rivers within the suburban zone and key areas was carried out.

To assess the losses of water resources of the Yesil and Nura rivers, the losses of runoff for evapo-
ration were determined. The volume of evaporation was calculated using the formula previously obtained
for the territory of the northern part of Kazakhstan [17]. In accordance with this approach, the monthly
values of evaporation from the water surface are to a greater extent dependent on the air temperature in the
warm season (1):

E=828-1+113, (1)

where 7 is the average monthly air temperature [10].

The volume of evaporated water (Ev) is calculated by multiplying the evaporation layer (E) by the
open water surface area (S).

Results. The modern river network of the suburban zone of Nur-Sultan is represented by the sections
of transit of the Yesil and Nura river runoffs. The density of the river network does not exceed 0.05-
0.10 km/km? At the same time, due to the peculiarities of the lithology of the rocks, the density of the
ravine network of drainless depressions reaches 0.2-0.3 km/km? [1]. Within the suburban zone, there is a
watershed between the Yesil and Nura-Sarysu water-management basins of Kazakhstan. This boundary is
rather conditional due to a number of reasons. The main are the geological-geomorphological structure of
the valleys, as well as the peculiarities of regime and feeding of the rivers.

The river Yesil (the name is Ishim on the territory of Russia) originates in the Niyaz mountains, at an
absolute altitude of 561 m. The length of the river is 2450 km (of which 1400 km - within Kazakhstan),
the catchment area is 177 thous. km? (of which 147 thous. km? - within Kazakhstan) (figure 2) [5]. Before
Nur-Sultan, the mean basin height is 460 m, and the river goes to the plain lower the city of Nur-Sultan.
The studied section of Yesil is located in the upper reaches, in the latitudinal segment. The main
tributaries (Koluton, Zhabai, Terisakkan, Akkanburlyk, Iman-Burlyk) flow into Yesil downstream of the
city of Nur-Sultan and do not affect the regime of the study area [6].
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Figure 2 — Linear diagram of the river Yesil with main tributaries

The river Nura originates in the north-western spurs of the Otrar mountain massif, at absolute
altitudes of 1060 m. It falls into Lake Teniz with an absolute elevation mark of 304 .4 m (figure 3). The
length of the river is 978 km, the catchment area — 60 800 km*. The main tributaries of Nura (Akbastau,
Ashchisu, Shcherubai-Nura, Yesen, Ulken-Kunyzdy) fall in the upper part of the basin. In the flat part,
within the study area, the river has no tributaries, and the runoff is diverted and dispersed [7].

Yesil and Nura are characterized by the meandering nature of the river beds, with pronounced
stretches and shallows [18]. Downstream the river beds are expanding. It is from 15-25 m to 30-40 m for
Nura and from 5-12 to 10-25 m for Yesil. The sizes of stretches increase up to 0.5-1.5 km, with the depths
of 1-4.5 m [5]. The floodplains of the rivers are two-sided, from 100-200 m to 10-15 km, with numerous
old riverbeds, swales and closed depressions. The height of the low floodplain reaches 1-1.2 m. The high
floodplain of the Yesil and Nura rivers is clearly pronounced in the relief, and its width varies from a few
meters to a kilometer. The height of the surface of the high floodplain varies between 2.5 and 3m, rarely
up to 6 m. The first terrace above the floodplain is developed almost everywhere, the width varies from a
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Figure 3 — Linear diagram of the river Nura with main tributaries

few hundred meters to 1.5 km, the surface is low-inclined. Above the long-term annual average water
edge, it rises from 4 to 6 m, there are numerous traces of old riverbeds on the surface. The second terrace
above the floodplain is developed fragmentarily, and in some areas its width reaches 3-4 km. The terrace
cusp is clearly pronounced, the excess over the edge varies from 6 to 8 m [18].

The river Nura is characterized by the phenomenon of bifurcation, in the place of closest approach to
the river Yesil. This is due to the uncertainty of the watersheds of the Yesil — Nura interfluve. The pre-
sence of a common incline from Nura towards Yesil (0.45 %o) with the magnitude of the fall of 12,5 m
formed a valley-like lowering with a length of 28 km and a width of 2-6 km here. Flowing of a part of
water from the river Nura occurs here through 3 channels (Sarkrama, Kozgosh and Mukhor), which merge
into a single riverbed 9 km to the confluence into Yesil [18].

The hydrological regime of the Yesil and Nura rivers is characterized by a strongly-pronounced short
flood and almost dry low water period. According to the classification of B.D. Zaikov for river regime, it
refers to the “Kazakhstan type” [19]. The main feeding of the Yesil and Nura rivers is snow (82.5% and
78%, respectively), groundwater and rainwater supply is of little significance. The spring flood begins in
April and lasts from one and a half to two months. Up to 85-95% of the annual runoffs of the rivers pass
during this time [6]. The hydrograph shape of the flood is mostly single-peak (figure 4). In the end of May
- the beginning of June, there is low water period, which lasts 9-10 months. In summer, the minimum
discharges of water are observed in July-August, in the cold period - in January-March. The smallest of
the minimum discharges fall on the winter low water period. Fluctuations of the Yesil river levels over
low water within the suburban zone of Nur-Sultan are 4.5-5 m, of the Nura river — 2.5-6 m [6, 20].
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Figure 4 — The course of average monthly water flow and water levels in 2010 and 2017 on gauging stations:
a) the river Yesil —Volgodonovka village; b) the river Nura — R. Koshkarbayev village
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The runoff of the rivers goes through significant fluctuations, both in the intra-annual and inter-
annual context [21]. The average long-term flow rate of the river Yesil near the Volgodonovka village is
3.49 m’/s, of the river Nura near the R. Koshkarbayev village is 21 m*/s (1973-2015) [8, 9]. For the period
of 2010-2017, a year with minimum values of discharges and levels — 2012, and with maximum values —
2015, 2017, are distinguished for both rivers (figure 5). At the same time, fluctuations of Yesil and Nura
rivers levels in the flood period in a long-term section are 2-2.5 m. Such similar dynamics is explained by
the regional influence of climatic factors.
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Figure 5 — Dynamics of average annual and maximum monthly average flow rates and levels for 2010-2017 by gauging stations:
a) the river Yesil — Volgodonovka village, ) the river Nura — R. Koshkarbayev village

Assessment of the anthropogenic transformation of the beds and floodplain terraces of the Yesil
and Nura rivers. The boundaries of open water surfaces of riverbeds based on the measurement of the
reflectivity of objects in different ranges of the spectrum on the Yesil and Nura rivers within the suburban
zone of Nur-Sultan were determined [22], the changes in the main parameters of the riverbed and
floodplain terraceswhere lake-shaped extensions are formed at the places of development of common
minerals were assessed and evaporation volumes from these surfaces were calculated. The key section on
the river Yesil with a length of 1.9 km located near the Volgodonovka village was studied in detail (figu-
re 6). It should also be noted that the riverbed of the Yesil was blocked by a bulk bridge of stone blocks
with a laid pipe. Due to the overlap of the runoff, there was a backwater level of the river above the bridge
with flooding the high floodplain and floodplain tree-shrub vegetation (figure 6). The section on the river
Nura with a length of 3.39 km, it is located near the Kabanbaibatyr village (figure 7). Key sections are
located at a distance of 2-3 km upstream from settlements on the river Yesil — Volgodonovka village, and
on the river Nura — R. Koshkarbayev village, and corresponding gauging stations.

The changes in water areas were analyzed on the basis of field works in the summer months (June-
August) and according to satellite images for the same months of 2010 and 2017 [13-15]. Average water
levels in July-August of 2010 and 2017 were 108-112 ¢cm on the river Yesil — Volgodonovka village
(figure 4a), as well as 244-254 cm on the river Nura — R. Koshkarbayev village (figure 4b). Only in these
key river sections from 2010 to 2017, an increase in the water surface due to the expansion of the channel
part with the flooding the quarries for the extraction of common minerals amounted on r. Yesil 8.4 km?, on
the river. Nura 0.4 km?.

In accordance with the definition of open water area within the beds of the Yesil and Nura rivers in
2010 and 2017, evaporation was calculated within the suburban zone and in key areas for the period of
free flowing channel (April - October) in 2010 and 2017. The values of average monthly temperatures at
the weather station of Nur-Sultan in 2010 and 2017 were used for a comparative analysis [10]. To
determine the volume of evaporation, the dependence of monthly values of evaporation from the water
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Figure 6 — Anthropogenic changes in the bed and floodplain of the river Yesil near Volgodonovka village,
for 2010 and 2017 with the formation of lake-shaped extensions at the places of development of common minerals
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Figure 7 — Anthropogenic changes in the bed and floodplain of the river Nura near Kabanbai Batyr village for 2010 and 2017
with the merger of former waterlogged quarries with a riverbed and the formation of new lake-shaped extensions
at the site of the development of common minerals

surface on air temperature in warm period of the year obtained for the territory of the northern part of
Kazakhstan was used formula (1). Based on this equation, the values of the evaporation layer from the
water surface (E), the volume of evaporation from the open water for the ice-free period of the year (Ev)
with the open water surface area (S) were calculated (tables 1, 2).

In 2017, compared with 2010, there was an increase by 0.22 km? in the area of the open water surface
of the Yesil and Nura rivers within suburban zone of Nur-Sultan. Such a change leads to an increase in

—202——



ISSN 2224-5278

Series of Geology and Technical Sciences. 6. 2019

Table 1 — Areas (S) and the volume of evaporation (Ev) from the open water surface

on the Yesil and Nura rivers within the suburban zone of the city of Nur-Sultan for 2010 and 2017

River Years S, E, Ev, Difference of Ev
thous. m? mm thous. m? in 2017 compared with 2010, %

. 2010 18790.55 891.9 16759.29

Yesil +52.85
2017 27196.28 941.9 25616.18
2010 5717.80 891.9 5099.70

Nura +12.67
2017 6100.16 941.9 5745.74
. 2010 24508.35 891.9 21858.99

Yesil and Nura together +43.47
2017 33296.44 941.9 31361.92

evaporation values. In 2017, compared with 2010, the volume of evaporation on the Yesil and Nura rivers
within the suburban zone increased by 43.5 %, and larger changes are observed in the Yesil river valley —
52.9 % (table 1).

The selected key sections are located near mining, therefore, they can be considered illustrative from
the point of view of the anthropogenic impact on open water areas [23]. In 2017, compared with 2010,
evaporation in the key section of Yesil increased by 186 %, of Nura — by 46.2 % (table 2).

Table 2 — Areas (S) and the volume of evaporation (Ev) from the open water surface
in key sections of the Yesil and Nura riverbeds within the suburban zone of the city of Nur-Sultan for 2010 and 2017

River Length of the section, Year S, E, Ev, Difference of Ev
km thous. m? mm thous. m* | in 2017 compared with 2010, %
. 2010 314 891.9 28.0
Yesil 1.9 +186.0
2017 85.04 941.9 80.0
2010 436.8 891.9 389.6
Nura 34 +462
2017 604.8 941.9 569.6

Conclusion and Discussion. Due to the fact that evaporation losses from the open water surface
mostly depend on climatic conditions, the current climatic characteristics of the study region and trends of
their changes till 2050 were considered. The Yesil and Nura river basins are located in the zone of
continental and arid climate. The average temperature of the coldest month (January) varies from -17
to -15°C, the hottest (July) - from +19 to +21°C. The amount of sunshine in the basins increases from
2200 hours per year in the north of the Yesil river basin to 2700 hours per year in the south of the Nura
river basin. Relative air humidity has a maximum (75-85%) in winter and a minimum (30-50%) — in
summer. The amount of precipitation in the territory under consideration varies from 350 mm per year in
the north of the Yesil river basin to 250 mm per year in the south of the Nura river basin. About 25-30%
of the total annual precipitation falls on the cold period. The average height of snow cover for the basins
varies from 20 to 40 mm per year. The prevailing wind direction is southwest, with an average speed of
4-6 m/s [24].

For the period of 1941-2015, there is a trend towards an increase in surface air temperatures and
precipitation in the Yesil and Nura river basins [3]. The greatest temperature anomalies are observed in the
spring period and are 0.33 and 0.37 °C for 10 years (table 3).

Table 3 — Characteristics of the linear trend of the anomalies of surface air temperatures
of the Yesil and Nura river basins for the period of 1941-2015 by seasons and for a year [3]

. . Year Winter Spring Summer Autunm
River basin
*a **R2 a R? a R? A R? a R?
Yesil 029 32 029 5 0.37 17 0.18 12 0.3 15
Nura-Sarysu 027 28 0.3 6 0.33 17 0.16 12 0.32 20
*a — linear trend coefficient, °C/10 years;
**R? _ determination coefficient, %.
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According to the Seventh National Communication of the Republic of Kazakhstan to the United
Nations Framework Convention on Climate Change (2017), the increase in the average annual tempe-
rature may reach 2.5°C in the Yesil and Nura river basins by 2050 compared to the long-term norm for
these territories. As a result, according to the modeled data, there will be a decrease in the annual runoff in
the Yesil and Nura river basins relative to the long-term norm. By 2050, the runoff of Nura will decrease
by 2% (R. Koshkarbayev village), and of Yesil - by 5.9% (Turgenevka village). The increase in temperatu-
res in the spring period will lead to an earlier onset of snowmelt processes, a decrease in the period of
snow accumulation, reduced soil freezing and larger loss of moisture content [3].

Under these conditions, additional losses of runoff associated with an increase in evaporation from a
larger water surface due to anthropogenic transformation of the beds and floodplain terraces of the rivers
are relevant. At the same time, it should be noted that the development of deposits of sand and gravel mix
and mortar sand is carried out within the suburban zone over a length of 14.5 km along the Nura river bed
and 17.5 km along the Yesil river bed (figure 8). The total area of geological allotments along the Yesil and
Nura rivers in the territory under consideration is 17 km?. A number of deposits are being developed in the
section of the rivers’ interfluve, where the waters of Nura periodically flow into Yesil. For the period from
2010 to 2017, the extraction of sand and gravel mix from riverbed and floodplain sediments of the rivers
for construction purposes began to be intensified in the territory under study along the Yesil and Nura river
beds: developments at another 20 deposits with a total allotment area of more than 12 km?* were opened
[12]. In general, this is confirmed by the growth dynamics of the volume of housing put in commission
within 3 administrative districts located in the suburban zone of the city of Nur-Sultan. Here it increased
more than 2.5 times from 2004-2010 to 2011-2017 (figure 9).

According to the Statistics Committee of the Republic of Kazakhstan, household water consumption
per capita in Kazakhstan was 29.5 m’ per year in 2017 [11]. The difference in volumes of runoff losses
for evaporation from the open water of the Yesil and Nura rivers within the suburban zone between 2010
and 2017 is equal to the annual water consumption of 322 thousand people. This can provide the water
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Figure 8 — Common minerals deposits development within the suburban zone of Nur-Sultan
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Figure 9 — Dynamics of housing commissioning by the districts of the Akmola region
that are part of the suburban zone of Nur-Sultan over the period of 2004-2017, in thousands of square meters [11]

consumption of the population of the suburban zone of Nur-Sultan for 3 years and 9 months. The studied
key sections of the rivers are only 1.6% for Yesil and 2.9% for Nura of their length on the territory of the
suburban zone of Nur-Sultan. In 2017, 232 thousand m’ more water was non-recoverably lost for
evaporation than in 2010 in these small sections. This difference is equal to water consumption of almost
7.7 thousand people. In the future, the intensification of the anthropogenic transformation of the riverbeds
through the development of new deposits along rivers can lead to even more significant changes and
losses of water resources.

Funding. The study was funded by the “Committee of Science” State Institution of the Ministry of
Education and Science of the Republic of Kazakhstan within the framework of grant funding, ISC
AP05136087, topic: “Hydrological computer modeling of the floods of the Yesil and Nura rivers to
determine the risk of flooding of the territories of the city of Nur-Sultan and adjacent settlements™. 2018.
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l«AcTaHay XanbIKApaIbIK FhiIbME KerukHi, Hyp-Cyrran, Kazakcran,
M.B . JIOMOHOCOB aThIHAAFE MOCKEYMEMIICKETTIK YHUBEPCHUTETI, Peceit

APHUJTI OHIPJEPIHIH CY PECYPCTAPBIHA
O3EH APHAJIAPBIHBIH AHTPOIIOI'EHAIK O3T'EPICIHIH 9CEPI
(COJTYCTIK KASAKCTAH, ECLJI JKOHE HYPA O3EH/IEPI MbICAJIBIH/IA)

Annoramust. Kazakcran skep YCTi CyJapBIHBIH PECYPCTAPBI MEKTEYl SIEPTe KATaabl, TYPMBICTHIK AFbIHHBIH
JKHBIHTBIK KOPCETKinTepi 50% Kamramacer3 erinyi skeumbina 91,3 kv kypaiinst [1]. 3eprrenetin aitmag Ecin (Ecin
e3¢Hi — Ecin ecki aTaysl 3eprrenai) xane Hypa-Capsicy (Hypa e3eHi 3eprTensai) cy mapyarblIbFel 0acCeHHACPIHIH
merine kipeai. Myraa ennie 3,1% e3¢H arbichiHAH Kaaeimracaasl [1]. Kepcerinren OacceHHACPIHIH HETi3Ti e3¢HACPl
seprreareH — Ecin (ecki araysr Mnmm) sxore Hypa. Bysr e3eHAepiHiH KbUIIBIK aFbIC KOJICMI Cy JICHICHI YKOFaphl
JKBIIIAPBI CYABIH a3AbIFBIHAH Y3 €CC achIm KeTyi MyMKiH [2]. CoHpMEH Katap Oy CaHIap ©3CHACPAiIH apHATIAPHI
MEH >KaifblIMa TEppacaNapbIHBIH AHTPOIIOTCHIIK ©3repyiHe, Cy OeTiHeH OyIaHyIblH YIFArObIHA OAWIaHBICTHI CY
PpecypCTapbIHbIH KaHTapbIMCBI3 CY HIBIFBIHBIH eCKepMeHai. Makamaga KypbUIbIC MAaTEPHAIIAPBIHBIH, KEH OPBIHIAPBIH
urepyMmeH Oarnansictel Hyp-Cyiran Kana maHb! aliMarsiHbIH 1merinae Ecin xxone Hypa eszennepiniH (apHanap MeH
JKalibIMa Teppacajap) 63¢H ANKANTAPBIHBIH HETi3TI MOP(OJOTHAIBIK 3JICMCHTTCPIHIH e3repyine Oara Oepimai.
AFBIHHBIH KAHTAPBIMCHI3 CY IIBIFBIHBIH 0aFaay, COHFbI 8 >KbIIZA JKEPAl KAMIBIKTHIKTAH 30HATAY ABIH 9P TYPJI KE3CH-
JIK JEPEKTEPIH CATBICTHIPMANBI TAJIJAYAbI KOJXJAHA OTBIPHII JKOHE Cy OCTiHCH OyJaHy KOJIEeMIH aHBIKTAH OTBHIPHIIL,
THAPOJIOTHSUIBIK ECENTEY NPl KOIAHY HETi31HAE XKYPri3imi.

Tyiiin ce3mep: Cy pecypcTapbl, aHTPOIIOTEHIK ©3TEPIC, alIbIK Cy OeTiHeH OyIaHy, KAHTAPBIMCHI3 CY IIBIFBIHEL
Cy TYTHIHY, Kaja MaHsI afimMarsl, Ecin eseni, Hypa e3eHi.
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BJIUSHUE AHTPOIIOTEHHOM TPAHC®OPMAIIUHA PYCEJI PEK
HA BOJHBIE PECYPCHI APU/IHBIX PETHOHOB
(HA IPUMEPE PEK ECWJIb H HYPA, CEBEPHBIU KA3AXCTAH)

Annoramust. KazaxcraH OTHOCHTCS K CTPaHaM C OTPAHMYICHHBIMH PECYPCAMH IMOBEPXHOCTHBIX BOJ, CYMMap-
HbIE MOKa3aTeId OBITOBOro cToka 50% obecmeyeHHOCTH cocTaBioT 91,3 kn/roa [1]. MccnemyeMblii perHoH BXO-
ut B penensl Ecumbekoro n Hypa-Capbicyckoro BOTOX03IHCTBEHHBIX 0aCCEHHOB, B KOTOPBIX (opmupyercs 3,1 %
peuHOTO CTOKA CTpaHsl [1]. M3y4ueHB OCHOBHBIC PCKH YKA3aHHBIX OacceliHOB — Ecmms (CTapoe Ha3Banme Mmmm) u
Hypa. I'onoBeie 00beMBI CTOKA 3THX PEK B MHOTOBOJHBIM IO MOTYT HMPEBBIIATH CTOK MAJOBOJHOTO OOJee YeM B
cto pa3 [2]. Ilpu 310M 3TH 1E(PHI HE YUUTHIBAIOT OC3BO3BPATHBIC MOTEPH BOJHBIX PECYPCOB, CBA3AHHBIC C YBCIH-
YCHHEM HCTIAPEHUS C BOJAHOW MOBEPXHOCTH 3a CHUET aHTPOIOTECHHOH TpaHc(opManuu pycen u MONMEHHBIX Teppac
pek. B crarbe AaHa ONEHKA H3MEHEHHS OCHOBHBIX MOP()OTOTHUECKHUX 3JICMEHTOB PEYHBIX A0IHH pek Ecmip n Hypa
(pycen u MOMMEHHBIX TEPPac) B MpeAciax MpHropomHoi 30HHI T. Hyp-Cyaras, CBsI3aHHBIX C pa3pabOTKON MecTo-
POXICHAH CTPOMTENIBHBIX MaTepranoB. OueHka 0E3BO3BPATHBIX ITOTEPh CTOKA IPOBEICHA HA OCHOBE MPHUMCHEHHS
CPAaBHHUTEIBHOTO aHATHM3a PA3HOBPEMCHHBIX JAHHBIX AWCTAHIMOHHOTO 30HAMPOBAHUS 3EMIIH 3a MOCICTHUE 8 JET U
THAPOJIOTHYCCKUX PACUCTOB C ONPEACICHUEM BEIHIHHBI HCIIAPSHUS C BOTHOH IIOBEPXHOCTH.

KioueBnbie ciioBa: BOTHBIE PECYPCHI, AHTPOIIOTEHHAS TPAHC(HOPMAIHS, HCIIAPSHHUE C OTKPHITOH BOIHOM IO-
BEPXHOCTH, OC3BO3BPATHBIC OTCPH BOIBI, BOJOTOTPCOICHHE, MPUTOPOIHAS 30HA, peka Ecums, pexa Hypa.
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