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Abstract. This article discusses the importance of hydraulic structures, particularly
dams, in Kazakhstan’s economy due to water scarcity in many regions. The article
highlights the need for a comprehensive approach to the location and design of dams
considering climate change and land use scenarios. The article also emphasizes the need
to update the design parameters and characteristics of dams to consider changes in land
use and climate. The Samarkand reservoir hydrosystem is used as an example to discuss
the potential hazards of the new spillway and the need for technical upgrading. The
article suggests that the development of an integrated GIS-based approach to survey
works, location, and design of dams could improve the quality of design and survey
works and lead to the modernization of design and operation of reservoirs. The study
proposes the use of modern research methods, including space methods, to provide
more flexible and safe management of river flow with consideration of environmental
and economic interests. The article concludes that the comprehensive GIS-based
methodology for the location and design of dams, considering potential changes in river
flow characteristics and the impact of changes in land use and climatic scenarios, can
improve efficiency and optimize the work of hydraulic engineers.
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During the Soviet period in the 1940s to 1960s, Kazakhstan underwent industrialization,
which included the construction of numerous hydraulic structures such as large river reservoirs
and water intake reservoirs [1]. These structures continue to play a vital role in the economy of
the country as the majority of Kazakhstan experiences water scarcity, with annual precipitation in
some areas ranging from 250-500 mm. While some river basins such as Yertis and Balkash-Alakol
have sufficient resources of surface and groundwater, others such as Nura-Sarysu, Yessil, Tobol-
Torgay, Zhaik-Caspian, Aral-Syrdarya experience deficits in both [2]. This scarcity of water leads
to dry vegetation and watercourses during summer months, and the need for irrigation of crops
using water from artificially created reservoirs. Irrigated farming is the largest consumer of fresh
water, accounting for 65% of intake. However, the needs of industry, urban and rural utilities,
and irrigated agriculture are covered during low-water periods by the operation of hydraulic
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structures. Despite this, many regions still experience water deficits, and a comprehensive
approach to the location and design of dams is required, considering climate change and land use
scenarios in river basins that are subject to urbanization [3-4].

The calculated parameters and characteristics of dams during their design in the 1940s to
1960s require updating, and the existing methodological approach to their determination needs
to be revised. The main factors that have undergone significant changes since the time of dam
design are land use and climate change. These changes can completely alter the characteristics
of river flows, which can, in turn, affect the location and design of the structure, and ultimately
the stability and performance of dams. Therefore, it is crucial to calculate and design predicted
parameters of river flow under the influence of changes in land use and climatic scenarios during
the design of new dams or the reconstruction of existing hydraulic structures [5].

The Samarkand reservoir, located on the Nura River in the eastern region of Temirtau city in
the Karaganda district, was constructed in 1939 to regulate the flow of the Nura River and provide
water supply to the Karaganda industrial district . Between 1974 and 1988, the spillway structures
of the hydrosystem were reconstructed due to changes in the system’s functions, an increase in
the capital class of its structures, and the unsatisfactory technical condition of the former spillway.
The current hydroscheme is partially operational and has a total volume of 253.70 million m? at the
normal supporting level of 490.17 m and a useful volume of 100.2 mln m® with level fluctuations of
1.5 m. The hydroscheme comprises a supply canal, a new spillway, a diversion canal, an earthen
dam, an old spillway, a temporary earth cofferdam, and a siphon spillway. The new spillway is
potentially hazardous and requires reconstruction and technical upgrading [6].

Hydrologists and hydraulic engineers closely involved in the task of analyzing the current
state of design, construction, and operation of dams provided their opinions. The research in this
direction is expected to be novel since modern space methods are rarely used in Kazakhstan.
The primary objective is to develop an integrated GIS-based approach to survey works, location,
and design of dams, taking into account changes in the Earth’s surface and climatic scenarios
in the river catchment areas under conditions of urbanization. This study is of significant
importance in practice, as the low-quality construction and reconstruction projects are often
due to imperfect methodology and incomplete implementation of survey works and incomplete
consideration of factors affecting the regime of rivers and reservoir operation [7-10]. The above-
mentioned approach can improve the quality of design and survey works, which can lead to
the modernization of design and operation of reservoirs. It is expected that the use of modern
research methods, including space methods, can provide more flexible and safe management of
river flow with consideration of environmental and economic interests. This will enable correct
zoning and effective use of new irrigated lands, leading to increased profitability [11].

However, some experts suggest that the design, filling, and operation of reservoirs require
large-scale research works, whereas only exploration works are currently being carried out.
They propose that to improve the situation in basins of regulated rivers, all technological links of
design, preparation, and operation of reservoirs must be improved, and the concept of rational
use of reservoirs must be implemented under increasing anthropogenic water [12].

The present study aims to develop a comprehensive GIS-based methodology for the location
and design of dams, considering the potential changes in river flow characteristics and the impact
of changes in land use and climatic scenarios, using the SCS-Curve Number method for modeling
river flows. The application of the SCS-Curve Number method based on ArcGIS PC is expected
to optimize the work of hydraulic engineers and improve efficiency. The object of the study is
the Samarkand reservoir hydrosystem, including its location, history, construction details, and
current condition. This study also highlights the need for reconstruction and technical upgrading
of the system, as well as the use of digital terrain models and GIS-based methodology for the
location and design of dams, considering potential changes in river flow characteristics and the
impact of changes in land use and climatic scenarios [13].
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Materials and methods

To collect climatic data for the study area, the nearest local weather station was located using
a web service [14]. Historical data from the archives of the local weather station in Karaganda,
Kazakhstan were collected, which had a latitude of 49.80, a longitude of 73.15, and an elevation
of 553 m above sea level. The Institute of Geography and Water Security in Kazakhstan created
a map to identify areas affected by significant climate change, which was used in the study.
Soil maps and soil characteristics in the study area were obtained from the FAO-UNESCO Soil
Map of the World and the Unified State Register of Soil Resources of the Russian Federation,
as domestic libraries were insufficient [15]. The level of urbanization and location of buildings
were determined using a topographic map of Kazakhstan, which was also used in the study [16].
Open web resources of DEM space images libraries were analyzed, and appropriate software for
DEM space image processing was selected for data processing in GIS [17-22]. The study team
identified individuals within government agencies who could provide data in an official capacity.
However, it was discovered that there is no unified national database of climatic indicators, and
data were collected manually for 30 years by searching each day, month, and year on several web
services containing climatic data libraries. Commercial [23-27] and free software tools [28-32]
were utilized for data processing in GIS.

A crucial component in GIS analysis is the Digital Elevation Model (DEM), which contains
information about elevation without considering objects on the terrain surface. It is important
to differentiate DEMs from Digital Surface Models (DSMs), which include information about
elevation marks along with objects on the terrain surface. DEMs are derived from satellite or
airborne imagery, and their quality is determined by their vertical and horizontal resolutions.
In GIS, the vertical resolution of the DEM is critical for identifying watershed boundaries, which
refers to the difference in height between modeled or detected elevations and the actual elevations
of the terrain surface. DEMs with resolutions of 10 m, 30 m, and 90 m are widely available for free.
For research purposes, more accurate DEMs with resolutions of less than 1 m can be obtained
through an official request to authorized bodies, but their cost is typically high. DEMs are typically
available in formats such as .tif, .shp, and others [33-35].

The relief of a territory plays a critical role in natural processes and environmental
differentiation, particularly in the distribution of water and solar radiation. Accurate information
on the relief is essential for efficient water resource management, planning, forecasting, ecological
modeling, and design. One common approach for catchment area calculation involves the
following algorithm: first, prepare a digital elevation model (DEM), such as the Shuttle Radar
Topography Mission (SRTM) DEM, which can be downloaded from free sources. Next, spatially
bind the image to a relevant coordinate system, such as the WGS_1984_UTM_Zone_43N (Figure 1).

a b

Figure 1. Examples of inconsistencies in the boundaries and dimensions of the DEM and the study
area: a) the study area; b) the intersection area of the study area with the image area; c) the image
area outside the study area
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To determine the catchment area of a pilot site, utilize horizons and elevations of scale 1:25000
and topographic surveys to produce a DEM with a relatively even and topologically correct relief,
with a resolution of 10 meters per image pixel (Figure 2). Finally, apply the Catchment Polygon
Processing tool in Arc Hydro Tools to transform the input watershed grid into a class of watershed
polygon objects. For the Samarkand reservoir, the catchment area is defined in the plain part and
has no sharp differences in elevation, with a maximum height of 1500 m. The coordinates of the
research object are latitude 50° and longitude 73°.

w

a b
Figure 2. Examples of DEMs with different resolutions: a) 5 m; b) 30 m

In order to simulate the movement of water volume along the slope, a scientific approach
was employed using the Flow Accumulation tool. This tool applies a similar methodology to the
previously used Flow Direction tool, but instead of determining the direction of flow, it identifies
the volume of water flow. The resulting pixel values are then filled, with the flow volume
receiving a value of 0 and the surrounding terrain taking a value of 1. This technique is essential
for accurately modeling the flow of water along a slope and predicting potential issues such as
erosion or flooding. By using this method, scientists and engineers can better understand the
behavior of water in a given area and make informed decisions about land use, infrastructure
development, and other important factors.

The formation of drainage basins is a crucial step in delineating catchment boundaries for the
Samarkand reservoir. This process involves converting the raster dataset into polygons using the
Raster to Polygon tool, which utilizes the size of similar contained cells to identify the drainage
basin area and differentiate it with a distinct color from other boundaries outside the study
catchment area. The final processing step involves cutting out a fragment of one feature class
using one or more objects of another class, specifically clipping the DEM along the watershed
boundary from the resulting polygon using the Clip tool.

The selection of image processing software was based on the ArcGIS Desktop software,
which is produced by ESRI (USA) and has a high demand rating of 97% among programs of this
type. ArcMap software enables full manipulation of raster data and processing of various images.
Alternatively, the QGIS software of second or third generation was considered as another option,
with the second version being free and open for private use and implementation of custom tools.

The determination of watershed boundaries was a complex process that involved several
steps, each utilizing different tools of the ArcMap software. The aim of this analysis was to provide
a representation of the qualitative composition and spatial distribution of land use and land cover
across the entire watershed area. To achieve this, three basic flow calculation algorithms were
employed (Figure 3).
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a c d
Figure 3. Flow calculation of DEMs: a) directing threads according to pixel value; b) accumulation of
pixels into one common stream; c) all drainage basins; d) boundary of the allocated catchment

To supplement the available information on domestic resources, the world soil map
developed by the Food and Agriculture Organization of the United Nations (FAO) was used. This
map contains all necessary data for all continents and countries, providing a valuable resource for
this type of analysis (Figure 4).

[ rounsmmas Kapra KAZAXCKOR COP
SOt MAR OF THE KATAKH SSA
132 500 000

Figure 4. Overlaying catchment boundaries: a) the world soil map; b) the national soil map

TheFood and Agriculture Organization of the United Nations (FAO) provides acomprehensive
system for the classification of soil types worldwide. In this system, the Republic of Kazakhstan
(RK) is assigned a unique number or CNTCODE, which is registered as No. 312. The names of the
main soil types found in the catchment area were deciphered, and their areas were calculated and
presented in the table 1.

Table 1. Name of soils and their occupied area in the territory of Samarkand reservoir

No | NeFAO Abbreviation and full name of the main soil on Total area for types of
the FAO map landfills, km?

1 3034 Ck1-2ab Ck Calcic Chernozems 2 966

2 3959 Gm18-3a Gm | Mollic Gleysols 12 592

3 3102 I-C-2c I LITHOSOLS 461

4 3156 Kh1-2a Kh | Haplic Kastanozems 5852

5 3994 Kh1-2b Kh Haplic Kastanozems 49119

6 3161 Kh25-2a Kh Haplic Kastanozems 62 600

7 4007 Kl36-3a Kl Luvic Kastanozems 39 073

8 4008 KI37-3a Kl Luvic Kastanozems 54 597

9 4042 Sm12-3a Sm | Mollic Solonetz 1517
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Results

Through the implementation of multi-step processes on Digital Elevation Model (DEM) data,
the boundary of the Nura-Sarysu basin was generated and its corresponding area and boundary
length were quantified to be 22877 km? and 1118 km, respectively. The resulting .shp file can be
utilized to perform geographic overlays with other types of spatial data, enabling the selective
emphasis or exclusion of information within or outside the hydrological catchment.

The hydrological catchment boundary was established and computational algorithms were
applied to simulate water volume flows along the slopes, based on the analysis of pixel values.

Subsequently, a DEM of the Nura-Sarysu watershed was generated in raster format, which
can be employed in conjunction with other ArcGIS software tools to facilitate a comprehensive
analysis of the hydrological basin (Figure 5).

a
Figure 5. Flow processing of Samarkand reservoir: a) watershed boundaries; b) Catchment boundary
with directional flows; c¢) Catchment boundary with processed raster data

The methodology evaluated in this research has increasing practical relevance in contemporary
Geotechnical Systems (GTS) design principles. There have been widespread discussions at
conferences and in numerous articles concerning the incorporation of Geographic Information
Systems (GIS) into the design and construction of GTS. For instance, the first imagery acquired
from the Kazakhstani remote sensing satellite, KazEOSat-1, was used to forecast floods in the
Zhabai River basin, a frequent phenomenon in the Central Kazakhstan region. The study’s focus
was to model and predict flood frequency using the obtained DEM in combination with data
obtained from the hydrometeorological service, Kazgidromet. Furthermore, another area where
GIS is extensively applied is in the processing of forest resources in Kazakhstan. The resulting
model enables the identification of forest areas that have been subjected to alterations such as
logging and fires. Overall, the application of GIS techniques has the potential to solve numerous
global strategic tasks, given the availability of high-resolution satellite imagery and powerful
technical equipment for efficient data processing.

Due to the nonlinearity of hydrometeorological processes and the various feedback
mechanisms involved, natural oscillations with distinct time scales are stimulated in the climate
system. In order to comprehend and anticipate the behavior of such a complex system under the
influence of external forces (both anthropogenic and natural), it is essential to employ statistical and
physical-mathematical models of the climate system that provide an adequate degree of reliability
and detail in describing the processes within the specified media. The construction of a climate
model starts with defining a system of equations, which serve as a mathematical representation
of the physical laws governing the climate system. However, solving the corresponding partial
differential equations analytically is challenging, and thus, computational methods are frequently
utilized. Despite the rapid advancement in computational technology, the need for regional
climate models to provide spatially detailed assessments of future climate change, beyond what
global models can offer, persists. In such models, the values obtained from global models at the
borders of the region are inputted and recalculated with higher spatial resolution. Hence, this
study adopts a regional approach to climate modeling in key regions of the Nura River basin.

The input data used for the calculations comprise statistical long-term climate data, such as
annual average precipitation, maximum daily precipitation, and air temperature obtained from
the Karaganda meteorological station.
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The simulation of excess precipitation schedules is based on the amount of precipitation
available for direct surface runoff, which is known as excess precipitation. The graphs below
depict the entire volume of precipitation minus any absorption processes, such as interception,
storage in depressions, and infiltration, showing a clear increase in excess precipitation (Figure 6).
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Figure 6. Simulated graphs of excess precipitation by years for December 2011:
a) W3540-1998; b) W1850-2009; c) W1850-2018

The modeling of excess cumulative precipitation plots is a crucial aspect of this study.
Similar to cumulative precipitation plots, excess cumulative precipitation plots exhibit a
considerable surge due to the December 20 severe event, as illustrated in the figures below
(Figure 7).
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Figure 7. Simulated graphs of cumulative excess precipitation by years for December 2011:
a) W3540-1998; b) W1850-2009; c) W1850-2018

The modeling of precipitation loss plots is a key aspect of this research. Precipitation loss
occurs due to various factors such as interception, evaporation, transpiration, accumulation in
depressions, and infiltration. The results indicate that there is a decreasing trend in precipitation
loss from 1998 to 2018, which can be attributed to the changes in land use (Figure 8).
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Figure 8. Simulated graphs of precipitation losses by years for December 2011:
a) W3540-1998; b) W1850-2009; c) W1850-2018

The simulation plots of cumulative precipitation loss hold immense significance in the
domain of water resource planning and management. These plots present a comprehensive view
of the cumulative precipitation loss over a period of time and enable the identification of peak
water flows. In the present study, the cumulative precipitation loss graphs portray a significant
surge owing to the December 20 exceptional event. This information can be valuable for making
informed decisions, such as for assessing flood risks or devising water flow plans during a drought
(Figure 9).
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Figure 9. Simulated graphs of cumulative precipitation loss by years for December 2011:
a) W3540-1998; b) W1850-2009; c) W1850-2018

The meteorological time series for the selected weather station spans over 50 years, meeting
the minimum requirement for stationary meteorological observations. The coefficient of variability
(Cv) ranges from 1.1 to 1.4, which is generally considered high, indicating a significant level of
variability in the observed data. A low variability is classified as Cv <0.05, medium as Cv between
0.05 and 0.10, and high as Cv > 0.10.

To calculate the security curve, theoretical parameters Q0, Cv, Cs, and kp% were utilized
through the Foster-Rybkin method. The resulting probability curves were constructed using
monthly and annual mean water discharges. A summary table was compiled, specifying the
meteorological parameters for the 4%, 20%, 50%, 75%, and 95% probability levels.

Homogeneity of the long-term meteorological series was analyzed using statistical criteria,
including Fisher’s, Student’s, and Wilcoxon’s testsin the Stockstat program. Two out of three criteria
indicated homogeneity between the compared samples at a significance level of 0.05. Empirical
probability curves were then constructed to visualize the results, indicating the percentage of the
year in which a particular amount of precipitation occurs. These curves are based on the stationary
observations from the Karaganda meteorological station and were calculated using a grouped
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series for homogeneous populations. The probability curves can provide useful information for
planning water-related activities and analyzing climate changes in the region (Figure 10).

E EE & 2 §

HH¥EEASSEEERER

Figure 10. Assessment of homogeneity: a) multiyear meteorological series - sum of mean annual
precipitation; b) total annual precipitation; c) total daily maximum amount of precipitation; d) mean
annual air temperature

It is important to highlight that the region under consideration experiences an annual total
precipitation of 298 mm in dry years with 75% security, while in the most favorable years with
4% security, the annual total precipitation reaches 494 mm. Furthermore, the maximum daily
precipitation during years with 4% probability of high precipitation over a multi-year period is 46
mm per day, whereas during dry periods it is 18 mm per day, which is less than twice as much.

This study presents a geoprocessing toolkit that offers a comprehensive framework for
handling geographic and related data. The toolkit is equipped with an array of geoprocessing
tools that enable automated spatial analysis and management of geographic information system

54 Ne 2/2023  -H. Tymunres amvindazor EYY xabapuivicol. TexHUKarvik 2oiAbimMIap 5kaHe mexHOA02Us. CepusiCol
ISSN: 2616-7263, eISSN: 2663-1261



A. Aldungarova, 1. Pidal, Sh. Zharassov, S. Anapyanova, G. Mamyrbekova, Yu. Yeremeyeva

data. By utilizing a digital elevation model, a trimmed shapefile comprising land use/land cover
polygons, and a CNLookup table, the proposed geoprocessing program can perform watershed
delineation and create a grid of curved numbers simultaneously. Developed using the Python
programming language, the geoprocessing program integrates multiple procedures into a single
entity (Figure 11).

Satellite images
(Landsat)

Precipitation Land use-soil map

Curve Number

Figure 11. Geoprocessing toolset

Watershed delineation is crucial for identifying surface water characteristics within a
watershed and comprehending downstream effects when planning and implementing measures
to protect and mitigate water quality and quantity. While some dams worldwide can be
appropriately represented in a single basin, others require division into several sub-basins. The
rainfall flow mechanism employed and a range of hydrologic characteristics influences the size
and definition of sub-basins.

Curve numbers are widely utilized in hydrologic modeling, including rainfall-runoff models
for predicting runoff volume and peak flows. The curve numbers serve to approximate the
infiltration, interception, and storage capacity of various land covers and are determined based
on soil cover and soil type.

Currently, determining catchment boundaries and obtaining curve numbers are complicated
and time-consuming procedures. However, the developed geoprocessing program offers a
simpler approach to calculate catchment boundaries and a grid of curve numbers.

Conclusion
The results of this study have significant implications for the development of the construction

sector in Kazakhstan. The developed integrated approach for the location and design of dams,
taking into account climate change and land use scenarios in river basins affected by urbanization,
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represents an effective domestic solution for hydrological monitoring. The approach can lead to
more precise and reliable monitoring of water resources in these river basins, ensuring safer and
more efficient construction of dams, and enabling the effective management of water resources
in these areas.

Moreover, the developed approach can contribute to the sustainable development of the
country, ensuring the proper management and conservation of water resources, while also
promoting the economic development of the region. By taking into account the impacts of climate
change and urbanization, the approach can help to mitigate the risks of flood and drought, and
ensure the long-term sustainability of the water resources.

In conclusion, the developed integrated approach for the location and design of dams, taking
into account climate change and land use scenarios in river basins affected by urbanization,
represents a valuable contribution to the field of hydrological monitoring and the construction
sector in Kazakhstan. The approach can ensure the sustainable development of the country by
promoting the efficient management of water resources, mitigating the risks of flood and drought,
and ensuring the economic development of the region.
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4. Cepixbaes amwirdazvl Lvievic Kasaxcman mexnuxarvik yHusepcumemi, Ockemen, Kasaxeman
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Ka3sakcTaHHBIH IIApOTeXHMKAaAbIK KYPhlabICTapbiH KaiiTa Kapay: 'AJK apkbiabr
KAVIMATTBIH ©3repyi MeH Xepai NaljaaaHy clieHapuiidepiH eckepe OTBIPHIIL, Oererrepai
’)KoOaaay MeH OpHaaacThIpY daici

Anpatna. bya Maxkasada KemTereH eHipaAepJeri Cy TalIbIABIFbIHa OaitaaHbICTEI Kazakcran
HKOHOMUKACBIHAAFHI IIAPOTEXHUKAABIK KYPBLABICTapABIH, aTall ailTKaH4a OereTTepAiH MaHbI3AbLALIFI
KapacTeIpplaaabl. Makasaga KAMMATTBIH ©3repyi MeH JKepAi IaiigadaHy CLeHapuiidepiH eckepe
OTBHIPHII, DereTrepai OpHasacTHIPy MeH >KoOaJayFa KellleHAi KO3KapacThlH KaXKeTTiairi kepceTiaren.
Maxaaaaa cOoHBIMEH KaTap >KepAi naiijadaHy MeH KAMMAaTThIH ©3repyiH ecKepe OTBHIPLII, OereTTepAiH
>K0DaabIK IapaMeTpAepi MeH cuIlaTTaMadapbiH >KaHapTy KaxkeTTiairi kepceriaren. Camapxang
Cy KOJMAaCBhIHbIH TMAPOXKYIieci JKaHa TeriayAiH bIKTMMaA KayilTepiH >KoHe TeXHMKAABIK >KaHFBIPTY
Ka’KeTTiAiTiH TaAKblAay YIIiH MbIcaa peTiHge Iaiijasanblaaabl. Makasaaa isgectipy >KyMbICTapbIHa,
OererTepai opHaJacThIpyra >KeHe kobDasayra I'AJK merisinge kemenai taciagi asipaey sxobaaay-
i3aecTipy >KYMBICTapBIHBIH CallachblH apTTBIPHI, Cy KOJMaJapblH >kKoOaJay MeH MHalijadaHyAbl
JKaHFBIPTyFa oKeaAyi MYMKIH gen 0oa’kaHaAbl. JepTTey DKOAOIMAABIK >KoHEe DKOHOMMKABIK,
MyAdeaepai eckepe OTLIPBIII, ©3€H aFbIHBIH UKeMAl KoHe Kayillcis OackapyAbl KaMTaMachl3 eTy YIIiH
3aMaHayu 3epTTey a4icTepiH, COHBIH illliHAE FapBIIITHIK 94icTepai naligaaaHyAbl ycbiHaAbl. Makaaaga
©3€H arbIHBIHBIH CUIIaTTaMaAapbIHBIH BIKTIIMaA ©3repicTepiH XKaHe JKepai IalijadaHy MeH KAMMATTBIK,
CIieHapuiiaepAeri esrepicTepain acepin eckepe otnipsin, I'AJK Herizingeri GereTrepai opHaaacTIpy
MeH >KobazaayAblH KeIlleHAl aJicTeMeci TMAPOTeXHMKAABIK MHKeHepAepAiH THiMAIAIriH apTTHIpHII,
>KYMBICBIH OHTallAaHABIPYBI MYMKIH A€TeH KOPBITBIHABIFA KeAAl.

Tyriin cesaep: Oeret, Toran, 'AK, CPM, Landsat, >xep >KaMBLAFBICEL.

AK. Aaaynaraposa'?, .M. IInaaa>, II1.2K. J)Kapacos?®, C.b. AnanbsHOBa',

I''K. Mambip6ekosa’, I0.H. Epemeesa’
"Bocmoutio-Kasaxcmariciuti mexnuveckuti ynueepcumem umenu /. Cepuibaesa, Yemo-Kamenozopcx,
Kasaxcman
[Toaumexnuyeckuil yuusepcumem Madpuda, Madpud, Vicnanus
3TOO CSI Research&Lab, Acmana, Kasaxcman

IlepecmoTp rmaporexamdecknx coopyxenmii Kasaxcrana: I'MMC-ioaxoa x
HPOEeKTUPOBAHUIO U PACIIOA0XEHMIO IIA0TUH € Y4eTOM ClieHapyeB M3MeHeHNsI KAuMaTa
M 3€MAeT10Ab30BaHMsI

Annoranus. B ganHOI cTaThe paccMaTpuBaeTcs BaXKHOCTD I'MAPOTEXHIUYECKMX COOPY>KeHIIA, B
4aCTHOCTM IIA0THH, B 9KOHOMUMKe KasaxcTaHa B cBs31M C HeXBaTKOM BOAbI BO MHOTMX pernoHax. B craTbe
II0AYe PKMBaeTCsI He0OX0AMMOCTh KOMILI€KCHOIO IT0AX04a K pa3MeIlleHIIO 1 ITPOeKTHPOBaHUIO ILA0TUH
C y4eTOM M3MeHeHUs KAuMaTa U ClLieHapueB 3eMAeIoAb30BaHus. B craThe Takke noJuepKmBaeTcs
He0OX0AVMOCTb OOHOBAEHNS IIPOEKTHBIX ITapaMeTPOB I XapaKTePUCTHK ILAOTUH C y4eTOM U3MeHeHMIT
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B 3eMJeNoAb3oBaHMM I KaumMmare. Ha mpumepe rmapoysaa CamapKaHACKOTO BOAOXpaHMAUIIA
paccMaTpMBalOTCs ITOTeHITaAbHbIe OTIaCHOCTY HOBOTO BO40COpoca 11 HeOOXOAVMOCTD €T0 TeXHIIECKO
MoJepHu3anym. B cratpe BbICKa3bIBaeTCs IIpeAIOA0XKeHNe, 4TO pazpaboTKa KOMILAEKCHOTO I104X04a
Ha ocHose I VIC k usbIckaTeabCKMM paboTaM, OIpeseAeHNIO0 MeCTOIIOA0XKEeHNS I IPOEeKTIPOBaHIIO
IILAOTVH MO>KeT ITOBBICUTH Ka4eCTBO ITPOEKTHO-M3BICKaTeALCKIX paOOT M IPUBECTU K MOAEePHU3AII NI
MIPOEKTUPOBaHIl U DKCIAyaTalluy BOAOXpaHMAMUII. B mccaesosaHmm mpejaaraeTcsl MCIIOAB30BaTh
COBpeMeHHbIe MeTOABI MICCAe40BaHNUs, B TOM 4lcAe KOCMIYecKue, A4 obOecriedeHns: 0oaee TMOKOTO
11 6€30I1aCHOTO yITpaBAeHIsI PEYHBIM CTOKOM C YI€TOM DKOAOTHMIECKUX ¥ DKOHOMIYECKIX MHTEPeCoB.
B cratne aeaaeTcs BLIBOA, UTO KOMILAeKCHas MeTogoaorms Ha ocHose ITIC aas pasmemenns u
MIPOEKTUPOBaHI:l IIAOTNH, YIUTHIBAIOIIas IOTEHI[MaAbHble M3MEHEHM: XapaKTepUCTUK PedHOTO
CTOKa I BAMSIHIE U3MEHEeHNI B 3eMAeI0Ab30BaHNI U KAMMaTUYeCKUX CIIeHapIIX, MOKEeT ITOBBLICUTD
9(pPeKTUBHOCTS U ONITUMU3UPOBATH PA0OTY TMAPOTEXHIKOB.
Karouesbre caosa: naorunsl, 4am6s1, IVIC, IIMP, Landsat, mouseHHBIN ITOKPOB.
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Acrana, Kazakcras.

C.b. Ananvanosa — oxpitymiel, /. CepikGaes artbiHAarsl IIsiFbic KaszakcTaH TexHMKaABIK
yHusepcurteTi, ITpotosanos kerr., 69, Ockemen, KaszakcraHn.

I'.K. Mamvipbexosa — ara oxwitymisl, /. Cepikbaes arpingarsl IIsrrpic Kazaxcran TexHMKaAbIK
yHusepcuteTi, ITpotosanos ker., 69, Ockemen, KazakcraH.

IO.H. Epemeesa — T.F.K., afa okpITy1Ibl, /. CepikOaes ateiars! IIIsrFpic KasakcTaH TeXHMKAABIK
yHusepcurteTi, ITpoTosanos kerr., 69, Ockemen, KaszakcraH.

A.K. Aadymzaposa — PhD, accorumposannsiili 1mpodeccop, Bocrouno-Kasaxcranckmi
TexHndyecknit yHusepcuter mmenn /. Cepuxbaesa, ya. Ilporoszanosa, 69, Ycrp-Kamenoropck,
Kasaxcran; pykosoaureas ripoekra TOO «CSI Research&Lab», ya. Aamarer, 7, Acrana, KasaxcraH.

U.M. IIudarv — AOKTOp TexHMYeCcKuMX Hayk, mnpodeccop, Iloamrexnmueckmii yHuUBepcuTeT
Magpuaa, ya. Pamupo ae Massty, 7, Maapua, Victianms.

HI2K. 2Kapacos — maaammit Hayunsiin cotpyauuk, TOO «CSI Research&Lab», ya. Aamarsl, 7,
Acrana, Kazaxcran.

C.b. Ananvanosa — npernogasareab, Bocrouno-Kazaxcranckumii TeXHMYeCKUiT yHMBEpPCUTET
nmenn /. Cepuk0baesa, ya. ITpotosanosa, 69, ¥crp-Kamenoropck, Kasaxcran.

I'K. Mamvipbexosa — crapimii Ipenojasateab, Bocrouno-KasaxcTaHckmil TexXHMYeCKUII
yHusepcuteT umenu /. Cepukbaesa, ya. IIporosanosa, 69, ¥Ycrs-Kamenoropcek, Kasaxcran.

IO.H. Epemeesa — XaHAMAAT TeXHMYeCKMX HayK, CTapIImMii IIperojasaTeab, Bocrouno-
Kaszaxcranckuit texumdyeckuit yHusepcuter nmenu /. CepukOaesa, ya. Ilporosanosa, 69, YcTb-
Kamenoropck, Kazaxcran.
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