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CREATION OF A GEODATABASE OF ALMATY REGION BASED
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Abstract. This study is devoted to the creation of a geodatabase of the Almaty
region for the unification and collection of spatial information. The purpose of the
work is to study the methods, data and tools used in determining the architecture
and structure of the spatial database. To achieve the objectives, the characteristics
of open data were considered, as well as the functionality of software designed for
analysis and modeling in a GIS environment. The information in the geodatabase
was structured and compared based on the principle of similarity and hierarchical
subordination. The analysis of geospatial information was performed in the
software of ArcGIS 10.6 and QGIS 3.22. Data analysis and modeling took place
moving from the local scale to the country level. MODIS satellite images were
used at the country and regional level, multispectral raster data from Landsat 8
for visual investigation of the Almaty region and Sentinel 2A/2B images for
analysis at the level of districts and administrative units. Spatial analysis and GIS
processing processes are performed at each level of the study. The geodatabase is
divided into spatial data classes. These include the administrative division class,
hydrographic class, digital terrain model class, agricultural data class and raster
data. Administrative-territorial information is based on the division of the Almaty
region into districts and cities of regional significance. Man-made objects, including
roads, railways and settlements, were imported from the Open Street map (OSM)
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server, which are generally accessible to the GIS community. Hydrographic objects
were analyzed and processed using remote sensing data and digital terrain models.
The agricultural class is divided into a layer of agricultural land and soil cover
data. Complex climate information consists of raster files and vector multilinear
shapefiles. A digital relief model and modifications of this model, in the form of
data on the slope steepness and exposure, were created during the processing of
SRTM radar topographic images. As a result of the research, a geodatabase of
the Almaty region was created with a volume of more than 50 GB of RAM and
consisting of classes of spatial, raster and statistical data. Each geospatial object
has its own attribute information or pixel values for raster files. The information
obtained will be the basis for further research related to the irrigated agricultural
lands of the territory.

Key words: GIS technologies, geodatabases, remote sensing, spatial data
classes
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AnHoTanus. bepinren 3epTTey KYMBICHI KEHICTIKTIK aKIaparThl Oipi3aeHipy
KOHE cakTay YIIiH AJIMaThl OOJIBICHIHBIH IeoiepeKTep 0a3achblH KYpyFa apHaJIFaH.
JKyMBICTBIH MaKCaTBI-KeHICTIKTIK ~MONIIMETTep 0a3achlHBIH apXHUTEKTypachl
MEH KYpBUIBIMBIH aHBIKTayda KOJAAHBIIATBIH OIICTEPHi, HEPEKTepAl KoHE
Kypaimapabl 3eprrey. TancslpManapiblH TOJBIK OpBIHAANYBIHA KOJ JKETKi3y
YIUiH amblK JepeKTepliH cumarramanapsl, coHaai-ak [AX opraceiama Tangay
MEH MOJETbJAEYre apHajFaH OargapiaMaliblK >KacaKTaMaHBIH (yHKIMOHAJIIBIFBI
KapacThelpbuLIbl. [ eonepexTep 0a3ackIHAAFbI aKNapaT YKCACTHIK XKOHE HePapXUSIIBIK
OarblHy TNPHUHLUII  HETi3iHAE€ KYPBUIBIMOAJIFaH J>KOHE  CaJbICTBIPBUIFaH.
leokenicrikTik akmapartsl Tangay ArcGIS 10.6 xone QGIS 3.22 6armapnamMabIk
KacakTamallapblHaa XKyprizuimi. Jlepekrepi Tanmay jkoHE MOJAETBACY KEePruTiKTi
MacmTaOTaH MeMJICKET IeHIeiliHe IeHiHT1 apalIbIKTa )Ky3€eTre achIpbUIIbl. MeMIeKeT
YKoHe 00ITbIC TeHrerinaeri akmaparTsl Tanaay MODIS FapeIITHIK CypeTTepi apKbLThl
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3epTTeNl, COHBIMEH KaTap AJMaThl OONBICBIH BU3yasabl 3epTTey yiuiH Landsat 8
MYJBTUCIICKTPIIl PAcTPIBIK JIEPEeKTepl koHE aydaHaap MEH OKIMIIIIIK OipiikTep
JeHredinae Tanmay kyprisy vy Sentinel 2A/2B cyperrepi nainanaHbUIIBL
3epTTeyAiH op JCHTeHiHIEe KEHICTIKTIK Taunay >KoHEe Te0aKNapaTThIK OHJEY
nporecTepi OpeIHAANABL. 3epTTey OaphICBIHAA reoepeKTep 0a3achlH KEHICTIKTIK
JepeKTep KiacTapblHa Oeiy Ky3ere achlpbUIIbl. bepiiareH >KiKTey KYMBICHI
OKIMIIITIK-ayMaKThIK  OOIiHY, TUAPOTpadUsUIbIK, TUGPIBIK peiabed MO,
aybUILIAPYaIIbUIBIK ACPEKTEP KIacTapbl MEH PacTPJbIK AEPEKTepAl KaMThIIBI.
OKIMIITIK-ayMaKThIK aKrapar AJMaThl OONBICHIH aymaHAapra >KOHE OONBICTHIK
MaHbI3bl Oap Kanajapra Oeiyre HerizaelareH. AHTPOIOTCHIIK HBICAHAADP, COHBIH
inriHge JKomaap, TeMipxkonaap skoHe el Mexernep ['AXK opraceiHa KomkeTiMai
Open street map (OSM) cepsepinen ummoptrainsl. [ naporpadusuibik 00beKTiIEp
XKepai KaIbIKTHIKTaH 3epAeney JepeKTepi MeH CaHAbIK penbed MoeniH KoanaHy
apKbUIBl TaJIAHBIN, OHICHAl. AyBUILIAPYaIIbUIBIK KJIAachl aybUIIIapyallbLIbIK
JKepiepi MEH TOIBIPAK >KaMBUIFBICHI Typasibl MOJIMETTep KaOaThlHA JKIKTEIIIi.
Kemenai KIMMaTTHIK akmapaT pacTpiblK (aiisn xoHe BEKTOPIBIK H30CHI3bIKTapAaH
Typazsl. XKep OenepiHiH Kooey KoHe SKCIO3UIIHS TyPabl MOJIIMETTEePiH KAMTHTHIH
XKEpIiH CaHIBIK MOZEeN MeH OHbIH Moau¢ukanusiapsl SRTM paanonokanusibiK
TomorpadusUIbIK ~ CypeTTepiH OHJIEY HETi3iHAE KypacThIpbUIFaH. 3epTrey
HOTIDKECIHIIE KOMITBIOTEp JKafablHAarbl kenemi 50 I'b-TaH actam KeHICTIKTIK,
pacTpiblK JKOHE CTAaTUCTHKAJBIK JEPEKTep KiacTapblHAH TYPaTbiH AJMaThl
OOJBICBIHBIH TeozepekTep 0a3zachl KypbULAbl. OpOip TEOKeHICTIKTIK OOBEKTIHIH
©31H/IiK aTpUOYTTHIK aKNapaThl HEMece pacTpIbIK (aiigap YIIiH MUKCeTh MoHAEP1
KaMTBUTFaH. AJIBIHFaH aKnapar ayMaKThIH CyapMalbl €riCTiK jKepliepiH KeHiHTi
3epTTeynepiHie Heri3 Oonambl.

Tyiiin ce3mep: ['AXK TexHOnorwmsmapel, reofepekrep 0azachkl, Kepii
KAIIBIKTBIKTAH 3epeliey, KeHICTIKTIK JepeKTep KJIacTaphl.
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AHHoTanus. [lanHOE MCCleoBaHUE MOCBSIICHO CO3AaHUI0 0a3bl Te0NaHHbBIX
AnMaTtvHCKOM oOnacté 11 yHHUUUIUpoBaHUS M cOopa NPOCTPaHCTBEHHOU
uHpopmaru. llenpio paboOTHl SBISETCS MCCIECAOBAHWE METOIOB, AAHHBIX U
WHCTPYMEHTOB, HCIIOJNIB3YIOIIMXCS TPH ONPEACICHUN apXUTEKTYPhl H CTPYKTYPHI
0a3pl NPOCTPAHCTBEHHBIX MAaHHBIX. [l JOCTHKEHHS MOCTABICHHBIX 3alady
OBUTM PAcCMOTPEHBI XapaKTEPUCTHKH OTKPBITHIX AAHHBIX, a TaKXKe (QYHKIMOHAI
MPOrpaMMHBIX 0OecredeHnH, MpeaHa3HAuYCHHbIX AJIsl aHAIM3a U MOJEIUPOBAHHUS
B I'MC-cpene. Nndopmanns B 0a3e reomaHHBIX Oblla CTPYKTypHpOBaHA U
COIOCTaBJICHa HAa OCHOBE IPUHIIMIIA CXOACTBA U HEPAPXUUECKOHM COMTOYNHEHHOCTH.
AHanmu3 TeonpOCTPAaHTCBEHHOM HMH(OpMAaNMK BBIIONHSUICS B HPOTrPaMMHBIX
obecneuenmsx ArcGIS 10.6 u QGIS 3.22. Aranu3 U MoOJeNMpOBaHUE NAaHHBIX
MPOMCXOOMIN TIEPEXoAsl OT JIOKAJIBHOrO MaciuTaba a0 ypoBHsS CTpaHbl. boumn
UCTIONIB30BaHbl KocMuueckue cHUMKH MODIS na ypoBHe crpanel u oOnacTw,
MYJNBTHCIIEKTpaNbHBIE pacTpoBele AaHHble Landsat 8 gns  Bu3yambHOTO
rccienoBaHusl AIIMaTHHCKOM 001acT 1 cHUMKH Sentinel 2A/2B aist mpoBeneHus
aHajM3a Ha YpPOBHE pallOHOB W aJIMHUHHUCTPAaTHBHBIX eOuHMI. Ha kaxgom
YPOBHE HCCIICIOBAHUS BBIMOJIHAIOTCS MPOLECCHl MPOCTPAaHCBEHHOIO aHaIM3a U
I'MC-o6paboTku. basa reomaHHBIX paszfeneHa Ha KJIACCHI MPOCTPAHCTBEHHBIX
naHHelX. K HHM OTHOCATCS KJIacC aaMHHUCTPATUBHO-TEPPUTOPUATBHOTO
JeneHus, TuaporpaduuecKkuil kimace, kiacc Iu@poBoi MomenHu penbeda, Kiace
CENIbCKOXO3HCTBEHHBIX NAHHBIX W PAacTpOBBIC JaHHBIE. AJMHHUCTPATUBHO-
TeppUTOpHaIbHas HH(POPMAIUsl OCHOBaHA Ha pa3/ieleHUur AJIMaTHHCKON o0nacTu
Ha palloHBl ¥ TopoAa OONACTHOTO 3HA4YeHHs. AHTPONOTEHHBIC OOBEKTHI, B TOM
4HciIe JOPOTH, JKEJIE3HBIE JAOPOTM M HACENICHHBIE ITyHKTHI WMIOPTHPOBAHBI C
cepBepa Open street map (OSM), KoTophle SBISIOTCS OOIICAOCTYHHBIMH IS
I'MC-cooOmectBa. ['maporpaduueckne 0OBEKTH aHATM3UPOBAHBI M 00pabOTaHBI
C NPUMEHEHHEM [aHHBIX AMCTAaHIMOHHOTO 30HIUPOBAaHUS 3eMIHM U LUPPOBOI
Mozenu penbeda. CelnbCKOXO3IUCTBEHHBIH Kilace MOApa3AeisieTcsl Ha CIon
CeNIbCKOXO3HCTBEHHBIX YTOAWN M JaHHBIX O MOYBEHHOM MOKpoBe. KomruiekcHo-
KIMMaTH4YecKass WHGOPMAaLMsl COCTOMT W3 PACTPOBBIX (DAaiJIoOB M BEKTOPHBIX
MONWIIMHEHHBIX mein-¢painos. lludposas monens penpeda m mMomauduranuu
JaHHOW MOIENU B BUAE JAHHBIX O KPYTHU3HE CKJIOHA W SKCHO3UIUM CO3IaHBI B
nporecce 00paboTKU pafapHbIX Tonorpapudeckux cHUMKOB SRTM. B pesynsrare
HCCIeIoBaHusl co3faHa 0a3za TEoZaHHBIX AJIMAaTHMHCKOH o0jacTH ¢ 0o0beMoM
6onee 50 I'b omepaTHBHO MaMATH U COCTOSIIHIA U3 KIACCOB MPOCTPAHCTBEHHBIX,
PacTPOBBIX U CTATUCTUYECKUX JAHHBIX. B Ka)K10M reonpoCcTpaHCTBEHHOM OOBEKTE
uMeeTcsi cCOOCTBeHHast aTpuOyTHBHAs HH(pOpMALKs W MUKCENbHBIC 3HAYSHUS IS
pactpoBsIx (aitnos. [lomyuennas nHpopmarust OyneT OCHOBON Ul JalbHEHIINX
WCCIICIOBAHUM, CBSI3aHHBIX C OPOIIAEMBIMH CEJIbCKOXO3SHCTBEHHBIMU YTOAbSIMU
TEPPUTOPHH.

Kumrouenbie cioBa: ['MIC-texHomoruu, 6a3el reogansbix (BI1), aucranmuonnoe
30HIMPOBAaHUE 3eMJIH, KIacChl IPOCTPAHCTBEHHBIX TAaHHBIX
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Introduction

GIS is a tool for storing, analyzing, and displaying spatial information. Many
aspects of life, including social, economic, geographical, computer science,
information systems, education, healthcare are closely interrelated with GIS
technologies. A special place in the planning of territorial units is occupied by the
analysis and modeling of spatial data.

The technology of the geodatabase can be a potentially more effective solution
to the ongoing problem of efficient storage and retrieval of spatial data. The
geodatabase allows you to integrate various sources of information, and also
supports management, storage and analysis. The geodatabase supports spatial and
non-spatial data: vector, raster and attribute data, as well as time data and time
series (Nur et al., 2018).

For a large amount of spatial and geographical information, a centralized
repository is needed, where a convenient and unified environment is created in the
form of a geodatabase. Vector objects (geographical objects with vector geometry)
are versatile and are frequently used geographical data types, well suited for
representing objects with discrete boundaries. A spatial object is an object that stores
its geographical representation, usually represented as a point, line, or polygon, as
one of the properties (fields) in a row.

A lot of research has been done using GIS and a geodatabase for different
purposes. Works of Nur et al and Zhao Ming devoted to research in the field of
natural risks using GIS for spatial planning (Nur et al., 2018; Zhao et al., 2017).
Vulnerability to natural risk was assessed in a study by Rahman et al. (Rahman et
al., 2015).

The use of GIS and geodata in agriculture, including in determining suitable
crops for a number of characteristics, was considered in the Senanayake's study
(Senanayake et al., 2017). The creation of a geodatabase based on the ArcGIS
program for storing soil data when monitoring water bodies in the United States is
considered in the work Luzio et al. (Luzio et al., 2017)

The main purpose of this article is to create a geodatabase of the Almaty region
using remote sensing and GIS. To achieve this goal, remote sensing data and vector
shapefiles were selected and processed. Research methods and tools have been
selected.

Materials and methods

Almaty region (current Almaty and Zhetysu regions, formed on June 8 , 2022)
is located in the southeastern part of Kazakhstan, between 42° 20’ and 47° 12’
north latitude, 73° 47’ and 82° 34’ east longitude. The area of Almaty region is
223,911 km?. It is divided into 17 districts and 3 cities of regional significance on
an administrative-territorial basis (Kyrgyzbay et al., 2022).

The initial stages of creating a geodata database include the definition of the
relevant data and the goal of unification. For the Almaty region, the data selected
classes of administrative-territorial, hydrographic, agricultural, climatic geospatial
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information, as well as a digital relief model and its subsequent modifications. The
purpose of the unification of spatial information is the subsequent use of ordered
data for the zoning of the territory according to the hydromodule feature, for the
implementation of which complex and reliable spatial objects of agricultural
direction are required.

Open access vector files. Vector formats of spatial data form the basis of the
geodatabase of the Almaty region. Open data is imported from the site https://
download.geofabrik.de/, which uses Open Street Map (OSM) data. This Web
service provides an opportunity to download free shape files of settlements, roads,
railways and the administrative-territorial division of the country at different levels.

Remote sensing data. The creation of digital terrain models, the determination
of the last contours of polygonal water bodies (lakes and reservoirs) and rivers
and the extraction of complex climatic information are carried out on the basis of
remote sensing data or combined methods.

Digital terrain models and their modifications (exposure and elevation steepness)
are created based on SRTM (Shuttle Radar Topography Mission) images. The images
are publicly available on the USGS Earth Explorer website (https://earthexplorer.
usgs.gov/). The difference in absolute heights in pixels provides the possibility of
spatial determination of river terraces, subsequently automatic vectorization of
rivers.

The USGS Earth Explorer Data Portal is a universal resource for obtaining
geospatial datasets from extensive collections. Users can navigate using an
interactive map or text search to obtain Landsat satellite images, radar data, UAS
data, digital line graphs, digital terrain model data, aerial photographs, Sentinel
satellite data, some commercial satellite images, including IKONOS and OrbView3,
vegetation data, digital cartographic data from the National Map and many more
other data sets. Users can search for the exact location using an interactive map or
enter specific coordinates to view the available data types.

Since the contours of lakes and reservoirs are variable and seasonal, the use
of the last recorded water level is relevant in the study. In this case, it is advisable
to use Sentinel-2A/2B multispectral satellite images to determine the contours
of water bodies (https://www.sentinel-hub.com/) with high spatial resolution (10
m). The Data Hub service product catalogs provide seamless access to the full
set of searchable data using graphical user interfaces, as well as the OData and
OpenSearch APIs. Data available for asynchronous access is marked as “offline».
An attempt to download these “offline” products will result in their extraction.
After their extraction, the requested products will be available for download at the
original URL.

Complex climatic data (average precipitation and air temperature indicators) are
obtained from the website https://www.worldclim.org/. Where the combined raster
files of climatic indicators are located.

Statistical data. Agro-climatic indicators (sum of active temperatures,
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Selyaninov hydrothermal coefficient, coefficient of cooling) of Almaty region are
calculated on the basis of daily climatic data of The POWER Project (https://power.
larc.nasa.gov/). The resulting tabular data in CSV format is imported into the GIS
environment for further analysis and processing (Kyrgyzbay et al., 2022).

Processing tools in the software of ArcGIS, QGIS. The processing of the elements
of the geodata database is carried out using the ArcToolbox (ArcGIS) and Analysis
tools (QGIS) groups.

Figure 1 shows the geoprocessing and analysis tools used. With the help of
these tools, raster remote sensing data, vector files and statistical information were
processed.

ArcGIS. The study used the version of ArcGIS 10.6, which has the following
groups of tools and add-ons that were directly involved in creating the geoddatabase
of the Almaty region:

1) Analysis tools (Extract, Overlay, Proximity);

2) Cartography tools (Generalization);

3) Connversion tools (Excel, From KML, From Raster, To Raster);

4) Data Management tools (Feautures, File Geodatabase, Generalization, Raster,
Topology);

5) Spatial Analyst Tools (Hydrology, Interpolation, Map Algebra, Math, Surface,
Zonal);

The Analysis tools group was used for processing vector layers. The process of
cutting vector layers according to a certain extent or geometric shape was performed
on the basis of Clip. The Overlay group of tools was used in the analysis of internal
cutting (Erase), determination of spatial identity (Identity), Spatial Join (Spatial
Join), spatial difference (Intersect).

The Cartography tools group is used to change the geometric characteristics of
layers. Smooth line and smooth polygon are used to smooth vector layers, simplify
line and simplify polygon are designed to simplify vector layers.

The tools of the Hydrology group are used to simulate the flow of water over the
surface. The Fill tool fills in the local depressions in the surface raster to remove
all small errors and inaccuracies inherent in the data. A local sink is a cell with an
uncertain flow direction; there are no cells around it with a height lower than that of
this cell. The point of the mouth is the boundary cell with the lowest height for the
catchment area of the local depression.

Conversion tools are used to override file formats: excel to convert from tables
to Microsoft excel format, From KML to convert to shape file. Spatial definition of
vector files from a raster layer was applied using Raster to Point, Raster to Polyline,
Raster to Polygon. Similar options converting to raster format are used in the tools
Point to Raster, Polygon to Raster, Polyline to Raster.

In the Data Management Tools group, there are the following tools that are
used to create components of the Almaty region geodata database: Feautures, File
Geodatabase, Generalization, Raster, Topology. The geometric characteristics

142


https://power.larc.nasa.gov/
https://power.larc.nasa.gov/

ISSN 1991-346X 1.2023

were changed using the tools Feauture to Line, Feauture to Line, Feauture to
Polygon. Interaction with the geodata database and its components is performed
on the basis of File Geodatabase (Compact, Recover File Geodatabase). A group of
Generalization tools are used to apply the simplification tools and is divided into
Dissolve, Eliminate, Eliminate polygon Part. Raster processing is performed using
a set of Raster Dataset (Mosaic, Mosaic to New Raster), Raster processing (Clip).

Checking vector layers for compliance with topological rules is performed on
the basis of Topology (Add Rule To Topology, Create Topology).

Changing the type and obtaining new spatial information is performed in the
Spatial Analyst tools group. The Hydrology tools are designed to analyze water
bodies, including Basin and Watershed determines river catchment basins, the Fill
tool fills empty cells in the raster, Flow accumulation is designed to analyze the
accumulation of data on river basins, Flow distance and Flow Length are designed
to calculate the length of the line of river terraces. The input data for all tools and
groups are raster files of digital terrain data.

The definition of raster surfaces based on point data is implemented using the
Interpolation tools (IDW and Kriging). The Map Algebra (Raster Calculator) tool
is used to analyze raster files using mathematical formulas. Math is intended for
the application of mathematical constants, formulas and equations for geospatial
objects.
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Fig. 1. Analysis and geospatial processing tools used in this study

SRTM data analysis and identification of geomorphological patterns are used
in the Surface group of tools (Aspect, Contour, Hillshade, Slope). Aspect is used
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to determine extended geomorphological forms, relative to the cardinal directions.
The Contour tool draws horizontals based on pixel information of absolute height.
Hillshade modifies the raster by defining the relief wash. Terrain slope data is
calculated using the Slope tool.

The Zonal (Zonal fill) tool works with vector data to create a grid for analysis.

QGIS. Detection and processing of vector and raster data was also performed
using GIS software with open source QGIS 3.22 (Figure-1). When creating the
geodata database of the Almaty region in QGIS, the following groups of tools were
used: Raster analysis (Round Raster, Zonal Statistics), Vector analysis (Nearest
Neighbor Analysis, Overlay Analyse, Sum of length, Distance to nearest line/point,
Table unique values), Vector selection tools (Choose by attribute, Choose by location,
Choose with expression, Extract by attribute, Extract by location, Extract with
expression), Spatial operation tools (Extract/ delete by extend, Join, Intersection,
Line intersection, Drop by point), Vector objects creation tools (Generate points,
Pixels to Polygon, Pixels to Point, Create cells, Points to contour), Attribute table
tools (Field calculator, Rename field, Save Field, Delete Field), Interpolation
(IDW Interpolation, TIN Interpolation, Line Density, Heat Map), Morphometrical
analyse (Hypsometrical curve, Index intersection, Slope, Hillshade, Color relief,
Exposition), Processing geometry of vector objects (Agrregate, Buffer, Extract
points, Join by values, Rotate, Simplify), General vector object tools (SQL request,
Find Projection), Raster (Mosaic generation, Fill pixels).

Raster tools are aimed at processing and analyzing the raster. Round Raster is
used to round the pixel values of the raster, Zonal statistics is used to change the
raster layer using mathematical formulas and levels.

The analysis of vector data was performed on the basis of the tools Nearest
Neighbor Analysis, Overlay Analysis, Sum of length, Distance to nearest line/
point, Table unique values. Nearest Neighbor Analysis performs a distance analysis
in which the distance to the selected object is determined. Overlay Analysis is used
to overlay vector data for data unification. Sum of length calculates the sum of all
lengths of polylines. Distance to nearest line/point determines the nearest point or
lines relative to the object under study. Work with attribute data is performed on the
basis of Table unique values.

Vector data selection is performed based on Vector selection tools. The tools
Choose by attribute, Choose by location, Choose with expression are used to select
vector objects according to functional characteristics. Extract by attribute, Extract
by location, Extract with expression are used for extraction by special characteristics
of vector objects. Vector data analysis is performed using the Spatial operation
tools tool. Deletion or extraction by the selected extent is performed on the basis
of Extract/ delete by extend. Join, Intersection, Line intersection are based on the
union of polygonal, point and linear objects, Drop by point is designed to split the
line by the selected point.

The main purpose of using and interacting with the two main GIS programs is
to compare the results and average the resulting output.
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Data analysis using GIS and remote sensing methods. The methods of geospatial
analysis in this study are shown in Figure 2.
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Fig. 2. Processing and analysis of geospatial data to create a geodatabase of the Almaty region
by value and scale coverage

The main task of creating a geodatabase of the Almaty region is based on GIS
analysis methods at different scales of coverage of the territory. In this study and
in future works, the authors selected an object of irrigated agricultural land on
the territory of the Almaty region. For this reason, the thematic component of the
database is focused on a comprehensive survey of agricultural land.

Data analysis using GIS methods consists of 3 components: analysis of land
resources, assessment of the condition of agricultural land and the quality of
irrigated land.

The main task of creating a geodata database of the Almaty region is based on
GIS analysis methods at different scales of coverage of the territory. In this study
and in future works, the authors selected an object of irrigated agricultural land on
the territory of the Almaty region. For this reason, the thematic component of the
database is focused on a comprehensive survey of agricultural land.

Data analysis using GIS methods consists of 3 components: analysis of land
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resources, assessment of the condition of agricultural land and the quality of
irrigated land.

Land use optimization is a complex group of tools and methods for the rational
use of land and resources. Optimization is divided into levels and methods. The
methods include the cartographic method, the aerospace and remote sensing
method, as well as GIS technology methods. Optimization levels cover from
districts to country.

The cartographic research method determines its own scale limits for each
optimization level (Kazakhstan from 1: 5,000,000, Almaty region 1: 1,000,000, for
districts 1: 200,000) and the level of data generalization.

Aerospace and remote sensing methods include sets of raster files from open
satellite data such as MODIS, Landsat 7/8/9 Sentinel 2A/2B. MODIS is processed
to cover the entire area of the Almaty region with low spatial resolutions to
determine contours and field conditions on a small scale. The Landsat data has a
30-meter resolution, thereby allowing the analysis to be carried out on an average
scale. At the district level (scale 1:200,000 and larger), Sentinel 2A/2B data were
used to accurately determine the contours of agricultural fields.

GIS technology methods include such processing methods as spatial analysis
(for all levels), simplex method (district level), economic and mathematical
analysis (region level) and multi-dimensional weight analysis (for the territory of
the country). After conducting a comprehensive analysis, the most optimal result is
selected, taking into account the purpose and specifics of the study.

Results

The created ArcGIS geodatabase is a set of geographical datasets of various
types stored in a shared folder of a file system or a multi-user relational database
management system (What is a geodatabase?, 2022.).

Figure 3 shows the parameters (a), structure and hierarchy (b), as well as the
assignment of the coordinate system (c) for the geodata of the Almaty region. The
structure of the layers forming the database consists of separate classes of spatial
objects and raster files.

a) b) c)
Fig. 3. Parameters (a), structure (b) and assignment of projection (c) to the geodata database of
Almaty region
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When combining the spatial data of the Almaty region, the ESRI file database
type with the gdb file extension was selected. The file geodatabase of the Almaty
region is an extensive information structure where the main sets of object classes
and spatial data classes are stored. This type of geodata database has a number of
characteristics suitable for the requirements of this study, namely the volume of the
database over 1 TB, as well as opening and processing using the ArcGIS program.

The geodatabase contains three main data sets — class of spatial objects, tables
and raster sets. The database optimizes the process of managing spatio-temporal
data, organizes, systematizes, and stores a wide range of different data. When
creating a new feature class, several properties of the feature class were set that
define its structure. The creation of a suitable feature class for the data model
depended on the properties of the feature class: name, type, geometry properties,
coordinate system, configuration keywords, fields, and field properties (Feature
class basics, 2022).

When creating a new feature class, several properties of the feature class were
set that define its structure. The creation of a suitable feature class for the data model
depended on the properties of the feature class: name, type, geometry properties,
coordinate system, configuration keywords, fields, and field properties

Figure 4 illustrates the structure of the geodatabase by thematic division. This
differentiation was carried out in order to combine similar physical-geographical,
administrative-territorial and agricultural characteristics of vector layers and raster
images.

The pesidatabase of the Abmaty region consists of the Tollewing lavoers and
groaps of spatial objecrs:
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Fig. 4. Division of spatial data into groups on a thematic basis

Physical and geographical geodata are divided into the following groups:
environmental objects (glaciers, swamps, salt marshes, sands); hydrography (lakes
and reservoirs, rivers, catchment basins); digital elevation model and topography
(DEM, slope, exposure, relief washing); climatic geodata (complex climatic
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information); space images (multispectral channels and their combinations).
Geodata of administrative-territorial division consists of groups of administrative
divisions (districts and cities of regional subordination), settlements; anthropogenic
objects (roads and railways). Agricultural geodata consists of contours of irrigated
agricultural lands and types, as well as the mechanical composition of soils.

Figure 5 shows the spatial data classes of the Almaty region. There are
administrative-territorial division classes, hydrographic class, DEM data,
agricultural class and integrated climate information. Each class is defined and has
its own thematic layers in the geodatabase.

Creation and processing of a class of administrative-territorial division and
anthropogenic objects. Administrative-territorial and anthropogenic data include
the polygonal layer of the Almaty region, the layer of districts and administrative
units, data on the division into rural districts, settlements, roads and railways.

The administrative-territorial division layer of the region consists of 17 districts
(Aksu, Alakol, Balkhash, Enbekshikazakh, Eskeldi, Zhambyl, Ili, Karatal, Karasay,
Kege, Kerbulak, Koksu, Panfilov, Rayymbek, Sarkan, Talgar, Uygur) and 2 cities of
regional subordination (the cities of Taldykorgan and Tekeli) (Kyrgyzbay et.al, 2022).

Geospatial processing of the layer was carried out in the ArcMap environment
using OSM data (open street map - https://www.openstreetmap.org/). Entering
information about the names of administrative units and geometric parameters was
carried out in the attribute table using the editor and calculate geometry functions.
The geometric parameters included data on the area (area_sqkm) and perimeter
(peri_km) of the districts.

Vector layers of roads, railways and settlements were obtained from OSM data.
The OSM database consists of streets, local data, and building polygons. Getting
access to OSM data in GIS format is integrated into QGIS. This guide shows the
process of searching, downloading and using OSM data in QGIS.
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Fig. 5. Components of the geodatabase of the Almaty region
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Creating and processing a class of hydrographic data. The class of hydrographic
objects consists of lakes, reservoirs, rivers and catchment basins. The spatial layer
of lakes and reservoirs was extracted from multispectral satellite images using
mathematical formulas, and also identified using medium-scale topographic maps
(1: 200 000).

Polygonal water bodies were determined using the NDWI index. Calculates the
normalized water index (NDWI) from a multi-channel raster object and returns a
raster object with index values. The Normalized Difference Water Index (NDVI)
method is an index for determining and monitoring changes in the content of
surface waters. NDWI (1) is calculated using the near infrared (NIR) and green
(Green) channel:

NDWI = (NIR - SWIR) / (NIR + SWIR) (1)

The rivers were digitized and identified using satellite images and topographical
maps. For vectorization of rivers, DEMS in the form of SRTM images with a spatial
resolution of 30 m were used. Data processing took place in the environment of the
Spatial Analyst Tools — Hydrology (Fill, Flow Direction, Flow accumulation),
Conditional (Con) and Conversion Tools (From Raster- Raster to Polyline).

Processing and analysis of remote sensing data. SRTM raster images were
obtained in several stages: 1) registration of a new or existing user into the USGS
system by filling in a login and password; 2) selection of the area of interest (in
our case, it is the territory of Almaty region); 3) selection of the period and cloud
coverage in Search criteria; 4) selection of the type of product in Data sets — Digital
Elevation — SRTM — SRTM 1 Arc-Second Global; 5). Next, it was necessary to
choose the appropriate raster coatings for the Almaty region

Mosaic creation from raster height data was performed in the ArcGIS-ArcMap
environment using the Mosaic to New Raster tool. This tool has combined several
raster data sets into a new raster data set. The input data has the same number
of channels and bit depth. The mosaic tool has more options available when
combining raster datasets into an existing raster. When storing a set of raster data
in a JPEG file, a JPEG 2000 file or a geodata database, the compression type and
compression quality were specified in the environment parameters (Mosaic To New
Raster, 2022).

Creating a digital terrain model, slope steepness data and exposure. The digital
relief model (DEM) contains information about the height of only the true relief,
excluding vegetation, buildings and other anthropogenic objects. A digital terrain
model (DEM) is necessary to obtain the most detailed information about the terrain
on any territory.

The digital model of the Almaty region was created on the basis of 30-meter
resolution images downloaded and processed in the SRTM GIS environment. The
raster surface of the region under study is pixel information with data on the absolute
height. The surface is modeled using raster data sets. (Zhang and Gao, 2020).
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After processing the DEM, data on slope and slope exposure were obtained. For
each cell, the Slope tool calculates the maximum degree of change in the z value
between a particular cell and its neighboring cells. In fact, the maximum degree of
change in height values per unit distance between a cell and eight adjacent cells
determines the steepest descent downhill from the cell. Conceptually, the Slope tool
selects a plane for z-values from a neighborhood of 3x3 cells around the processed
or central cell.

The slope value of the plane data is calculated using the averaged maximum
technique. The direction of the flat faces is the exposure of the processed cell. The
lower the slope value, the flatter the earth’s surface is; the higher the slope value,
the steeper the slopes are located on the surface (Slope, 2022).

The exposure of the slopes was determined using the Aspect tool. This tool
extracts the slope exposure from the raster surface. The exposure determines the
direction of the slope of the maximum rate of change of values from each cell to its
neighboring cells. This characteristic of the relief can be considered as the direction
of the slope. The values of the output raster represent the compass directions of the
exposure. It is measured clockwise in degrees from 0 (north) to 360 (north again),
passing a full circle. Flat areas that do not have a downward direction are given a
value of -1 (Lesson: Terrain Analysis, 2022).

Processing of complex climate information. Complex climate information
includes data on the average annual amount of precipitation, average annual air
temperature and wind speed. Compilation and analysis of complex climate maps
of the studied region were carried out on the basis of climate information obtained
from the website www.worldclim.org in the format of raster files.

Processing of climatic raster data was carried out in the software ArcMap
(ArcGIS) and QGIS, using a GIS tool. Raster Calculator is designed to perform
an algebraic expression of a single line using multiple tools and operators using a
simple tool interface. In this study, the tool was used to determine the arithmetic
mean of monthly climatic indicators (Raster Calculator, 2022).

Processing of agricultural data. The agricultural class of the Almaty region
is divided into a layer of agricultural land and data on the characteristics of the
soil cover. The vector layer of land shows attribute information and contours of
irrigated arable land. The contours of the fields were digitized manually based on
Sentinel 2A/2B with a 10-meter spatial resolution.

The soil cover layer includes data on the types and mechanical composition of
soils. Data on soil characteristics were used from the FAO website (https://www.
fao.org/soils-portal/data-hub/soil-maps-and-databases/en /).

Topology check. The Error Inspector allows to view errors in a table that shows
which rules were violated, in which classes of objects errors occurred, shows the
geometry of errors, the IDs of objects that created errors, as well as errors marked
as exceptions. It is possible to sort errors by any fields in the table so that you can
work with all errors of a certain type. You can also choose to display only errors
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of a certain type in the table, or only errors in the visible extent of the map, or only
errors marked as exceptions.

In addition to the ability to view and sort errors, the Error Inspector allows
you to select errors, navigate and approach selected errors, as well as apply error
corrections for their various types.

The ArcMap application allows to check the topology for a piece of data during
an editing session. This check can take a long time, especially for large and complex
datasets or with a large number of topology rules.

As a result of the above steps and data processing, a geodatabase of the Almaty
region was created with 5 spatial classes and 8 raster files.

Discussion

The result of the creation of the geodatabase of the Almaty region can be
interpreted as a basis for spatial planning of the territory for various purposes. In
this study, for optimal use of spatial data, it was decided to divide the data into parts
corresponding to the administrative units of the region (Figure-6).

Each administrative unit was assigned data on thematic coverage. The data is a
hierarchical subordination and nesting of layers.
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Fig. 6. Hierarchical division of a set of object classes and spatial data classes of the Almaty region
on the basis of administrative division

20 administrative units are divided into relief, climatic information, agricultural
fields, soils, administrative division, hydrographic data, raster files, tabular data and
technical documentation. Each spatial class has its own subclass:
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- The relief is divided horizontally (main and auxiliary), data on peaks, slope
steepness (smooth, gentle, steep);

- Climate data is divided into isogietes, isotherms and meteorological data
(climate metadata);

- The agricultural class has contours of fields and grounds;

- Hydrographic information is divided into lakes, reservoirs, rivers and catchment
basins of rivers;

- Raster information has a wide range of data. These include DEM, slope,
exposure, average annual air temperature, average annual precipitation, composition
of multispectral data;

- Tabular data consists of statistical information;

- Technical documentation includes information about projection data, geometry
of layers, etc.

Conclusion

This article presents a study on the creation of a geodata database of the Almaty
region. Raster and open vector data were used during the study. Data processing
and analysis were carried out in the ArcGIS and QGIS software.

As a result of the research, a geodata database of the Almaty region was
created consisting of 5 classes of spatial data and raster files. Each class is divided
according to the thematic component and the scope of information. The structure of
the geodata database is unified and has one geographical projection.

The model proposed in the article can be supplemented and modified using
other data, methods and programs. Our future research plans include a more
comprehensive analysis of the relationship of thematic data in relation to the zoning
of agricultural irrigated lands, as well as the biological characteristics of individual
crops.

REFERENCES

Feature class basics. — Text: electronic//ArcGIS Desktop: [site]. — URL: https://desktop.
arcgis.com/en/arcmap/10.3/manage-data/geodatabases/feature-class-basics.htm (date of application:
13.11.2022).

Kyrgyzbay K., 2022 — Kyrgyzbay K. Agro-climatic zoning of Almaty region using
GIS technologies. Reports of NAS RK. Computer Science Series, (2), 76-91. https://doi.
org/10.32014/2022.2518-1726.131.

Lesson: Terrain Analysis. — Text: electronic//QGIS documentation: [site]. — URL: https://docs.
qgis.org/3.22/en/docs/training_manual/rasters/terrain_analysis.html (date of application: 11.11.2022).

Luzio M., White M., Arnold J., Williams J., Kiniry J., 2017. — Luzio M., White M., Arnold J.,
Williams J., Kiniry J. A Large Scale GIS Geodatabase of Soil Parameters Supporting the Modeling of
Conservation Practice Alternatives in the United States. Journal of Geographic Information System,
9.267-278, doi: 10.4236/jgis.2017.93016.

Mosaic To New Raster. — Text: electronic//ArcGIS for Desktop: [site]. — URL: https://desktop.
arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/mosaic-to-new-rasterhtm  (date  of
application: 01.11.2022).

Nur W.H., Kumoro Y., Susilowati Y., 2018 — Nur W.H., Kumoro Y., Susilowati Y. GIS and
Geodatabase Disaster Risk for Spatial Planning. 2018 IOP Conf. Ser.: Earth Environ. Sci. 118 012046.
DOI :10.1088/1755-1315/118/1/012046.

152


https://desktop.arcgis.com/en/arcmap/10.3/manage-data/geodatabases/feature-class-basics.htm
https://desktop.arcgis.com/en/arcmap/10.3/manage-data/geodatabases/feature-class-basics.htm
https://doi.org/10.32014/2022.2518-1726.131
https://doi.org/10.32014/2022.2518-1726.131
https://docs.qgis.org/3.22/en/docs/training_manual/rasters/terrain_analysis.html
https://docs.qgis.org/3.22/en/docs/training_manual/rasters/terrain_analysis.html
https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/mosaic-to-new-raster.htm
https://desktop.arcgis.com/en/arcmap/10.3/tools/data-management-toolbox/mosaic-to-new-raster.htm

ISSN 1991-346X 1.2023

Rahman N., Ansary M.A., Islam 1., 2015. — Rahman N., Ansary M.A., Islam 1. Manuscript
GIS based Mapping of Vulnerability to earthquake and fire hazard in Dhaka city, Bangladesh Int. J.
Disaster Risk Reduct.

Raster Calculator. — Text: electronic//ArcGIS for Desktop: [site]. — URL: https://desktop.
arcgis.com/en/arcmap/latest/tools/spatial-analyst-toolbox/raster-calculator.htm date of application:
03.11.2022).

Senanayake S.S., 2017 — Senanayake S.S. Munasinghe and M.A.K., Wickramasinghe
W.M.A.D.B. Development of geo-database to recommend suitable crops at village level in Sri Lanka.
Annals of Sri Lanka Department of Agriculture 2017. 19: 209 — 228.

Slope. — Text : electronic // ArcGIS for Desktop : [site]. — URL: https://desktop.arcgis.com/en/
arcmap/latest/tools/spatial-analyst-toolbox/slope.htm (date of application: 10.11.2022).

What is a geodatabase?. — Text: electronic//ArcGIS Desktop: [site]. — URL: https://desktop.
arcgis.com/en/arcmap/10.3/manage-data/geodatabases/what-is-a-geodatabase.htm (date of
application: 10.11.2022).

Zhang S., Gao H., 2020 — Zhang S., Gao H. Using the Digital Elevation Model (DEM) to
Improve the Spatial Coverage of the MODIS Based Reservoir Monitoring Network in South Asia.
Remote Sens. 2020, 12, 745. https://doi.org/10.3390/rs12050745.

Zhao M. and Liu X., 2017 — Zhao M. and Liu X. Reprint of: Regional risk assessment for urban
major hazards based on GIS geoprocessing to improve public safety q Saf. Sci. 97. 112-9.

153


https://desktop.arcgis.com/en/arcmap/latest/tools/spatial-analyst-toolbox/raster-calculator.htm
https://desktop.arcgis.com/en/arcmap/latest/tools/spatial-analyst-toolbox/raster-calculator.htm
https://desktop.arcgis.com/en/arcmap/latest/tools/spatial-analyst-toolbox/slope.htm
https://desktop.arcgis.com/en/arcmap/latest/tools/spatial-analyst-toolbox/slope.htm
https://desktop.arcgis.com/en/arcmap/10.3/manage-data/geodatabases/what-is-a-geodatabase.htm
https://desktop.arcgis.com/en/arcmap/10.3/manage-data/geodatabases/what-is-a-geodatabase.htm
https://doi.org/10.3390/rs12050745

ISSN 1991-346X 1.2023

MA3MYHbI

K.K. Adnyryaosa, I'A. Ycken0aesa, M.H. Taeren, A.K. lllyknposa
KYBBIP XXABJIBIFBIHJIA MAJIbI KbI3AbIPYbIH TEXHOJIOI USIJIBIK
IMPOLECIH ABTOMATTAHBIPY......c.ooiiiiiiiiiiiiieeeeeeeee e 5

K.C. ABkypoBa, C. I'natiok, JI.M. Keigeipasuna, H.K. Kypmanranuesa
AKITAPATTBIK-KOMMYHUKALMSJIBIK XKYMWEJIEPIE KYKBIK
BY3VIIbIHbI EPTE AHBIKTAY XXOHE COUMKECTEHIIPY/IIH
WHTEJUIEKTYAJLIABL OICL......ccooiiiiiiiiiiiieenececiceeeeceseteee e 22

A. BexapsbicTankbizbl, O. K. MambipOaes
ATTJIIOTUHATHUBTI TUIJEPTE APHAJIFAH COMJIEV/I
ABTOMATTBI TYPAE TAHY HKYMECL.......oooveiveeeecieieceeeeeeeee e 37

A.C. EpumobeToBa, J.H. [lalibip6aeBa, JI. UepukoaeBa
BUKYBTBIK MHTEPIIOJIALUAFA HETT3IHAE CYPETTEPTE
XKACBIPBIH AKITAPATTBI EHI'I3V.....ocoiiiiiiiiiiciciiecceeeeeceee 50

ML.b. EcenoBa, I.b. AoaukepumoBa, A. ToJicroii, 2K.b. Jlamaiesa,

A.A. HekecoBa

BUANIAFBI APAMILIOIITEP OLLIAFBIH AHBIKTAY YIIIH
TEKCTYPAJIBIK BEJITJIEP OJAICTEPIH KOJIIAHV.....ocecviiiiiieeieeee, 64

JI.3. Kommmena, T.K. Kykabaesa, I1I. Typaes, M.A. bepauesa,

P.K. CenrupoaeBa

HAKTbBI YAKBIT PEXKUMIHAE MEDIAPIPE )KOHE SVM APKbBIJIbI

KA3AK BIM TIHITH TAHVY.....ooiiiiiiiieeeeene ettt 82

K.C. UkcebaeBa, K. Kernucos, A.b. Meaemona, .M. banues,

K.K. barucos

FAJIBIMJIAPIBIH FbIIBIMU X)KOBAJIAP BOUBIHILIA TPAHTTBIK
KAPXBUIAHJIBIPYFA KATBICYFA OTIHIMAEPIH JJAVBIHIAY/bIH
AKITAPATTBIK JKYTIECL ...t 94

A.A. Umanoepai, P.H. Moagamena
OJIEYMETTIK MEJIUA TAPATY YJIT'IUIEPIHE HIOJIVY.......oooveieeieieiieeneen 107

I'. Kanman, M.F. Ecmaran6er, M.M. Kamankapun, A.U. I'adaynuna,
J.B. ILlneckayeB

239



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

K.T. Kniproi36aii, E.X. Kakumixanon

I'AK TEXHOJIOT'UAJIAPBI HET'T3IHAE AJIMATBI OBJIBICBIHBIH
I'EOAEPEKTEP BFA3ACBHIH K¥PY BITCOIN XKEJICIHAEI'T KY IIKTI
TPAH3AKIUAJIAPIABI AHBIKTAY....c..iiiiiiiiiiiiieeeeeeeeeeeeeeeieeen 136

HI.7K. MycupaaueBa, M.2K. lllajizat, A.K. bekeroBa, E. Afaiiyibl,
A.Bb. MaHacoBa
BITCOIN XEJICIHAEI'T KY IIKTI TPAH3AKLUAJIAPIBI AHBIKTAYV.....154

A.Y. Myxusaun, ¥.T. MaxaxanoBa, M.Y. MykameBa, A.A. MyxaHoBa
AKITAPATTBIK TEXHOJIOTUSIJIAP TOTEHILE XXAFIANA

KAIIIBIKTAH OKBITYIA OKCITEPUMEHTTHBIK JEPEKTEPII

TAJIAY KYPAJIBL PETIHIE.......cotioiieiiieeieeeee ettt 170

A.B. Toxkraposa, b.C. Omapos, I.H. Ka3oexoBa, C.A. MaMHiKoB,

®.E. Temip0exoBa

OJIEVMETTIK XXEJIIJET'T KASAK TULI BEMOIEI CO3EP

KOPBIH MAIIMHAJIBIK OKBITYIA XXUHAKTAY.....cccvieieieeeeeeeen 191

A.9. lllekepoek, I'.b. AGauxepumona, 7K.b. Jlamamesa, M.I. BaiiGyJioBa,
A.K. TokkynueBa

TEPEH, OKBITY AJITOPUTMIMEH PEHTTEHAIK KECKIHHIH,
KITACCUOUKATLIMSCDL.......cccciieeiieeiteeieeeie ettt e eiee s e sveeesnveeens 204

3.9. dabaaposa

JPEG2000 KbICYBIHAH KEHMIH [TU®PIIIK BEVMHEJIEPIIH
1537627101 1 KONV 315 5: TN N 3 0 228

240



ISSN 1991-346X 1.2023

COJIEP)KAHUE

K.K. Aonyryaosa, I'A. Ycken0aesa, M.H. Taeren, A.K. lllyknpoa
ABTOMATU3ALIMA TEXHOJIOTMYECKOI'O ITPOLECCA ITOJOI'PEBA
HE®TH HA TPYBOIIPOBOJHOM OBOPYIOBAHMMU............ccoeevveveiinnne. 5

/K.C. ABkypoBa, C.A. I'natiok, JI.M. Keigeipaiuna, H.K. Kypmanranuesa
WHTEJUJIEKTYAJIU3UPOBAHHBIN METO]] PAHHETO

BBIABJIEHUA WIEHTUOUKALIMNY HAPYIIIUTEJIA

B NTHOOPMALIMOHHO-KOMMYHUKALIMOHHBIX CUCTEMAX.............. 22

A. Bexapsbictankbizbl, O. K. MambipOaes
UHTET'PAJIBHASI CUCTEMA ABTOMATHUYECKOI'O PACIIO3HABAHU A
CJINTHOM PEYU J1J151 ATTJIIFOTUHATUBHBIX S3bIKOB............................ 37

A.C. EpumobeToBa, J.H. [lalibip6aeBa, JI. UepukdaeBa
BHEJIPEHUE CKPBITOM MTH®OPMAILIMU B U30BPAXKEHUU
HA OCHOBE BUKYBUYECKOM UHTEPIOJIALAM. ........oooooeoreeerereanns 50

M.b. EcenoBa, I.b. Aonukepumona, A. Tosacroii, 7K.b. Jlamamesa,

A.A. HekecoBa

[MPUMEHUMOCTBb METOJJOB AHAJIM3A TEKCTYPHbBIX
M30BPAXKEHUI JJ14 BBISIBJIEHUSI OYATOB COPHbBIX

TPAB ITHIEHULIBL........coooiiiiiiieit ettt ettt st e e 64

JI.3. Kommmena, T.K. Kykabaesa, I1I. Typaes, M.A. bepauesa,

P.K. CenrupoaeBa

PACIIO3HABAHUME KA3AXCKOI'O JKXECTOBOI'O A3bIKA B PEAJIBHOM
BPEMEHU C UCITOJIb3BOBAHMEM MEDIAPIPE u SVM......coccoviiniiiiinne 82

K.C. UkcebaeBa, K. Kernucos, A.b. Meaemona, .M. banues,

K.K. barucos

HMH®OPMALIMOHHA I CUCTEMA TIOAI'OTOBKU 3ASBOK J1JI51
YYACTHUA B TPAHTOBOM ®UMHAHCHUPOBAHNMU YUEHBIX

[TO HAYUHBIM TTPOEKTAM.......cotiiieiieiteieeiteee ettt 94

A.A. Umanoepai, P.H. Moaaamena

OB30P MOJIEJIEM PACITPOCTPAHEHU S NTHO®OPMALIMU
B COLHUAJIBHBIX CETAX.....coiiiiiiiiiiiieieieneceeee e 107

241



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

I. Kanman, M.¥. Ecmaranoer, M.M. Kamankapuu, A.I. I'adnynuna,

J.B. ILlneckayeB

PEIIEHME KOPE®EPEHIIMU C ITOMOIIBIO METOA
KITACTEPUBALII. ......c.cviiieiiieeiie ettt ettt e e taeesneee s 121

K.T. Kniproi36aii, E.X. Kakum:kanon
CO3JIAHUE BA3bI TEOJJAHHBIX AJIMATUHCKOM OBJIACTU HA
OCHOBE I'MC-TEXHOJIOT T .....c.oooooeveeeeeeeeeeeeeeeeeeeeeeeeee e 136

HI.7K. MycupaauneBa, M.JK. Illaiizat, A.K. bexeroBa, E. Abaiiyn,
A.b. ManacoBa

O METOJE UAEHTUD®UKALMU ITOJO3PUTEJIbHBIX
TPAH3AKLIMIA

B BUTKOUMH CETH ...ttt 154

A.Y. Myxusaun, ¥.T. MaxasxkanoBa, M.Y. Mykamea, A.A. MyxaHoBa
NHOOPMALMOHHBIE TEXHOJIOI'M KAK CPEJICTBO AHAJIN3A
OKCITEPUMEHTAJIbHBIX JJAHHBIX TP DKCTPEHHOM
JUCTAHIUOHHOM OBYUEHMUMU...........oooiiiiiieiteeeeeeeeee e 170

A.B. Tokraposa, b.C. Omapos, I.H. Ka36exoBa, C.A. MaMuKkoB,

®.E. TemupoexoBa

CBOP BA3bI JAHHBIX O SI3bIKE HEHABHCTU B COLIMAJIBHOM

CETU HA KA3AXCKOM A3bIKE C MCITIOJIbB3OBAHUEM

MAIIMHHOI'O OBYUEHHS.......coviiiieeiieeieeeeeee ettt 191

A.A. lllekepoek, I.b. AoaukepumoBa, K.b. Jlamamesa, M.I'. Baii0y;oBa,
A.K. TokkynueBa

KJIACCUDUKALIMSA PEHTTEHOBCKUX N30BPAXKEHUI

C IOMOUIBIO AJITOPUTMA TJIYBOKOI'O OBYUYEHUA...........cccvvenrennene 204

3.9. dapaaposa
VIIVUILIEHUE BU3YAJIBHOT'O KAYECTBA HU®POBbBIX
M30BPAXKEHUI TTOCJIE CKATHUE JPEG2000.............coeoveeeeeeerresreerierenann. 228

242



ISSN 1991-346X 1.2023

CONTENTS

J.K. Abdugulova, G.A. Uskenbayeva, M.N. Tlegen, A.K. Shukirova
AUTOMATION OF THE TECHNOLOGICAL PROCESS OF HEATING
OIL PIPELINE EQUIPMENT. ...ttt 5

Z. Avkurova, S. Gnatyuk, L. Kydyralina, N. Kurmangaliev

THE INTELLECTUALIZED METHOD OF EARLY DETECTION

AND IDENTIFICATION OF THE VIOLATOR IN INFORMATION

AND COMMUNICATION SYSTEMS......ooiiiiiiiiiiiieninteeeeenre st 22

A. Bekarystankyzy, O. Zh. Mamyrbayev
INTEGRATED AUTOMATIC SPEECH RECOGNITION SYSTEM
FOR AGGLUTINATIVE LANGUAGES........cccociiiiieiiiniecieneeeeneeeeens 37

A. Yerimbetova, E. Daiyrbayeva, L. Cherikbayeva
EMBEDDING HIDDEN INFORMATION IN IMAGES BASED
ON BICUBIC INTERPOLATION......cc.cectiiiiniiieiiniiiieeeniesteeeee e 50

M. Yessenova, G. Abdikerimova, A. Tolstoy, Zh. Lamasheva, A. Nekessova
APPLICABILITY OF TEXTURE IMAGE ANALYSIS METHODS
FOR DETECTION OF WHEAT WEED POCKS........ccoeoieiriieieeieeee e 64

L. Zholshiyeva, T. Zhukabayeva, Sh. Turaev, M. Berdieva, R. Sengirbayeva
REAL-TIME KAZAKH SIGN LANGUAGE RECOGNITION USING
MEDIAPIPE AND SVM. ..ottt 82

Zh.S. Ixebayeva, K. Jetpisov, A.B. Medeshova, I.M. Bapiyev ,

Zh.Zh. Bagisov

AN INFORMATION SYSTEM FOR THE PREPARATION

OF APPLICATIONS FOR PARTICIPATION IN GRANT FUNDING

OF SCIENTISTS IN SCIENTIFIC PROJECTS.....c.eeiiiiiieeeeeeceeeeeene 94

A. Imanberdi, R. Moldasheva
REVIEW OF MODELS OF DISSEMINATION OF INFORMATION
IN SOCIAL NETWORKS. ..ottt n 107

G. Kalman, M.G. Esmaganbet, M.M. Zhamankarin, A.I. Gabdulina,

D.V. Pleskachev
COREFERENCE SOLUTION USING THE CLUSTERING METHOD.......... 121

243



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

K. Kyrgyzbay, E. Kakimzhanov
CREATION OF A GEODATABASE OF ALMATY REGION BASED

ON GIS TECHNOLOGIES......cc.cooiiiiiiieteteeeteeceeeeieeeere e

Sh. Mussiraliyeva, M. Shaizat, A. Beketova, Y. Abayuly, A. Manassova
IDENTIFICATION OF SUSPICIOUS TRANSACTIONS IN

THE BITCOIN NETWORK .....cccccoiiiiiiiiinnienecececnec et

A. Mukhiyadin, U. Makhazhanova, M. Mukasheva, A. Mukhanova

INFORMATION TECHNOLOGIES AS A MEANS OF EXPERIMENTAL

DATA ANALYSIS IN EMERGENCY DISTANCE LEARNING....................

A.B. Toktarova, B.S. Omarov, G.N. Kazbekova, S.A. Mamikov,
F.E. Temirbekova
COLLECTING HATE SPEECH DATABASE ON SOCIAL NETWORK

IN KAZAKH LANGUAGE BY USING MACHINE LEARNING.................

A. Shekerbek, G. Abdikerimova, Zh. Lamasheva, M. Baibulova,
A. Tokkuliyeva
CLASSIFICATION OF X-RAY IMAGES USING THE DEEP

LEARNING ALGORITHM.....coociiiiiiiiiiiinieneeneeeeeseenec e

E.E. Eldarova
IMPROVING THE VISUAL QUALITY OF DIGITAL IMAGES

AFTER JPEG2000 COMPRESSION.......cociiiiiiiiiiniinicnieeceeee e

244



Publication Ethics and Publication Malpracticein
the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethicalguidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any otherlanguage, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the Committee
on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected
Misconduct (http://publicationethics.org/files/u2/New Code.pdf). To verify originality, your article
may be checked by the Cross Check originality detection service http://www.elsevier.com/editors/
plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the National Academy of
Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

[IpaBuina oopmiieHHs cTaTb A1 MyONUKALIMY B XKypHAJIE CMOTPETh Ha caiTax:
www:nauka-nanrk.kz
http://physics-mathematics.kz/index.php/en/archive
ISSN2518-1726 (Online),

ISSN 1991-346X (Print)

3aMecTHTeNb AUPEKTOP OTAENA U3NaHus Hay4dHbIX KypHaioB HAH PK P, JKoauxwiser
Penaktopsl: M.C. Axmemosa, /[.C. Anenos
Bepctka Ha xomnbtotepe [ /. Kaowvipanosa

[Togmucano B meyats 30.03.2023.
Dopmar 60x881/8. Bymara odcerHas. [Teuats — puzorpad.
15,5 n.1. Tupax 300. 3axasz 1.

Hayuonanvnas axademus nayx PK
050010, Anmameut, ya. Llleguenko, 28, m. 272-64-39





