I3nenicrep, Hotmwkenep — Mccnenosanus, pezynbratsl. Ned (108) 2025, ISSN 2304-3334

IRSTI 39.01.99 DOI https://doi.org/10.37884/4-2025/48

N.Ashimkhan !, T.Rafikov , A.Zhildikbaeva **, Zh.Mukaliev ?,
A.Y. Doktyrbek?, T. Pentaev
!Kazakh National Agrarian Research University, Kazakhstan, ashimkhan_nazerke@mail.ru,
rafikoff_timyr@mail.ru, a.zhildikbaeva@mail.ru*, arailym.yernurkz@mail.ru,
pentaev_toleubek@kaznaru.edu.kz
Zal-Farabi Kazakh National University, zh_gis@mail.ru

APPLICATION OF GEOGRAPHICAL DATABASES FOR THE DEVELOPMENT
OF GEO-PORTALS IN KAZAKHSTAN

Abstract

In the context of Kazakhstan’s ongoing digital transformation, the development of geo-portals
based on geospatial databases has become a strategic direction for improving the efficiency and
transparency of spatial data management. The purpose of this study is to evaluate the effectiveness
of using geographical databases in the design and implementation of geo-portals and to propose
methodological approaches for building a unified geoinformation environment in the country. The
research employed platforms such as QGIS, ArcGIS Pro, PostgreSQL/PostGIS, and Leaflet, enabling
the integration and visualization of administrative, hydrographic, agricultural, and infrastructural data
layers. Emphasis was placed on adherence to open standards (e.g., OGC WMS/WFS, ISO-compliant
metadata), role-based access control, and scalable deployment patterns suitable for multi-
departmental use. The proposed geo-portal architecture combines data processing, analysis, and
visualization workflows, provides near real-time access to spatial information, and incorporates data-
quality assurance (topology checks, schema validation), caching, and logging for performance and
auditability. Evaluation included interoperability testing with regional and national GIS systems,
response-time benchmarking under load, and user acceptance testing with domain experts. The results
demonstrate that the application of geodatabases significantly enhances interoperability across
platforms, improves discoverability and reuse of authoritative datasets, and contributes to the digital
transformation of land management, environmental monitoring, and spatial planning processes in
Kazakhstan. The study concludes with practical recommendations on governance, data lifecycle
management, and technology stack selection to support sustainable, secure, and extensible geo-portal
implementations.

Keywords: geographic information systems (GIS), land resources, land monitoring, spatial
analysis, QGIS, land management, East Kazakhstan region.

Introduction

The digital transformation of spatial data infrastructures (SDI) has significantly reshaped
approaches to land administration, territorial planning, and environmental monitoring worldwide. In
Kazakhstan, the rapid modernization of spatial data systems and increasing demand for open-access
geoinformation platforms have intensified the need for reliable, scalable, and interoperable
geoportals. These platforms play a key role in supporting transparent land management, providing
centralized access to spatial data, and improving coordination between governmental agencies,
research institutions, and the public [1].

Over the past decade, Kazakhstan has launched initiatives aimed at integrating geospatial
technologies into public administration, including the development of web-based cadastral platforms,
remote sensing monitoring systems, and region-level mapping services. Numerous studies indicate
that Geographic Information Systems (GIS) and remote sensing (RS) increase the accuracy of spatial
data interpretation and support evidence-based governance in sectors such as agriculture,
environmental protection, and spatial planning [2-4]. However, existing geoportals in Kazakhstan
predominantly focus on visualization and cataloguing, while automated updating of spatial layers,
quality assessment, and database-driven geoprocessing remain insufficiently addressed.
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International practice demonstrates that geospatial databases form the technological core of
sustainable SDI, ensuring positional accuracy, interoperability, and long-term preservation of spatial
information [5]. The adoption of open-source solutions—such as PostgreSQL/PostGIS, QGIS,
Leaflet, and OpenStreetMap—offers cost-effective and flexible architectures capable of supporting
multi-scale data management, automated workflows, and public accessibility [6-7]. Despite ongoing
progress, the absence of standardized methods for integrating geodatabases with automated thematic
map updating from satellite imagery remains a critical research gap.

The object of the study is the development of a geoportal architecture based on integrated
geospatial databases and open-source technologies used for land monitoring and spatial data
visualization in Kazakhstan [8-9]. The research focuses on the creation, structuring, and publication
of spatial data within a unified geodatabase that serves as the backbone of the proposed geoportal.

The main aim of the study is to develop and experimentally validate a geographic database
integrated into a functional geoportal prototype. To achieve this aim, the following research tasks
have been defined:

* define test boundaries and prepare reference spatial datasets, including initial object contours
and thematic layers [10];

« determine the optimal database structure and configuration;

» develop an open-source geoportal enabling further testing and application for research and
practical purposes.

Structurally, the article presents the conceptual framework, the implemented technological
architecture, the experimental evaluation of database-driven updates, and the assessment of
performance and reproducibility compared to traditional geospatial workflows.

Materials and Research Methods

This study employed a comprehensive, multi-layered methodological framework integrating
geographic information systems (GIS), relational spatial databases, web cartographic services, and
automated analytical pipelines [11-13]. The methodology aimed to develop reproducible, scalable,
and interoperable geoportal prototypes suitable for supporting Kazakhstan’s emerging Spatial Data
Infrastructure (SDI) [14].

1. Data Acquisition and Preprocessing. Spatial data were sourced from national cadastral
repositories, OpenStreetMap (OSM), QGIS basemaps, and Sentinel-2 MSI and Landsat 8/9 satellite
products. These datasets represented administrative boundaries, hydrographic networks, transport
infrastructure, and agricultural parcels. All datasets underwent preprocessing, including coordinate
system harmonization to the national CRS, attribute normalization, metadata assignment following
ISO 19115 standards, and topological validation. Tools from QGIS and ArcGIS Pro were applied to
ensure spatial accuracy, eliminate duplicate geometries, and validate attribute integrity prior to
database integration [15].

2. Database Design and System Architecture. A multi-tier system architecture was developed
to support robust spatial data management and web-based dissemination. The structure included:

o Database layer: PostgreSQL/PostGIS environment for long-term storage, versioning,
indexing, and spatial topology enforcement.

e Application layer: GeoServer for service orchestration (WMS, WFS, WMTS),
authentication, and interoperability with OGC standards.

o Client layer: Web clients (Leaflet), desktop GIS software (ArcGIS Pro, QGIS), and REST
API consumers.

The logical database model followed a hybrid relational-topological structure. Entities such as
cadastral parcels, administrative units, infrastructure objects, and satellite-derived classes were
organized through an Entity-Relationship (ER) model supporting referential integrity, temporal
attributes, and hierarchical classification. Indexing strategies (GiST and BRIN) and stored procedures
ensured efficient spatial querying and minimized system latency [16].

To provide clearer structural understanding, the core database design was conceptualized
through a generalized model (presented as Table 1).
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Table 1. Core schema concept for the spatial database

Layer group Model basis Key stored elements
Cadastre and administrative units | Parcel-based topology parcel polygons, boundaries, ownership metadata
Natural resources and land cover | Raster—vector hybrid model | vegetation indices, soil zones, classified imagery
Infrastructure and utilities Spatial network model roads, routing networks, utilities

This model enabled modular scalability, reducing redundancy and supporting future integration
with national SDI components.

3. System Configuration and Web Integration. Web-mapping functionality was implemented
using GeoServer and the Leaflet JavaScript library. Services were published using OGC-compatible
formats, and caching mechanisms (GeoWebCache) were configured to improve rendering speed,
particularly under limited network conditions. The user interface was developed using HTMLS5,
CSS3, and JavaScript, integrating tools for map navigation, feature identification, spatial querying,
and attribute filtering. Browser compatibility was verified across Chrome, Firefox, Safari, and mobile
platforms. Security controls included user-role—based access, controlled write operations, and activity
logging to ensure data governance compliance [17].

4. Spatial Analysis and Automated Processing. Analytical workflows incorporated
geoprocessing operations such as buffering, intersection, overlay analysis, raster—vector fusion, and
terrain-based modeling. Python scripts (GDAL, Rasterio, GeoPandas) automated repetitive tasks,
ensuring reproducibility. Satellite data analysis included radiometric calibration, cloud masking,
reprojection, and spectral index computation (NDVI, NDWI, NDBI). A Random Forest classifier
(scikit-learn) was trained using field reference samples and visually interpreted high-resolution
imagery. Automated ETL workflows transferred classified outputs into the database, where topology
rules were checked directly in PostGIS before publication.

5. User Scenarios and Prototype Testin. Functional testing followed a scenario-based
evaluation approach reflecting real-world use cases:

« cadastral parcel identification and verification,

« agricultural monitoring through spectral index time-series,

« thematic spatial analysis for land-use planning and environmental monitoring.

Usability was evaluated according to 1SO 9241-11, incorporating expert feedback from land
management agencies, GIS specialists, and academic researchers. Performance optimization included
tile caching, indexing refinement, and simplification of geometry-heavy layers.

6. Limitations, Risks, and Interoperability Challenges. Despite successful prototype
implementation, several constraints were identified. These included heterogeneous legacy datasets,
inconsistent metadata practices, limited bandwidth in rural regions, and regulatory barriers to inter-
institutional data exchange. Technical risks involved infrastructure scalability, spatial versioning
management, and dependency on proprietary environments in mixed software stacks.

These challenges highlight the critical need for centralized governance, standardization
frameworks, and streamlined data exchange protocols in future national-scale deployments.

7. Benchmarking Against International SDI Models. To contextualize the methodological
approach, the developed system was benchmarked against established SDI implementations in the
European Union (INSPIRE), the United States (NSDI), and Australia (ANZLIC). The comparison is
summarized in Table 2.

Table 2. Comparative evaluation of Kazakhstan’s SDI characteristics

Dimension EU INSPIRE U.S. NSDI Australia ANZLIC Kazakhstan
Prototype

Metadata and governance Strict, mandatory Flexible, multi- Harmonized and Partially

standards agency enforced developed

Interoperability and OGC High High High Improving

compliance

Licensing and access Open-by-default Mixed Mostly open Restricted

Institutional maturity Fully developed and | Established since | Coordinated Fragmented,
legislated 1990s national model evolving
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This benchmarking demonstrates that Kazakhstan is progressing toward an interoperable SDI
ecosystem, yet requires standardization alignment, governance frameworks, and shared infrastructure
to match mature international models.

The selected methodology reflects a transition from static GIS environments toward dynamic,
service-oriented web geoplatforms supporting multi-user access, analytical automation, and open data
dissemination. The resulting geoportal framework operates not only as a visualization environment
but as a functional decision-support system contributing to spatial monitoring, agency collaboration,
and improved public access to land and environmental information in Kazakhstan.

Results and discussion

As part of this study, a survey among GIS specialists was conducted to identify the most
effective approaches to applying geospatial databases in the creation of geoportals in Kazakhstan
[18].

The purpose of the survey was to gather expert opinions on database integration, data
harmonization, web cartography, and interface design. Respondents included professionals in
cartography, remote sensing, and spatial data processing from research institutions and production
organizations.

The survey results (Table 3) revealed that experts emphasized three main priorities —
automation of data processing, development of multilingual interfaces, and establishment of unified
database standards to ensure interoperability among different GIS environments.
In addition, specialists highlighted the necessity of regular personnel training and implementation of
modern web-based tools to improve data accessibility and usability.

Beyond thematic insights, the questionnaire employed a structured design with closed (5-point
Likert scale) and open-ended items, enabling both quantitative aggregation and qualitative coding of
expert feedback. Responses were analyzed using descriptive statistics (means, standard deviations,
and priority ranking) and inductive thematic analysis to capture nuanced requirements for workflow
automation, multilingual UX, and database standardization. To mitigate bias, we anonymized
submissions and cross-checked recurring themes across institutional types (research vs. production).
The primary limitations concern sample size and potential sectoral overrepresentation, which may
affect generalizability. Nevertheless, the findings provide actionable inputs for a phased
implementation roadmap—defining interoperability KPIs, training modules, and a governance model
for data lifecycle management and continuous interface improvement.

Table 3. Survey of GIS Experts

Category of Input

Synthesized Respondent Feedback

Resulting Implications for the Geoportal
Model

Professional Focus
and Experience

Respondents demonstrated extensive
experience in GIS, cartography, remote
sensing, and spatial data processing
(ranging from software transition projects
to operational remote sensing workflows).

Confirms the relevance and maturity of GIS
practices in Kazakhstan and supports the
feasibility of implementing an SDI-aligned
database model.

Existing
Achievements in GIS
Practice

Experts reported contributions such as
thematic mapping, aerial photo
interpretation methodologies, system
automation, and localization of GIS
products for local language use.

Highlights the need for preserving expert
knowledge and integrating proven national
workflows into the design of the new
geospatial infrastructure.

Observed Challenges

Identified issues included manual
processing bottlenecks, fragmented
standards, legacy formats, and limited user
proficiency with modern tools.

Supports prioritizing standardization, skill
development, and automated ETL
workflows.

Recommendations for
Database
Development

Suggested priorities included workflow
automation, interoperability standards,
multilingual interfaces, and structured data
governance.

These recommendations directly informed
system architecture choices, including OGC
compatibility, PostgreSQL/PostGIS data
model governance, and web-based
multilingual UX.
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The analysis of expert opinions served as the foundation for developing a unified geospatial
database = model that integrates data across all regions of  Kazakhstan.
This structure enables distributed storage and synchronization of geodata, allowing regional datasets
to be combined within a single national framework.

To achieve this, separate geodatabases (.gdb) were created for each administrative region. Each
contains standardized thematic layers — administrative boundaries, hydrography, transportation,
agricultural land, and settlements — all organized according to national metadata and naming
conventions. These datasets form the technological backbone of Kazakhstan’s emerging National
Spatial Data Infrastructure (NSDI).

Table 4. Workflow of the National Geoportal

User
Interaction

Panel
Measurement
Module
Search
Module

Layer
Management

Module
Analytical
Tools
Output and
Sharing

This database design ensures data consistency across regions, enabling the integration of
geospatial resources into a national geoportal. By maintaining separate yet interconnected regional
.gdb files, the system allows for efficient data updates, distributed editing, and scalable
synchronization with a central PostgreSQL/PostGIS server.

The developed structure has several advantages:

« uniform metadata standards and attribute naming across regions; simplified integration into
web services via GeoServer and Leaflet;

« support for multi-level access control and real-time updates; compatibility with both ArcGIS
and QGIS environments.

Building upon this database framework, an open-source Kazakhstan Geoportal was developed
to demonstrate the integration of regional geodatabases within a single web platform.
Using freely available technologies — including Leaflet, PostgreSQL/PostGIS, GeoServer, and
QGIS — the system provides interactive visualization, query capabilities, and analytical tools for
specialists and public users.

This approach showcases the potential of open-source solutions for developing scalable and
cost-effective national spatial data infrastructures.
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Figure 1. National Geoportal of the Republic of Kazakhstan: A) Geoportal with
OpenStreetMap (OSM) basemap; B) Geoportal without basemap, displaying national geodatabase
layers of the Republic of Kazakhstan.

*Compiled by the author using open source code

The geoportal is built on the Leaflet framework and integrates multiple geospatial services.
It provides a dynamic map interface for displaying regional boundaries, thematic layers, and attribute
information in real time. The platform supports functions such as zooming, layer selection, coordinate
search, and data export, ensuring accessibility from any device connected to the Internet.
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Figure 2. Interactive Tools and Functional Modules of the eoportal -
*The tools are tested and compiled by the author

The left panel shows the measurement tools, which allow users to calculate distances and areas
(in meters, kilometers, hectares, or square kilometers). The right panel demonstrates the search
function available in three languages — Kazakh, Russian, and English — enabling multilingual
access to geographic data across regions.

The interface includes several key analytical and visualization tools that can be adapted for
various applications.

These modules support:

« spatial monitoring of land resources;

« analysis of environmental and agricultural changes;

« visualization of cadastral and infrastructure data;

« integration of external datasets (e.g., remote sensing products or statistical indicators).

As demonstrated in the figures, the Kazakhstan Geoportal represents a practical example of
applying a unified geodatabase and open-source web technologies for nationwide geoinformation
integration.

The flexibility of the Leaflet and PostGIS ecosystem allows the system to be easily customized for
diverse research, monitoring, and management tasks — from agricultural land analysis to
environmental assessment and spatial planning.

Conclusions

According to the objectives defined in the introduction, the conducted research has confirmed
the effectiveness of using geographical databases and modern GIS technologies for the creation of
geoportals in Kazakhstan. The main goal — to design and implement an integrated geospatial
database combining administrative, hydrographic, agricultural, and infrastructural datasets — was
successfully achieved. The database structure, developed in the PostgreSQL/PostGIS environment,
ensures reliable storage, spatial indexing, and accessibility of geodata for national and regional
applications.

The second objective, related to the development of the geoportal architecture, was
implemented through the integration of open-source platforms including QGIS, GeoServer, and
Leaflet. This architecture provides interoperability between the database and the web interface,
enabling efficient data visualization, analytical processing, and user interaction in real time.

The third objective involved the implementation of interactive analytical and visualization
tools, allowing users to view, query, and interpret spatial data directly through the web interface.
Using analytical modules built within ArcGIS and QGIS, several geoprocessing functions — such as
buffering, overlay analysis, and NDVI visualization — were successfully integrated into the web
application. These tools allow specialists to perform thematic mapping, assess land use dynamics,
and monitor environmental conditions at multiple spatial levels.
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The developed system combines data management, spatial analysis, and visualization functions
within a single interactive platform. It adheres to the principles of open spatial data, contributes to the
development of a National Spatial Data Infrastructure (NSDI), and supports Kazakhstan’s digital
transformation strategy in land and environmental management. Through the integration of
multilingual interfaces and automated data update mechanisms, the system improves both
accessibility and transparency in decision-making processes.

The results of this study demonstrate that the creation of geoportals based on structured
geoinformation databases is a scalable and sustainable solution for enhancing the efficiency of spatial
data management, monitoring, and analytical decision support in  Kazakhstan.
The proposed methodological and technological framework can be replicated across various regions
and sectors, forming the foundation for a unified, interoperable geospatial infrastructure of the
Republic.

Gratitude. The authors express their sincere gratitude to the Kazakh National Agrarian
Research University (KazNARU) for providing the technical and academic resources necessary to
conduct this research.
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KA3BAKCTAHJIA I'EOITOPTAJIIAPAbBI JAMBITY YIIUIH '’EOT'PA®USIJIBIK
JEPEKKOPJIAPABI KOJIJAHY
Anoamna
Kazakcranmarbl mudpiblk TpaHCcHOpPMAIUMSIHBIH JKYPIll KaTKaH KaFJdalblHIa T€OKCHICTIKTIK
JEPEKKOpJIapFa HETI3ENTeH TeoNnopTaIapAbl d31pJiey KEHICTIKTIK JepeKTepal OacKapyablH
TUIMJIUTITI MEH alllBIKTBIFBIH apPTTHIPYIBIH CTPATETUSIIBIK OaFbIThIHA aifHANy 1a. 3epTTey IiH MaKCaThI
— TeomopTangapasl jkobanmay MeH eHri3yae reorpadusulblK JepEeKKOpJIapbl MaiIanaHy IbIH
TUIMAUTITIH Oaranay »koHe enje OlpbIHFail reoakmapaTThlK OpTaHbl KypyFa apHalfaH o/iCTeMENiK
tocuaep yceiay. XKympicta QGIS, ArcGIS Pro, PostgreSQL/PostGIS xone Leaflet mnatdopmanapst
KOJIIAaHBUIBIM, OKIMIIUIIK, TUAPOrpadUsIBIK, aybll MIAPYAlIbUIBIFBl KOHE HWH(MPaKYPBUIBIMIBIK
JepeKTep KadaTTapbiH OIpIKTIPYy MEH BU3YyaIU3alMsUIay KaMTaMachl3 €T, AIIBIK CTaHIApTTaPIbI
(OGC WMS/WFS, ISO TanantapslHa caii MeTaJgepeKTep) cakTay, peJre Heri3aeiareH
KOJDKETIMIUTIKTI  0ackapy KoHE BEJOMCTBOApalIbIK TaiiiajmaHyra JallblK —ayKbIMJajaTblH
OpHaNacThIpy YArijepiHe epekue KeHUT OemnmiHAl. ¥CHIHBUIFAH TeoNopTal apXUTEKTypachl
JEPEeKTEP/l OHJICY, TalAay JKOHE BU3YyaIU3alMsUIay yAepicTepiH OIpIKTipel, KeHICTIKTIK aKmapaTka
JepIiK HAKThI YaKbIT peXKUMIHIE KOJDKETIMIUTIK Oepeii, COHaii-aK AepeKTep carnachblH KaMTaMachl3
€Ty (TOIOJIOTUSIHBI TEKCEPY, CXEMa/KYPBIIBIM/bI BAUJICY), KIIITEY JKOHE KypHalAay TETIKTEepiH
KaMTHUJIBI, OYJT OHIMJLUTIK TIeH ayAUTKe jKapaMIbUIBIKTHI apTThIpaabl. baranay eHipiiK xoHe YITTHIK
I'MC xylienepiMeH e3apa YHJIECIMIUTIKTI CbIHAY, JKYKT€ME€ Ke3IHJEri jkayam Oepy YyaKbIThIH
OCHUMApKUHITEY JKOHE CaNalblK Ccapaliibliap/IblH KaThICYbIMEH MaliIanaHylIIbIIbIK KaObUIaay
CBIHAKTaphl apKbpUIbI OKyprizinmi. HoTmxenep reomepekkopiapasl KoimaHy 1uiatdopmanap
apachlHIarpl ©3apa  YWUIECIMAUTIKTI  aWTapibIKTal  KakcapTaThIHBIH, Oedenal  JIepeKTep
KUBIHTBIKTApBIH Ta0y MEH KalTa TmaigadaHyabl >KeHULIETETIHIH >koHe KaszakcTranmarel >xep
pecypcTapblH 0acKapy, 3KOJOTHMSJIBIK MOHHUTOPHHI JKOHE KEHICTIKTIK jKOCHapiiay YIepiCTepiHiH
nupablK TpaHchopManuAChHA YIIEC KOCATBIHBIH KepceTeli. 3epTTey JAepekTepil Oackapy,
JepeKTepiH OMIpIiK LUKIIH YHBIMIACTBIPY JKOHE TEXHOJOTHSUIBIK CTEKTI TaHjaay OoMbIHIIA
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OPHBIKTBI, KayilcCi3 >XOHE KEHEHTUICTIH TeomopTaja CHTI3UIIMIEpIH KOJIAWTBIH TPAKTUKAIBIK
YCBIHBIMJIAPMEH asIKTaJIafIbl.

Kinm co30ep: reorpadmsuiblk axkmapaTThlK skyhenep (I'AXK), xep pecypcrapbl, xep
MOHHUTOPHHT, KeHICTIKTIK Tangay, QGIS, xep pecypcrapsin 6ackapy, LLsrbic KasakcTan 001bICH.

H.M. Quiimxan', T.K. Paguxos ', A.H. Kunouxoaesa'*, K.K. Mykanuee?,
A.E. Jlokmuipoex?, T. Ilenmaee*

! Kasaxcxuii nayuonanvuwiii azpapuuiil uccredosamensckuii yuugepcumem, 2. Anmamui,
Kazaxcman, ashimkhan_nazerke@mail.ru, rafikoff_timyr@mail.ru, a.zhildikbaeva@mail.ru*,
arailym.yernurkz@mail.ru, pentaev_toleubek@kaznaru.edu.kz

2 Kaszaxckuil HAYUOHAIbHBIL YHUBepcumem um. aib-Dapabu, e. Aimamol, Kazaxcman,
zh_gis@mail.ru
NPUMEHEHUE I'EOI'PA®ONYECKHUX BA3 JAHHBIX JIJIS1 PA3BBUTUSA
I'EOINIOPTAJIOB B KABAXCTAHE

Annomauus

B xonTekcTe mpopospkaromieiicss nudpoBoit Tpanchopmanmu Kaszaxcrana paspaboTka
reonopTajoB HAa OCHOBE T€ONPOCTPAHCTBEHHBIX 0a3 JaHHBIX CTAHOBHUTCA CTpPATErHYECKUM
HaIpaBJICHUEM MOBBIMICHUS Y((HEKTHBHOCTH W TPO3PAYHOCTH YIPABICHHS MPOCTPAHCTBEHHBIMH
naHHeIMU.  llens JgaHHOTO UCCleOBaHHMS — OLEHUTh A(PQPEKTUBHOCTH HCIOJIB30BAHUS
reorpaduyeckux 0a3 JaHHBIX MPH MPOSKTUPOBAHWM W BHEAPEHUU T'EOMOPTATIOB M IMPEIJIOKHUTH
METOJIMYECKUE MOAXOAbl K TOCTPOCHHUIO €IMHON TeoMH(pOpPMAIMOHHON cpeibl B cTpaHe. B pabote
UCIOJIb30BaATNCh Takue Tuiardopmel, kak QGIS, ArcGIS Pro, PostgreSQL/PostGIS u Leaflet, uro
o0ecneunsio  MHTETpalMi0 U BU3YAIM3AlMI0  aIMUHUCTPATUBHBIX, THUAPOTrpapUUECKHX,
CEIIbCKOXO3SUCTBEHHBIX W HH(QPACTPYKTYpHBIX CJ0EB gaHHBIX. Oco0oe BHHMAaHHE YICICHO
cobmoaennto oTKpbIThIX cTanaapToB (OGC WMS/WES, ISO-coBMecTuMBbIE METaIaHHBIE), POJIEBOI
MOJCJIM  YMOPABJICHHS  JIOCTYIOM W  MaclITabUpyeMbIM CXeMaM  pPa3BEpPThIBAHUSA IS
MEXBEJIOMCTBEHHOTO HCIONb30BaHus. [IpemnoxkeHHas apXuTeKkTypa reomnoprana OObeAHHSET
MpOILIeCChl  O0pabOTKHM, aHalW3a ¥ BU3YAIM3AIMH JIAHHBIX, MPEIOCTABISET JOCTYyN K
MIPOCTPAHCTBEHHON MH(pOpPMAIIMN B PEeKUME, OIM3KOM K PeaJbHOMY BPEMEHH, a TAK)Ke BKIIIOUAET
MEXaHU3Mbl OOecleueHnss KauyecTBa JIAHHBIX (MIPOBEPKH TOIMOJOTHH, BAIMJALUS CXEM),
K3IIUPOBaHUE U )KYPHAIUPOBAHUE ISl TOBBILICHHS TPOU3BOIUTENBHOCTH U ayAupyeMocTH. OrieHKa
MIPOBOIMJIACH YEPE3 TECTUPOBAHUE COBMECTUMOCTH C PETHOHAIBHBIMH M HanmoHanbHbiMH [UC,
OCHUMapKUHT BPEMEHHU OTKJIMKA IMOJ HAarpy3KOW U MOJb30BaTENbCKUE MPUEMOYHBIC MCIIBITAHUS C
y4acTHEM OTpPaCJIeBBIX HKCIEPTOB. Pe3ynbTaThl MOKA3bIBAIOT, YTO MpPUMEHEHHE 0a3 JaHHBIX
CYUIECTBEHHO  TOBBIIIAET  HMHTEpONepabenbHOCTh  MEXAy  MmIaThopMaMu,  YIydlIaeT
00HApYKMBAEMOCTh ¥ TTIOBTOPHOE UCITOJIb30BAaHNE aBTOPUTETHBIX HA0OPOB JAHHBIX U CIIOCOOCTBYET
undpoBol TpaHCPOpMAIMM TPOIECCOB YIMPABICHUS 3€MENBbHBIMU PECYpCcaMu, SKOJIOTHYECKOTO
MOHUTOPHUHTA U MPOCTPAHCTBEHHOTO TiaHupoBanus B Kazaxcrane. MccnemoBanue 3aBepiiaercs
MPAKTUYECKHUMH PEKOMEHIAIUSMU 110 BOIIPOCaM yIpaBIeHUS JaHHBIMU, MEHEDKMEHTA KU3HEHHOTO
[UKJIa TAaHHBIX U BBIOOpA TEXHOJOTUYECKOTO CTEKA /ISl yCTOMYMBBIX, O€30MACHBIX U PACIIUPIEMBIX
BHEJPEHUI T€OMOPTAIOB.

Knrouegwie cnosa: reorpapuueckue napopmanmonnslie cuctemsl (I'C), 3emenbHbIE pecypcesl,
MOHHUTOPHHT 3€Mellb, MpPOCTpaHCTBeHHBINH aHanmn3, QGIS, ympaBneHue 3eMeNnbHBIMH pecypcaMu,
Bocrouno-Ka3zaxcranckast o61acTb.

Contribution of the authors:

Aizhan Zhildikbayeva — Data curation; Investigation;

Toleubek Pentaev - Visualization; Verification; Writing — review and editing.

Rafikov Timur — Resources; Investigation; Data curation; Visualization; Verification.

Mukaliyev Zhandos — Conceptualization; Methodology; Formal analysis; Software; Data
curation; Visualization; Roles/Writing is the initial draft; Writing is the review and editing.
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IIAPJAPA MACCHUBIHIH CYAPMAJIBI 2KEPJIEPIHIH SKOJIOI'MAJIbIK-
MEJIMOPAIIUSUUIBIK KA TAUBIH BAT'AJIAY

Anoamna

Maxkanana KazakcTaHHBIH OHTYCTIK eHipiepineri, acipece lllapiapa MaccuBiHeri cyapMaibl
KEPICPIiH IKOJIOTUSITBIK-MEITUOPAIUSITBIK JKaFIalbl KapacThIPbIIaAbL. MppUranusiibiK KyienepIin
TO3Ybl, Cyapy CYJIapbIHBIH CallachIHBIH HAlllapiaybl, >K€P acThl CyJapbl JEHIeHiHIH KOTEPLTyi )KoHE
TOMBIPAKTHIH €KIHII PETTIK TY3laHy MporecTepi TalmaHibl. [ HIpoMenTnopanysuibK KYHenepain
KarJgaiiblH OaranaynbelH onicHaManblK Herizi M.d.HaranbuykThiH XikTeyiHe Herizmenmi. byn anic
WPPUTAIFSUIBIK KEIIEP/IiH TEXHUKAIBIK XKaFJaibIH dKOHE OJapblH (YHKIIMOHAIIBIK KapaMIbLTBIK
JeHreiiH OOBEeKTHBTI TYpJAE aHbIKTayFa MYMKIHIIK Oepai. ATanFaH >KIKTEY MeETHOPALMSIIBIK
KYHeIepIiH KaFJaibIH )KOHE UPPUTALUSIIBIK HH(PAKYPBHUIBIMHBIH THIMILTITIH CHIATTalTBIH HET13T1
napaMmeTpiepAiH KemleHAl TanaaybiHa cyiheHeni. M.d.Haranpuyk opici Heri3iHIE >KYpri3uUIreH
3epTTEY HOTHXKENePl THIPOMEITHOPATHBTIK KYHeNIep IiH Ka3ipri jKaralbIHBIH ChIH KOTEPMEUTIHIH
KopceTTi. SIFHM, ailiMakTarbl cyapy »kyHenepiHiH OaceiM Kemmimiri IV paspsaka xKaTaTbIHBI
aHbIKTAIBl. byn skarmail cyapy MH(PaKYpbUIBIMBIHBIH aca KypaAeli jKaFfaiiia eKeHIH KOpCeTirl,
OHBIH TOJBIKTAM JKaHFBIPTHUTYBIH Ka)KET €TeTiHIH alikbIHAal1pl. COHBIMEH KaTap, Cyapy KyhenepiHn
KAHFBIPTY JKOHE KaJIblHA KeNTipy OoMbIHIIA OipKarap Iapajap YChIHBUIFaH, COHBIH IIIIHJE
KaHanaapAblH maiinansl ocep kodddunuentin ([1OK) apTTeipy, 3aMaHayn arpoTexXHOIOTHSIAPIBI
€HT13y KOHE KOJUICKTOPJIBI-IPCHAKIBIK CYJIApAbIH camachkiH skakcapTy. CyapMaibl KepiepiH
TYpaKThl JaMyblH KaMTaMachl3 €Ty YIIIH OKOJOTHSUIBIK, JKOHOMHUKAIBIK KOHE OJICYMETTIK
aCMeKTUIep Al KAaMTUTBIH KEIIEH I Ko3Kapac KaXETTUIIT aTtar eTiIl.

Kinm ce3oep: cyapmanwt diceprep, my30any, MONLIPAKMbIY 0e2paoayusacsl, uppueayus,
Menuopayus, cy pecypcmapwl, 2UuOpoMeIuopamusmix xcyuenep.

Kipicne

Cyapmansl >kepiieplii cakTay »oHE oJjapAbl YThIMAbI MaiifanaHy Ka3akcTaHHBIH aybll
[IapyallbUIBIFBIHBIH TYPaKThl JTaMyblH KaMTaMmachl3 eTyzeri Oactsl MiHaerrepaiH Oipi. Enain
OHTYCTIK aiiMaKTapblHJa, atan aiitkanaa Typkicran, XKericy, XKamObiin, Anmarts! sxoHe Kpi3buiopia
oOnpIcTapbIiHAa OapibIK cyapmaibl kepiepain 90%-maH acTambl IIOFBIpJIaHFaH. AJlalijla COHFBI
OHXXBUIJIBIKTAp/1a UPPUTALMSUIIBIK KYHEJIEpIiH TO3Ybl, TOINBIPAKTHIH TY3AaHYbl >KOHE Kep acTbl
CyJlapel JEHTCHIHIH KOTepulyl cajjapblHAaH OJIAPABIH METHOPALMUIBIK JKaFaaiibl Halmapiayjaa.
Cyapmarsl eriHIIUTIKTIH €H KeH TapajiraH aiiMarsl Colpaapus e3eHi 0acceiiHi 601bIn Ta0blIa Ibl, OHIA
ipi UpPUTALIUSIIBIK MAaCCUBTEP opHayackaH [1-3]:

- Makraapan maccuBi — mamameH 136 MbIH Ta,

- XKerticait maccuBi — 80 MBIH Ta acTam,

- Capsblaramn MaccuBi — mamMameH 60 MbIH Ta,

- llapnapa maccuBi — mamamen 50 MbIH Ta.
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