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CREATION OF A GEOPORTAL AND ITS ROLE
IN OPERATIONAL MONITORING OF THE NATURAL
AND MANMADE EMERGENCY CHARACTER IN THE TERRITORY
OF THE REPUBLIC OF KAZAKHSTAN

Abstract. This article discusses the space monitoring system, its composition and functional diagram of the
basic elements of the system and remote access services to the resources and results of the space monitoring system.
The composition of the information support of the system, its formats and sources, and the frequency of updates are
described. The basic structure of the geoportal, namely, the subsystem for collecting satellite and ground data, a
database, processing and expert interpretation, integration and dissemination of monitoring data, is briefly described.
The whole cycle of space monitoring work is described for each priority area, from obtaining raw data to uploading
emergency monitoring data to the geoportal in Kazakhstan, including operational data from space monitoring of
forest and steppe fires, GPS monitoring of intense movements of the earth's crust, space monitoring of floods, space
monitoring oil pollution of the Caspian Sea with the corresponding "screenshots™. The geoportal interface is
described.

Key words: Geoportal, space monitoring of emergency situations, remote sensing, GIS, geodynamics, fires,
floods, oil spills.

Introduction. With the development of space and information technology, emergency monitoring
using satellite data is gaining tremendous relevance. World experience shows that the main, and often the
only source of information on the basis of which decisions are made on measures to eliminate emergency
situations are space monitoring systems [1, 2]. And among them, the most popular is operational
monitoring of emergencies, such as fires, snow cover, floods, oil pollution and GPS monitoring of
movements of the earth's crust. Since the main emphasis is on efficiency, it is necessary to take into
account timely notification of not only the relevant authorities, but also ordinary citizens of our country. In
this regard, the urgent need to create a single geoportal that contains relevant information on all of the
above emergencies arises on its own. There are no analogues of a complete and comprehensive space
emergency monitoring system using the latest achievements of remote sensing and GIS, not only in
Kazakhstan, but throughout Central Asia.

Creation of a geoportal. At the moment, the geoportal has become the main source for transmitting
the results of space monitoring of emergency situations to all interested parties. To achieve this goal, first
of all, it is necessary for the geoportal to physically be able to work with large amounts of spatial data and
with a large number of users, as well as to develop a technology for updating spatial databases of the
geoportal that ensures optimal and timely, including operational, downloading of new data. Thus, having
studied the world experience [3, 4] in the technology of creating geoportals, it was decided to develop our
own product from scratch. This approach has several advantages: creating a product on the basis of
separate off-the-shelf software solutions, the licenses of which allow their use to create your own
software. The source code of such programs is available for viewing, studying and changing and allows
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you to fully control the system development process and get a product that fully meets the requirements; a
simpler opportunity to expand the system’s functionality on its own and significantly save time and
financial resources necessary for the development of the system by reducing the amount of work; users get
a system that fully meets their expectations.

Software components. The main component of the geoportal is a server application whose tasks
include receiving and processing all incoming user requests, as well as sending responses to these
requests. The server part also includes the industrial Database Management System (DBMS), the task of
which is to store user data and spatial information. In addition, to formulate a response to a spatial query, a
component complying with OGC specifications [5] is required.

Thus, the developed geoportal is based on the following software components:

- operating system - Linux Debian. Distinctive features of Debian are: Advanced Packaging Tool
(APT) package management system, strict package policy, repositories with a huge number of packages,
as well as high quality of released versions. [6];

- DBMS - PostgreSQL with PostGIS extension for working with geometric data types. PostgreSQL
was chosen for the following reasons: free; wide functionality for working with geometric objects [7, 8];
support by various geographic information systems (ArcGIS, QGIS, GeoServer); availability of open
access to extensive documentation;

- web server - Apache. The main advantages of Apache are reliability, configuration flexibility and
cross-platform (the ability to work on different operating systems) [9]. It allows you to connect external
modules to provide data, use a DBMS to authenticate users, modify error messages, etc. Apache HTTP
Server supports modularity;

- Python programming language. This actively developing programming language over time has
become virtually the standard language in the field of science and data processing [10].

- display of cartographic information on the client side - OpenLayers. An open source library written
in JavaScript designed to create maps based on a software interface (API) [11]. OpenLayers allows you to
very quickly and easily create a web-based interface for displaying cartographic materials presented in
various formats and located on different servers;

- processing of geospatial data - GDAL library GDAL - an open source library [12] for reading and
writing raster and vector geospatial data formats. The library provides calling applications with a single
abstract data model for all supported formats.

Figure 1 presents a diagram demonstrating the composition and structure of the software of the
developed system, its functional purpose and distribution across the servers.

Core software components Specialized software tools
Operating system . data loading developed a_s pért of the
Linux Debian File storage system project:
DMS PostgreSQL WEB server . database management systems
Igmass.kz website for remote sensing of the Earth
Apache2 web-server and the results of their
as well as ftp-server processing and analysis
Content Management System (|0Cﬁt€‘d on the data server):
(CMS) Wordpress program website,
GDAL representing a GIS portal
spatial data processing library
OpenLayers
mapping cartographic
information

OpenTileServer tile-server

GIS systems QGIS Desktop
and QGIS server

Figure 1 - Composition and structure of software system under development

Input data, processing and interpretation. Processing and interpretation of data is carried out both
manually in the data interpretation unit, and automatically in the image processing unit. The input data is
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tabular data and raster images in the file storage, the output is vectorized data in the database. The function
of the processing and interpretation level is to obtain emergency information from the source data, for
example:

- separation of vectorized information from raster satellite imagery - hotspots (thermal anomalies),
burned areas, flooded areas, oil spills;

- calculations according to GPS stations of displacement velocity vectors and their interpolation;

- processing and vectorization of hydrometeorological data necessary for modeling and forecasting
forest and steppe fires, floods, oil spills.

Database for monitoring fires and burned areas. In modern conditions, the most effective and
efficient solution to this problem is achieved using space monitoring systems. Satellites allow you to
detect fires ranging from fractions of a hectare to several tens of hectares, depending on the intensity of
combustion and the state of the atmosphere, which allows you to provide the most complete information
about the entire forest and steppe territory and significantly reduce the cost of the work compared with
aviation monitoring of fires.

During the day over ten (figure 2) remote sensing satellites fly over the territory of Kazakhstan. The
main satellites for the rapid detection of fires and building maps of burned areas are the TERRA and
AQUA satellites with MODIS (Moderate Resolution Imaging Spectroradiometer) spectrometers and
NOAA satellites with the AVHRR (Advanced Very High Resolution Radiometer) spectrometer. Based on
the data of these satellites, foci of fires and burned areas with a frequency of twice a day for 0.5-1 hours
from the receipt of satellite images are detected. When identifying hot spots, the vector of the fire sources
is cleaned from constant sources of high temperatures, associated mainly with industrial activities.

This meets the main monitoring requirement - efficiency. The whole process: downloading images,
processing and obtaining the necessary layers and uploading to the geoportal are fully automated.
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Figure 2 - The pattern of the passage of remote sensing satellites during the day over the
territory of Temirtau, Karaganda region

For a more detailed analysis of burned-out territories, images from satellites ofthe Landsat family and
Sentinel-2 are used every seven days. In case of high cloud cover, radar images from the Sentinel-1
satellite are used. Also, during the fire hazard season, the following tasks are performed:

- maps ofthe dynamics ofthe hot spots and the dynamics of the areas affected by the fires are built;

- zoning ofthe territory according to the risk of fire;

- if necessary, modeling and assessment of the risk of fire hazard is carried out taking into account the
characteristics of the terrain (vegetation, soil moisture, incline, wind, slope aspect, distance to the route,
settlement and fire hydrant) and weather data. These processes are done manually. Figure 3 and 4 show
the hot spots and burned areas, respectively, in the form of screenshots by displaying the igmass.kz site
(geoportal).

Received daily maps with fire sources form a time series, the analysis of which allows you to get a
variety of characteristics of the dynamics of the situation with fires, including cartographic, tabular and
chart forms.

Flood monitoring database. Space monitoring of the passage of flood waters (figure 5) and the
disappearance of snow cover, as necessary, can be carried out at three levels [13]. At the first level, daily
analysis is carried out using MODIS low-resolution satellite data (spatial resolution 250 m). As an
auxiliary, night shots of NOAA AVHRR and MODIS in the infrared range are used. Their use is due to
the fact that for some regions there is less cloud cover at night compared with the daytime period. Despite
the low resolution, the value of MODIS data is that the survey is conducted daily.
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Figure 3 - Screenshot of the igmass.kz site display and the open hotspot page
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Figure 4 - Screenshot of the igmass.kz site display and the open burned area monitoring page

Figure 5 - A sample of the operational output of space monitoring of the passage of flood waters

At the second level, as they are received (the survey is performed every 7-10 days), medium-
resolution data (spatial resolution 15-70 m), for example, Landsat data, as well as radar data, in particular
images ofthe European Sentinel 1 satellite, are involved. A feature of radar data is that it is not affected by
cloudiness or the time of day. They allow you to see the area covered by clouds, which is important for
spring conditions, when often the entire territory of the region is covered with dense clouds.

At the third level, if it is necessary to analyze the situation in especially critical cases, optical and
radar remote sensing arrays of high and ultrahigh resolutions are used.

Using the data from the MODIS sensor, space-time monitoring of snow and ice cover melting is
performed twice a day (snow cover with highlighting snow melting zones), once a day mapping of flood
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zones (with additional use of data from Landsat, Sentinel-1-2 satellites) 0.5-1 hours after receiving the
space image.

Mapping of total flood zones is carried out once a decade. And zoning of territories according to the
degree of risk of flooding using hydrometeorological information for the last 5 years and archival data
from Landsat, Sentinel-2 satellites - once a season.

Also, modeling and forecasting the development of large floods would be done as necessary during
the period of flooding. For this, relevant hydrometeorological and cartographic information, DEM with a
resolution of 10 m, and maps of the dynamics of the water surface of reservoirs are used.

Oil spill monitoring database. Currently, the issue of pollution of the Caspian Sea, which is saturated
with oil industry facilities, is highly relevant. Of great importance for Kazakhstan is the control of such
objects and phenomena that pose a potential and real threat of natural and man-made emergencies, such as
accidental oil spills that entail significant damage to the environment [14].

Oil spills are monitored using data from the Sentinel-1A, B satellites, European Earth remote sensing
satellites, which are part of the space group of satellites for the Copernicus Global Environmental and
Safety Monitoring. Sentinel-1 products are available in real time, free of charge for all data users,
including the general public, scientific and commercial users. Shooting is performed in the C-band
(wavelength 6 cm) in one polarization (HH or VV) and double polarization (HH + HV or VH + VV). To
verify the results obtained, optical images of the satellites ofthe Landsat and Sentinel-2 family are used.

In the period from March 1to December 31, after processing the data of the aforementioned satellites,
we get a map of oil pollution of the Caspian Sea, taking into account the temperature data of the water
surface, speed and direction of the driving wind, maps - schemes of the main sources of oil pollution in
the sea, in particular: ship routes , as well as the epicenter of earthquakes 1time in 3 days for 0.5-1 hours
from the moment the data are received. The attributive information contains data on time, satellite, area,
perimeter, and most importantly, on the coordinates of pollution (figure 6); maps of the dynamics of
changes in the total area of oil pollution over the week and month; maps ofthe intensity of oil pollution of
the Caspian Sea per month, per decade, per year.

MoOHUTOPUHT MoOHUTOPUHT MOHUTOPUHT MOHUTOPUHT
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Figure 6 - An example of obtaining attribute information

Using data processing from the MODIS sensor and the Landsat satellite, we obtain maps of the ice
conditions ofthe Caspian Sea for a decade.

As necessary and / or in case of major accidents associated with an oil spill, modeling of the
movement of oil pollution using temperature data of the water surface, speed and direction of the driving
wind is carried out.

Database ofmonitoring ofgeodynamic displacements. To calculate the geodynamic displacements of
the surface, data from a high-precision satellite navigation network (SVSK RK) from 112 GPS stations,
commissioned in 2016 by JSC “NC*“ Kazakhstan Karysh Sapary ”JSC, Leica Geosystem Kazakhstan JSC,
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and TRIMBLE GEOTRONICS LLP, are used. Data collection, transmission and archiving is carried out
via GSM communication channels on the servers of service organizations.

The input information is presented in the form of text files and includes the following data: GPS
station hardware characteristics, digital elevation model (in meters), Moho sole digital model (km),
tectonic faults (vectors), digital heat flow model, surface velocity components (mm / year) in the
directions SN, WE, Up and the module of horizontal speed. Schematic maps of the distribution of the
velocities of the earth’s surface and the parameters of the stress-strain state of the earth’s crust of the
seismically active region (Almaty test site) have been compiled.

After processing data from 49 permanent GPS stations in Kazakhstan, including 19 TRIMBLE
stations (Geotronics LLP), 20 LEICA stations (LEICA Kazakhstan JSC), 10 stations in the Almaty
seismic test site (DTOO lonosphere Institute and Institute Seismology of the Ministry of Education and
Science ofthe Republic of Kazakhstan) once a quarter, a map ofthe displacement velocity of GPS stations
of the territory of Kazakhstan is calculated (figure 7) (vector, velocity field).

50 55 60 65 70 75 80 85

Figure 7- Vectors of horizontal speeds of GPS stations

Twice a year, the geomechanical state of the earth's crust of earthquake-prone areas of Kazakhstan is
assessed using satellite monitoring of modern earth surface movements using the following data: seismic
data; digital elevation model; digital sole model (Moho); tectonic faults; component of the speed of the
earth's surface West-East (meters per year); component of the surface speed of the earth South-North
(meters per year); vertical component of speed (meters per year); absolute value of speed (meters per
year); parameters ofthe stress and strain field ofthe earth's crust.

In addition, data such as:

- administrative boundaries; - settlements; - data on emergency facilities (fire brigades, hospitals,
emergency collection points, etc.); - data on hydrology (rivers, lakes, hydro-network); - sea routes and
bathymetry ofthe Caspian Sea; - data on GPS stations of geodynamic monitoring. Thus, under the control
of the database management system there are 4 databases for each of the topics, and a database of
auxiliary layers:

- firedb - database for monitoring fires and burned out areas;

- geodinamic - database of monitoring of geodynamic displacements;

- oilspills - oil spill monitoring database;

- water - database for flood and flood monitoring;

- auxiliarylayers - a database of auxiliary layers.

Results and its discussions. An emergency space monitoring database management system has been
developed. A geospatial database of operational emergency monitoring on the territory of Kazakhstan has
been created, including operational data for space monitoring of forest and steppe fires, GPS monitoring
of intense movements of the earth's crust, space monitoring of floods and floods, space monitoring of oil
pollution of the Caspian Sea. An experimental sample of a web-GIS portal (geoportal) for space
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monitoring of emergency situations in the Republic of Kazakhstan has been developed and is undergoing
testing.

Further briefly on the main results of each area:

- Geodynamic GPS monitoring of intensive movements of the earth's crust is aimed primarily at
solving the following problems: primary processing of satellite information data, special post-processing
for operational and short-term forecast of earthquakes and seismic-related processes (landslides,
landslides, mudflows) and transmission of monitoring data to control centers in crisis situations.

In the course of solving these problems with the use of new GPS monitoring stations, a new result
was obtained for the first time that has predictive value. Based on the results of processing the velocity
field, a local anomaly ofthe displacement velocity to the south of Almaty was identified. No anomaly was
previously observed.

Calculations of the crust strength criterion (Coulomb-Mohr) (figure 8) showed the formation of the
region of possible destruction of the rock mass due to the achievement of shear (shear) stress of the
ultimate tensile strength ofthe soil.

For stations of the Almaty seismic test site, the errors in determining the velocities are slightly higher
than the world ones and amountto + 0.3 mm / year in plan and £ 1.3 mm / year in the vertical direction.
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Figure 8 - Strength criterion ofthe Earth's crust ofthe Northern Tien Shan according to
GPS observations until 2018 (left) and as of July 2019 (right)

- Based on the results of space monitoring of oil spills, a preliminary database of foci of oil pollution
in the Kazakhstan part of the Caspian Sea was created using data from radar and optical surveys. The
preliminary database contains 1304 scenes received by the SAR Sentinel-1A satellite, as well as 50 and
20 scenes received by the optical Sentinel-2A and LANDSAT-8 satellites, respectively.

Mapping of the main sources of oil pollution in the sea was carried out, in particular: ship routes,
wells, oil islands, oil pipeline, oil and gas structures, as well as earthquake epicenters, which consequently
affect the eruption of mud volcanoes located on the bottom ofthe Caspian Sea.

According to the results of monitoring of oil spills on the sea surface from April 1, 2018 to July 31,
2019, the total area of detected oil spills in the Kazakhstani part ofthe Caspian Sea reached 60.4 km2.

- Methods for monitoring forest and steppe fires and burned out areas have been developed.
Preliminary results have been obtained from monitoring active fires and assessing the areas affected by
fires according to MODIS data covering the territory of Kazakhstan. According to the results of space
monitoring, the database of fire centers and areas affected by fires is continuously being filled. The
content, structure and type of an online report on the results of monitoring of fires and burned out areas
have been developed for presentation in the form of separate graphs and charts for a selected period of
time in the geoportal itself.

Emergency committee facilities have been prepared and digitized, such as fire brigades, fire hydrants,
emergency rescue services, hospitals, airspace, operational rescue squad, collection points and fire trains
to assess the real danger of fires for settlements and prompt decision-making.

- The data of space flood monitoring were generated for 16 regions of Kazakhstan. The composition
of the data includes: two-year series of data from space-based monitoring of floods of various temporal
averaging (daily, ten-day and seasonal);
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The current state of the geoportal and its unique features:

The current state of the hardware and software implementation and the pilot version of the Geoportal
are available at http://igmass.kz/. The geoportal allows solving two main problems - timely electronic
exchange of spatial data between interested organizations and companies of different profiles, as well as
providing mass access to cartographic emergency monitoring products based on modern information and
communication technologies.

In addition, one of the unique capabilities of the system is not only the receipt of the above
information, but also the provision of various tools to users to conduct their own analysis and generate
reports by constructing graphs and charts based on monitoring results (figure 9).

These tools allow, in particular:

- analyze various spatial information;

- generate specialized reports, including their analysis, refinement and reliability control;

- provide various graphical representations of information to ensure the convenience of its analysis;

- carry out processing and analysis of satellite information (including for assessing areas covered by
fire using satellite data of various spatial resolutions);

- provide the ability to analyze historical information, including making convenient comparisons
with operational information.

Thus, the system provides users with the opportunity to obtain a sufficiently large amount of
information ofa high level of processing and means for its analysis.

Figure 9 - An example of displaying a web portal for generating a report of fire outbreaks

When analyzing the dynamics ofthe situation for any particular time period, the user downloads all or
selectively available information for a certain period. Such an analysis may be accompanied by
appropriate tabular and other information characterizing the development of the situation for the selected
period. The analytical unit also generates overview information for decades, months and years, which is
available to users. Similarly, work is carried out with cartographic and analytical information when
analyzing the development of the situation over a long period.

Conclusion. The created geoportal of geospatial data for operational monitoring of emergencies in
Kazakhstan, including operational data for space monitoring of forest and steppe fires, GPS monitoring of
intense movements ofthe earth's crust, space monitoring of floods, space monitoring of oil pollution of the
Caspian Sea and operational coverage of these data on the geoportal with the possibility access from
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anywhere in the world will allow you to timely respond and reduce critical damage in human life, flora,
fauna and even completely prevented.

These works are carried out with financial support by the CS MES RK, in the framework of the
scientific and technical program 0.0782 “Development of a multi-purpose aerospace forecast monitoring
system (MAKSM), as well as the creation on its basis of services for the comprehensive presentation of
emergency and natural-generated emergency information in conjunction with semantic and geospatial
data”.

K. L. XKaHTaes, C. M. HypakbiHoB, C.B. MaBpyK,
B.A.Nckakos, H.K. CbigbLy, A. A. MepekeeB

MoHochepa MHCTUTYTLI, « YF3TO0» A7, AnMaTbl, ~a3akcTaH;

FEOMOPATAI/T LI¥PY XX3HE OHbIH, LIP AYMAIbIHOA TABUTU
XXOHE TEXHOIMEHA1K CUNMATTAIbI TXXK XXEAE/T MOHUTOPUHIMIHAE POJ11

AHHOTaUuMA. FapbIlWTbIK X3HE aKnapaTTblK TeXHoMorusanapabily, AaMybiMeH CNYTHUKTXK fepekTtepauwy, KelMeriVeH
TeTeHLUe >kargaliinap MOHUTOPUHI! Y/KeH e3eKTislikke ve. 0nemaik Taxipube HerisiHae TXK X0 >KeHiHZeri Lwapaiap
Typanbl wewiMaep KabbligaHaTbIH Herisri, an Kebliece anrbi3 annapaT Kedi rapbiTbik MOHUTOPUHT XY/ eci 6obin
TabblnaTbIHbIH KyanaHabipagbl. TXX pexuMmiHge >xefenfikke 6acTbl Kell 6eniHreHAiKTeH, TeK TWIiCTi opraHaapibl raHa
eMecC, COHbIMEH KaTap enimisfl KapanaiibiM TyprblHAapbIH Ja Aep KesiHAe xabapaap eTy kakeT. OKiHiluKe opail, K~ pn
yakbITTa GipHelle GarbIT 60libIHILA AepekTep 6ap GipbLuFaii Xyiie oK. OcbiraH 6ainaHbICTbI, aca eTKip TypraH Taburu
X3He TexHOreHAiK anarrap 6oiblHLIA e3eKTi aknapaTTbl KaMTUTbIH GipblyFaii reonoptas Kypyfgpbll, aca KaXkeTTTn
esgiriHeH naviga 6onagpl. XK'3 meH MAXK xaua >keTacTKTepll nNadifanaHa OTbIpbIn, KypbliraH TeTeHLUe >Xargainap
rapbILLTbIK MOHUTOPUHIMHLL, TyTac X3He Ten 6eRiHgi »xNecw ” 6anamackl KNasakcTaHga raHa emec, 6y m OpTa Asnsga
18 XOK.

Byn Makanaga rapbilll MOHUTOPUHI! >KYVeCi, OMbIL, KypaMbl K3HE Fapbilll MOHUTOPUHI XyiiecimL, pecypcTapbl MeH
KYMbIC HITUXKeNepLUe KalLbIKTbIKTaH KOS »eTKisy xYWeci MeH cepBUCTepiHiL, 6a3asibIK 3feMeHTTepiHiL, (hyHKLMOHaIbIK
cynbacbl KapacTbipblUiagbl. ABTopnap OGC creundmrKauuacbiHa CaKec KeseTiH Herisri 6argapnamanibik KOMIOHEHTTepre
XannbliaHraH cunattama 6epedi: Onepauvsnbik XYV, f[epekTep KopbiH 6ackapy YWVeci (OKp>K), Be6-cepsep,
bargapnamanay TT, GDAL KrranxaHacbl, KapTorpausiblk maTepvangapfbl KepceTyre apHairaH web-uHTepdeiic.
CoHpiait-aK, MbIHasap cunaTTanagbl: CIYTHUKTIK [epeKTepadi »uHayabll Kili »YVeci; eugey »aHe WHTepnipeTaumsaay
KO/IMeH >KY3ere acblpblnaTbiH AePeKTepai MHTepnpeTaumsanay 6/10rbl XaHe 6ap/birbl aBTOMaTTaHAbIPbUIraH CypeTTepai
eugey 6rorbl; XYVleHi aknapaTTblK KamMTamachis eTy Kypambl, OHbIL, (hopMaTTapbl MeH Kesdepi, auapTy kuifiri,
MOHUTOPVHT [epeKTepLL UHTerpauusnay »aHe Tapary.

LLnto fepekTepai anygaH 6actan TeTeHLle XKarfainnapgpll GipHelwle TYprepi 6oliblHILA fepeKTepai reropranra
XYKTereHre feliiH rapbilUTbIK MOHUTOPUHT XXYMbICTapbIHbIL, 6ap/blK UMK cunaTtTanagel. backiv 6arbIT peTwige TepT
6arbIT Taujan abiHibl: OPMaH >X3He fasia epTTepiHil, >Kefen rapbllUTbiK MOHUTOPUHI; XeP KbIPTbICbIHbIL, KapKbIHAbI
Ko3ra/bICTapbIHbIL, GPS MOHUTOPUHTI; Kap »XaMblUIrbICbIHbIL, CY TaCKbIHbI MeH Cy 6acy KayLUHLL, rapbIlUTbIK MOHUTOPWHTI;
Kacnwuii Tew,isi akBaTopuACbIHbIL, MyHali eHiMAepiMeH NacTaHybIHbIL, FapbILLTbIK MOHUTOPUHT!

OpMaH »>k3He [Jana epTTepiHil, MOHWUTOPWHII YW Herisri MiHAeTTeH Typagbl. bBipiHWwi, TemnepaTypaibIkK
aHoMaMaNapabIL, Xkefen MOHUTOPUHI! Byn pacim TayniriHe eki peT, )K/3 gepeKTepiH anraHHaH KeldiH 0,5-1 carart iwiHge
opbliHAanagbl. EKiHWI, epTeHreH ayfaHfapabll, KapTanapblH Kypy - O>Keflel pexumae TeMeH Lwewimai K3
M3fniMeTTepiHEH TayNiriHe eki peT, erkel-TelkeWni Typfe, opTawia LWewwimai ManiMeTTepaeH >keTi ~H  calibH
opbIHAanagbl. YLWiHLWIAEH, XeprifikTi >epaw, N MAX XaMblrbICbl, TOMbIPaK bUIrangbiibirbl, Te6eYMK, e, 6eTKei
JKCMO3NLMACKI, Tpaccara, effii MeKeHre >k3He epT ruipaHTblHa [JELUHIT KalbIKTbIK) X3He MeTeoflepeKTepAi eckepe
OTbIpbIN ePT KayinTifliK T3yeKesniH MoAeNbiey XaHe Garasay.

TacKbIH CYAbIL, €TYiHe X3He Kap XaMblIrbICbIHbIL, TYCYiHE rapbIlUTbIK MOHUTOPUHT YLU Aeurelige >XYPrisislyi MyMKiH.
BipiHWi feureige TayniriHe eki peT TemeH LUeWimMAi CNYTHUKTIK fepeKTep OOMbIHLIA Kap >X3He MY3 >KaMblIrbIChIHbIL,
XbUDKybIHA Tangay >Xyprisinegi. EkiHwi geureiife cy 6acy aliMakTapblH KapTasay YLUiH opTawa LiewimMai AepeKkTep
TapTbliadbl. YWiHLWI Jeureife, xargaigpl Tangay KakeT 607raH kargainga, aca KviblH Karfannapfa dorapbl daHe aca
Xorapbl LewimMii ONTUKaNbIK X3He pagapnbik K3 fepekTepi navifanaHbinagbl. CoHpali-ak, cy 6acy KesellHAe
KaXKeTTi/iriHe Kapai ipi cy TaCKbIHAAPbIHbIL, JaMybIH MOAEe/NbAeY X3He 60/mKay >xacanagb!.

MyHall nactaHyblIHbIL, FapbIlUTbIK MOHUTOPUHT 01 HaypbI3-31 >enTokcaH apanbirbiHia XYprisinedi. CnyTHUKTIK
[lepeKTepai eufereHHeH KewH 6i3 - cy 06eTiHiL TemnepaTypasiblK [epeKTepLl ecKepe OTbIpbin, Kacnuid Teuisi
aKBaToOPUACBIHbIL, MyHaliMeH facTaHy KapTacblH, Ccy O6eTwgen >kKengiy >kbligaMibirbl MeH 6arbiTbiH, Tewi3
aKBaToOpPUACbIHAArbl MyHaliMeH nacTaHypbll, HEeM3M Ke3depiHil, KapTa -Cbi36acbiH, atan aliTKaHaa: KeMenep TpaccaiapbiH,
COHAa-aK Xep CLUKLLUCLLLL, 3MULEHTP/IEPIH fepeKTepai anraH caTTeH 6actan 0.5-1 carar wwae 3 TaynwTe 1 peT anambis.

JKep 6eTLill, reofMHaMUKa/IbIK XbUDKYbIH ecenTey YLiH A31ALLL >Korapbl CrYTHUKTIK HaBuraums eniciHiy,
[epeKTepi nanganaHbinagbl. KasakctaH aymarbiHga 49 nepmaHeHT GPS CTaHUMACBIHbIL, fAepeKTepiH eujereHHeH KeLlH,
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OHbL, W ge - 19 TRIMBLE ctaHuuscel, 20 LEICA cTaHumsicbl, AfiMaTbl CEACMOMONMUIOHbIHbLL, ayMarbiHaa 10 craHums
TOKCaHblHa 6ip peT KasakcTaH aymarbiHfarbl GPS CTaHUMANapbIHbIL, bIrbICY XbINgaMabIrbIHbIL, KapTacbl (BeKTop,
Xbingamgblk epici) ecenteniHegi. XKblibiHa eto peT KasakCcTaHHbIL, CeMCMUMKa/bIK KayLT ayMarbiHbIL, Xep KbIPTbIChbIHbIL,
reoMexaHviKasibIK >xali-N LU He MblHafal AepeKTepAi navijanaHa oTbIpbin, Xep 6eTLULL, Kasipri 3aMaHrbl KO3rasibICTapbIHbILY
CNYTHUKTXX MOHWTOPWUHILULL AepekTepi 6oWbIHIWA Garanay >XYprisifegi: CeMcMMKa/bIK [epeKTep; penbedTly, CaHabIK
mogesny, TabaHHbIL, caHAblK Mogeni (Mox0); TeKTOHMKa/IbIK CbiHbIKTap; Batbic-LUbIrbic >kep 6eTi >KbligamabIrbiHbIL,
KOMMOHEHTI  (KblIbiHA  MeTp); OWYCTIK-ConTYCTIK >kep 6eT O KbUiAaMibIrbIHbIL, KOMMOHEHTI  (KblIbiHA METP);
XKbINAamabIKTbIL, TiK KOMMOHEHTI (KblUiblHa METP); XbUIAaMAbIKTbIL, abcoMoTTiK LWamacbl (KblUiblHA METP); XXep
KbIPTbICbIHbIL, KEPHEYi X3He fehopMaLmschI.

ByaaH 6acka, YWeHil, Gipereii MymioHapxTepLULL, 6ipi )orapbifa aTanraH aknapaTThbl aly raHa eMec, COHbIMEH Katap
naiganaHyLubliapra MOHUTOPVHE HaTWXeNepi 6olibiHWa paduKkTep MeH Anarpammvanapibl Kypy apKbUibl XKeKe Tanjay
XYPrisyre X3sHe ecenTepii KanbINTacTbipyra MyMoOHIK 6epeTiH TYpni Kypangapabl yCbiHy 60/bIN Tabbliabl.

TywH cB3gep: [leomoptan, TXX rapbiwutaH 6akbinay, XXKB, TAX, reoguHamuka, epT, Cy TacKblIHbl, MyHaii
Tennynep”

K. L. XKaHTaes, C. M. HypakbiHoB, C.B. M'aBpykK, B.A. ickakos, H.K. CbigbiK, A.A. MepeKees
NHcTUTYT noHocdepbl AO «HLUKWT», Anmatbl, KasaxctaH;

CO3OAHNME FEOCTMNOPTANA N EO POJIb B ONMEPATUBHOM MOHUTOPUHIE 4C
MPNPOAHOIO N TEXHOIMEHHOIO XAPAKTEPA HA TEPPUTOPUI PK

AHHoTaums. C pasBUTMEM KOCMUYECKMX M MH(POPMALMOHHBIX TEXHOMOT M MOHUTOPUHT Ype3BblyaliHbIX CUTyauuii ¢
MOMOLLIbIO CMYTHMKOBbIX AaHHbLIX HAOUPAeT OrPOMHYI0 aKTyasibHOCTb. MMPOBOW OMNbIT CBMAETENILCTBYET, YTO OCHOBHbIM, a
3a4aCTyl0 MU eAVHCTBEHHbIM WMCTOYHWKOM WHKOPMAaLWK, Ha OCHOBE KOTOPOW MPUMHMMAIOTCA PeLleHus 0 Mepax Mo
nukBMgaumn YUC, SBNAOTCA CUCTEMbI KOCMUYECKOTO MOHUTOPUHIa. W Tak Kak B pexxmme YC 0CHOBHO yrop fenaeTcs Ha
OMnepaTuUBHOCTb, HEO6XOAUMO YUUTbIBATH W CBOEBPEMEHHOE OMOBELLEHME He TO/IbKO COOTBETCTBYHOLLMX OPraHoB, HO U
MPOCTbIX XXWTeneli Hallei cTpaHbl. Ho, K COXXaneHnto, Ha AaHHbI MOMEHT He CYLLeCTBYeT eAUHOM CUCTEMbI C AaHHbLIMMW M0
HECKO/IbKMM HanpaBneHnsiM. B cBA3M € 3TuMM, KpaliHss Heo6X04MMOCTb CO34aHUsi eAMHOro reonopTana, KoTopblii
cofiep>as 6bl aKTyasibHyl0 MHoOpMaLMIo No psgy Haubosiee 0CTPO CTOALLMM MPUPOAHBIM U TEXHOTEHHbIM KaTacTpotam
3apoXKaaeTca camo Mo cebe. AHa/IOrOB CO34aHHON LieNIbHOW 1 MHOTOMPOQUIBHON CUCTEMbI KOCMMYECKOr0 MOHWUTOPUHIA
ypesBbIYaHbIX CUTyauuiA C UCMOMb30BaHEM HOBEMLUMX JOCTWKeHUA 33 n MNC HeT He To/bko B KasaxcTaHe, HO v BO
Bceli CpegHeii Asun.

B fgaHHOI cTaTbe paccMaTpuBaeTCs CUCTEMa KOCMUYECKOrO0 MOHUTOPWUHIE, ero COCTaB U (PYHKUMOHa/IbHAsA Cxema
6a30BbIX 3/IEMEHTOB CUCTEMbl U CEPBUCOB Y[ANIEHHOro [oCTyna K pecypcaMm U pe3ynbTaTtam paboTbl CUCTEMbI
KOCMWYECKOr0 MOHUTOPUHra. ABTOPbI [al0T 06006LLEHHYIO XapaKTePUCTUKY OCHOBHbLIM MPOrpaMMHbIM KOMIMOHEHTam
noaxoAaLmmM cneumdmkaumam OGC: onepaumoHHas cucTemMa, cuctemMa yrnpasneHns 6asamm faHHbIX (CYB/), Be6-cepsep,
A3bIK MporpammupoBaHns, 6ubnuoteka GDAL, web-uHTepdeiic fns 0TobpakeHUs KapTorpaduyeckux MaTepuasios.
Taloke OnMcbIBatOTCA: MnofcmcTema cbopa CNyTHUKOBBLIX fAaHHbIX; 670K UHTepNpeTauuin faHHbIX, FAe OCYLLeCTBASeTCA
obpaboTka W WHTepnpeTaumss BPYYHYt0 W 610K 06paboTKM CHUMKOB, rfJe BCe aBTOMATU3MPOBAHO; COCTaB
MH(OPMaLMOHHOIO obecriedeHUs CUCTeMbl, €ero dopmatbl M WCTOYHWKKW, YacToTa OOHOB/IEHWS, WHTErpauvs u
pacnpocTpaHeHVs faHHbIX MOHUTOPUHTA.

OnvcbIBaeTCA BeCb UMK/ PaboT KOCMWUYECKOr0 MOHWTOPUHIA OT MOMYYEHWUS CbIpbIX faHHbIX [0 3arpysky Ha
reornopTan AaHHbIX MO HECKO/IbKUM BUAaM Ype3BblyaiiHbIX cuTyaumii. B KayecTBe NPMOPUTETHBLIX 6bLI0 BbIOPAHO YeTbipe
HanpaB/ieHNs: OnepaTUBHbIA KOCMUYECKWNIA MOHUTOPUHT fIECHBIX W CTEMHbIX NoXapoB; GPS MOHUTOPUHI WHTEHCMBHbIX
NoABVMXEK 3eMHOW KOpbl; KOCMWYECKWUIA MOHWTOPWHI CHEXHOrO MOKPOBA, HABOAHEHWI W MaBOAKOB; KOCMUYECKMIA
MOHMWTOPVHT 3arpsi3HeHns HedpTenpogyKTamm akBaTopum Kacnuiickoro Mopsi.

MOHUTOPUHF NlECHBbIX W CTEMHbIX NOXAPOB COCTOMT U3 TPeX OCHOBHbIX 3afgady. IMepBoe, onepaTVBHbIA MOHUTOPUHT
TemnepaTypHbIX aHOMa/mii. 3TO NMpoLeaypa BbINOJHSAETCS ABa pasa B CyTKM 3a 0,5-1 yaca nocse nony4veHns gaHHbIx [33.
BTopoe, NOCTPOEHWE KapT BbIrOPEBLUMX NJIOLLaAeN - B ONepaTMBHOM PEXMMe BbINOIHAETCS fBa pasa B CyTKU M3 JaHHbIX
[33 Hu3Koro paspelLeHus, B AeTa/lbHOM pa3 B CEMb AHEN W3 fJaHHbIX CPefHero paspelleHns. TpeTbe, MOLEe/IMPOBaHUE 1
OLEHKM pUCKa MOXAapoonacHOCTU C YYeTOM XapaKTepuCTMK MECTHOCTWU (pacTuTeNlbHblii MOKPOB, B/&XKHOCTb MOYBbI,
HaK/OHHOCTb, BETEP, 3KCMO3MUMA CKIOHA, AUCTaHUMS [0 Tpaccbl, HacefleHHOro MyHKTa W MOXapHOro ruapaHTa) v
MeTeofaHHbIX.

KocMU4yecKkunii MOHUTOPUHT NPOXOXAEHNA MaBOAKOBbIX BOJ U CX0fa CHEXHOMO MOKPOBA MOXET MPOBOAUTLCS B TpY
YPOBHSA. Ha nepBoM ypoBHe /iBa pasa B CyTKW NPOBOAUTCA aHa/IN3 CXOfa CHEXHOIO U NIefisiHOro MOKPoBa Mo CryTHUKOBbIM
[aHHbIM HM3KOro paspeLleHns. Ha BTOPOM YPOBHE MPUB/EKAIOTCA [aHHbIe CPEfHEro paspeLLeHus A1s KapTUPoBaHWA 30H
3aTonsieHns. Ha TpeTbem ypoBHe Mnpy HEOOXOAUMOCTU aHaM3a CUTyaummn B 0C060 KPUTUYECKUX CrlyyasiX UCMOMb3yroTcs
onTUYecKMe 1 pagapHble A3 BbICOKOTO WM CBEPXBbLICOKOrO paspelleHus. Takke, B Mepuoj 3aTonseHus rno mepe
Heo6X0AMMOCTM fieNlaeTCA MOLENMPOBAHNE 1 MPOTrHO3 PasBUTUA KPYMHbIX HABOAHEHWIA.
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KocMUYeCKUA MOHWTOPUHT He(TAHbIX 3arpsasHeHWin nposoautcst B nepuog 01 maprta no 31 gekabps. [Mocne
06paboTKN CrYTHMKOBBIX AaHHbLIX NOyyYaem - KapTy He(TAHOro 3arpsisHeHWs akBaTopvii Kacrmminckoro Mopsi ¢ yyeTom
TemnepaTypHbIX JaHHbIX BOAHOM MOBEPXHOCTM, CKOPOCTU M Hampas/ieHne MPUBOLHOIO BETPa, KapTbl - CXEMbl OCHOBHbIX
MCTOYHNKOB HEPTAHOrO 3arpssHeHNs B aKBATOPMW MOPS, B YaCTHOCTU: TPACC Cyf0B, a TaKkKe AMULEHTPbI 3eM/IETPACEHUIA
1pa3 B 3 cyTkM 3a 0.5-1 yaca c MOMeHTa NONYYEHNSA JaHHbIX.

[ns pacueta reogyHaMMYeCKMX CMeELLEHNIA NOBEPXHOCTM MUCMOMb3YIOTCA JaHHble CETU BbICOKOTOYHOW CMYTHUKOBOW
HaBurauun. Mocne 06paboTKM AaHHbIX 49 nepMaHeHTHbIX GPS cTtaHuuii Ha TeppuTopuM KasaxctaHa, B TOM uwucie -
19 ctaHumii TRIMBLE, 20 ctaHumii LEICA, 10 cTaHuwmii Ha TeppuTopyun AIMaTUHCKOIO CEACMOMO/IMIOHa OAVH pas B
KBapTa/1 BbICUMTLIBAETCA KapTa CKOpPOCTM CMelleHnint GPS cTaHumin TeppuTopun KasaxcTaHa (BeKTOp, Mofe CKOPOCTEN).
[Ba pasa B rog MpOBOAUTCH OLEHKA FeOMEXaHU4eCKOro COCTOSIHWMS 3eMHO KOpbl CeiCMOOMacHbIX TeppuTopun
KasaxcTaHa Mo AaHHbIM CMYTHUKOBOIO MOHUTOPMHIA COBPEMEHHbIX ABVXEHWI 3eMHOW NMOBEPXHOCTU C WUCMOMb30BaHVEM
CMefyloWMX [JaHHbIX: CeMCMMYeCKMe JaHHble; LMdpoBas Mofenb penbedia; umpoBas Mofenb Mofowsbl (Moxo);
TEKTOHWYECKME pPa3/ioMbl; KOMMOHEHTa CKOPOCTWM MOBEPXHOCTM 3emsn 3anaf-BocTok (MeTpbl B rof); KOMIMOHeHTa
CKOpoCTU noBepxHoCcTK 3emnn HOr-Cesep (MeTpbl B TOA); BePTUKa/lbHAs KOMMOHEHTA CKOpocTU (MeTpbl B rog);
abconoTHas BeMYMHA CKOPOCTM (METPbI B rof); NapameTpbl Mo HaNpPspKeHW 1 AedopMaLimii 3eMHOR KOpbl.

Kpome TOro, 0fHOM M3 YHUKa/IbHbIX BO3MOXHOCTEN CUCTEMbI ABMSETCA He TOMIbKO MOyYeHMe Nepeync/ieHHON Bbille
MHopMaLmMK, HO 1 MpeAocTaB/ieHre Nob30BaTeNIAM Pas/IMyHbIX MHCTPYMEHTOB, MO3BOMSAIOWMX NPOBOAUTL COBCTBEHHbIN
aHanm3 1 PopmMmMpoBaTh OTHETbI C MOMOLLbHO MOCTPOEHUS PatimKoB 1 AuarpamMm Mo pesynbTaraM MOHUTOPUHTa.

KntoueBble cnoBa: [eonopTan, KOCMUYeCKuiA MoHUTOpUHT YUC, 33, T'MC, reoguHammnka, noxkapbl, HaBOAHEHME,
HedhTepasnBbL.
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