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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.
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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 of the 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 of the dynamics of the hot spots and the dynamics of the areas affected by the fires are built;

- zoning of the 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
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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 of the 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 of the Landsat and Sentinel-2 family are used.

In the period from March 1 to 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 1 time 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 of the intensity of oil pollution of
the Caspian Sea per month, per decade, per year.

MoHHUTOpPHHI MoHMTOPHHI MoHWTOPHHT MoHWUTOpUHF
O npoekre noxapoe reoUHaMHYeCcKHX CMeleHnin HeTAHBLIX paznUEoE HABOAHEHWRA

Nara: 2019-06-07T00:00:00

CnytHuk: Sentinel - 1

Mnowaaek: 6.26 km?

Mepumerp: 182.45 km
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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 of the 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 of monitoring of geodynamic 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 Ionosphere Institute and Institute Seismology of the Ministry of Education and
Science of the Republic of Kazakhstan) once a quarter, a map of the displacement velocity of GPS stations
of the territory of Kazakhstan is calculated (figure 7) (vector, velocity field).
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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 of the stress and strain field of the 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 of the 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 of the 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 of the soil.

For stations of the Almaty seismic test site, the errors in determining the velocities are slightly higher
than the world ones and amount to = 0.3 mm / year in plan and + 1.3 mm / year in the vertical direction.

77 78

Figure 8 - Strength criterion of the Earth's crust of the 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 of the 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 of the 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);

— 197 ——



News of the National Academy of sciences of the Republic of Kazakhstan

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 of a high level of processing and means for its analysis.
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Figure 9 - An example of displaying a web portal for generating a report of fire outbreaks

When analyzing the dynamics of the 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 of the 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. III. XKanraes, C. M. Hypaksbinos, C.B. I'aBpyk,
Bb.A.UckakoB, H.K. CpiabIK, A. A. MepekeeB

Honocdepa uncrutytsl, «¥F3TO» AK, Anmatsl, Kazakcran;

T'EOIIOPATAJI K¥PY )KOHE OHbIH KP AYMAFBIHJIA TABUTU
ZKOHE TEXHOTEHJIK CUIIATTAYBI TK )KEJEJI MOHUTOPUHI'THAE POJII

AHHOTanusl. FapeluThIK XoHE AKMApPAaTTHIK TEXHOJOTHMSUIAPIBIH JAaMyBIMEH CIYTHUKTIK AEPEKTepHiH KeMeriMeH
TeTEHLIE KarAaillap MOHUTOPHUHI1 YIKEH ©3eKTUIKKe ue. ©Onemaik Toxipube Herisinne TJK sxoro sxeHiHIeri mapanap
TypaJibl HICHIIMICp KaObUIaHATBIH HETI3ri, an KeOiHece JKaJFbI3 akmapaT Ke3i FaphIITHIK MOHUTOPUHT Kyiieci OOk
TaObUIATBIHBIH KyonaHasipansl. TOK pexxuminge skenentikke 0acTbl KOHII O6JIIHI€HAIKTEeH, TeK THICTI OpraHaap/bl FaHa
eMec, COHBIMEH KaTap eNiMi3/IiH KapanaiibiM TYPFBIHIApBIH Ja Jep Ke3iHae xabapaap eTy KaxeT. OkiHilike opail, Kasipri
yakbITTa OipHelle OarblT OoiiblHIIA AepekTep O6ap OipbiHFail xyile koK. OcblFaH OalIaHBICTBI, aca ©TKIp TYPFaH TaOuUfru
KOHE TEXHOTCHIIK amarrap OOMbIHIIA ©3€KTi aKMapaTThl KaMTHUTBIH OIpbIHFall TeomopTall KYpyJIbIH aca KaKeTTLIiri
e3xirinen maiina Gomaabl. JXKK3 men I'AXK jxaHa jKeTicTiKTepiH maijaiaHa OTBIPBIN, KYPBUIFAaH TOTEHIIE Karnainap
FapBIITHIK MOHUTOPHHTIHIH TyTac jKoHe Ken OeiiHl xyiecinin Oanamacel Ka3akcranna raHa emec, Oykin Opra Asusiia
Jia XKOK.

By mMakanama Fapellll MOHUTOPHHTI XKYHeci, OHBIH KYpaMbl JKOHE FapbIlI MOHUTOPHHT KYHECIHIH pecypcTapbl MEH
KYMBIC HOTHIKEJIEPIHE KAIIBIKTHIKTAH KOJI KETKi3y JKYHeci MeH CepBHCTEpiHiH 0a3aiblK 3JIEMEHTTEPiHIH (QYHKIIMOHAIIBIK
cyinbacel KapacTelpsuiaasl. ABropiap OGC cnenndukanusaceiHa coiikec KeJNeTiH Heri3ri OarmapiamMaiblK KOMIOHEHTTepre
XKallbulaHFaH cunarrama Oepeni: Omnepanusuiblk kyie, aepekrep KopbelH Oackapy xyieci (JKBX), BebG-cepsep,
Oarmapnamanay Timi, GDAL xitanxaHacel, KapTorpadisuIbIK MaTepUaIapibl KepceTyre apHainraH web-unTepdeiic.
Conpaii-ak, MpIHajlap CHIIATTANabl: CIIyTHUKTIK JACPEKTEpi KMHAYIbIH Killli )Ky#eci; oHAey XKoHE MHTEpIpeTalusaay
KOJIMEH JKY3€re achIpbUIaThIH IEpPEeKTepl MHTepHpeTalysuiay OJOTHl )KoHE OapibIFbl aBTOMATTaHIBIPBUIFAH CypeTTepi
eHzey Oorsl; >KYHeHi akmapaTThIK KaMTaMachl3 €Ty KypaMbl, OHbIH (opMaTTapbl MEH Ke3Aepi, XKaHapTy KUiMiri,
MOHHUTOPHHT J€PEKTEePiH HHTETpalusIay jKoHE Tapary.

uki nepekrepai anmynaH Oacranm TOTEHINE JKarAalinaplblH OipHelle Typiepi OoifbIHIIA NEpeKTepAl rernopraiFa
JKYKTETeHTe JIeHiH FapBIITHIK MOHUTOPUHT YXYMBICTAPBIHBIH OapibIK HUKII CHOarTaiaigsl. backiM OaFbIT peTiHme TepT
OarbIT TaHJAAI AIBIHABL OpPMaH XQHE Jaja ePTTEPiHIH XKeJed FApbIITHIK MOHHUTOPHHII; JK€p KbIPTBHICHIHBIH KapKbIH]IbI
KO3FaIIBICTapbIHBIH GPS MOHNTOPUHT; Kap ’KaMBUIFBICBIHBIH, CY TaCKBIHBI MEH Cy 0acy KaymiHiH FapbIIITEIK MOHHUTOPHHT1;
Kacnuii TeHi31 akBaTOPHSCHIHBIH MYHAil ©HIMJICPIMEH JIACTAHYBIHBIH FAPBIIITHIK MOHUTOPHHTI.

OpmaH XoHE Jjana epITEpiHIH MOHMTOPHMHIL YII Herisri MiHAeTTeH Typaznbl. bipiHmi, TeMmeparypaniblk
aHOMAJTMSUTAP/IBIH JKeJell MOHUTOPHUHTI. Byt paciM Toymirine eki per, )KK3 aepekrepin anrannas keiiin 0,5-1 carart iminge
opblHIanaabl. EkiHII, epTeHreH ayAaHIapAblH KapTalapblH Kypy - xkelen pexumae TemeH memimai JKK3
MOJIIMETTEPIHEH TOYJIriHE €Ki peT, erKeH-Ter kel Typae, opTalia MIeHIMIi MONIMETTEpJCH KeTi KyH CalblH
opbIHAANaabl. YIUIHIIIJEeH, XKEePTiTiKTi jKepaiH (eCIMIIK KaMbUIFbICHI, TONbBIPAK bUFAIIBLIBIFbI, KOIOCYIiK, ke, OeTkei
9KCHO3UIMICHI, Tpaccara, €Jiii MEKEHIe XOHE OpT THAPaHThIHA JCHIHI KAaIIBIKTBIK) JKOHE METCOACPEKTEpHl eckepe
OTBIPBII OPT KAyINTLIIK TOyeKeNliH MOJEIbCY XKoHe Oaranay.

TackbIH CyIbIH OTYiHE )KOHE Kap >KaMbUIFBICHIHBIH TYCYiHE FAPBINITHIK MOHUTOPHHT YIII ACHICHIE KYPri3inyi MyMKiH.
bipiHmi JeHreiife TOyliriHe eki peT TeMeH INEeNIMJl CIyTHUKTIK AepeKTep OoHbIHIIA Kap KOHE MY3 XKaMBUIFBICHIHBIH
KBUDKYBIHA Tayfay kyprisineni. Exinmii aeHreiine cy Oacy aliMakTapblH KapTajay YIIIH OpTalia MICHIiMJi JepeKTep
TapThUIanbl. YUIHII JCHreine, ®arqauapl Tangay KaxeT OONFaH jKaraaiina, aca KUBIH JKaraaiinap/a sKOFaphl jKOHE aca
JKOFapbl IICHIIMII ONTHKANBIK JkoHe panmapiblk JXKK3 nepexrepi naiinananeuiazpl. Conpaii-ak, cy Oacy KeseHiHze
Ka)XeTTiNiriHe Kapai ipi cy TaCKbIHAAPBIHBIH JAMYbIH MOJIEIIbEY JKOHE 00JIKay Kacallabl.

MyHall JlacTaHybIHBIH FapbeIITHIK MOHUTOPUHTI 01 Hayphi3-31 >kenTOKCaH apajibiFbIHAA KYpriziaeni. CoyTHHKTIK
JIepeKTepal OHIETeHHEH KeHiH ©0i3 - cy OeTiHIH TeMiepaTypanblK JepeKkTepiH eckepe OTbIpbll, Kacnuil Tenisi
AKBaTOPHMACHIHBIH ~MyHaiiMEH JlacTaHy KapTachblH, Cy OeTiHHeri O>KeNmiH  IKbUINAMIBIFEI MeEH OarbITBIH, TEHI3
AKBaTOPHACBHIH/IAFbl MYHAMMEH JaCTaHyAbIH HETi3ri Ke3/epiHiH KapTa —CbhI30achIH, aTall alTKaH/a: KeMelep Tpaccalapblt,
COHJIali-aK >Kep CUIKIHICIHIH STHUIEHTPIICPiH AepeKTepi anFaH coTreH Oactamn 0.5-1 carat inmiHae 3 ToymikTe 1 per anambI3.

XKep OeTiHiH TreoAMHAMHUKAIBIK >XBUDKYBIH €CENTey VIIIH [OJAIri >KOFapbl CIYTHHUKTIK HaBUTAIUsA XKETiCiHIH
nepekrepi maiinananeansl. Kaszakcran aymarbiana 49 nepmanenTti GPS cTaHIMSACHIHBIH IepEeKTEePiH OHJIETCHHEH KeiiH,
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onblH iminae - 19 TRIMBLE crannuscer, 20 LEICA cranuusicbl, AnMaTthl CeHCMONOJIMTOHBIHBIH ayMarbiHaa 10 cTaHuus
TokcanbiHa Oip per Kazakcran aymarbinnarsl GPS cTaHIMSUTApBIHBIH BIFBICY IKBULAAMJIBIFBIHBIH KapTachl (BEKTOD,
JKBULTAMJIBIK, opici) ecenrenineni. XKpuibiHa eki peT KazakCTaHHBIH CeHCMHUKAIBIK KAyiNTi ayMaFbIHBIH Kep KbIPTHICHIHBIH
reOMeXaHUKANBIK Xal-KyiliHe MbIHanall epeKTep i naiifanaHa OTBIPHIIL, Jkep OeTiHiH Ka3ipri 3aMaHFbl KO3FalbICTaAPbIHBIH
CIYTHUKTIK MOHHMTOPHHIIHIH JepekTepi OoMbIHIIA Oaranay >XKyprisijiei: CEHCMHUKANBIK JepeKTep; penbe(TiH CaHIbIK
Mojeni; TabaHHBIH caHAblK Moneni (MoXo0); TeKTOHMKaNbIK ChIHBIKTap; barbic-lIIbIFbIC xep OETi KbLIAaMIBIFBIHBIH
KoMMoHeHTi (kbutbiHA MeTp); OHTycTiK-ConTycTik skep OeTi JKbUIIAMABIFBIHBIH KOMIIOHEHTI (KbUIBIHA METp);
KBUIJAM/IBIKTBIH TIK KOMIIOHEHTiI (KbUIBIHA METP); JKbUIIAMIBIKTHIH a0CONIOTTIK [amackl (KbUIbIHA METp); JKep
KBIPTHICBIHBIH KEPHEY1 jKoHe e(opMalusChl.

bynan Oacka, xyleHiH Oipereil MyMKiHAIKTepiHiH Oipi XKOFapblia aTallFaH akIapaTThl ajly FaHa eMec, COHBIMEH KaTap
naigaiaHyIbIapFa MOHATOPUHT HOTIDKeNepi OoibiHIIAa ['padukrep MEH nuarpaMmanapiabl KYpy apKbUIBI KEKe Taljiay
XKYPrizyre xoHe ecenTepli KalblITacThIpyFa MYMKIHIK O€peTiH Typili Kypalaapasl YChIHY OOJIBII TaObLIaIbl.

Tyiiin ce3nep: T'eomopran, TXK rapeiitan Gakeiiay, JKKb, I'AX, reoamnammuika, epT, Cy TacKbIHBI, MyHai
Teritynepi.

2K. III. XKanraes, C. M. Hypaksbinos, C.B. I'aBpyk, B.A. Hckakos, H.K. Cbiabik, A.A. MepekeeB
WucturyT nonocdepsr AO «HIIKWUT», Anmarel, Kazaxcran;

CO3JAHHME I'EOIIOPTAJIA U ET'O POJIb B OIIEPATUBHOM MOHUTOPHUHI'E 4C
OPUPOJHOI'O U TEXHOI'EHHOI'O XAPAKTEPA HA TEPPUTOPUU PK

AnHortauus. C pa3BUTHEM KOCMHYECKMX U HH(POPMAIIMOHHBIX TEXHOJIOTUH MOHUTOPUHT YPE3BbIYAMHBIX CHUTYalUH C
MTOMOIIBIO CITyTHUKOBBIX JaHHBIX HAOUPaeT OrPOMHYIO aKTYaJIbHOCTh. MHUPOBOI! ONBIT CBUAETENBCTBYET, YTO OCHOBHBIM, a
3a4acTyl0 M EIUHCTBEHHBIM HCTOYHHKOM HH(OpPMAanuy, Ha OCHOBE KOTOPOHW NPHHHMAIOTCS DEIICHHS O Mepax Mo
mukBuaann YC, sBISIOTCS CUCTEMbI KOCMUYECKOro MoHuTopuHra. U tak kak B pexxume YC ocHOBHOI1 yrop zenaercs Ha
OIIEPaTHBHOCTh, HEOOXOAUMO YUYHUTHIBATh M CBOEBPEMEHHOE OIOBELICHHE HE TOJIBKO COOTBETCTBYIOIIMX OPraHOB, HO W
MIPOCTHIX JKUTEJel Haieil ctpansl. Ho, k coxanenuto, Ha JaHHBI MOMEHT HE CYLIECTBYET €MHOI CUCTEMBI C JAHHBIMHU IO
HECKOJIBKMM HaIpaBlIeHUSM. B CBs3M C 3TuUM, KpaiHAS HEOOXOAMMOCTH CO3JaHUS €AWHOTO TeOoIopTaia, KOTOPBIH
coziepai Obl aKTyaJIbHYI0 HH(OpMaIHIO 0 psfy Hanbojaee OCTPO CTOSAIIUM HNPUPOJIHBIM M TEXHOTEHHBIM KaTacTpodam
3apojKIaeTcsl camMo 1o cebe. AHAJOroB CO3JaHHOM LENbHOW M MHOTONPO(WIBHON CHCTEMBI KOCMHYECKOTO MOHUTOPHHTA
Ype3BbIUAMHBIX CUTyalluil ¢ Ucnoab30BaHueM HoBemux noctwkeHuit 133 u I'MC ner He Tonbko B KazaxcTtane, HO U BO
Bcet CpenHeit Azun.

B nmanHOii craThe paccMaTpUBAeTCs CUCTEMa KOCMHYECKOIO MOHHTOPHMHIA, €r0 COCTaB U (PyHKIHOHAJIbHAs CXeMa
0a30BBIX DJJIEMEHTOB CHCTEMBl M CEPBHCOB YAAJICHHOIO JOCTyIa K pecypcaM H pe3yibTataM pabOThl CHCTEMBI
KOCMHUYECKOTO MOHHUTOPUHIra. ABTOPHI JAIOT OOOOLIEHHYIO XapaKTEPUCTUKY OCHOBHBIM IIPOTrPaMMHBIM KOMIIOHEHTaM
noaxoxsmuM crnenudukammsam OGC: onepaimoHHas cucTeMa, CucTeMa ynpasieHus 6azamu nanusix (CYB/T), Bed-cepsep,
A3bIK TIporpaMmupoBanusi, Oubnuorexka GDAL, web-untepdeiic mis oroOpakeHHs KapTorpaduueckux MaTepHanoB.
Taxoke ONmUCHIBAIOTCA: IMOJCHCTEMa cOOpa CIyTHUKOBBIX JIaHHBIX; OJIOK MHTEpHpETalUil NaHHBIX, 1€ OCYIIECTBISAECTCS
00paboTKa W MHTEpIpeTalus BpPYYHYO U OJOK o00pabOTKM CHHMKOB, TJ€ BCE aBTOMAaTH3HPOBAaHO; COCTaB
MH()OPMALIMOHHOTO O00eCIeYeHHsT CHCTEMBI, ero ()OopMaTbl W HCTOYHHKH, YacTOTa OOHOBIEHHUS, HHTETpalus H
pacnpocTpaHeHus JaHHBIX MOHUTOPUHIA.

OnwuceiBaeTcst BeCh IMKJI pabOT KOCMHYECKOIO MOHHUTOPHMHIA OT MOJYYEHHUS CBIPHIX JAHHBIX 1O 3arpy3kd Ha
reonopTal JaHHBIX 110 HECKOJIBKMM BUAM Ype3BbIYalHBIX CHUTYyallid. B kadecTBe MpUOPUTETHBIX OBUIO BHIOPAHO YETHIpE
HaTpaBJICHHUs: ONEPAaTHBHBIH KOCMHYECKHH MOHHMTOPHHI JIECHBIX U CTENMHBIX NMoxapoB; GPS MOHMTOPHHI MHTEHCHBHBIX
MOJBI)KEK 3€MHOH KOpbI; KOCMMYECKMH MOHHUTOPUHI CHEXHOI'O IOKpOBA, HAaBOJHEHMH M MAaBOJKOB; KOCMHUYECKUM
MOHUTOPHHT 3arpsi3HeHHs HeTenpoLyKTaMu akBaropun Kacnuiickoro Mopsi.

MOHUTOPHHT JIECHBIX M CTEMHBIX I0KapOB COCTOMT M3 TPEX OCHOBHBIX 3azad. IlepBoe, onepaTHBHbBI MOHUTOPUHT
TEeMIIepaTypHbIX aHOMAJIMKA. DTO IpoLEAypa BHINOJIHSAETCS Ba pa3a B cyTkH 3a 0,5-1 yaca nocie nonydeHus gaHHbix /133.
Bropoe, noctpoeHne kapT BHITOPEBLIMX IUIOMIA/IEH - B ONIEPATUBHOM PEXHUME BBIMOJIHACTCA /1Ba pa3a B CyTKH U3 JAHHBIX
J133 HU3KOro paspelleHus, B AeTaIbHOM Pa3 B CeMb AHEH U3 JaHHBIX CPEIHETO pa3pelieHus. TpeTbe, MOAENIUpOBaHUE U
OLICHKH DPHCKa IIOYKAPOOMACHOCTH C YYETOM XapaKTePHCTHK MECTHOCTH (PacTHTENbHBIH IOKPOB, BIAKHOCTH IOYBEI,
HAKJIOHHOCTb, BETEp, SKCIO3MLMUS CKJIOHA, AWCTAHLMUS /IO TPAacChl, HACEJIEHHOrO ITyHKTAa M II0XKapHOTO THJApaHTa) U
METEO/1aHHbIX.

Kocmuueckuii MOHUTOPUHT MPOXOXKICHUS TABOJIKOBBIX BOJI M CXOJla CHEXKHOT'O IOKPOBA MOXET MPOBOAUTHLCS B TPHU
ypoBHs. Ha nepBom ypoBHe Ba pa3a B CyTKH IIPOBOJUTCS aHAIU3 CXOJa CHEXKHOTO U JIEASHOTO MOKPOBA MO CILyTHUKOBBIM
JTAaHHBIM HHU3KOTO pasperieHus. Ha BTopoM ypoBHE NPUBIEKAIOTCS AaHHBIE CPEJHErO pa3pelieHus Uil KapTUPOBAaHUS 30H
3aTorieHus. Ha TpeTbeM ypoBHE Ipu HEOOXOAMMOCTH aHAJIM3a CUTyaluH B 0CO00 KPUTHUECKUX CIIydasx HUCIOIB3YIOTCS
ontuyeckue U pagapHblie JIJI3 BBICOKOTO U CBEPXBBICOKOTO paspelleHus. Takxke, B MEpUOA 3aTOIUIEHHS IO Mepe
HEOOXOIUMOCTH JeTIaeTCsl MOISIMPOBAHHE M IIPOTHO3 PAa3BUTHS KPYITHBIX HABOJIHEHHH.
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Kocmuueckuii MOHMTOPHHT HE(TSHBIX 3arps3HeHui npoBoautTcs B mepuon 01 mapra mo 31 nexaGps. Ilocne
00pabOTKH CIYTHHKOBBIX JaHHBIX IOJIy4aeM - KapTy HeTsHOro 3arpsisHeHHs akBaropuii Kacmuiickoro mopst ¢ yuerom
TEeMIIepaTypHBIX JaHHBIX BOJHOM IMOBEPXHOCTH, CKOPOCTH M HAlpaBlieHHE MPUBOIHOTO BETPa, KapThl — CXEMbl OCHOBHBIX
HCTOYHUKOB HE(TSHOTO 3arpsa3HEHUS] B AKBATOPUHM MOPSI, B YACTHOCTHU: TPACC CYJOB, & TAKXKE SMUICHTPHI 3eMIICTPSCCHUN
1 pa3 B 3 cytku 3a 0.5-1 yaca c MOMEHTa OTy4YEHUS TaHHBIX.

Jliis pacueTa reoJUHaAMHUYECKUX CMEIICHUH OBEPXHOCTH MCIOJB3YIOTCS JAHHBIE CETH BBICOKOTOYHOM CITYTHHKOBOM
HaBuranuu. Ilocie o0paboTku naHHbIX 49 mepmaneHTHbIX GPS cranumii Ha Teppuropun Kaszaxcrana, B TOM yucie -
19 cranumii TRIMBLE, 20 cranuuii LEICA, 10 cTanumii Ha TeppuUTOpuH AJIMATUHCKOTO CEHCMOIIOJIIMIOHA OAMH pa3 B
KBapTaJ BBICUMTHIBAETCSA Kapra ckopocTu cMemieHnit GPS crannmit Tepputopun Kazaxcrana (BexTop, moje cKopocTeil).
JlBa pa3a B rojJ MpPOBOJUTCS OLEHKA I'€OMEXaHHYECKOTO COCTOSHHS 3€MHOH KOpPBI CEHCMOOIMACHBIX TEPPUTOPUU
KazaxcraHa no naHHBIM CIlyTHUKOBOTO MOHHTOPMHIA COBPEMEHHBIX JBIKEHHN 3€MHOI MOBEPXHOCTH C MCIOJIb30BAaHHEM
CIEIYIOUIMX JaHHBIX: ceificMuueckue aaHHble; IudpoBas Monens penbeda; mudposas moxens moxomssl (Moxo);
TEKTOHHYECKUE pa3JIOMbl; KOMIIOHEHTa CKOPOCTH IIOBEPXHOCTH 3eMiin 3amag-BocTox (Merpbl B rop); KOMIIOHEHTa
ckopoctu noBepxHoctu 3emin HOr-CeBep (MeTpel B roj); BEpTHKaJbHas KOMIIOHEHTa CKOPOCTH (METpbl B TOX);
a0CONFOTHASI BETMYMHA CKOPOCTH (METPHI B TOJ); TIapaMeTphI OISl HAIPSDKEHUH U ieopMaiuii 36 MHON KOPEL.

Kpome Toro, onHo# U3 yHUKaIBHBIX BO3MOKHOCTEH CHCTEMBI SIBISIETCS. HE TOJIBKO MOJyUYE€HUE NEPEUNCICHHON BBIIIE
MHPOPMaLUK, HO U MPEIOCTABICHHUE MT0JIb30BATEIAM PA3IMYHBIX HHCTPYMEHTOB, ITO3BOJISIOIIUX IPOBOJUTH COOCTBEHHBIH
aHaiaM3 ¥ GOPMUPOBATH OTUYETHI C IOMOILBIO TOCTPOCHHUS rPAUKOB U JUarpaMM I10 Pe3yabTaTaM MOHUTOPHUHTIA.

Karouesbie ciioBa: ['eonopran, xocmuueckuii Mmonutopunr UC, 133, I'MC, reonqunaMuka, noxapsl, HaBOJHEHUE,
He(Tepas3uBBL
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