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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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METHODS OF MAKING OF GEOINFORMATIONAL
AND ANALYTICAL SYSTEM OF GROUNDWATER RESOURCES
IN KAZAKHSTAN

Abstract. The tasks for groundwater resources managing become particularly relevant under the climate
fluctuation and significant man-caused impact. A large volume of hydrogeological data and information from related
areas of knowledge is used to solve these tasks. Increasing the studies’ effectiveness is facilitated by the use of geoin-
formation and analytical systems, the development of which became possible in connection with the development of
computer technologies. They enables the data accumulating, collation, analysing and using them for handling of
applied problems. An overview of the studies conducted in different countries on the development of information
systems make it possible to state their wide use in assessing the groundwater role in a single ecosystem.

The purpose of creation of the geoinformational and analytical system of groundwater resources in Kazakhstan
is the accumulation of data on groundwater and related environmental objects and their use as an information basis
for solving practical hydrogeological problems. Not only natural environments (climate aridity, variety of relief
types, etc.) are taken into account when it is created, but also man-caused factors (large water intake, groundwater
pollution, etc.).

The technique includes the collection of primary hydrogeological information, the accumulation of data in the
formats of the geoinformational and analytical system, the evaluation of data, the solving of practical hydrogeo-
logical problems, the providing of recommendations, the reference information provision. The initial data, the results
of their analysis and calculations are in the document database, databases of semantic and graphic data, the database
of computational models. The solving of practical problems involves the thematic maps and computational models
creation.

The developed technique can be used in the process of creating information systems of groundwater resources
at the regional and local levels.

Keywords: groundwater, informational systems, groundwater resources.

At present, geoinformational and analytical systems in hydrogeology are becoming increasingly
widespread. It became possible to integrate all the accumulated information on groundwater and their
interaction with the environment due to the development of software tools for large amounts of data
processing and analysing. The use of information systems in solving practical problems makes them an
effective tool for groundwater studies.

The work [1] is devoted to methodological issues of using information systems for the estimation and
management of raw materials potential. An information system is a system that includes an organiza-
tionally ordered set of data and management tools and that is designed for obtaining new quality in-
formation on the state of an object, process or phenomenon. They are used for storage, analysis and
processing of groundwater studies’ materials and include databases and management systems. In hydro-
geology, it is advisable to use integrated information and analytical systems, the main elements of which
are factographic and geographical information systems, as well as computerized mathematical simulation
systems.
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The Global Groundwater Information System, created by IGRAC (International Mountain Resource
Assessment Centre) under the authority of UNESCO, presents an interactive web portal and contains data
related to groundwater resources for the whole world. [2]

It is proposed in [3] to divide the groundwater information into four levels depending on the degree
of data interpretation. Information analysis complex for the processing of groundwater monitoring data
contains the monitoring observations data and it is used in hydrogeological and geoecological studies [4].
The structure of the information and analytical system for water resources quality management is
proposed in [5], which allows to build optimization and simulation models. To simulate the environmental
changes, depending on climate fluctuations, it is proposed to use the TGRASS GIS, based on space-time
data sets (raster, vector, voxel) [6].

Kazakhstan gives importance to the data accumulation and collation in the field of hydrogeology. The
official website of the Committee of Geology and Subsurface Use of the Republic of Kazakhstan notes
that one of the main tasks of the Department of Hydrogeology and Engineering Geology is to improve the
“Groundwater” information subsystem of the Mineral Resources State Data Bank [7, 8].The issues of
Kazakhstan’s water security in connection with the reduction of the stream run-off from the territories of
neighbouring states and climate fluctuations are considered in [9, 10]. The water security system repre-
sents a set of parameters reflecting dependable water supply and human-caused disturbance of the water
resource system. You need to analyse a large amount of data in order to implement it.

In Russia HYDEC company developed a technique and technology for creating information and
analytical systems for monitoring subsurface use, which is used as the basis for the information and
analytical system of state monitoring of the groundwater in Russia, the information system of state ac-
counting and the balance of resources and usable drinking and technical groundwater, the information
system of the State Data Bank on the mineral resources (subsurface) use of the Republic of Kazakhstan,
etc. [8, 11, 12]. Information and analytical systems include factographic and cartographic databases
related to the mathematical simulation systems [1, 13]. A map of the raw materials potential of fresh
groundwater in Russia has been developed [14, 15].

The “Geolink Consulting” company created the AquaBase information and analytical system for
geoecological monitoring. It allows analysing and integrating data on the resources, regime and quality of
groundwater and surface water and solving hydrogeological problems effectively [16].

The “Natural Resources of Perm Territory” information and analytical system was created on the
basis of geoinformational technologies [17]. The “Tomskgeomonitoring” territorial centre created digital
maps and collection of maps, including hydrogeological and geoecological maps, maps of hydrogeological
zoning, etc. [18]. The Tatar Geological Survey created the inquiry and communications system for
“Region” territory state of exploration [19].

The issues of the climate fluctuations impact on water resources in the countries of Central Asia
(Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan) are discussed in [20]. The Uzbekistan
National Information Agency established an information and analytical database on all aquifers, in accor-
dance with the Program of Measures for Harmonisation of Control and Accounting for the Management of
Groundwater Reserves for 2017-2021 [21]. The Information System for Water Management has been
developed in Kyrgyzstan [22]. The State Service of Geology and Mineral Resources in Ukraine uses the
“Groundwater” automated information system [23]. The automated information system for the use of
water resources and water quality is being maintained in the Republic of Belarus [24].

The US Geological Survey established the National Information System for Groundwater Data. It
includes data on the groundwater availability in various regions of the country, methods for assessing
groundwater resources. The collection of US groundwater maps was created and it contains regime data, a
description of the groundwater’s response to climate fluctuations and various groundwater simulations,
including mathematical ones. [25] The US National Groundwater Association developed a groundwater
monitoring program. [26]. Local information systems for managing groundwater resources have been
established almost for all states of the country [27-33].

The Groundwater Information Network has been established, including links to publications, in order
to enhance the management level for Canada’s groundwater by providing enhanced access to hydro-
geological data [34]. The descriptions of the main aquifers of Canada are presented in [35, 36].

— 20 ——
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The Australian National Groundwater Information System is designed to manage groundwater
resources under high man-caused loads [37, 38]. The collection of maps of Australian dependent aquatic
ecosystems was created [39]. It is proposed to use GIS, remote sensing data and expert analysis during the
ecosystems mapping process. [40]. A web-based data management system for groundwater was
introduced [41].

Great attention is paid to the impact of climate fluctuations and human impact on water resources in
Asian countries. The GIS of the groundwater of Thailand is designed to prove the possibility of using
groundwater as an alternative source of water supply during periods of drought [42]. Information systems
for identifying potential areas of groundwater concentration are created for the territories of Iran [43, 44,
45]. The maps of the main hydrogeological parameters of shallow aquifers of Laos form the basis of the
groundwater geoinformational system [46].

The Geological Survey of China has developed a groundwater information system for assessing their
resources, integrated groundwater management, exploring their relationship with the environment,
developing measures to protect groundwater, etc. [47].

The IndiaWaterportal portal contains archival data on the quality and regime of groundwater for all
the states of India. [48] Information systems are designed for different states of the country [49-51]. The
Sri Lanka aquifer description system is designed to show changes in hydrogeological conditions in space
and time in connection with man-caused impact [52].

The maps of groundwater resources were created for nine European countries (Belgium, Germany,
Denmark, France, Ireland, Italy, Luxembourg, the Netherlands, Great Britain), including descriptions of
aquifers, information on water intake, underground and surface water monitoring data, hydrographic
network, etc. [53].

The UK’s groundwater resources information system, developed by the British Geological Survey,
reflects the use of groundwater now and in future [54]. The groundwater information system of Berlin
(Germany) is created on the GeoDin platform [55]. The GIS of groundwater in Belgium is created in order
to determine the areas of groundwater recharge [56].

The National Simulation of Water Resources of Denmark is operated in the ArcGIS environment
[57]. A space-time approach is applied to assess the climate fluctuations impact on water resources in the
groundwater information system of Romania [58]. The information system of the continental Spain
territory is used to assess the climate fluctuations impact on renewable groundwater resources [59]. The
GIS of the central Portugal describes aquifer systems containing mineral waters [60]. A web portal based
on the i-SeLaR system for the management of water resources in Serbia was developed [61]. GIS is used
to identify critical areas of groundwater imbalance for the territory of central Italy [62]. An information
system for the assessment of groundwater resources in Greece includes maps, monitoring data, as well as
earth remote sensing data [63].

African countries are characterized by a strong impact of climate fluctuations on groundwater. A
system has been developed that includes descriptions of all aquifers and reflects the impact of climate
fluctuations on groundwater, in order to manage water resources in South Africa [64]. The National
Groundwater Information System of the Republic of South Africa includes the National Archives of
Groundwater, the Groundwater studies Database and etc. [65]. The hydrogeological mapping of the
groundwater resources of Egypt is carried out within the framework of the National Water Policy [66].
The geoportal for accessing geographic and text data related to groundwater resources was created in
Morocco [67]. The geoinformational system is used for the Kalahari Desert (Botswana) as a tool for
integrating information and decision-making under insufficiency of data [68].The integrated water
resources management system of Zanzibar is created on the GeODin platform [69].

An information system of groundwater for the countries of South America has been created, which
includes all data on groundwater - hydrogeological and geological maps, hydrographic network map and
etc. [70]. Mapping of problem regions was carried out using a combined GRACE/InSAR approach in
order to solve the problem of groundwater depletion in Central Mexico [71].

Based on the review of the performed researches it can be concluded that information system of
groundwater have been established in many countries of the world. The main purpose of their creation is
the management of groundwater resources. Natural conditions largely determine the types of applied
hydrogeological problems and, as a consequence, the specificity of any information system. Groundwater
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study as a part of a single ecosystem requires the accumulation of information that reflects the processes
of their interaction with the environment.

Geoinformational-analytical system can be useful for areas with significant anthropogenic loads and a
high degree of climate impact on the state of groundwater resources. Such systems are very effective in
terms of uncertainty of key parameters affecting the quantity and quality of groundwater.

The purpose of creation of geoinformational-analytical system of groundwater resources of Kazakh-
stan is the accumulation of data on groundwater and related environmental objects and using them as
informational basis for solving practical hydrogeological problems.

The method of automatic formation of the geoinformational-analytical system of groundwater
resources involves not only the collection and storage of primary hydrogeological data, but also the
possibility of their generalization and analysis, and using as an information basis for solving various
practical hydrogeological problems. The methodology is based on the principles outlined in [72]. The
main approaches to hydrogeological zoning and regional evaluation of groundwater resources of
Kazakhstan, illustrated in a large volume of map data that are presented in [73].

The methodology includes collection of primary hydrogeological information, accumulation of data
in the formats of geoinformational-analytical system, assessing the data, the solution of practical problems
of hydrogeology, recommendations, providing referral information (figure 1).

COLLECTION OF PRIMARY
HYDROGEOLOGICAL
INFORMATION

SEMANTIC b S

DATABASE DATA ACCUMULATION
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v

DATA
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v DATABASE
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REFERENCE
INFORMATION
PROVISION

Figure 1 — Methodology for the automated formation of geoinformational-analytical system of groundwater resources

The collection of primary hydrogeological information consists in scanning the paper documents, the
accumulation of documents in digital form, compilation a tabular, cartographic and unstructured
documents. Sources of primary materials are archival data (scientific and industrial reports, publications,
published maps, regulatory documents, etc.) and operational data (the data of water withdrawal and
groundwater monitoring, sinking and unwatering, irrigation regime, etc.). In accordance with the form of
the original data — digital or paper - realizing their collection or scanning. Primary materials contain
structured or unstructured text data, cartographic and other graphic materials. The system splits the
documents on the table, map and unstructured. The step of collecting primary hydrogeological information
accomplishes by creation a document database.
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The accumulation of data in the formats of geoinformational-analytical system implies creation of the
semantic database structure for text data, specifying the structure of each table, input or data conversion.
The structure of the graphical data database is created, projection and structure of each layer are set,
the digitization of cartographic materials or data conversion are performed to carry out data mapping
(figure 2).
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Figure 2 — Data accumulation in the formats of geoinformational-analytical system

Bases of graphic and semantic data are created based on the information contained in the document
database. Their structure is created on the basis of the purposes of creating the geographical information
analytical system and the possibility of dividing the hydrogeological information into sections. In the
process of specifying the structure of each table defines the names and types of fields. Data input is carried
out manually or by converting text data from the document database into the required formats.

The layers of the graphic database are highlighted in accordance with the type of represented infor-
mation on the maps. Geographical projection and the structure of the attributive data are set for each layer.
Data are entered by the method of digitizing or conversion of cartographic materials from the document
database. The result of the data accumulation step is creating and filling the bases with semantic and
graphic data.

Data evaluation includes formal and expert verification of the data contained in the bases of semantic
and graphic data, correction and addition of the data. The data accuracy, completeness and consistency are
evaluated in the course of assessment. The results are stored in the databases.

The solution of practical problems of hydrogeology involves the creation of thematic maps and
mathematical models. The necessary information is extracted, classification of data is carried out, cal-
culations are performed, maps are made and analysis of the results is carried out in order to create a
thematic map. Extracting of the required information, converting data into the formats of the mathematical
modeling system, creation of the mathematical models and performing calculations, conversion of the
simulation results into formats of graphic database, presentation and analysis of the results are carried out
in developing mathematical models (figure 3).
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Figure 3 — The solution of the practical problems of hydrogeology

All the information accumulated in the bases of semantic and graphic data and in document database
is used in order to solve practical hydrogeological problems. Thematic maps collect data (graphical and
semantic) obtained from different sources. Solution of most hydrogeological problems requires an
information differentiation based on any characteristic. Uniformity of information that represented in
databases allows you to use different modes of classification. Thematic maps are used not only for
visualization of the geographically dispersed data. Additional calculations allow creating qualitatively new
maps. Their appearance is made in accordance with the forms of representation of hydrogeological
information. Analysis of the results is carried out from the point of improving the efficiency of solving
practical problems.

The source information is selected not only from the database of graphical and semantic data, but also
from the document database in order to create mathematical models. The data conversion into the formats
of mathematic modeling system may require changing the form of presentation of the specific parameters.
Creating models and calculations are performed within the modeling system. The limited forms of results’
representation require their conversion into formats of graphical database. Depending on the application
task coming the realization of the results. For their analysis can be involved additional materials contained
in the databases. The results of solving practical problems are placed in the database of graphic and se-
mantic data as well as in the mathematical models database.
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Recommendations are performed by the data selection and analysis, representation of the recom-
mendations. Information that extracted from graphic and semantic database includes both primary data
and the results of their processing. Recommendations include suggestions for optimizing the use of
groundwater resources, their protection from pollution and decrement, improvement of monitoring system
of groundwater, etc. They are based on data comparison, their analysis, building new maps, making
calculations, including the using of mathematical models, etc. Making recommendations depends on the
application task and includes, as a rule, a text description, maps and other graphical data. Work sugges-
tions are added to the database of documents.

Support information includes sampling data, conversion of data to a single standard, the formation of
the documents. Referral information contains the information of the bases of graphic and semantic data.
The possibility of bringing data to a single standard allows you to create documents in accordance with the
needs of the various interested organizations. The resulting documents may include original data, results
of analyses and calculations, expert assessment information, etc. Reference data is presented in form of the
documents that are added to the document database.

Based on the results of the research, the following conclusions can be drawn. Described technique
reflects all the steps of the hydrogeological object study process in the context of climate fluctuations and
intensive human intervention.

Original materials are accumulated in database of documents in an unchanged form, which allows
you to avoid the mistakes of their processing and use them during the pursuance of the researches both
present and future.

Collected primary data refers not only to the field of hydrogeology but also to the related fields of
science (geography, topography, meteorology, etc.). This allows you to use the informational system in
studying dependent on groundwater ecosystems.

Formation of graphic and semantic databases is based on structuring the collected information. The
possibility of their analysis and calculations allows solving different applied hydrogeological problems
within the system.

The using of mathematical modeling methods allows raising a traditional study to the new level. So
the mathematical models database, along with databases of graphic and semantic data, takes up equal
place in the information-analytical system.

The reasonability of establishing information systems of groundwater is confirmed by the analysis of
the experience of previous studies in different countries of the world. Therefore, the developed method
may find wide application in the organization of geoinformational-analytical system of groundwater
resources.

The research is carried out within the framework of the project BR05236664 "Scientific-metho-
dological and geoinformation-analytical support of rational use and protection of groundwater of the
Republic of Kazakhstan in the conditions of climatic and anthropogenic changes" at the expense of
program-target funding under the scientific and technical programs of the Science Committee of the
Ministry of Education and Science of the Republic of Kazakhstan.
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KA3AKCTAHHBIH ’)KEPACTBI CYJIAPBI KOPbIHbIH
I'EOAKITAPATTBIK-TAJIJAY )KYUECIH K¥PY 9JICTEMECI

AnHoTanusi. XKepacTsl CynapbIHbIH KOPJIapblH 0acKapy MIHAETTepi KIMMATThIH e3repyiHe OaillaHbICThI JKOHE
ayKbIMIbl aHTPOIIOTEHIIK JKYKTEMeJep JKarlaiiblHIa epeKlle ©3eKTUTKKEe ue Ooubin oThip. Onapapl wieury yIiiH
e3apa cabakrac OUIIM cajlajlapblHaH AJIBIHFaH THAPOTEOJIOTHSUIIBIK JIEPEKTEP MEH MAJIIMETTEPIiH ayKbIMAbI KeeMi
TapTBUIBINT OTHIP. KOMIBIOTEpIIiK TEXHOJOTHSIAPIBIH JaMyblHa OailaHbICTBI Kasipri Ke3je 93ipyiey MYMKIHIITi
naiina OoJjFaH reoaknapaTThIK-TAIAAY JKYHellepiH maijanaHy 3epTTeyJepiH THIMIUINIH apTThIpyFa BIKIAJ €Te.
Ouap nepexTepi )KuHay, oyappl Oip JKyHere KesTipin, Tanjgay YLIiH XoHe KoJjaHOansl MiHASTTepAl Menry MaKca-
THIHJA TaiianaHy YIIiH KbI3MET eTeli. AKIapaTTHIK XYHenepai Kypy OoHbIHIIA Typii enfepie OTKi3UIreH 3epT-
TeyJep MIONYBl OipBIHFal AKOXKYHeIe JKepacThl CYJIapBIHBIH PONIH OaramalTHIH Ke3Je ONapAblH KeHIHEH KOJIaHBI-
JyBI Typallbl alTyFa MYMKIHIIK Oepeti.
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XKepacTbl cynapbl xoHe oiapMeH OailIaHBICTBI KOpLIaFaH OpTa HBICAHAAPHI Typajbl JIepeKTepli KHHAKTay,
ONapasl TOKIPUOETIK THAPOTECONOTUSUTBIK MIHASTTEp/l MIeNTy YIIiH aKmapaTTHIK HEri3 periHie mainamany Kazak-
CTaHHBIH JKEPACTBI CYJIapbl PeCYPCTapbIHBIH Te€0aKNapaTThIK-Talay KyHeciH KypyAblH MaKcaThl GOJBIT TaObLIa bl
Omnapzbl KypaTblH Ke3le TAaOWFHM JKarfaillap FaHa eMec (KJIMMATTBIH KyaHIIBUIBIFBI, pesibed TypliepiHiH anyaH
TYPJILTIT] JkoHE T.0.), TEXHOTeHAl (akropnap na (ayKbIMIbI Cy IpIKTey, )KEPacThl CyJNapbIHBIH JIACTaHY XKoHE T.0.)
ecKepiIei.

OzicreMe OacTankbl THAPOIE€OJOTHSUIBIK aKMapaTThl KUHAY/ABL, I'€0aKIapaTThIK-TAAAy JKYWECIHIH MilliM-
JIEpiHIIC NepeKTep/Ii KUHAKTAY/bI, JePEKTEepai Oaranayibl, THIPOTCOJOTUSIHBIH TOXKIPUOETIK MIHACTTEPIH IICIIYIi,
YCHIHBIMap Oepy/i, aHBIKTaMaJIbIK aKNapar YChIHY/Ibl KAMTHIbL. bacTankel epekTep, ojap/bl Tajiay )KaHe ecenTey
HOTIDKENEpl KykaTrap Oa3achlHIa, CEeMaHTHUKAIBIK JKOHE TIpadUKanblK JAepekTep 0azachlHIa, MaTeMaTHKAaJbIK
yJirizep 6azacbIHzia OpHaNacKaH. ToxipuOelik MiHAETTEp Il ey TaKbIPHINTHIK KapTanap/sl )aoHe MaTeMaTHKAJIBIK
YJIriziepai Kypyabl Ke3aenai.

O3ipJIEHTeH o/licTeMe aliMaKTHIK JKOHE JKePTUTIKTI AeHreHIepAeri JKepacThl CyIaphl pecypCcTapbIiHBIH aKIapat-
THIK JKYHeJIepiH Kypy OapbhIChIHIa KOMAAHBITYBl MYMKIH.

Tyiiin ce3aep: KepacThICYbI, aKIapaTTHIK KY€, )KepacThICYBIPEeCypPCTapPHI.

E. K. Myprasun, O. JI. Mupomnnyenko, JI. ¥O. Tpymesan
WHctutyT ruaporeosioruu u reoskoioruu um. Y. M. Axmencaduna, Anmatel, Kazaxcran

METOJUKA CO3JIAHUS TEOUH®OPMAIIMOHHO-AHAJIUTUYECKOM CUCTEMBI PECYPCOB
HOJ3EMHBIX BOJl KASAXCTAHA

AHHOTanms. 3aJaudl YIpaBICHHS PECypcaMH IOJ3eMHBIX BOJ INPHOOPETAIOT OCOOYH0 aKTYaJIbHOCTh B
YCIIOBHSX M3MEHEHHUS KJIMMaTra M 3HAYMTENBHBIX aHTPOIIOTeHHBIX HAarpy3ok. Jis MX pemieHus npuBiekaercs 00b-
o 00BEM THUIPOTEOIOTHUECKUX JaHHBIX M CBEICHUN W3 CMEXHBIX obOnacteil 3Hanws. [loBbimeHuIo 3¢ ¢heKTrB-
HOCTH HCCIEIOBaHMH CIIOCOOCTBYET MCIIOIB30BaHHE T'eOMH()OPMAIMOHHO-aHATUTHYECKUX CHCTEM, pa3paboTka
KOTODBIX CTajla BO3MOXKHOM B CBS3M C Pa3BUTHEM KOMIIBIOTEPHBIX TEXHONOTHH. OHM CiIy’KaT AJIs HAKOIUICHUS, CHC-
TEMaTU3alluy, aHajin3a JaHHBIX W HCIOJb30BaHUA HX g PCIICHUA MNMPUKIAJAHBIX 3adad. O630p IMPOBCIACHHBIX B
pa3HbIX CTpaHax HMCCIEAOBAHUI 1O CO3MaHHI0 WH(OPMALMOHHBIX CHCTEM IO3BOJIIET FOBOPHTH 00 MX LIMPOKOM
HCIOJIB30BaHUU IMTPU OLEHKE POJIM IMOA3EMHBIX BOJ B e]lPIHOfI OKOCHUCTEME.

Henpto co3nanus reonH(popManmOHHO-aHATMTHIECKONH CUCTEMBI PECYpPCOB MOJ3eMHBIX BoJ Kasaxcrana siBis-
eTcsl HaKOIUICHWE JTaHHBIX O MOJ3EMHBIX BOJIAaX W CBS3aHHBIX C HUMH OOBEKTOB OKPY)KAIOIIEH CpPelbl M HCIIOJIB30-
BaHHME MX B KauecTBE MH(OPMAIIMOHHON OCHOBBI JUISl PELICHUs] MPAKTHYECKUX THAporeojornyeckux 3anad. [Ipu ee
CO3/IaHUM YYUTHIBAIOTCS HE TOIBKO MPHUPOIHEIE YCIOBHS (ApUIHOCTh KIMMAaTa, pa3HooOpa3ue TUIOB penbeda u ap.),
HO ¥ TEXHOTE€HHBIE (PaKTOPHI (0OIBIION BOJOOTOOD, 3arpsA3HEHUE ITOA3EMHBIX BOI U JIP.).

Meroanka BKIIOYaeT cOOp IEPBUYHON THIPOreoIorndeckoid nH(opMaluy, HaKOIUICHHE JaHHBIX B opMarax
reonH()OpMalMOHHO-aHATUTHYECKOW CHCTEMBI, OLIEHKY JAHHBIX, PEIICHHE MPaKTHYeCKHX 3anad THIPOTeOJIOTHH,
BBIIa4y PEKOMEHIALMH, IPEAOCTaBIeHHE CIIPaBOYHON MH(pOpMAaLHK. VIcXonHbIe aHHBIe, Pe3yIbTaThl HX aHAIH3a U
pacyeToB pacroioKeHbl B 0a3e JOKYMEHTOB, 0a3ax CEMaHTHUECKHX M rpaMYeCcKuX JAHHBIX, 0a3e MaTeMaTHYeCKUX
MoJeneil. PerieHne npakTH4ecKux 3a1ad MperoaraeT Co3jaHue TeMaTHYECKUX KapT U MaTeMaTHYECKUX MOJIETIeH.

Pa3paboranHass METOAMKa MOXET OBbITh MCIIOJIb30BaHA B MPOLECCE CO3JaHUSI MH(POPMAIMOHHBIX CHCTEM pe-
CYPCOB IOJI3€MHBIX BOJI PETHOHAJILHOTO U JIOKAILHOTO YPOBHEH.
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