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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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DECISION SUPPORT SYSTEM FOR OPTIMIZATION
OF RES GENERATORS PLACEMENT BASED
ON GEOSPATIAL DATA

Abstract. The Republic of Kazakhstan has significant deposits of fossil fuels and Kazakhstan is one of the
largest energy producers among the countries of Central Asia. At the same time, Kazakhstan has one of the highest
renewable energy potential in the world, evaluated as 300 to 1000 billion kWh/year. Application of renewable energy
sources both at industrial and household levels, provide the transformation of the energy system to a "green state".
However, these initiatives should be substantiatied by appropriate information maintenance in order to support the
transformation of the country's economy to a higher quality environmental condition. The paper covers existing
methods and software for processing of resource-invariant heterogeneous data which could be applied to evaluation
of renewable energy. This work describes the multi-criteria decision support makining system MIGIS (multi-criteria
intellectual geoinformation system) which is aimed to provide evaluation of territory suitability for RES generators
installation based on spatial data. The MIGIS architecture is based on the concept of independent data processors.
We considered some technical issues addressed in the process of development. Examples the task of identifying
locations favorable for the installation of energy generators executed by the system are presented.

Key words: decision making support methods, geo information systems, intelligent information technologies,
renewable energy, spatially distributed resources.

Introduction. In Kazakhstan, over the past 15 years, there has been a large increase in the urban
population, especially in Almaty, Astana, and Shymkent. The complex of problems of the city of Almaty,
arising due to its intensive growth, is about the same as that of other major cities with some special
features: air pollution, due to the location of the city in the center of a mountain area, and increased
seismic activity. The air basin of the city is one of the most polluted.

According to https://www.numbeo.com/pollution/rankings current.jsp. Almaty is on the 228th place
in terms of pollution index among 273 registered cities. The city is ranked 173 in terms of cumulative
quality of life.

Changes in the environmental indicators of the city and improving the quality of life in general
require a change in the attitude of the population to environmental problems. Ecological culture and
environmental protection are a necessary element of the systems Smart City and at the same time one of
the important elements to be assessed in the system of social development of a person. Environmental
initiatives related such as the usage of renewable energy in large energy systems, as well as at the level of
a separate household, ensure the transformation of the energy system to a “green state”. However, in the
information society, these initiatives must be supported by appropriate informational support and systems
that support the transformation of the country's economy to a much better ecological state and convenient
for both industrial clients and individuals with “green thinking”.
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The largest settlements of the Republic of Kazakhstan are connected to the centralized energy supply.
However, there are significant areas that do not have access to a unified energy system. For example, the
entire territory of the Aktobe region, as well as remote villages in other areas are not connected to high-
voltage magistral power lines. As a result, there is a need for the construction of additional distribution
networks in these areas, as well as for autonomous power generation, including those on the basis of
renewable energy sources (RES) for agricultural settlements and industrial enterprises, recreation
facilities, distant pasture farms, and for areas with difficult environmental conditions [1].

These disproportions, as well as developed agricultural production, implying the presence of seasonal
or year-round autonomous consumers of heat and electricity, makes the use of renewable energy systems
in the republic relevant [2]. Note that Kazakhstan is one of the richest countries in the world in terms of
renewable energy. The size of the gross potential of different types of renewable energy on the territory of
Kazakhstan is estimated varying from 300 billion to 1 trillion kWh/year, including 0.929-1.820 billion
kWh/year from wind energy, 2.5 billion kWh/year from solar energy, 170 billion kWh/year from hydro
energy, and 150.6 billion kWh/year from biomass energy [3]. Of course, realization of the entire energy
potential is impossible. Moreover, due to the high cost of energy generators based on renewable energy
sources, it is necessary to optimize criteria when choosing a location for the installation of energy
generators.

This paper discusses methods for developing solutions based on expert assessments (clustering
approach) and briefly describes the system developed on its basis. Unlike the existing examples described
in the literature, the proposed system is a generalization of the cluster approach, applicable to calculate the
suitability of the location for installation of generators of different types even in case of lack of data.

The work consists of the following parts:

The first part is a brief review of the literature, which describes the current practice of assessing the
potential of renewable energy sources, including, probably the only project implementing a classification
for assessing of wind energy potential.

The second part describes the multi-criteria decision support system (MCDM) for assessing the
potential of renewable energy sources.

The third part describes some of the results obtained by the MCDM geo information system MIGIS.

The conclusion describes the possible ways of developing of the system for evaluating various
spatially distributed resources.

Practice of assessing the potential of renewable energy. For economically sound use of renewable
energy, it is necessary to assess the potential and select the most optimal locations and methods for
collecting and processing energy, including the choice of types of generators. Such an assessment usually
includes three stages.

First, the potential of renewable sources is estimated. The assessment is multi-level and includes [4]:
the calculation of the theoretical (gross) potential, the evaluation of the technical potential, depending on
environmental parameters, efficiency of the generator, infrastructure, etc. At the last stage, the economic
potential is estimated, taking into account as many factors as possible. Since RES is mostly dependent on
geographic factors, an additional step was proposed in [5] — the assessment of the geographic potential of
RES. Geographic potential is defined as part of the technical potential that is geographically available and
necessary in a particular region (figure 1).

Secondly, an analysis of the factors associated with the use of renewable energy is performed. Such
factors include geographical (natural, geomorphological, location factors [6]), environmental, technical,
economic and social. In particular, recent studies show that the problem of utilization of generators [7],
landscape and aesthetic limitations manifested in areas of mass recreation [8], etc. should be taken into
account. Some factors may prohibit the use of renewable energy sources, for example, territories of natio-
nal parks, geographically or geophysically unsuitable territories, etc. Other factors such as the availability
of cheap renewable energy sources or high energy demand may contribute to the suitability of the territory
for installation of generators (figure 2). Thirdly, since the majority of RES are geographically distributed,
dependent on natural and anthropogenic factors, these resources are visualized usually using geoinforma-
tion systems (GIS) [9]. There are also examples of systems that support the interactive mode of calculating
the available technical potential of renewable energy sources, for example, solar energy [10].

Gross potential of renewable energy is estimated in a number of works. For example, the atlas [11]
describes the methods and results of calculations of natural resources and energy potentials of the sun,
wind, small water flows, peat, biomass of agricultural waste, waste of timber and wood industries of Russia.

— g2 ——
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Figure 1 — Stages of the RES potential assessment
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Figure 2 — Groups of factors affecting the installation of energy generators

Detailed calculation of the potential of renewable energy sources, including economic, on one of the re-
gions of Spain is described in [12]. The potential of the forest biomass of Italy was studied in detail in [13],
where all possible functions and scenarios of forest use are considered. The work [14] is an example of
solving the problem of assessing the potential of renewable energy (solar and wind energy) for rural areas.

There are a number of examples of a detailed analysis of a territory that take into account, among
other things, economic factors of the use of renewable energy sources [15,16].

A methodically close approach was applied in the dissertation work [17], where a combination of
factors influencing the placement of energy generators was classified according to the degree of influence
on decision making. A somewhat extended taxonomy of the factors mentioned is shown in figure 2.

Currently, a number of large scientific schools have been created that assess the potential of rene-
wable energy sources and visualize them using web technologies in the USA (National Renewable Energy
Laboratory - NREL) [18], Europe (European Commission for Renewable Energy [19]), Russia (GIS
“Renewable energy sources in Russia” [20]), international level (International Renewable Energy Agency
[21]). The preliminary work done in the Republic of Kazakhstan allowed us to offer a methodology for
assessing the potential of renewable energy sources based on open data sources and specific methods of
aggregating factors [22,23].

However, in order to successfully apply existing cartographic data, its additional analysis is required
in order to assess the economic potential of renewable energy, and the systems described above implement
only a part of the analysis related to a particular type of energy and to a specific territory.

Combining the above-mentioned methods within a single system is necessary and useful for analyzing a
territory from the point of view of different factors.

Multi-criteria decision support system for assessing the potential of renewable energy. The
developed system (multi-criteria intellectual geographical information system - MIGIS) provides functions
for storing, processing, visualizing and analyzing data. The system based on MCDM method BaFAHP
[24]. The proposed software architecture is scalable in terms of functional and technical capabilities by
adding new computing power and storage.

In the process of research and development of the system the following problems were taken into
account:
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1) The heterogeneity of data. This problem is related to both the data format and data sources. As for
data formats, two fundamentally different forms of spatial data must be taken into account: vector and
raster data, each of which has a number of different technical implementations. Data sources, in turn,
provide data in different formats with different temporal and spatial resolutions.

2) Scalability. Since the system takes into account a large number of factors (up to 70) presented as
high-resolution data, which need to be processed and analyzed separately, as well as aggregated together,
significant computational power is necessary.

3) User base. The system should be developed for different users including researchers and enthu-
siasts, developers and business/industry.

These requirements must be met, while preserving the integrity of the security of the system, taking
into account the various roles of access and permissions, as well as the ability to manage spatial data in
different regions.

The main functionality of MIGIS is implemented using data processors (DP), the number of which is
highly scalable. Although DP can perform any tasks, three categories of data processors can be distin-
guished:

Import data processors (IDP). Used to analyze data from any external sources, including files, exter-
nal databases, API, etc.

Data Normalization Processors (NDP) Due to the heterogeneity of the data, it is difficult to suggest
universal DP for normalization. Therefore, an extensible set of NDP is a feasible solution.

Data Aggregation Processors (ADP). The data obtained as a result of the work of IDP and NDP must
be consolidated to obtain an assessment of the territory. Aggregation of data and factors can be performed
on the basis of different mathematical models. Therefore, the extensible list of ADP will allow to expand
the functionality of the system. The outcome of the MIGIS system is a set of maps linked to a geographic
region (country, region, etc.).

Data and results. The developed system was used for a number of computational experiments for
checking and analyzing the developed model of aggregation.Since aggregation requires normalized data,
and the problem of normalizing heterogeneous data relies on expert judgment, the system was also used to
visualize and analyze the proposed methods for normalizing and adjusting their parameters based on
experimental results.

Figure 4 shows an example of several displayed layers, including vector layers (a map of railways
and buildings) and raster (two layers with statistics of different daily wind speeds). Figure 3 also shows
part of the system interface — a navigation panel on the left, which also to navigate through other system
menus and panels, and also contains a list of regions, factor groups and layers.

Layers in figure 3:

Blue lines (vector) — railways.

Black dots (vectors) are polygons showing the locations of buildings.

The green and purple scale raster layer is a map showing the average number of days per year with
wind speeds of less than 2 m/s and more than 10 m/s.

The ability to overlay different data allows you to simultaneously analyze several different factors.

In the current implementation, several sets of layers are loaded into the system, which are necessary
for making decisions when deploying RES generators. The data includes:

— Layers of vector data from open source OpenStreetMap project. This data includes: the location of
roads and railways, waterways, reservoirs, glaciers, buildings, and information from the land-use registry;

— NASA SSE (Solar Meteorology and Solar Energy) data layers — raster data, including average,
maximum, minimum, and consistency statistics for solar radiation, air temperature, atmospheric pressure,
humidity, and wind speed;

— Layers obtained by processing the source data.

Data loaded by IDP is normalized. Implemented NDP providing the following types of normali-
zation: linear, threshold and threshold with linear interpolation (figure 4).

Aggregation. The aim of the system is to support decision-making in the area of installation of
renewable energy generators in the form of aggregated layers (maps) indicating areas favorable for the
installation of a specific energy collection system.

For data aggregation, two ADPs are currently implemented on the basis of a multiplicative model and
a Bayesian algorithm using subjective probabilities estimated in the course of knowledge extraction from
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Figure 3 — Example of displaying multiple layers
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Figure 4 — Examples of the response function of the implemented normalization algorithms
(linear, threshold and threshold with linear interpolation)

experts. The peculiarity of the Bayesian inference model is that it allows one to obtain not only a single
value, but two subjective probabilities corresponding to the positive and negative hypotheses about the
feasibility of installation of RES generator. In addition, the model works in the case when estimates of
some factors are absent.

Figure 5 shows an example of the result of aggregation of factors using the developed algorithm
based on the Bayesian model (Bayesian ADP) for the territory of Kazakhstan in the area between the cities
of Almaty and Kapshagay. The factors affecting the theoretical feasibility of installing wind generators, in
particular, the distance to buildings, power lines, electrical infrastructure, roads, water objects, data from
the land use registry, the registry of national parks, reserves, data on the average wind speed at an altitude
of 50m are considered. Green zones correspond to high values of the positive hypothesis (generator
deployment is feasible), and red zones - negative (wind turbine deployment is not feasible or impossible).

Currently, with a given set of factors, the results of the algorithms can be used as a preliminary basis
for decision making. For example, it is clear in which areas it is forbidden to deploy the generators. At the
same time, the map shows some aggregated indicators of the total infrastructure and residential/commer-
cial presence, taking into account roads, energy infrastructure and settlements. Figure 5 (right) shows a map
of two hypotheses overlaid - positive (green) and negative (red), which is one of the features of the develo-
ped aggregation algorithm. At the same time, the values of these two hypotheses are not reduced to a simple
inversion of the first to the second, and can be used independently in a detailed analysis of the territory.

The simplest way to verify the proposed model and the system implemented on its basis is to
compare the locations of existing generators and the forecast that the model made. Figure 9 shows the
locations of the wind - (left) and solar (right) power generators in the area of the Kapshagay reservoir
(Kapshagay city). It can be seen that the existing power complexes are located in the green zones
predicted by the system.
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Figure 5 — Example of aggregation of criteria using the Bayesian model. Left: above - the result of the calculation
for the "positive" hypothesis, below for the "negative". Right map is combining both hypotheses

.

Figure 6 — Placement of wind and solar power generators in the area of Kapshagai (placement areas are marked by arrows)
More detailed information about the operation of the system can be found at hitp://migis.kz (username “observer”,
password “migispassword”).

Conclusion. Despite the great potential of renewable energy sources in Kazakhstan, it is a complex
task to utilize it optimally. Therefore, it is necessary to choose places in the Republic where the use of
RES would be most useful. Pure technical considerations are not enough for a detailed analysis of these
areas, since the choice of location for the construction of energy generators is influenced by many diffe-
rent factors that must be evaluated and consolidated in a generalized assessment.

The paper presents a prototype of the multi-criteria decision support system MIGIS. The system
allows assessing the suitability of the sites for the installation of RES generators using several methods of
consolidating expert estimates and the gross energy potential (currently, two types of aggregation are
used: the multiplicative method and the hybrid method using Bayesian output). The MIGIS architecture is
based on a system of unified modules, which will make it relatively easy to increase functionality by
adding data processors and aggregators.

Since the problem of decision-making, including the automatic allocation of resources and mana-
gement, is becoming increasingly important, we can expect growth in scientific and industrial demand for
systems like the MIGIS described above, designed to support decision-making in the analysis and
assessment of spatially distributed resources.

The system architecture, based on the concept of independent data processors, allows the system to be
expanded in terms of data sources, solving problems of calculating the energy potential on the basis of
more accurate mathematical models and algorithms for consolidating estimates of various factors.
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From the point of view of software and hardware implementation, the system is distributed (cloud)
and modular. These features make it relatively universal both in terms of the data being processed and in
terms of the functions implemented.

The system provides the ability to store-process heterogeneous data, extend processing power, parse
data from external sources. The ability to build Data Processor cascades is supported.

The Bayesian model of inference, used to aggregate heterogeneous data, provides subjective proba-
bilities of two hypotheses (pro and con). The model remains operable in case of incomplete data, when it
is impossible to obtain estimates of some criteria. The accuracy of the forecast deteriorates, however, the
model makes it possible to estimate this deterioration.

In our opinion, the implemented methods and models can be used to support decision making not
only in the area of application of the RES, but also other types of spatially distributed resources [25].

The main problem in using the developed system in practice is low accuracy and general lack of the
data. Some data obtained from open sources, for example, the values of incident solar radiation and wind
speed from the NASA SSE database, are presented in a degree grid and averaged to monthly mean, which
does not give a detailed idea of the spatial and temporal distribution of these characteristics. The data of
the Open Street Map on Kazakhstan's infrastructureis not complete, and in case of water resources the data
are erroneous. Therefore, one of the tasks of further research may be the task of creating more reliable
arrays of initial data. The second task, the solution of which can improve the accuracy of recommen-
dations, is the development of a system that combines decision support methods based on expert assess-
ments and machine learning methods. In this context, a good example is the windcat.ch. project, in which,
using deep learning on the data of currently installed wind generators, the suitability of territories for wind
generators installation is predicted.

Despite the noted shortcomings, a comparison of the results obtained with the actual installation of
the generators shows that the proposed model and the system developed on its basis are able to predict
areas favorable for the placement of power generators based on RES. Evaluation of the accuracy of the
forecast and its improvement is the task of further research.
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KOPIIAFAH OPTA BOMBIHIIA SHEPTETHUKAJIBIK )KEJLJIEPII OPHATY
JKOHIHAET'T ONTUMAJJIbI MAUJTIAJTAHYIIBLIAPJBI TAHJIAY TYPAJIbI
IEIIM-KOJIIAHY MYJIK-KPUTEPUSJIBIK KOJIJAY )KYUECI

Annoranusi. Kazakcran PecrnyOnmkaceiHna Ka30a OTBIHBIHBIH €JIeyJli K€H OpBIHAApHI, CoHAal-aK OpTasblk
Asusiarsl eH ipi sHeprust eHnipyminepain 6ipi 6ap. Consimen Oipre, Kasakcran xbutsiaa 300-1000 mapa. KBr.car.
Jlenn OaramaHaThlH >KaHApTHUIATHIH dHeprus ke3zaepi (DKIK) OoitpiHmia onmemperi eH Oail enpepain 6ipi Oosbin
TaObUTazbl. JKaHAPTHUTATEIH YHEPTHS KO3IEPiH KeH ayKbIMIa J1a, KeKe Vil MapyambUIBIFRIHA Ja KOJIaHy YHEepTus
JKYHECIHIH <OKachUD» MEMIIEKeTKE alHaNyBIH KamTaMachl3 erefi. JleremMeH, Oy Oacramanmapipl eTMiMI3IiH KO-
HOMHWKACHIH Carajbl SKOJOTHSIIBIK JKaFaiiFa aifHaIIbIpyFa KOJIay KOpCeTeTiH THICTI aKIMapaTTHIK KOJIay apKbLIBI
Kongay KakeT. JKaHapThIIaThIH SHEPTHSHBI aliJalaHy MYMKIHAIrH Oaranay yIIiH maiiiadaHbuTybl MYMKIiH pecypc-
THIK-MHBAPUAHTTHI T€TEPOTCHAl ACPEKTepAl OHICYHIH KOJAAHBICTAFbl OiCTEpi JKOoHE OarmapiiaMaliblK KaMTamachl3
ety kapacteipburraH. DKJK kommany eceOl jKalilbl, TEXHUKAIBIK, TeOrpaQUsUIbK JKOHE SKOHOMHUKAIIBIK MOTEH-
uasnnapapl O0aranay >KOJIBIMEH OpBIHAANATHIHBI KepceriireH. KenrtereHn skarmainapia o3ipieMenepiH aBTopiapbl
backa emuepaeri (Mcnanwms, I'penms, AKIL) skaHapThiIaThlH SHEpPrusi reHEpaTOpiapblH OPHAIACTBIPYFA BIKIAI
CTEeTIH JKOHE KeIepri KeITIpeTiH (akTOpiapIblH JKUBIHTBHIFBIH CCKEPETIH IIenrMaep KaObUIAayabl KOJIayIbIH
JKePTUTIKTI JKYHesepiH KajpimracTeipagsl. CoOHbBIMEH Oipre, KalbllTacKaH MpPaKTHKa Makajia aBTOpJaphbl o3ipiereH
(BaAHPF) memimM kaObuimayapl KOIMKPUTEPUAIIBI KOIIAYIBIH TYMHYCKAIBIK MoOJeliHe Herizmene amathiH DKK
TeHEepaTOpIIapblH OpHAJACTHIPY OOMBIHIIA MICHIiM KaObuIgayabl KOJaayaslH aMOebarn >KyHeciH YChIHyFa MYMKIHJIK
Oepeni, OipiHIIiNeH, eKi OaamMalbl THIIOTE3aHBI KapayFa yKoHe eKiHIIiIeH, aKIMapaTThIH JKeTiCIIeYIILIIr KaFalbHaa
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JKYMEIC icTeyre MyMKIHAIIK Oepeni. byn perre, oceiraH Oacka enmepeH aipipMambuisirsl Kazakcran ymia DKK-Hig
YJIKEH JKajmbl MOTCHLHAJIBIMEH KaTap, XaJbIKTBIH THIFBI3ABIFBI TOMEH >KOHE JKEPTiliKTI reorpadusiblK JKoHE
reo(hM3UKAaJIBIK XKargaiiaap Typajbl aKIapaTThIH JKeTicTeyminiri 6ap opacaH 30p ayMakrTap TOH. ¥ CBIHBUIFaH MOJEIb
aiiThlJIa ©TKeH KeMIILTIKTep/l OipiaMa aspexene keHyre MyMKiHIik Oepeni. Ochl HeTi3/e JKacalfaH KOl KpuTe-
PHUITIK 3MATKEPIIK TE0aKMapaTTHIK JKyHe KeIl KpUTEepPHiIepAi IIemyre Koigay KepceTy JKyWeci CHIaTTasiFaH.
Toyenci3 aepbec nepekTep NpoLecCOpapbIHbIH TYXKbIpbIMaamMachkina Herizaenren MIGIS apxurtekrypachl KapacTbi-
PBUIBIIN, JaMy YIEpiCiHIe LIeNIreH KelOip TeXHUKAIBIK MIceJeliep KapacThIPbUIA/Ibl KOHE JKYHEe JKYMBICHIHBIH
MBICAJIIapbl SHEPTUs TeHepaTopJiapblH OPHATY YLIIH KOJIAiIbI )KepiIep/i aHbIKTay MiHAeTTepinae oepineni. Inecneni
reorpadusuIbIK, reo(U3NKaIbIK )KOHE SKOHOMHUKAIIBIK aKNapaTThiH JKEeTICIeyIilirine OaiaHbICThl OChIHIAN Kyiie-
Jiepre TOH IIEKTeyJep alThbuFaH. AJIarbl 3epTTeyJiepAe alMaKThl JKIKTey/l OpbIHAayFa MYMKiHIIK OepeTin Maru-
HaJIBIK OKBITY 9/IiCTEPiH KOChIMIIIA KOJIJJaHy YCHIHBIIJIBI.

Tyiiin ce3nep: memiMaepi Koamay a1icTepi, TeoaknaparThIK XKyienep, 3USTKEepIiK aKnapaTr TeXHOJIOTHsIaphbl,
JKaHAPTBUTATBIH SHEPTHsS, KeH TapaliFaH pecypcrap.
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CUCTEMA HNOJIEPKKU NPUHATHUSA PEINEHUM /1151 BBIFOPA
OIITUMAJIBHBIX MECT YCTAHOBKHU I'EHEPATOPOB DHEPI'MU HA BA3E BUJD

AnHoTauus. PecryOiika Kazaxcran nmeeT 3HauuTeNbHBIE MECTOPOXKIACHHS MCKONAEMBIX BHIOB TOIUINBA, a
TaKXKe SBJISIETCS OJHUM M3 KPYIHEHIINX MPOM3BOAUTENEH 3HEpPruu B cTpaHax LlenTpansHoit A3uu. B 10 ke Bpems
KazaxcraH sBisieTcst OHOM M3 caMblX OOraThIX CTpaH MHUpa C TOYKH 3PEHHs PECYpCOB, BO3OOHOBISIEMBIX MCTOY-
HuKoB 3Heprun (BUD), ouennBaembix B 300-1000 mupn kBu B ron. ITpumenenne BUD kak B kpynHOM MacmiTade,
TaK U Ha YPOBHE OT/EJIBHOTO JOMOBJIA/IEHHs] 00€CIIeYnBaOT TpaHC(OpMaLMIoO SHEPreTHUECKOH CHCTEMBI K "3elie-
HOMY cocTosiHHIO". OJTHAKO 3TH MHUIMATUBBI JOJDKHBI HOAKPEIIIATHCS COOTBETCTBYIOIIMM HH()OPMALMOHHBIM 00ec-
NeYeHneM, 00eCTIeUMBaIOLINM TOAIEP)KKY TpaHCHOpMalNU XO3IHCTBA CTPaHbl K KAYeCTBEHHOMY 3KOJIOTHYECKOMY
cocTOsIHMIO. PaccMaTpuBaloTesl CyNIECTBYIOIIME METOABI M IPOTPaMMHBIE CpeICTBa st 00pabOTKH pecypconHBa-
PHAHTHBIX TE€TEPOTEHHBIX JAHHBIX, KOTOPbIE MOTYT OBITh MPUMEHEHBI IJISl OLEHKH BO3MOXKHOCTEH HCIIOIb30BaHMS
B0300HOBIsIeMO# sHeprun. [loka3aHo, 4To pacdeT mMpuUMEeHUMOCTH BUD BBIMONHSETCS MyTEM OLEHKH BaJIOBOTO,
TEXHHYECKOTO, Feorpah)uuecKoro ¥ 3KOHOMHIECKOTO NMOTEHINAIOB. B OONbIIMHCTBE CiydaeB aBTOPHI pa3paboToOK B
npyrux crpanax (Mcnanus, I'peuusi, CILA) dbopmupyIOT JOKanbHbIE CUCTEMBbl HOAJEPKKA NPUHSATHS PEIICHU,
YUHUTBHIBAIOIIMX COBOKYIIHOCTH (DAaKTOPOB, CHOCOOCTBYIOIIMX W IPEHATCTBYIOIIMX pPa3MELICHHI0 TI'eHEepaTopoB
BO300HOBIISIEMO HEPrUU. BMecT ¢ TeM, cloXuBIIasics MPAaKTHKA MO3BOJIET MPEATIOKUTh YHUBEPCATIBHYIO CUCTEMY
MOJIIEPKKH TIPUHSATHS PELISHHH 1Mo pa3MmelieHuo reuepatopoB BUD, koTopas MoxeT 6a3MpoBaThCsl HA OpUTHHAIb-
HOW MOJIEJIM MHOTOKPUTEPHAIBLHON MOJIEPIKKU MPUHSITHS pellieHuit, pa3paboTanHoii aBTopamu crathu (BaAHPF),
TIO3BOJISIIOIIEH, BO-TIEPBBIX, PACCMATPUBATh JIBE aJbTEPHATUBHBIC TMIOTE3Bl U, BO-BTOPHIX, pabOTaTh B yCIOBHUSIX
Henocratka nHMopmanuu. IIpu 3TOoM, B oTimune oT Apyrux crpad miust Kaszaxcrana, Hapsiay ¢ OOJNBIIMM BajlOBBIM
noreHuaioM BUD, xapakTepHbl OrpoMHBIE TEPPUTOPHH C HU3KOW IUIOTHOCTBIO HACEJICHUSI M HEOCTaTOK MH(OP-
Malyd O MECTHBIX reorpaMuecKux U reo(pu3nuecKux yciuoBusx. [IpeamoxeHHas MOAENb MO3BOJISIET B HEKOTOPOH
Mepe TPEeoAoJIeTh yKa3aHHBbIE HeqocTaTkd. OmuchiBaeTcs pa3paboTaHHas HAa 3TOH OCHOBE MHOTOKpPHTEpHATIbHAS
cucreMa moanepxku npuHATHs pemennit MIGIS (multi-criteria intellectual geoinformation system), obecrieun-
BAIOILAsl OLICHKY TEPPUTOPUH C TOUKH 3PCHUS YCTAHOBKU T'€HEPATOPOB HEPruH Hctoib3yromux BUJ. Paccmorpena
apxurektypa MIGIS, ocHOBaHHas Ha KOHIENIMM HE3aBUCHMBIX IIPOLIECCOPOB JAHHBIX, OCBEHIEHBI HEKOTOpHIC
TEXHUUYECKHE BOIPOCHI, PEHIEHHBIE B Ipolecce pa3pabOTKH, NMPHUBEAEHBI NPHUMEPBI pabOThl CHCTEMBI B 3ajade
BBISIBJIICHUS MCECT 6J'laFOle/lﬂTHI)IX AJId YCTAaHOBKU T'€HCPATOPOB JSHCPIHU. yHOMﬂHyTbI OTrpaHUYCHUA, NPUCYHINEC
TaKOro pojJla CUCTEMaM, KOTOPBIE CBSI3aHBI C HEJOCTATKOM CONYTCTBYIOLIEH reorpauyeckoi, reopusnueckoil u
9KOHOMHUYECKOU I/IH(l)OpMaLIl/Il/I. B ﬂaﬂbHeﬁHlldX HCCJICAOBAHUAX MPCATIOKEHO JOTIOJTHUTECIIBHO UCII0JIB30BATh METOAbI
MAaIIMHHOTO 00yUYeHHUs, KOTOPBIE IMTO3BOJISIOT BBIOJIHUTE KJIACCU(HUKALIUIO TEPPUTOPHH.

KiroueBbie c10Ba: METOABI MOJEPKKH IPUHSTHS PEICHUH, FreOMH()OPMAIIIOHHBIE CHCTEMBI, HHTEIICKTYallb-
HO-MH(}OPMAIIOHHBIE TEXHOJIOTH, BO30OHOBIIsIEMasi 3HEPIUsl, IPOCTPAHCTBEHHO PACIPEICIICHHBIE PECYPCHI.
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