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Abstract: The basic approaches to decision making and behavioral modification for future preservation, ilwhthe

sustainable development modeling are considered. &ic spatial

models include Hagerstrand model, gravity models,
transportation models and location models. Dynamicsof a
sustainable development is considered in the Forres’s system
dynamics, in mixed integer programming models of dyamic

location. Population dynamics in urban planning moels is
considered. Multicriteria issues of sustainable detopment are
analyzed. Application of goal programming and other
multicriteria optimization techniques are consideral. GIS

application for the account of the spatial factor $ shown.
Applying DSS (Decision Support Systems) and multicteria

spatial DSS is analyzed. DSS allow using model asdlver bases
for sustainable development modeling.

Keywords: Sustainable development, system dynamics, spatial
temporal systems.

SCIENCE AS AFOUNDATION FORSUSTAINABLE DEVELOPMENT

“Sustainable Development” is currently a topic okaf
social relevance and one that requires the integraif a
challenging array of themes from a variety of dqifines
spanning the physical and natural sciences, ecasoamd

spatial perspective is represented by a systemoagip

advocating the dynamic interaction between natandl social

systems.

In a report by the Global Environmental Change
Programmes(a summary of the conclusions from the
workshop ‘Sustainable Development - The Role of
International Science 4-6 February 2002, Paris) is written:

e “Research must move beyond a disciplinary focus to
address sustainability issues in the frameworkoof@ex
dynamical systems”.

e “Building and delivering of predictive tools for eanced
understanding and decision-making, such sstem
modelsat local, regional and global scales”.

We can define the difficulties related to the ursteemding
of sustainable development issues due to the egtrem
complexity and interrelations of the factors, mardarly in a
log time and global-local perspective. It will aldlostrate the
necessity for policy makers and stakeholders tindgfolicy
and actions, going beyond only locally sustainahtel/or
environmentally sound, and assess their effectivicames

other social sciences, and the humanities. The siclasand impacts.

definition of sustainable developmenproposed in the World

Amongst the measures developed to indicate subiitpa

Commission on Environment and Development (WCED)ave been economic measures such as genuine savings

1987) report (so called the Bruntland report) “@ommon

Future” [51] is: “Sustainable development is depeh@nt that

meets the needs of the present without compromisineg

ability of future generations to meet their own d&e It
contains within it two key concepts:

e the concept of 'needs', in particular the essengeals of
the world's poor, to which overriding priority shdwbe
given; and

e the idea of limitations imposed by the state ohtedogy
and social organization on the environment's abiit
meet present and future needs.”

This definition embraces three components: enviemtal
responsibility, economic return and social develepmand
requires that we see the world as a system - a&reystat
connects space; and a system that connects teneaspatio-
temporal system

Sustainable development is a wide concept and Verstioe
years been introduced through many different didins.
Although different in wordings, the definitions leat least

ecological measures such as human appropriatiomNeif
Primary Production (NPP), ecological footprints and
environmental space; and socio-political measweh as the
Index of Sustainable Economic Welfare (ISEW) andligy of

life indicators.

In publications Giaoutzi and Nijkamp (1993), Vannde
Bergh (1996) the issue ofgional sustainable development
has been considered under the three broad headihgs
economig socialandecologicalconcerns in a region.

The economic aspects are related to income, prioayct
investments, market developments, price formatitm €he
social concerns refer to distributional and equity
considerations, such as income distribution, actessarkets,
wealth and power positions of certain groups oiamsg etc.
And the ecological dimensions are concerned witalityuof
life, resource scarcity, pollution and related ableés. This
paradigm advocates a comprehensive decision-matkiag
anticipates and manages scarce resource use, imglud
environment and finance, while developing the regio

three common denominators; they all include a tealpo System.

perspective which entails a cross-generational oresipility

and they all include a spatial perspective whictaiéna cross-
system application. The temporal perspective indithat the
process is a long-term consideration with a focagpesent

Information plays a critical role in sustainablevelepment.
The ability to identify, implement, and evaluatestsinable
development strategies at all levels is inextrigdioked to the
effective identification, collection, use, and @issnation of
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information. The principles of sustainable develepincall
for an integration of information about
environmental, and social factors in decision mgkifihis

information is required to support the identificati of

objectives, the development of policies or decigigles, and
the evaluation of courses of action. While much tbé

reference to the role of information in sustainatdeelopment
is directly linked to evaluation and decision makiaccess to
information is also discussed in direct relatiopsta issues of
equity and participation in decision making.

SYSTEM DYNAMICS AS AMODELING TOOL FOR
SUSTAINABLE DEVELOPMENT

The system dynamics approachapplies to dynamic
problems (those that involve quantities that chamggr time)
in feedback systems where feedback is defined as
transmission and return of information. System dyica is an
approach to understanding the behavior of compiestems
over time. System dynamics is an aspect of systhewy as
a method for understanding the dynamic behaviaroofiplex
systems. The basis of the method is the recognttiah the
structure of any system - the many circular, iateking,
sometimes time-delayed relationships among its corapts -
is often just as important in determining its bebawas the
individual components themselves.

These models are used to simulate possible scenéio

economicassessing novel and innovative technologies.

MULTIDIMENSIONALITY OF SUSTAINABLE REGIONAL
DEVELOPMENT

Sustainable regional development is multidimendidna
nature. Sustainability of regional development ibraader
concept that involves multiple criteria. It invotva pattern of
economic development that would be compatible &itbafe
environment,  biodiversity, and ecological balance,
intergenerational and international equity.

Sustainable regional development is a multidimeraio
paradigm, including socio-economic, ecologicalhtecal and
ethical perspectives. In making sustainability qeb
operational, basic questions to be answered ataisability
tbf what and whom? As a consequence, sustainaliskyes
are characterized by a high degree of conflict. désign and
development of sustainable development approaclses
dependent upon the identification and developmentaro
appropriate information infrastructure to supposcidion
making. This information infrastructure must sugpdine
identification of objectives, the development amedestion of
appropriate actions toward those objectives, aadtaluation
of progress toward those objectives.

The characterization of development sustainabhitityerms

An early attempt to model sustainable developmeas wof a set of indicators makes very good sense. lt, fa

undertaken in “Limits to Growth” - models [42]. T¢&
models attempted to examine the impact of populajimwth,
and pollution and resource use on planet. The nalthMsian
conclusion of this early set of models was statetttee limits
to growth on this planet will be reached somewlthin the
next one hundred years...even the most optimisticnatbn
of the benefits of technology in the model...did motany
case postpone the collapse beyond the year 2108adbivs
et al., [42], pp. 23 and 145). Despite numerousc@ms the
system dynamics methodology can be used to buildetscof
sustainable development. The systems dynamic agiprtm

development sustainability is an abstract concdytt tis
difficult to conceptualize and measure. These diffies are
due chiefly to the multidimensionality underlyinghet
sustainability. Thus, development sustainabilityvoires
economic, ecological and sociological charactessthat are
measured in very different units. What we should ido
practice within such a complex scenario is to defand
measure the different characteristics involved ihe t
sustainability of a particular system in terms afitable
indicators. In general, it seems feasible to opamatize
regional sustainability by specifying a set of minim (or

modeling sustainable development is based on thmee sacritical) conditions to be fulfilled in any develognt initiative
methodology of difference equations represented ast of for a region. These conditions may relate to ecaopswocial
interacting feedback loops. and environmental objectives. Such critical cowodisi are
One of the most innovative approaches to modelingsually not specified via one single indicator, batuire
sustainable development at a sub-national or rejgrale has multiple criteria. As a consequence, multiple-ciggedecision
been developed in US by Costanza et al. (1990) fi®] analysis (MCDA) paradigmmay be seen as a helpful
Costanza et al. (1997) [17] who have developed taoke operational instrument for regional sustainable ettgyment
system dynamic models which are interconnected to palicy (Munda, 2005) [49].
geographical information system (GIS) to simulateotigh Consequently, it seems a practical approach (Nijkafh,
space and time the changes in wetlands surrounttieg & Ouwersloot, 1997) [50] to describe environmental
Chesapeake estuary. This integration of spatio-tealp considerations and concerns mainly in termsreference
processes by interfacing dynamic modeling with GlSalues or threshold conditions(limits, standards, norms) on
represents the cutting edge of such modeling. apoach resource use and environmental degradation (omutpmdl).
can be further enhanced by including intelligenfrends or This is in agreement with popular notions like garg
Decision Support Systems (DSS) to the system. TEX3® capacity, maximum vyield, critical loads, environran
can include optimization approaches as well as aleuwtilization space, maximum environmental capacgg and so
networks. forth. Usually optimization-based techniques arsigied to
Sustainability of development can be modeled witkreate only single best solutions to problems. Haredue to
simulation supported by statistical and uncertaiatalyses. the presence of considerable system uncertainty tanithe
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possibility that opposition from a dominant stakieleo can
actually eliminate any single (even an optimaljugoh from
further consideration, environmental policy-makiased with
difficult and potentially controversial choices faeto have
the capability of selecting from a set of altermasi. MCDA
has emerged as a powerful tool to assist in thegs®o of
searching for decisions which best satisfy a nudgt of
conflicting objectives, and there are a number it
methodologies for multicriteria decision-making Iplems that
exist. Thus, Mendoza et al. (2002) [45] recommédmause of
some qualitative multi-criteria methods for theesssnent of
indicators of forest sustainability. Bousson (20[®1)applies a
multi-criteria methodology (ELECTRE) to the choioé the
most preferred management alternative accordingeigral
criteria.

Land-use planning has also been analyzed inclutheg
integration of MCDA methods with Geographic Infotina
Systems (GIS) (Malczewski, 1999) [39].

In many cases, the concept and measurement of the
sustainability of a regional development is bas@®bnuan
aggregation process of several indicators of difietype and,
consequently, expressed in very different unitsthifii this
generally accepted scenario, this aggregation proeecan be
done with a method based upon goal programming (G#)
with zero-one decision variables that turns outb® a
powerful tool for determining the sustainability of
development. The proposed procedure flexibly detemthe
“most sustainable” system from a set of feasiblgioral
development plans in terms of several indicators of
sustainability, as well as ordering or ranking tgstems

Belton and Stewart (2002) [4] define MCDA as “anconsidered. GP technique has been widely used é th

umbrella term to describe a collection of formapagaches
which seek to take explicit account of multipleteria in
helping individuals or groups explore decisionst threatter”.
This general definition outlines three dimensiofisViCDA,
namely: (1) the formal approach, (2) the preserfamudtiple
criteria, and (3) that decisions are made eithembividuals

or groups of individuals. MCDA approaches have beemere summarized by (Rosenhead, 1989)as follows:

classified in a number of ways (Mendoza & Martig®06)

[46]. One of the first categorizations makes a iwliston

between multi-objective decision making (MODM) amdilti-

attribute decision making (MADM). The main distiiot
between the two groups of methods is based onuher of
alternatives under evaluation. MADM methods areigtesi
for selecting discrete alternatives while MODM areore
adequate to deal with multi-objective planning peofs,
when a theoretically infinite number of continu@lternatives
are defined by a set of constraints on a vectodefision
variables

The general classification of MCDA methods is suwgd
by Belton and Stewart [4] and classified MCDA meatiadnto
three broad categories:

1. Value measurement models “numerical scores are
constructed in order to represent the degree tahwhine
decision option may be preferred to another. Swchnes
are developed initially for each individual critem, and
are then synthesized in order to effect aggregaititm
higher level preference models”;

2. Goal, aspiration or reference level models“desirable
or satisfactory levels of achievement are estabdisfor
each criterion. The process then seeks to disanwéons
which are closest to achieving these desirablesgoal
aspirations”;

development of forest plans since the work by Fi@lei73)
[25]. Thus, the works of Davis et al. (2001) [19hda
Buongiorno & Gilles (2003) [10] include several &pations
of this method in forest resources management.

Some of limitations of the traditional MCDA methoaken
dealing with the complexity of natural resourceshagement
1)
“comprehensive rationality”, which unrealisticalfyresumes
or aspires to substitute analytical results andmdations for
judgement; (2) the creative generation of alteuesti is
deemphasized in favor of presumably objective fdasand
optimal alternatives; 3) misunderstanding and
misrepresenting the reasons and motivations forligub
involvement; (4) a lack of value framework beyohd typical
“utilitarian precepts”.

In view of the above limitations, a more flexibimbust,
and broad approach to MCDA application to natueaburces
management is needed, one that is able to deallldt&fined
problems, with objectives that might be neithemadle stated
or accepted by all constituents, with unknown peafbl
components, and with unpredictable cause-and-effect
relationships. A transparent and participatory m#fin of the
planning and decision problems would also be delgra

A number of authors (e.g. (Rosenhead, 1989)
(Checkland, 1981) [15]) proposed an alternativeagiam,
known as “soft systems” methods to address whasethe
authors described as wicked, messy, ill-structuredifficult
to define problems. According to (Rosenhead, 198%jese
alternative paradigms are characterized by atgbstuch as:
(1) search for alternative solutions, not necebsanptimal,
but which are acceptable on separate dimensionksoutit
requiring explicit trade-offs; (2) reduced data deis

and

3. Outranking models: “alternative courses of action arethrough greater integration of hard and soft dateluding

compared pairwise, initially in terms of each aiite in
order to identify the extent to which a preferefeone

social judgments; (3) simplicity and transparencis)
treatment of people as active subjects; (5) fatitin of

over the other can be asserted. In aggregating suobttom-up planning; (6) acceptance of uncertaintided by

preference information across all relevant critetiae
model seeks to establish the strength of evidesearing
selection of one alternative over another”.

attempts to keep options open as various subtletiethe
problem are gradually revealed. An excellent revidwhese
“soft methods”, or sometimes referred to as so@rapons
research methods, can be found in (.
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In general, soft systems approaches give less eigpba The first MC-SDSS have been developed during the la
generating solutions; instead, they give primacyd#dining 1980s and early 1990s (Malczewski, 1999) [39]. ¥arl
the most relevant factors, perspectives and isgsshave to research on MC-SDSS is especially devoted to thsipal
be taken into account, and in designing strategies which integration of the GIS and MCDA. According to (Dhaam,
the problem can be better understood and the dagsbcess 1991) [20], a SDSS should (i) provide mechanismstfe
better guided. They are also more adequate foreadirg input of spatial data, (ii) allow representation spatial
complex problems dominated by issues relevant tod arelations and structures, (iii) include the analgtitechniques
influenced by, human concerns and their purposgfhbemes of spatial analysis, and (iv) provide output in arigty of
(Mendoza and Prabhu, 2002) [45]. By doing so, thegpatial forms, including maps. A typical SDSS corgahree
recognize the intrinsically complex nature of sbagstems generic components (Malczewski, 1999) [39]: a dadab
and consequently attempt to avoid prematurely inmgos management system and geographical informationemsst
notions of objectivity, rationality, mechanisticcapredictable (GIS), a model-based management system and model ba
causality among relevant components of the problem. and a dialogue generation system. Today's spatalsitbn

Two characteristic features that are central to sloé support systems rely on a GIS component. Cowen8)18%8]
systems approach are facilitation and structurkragilitation defined GIS “as a decision support system involvihg
aims to provide an environment where participants dntegration of spatially referenced data in a peablsolving
stakeholders are properly guided and discussiodgloate are environment”. A GIS system is composed of a gedgcab
appropriately channeled. Structuring, on the otlemd database, an input/output process, a data anahgttsod, and
pertains to the process with which the managemmitigm is a user interface. Such modern GIS techniques haen b
organized in a manner that stakeholders or paatntgp can instrumental in developing interactive modes betwee
understand, and hence, ultimately participate & glanning quantitative modeling and spatial mapping (Giaou&i
and decision-making processes. Nijkamp, 1993) [30]. Especially when regional dephent

This need led to the development of approaches thalans have a bearing on land use, GIS may offeoveedul
formally analyze qualitative decision problems suak: analytical tool for spatial sustainable development
artificial neural networks (see (, (Moisen & Fresxi 2002) Multicriteria spatial decision support systerfdC-SDSS)
[48] and (Liu et al., 2003) [36]), knowledge bag@Reynolds can be viewed as part of the broader fields of SDE&
et al., 1996) [57] and (Reynolds et al., 2000) Jo8hd expert specificity of MC-SDSS is that it suppogpatial multicriteria
systems (Store & Kangas, 2001) [64]. Two application decision makingSpatial multicriteria decision making refers
particular of these new approaches, developed aiside to the use of MCDA. Web-based MC-SDSS is an active
support systems, are the Ecosystem Management i@recisresearch topic which will be the subject of considde
Support System (EMDS) developed by Reynolds (1998) additional interest in the future (Carver, 1998]
and CORMAS (Common-pool Resources and Multi-Agent A number of frameworks for designing MC-SDSS have

Systems) developed by Bousquet et al. (1998) [8]. been proposed including Diamond & Wright (1988) ][21
Carver (1991) [13], Eastman et al. (1995) [23], dadkowski
DECISION SUPPORTSYSTEMS (DSS) et al. (1999) [35]. Despite differences in GIS daifitees and

DSS can be used by decision makers as an effectifi-DA techniques, the ge_neric framework contain_seehr
technique in examining and visualizing impacts ofiges, M&or components: a user interface, MCDA modelsl{utes
regional development strategies, emission reductieasures, 00IS for generating value structure, preferenceleting, and
and climate change within an integrated and dynammultlattrlbute deC|S|Q_n_ rules), and spatial datalgsis and
framework. In (Cai, Y. P. et al., 2009) [11] aneirdctive Management capabilities. _
decision support system (UREM-IDSS) has been dpeelo MC-SDSS have been developed for a variety of progle
based on an inexact optimization model (UREM, Ursitg of ~ including land use planning (Diamond and Wright8&)9[21],
Regina Energy Model) to aid decision makers in piag (Thill, J.-C. & Xiaobai, Y., 1999) [65], (MacDonaI& Fab_er,
energy management systems. Optimization modeloepaio 1999) [38], water resource management (Bender @ndrSic,
development, user interaction, policy analysis arnsual 1995) [5], habitat site deveI(_)pment (Janko_wskﬂ.eﬂﬁQQ) [35],
display are seamlessly integrated into the UREMSD®h health care resource _allocatlon (Jankowski and t-W886) [34],
(Handbook, 2005) [55] the current status and futlirections land suitability analysis (Eastman et al., 1995;[E&cher et al.,
of model-based systems in decision support andr théi996 [26]), MULINO, the prototype of a DSS softwémeDSS) for
application to sustainable development planning e sustf';unable_ management of water resource® atatbhment
comprehensively examined. scale (Giupponi et al., 2004) [31].

A spatial decision support system (SDSS) is an
interactive, computer-based system designed toastippuser
or a group of users in achieving a higher effectdgs of Recently, the interest has been focused on dynamic
decision making while solving a semi-structured tigha applications with geographic reference. These aafidins are
decision problem (Malczewski, 1999) [39]. The caqutcef commonly called as spatio-temporal applications examine
SDSS has evolved in parallel with DSSs (Maraka88)®41]. Phenomena, which occur in specific regions and gaaver

SPATIO-TEMPORAL INFORMATION SYSTEMS
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time (Stefanakis & Sellis, 2000) [63], (Egenhoféf,J., &
Golledge, 1998) [24], (Frank, 1992) [29]. CurrentiSG
technologies have limited capabilities in modeliragnd
handling complex spatio-temporal phenomena. A fraonk
with enhanced capabilities in both representationd a [5]
reasoning of geographic data is proposed in (Ratsi&
Stefanakis, 2001) [56]. A unified model for spatiahd
temporal information is proposed in (Worboys, 199@4].
The semantic data model proposed in (Yazici eR801) [67]
utilizes unified modeling language UML for handling[g]
spatiotemporal information, uncertainty, and fuess [8]
especially at the conceptual level of database gdesi
Bibliography on spatio-temporal databases is inT{aha et
al., 1993) [2]. In (Parent et al., 1999) [52] spatmporal
conceptual models are discussed. Examples of §patia
temporal, and spatiotemporal applications includendl|
management, weather monitoring, natural resources
management, environmental, ecological, and bioditer (10]
studies, tracking of mobile devices, and navigatgstems. [11]
Paper (Lopez et al., 2005) [37] contains many recen
references on spatio-temporal databases. A coniarat
review (Pelekis et al., 2004) [53] is followed by a[12]
comprehensive description of the new lines of netedhat
emanate from the latest efforts inside the spatioporal
research community. Spatial information systems ten
categorized into four main groups (Abraham & Ro#dic [13]
1999) [1]: Geographical Information Systems (Gl&hich [14]
result from the automation of cartography and deéh
digitized maps displaying geographic or thematforimation,
Automated Mapping/Facilities Management (AM/FM)
systems which automate the management and maimmdn
networks such as telephone lines or power gridspdLajie)
Information Systems (LIS, also known as cadastyatesns)
which manage information such as the details ofl Iparcel
ownership, and Image Processing systems which $EOCR g)
remote sensing images acquired by aircraft andlitzde

The following main modules may be utilized for igtated
analysis modeling sustainable regional development: (19]

1. abase of mathematical models and/or meta-models {g;
simulating population dynamics;

2. a base of mathematical models and/or meta-models fo
simulating land use changes as affected by aligmat
policy/management scenarios;

3. a base of mathematical models and/or meta-models fo
the simulation of environmental impacts associdted [22]
land use changes producing quantitative indicators
be used by the multi-criteria analysis; 23]
MCDA models (includes tools for generating value
structure, preference modeling, and multiattribote
multiobjective decision rules); and

(6]

(9]

[15]

=
X

[21]

5. GlIS/spatio-temporal information system for the[25
management and description of spatio-temporal
variability. [26]
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Oleg Serbina, Jelena Sembieva, Ekabs Trusips. ligtspejigas telpiskis attistibas modeéSana un Emumu piepemsana

ligtspejiga attstiba ir saigta ar sistmu, kas apvieno telpu un laiku, jeb telpas-laiketesiu. Rakst dots farskats par galveniem pamieniem ilgtsgjigas
atfistbas modeéSara un Emumu pigemsaa. Sisemdinamika ir sisEmu teorijas metode, kagta un mode&l kompleksu sigmu uzvedbu laika gaii. Rezionala
ilgtspejiga attistiba aptver rgiona ekonomisko, sadb un ekolgisko strukiru. ligtspejigas afistbas dinamika tielnemta éra Forestera sisimas dinamikas
pieef, ka af dinamiskis izvietoSanas jauk$ programraéSanas modes. Statiski telpisko modie vida ir modelis Hagerstrand, graadijas, transporta un
izvietoSanas modie Aplikota iedzvotaju dinamika pilstu plnoSanas modes. Analizta ilgtsggjigas afisitbas daudzkriteila probEma, \ertgjot iesgjas
izmantot ngrktiecigo programraéSanu un citas daudzkriteids optimizcijas metodes. Apkoti priekslikumi par telpisko risgjumu atbalsta sisiu, kas ir
interakiva datorbalsfa sistma, kas veicina sasniegt audst lemumu efektivigti telpisko probému risiraSara. AnalizEtas iespjas izmantoGIS (geogkfiskas
informacijas sistma), kas dod iegju ieverot telpisko faktoru. Telpiskc@mumu phpemsSanas si@nas un GIS integana paredz: mehanismus telpisko datu
ievad3anai, telpisko attiglou un struldru reprezericiju, telpiskis anaizes izmantoSanu un daf telpisko risigjumu, tai skai kartografiko, izvadi. Apskat
lemumu pigem3anas atbalsta sistas (DSS) un daudzkritétis telpiskis DSS izmantoSana, kdsuj izmantot modes banks un ilgtsgjigas afistbas
modeESanas risifjumus.

Oumer lllep6una, Enena lllem6eneBa, Exa6C Tpymmnbi. [IpuHsiTHe pelieHnil 1 MOJeJIHPOBAHHE YCTOIYHBOIO PA3BHTHSI.

JlonrocpouHoe pa3BUTHE CBSA3aHO C CUCTEMOMH, KOTOpas oObeIHHsET MPOCTPAHCTBO M BpeMs. B cTaThe paccMaTpHBalOTCS OCHOBHBIC MOJXOJBI K TPUHSITHIO
peIICHUIT U MOZICTUPOBAHUIO YCTOHYMBOTO PasBUTHs. J[ONrOCPOYHOE PETHOHAIBHOEC PAa3BUTHE OXBATHIBACT SKOHOMMYECKYIO, COLMATBHYIO U 3KOJOTHYECKYIO
CTPYKTYypy peruona. /IuHaMHKa yCTOHYMBOTO Pa3BUTHS yIUTHIBACTCS B IOAX0ME cHcTeMHOU quHaMukn doppectepa, B MOJENIAX CMENIAHHOTO LETOYHCICHHOTO
HPOrpaMMHpPOBAHHsT AHHAMHYECKOro pasmerieHus. CraTHdyeckue MpOCTPAHCTBEHHbIE MOZACIH BKIIOYAIOT Mojenb HagerstrandrpaBHTalOHHBIC MOJEIH,
TPaHCIOPTHBIC MOJENIM M MOAENM pasmenieHus. CHCTeMHas AMHAMMKA SIBIACTCS METOJOM TCOPHU CHCTEM, KOTOpas HCCIEAYyeT M MOAECIHMpPYET NOBEACHHE
KOMIUIGKCHBIX CHCTEM B TEUCHHHM BpeMeHU. PaccmarpuBaeTcs ydeT IMHAMHKH HAceleHHS B MOJACISIX IUIAHHPOBAHHS TOPOJOB. AHaIHM3UpyeTcs
MHOTOKPHTCPHAIBHOCTh 3aJa9d YCTOHYHBOIO Pa3BUTUS, PACCMOTPEHBl BO3MOXKHOCTU IPHMEHEHHS IIEJIICBOIO INIPOTPAMMUPOBAHUS M JAPYIHX METOIOB
MHOTOKPHTEPHAIBHOM ONTHMU3alMU. B cTaThe MOKa3aHbl BO3MOXHOCTH Hcmoib3oBaHust 'MIC (reorpadmuecknx MHOOPMALMOHHBIX CHCTEM) ISl ydera
IIPOCTPAaHCTBEHHOro (akTopa. MHTErpamus CHCTEMBI NPUHATHS HNPOCTPaHCTBEHHBIX pemieHuii u I'MC mpexycMarpuBaeT: BBOJ IPOCTPAHCTBEHHBIX JAHHBIX,
PpeIpe3eHTanuio IPOCTPAHCTBEHHBIX OTHOIICHUH B CTPYKTYP, HCIIOIB30BaHHE IIPOCTPAHCTBEHHOTO aHAIN3A U BEIBOJ] IPOCTPAHCTBEHHBIX PEIICHUHN, B TOM YHCIIC
U KapT. AHAIM3MPYIOTCS BO3MOXHOCTH HCIOJB30BaHMS cUCTeM mojuepkku npussitus pemennit (CIITIP) u mHorokputepuansupix CIIIP ¢ yuerom
MIPOCTPAHCTBEHHOT'O aCIEKTa, HO3BOJIIOMNX UCIIONB30BATh OaHKK MOZIENeH U pemaTeliell st MOJeIUPOBAHNUS YCTOIUMBOIO PAa3BUTHS.
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