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Poccniickuti 1 3apyOesKHBIHN OIIBIT MHTETPalliy areHT-0pUCHTUPOBaHHBIX MOJICIICH. ..

(pukammu, cucteMaTU3alW U TPYIIIUPOBKU; METOL0B 0000ILEeHU, CPABHEHUsI U TUIIOJIOTU3aLUH.
B cTaThe M3M0XEHBI TEOPETUKO-METONONOTHYECKIE OCHOBBI MHTErpalluy areHT-OpUEHTUPOBAHHBIX
Mogeneil 1 reonHGOPMAIIMOHHBIX cicTeM. PacKpPBITEI TOHSITHE U CYLIHOCTD ar€HT-OPUEHTAPOBAHHBIX
MoJeNieid, BBIIESJIEHBl UX OCHOBHBIE IIPEUMYILIECTBA 110 CPABHEHUIO C APYTUMHU METOJAMU MOJIENNPOBa-
Husl. JlaHa xapaKTepucTuKa cpefbl GyHKIIMOHUPOBAHUS ar€éHTOB KaK KIIIOUEBOTO TOHSTHS B TEOPUU
areHT-OpUeHTUPOBAHHOTO MofenupoBaHus. [loka3aHo, yTo reonHGOPMALMOHHBIE CHCTEMBI 00JIa1al0T
pa3Ho00pa3sHbIMU MHGOPMALIMOHHBIMU PeCypCaMy TSI PACUETOB, TIOMCKA, MOAESTMPOBAHUS PEAIBHOTO
MUpa B Pa3UIHBIX acIeKTax, BeICTyHasl 3(PHEeKTUBHBIM MWHCTPYMEHTOM OTOOpaXXeHUs cpensl PyHK-
LHAOHUPOBAHUS areHTOB, U MO3BOJAIOT MAKCUMAIbHO NPUOIU3UTh MOJENb K PEATIbHBIM YCIOBUSM.
ABTOpaMU aKLEHTUPYETCS BHUMAaHKe Ha IIMPOKOM CIIEKTPe BO3ZMOXHOCTEN I10 IIPOBENEHUIO CaMOTO
Pa3sHOOOPa3HOTO KpyTa UCCIIENOBAHNI B Pa3IMYHBIX IPOCTPAHCTBEHHBIX U BpeMeHHBIX paMKax. [1pu-
BOJIUTCSI CPABHUTEBHBIN aHATN3 TIaT(GOPM, TOANEPKUBAIOLIUX MHTETPALIAIO aTeHT-OPUEHTHPOBAaHHBIX
Mojeleil 1 TeonHMOpMaIIMOHHBIX cUcTeM. PaccMOTpeHBI ITpUMepPHI CITOKHBIX COIUATBHO-3KOHOMUYE-
CKUX MOJIeNeii: MoeNb KpeaTUBHOTO TOPOJa, MOAENb OKa3aHUs TYMAaHUTApHOI MOMOIIHN. B yciroBmsIx
OTCYTCTBUSI CIIOKUBIIUXCS CTAHIAPTOB OIMCAHUS PE3YIBTaTOB UCCIeTOBAHNS aBTOPHL COCPETOTOUNIN
BHUMAaHUE Ha TAKUX 3JIeMeHTaxX MOJeNell, KaK XxapaKTepucTHKa aTeHTOB U cpebl X (PYHKIIMOHUPOBA-
HUsI, TIOBeJeHNe U MpaBUia B3aUMOJENCTBUS areHTOB MeXIy co00l U BHelIHell cpemnoil. OTpakeHbI
BO3MOXHOCTH U IIEPCIIEKTUBEI UCIIOIB30BaHNUA JaHHBIX MO Ha TIPAKTHKE.

Kniouesble cji0Ba: FCOI/IH(i)OpMaHI/IOHHBIe CHUCTEMBI, ITIPOCTPAHCTBEHHOC pa3BUTHUE, aT'CHT, arTCHT-OPHUCH-

THUPOBAHHBIC MOICIN.

B HacToOdIIIee BpeMsI areHT-OpHUeHTHPO-
BaHHOE MOJeJIMpOBaHWE CTAaHOBUTCSI AOCTa-
TOYHO MOMYJISIPHBIM MHCTPYMEHTOM, TIPUMe-
HsieMbIM KaK B Hay4Ho1 cdepe, TakK U IpHU BbI-
paboTKe CI0KHBIX yIpaBleHIeCKUX PeIleHUIA.
Bo MHOTOM 3T0 00YCI0BIEHO BOBMOXHOCTBIO
YYUTBIBaTh AKTUBHOCTh 3JIEMEHTOB MOJENH,
HaJeJIeHUsI UX TOMUMO Habopa MHINBU YA b-
HBIX XapaKTepPUCTHUK 1ieJIeBbIMU YCTAaHOBKAMM,
MOCPEJCTBOM Uero UMUTHUPYETCSI UX PeaKIyst
Ha U3MEeHEeHUS cpelibl, B KOTOPOil OHU PYHK-
HUOHUPYIOT. Kak oTMeuaeT TOKTOp SKOHOMHU-
yeckux HayK A. P. baxmu3un, OCHOBHas Uesl,
Jiexalrasi BOCHOBe areHT-OpHeHTUPOBAHHBIX
MoJieNeil, 3aKiItouaeTcsl B MOCTPOSHUU «BbI-
YUCIUTEIbHOTO MHCTPYMEHTa» (IIpeacTaB-
JisIto11ero co6oit COBOKYIHOCTh areHToOB ¢
orpeieIeHHBIM HaOOpOM CBOMCTB), ITO3BO-
JISTIOIIETO MPOBOIUTD CUMYJISILIANA pealbHBIX
siyieHuid [1]. To ecTh areHT-OpUeHTUPOBAH-
HO€ MOJeJIMpOoBaHMe MCIIOJb3yeTCsl IS W3-
YUEHHUSI CIOXKHBIX CMCTEM Ha MaKpOYpOBHE

MOCPEeACTBOM AMHAMUUECKOTO B3aUMOMAEH-
CTBHUSI €TO 3JIEeMEHTOB Ha MUKPOYPOBHe (Me-
TOJl «CHU3Y-BBEPX»).

Kak ormeuator C. Castle u A. Crooks
[14, 23], cpenu IpeMMyIIeCTB aTeHT-OpHUeH-
TUPOBAHHBIX MOJeJIeli TI0 CpaBHEHUIO ¢ Tpa-
JTULAOHHBIMA METOJaMU MOAEIUpPOBAHMUSI
(HampuMep, HUCXOZIIe HeJIuHeHbIe T~
HaMHU4YeCcKre CUCTEMBbI, TUCKPETHO-COObI-
TUIHOEe MOJeNMpOBaHUEe, KJIeTOYHbIe aBTO-
MaTbl M T.J.) MOXHO BBIACJUTb TPU OCHOB-
HBIX acrekTa: 1) ¢puKcaiyst BOSHUKAIOLIETO
siBJleHUs; 2) obeclieyeHre eCTeCTBEHHOM
cpenbl ISl U3YUYeHUSI HEKOTOPHIX CHUCTEM;
3) ruOKOCTh, UTO OCOOEHHO BaXXHO MpPHU B3a-
UMOJIEICTBUM C TeOMHMOPMALIMOHHBIMUMU
cucremamu (I'MC).

OpgHUM M3 OCHOBHBIX HaIlpaBJIeHMIT pa3-
BUTHUS ar€HT-OPUEHTUPOBAHHBIX MoOJeeil
(AOM) BrIcTymaet pazpadotka AOM Ha Oa-
3e reOnHGOPMALIMOHHBIX cucTeM. MHOTUMU
HCCleNoBaTeSIMUA TOKA3bIBAETCS TTO3UIIUS
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0 TOM, UTO peaJibHble MPOCTPAHCTBEHHbBIE
JIaHHBIE TOJIKHBI HE TOJIBKO paCCMaTpUBATh-
Csl BHYTPU MOJEJU, HO M CTaTh 3JIeMEHTa-
MU caMO¥ MOJZeNu, a 3TO TpearnojaraeT Kak
CTaTUYHOCTh M AK30T€HHOCTH IPOCTPaH-
CTBEHHBIX 3JIEMEHTOB, TaK U UX aKTUBHOE U
B3aMMHOe yyacTue. Ha mepBbiii B3DIsIA WH-
terpauuss AOM u 'MC moxeT mokasaTbcs
TPUBUAJBHOM 3amadyeil, OqHaKO OHa T03BO-
JIsieT MaKCUMAaJIbHO MPUOIU3UTh QYHKIINO-
HUPOBaHWE areHTOB K peaJIbHBIM IIpolieccam
U SIBJICHUSIM.

B cratbe cTaBUIach 11eJIb CUCTEMATA3UPO-
BaThb COBPEMEHHBII OT€YeCTBEHHBIN M 3apy-
O€>XHBIN OMNBIT MHTErpallii areHT-OpUeHTH-
POBaHHBIX MofieJieli ¥ TeOMHMOPMaILIMOHHBIX
cucteM. /111 MoCTHKeHUsI TIOCTaBJIeHHOM 11e-
JIW OTpakeHbl TTOTeHILMAJIbHbIE W peajbHbIe
obJiacTu TIpUMeHeHMs, JaH 0030p HaunboJiee
BOCTpeOOBaHHBIX IIAaTPOPM IO MX MHTE-
rpallii, pacCMOTpPeHbl HanboJjiee yCIelIHbIe
areHT-OopHeHTUPOBaHHbIE MOJEeNIN Ha Oaze
ric.

Hapsiny ¢ «areHTOM» Kak LeHTpaJbHbIM
TEPMUHOM ¥ OCHOBHOM JIeMUCTBYIOIIEH ean-
HULIEH B TEOPUU U TTPAKTUKE areHT-OpreH-
TUPOBAHHOI'O MOAEJIUPOBAHNUS, BAXKHE UM
aneMeHTOM AOM BBICTYNaeT cpena ux pyHkK-
nuoHupoBaHusi. To ecTh B3auMojeiicTBHE
areHTOB He OCYIIECTBIISIETCSI KaK ObI B «BaKy-
yMme» (Tae MpUCyTCTBYIOT TOJBKO CBSI3M TUIIA
«areHT-areHT»), a MPOUCXOIUT B 3aJaHHOM
MMPOCTPAHCTBE, KOTOPOE TakKXe OKa3bIBa-
eT TIPsIMOe MJIU KOCBEHHOE BO3JeMCTBHE Ha
[IPUHATHE PEILeHU areHTa («areHT-areHT»
u «areHT-cpena»). Ha pucynxe I nmpencraB-
JIeHa KOHILeNTyaJlbHas WLIICTpaLys KIto-
YeBBIX BUOB OTHOLIEHUN MeXIy areHTaMu
u cpenolt. Takoe B3auMoieicTBIe areHTOB B
IIPOCTPAHCTBE HA3bIBAETCS «ITPOCTPAHCTBEH-
HO SIBHBIM», JJaXKe €CJIY TP 3TOM CaM areHT
SIBJISIETCS CTATUYHBIM. B TO ke BpeMsI areHT-

OpHEeHTUPOBAHHBIE MOJENIN He MCKIoya-
0T BOBMOXXHOCTH B3aMMOJIEICTBUSI ar€HTOB
0e3 yuéTa IIpOCTPAaHCTBEHHOTO PaCMoJIOXe-
HUSI, TO €CTh aT€HThI «[IPOCTPAHCTBEHHO He-
sgBHbIe» [11]. Cama cpena, B KOTOpO# Haxo-
JISITCSI aTr€HTHhI, MOXeT OBbITh MpeACcTaBleHa B
BuAe GU3MYECKOTO WU COLMATBHOTO MpPO-
CTpaHCTBa 3aaHHOI GOPMBI U pa3Mepa, Xa-
paKTepU3yeTCcsi BO3SMOKHBIMU COCTOSTHUSIMU,
cepaMu BIUSIHUS, OTIpe/ieIeHHbIMU ITpaBH-
JIaM1 JUHAMUYeCKOTo M3MePEeHMsI U MHOTHUM
npyrum |8, c. 32].

Cyl11ieCTBeHHBIM MOJICTIOPhEeM B CTpeMJIe-
HUM areHT-OpHUEeHTUPOBAHHBIX MoJeleil K
MaKCHMaJIbHOMY OTpakeHUIO pealbHOCTH BbI-
CTYIIaeT MpeAcTaBieHre cpelibl GYHKIIMOHHU-
pOBaHMSI areHTOB B BUJie TeorMHbOpMalK-
OHHBIX cucTeM. Kak oTMeyvarT akaneMHUKu
B.JI. Makapog v B.B. Oxpenuios, naHHasi UH-
Terpanus «abcoJIIOTHO €CTeCTBEHHA» U CyIIe-
CTBEHHO MpUOJMXKAET areHT-OpUeHTUPOBAH-
HbIE MOJEN K OJIM3KOM K IeCTBUTEIbHOCTH
OKpyXaroliei cpene [3, c. 713].

TepmuH «reonHdOpMaLIMOHHBIE CUCTEMBI»
BBeJleH B HayYHbI 000poT B 60-¢ roanl XX Be-
ka P®. ToMIrMHCOHOM TIpH CO3MAHUU 3JIeK-
TPOHHO MPOCTPAHCTBEeHHOI MHGpOpMalLIK-
OHHO#1 cucTeMbl B Kanaze [6]. DTo moHsITHe
COOTBETCTBOBAJIO HOBOM TEXHOJIOTHUH ITPUMe-
HeHust DBM st xpaHeHMs1 1 06pabOTKM JaH-
HBIX, CBS3aHHBIX B TIEPBYIO 0UYepeib C YIIpaB-
JIEHWeM MPUPOIHBIMM pecypcamu (Harpumep,
KaprorpadupoBaHue CTapOBO3PACTHBIX Jie-
COB, CHCTeMa OXpaHsSeMbIX TTPUPOAHBIX TeX-
Hosoruii B CIIIA i T.11.). B cBsI31 ¢ 9TUM T1ep-
BOHAYaJIbHO MCMOJIb30BaBIIMEC 1715 aHAIM3a
W BU3YaJIU3alX TTPOCTPAHCTBEHHBIX TaHHBIX
I'MC cnoxHo 6bL10 OBl TIPeACTaBUTH B POJIHU
WHCTPYMEHTa JUHAMMUUYECKOTO MMHUTAIIMOH-
HOTO MOJIEJIMPOBAHUSI U TeM DoJiee KaK caMo-
CTOSITEJIbHYIO TIaThOpMY ISl areHT-OpHeH-
TUPOBAHHOTO MOAEIMPOBAHUS [J].
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PucyHok 1. BapuaHTbl B3aMOAENCTBIA CPEdbl U areHToB:
a) TOXOECTBEHHbIE OTHOLLEHWS!, b) MPUHMHHO-CNEACTBEHHbIE CBA3N,
C) BPEMEHHbIE OTHOLLEHWS, d) TOMONOTMYECKINE OTHOLLEHWS.

[poCTpaHCTBEHHBIE
JaHHble

Mpouecc

O - AreHt
- MpocTpaHcTBEHHas
XapakTepucTuka
3 - MpocTpaHCcTBEHHbIE
L usmeHeHns
-Cpen
- Bpems
- Tononornyeckune
npasuna u
+ NPOCTPaHCTBEHHbIE
OTHOLLEHNS
df——p= - TOKOECTBEHHbIE
CBS3N
S # - Bsaumopenctue /
BIUSIHNE

WecTouHuk: Spatial process and data models: Toward integration of agent-based models and GIS / D.G. Brown, R. Riolo,
D.T. Robinson, M. North, W. Rand // Journal of Geographical Systems. — 2005. — Vol. 7. — Pp. 25-47 (nepeBog aBTOpOB).

CrnenyeT OTMETUTDb, UTO TEPMHUH «I€OMH-
bopMmammoHHbBIe CHCTeMBI» MOXET paccMma-
TPUBAThCSI C IBYX MO3UILIMIA |2, 6]. Bo-TIepBbIX,
I'MC — »T0 IporpaMMHO-anmapaTHbIi KOM-
IJIEKC, CTIOCOOHBIN XpaHUTh M UCTIOJIb30BaTh
JlaHHble, OMUCHIBAIOIIAE O0OBEKTHI B IMPO-
ctpaHcTBe. Bo-BTophix, T MMC nipencrasisi-
eT coboii MHPOPMALMOHHO-CITPABOYHYIO
CHCTEMY.

B HacTtosiiiee BpeMst reomHGOpPMaIMOH -
HbIe CICTeMbI 00J1aJal0T pa3HOPOIHBIMU UH-

dbopMallMOHHBIMU pecypcaMy, JOTMUeCKH
00BbeIMHEHHBIMM KapTorpadrIyecKoi OCHO-
BOM 1 MCITOJIb3yeMBbIMH JIJIS1 pacyeToB, MOMC-
Ka, MOIECJUPOBAHUS PeaIbHOTO MUpa B pas-
JUYHBIX acriekTax. Hambonee pacnpoctpa-
HEHHBIMHW MPOTPAMMHBIMU MPOAYKTaMM TSI
pazpadotku 1 yripasieHus [ M C BeicTyIaioT:
CeMeNCTBO MPOTPaMMHBIX IIPOAYKTOB aMepH-
kaHckoi komrmannu ESRI (Hampumep, Arc-
GIS Online, ArcGIS for Desktop, ArcGIS for
Server, ArcGIS Apps u npyrue); cemelicTBoO
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nporpaMMHBIX TpoaykToB Mapinfo GIS; Ieo-
Ipacp T'NC, pazpabGoTanHast LleHTpoM reorH-
bopmamoHHbIX HccaenoBaHuii MHctuTyTa
reorpaduu PAH; Geomedia, pazpaGoTaHHas
Intergraph Corporation u T.1.

CopemeHHble [ UC criocoOHBI peliarb
HIUPOKUH CTIIeKTp pasHOOOpa3HbIX 3aa4, Ta-
KHX KaK OTCJeXMBaHUe IepeaBUKeHMS
TPaHCHOPTHBIX CPEACTB, IIOUCK ONTUMANIbHO-
ro MyTHU C YYETOM TPAHCIIOPTHHIX 0COOEHHO-
CTel, TIPOrHO3UPOBaAHME SKOJOTUUECKOM CH-
Tyall¥ U T.J. YUYUTBIBasi Bo3pacTaHue HyHK-
LIMOHAJbHBIX BO3MOXHOCTEH IIpOrpaMMHOIO
oOecrneyeHus, K CTaHIAPTHBIM (GYHKIIUIM
J0001i reonH(pOPMAaIIMOHHOM CUCTEMbI MOXK-
HO OTHECTH:. MUMIIOPT U SKCIOPT AAHHBIX;
XpaHeHWe NaHHBIX W YIpaBJieHne UMU; BU-
3yaju3alys JaHHbIX; o0paboTKa U aHaIU3;
MOJIeTMpOBaHMeE.

C TOYKM 3peHUsI UcClieloBaTeIsi MHTerpa-
st AOM uI'MC obecrieunBaeT BO3MOKHOCTh
paccMaTpuBaTh JIeSITeIbHOCTh areHTOB B pe-
aJbHBIX reorpadruueckux KoopauHaTax (B
TpefeNnax OTACNBbHO B3SITOTO paiioHa, MyHHU-

[UMaJInUTeTa, peTUOHA, CTPaHbI U T.11.). DTO B
CBOIO oUYepelb TTO3BOJISIET OTCIEXUBATh BO3-
HUKHOBEHHE SIBJICHUIA WX ITPOLIECCOB B XOAe
WHAMBUAYAIBHBIX B3aUMOIEICTBUI areHTOB B
I'NC Bo BpeMeHM 1 B IPOCTPAHCTBE, YTO AAET
BO3MOXHOCTB pa3pabaThIBaTh pa3IuIHbIE Me-
XaHU3MBbI IPUHSTHS pellleHnii, Oyap TO 0060-
CHOBaHMe pa3MellleHUs] HOBOTO TOProBOTO
LIEHTpa WIN PeTyJIUpPOBaHNS MUTPALIMOHHBIX

npoiteccos |3, 13].

B xauecTBe mpruMepa HanboJiee nHpOpMa-
TUBHOI'O oToOpaxeHusl UHTerpauuu AOM u
I'UC-texnonoruii A. Crooks npeajaraet Mo-
nenbmupa [ 13] (puc. 2), KoTopasi mpeacTaBie-
Ha B BHJle Ha0opa CJI0€B M 0OBEKTOB pa3iny-
HBIX TUIIOB (HaIlprMep, TPAHCIIOPT WJIN JIFOAU
— B Ka4yecTBe JABMKUMBIX OOBEKTOB U 3MaHUS
WINA COOPYXEHUsI — HEeNBUXHUMBIX). CaMu
cJior 00pa3yroT NCKYCCTBEHHBI MUP IS IC-
MOJIb3YeMbIX areHTOB X MOTYT MPeACTaBIISITh
co6oli CTpOro ouepueHHOe IIPOCTPAHCTBO, HA-
MpUMep JOPOTH, TIPU IIOMOIIM KOTOPBIX areH-
ThI MOTYT JOOUPATHCS U3 TTYHKTA A B IyHKT b,

CIIaJIbHbIE PAOHBI WJIM MECTO pa6OTI>I.

PucyHok 2. OTo6paxeHne Mvpa B Ka4ecTse Habopa Crnoée AMHAMUYECKUX U CTaTUHECKUX 0OBEKTOBR

Hecimxcmpoear_mbie oﬁpeKTbl
ttr ) by

HedukenpoBaHHbIe 06beKThI

- AN
®nKCMpOBaHHbIe 0O BEKTEI

Bl le__8,

dunsnveckas cpepa

M e S

Metounuk: Brunsdon C., Singleton A.D. Geocomputation:
Pp. 63-77 (nepeBopg aBTopoB).
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Cnenylommuit ipumep (puc. 3) WIIIO-
CTpUPYET MOIUGPULIMPOBAHHYIO MOIEID
SLEUTH!, xoropast IIpOrHo3upyeT U3MeHE-
HUe MaciuTada pocTa ypoBHS ypOaHU3ALIUU
ropoaoB. B maHHOM ciiyyae MOIeIb 3arycKa-
€TCSI C OIPEACICHHBIMU CLICHAPUSIMU POCTA
YPOBHsI ypOaHU3aLIMKU TOPOIOB, PACCUYMUTAH-
HBIMM COTJIACHO 3aIaHHBIM KO3 PHAIIMEHTAM
pocta. IIpocTpaHCTBeHHBIE JAaHHBIE MTO3BO-
JISTIOT TIPOU3BOANTH KOPPEKTUPOBKY MOJIEIIH,

a UMEHHO OTBETUTb Ha BOTIPOC: COOTBETCTBY-
10T JIW AEUCTBUTEIBHOCTUA Pa3pabOTaAHHBIE
cueHapuu pocra? To ecTh mpuUMeHsIEMBIE
B MOJIeI KO3(M(GULIMEHTHI POCTa MOTYT OBITh
OTKaJIUOPOBAHBI TAKMM 00Pa30M, YTOOBI JaH -
HbIE€, PACCYMTAHHBIE Ha MHOXKECTBE areH-
TOB, COBIIaAaJIX C peallbHBIMI JTaHHBIMU [7].
BriociencTBMM COOTBETCTBIE MOIEN PEATh-
HOM JE€MCTBUTEILHOCTH TTO3BOJIUT TOBOPUTH
0 JIOCTOBEPHOCTH IMTPOTHO30B.

PucyHok 3. OuHamvika 3emnenonb3oBanus B Canta-®e, Hbro-Mekcvko
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WeTounuk: Brunsdon C., Singleton A.D. Geocomputation: A practical Primer. — London: SAGE Publications Inc., 2015. —

Pp. 63-77 (nepeBog aBTOpOB).

I Camomomubunmpyomasicss MOAelnb (KIeTOUYHBI aBTOMAT) MCTOpPUYeckoll ypbaHuzauuu B paiioHe 3anuBa CaH-

DpaHIMCKO.

TTompo6ree cm.: Clarke K.C., Hoppen S., Gaydos L.J. A Self-Modifying Cellular Automaton Model of Historical Urbanization
in the San Francisco Bay Area // Environment and Planning B. — 1997. — 24(2). — Pp. 247-261.
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IToTeHuuaIbHbIE H PeaIbHbIE 001ACTH NPH-
menenusi AOM Ha 6a3ze TUC

ATeHT-OpHeHTUPOBaHHbIe MOAEIN Mpeo-
CTaBJIAIOT IIUPOKUI CIIEKTP BO3MOXHOCTEH
I10 OCYILECTBIEHUIO CAaMOT0 pa3HOOOPa3HOTO
KpyTaMccieloBaHui B pa3IMYHbBIX IIPOCTPaH-
CTBEHHBIX U BpeMeHHBIX pamkax. Paccma-
TPHUBaeMBbIil TIepeyeHb BOMPOCOB OXBAaThIBa-
€T BpeMeHHbIe IMAaIla30Hbl OT CUIOMUHYTHBIX
pellIeHnii B TIpoliecce MepeIBIKeHMS Telle-
X0moB [16] 10 MUTPALIMOHHBIX MPOILECCOB
[22], AsIIMXCs TOMIBI VT aXKe JeCSITUIETHSI.
ATeHT-OpHeHTUPOBaHHbIE MOJIEIA COBMECTHO
¢ 'MC-TexHOIOTHSIMM YCIEIITHO PUMEHSIFOT-
s B pa3IMYHBIX 00JIaCTSIX HAYKW, HAYMHAasI OT
€CTeCTBeHHBIX M TEXHUUECKMX 1 3aKaHUYMBasI
00IIeCTBEHHBIMUA W TyMaHUTapHbIMUA. AOM
MpeACTaBJISIIOT COO0M MCKYCCTBEHHBIE J1abo-
paTopuu, CBOETO pojia UCKYCCTBEHHBIE OO0IIe-
CTBa, MMO3BOJISIIOIIME OCYILECTBISTh IPOBEPKY
WIel 1 TUIoTe3 O SABJIEHMSIX, KOTOpbIe 3a4a-
CTYIO BeCbMa HEeTpPOCTO BOCCO3JaTh B pealb-
HOM Mupe?. HarasigHeIM IIpUMEpPOM MOXET
CIYYUTh MOJIeIMpOBaHKe 3BaKyalluu Jiofaeit

13 37aHUsI TTpY BO3HUKHOBEHWM TToXkapa. Boc-
CO3MIaHWe HeMpenBUIEHHON CUTYalluu B UC-
KYCCTBEHHO 3aJJaHHOM MUpE (B JaHHOM CJIy-
yae 3TO 3[MaHKe, OXBa4YeHHOe MoXapoM), Ha-
CeJICHHOM HCKYCCTBEHHBIMM JIOIbMH (MMU
MOTYT BBICTYIIaTh JIFOJIU, TIPOKUBAKOIINE WU
padoTarolle B 30aHNH ), TTO3BOJISIET BBISIBUTD
MOTeHIIMaJIbHbIE IIPOOIeMbI, HAIIPUMED BJIU-
sIHA€ MJIOTHOCTU MOTOKA JItO/IeH Ha JIECTHU-
lax ¥ B KOpUAOpax Ha AUHAMHUKY BBIXOJA C
aTaxa 37aHusl. TOYHOCTh MOJyYeHHBIX MO-
Jesieit obecrieumBaeTCs 3a CYET UCIOJIb30Ba-
HUS TIOATBEPXKIEHHBIX CTATUCTUKOM HATy-
PaIBHBIX HAOIIOAEHUIA U paHee TTPOBeIeHHBIX
5KCIIEPUMEHTOB.

Ha pucynke 4 cxematnuecku nzodOpaxeHa
WMHATALIMOHHO-CTOXacTUYeCcKasi MOJIe]Ib «DBa-
TeK», KOTOpasi IeMOHCTPUPYET IBKEHME MO~
TOKOB, COCTOMIIUX U3 JIFOAEU pa3IuYHOM CTe-
neHu MmoomibHOCTH. Cpena GyHKIMOHUPOBA-
HUS 3aJJaHHBIX areHTOB MpeAcTaBIeHa B BUIE
JIBYX CJIO€B, KOTOpPbI€ OTYETIUBO IeMOHCTPH -
PYIOT CKOTLICHUSI areHTOB BOJWU3U JIECTHULL U
Y3KUX KOPUIOPOB.

PucyHok 4. [Mo3TaxHble NnaHbl 30aHus:
a — MEeCTa Ha4anbHoro pasMeLLeHus nioaen; 6 — ABMXeHVe NMIoLen K Bbixoham

WcTouHuK: OBakyauus WM noeedeHve Niodei mpu moxapax :

0

y4e6. nocobue / B.B. XonwesHukoB, [O.A. CaMOLLWH,

A.T. NapdereHko, W.C. KyapwH, P.H. UcTtpaTos, U.P. Benocoxos. — M. : Akagemus I'TIC MYC Poccuu, 2015. — 262 c.

2 Bo mMHOTHX ClIydasx MPpOoBEICHUE DKCIICPUMEHTOB ¢ peaJbHBIMHA 00BeKTaAMHU MOXKET OBITH HEOIIpaBAAHHO JTOPOTHUM,

OITIACHBIM HJIU IIPOCTO HEBO3MOXKHBIM.
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CnenyeT OTMETUTD, YTO AAHHBIN IpUMep
BeChMa TT0Ka3aTeJieH B TJIaHe BaXXHOCTU BU-
3yaJIU3aLAM IPOCTPAHCTBA, B KOTOPOM 3a/ieHi-
CTBOBAHBI areHThbl, U HU B KOEM cCJlIyyae He
OorpaHuyMnBaeT 00JacTb TIPUMEHEHUS JIUIIb
BOMpocaMu 0e30MacCHOCTU. AT€HT-OpUEH-
TUPOBAHHOE MOJEJIMPOBAHUE B COUYETAHUM C
reoMH(MOPMALMOHHBIMA CUCTEMAMHM IT03BO-
JIsIeT pelarh WWPOKUIA CIEKTP 3aa4, TaKUX
KaK: aHaJIM3 U MpeaoTBpallleHrue 3aTOPOB Ha
JIOporax B yachl MUK B LIEHTpe ropoja, Iuia-
HUPOBaHUE IMOTEHLIAAIBLHOTO pacIpoCcTpaHe-
HUs1 00JIe3He, ONTUMM3ALIMS JIeCO3arOTOBKH,
aHaJIN3 YPOBHS TIPECTYITHOCTU IS MIPENOT-
BpalleHUs OyAyLINX IIpaBOHAPYIIEHUIA.

TexHnueckoe ob0ecneyeHne WHTETPANHH
AOM uTUC

B HacTosi111ee BpeMsi BbIIEIsIeTCsI IBa CITO-
coba uHTerpain AOM u I'MC [5]. IlepBrrit
CIToc00 3aKJI0UaeTcsl B CO3NaHMU CI1a0bIX (He-
TTOJIHBIX ) WJIN CUJIBHBIX CBsi3eit Mexxny AOM n
I'MC, mpryeM camu MporpaMMHBIe ITIPOAYKThI
paboTarpT 1o oTAeabHOCTH. BTOpoii criocod
TIpeAroiaraeT co3iaHne eTMHOM CUCTeMBbI Ha
6aze AOM wm 'NC.

YuuThIBasi TOT HAKT, UTO «areHT-OpUEHTHU-
pOBaHHOE MOJENNPOBaHUE He TpedyeT Hc-
TI0JTh30BaHMSI CIIeLIUATM3UPYEMBIX IIPOTPAMM,
YTO B IPUHILIUIIE TO3BOJISIET IPUMEHSITh Cpei-
CTBa pa3paboTKu WHUPOKoro mpoduis» [1],

Tabnumua 1. CoBpeMeHHble NnaTopMsbl, nogaepxveatoLme niterpaumnio AOM u M'AC

i Tpebyembilii
Ha3BaHue il IclKa AA3bIK OTKpbI- ypoBeHb MexaHuam | CootBetcTBUe | [poussoau-
(pa3paboTynk) npogyKTa NPOrpamMmmMmpoBaHus | ThiiA KOJ, | NporpaMmMupo- | MHTerpauum FIPA TeNIbHOCTb
BaHUs
AGLOBE " AOM-
(Czech Technical University) 2003 . Java Ja basoBbiii eHTpYHas YacTnyHoe Bbicokasi
AnyLogic Java, UML-RT AOM-
(The AnyLogic Company) 2003 . (UML for real Hert basoBbin OtcyTtcTByeT | Bbicokas
time) LieHTPUYHas
GAMA
(IRD/UPMG International 2007 r. GAML Jla basoBblit eHﬁom{_Haﬂ YacTnyHoe 5 iblll:lueero
Research Unit UMMISCO) HEE pea
Repast Java, C#, C++, AOM-
(University of Chicago) 2003 r. Lisp, Prolog, Ha bazoBbIi OtcyTetByeT | Bbicokas
LieHTpUYHas
Python
MASON - AOM- BbiLe
(George Mason University) 20031, Java fla basos i LLeHTpUYHas Oy OB cpefiHero
NetLogo
(The Center for Connected AOM Buille
Learning (GCL) and 1999 r. NetLogo Hert basoBbin ST mq_Haq OTcyTcTBYeT PR,
Computer-Based Modeling, HPHIE pen
Northwestern University)
Swarm AOM-
(Santa Fe Institute / SWARM | 1994 r. | Objective-C / Java Ha basoBbii OtcyTetByeT | CpeaHss
LieHTpUYHas
Development Group, USA)
ENVISION C++, Delphi, Visual
(Oregon State Univeristy) 19981 Basic u gp. nog- la pOgBMHY bl Fnc- OTeyTeteyer | Cpegss
JepXuBaroLine LieHTPUYHas
COM TexHonorumn
ArcGIS _ Mc-
(ESRI) 1999 . C++, Python Oa | MpodsuHyTHIii L OTcyTcTBYeT | CpepgHsis
WcToyHmuku: cocTasneHo asTopamu no Kravari K., Bassiliades N. A Survey of Agent Platforms // Journal of Artificial Societies
and Social Simulation. - 2015. — No. 18 (1) 11. — URL: http://jasss.soc.surrey.ac.uk/18/1/11.htm.
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rnoapoOHee pacCMOTPUM COBpeMeHHBIe T1aT-
dopMbl, oAepXKUBaIOIIIME CO3NaHUE €N~
Holt cucteMbl: AOM-nenTpuunsie u ' MC-
LIEHTPUYHbIE CUCTEMBI.

B cratbe «A4 Survey of Agent Platforms» [25]
K. Kravari n N. Bassiliades npoBenu cpaBHU-
TeJIbHBII aHaIM3 IBaALIaTH YeThIpex Hauboee
TMepCIIeKTUBHBIX IJIaTHOPM [IJI5T aTeHT-OpUeH-
TUPOBAHHOTO MOAEeNUpPOBaHUST. OTMETUM, YTO
7 u3 vux (AGLOBE, AnyLogic, GAMA, Repast,
MASON, Netlogo u Swarm) TIOAePXUBAIOT
ucnoabs3oBanne I'MC-texHoM0THIA, TO €CTh
npeacTaBisioT codoit AOM-LeHTpHIYHbIE MO-
nenu. J1ist comocTaBUMOCTH PACCMOTPUM ellié
JIBa BapraHTa ykKe TeonH(POpMallMOHHBIX CH-
cteM (ENVISION u ArcGIS), mo3Bosstionmx
CTPOWTH areHTHbIe Mozie . OCHOBHBIE XapaK-
TePUCTUKM BbIlIeyKa3aHHBIX I1aTHOPM IpU-
BeJleHBI B mabauye 1.

Krnaccudukanms miaatdopM ¢ TOUKH 3pe-
HUS SI3bIKa MPOTPAMMUPOBAHUSI BHICTYIIAeT
KpaiiHe yooOHOU ¢ HO3ULINH UCClefoBaTesl,
PelInBIIeTO MOJeIMPOBATh Te MJIN MHbIE TIPO-
Hecchl. Kak MoxXXHO BUIETh U3 TaOIULIBL, O0Ib-
11asi YacTh paccMaTpUBaeMbIX IJIaTHOpM Ha-
MnycaHa Ha si3bIKax mporpamMmmupoBaHus C,
C++ u Java, yTo cripaBeJTMBO U B LIJIOM TSI
AOM.

FIPA (The Foundation for Intelligent
Physical Agents) mpeacrtasisieT co00it MexX-
JYHAPOJHYIO OpTaHM3ALMIO 110 CTaHIAPTH -
3allUM MHTeponepadbeIbHOCTH reTeporeH-
HbIX areHToB B AOM. CooTBeTCTBUE Tpe-
ooBaHusM FIPA obGecrneumBaeT HEKOTOpoe
MIpeuMyIlIeCTBO NP MPOABUKEHUHU IIPO-
TPaAaMMHBIX ITPOJIYKTOB 3a CUeT rapaHTHUH CO-
OJIIOJIEHUSI apXUTEKTYpPhl areHTOB U pado-
Thl cucTeMbl. OMHAKO JaHHOE yCJIOBHE He
oOs3arenpHo: HanpuMep, AGLOBE non-
JIepX1BaeT TOJbKO TeXHMYECKHe CTaHmap-
ThI, CBSI3aHHBbIe ¢ KOMMYHMKAIIMOHHBIMHA
MPUHIATIAMHA.

IIpumeHeHne areHT-OpPHEHTHPOBAHHBIX
mozeieii Ha 6aze TYC B ncclieioBaHUSX COLM-
aJIbHO-3KOHOMHYECKHX MPONECCOB

Mooeav kpeamuenozo 2opoda. B padote
rpynnbl McclenoBaTeleil YHUBepCcuUTeTa
Jxopaxa Meiicona (A. Malic, A.Crooks.
H. Root, M. Swartz) | 19] ucrionb3yeTcst areHT-
OpPUEHTUPOBAHHBIN MOAXON MpU M3YYeHUH
BJIMSTHUSI TBOPYECKOTO TTOTeHIIMaNa Ha pas-
BUTHE TOpoaoB. B ocHoBe pa3pabaThiBaemMoit
MOJIEIN JIEXUT IIpedIiooXeHre O TOM, UTO
BeyllIMe Topojia MUpa IIpUBJIeKaloT Hauboee
TaJaHTIMUBBIX JIIOAEH, Mpeajiaras UM He TOJIb-
KO Jydinue npodeccruoHaIbHble BOZMOXHO-
CTH, HO M BBICOKMI YPOBEHb Pa3BUTHSI KYJIb-
TYPHO-I0CYTOBOI chephl (HAIIpUMED, TeaTphl,
XYI0XeCTBeHHbIe rajeper, BbICTABKM, KOH-
LepThl U T.11.) ¥ TOCYIapCTBEHHBIX YCIYT (Ha-
puMep, 3IpaBooXpaHeHne, obpa3zoBaHue U
T.1.) [20]. ITocpeacTBOM peanr3aliii MOJe N
ABTOPBI MBITAIOTCSI OTBETUTH Ha PSifi BOTIPOCOB:
KaKOBBbI OCHOBHBIE (paKTOPBI, MPEISITCTBYIO-
11 TOSIBJIEHUIO TBOPUYECKHX KJIACTePOB B IO~
ponax pasBHBarIIMXCcs cTpaH mupa? Kakwue
MPOCTPAHCTBEHHbIE ¥ COLIMATBHO-3KOHOMM-~
YyecKMe YCJIOBHSI CIIOCOOCTBYIOT MX ITOSIBJIE-
HHI0? ABTOPHI IeJIaloT aKLIEHT Ha CIeMYIOIIHX
dakTopax, cmocoOCTBYIOIINX (GOPMUPOBAHUIO
KpeaTHBHOI'O ropojia; IJIOTHOCTh HaceleHUsI,
TOpOJICKas M peTMOHAIbHAsI MOOMJIBHOCTD, CO-
LUaJIbHAsI TEPIIUMOCTb.

Mogens mpenHa3HayeHa B KauecTBe MH-
CTpYMeHTa JJIsl TOHMMaHUSI B3aMMOCBSI3HN
MeXIy TBOPYECTBOM YeJloBeKa M pa3BUTHEM
roposa. AreHTbl B MOJEJN TMpeACTaBIsIIOT
JIoJeit, SIBISIIOTCSI «IIPOCTPAHCTBEHHO SIB-
HBIMI» W 00JIaMaIoT CIeAYIOIIHUM HabopoM
XapaKTePUCTHK:

1. KpeaTuBHOCTh: HU3Kasl, CPEeIHSIS, BbI-
COKasl.

2. YpoBeHb 0O0pa3zoBaHMs: 0Opa30BaHHbBIN
1 HeoOpa30BaHHBIIA.

3. Yposens goxona: 1000 — 35000 ex.

4. Teprmumocts: 1 —99%.
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BBuny noBbIllIeHHOTO BHUMAaHUS K Mera-
ToJiicaM pa3BUBAIOLIMXCSI CTPaH MUpa, B Ka-
yecTBe cpefbl GYHKIIMOHUPOBAHUSI areHTOB
BbIOpaH ropoxa Kapauu. PaiionnpoBaHue cpe-
IIbl TIPOM3BOAMIOCH B COOTBETCTBUHM C JIeii-
CTBYIOIIIMM MECTHBIM 3aKOHOHATEIbCTBOM:
xumas 30Ha (60%), KoMMepuecKasi 30Ha
(10%), 3enénas 3ona (10%), BomHOE TIpO-
crpaHcTBo (10%), madpacrpykrypa (10%).

BuszyanbHoe TipeacTaBieHre cpefbl OCy-
mecTBAsIoch npu oMol Google Earth.
NudopmanmoHHoit 6a30il misi MoAeau mo-
CJIy>KVUJIM TaHHBbIe COLIMOJIOTUYECKOTO OITpoca
MoJiofexu r. Kapauwu [27], oTpaxatolero cie-
TYIOIIA€ XapaKTepUCTUKH: YpOBEeHb 00pa3oBa-
HUSI, yTeuKa yMOB, YypOBeHb TBOPUECTBA, pac-
TpeJieieHre JOXOI0B, YPOBEHb TEPITUMOCTH.
KomnuectBo areHToB B Mmogeau — 2100, yto
cocrannset 0,01 % nacenenus ropona. Mozenb
pazpaboraHa Ha 0aze rardopMbl NetLogo.

[ToBeneHue areHTOB B MOJIEJIN:

1. MobunabHOCTb areHTOB. [BUXeHUe
areHTOB B MOJIeJIM TIPOAMKTOBAHO MX XKeJa-
HUEM TTOBBICUTB YPOBEHb 00111l yIOBIETBO-
PEHHOCTH, KOTOPOe 3aBUCUT OT CTOMMOCTHU
apeHIHOM IJIaThl U KOHTPOJIS 3a COLMAIbHOMN
cerperamnyeii.

2. PacnipoctpaHeHnmne KkpeaTuBHOCTH. Paz-
BUTHE MHOTO(DYHKIIMOHATBHOTO MTPOEKTUPO-
BaHUS (T.e. KOMOMHMPOBAHMS XXUJIOTO, KOM-
MepUYeCcKOTo U APYTHX BUIOB 3€MJIEMOJb-
30BaHMs), TPAHCOOPTHON JOCTYNHOCTH,
NnemexoqHo MHGPacTpyKTyphl, TEPPUTO-
puii oOl1Iero MoJb30BAHUS CO3JAET YCIOBUS
JUTSI IPUBJIeYeHUSI TATAHTIMBbBIX, TBOPYECKHX
JTonei.

3. Jloxon 1 pbIHOK apeHabI XKuJibs. [1oBbI-
IIeHre YPOBHSI KpeaTUBHOCTH areHTOB (Ha-
MIpUMep, 3a CYET B3AMMOIEMCTBHUSI C arTeHTaMK
foJiee BRICOKOTI'O YPOBHSI KpeaTUBHOCTH ) MPHU-
BOJUT K YBEJIMYEHUIO YPOBHSI JOXOIOB. ATeH-
Thl B MOJIeJIM MOTYT TaKe TepsTh YPOBEHb
KpeaTUBHOCTHU IIPU OTCYTCTBUM B3aUMO/IEi-
CTBUSI C APYTMMU areHTamMu. I1oBbIlIeHNe

TBOPYECKOTO MMOTEHIIMaIa arTeHTOB IIPUBOJIUT
" K OoJree BBICOKMM TPeOOBAHMSIM K KMJIHII-
HBIM YCJIOBUSIM U Ka4eCTBY TOPOJCKOIA Cpelibl,
YTO, B CBOIO OUepellb, yBeJIUYMBAET CTOUMOCTh
apeHIHbIX Iuatexeit. Kak ciencTteue, MeHee
obecrieueHHbIe areHThl TEPSIIOT TOCTYITHOCTh
K BBICOKOMPOIYKTUBHBIM TBOPUYECKUM KJla-
cTepaM, YTO IIPUBOJUT K YBEIMYEHUIO Hepa-
BEeHCTBa B 10XOfaX.

4. IlpupocT HaceleHUS U yTeuKa YMOB.
OmnpenensieMble MOJIb30BaTeIEM TEMITBI TTPH -
pOCTa areHTOB B MOJIeJI OKa3bIBalOT BO3/Iei-
CTBM€ Ha BCEX areHTOB HE3aBUCUMO OT YPOB-
HSI TBOpYECKOro nmoTeHuranza. OmHako yreu-
Ka YMOB BJIMSIET JIMIIb HA HU3KOKPEATUBHBIX
areHToB.

B KxoHeYHOM HMTOTE B3aUMOIeMCTBIE aTeH-
TOB IPUBOJNT K MOSIBJIEHUIO TBOPUECKMX KJIa-
CTEPOB, UTO OKA3bIBAET MOJOXKUTEILHOE BO3-
JleificTBe Ha SKOHOMHMYECKOE pPa3BUTHE Me-
rarnojucos (puc. 5). OnHaKo KiacTepu3aiusi
MOPOXIaeT MPodJeMy COLIMAIbHO-3KOHOMMU-
YecKOro HepaBeHCTBa.

Modeav okazanusn 2ymMaHumapHoi nHoMouu.
ATeHT-OpHUeHTUPOBAaHHOMY MOJIEJIMPOBAHUIO
C MCITIOJIb30BaHKeM reoMHMOpPMAaIIMOHHBIX CH-
CTeM, U3y4eHUsI MOCIeICTBUI KaTacTpodurye-
CKMX cOOBITUI mocBsileHa padoTa A. Crooks u
S. Wise [ 18]. ABTopaMu nipeicTaBjieHa MAJIOT-
Hasi MOJieJib, UMUTHPYIOLAsl TOBeIeHIe areH-
ToB Bropoje [Topt-o-IIpeHc moce 3emueTpsi-
cenus B ssHBape 2010 roma. Mogenb cocTouT
M3 HECKOJBKUX MOJYJIel, KOTOpble OXBaThI-
BalOT (pr3MUYECKUe M COLIMATbHbBIE ITPOLIECCHI,
MPOUCXOSIIIMe B IMpollecce OKa3aHMsI TyMa-
HHATApPHOM MOMOIIH.

B Mopenv mprcyTCTBYIOT 1Ba THIIA ar€HTOB:

1) HeHTphl OKa3aHWS TYMaHUTAPHOM I10-
MOIIY (LIEHTPHI);

2) TIoCTpafaBIlIe.

LleHTpBI OMHOBPeMEHHO BBICTYHAIOT M KaK
HeIBUXMMble 0OBEKTHI, PACIIOJOXEHHbBIEC B
cpelle, M KaK areHThl, HaJleJleHHbIe OIIpese-
JIEHHBIM KOJIMYECTBOM PeCypcOB, KOTOpPhIE
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PucyHok 5. KoHuenTyanbHas MOLesb KpeaTMBHOro ropoaa

YcTaHoBKa cpepbl
(3eMnenonb3oBaHue, OKPYXeHUe,
TBOPYECKWE KNacTepbl, CTOMMOCTb

XapaKTepucTvkamy (ypoBeHs A0X0Aa,
YpOBeHb 06pa3oBaHusl, TEPrIMMOCTb,

YcTaHoBKa areHToB ¢ 1X

apeHHbIX NnaTexen) KpeaTUBHOCTb)
|
[MpupocT Hacenexus
W yTeuKa yMoB
K
OGHoaretve cpeab! Ansetcs O6HOBrEHME YPoBHS! Obpasosative

(CTOMMOCTb apeHaHbIX

1 cpeda

KPeaTUBHOCTY 3a CUET |—3p{ KPEATUBHBIX KNaCTepos L |

WameHeHve cToumocTn

OKOHYaHe

7 % apeHHbIX NraTexen
[aIEAen, Jh0PHEoA KpeaTVBHON? KPEaTUBHOCTI areHTOB LR ED I e
Kractepbl) YPOBHS! KpeaTUBHOCTU
areHToB
=
<
Mowck areHTa ans
B3aUMOAENCTBIS
ToBbILLEHe YPOBHS
€HWe YPOBHS!
KpeaTVBHOCTI areHTa Mpow3owrio nu Bbilue 1 ypoBeHs ”°?§‘WBH£M
Yepes B3auMOfeNCTBIE B3aumopencTene? KpeaTWBHOCTU areHTa? P

A

B3aUMOAEIICTBIS

< ]

Okpyxatolas cpeaa
(BO3MOKHOCTb
—1 peanuaaLm, —
3EMIENorb30BaHue,
OKpYXeHue)

[MpoBepka
YAOBNETBOPEHHOCTI

[MpoBepka
YPOBHS!
TEPMMMOCTH

pelueHve
ocTaThes

]
]

YnoBnetBopeH?

pelleHue
yexatb

OBHOBNEHVE 11 NPpoBepKa
3a71aHHbIX 3HaYeHI

VcTounHuk: Exploring Creativity and Urban Development with Agent-Based Modeling/ A. Malic, A. Crooks. H. Root, M. Swartz
/I Journal of Artificial Societies and Social Simulation. — 2015. — 18 (2). — URL : http:/jasss.soc.surrey.ac.uk/18/2/12.html

(NepeBof aBTOPOB).

OHU pacIpeeIsSIIOT MeXy OCTpaIaBIIIMU.
3a KaxapIM LIEHTPOM 3aKperieHa ceTh OXBa-
Ta TOCTPAIABIINX, a TAKXKe KOJIMUECTBO €1~
HUII TYMaHUTAPHOM TTOMOIIM, OKa3hIBaeMOM
Ha oJlHOTO TocTtpanasiuero. Llenp meHTpOB
3aKJII0YaeTcs B IpelocTaBlIeHUH MaTepruallb-
HBIX PeCypCOB ITOCTPAABIIINM, TO €CTh B YIOB-
JIETBOPeHUHU X OCHOBHOI MOTPeOHOCTH — B
BBIKMBaHUM.

[TocTpanasime o61amaloT onpeneieHHBIM
AHEpPreTUYeCKUM YPOBHEM U 3HAHUSIMU 00

OKpYKalollle! cpelie, TAKMMH KaK pacriojio-
>XeHre COOCTBEHHOTO JoMa M BO3MOXKHOE pa3-
MellleHHWe LIeHTpa OKa3aHWsI TyMaHUTapHOM
noMoinu. KitoueBsIM aTpubyToM IOCTpa-
JMaBLINX SIBJISIETCSI SHEPTeTUYECKUI YPOBEHb,
KOTOPBIN XapaKTepu3yeT UX 300poBke. JlocTh-
X€HWe HYJIEBOTO 3HAUYeHUSI O3HAYaeT CMEPTh
areHTa v ypajeHue u3 Mmoaeau. [ leppoHavaib-
HBI SHEpreTUYeCKUIi ypOBEHb ar€HTOB 3a/1a-
€TCsl C YYETOM OJIM30CTU MX MTPOKMBAHUS OT
parioHOB OeCTBUS.
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[TocTpanaBiurie MpUHUMAIOT pellIEHUS B
COOTBETCTBUM CO CBOEI 1IeIbI0 — MaKCUMU-
3MpOBaTh SHEPreTUYECKHUI YpoBeHb. OHU BBI-
OUparoT OMHO U3 HECKOJBbKUX JEUCTBUM: Ha-
MpUMep, 10OpaThesl 10 LIEHTpa MOMOILIN WA
ocTaThesl moMma. BzaumogeiicTBUe areHToOB
MeXy coOolt mpenroaraeT OTCYTCTBIE CIIy-
yaeB COOOIIEHUs 3aBeJOMO JIOKHBIX CBefie-
HUM O pacHoJioXeHUH 1IeHTPOB MTOMOIIH, a
TakKe CJIydyaeB YMBIIIEHHOTO YMaTYUBaHMSI
MHGOPMAalLIHH.

Ha pucynxe 6 B neTanuznpoBaHHOM BUAE
MpeAcTaBieHa cpena GyHKIMOHUPOBAHUS
areHToB. B KauecTBe BXOMHBIX JAHHBIX HC-

MoJib3yeTcsl nHbopMalsi o0 ypoBHE paspy-
meHuit (puc. 6a), 0 INIOTHOCTU HaceJeHUs
(puc. 6b), cylllecTBYIOIIUX TPaHCIOPTHBIX
CeTsIX 1 PacloJOXEeHUM LIEHTPOB OKa3aHUs
TyMaHUTapHOM MOMOIIH (puc. 6¢), a TaKXKe O
psilie BCIIOMOTaTeIbHBIX ITapaMeTPOB.
ABTOpaMM 0000 ITOTYePKUBAETCS, UTO Pe-
TMOHBI, TTOCTpaJaBIlie OT CTUXMIHBIX Oel-
CTBUI, UCITBITHIBAIOT HEJOCTATOK MHMOpMa-
LIMOHHBIX PECYPCOB, HEOOXOIUMBIX JUISI aleK-
BaTHOI'O M CBOEBPEMEHHOI'O pearupoBaHUSI.
NudopmanimoHHas 6a3za Moaeian chopMHu-
poBaHa MocpencTBOM KpayncopcuHra u VGI
TaHHBIX (TaK Ha3blBaeMasi TOOpPOBOJbHAS

PucyHok 6. ®parment M'AC r. Mopt-o-Mpexc

b

Ywep6 oT pazpyLweHui HaceneHue
- Hexnaccudmumpyensii Kon-Bo. ven. Ha 1kB. M
e . [ lo-706
HeI'IOBpe)KﬂeHHbIVI
[ ] Sensie nospexaenns [ 707 - 1,461
[;] HesBHLIe NoBpEXIEH S :l 1,462 - 3,825
- MonHocTbo YHUHTOXEHO - 3'826 - 9'298
TpaHcropTHasi ceTh W uenTpul I 9,299 - 13,701
nomoLLu B 13.702-19,746
. LleHTpb! nomotuyy B 19.747 -30,144
TpaHcnopTHas ceTb - 30,145 - 41,106
008 1152253 0 Il 41.107 - 58,187
S I Bogvoe npoctparcreo

a) ylep6 oT paspyLUeHuid; b) HaceneHue; ¢) TPaHCNIOPTHAS CeTb U PacrofioXeHUe LIEHTPOB FyMaHUTapHOW MOMOLLM.

WcTouHuk: Crooks A., Wise S. GIS and agent-based models for humanitarian assistance // Computers, Environment and
Urban Systems. —2013. — Ne 41. — Pp. 100-111 (nepeBog aBTOpoB).
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reorpacdudeckast uHdopmarus [21]). B yact-
HOCTHU, MH(pOopMaLUS O TNIOTHOCTH HaCeJIe HUSI
nojy4yeHa M3 MoOJeNell pacOpeeleHns Ha-
ceneHus LandScan; manHble 00 ypoBHE TO-
BpexxaeHust B3sIThl 13 G-Mosaic; 1j1st oroOpa-
KEeHMSI TPAHCIIOPTHBIX CeTeil MCITOJIb30BaJICS
OpenStreetMap.

HTorom Momenu BEICTYIIAeT psifi CTAaTUCTHU -
YeCKHUX JAaHHbBIX: YUCJIO CMEePTEN areHTOB, KO-
JINYeCTBO eIUHMII F'YMaHUTAPHO IIOMOIIHA, He
Jollenuieil 10 NOCTpaAaBIINX, CYMMapHoOe
KOJIMYECTBO 3aTpayeHHO SHepruy areHToB,
OCTAaBIIMXCSI B XUBBIX. Moeab JeMOHCTPU-
pyeT NoTeHLIWal MCIIOJb30BaHUS Kpayacop-
cuHra v jaHHbiX VGI B KayecTBe UICTOYHHUKOB
(opMUpOBaHNS peaTUCTUIHOM cpeabl (PYyHK-
LAOHWPOBAHMS aT€HTOB JIJISI UMUATALIMHA [TOBE-
JIeHWsI UHOAWBHUAOB B cllydyae BOSHUKHOBEHMSI
KpUTHYECKMX cUTyalnid. [ 1o 3ambicity aBTOpOB
paspaboTaHHas1t MOJEb MOXET OBbITb UCITOJIb-
30BaHa B Ka4yeCTBe MHCTPYMEHTA IO PKKI
MpY IPUHITHAN pellleHni 06 OKa3aHUM ryMa-
HUTApPHOM MTOMOILIH.

0O060011ast BO3MOXHOCTH aTeHT-OpUEHTH -
POBAHHOTO MOJEJMPOBaHUS Ha Oa3e TeOMH-
(bopMaLlMOHHBIX CUCTEM, OTMETHAM, UTO JTaH-

HBIIT MHCTPYMEHT TO3BOJISIET CO3/1aBaTh He
TOJIBKO MaKCHUMaJbHO MPUOJMXKEHHBIX K
NeiCTBUTEbHOCTA areHTOB, HO U BCTpa-
WBaTh UX B CylleCTBYWIIUe (HU3NUYECKHUE
U COollMaJbHble MPOCTPAHCTBA B pealbHOM
BpeMeHHU. DTOo, B CBOIO ouepellb, TOBOPUT O
MepCIeKTUBHOCTU MCIOJb30BaHMS areHT-
HOTO MOJEJUPOBAHMSI, B TOM YMCJie U B BbI-
paboTke 3¢ HEKTUBHBIX U CBOEBPEMEHHBIX
yhnpasjieHueckux penieHuid. OnHako, Kak oT-
MevaroT Beayuide poccuiickue (B.JI. Maka-
poe, A.P. baxmu3un) v 3apyOexHsbie (4. Hep-
penstall, A. Crooks, M. Batty, efc.) y4€Hble,
KJIFOUEBOI MpoOJeMOil Ha JaHHBIA MOMEHT
BBICTYIIaeT CKOPOCTh PabOThI areHT-OpHeH-
TUpOBaHHBIX Mojeei Ha 6aze [MC, To ecTh
BO3MOXHOCTB 3aITyCKaThb CJIOKHbBIE MOJIEJIH C
ThICSTYaMH TTPOCTPAHCTBEHHO OCBEIOMJIEH-
HBIX areHTOB. B HacTos KT MOMEHT pelle-
HUEe BUIMTCS, BO-TIEPBBIX, B OrpaHUYEHUU
nHpopmatuBHoct [ UC 1o HeoOGXoguMoOro
KOJIMYeCTBA XapaKTepUCTUK MPOCTPAHCTBA,
K KOTOPBIM 00palllafoTcs arTeHTHI B TIpoliecce
(byHKIIMOHUPOBAHMUSI, BO-BTOPHIX, B YBEJIH-
YEeHUW MPOU3BOAUTEIbHOCTA COBPEMEHHBIX
MpOIIEeCCOPOB.
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Gulin K.A., Rossoshanskii A.1.

Russian and Foreign Experience of Integration of Agent-Based Models
and Geographic Information Systems

Abstract. The article provides an overview of the mechanisms of integration of agent-based models and
GIS technology developed by Russian and foreign researchers. The basic framework of the article is based
on critical analysis of domestic and foreign literature (monographs, scientific articles). The study is based
on the application of universal scientific research methods: system approach, analysis and synthesis,
classification, systematization and grouping, generalization and comparison. The article presents theoretical
and methodological bases of integration of agent-based models and geographic information systems. The
concept and essence of agent-based models are explained; their main advantages (compared to other
modeling methods) are identified. The paper characterizes the operating environment of agents as a key
concept in the theory of agent-based modeling. It is shown that geographic information systems have a wide
range of information resources for calculations, searching, modeling of the real world in various aspects,
acting as an effective tool for displaying the agents’ operating environment and allowing to bring the model
as close as possible to the real conditions. The authors also focus on a wide range of possibilities for various
researches in different spatial and temporal contexts. Comparative analysis of platforms supporting the
integration of agent-based models and geographic information systems has been carried out. The authors
give examples of complex socio-economic models: the model of a creative city, humanitarian assistance
model. In the absence of standards for research results description, the authors focus on the models’
elements such as the characteristics of the agents and their operation environment, agents’ behavior, rules
of interaction between the agents and the external environment. The paper describes the possibilities and
prospects of implementing these models.

Key words: geographic information system, spatial development, agent-based models.
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