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AHHOTauma. Mpobnema 3GPEKTUBHOCTM TPAHCMNOPTHOM CUCTEMbI OCTPO CTOMT BO MHOIMX ropogax mupa.
TpaHcnopTHaA cMCTemMa ropoAaa ABAAETCA CNOKHON TEXHUYECKOM CUCTEMOM, YTO He MO3BOJIAET MOAEPHN3M-
poBaTb ee 6e3 NPMMEHEHUA MHTENNEKTYAIbHbIX CUCTEM NOAAEPIKKM NPUHATUA pelueHnit. OgHUM U3 Kakode-
BbIX 3/1EMEHTOB NOLOBHbIX CUCTEM AB/AETCA CMCTEMA MMMTALMOHHOIO MOAE/IMPOBAHNA TPAHCMNOPTHbIX NOTO-
KoB, 61arofaps KOTOPOW NOABAAETCA BO3SMOXKHOCTb NPOBEPUTbL NMPOEKTHbIE PEeLleHUsA A0 UX HENOCPeACTBE H-
HOM peasnn3aummn 1 BBEAEHMA B 3KcnayaTaumio. O4HaKo NPoLEecc Co34aHUA MOAEM TPAHCMOPTHbLIX MOTOKOB
He ABNAETCA TPUBMANBHOM 3aaavelt U TpebyeT ryboKoro aHaAM3a TPAHCMOPTHOrO cNpoca B ropose. B ctatbe
npeAa/iaraeTcs NoAxXo4, K NOCTPOEHMIO MUKPOCKOMMYECKOM MOAENN TPAHCMOPTHbIX MOTOKOB ropoAa, OCHOBAH-
HbIA Ha CUCTEMHOM MHTErpaLMm UCTOYHMKOB C OTKPbITLIMW AaHHbIMUW, METOLOB MOAEANPOBAHUA TPAHCNOPT-
HOro CNPOCa M MY/IbTUAreHTHOW CUCTEMbI MOAENNPOBAHUA.

Ha HayanbHOM 3Tane npeasiaraemoro noAxoda NPOUCXOAMT MMMOPT AAHHbIX M3 OTKPbITbIX MUCTOYHMKOB.
YAUUHO-A0POXKHaAA ceTb MMNopTupyeTcs U3 Be6-pecypca OpenStreetMap. UHdopmauma o HaceneHum u op-
raHM3auuMax ropoaa MMMNOPTUPYETCA U3 OTKPbITbIX AaHHbIX, MPEA0CTaBAAEMbIX CAUTaMM rOCyAapCTBEHHbIX Op-
raHoB. MoaennpoBaHMe TPAHCMOPTHOrO Cnpoca MPOW3BOAMTCA MO rpaBUTALMOHHOMY MeToay. Ha ocHoBse
nHdopmaunmn 06 yANYHO-A0PONKHON CETU M TPAHCMOPTHOM cnpoce GOPMUPYIOTCA LENN KOPPECMNOHAEHLWNA:
reHepuMpyIoTCA areHTbl, pacnucaHme 1 NyTb UX NepemeLLeHmnit no ropoay. Ha nocnegHem stane npegnaraemo-
ro NoAxo4a 3anyckaerca cucTema MMUTaLMOHHOIo MmoaenmposaHuna SUMO.

PeweHne nocTaBNeHHOM 334a4M Peaan3oBaHO Ha A3blKe NporpammupoBaHMsa Python, KoTopbiit nossonsner
paboTaTb C MOAENbI0 UTepaTMBHO, NOLWAroBO BHOCA M3MeHeHUsA. B Kayectse cpedbl BbINOAHEHUA Gbla Bbl-
6paH Zeppelin, NOCKONbKY OH NpPeaocTaB/seT BO3MOXKHOCTb CO34aHUA MaclTabupyembix HOYTOYKOB ¢ bora-

TbIM NO/Ib30BATE/NIbCKUM UHTEpdencom.

MpoBepka pa3paboTaHHOro NoAxo4a OCyLEeCTBAANACh HA AaHHbIX ropoaa Camapbl. TecTUpoBaHME MOKasaso
NonHyt paboTocnocobHOCTb pa3paboTaHHOro MeToAa NOCTPOEHUS MUKPOCKOMMYECKON MOAeNn TpaHcnopT-
HbIX MOTOKOB. [NaBHbIM SOCTOMHCTBOM METOAa ABASETCA TO, YTO A/1A CO3A4aHUA Lenei KoppecnoHAeHUNIA He-
06X04MM MUHUMaNbHLIN HAabop AAHHbIX: TPAHCMNOPTHbIE PaliOHbI, KOJIMYECTBO KUTENeM U opraHusauuii B
KaXK40M TPaHCNOPTHOM paiioHe. Ha AaHHbIi MOMEHT NoJlyYyeHHas MoAeNb MMeET paj, HeAO0CTaTKoB. HekoTo-
pble y4aCTKM LOPOr HEe UCMONb3YHOTCA areHTaMM M3-3a HecoBepLIeHCTBa NpeobpasoBaHmA AaHHbIX U3 Open-
StreetMap. [JanbHelwee pa3suTUe NPOEKTA NEKUT B Y/ydLIEHUM NpoL,ecca UMNOPTA NOCPEACTBOM OUYUCTKM
AaHHbIX, peleHns 3aga4 sepudrKaLun MMUTALNMOHHOM MOAEAN Ha PeasibHbIX AAaHHbIX U NOBbIWEHUA TOYHO-

cTn I'IOJ'IYHBEMOVI mogenwu.

KnioueBble cnoBa: moaenmMpoBaHue TPAHCNOPTHLIX MPOLLECCOB; MUKPOCKONMUYECKOEe MOAEeIMPOBaHMe; MmaT-

puua KoppecnoHaeHumin; SUMO.
BBEJIEHHUE

C MoMeHTa, KOI/ia 4eJIOBEYECTBO NEPELIO
U3 JOUHAYCTPUAIBHOTO B HHIYCTPHUAIBHOE
o0IIeCTBO, HAayalcs TMpouecc ypOaHU3ALUU.
bonbiias yacTe HaceneHuss Hayajla KOHIECH-
TPUPOBATLCS B TOpPOJAX, YTO IPUBEJIO K YBe-

JUYEHUI0O UX PA3MEPOB W MOSIBICHHUIO TPaHC-
noptHoi mpobnemsl. [Ipoucxonut 310 H3-3a
TOT0, YTO YBEJINYUBAETCS KOJUYECTBO JIMUHBIX
TPAHCHOPTHBIX CpelIcTB. Bo MHOrux ropomax
EBpomnbl naHHyo mpobieMy pemaroT yaydiie-
HUEM OOIIECTBEHHOI'O TPAHCIOPTA U JIbIOTaMHU
JJIsA HIOI[Gﬁ, OTKa3aBIINXCA OT JIMYHOI'O TPAHC-
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nopra. K coxanenuto, B 10CTaTOYHO OOJIBIINX
ropojax M Meramnojmcax NPUMEHUTb 3TO pe-
IIEHHE He BCerjaa MpeACTaBIsSETCS BO3MOXK-
HeM. [IpuemsembiM  crocobom — siBiseTCS
yIIydllleHUuE YJIUYHO-JOPOKHOM CeTHu ropoja.
B coBpeMEHHBIX YCIOBUAX BBICOKOW IUIOTHO-
CTH TPAHCIOPTHBIX MOTOKOB HEOOXOIUMO YUH-
THIBAaTh MHOXKECTBO (AaKTOPOB TPH aHAIU3E
TPAHCIIOPTHOM CHUTYallMd, YTO HEBO3MOXKHO
BBITIOTHUTh 0€3 CIeNUaTN3UPOBAHHBIX HWH-
cTpyMeHTOB. JlanHas mpoOiema OOBIYHO pe-
1jaeTcs IMpU IOMOIIM TAaKOro aBTOMATHU3UPO-
BaHHOTO METOJIa MOAJICPKKU MPHUHITHUS pele-
Huii [ 1], KaKk UMUTAIMOHHOE MOJIETTUPOBAHUE.
[Tono6ubIMU 3a/la4aMu 3aHUMAaJIHCh
M. P. fxumos, T. 1. Muxeesa, }O. P. Muxaii-
70B. SIkuMoB B cBoel paboTte [2] AenaeT yKIOH
Ha METO/bI MOJy4YeHUs] MHPOPMALUU, HEOOXO-
OUMOU JUIsi TPAHCHOPTHOTO MOJICIHPOBAHUS.
Taxxe OH IPOBOAMT aHANIU3 OTJENIbHBIX BUIOB
TPaAHCIOPTa U MOJEIMPOBAHUE TPAHCIOPTHBIX
cnpoca W mnpemioxkeHuid. Paborsl MuxeeBoii
[3] mo momenupoBaHHIO TPAHCIOPTHBIX MPO-
LIECCOB OCHOBaHbl Ha TPAHCIOPTHOM TI'€OMH-
dopmarmonnoit cucreme ITSGIS. Muxaiinos B
cBoeit pabote [4] co3man cucteMy MmokaszaTenen
ypOBHSI OOCTY>KUBaHUS, a TakKe METOJIbI
OLIEHKM MaTpull KoppecnoHAeHuuil. B s3THx
MCCIIETOBAHMIX TJIABHBIM 00Pa30M MPOBOIUTCS
YCOBEpIICHCTBOBaHUE MOJENEHl TOpPOJOB My-
TE€M MOCTOSIHHOTO aHalIu3a UX TPaHCHOPTHBIX
cucteM. [locnennee Bpems OOJbIIIOE BHUMAHKE
B JIUTEpAType yAENAETCI MUKPOCKOIUYECKOMY
MOJIETMPOBAHUIO  TPAHCIOPTHBIX  IOTOKOB.
Yacte paboT mocsdieHa pa3paboTKe W ONTH-
MHU3allUd MYJIbTHAreHTHBIX CcHCTeM. Hampu-
Mep, pabora [5] mocBsIeHAa ONTHMHU3AIUU
CUHXPOHU3AIMH CUTHAJIOB areHTOB B MHUKPO-
ckonuueckor mojenu. MHTepec Takxke mpen-
CTaBJISIIOT PabOThI, MOCBAILICHHBIE BHEIPEHUIO
MOBE/ICHUS YeJOBEKa B MOJEIU BOAMTENEH
MUKPOCKOIIMYECKUX MOJIEJEH TpPaHCHOPTHBIX
cpeacts [6]. BaxkHBIM 371eMEHTOM MOJICITHPO-
BaHUs SIBJISICTCS aHAIHM3 TMOJIYYEHHBIX TaHHBIX.
Hanpumep, G. Waizman [7] 3anumaercs aHa-
TU30M JAHHBIX aBapuil W JPYruX MPOUCIIE-
cTBUi Ha gopore, a M. Andre [8] — ananu3om
3aBUCMMOCTH 3arpsi3HEHUs] OT KOJIMYECTBa aB-
ToMmoOmiiel. Tak ke CyIecTByeT MHOXECTBO
WCCIICIOBAaHUI Ha y3KHE TEMBI, TAKUE KaK B3a-
MMOJIEUCTBYE TPAHCIOPTHBIX CPEJCTB U IElle-

X010B [9], uccienoBaHUE MMOBEACHUS TpaHC-
MOPTHBIX CPEJICTB C PA3IUYHOM CKOPOCTHIO
newkenust [10]. ['maBHBIMU 3amauaMu JaHHOM
paboThI SIBJISIOTCS: CO3/1aHUE YHUBEPCAIBHOTO
METO/Ia MOCTPOCHHUSI LIETIeH KOPPECTIOHICHIIUIA
JUISl UCTIOJIB30BaHMs B MPOTrpaMMe TPAHCIOPT-
Horo MojenupoBanus SUMO; co3nanue Moje-
JIM TPaHCIOPTHBIX IpoleccoB B ropoae Cama-
pe, C UCTOJIB30BAaHUEM OTKPBITHIX JIAHHBIX.

METO/bI

MonenpoBaHue — 3TO CO3[JaHUE MOJEIH,
XapaKTePUCTHUKU KOTOPOMl MaKCHMaibHO MpHU-
OJMKEHBI K XapaKTEPHUCTUKAM OOBEKTa peaib-
HOro mupa. B nmanHoil pabore ucmoib3yercs
MOJICIUPOBAHUE TPAHCIOPTHBIX IMPOIIECCOB.
JlaHHbBIM crioco0 Mmo3BoiseT 0e3 OOJIBIINX IKO-
HOMHUYECKUX 3aTpaT M (PU3UYECKHX YCHIMM
MIPOBEPUTH 11€JIECO00PA3HOCTh JIIOOBIX H3Me-
HeHuil [11] Ha ynuuHO-TOPOKHOI ceTu.

Ha nanHBIli MOMEHT CYIIECTBYET OOJIBIIOE
KOJIMYECTBO MPUKIATHBIX MPOrpaMM, MO3BO-
JISIFOIIUX OCYIIECTBUTH TPAHCIIOPTHOE MOJIETIHU-
pOBaHME OT MAaKpPOCKOMHYECKOTO J0 MHKpPO-
CKomu4eckoro ypoBHs jaeranm3anuu: VISSIM,
MATSim, SUMO, T7F/TSIS, TRANSYT.
Oco0EHHOCThI0O MHKPOCKOTMHUYECKOTO MO/IEITH-
pOBaHUS SIBISIETCS BOBMOXKHOCTh MOJEIINPOBA-
HUA ToBeAeHUs1 [12] OTmenbHBIX TpPaHCIOPT-
HBIX CpelCcTB. B manHOil paboTe ucnonb3yercs
CHUCTEMa MHKPOCKOTTUYECKOTO MOJIEITHPOBAHUS
TpaHCNOPTHBIX NOTOKOB SUMO.

Jlnst Hambosee TOYHOTO MOCTPOCHUSI MOJIe-
U HEOOXOJUMO PEelIUTh 3 3a7auu: pa3OueHue
ropoja Ha TPAHCIOPTHBIE PAaMOHBI, TOCTPOE-
HUE MaTpullbl KoppecnouaeHmuu [13] u mo-
CTpOEHHUE IIeneld KoppecnoHAeHuuu. B wupge-
aIbHOM MOJIETM TPAHCHOPTHBIX MPOILIECCOB
TPAHCIIOPTHBIE PANOHBI SIBIAIOTCS TaKUMH
pailioHamu, B Mpejiesax KOTOPbIX areHT He Uc-
MOJIB3YeT TPAHCIOPT IS  TEPEIBIKCHUS.
B nanHoli paboTe B KauecTBe MEpPBOHAYAIBHO-
ro BapWaHTa 3a TPAHCIOPTHBIE PAMOHBI OBLIN
MPHUHSTHI aIMUHUCTPATUBHBIE PailOHBI TOPO/Ia.

OpnHol M3 BaXHEWIINX 3a7a4 B TPAHCIIOPT-
HOM MOJICJIMPOBAHUM SBJISIETCSI TOCTPOCHUE
MaTpulbl KoppecnoHaeHuni. CymecTByer He-
CKOJIBKO KJIACCOB TOCTPOEHUSI MaTpUIlbl KOp-
pecnionieHimi. K nepBomy Kiaccy OTHOCATCS
JUHEWHBbIE MOJIEIH, TaKUe KaK MOJIEIb TPy30-
BBIX JKEJIE3HOJOPOKHBIX mepeBo3ok. Ko Bro-
pOMY KJIACCy OTHOCSITCSI CTaTUCTUYECKHE MO-
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JIeNid, KOTOpBIE MCIIONB3YIOTCA B IAcCaKup-
CKUX TMEPEeBO3KaX Ha Pa3HBIX BUAAX TPAHCIOP-
ta. K TpeTbemy kitaccy — rpaBUTAllIOHHBIE MO-
JIeT, @ K YeTBEPTOMY — SHTPOIUITHEIE.

Jlis mocTpoeHus: MaTpULlbl KOPPECTIOHACH-
Uil ObljIa MCIONB30BaHA TPABUTALIMOHHAS MO-
Jiellb, TaK KaKk OHa XOPOILO OIKCHIBAeT Iepe-
JBIKEHHE TOpOACKOro TpaHcnopra. OHa Oblia
npemioxena B. Peinm [14]. [IpumenuTenbHo K
TPAHCIOPTHOH CHCTEME B KAYECTBE TN BBICTY-
MAlT MYHKTHI, MOPOXKIAIOIINE W TOTJIONIAK0-
1Me TPaHCIOPTHBIE MOTOKM [15], 3a maccy Te-
J1a TIPUHUMAETCSI CyMMapHbI 00BbEM BbIE3Ka-
IOIIETO U BBE3KAIOIIETO TPAHCIIOPTHOTO TTOTO-
Ka. OU3NYECKOE PACCTOSTHUE MOXKHO 3aMEHHTD
TOOBIMH 3aTpaTaMH, CBSI3aHHBIMHU C TIEpPE/IBH-
KEHHEM M3 OJIHOTO TPaHCHOPTHOTO paiioHA B
npyroi. TpaHcmopTHas rpaBUTallMOHHAs MO-
Ieldb CBSI3bIBAET MHTEHCHBHOCTh IIOTOKA Ijj
MEXIy TOJHBIM YHCIIOM OTIPABICHUS W3
i-ro paiiona Q; m npuOkITH B j-it paiion Dj u
3aTpaTaMy Ha MEPEABMKCHUE MEX/Y 30HAMH |
H j — Gjj

li=1..,N,j=1..,M,

rane N — ofiee KOIMYECTBO paiioHOB OTHpaB-
neHusi, M — olrmiee KoIu4ecTBO palilOHOB MPHU-
ObITHs. B naHHON Monenu paccTOsIHUE MEXIY
pailoHaMU CUUTAaeTCsl KaK PacCTOSTHUE MEXIY
LIEHTPAMHU ITUX PAOHOB.

ITocTpoeHune neneld KOppEeCIOHIECHIUN SB-
JSAETCS CIIOKHOU 3a/1ayeil, MOCKOJIbKY MOCTPO-
€HHE MapIIPyTOB AJIsl KaXKIOro areHra B COOT-
BETCTBUU C MaTpULIE KOPPECIOHACHIUNA He-
TpUBUAIBbHO. [J1aBHOI 1eNblO SBISAJIOCH CO-
3laTh  YHUBEPCAIBHBIM  METOJ, KOTOPBIM
MOJIONAET K MOJIEIMPOBAHUIO TPAHCHOPTHBIX
MPOIIECCOB JIIOOOTO0 Tropojia B MpOrpaMme
SUMO.

[TepBBIM 11AarOM SIBJISIETCS MOJIyYE€HUE Kap-
ThI roposia. Ee MOXHO MOJy4yuTh U3 KapTorpa-
¢uueckuxonline-ucrounnkos: Sunexc.Kaprsr,
GoogleMaps uau OpenStreetMap. Bo muornx
CllydassX MMEETCS BO3MOXHOCTb HCIIOJIb30BATh
dopmar gamubix Xml. Ero wucnone3oBanue
IIPEANOYTUTENBHO,  TOCKOJIBKY  ITO3BOJISIET
MPUMEHSTh CTaHAApPTHBIE CPEACTBA YTEHUS
CTPYKTYPUPOBAaHHBIX TEKCTOBBIX (HalIoB C
JAHHBIMHU.

CrnenyromumMm 1arom sBisieTcs pa3OueHue
ropojia Ha TPaHCHOPTHBIE pailoHbI. Jjis1 3TOTO

ObUT HMCHOJB30BaH S3BIK MPOrPaMMHUPOBAHUS
Python [16] u 6ubnaroreka GeoPandas. [lannas
OuOIMOTEKa TO3BOJISET PabdoTaTh W MPOU3BO-
JUTh PA3TUYHBIC MAHUITYJISIUU C reorpadude-
CKOM 0a30f JaHHBIX, B KOTOPOH COIEpKaTCs
pa3iaudHbIe TaOIUIBI ¢ HCXOJHBIMH JTaHHBIMHU:
HA3BaHUSIMH YIIULI, palOHOB, JOPOT U T.1.

[Tocne momy4enust 6a3bl TaHHBIX C KOOPAH-
HaTaMH JIOpPOT U PailoHOB HEOOXOAMMO OIpe-
JEUTh MPUHAIICKHOCTh JOPOT K OMpeseiieH-
HOMy paiiony. C mnomompl  Onepainuu
«overlay» u3 oubnuoreku GeoPandas moxHO
BBITIOJHAThH Pa3IMYHbIC HAJOKEHUsS JIBYX MPO-
CTPAHCTBEHHBIX TaOJMUI[ M BU3YAJIU3HPOBATH
ux. ITocne aToro coszmaercs obmuid ¢aii, co-
JepKaluid JaHHBIE O TMPHHAJICKHOCTH BCEX
JIOPOT B TOPOJIE OMPENICTICHHOMY paiioHy.

CrnenyronmM Iarom SIBISICTCS 3aHECEHUE
MOJNyYEHHBIX  JaHHBIX B POrpPaMMBbI
OD2TRIPS u DUAROUTER. J[lanubie mpo-
rpaMMBbl  COZIEPXKAT AITOPUTMBI MTOCTPOCHUS
mapuipytoB s areHtoB. OD2TRIPS mo3Bo-
JSET ONpeAeNuTh HayallbHYI0 U KOHEYHYIO
TOYKH ITyTH, OJJHAKO OHA HE UMEET BO3MOXKHO-
CTH COCTaBIIATh MapUIpyT MO pPeajbHO CYIIe-
CTBYIOILIM J0poram. A Iporpamma
DUAROUTER cocraBnser myTb, UCXOAS U3
JMaHHBIX, ToaydeHHbIX B OD2TRIPS u ynuuso-
JIOPOKHOH ceTu. J[aHHBIE MPOrpaMMBbl JOMOJI-
HAIOT APYT Ipyra JUisl CO3JAaHMs Lenen Koppe-
CIIOHACHIIUH.

3aKIIFOYaoONUM IIIaroM SIBJISIETCSL 3aHece-
HUE BCEX IMOJYYCHHBIX TAaHHBIX B MpPOrpamMmy
SUMO nns Bu3yanu3anuu Iporiecca MoJIeu-
pPOBaHMSL.

PE3YJIbTATbBI

Camapa — 710CTaTOyHO OONBLIONW TOPOX C
obmupHoit nHdpacTpykrypoi. Hacenenue, mo
manHeIM Ha 2012 rox, cocrasisger 1,17 MiH
yenoBek [17]. COOTBETCTBEHHO, KaK M Y MHO-
TUX TOPOJOB C KOJMYECTBOM >KHUTEJel Ooiee
MUJUTHOHA YE€JIOBEK, MMEETCsl Takasl mpooiiema,
KaK MHOTOYHMCJIEHHBbIE TPAaHCIIOPTHBIE 3aTOPHI,
KOTOPBIE JIOCTABIISIOT KUTEISIM HEYT00CTBA H
OKa3bIBalOT HETaTUBHOE BJIMSHUE HA COLMAIb-
HO-DKOHOMHYECKOE TOJIOKEHUE TOpoJa B IIe-
jom [18].

Jlnsi  moucka ONTUMAIBHOTO — PEHICHUS
NpeasioxkeHa UMUTAUMOHHAS MOJENb TpaHC-
MOPTHBIX IMOTOKOB ropojia. B nmepBoHavabHOM
BapUaAHTE JCJIICHHE Topoja Ha TPaHCIOPTHHIE
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paliOHBl TPOBEACHO IO AJAMUHHCTPATHBHBIM
paiionam. B wurore ropox pasueineH Ha
9 TpaHCHOPTHBIX PaliOHOB, MPEACTaBICHHBIX
Ha puc. 1.

7 MNpomuilunerHbiil panod

s Kuposcxnit paiow

Mt PANoH

SIH0ACPONHEIR PAROM
HOMMUHCEWI paioM

LILLIGBCKHA PIAOH

3 INMexnHcrmil paiox

1 Camapckuit paiou

Puc. 1. Paznenenue r. Camapsl
Ha TPaHCHOPTHBIE PAHOHBI

IlocTpoeHHas Marpunia KOPPECIIOHACHLIUN
[19], npencraBneHHast Ha puc. 2, TMOKa3bIBacT
MHTEHCUBHOCTb TPAHCIOPTHBIX ITOTOKOB MEX-
Ny TIOJIy4EHHBIMH TPAHCIIOPTHBIMHU pallOHaMH.
IIpoananu3upoBaB  IOJYYEHHYIO  MAaTpully,
MOHO BBIIBUTh HECKOJIBKO 3aKOHOMEPHOCTEM:

e IIHTEeHCUBHOCTb MEXAY IBYMs pano-
HaMH HaIpsIMYIO 3aBUCUT OT KOJIUYECTBA JKU-
TeJIed B OTUX TPAHCIOPTHBIX pPallOHAX, YeM
Ooubliie XUTeNeH B paiioHax, TeM OoJiblIe WH-
TEHCHUBHOCTb MEX]1y HUMHU.

e IIHTEHCUBHOCTb 3aBUCUT OT pPacCCTOs-
HUS MEXIY IBYMs TPAHCIIOPTHBIMHU pallOHAMM.
Hanpumep, wuHTeHCHMBHOCTh Mexay KyilObl-
11eBCKUM U KpacHOIIMHCKMM palioHaMH OYEHb
Maja, TaKk KaKk OHM HaxoJATCs Ha OOJIbIIOM
pPacCTOSIHUU APYT OT ApyTa.

e B [aHHOW MaTpulle HMHTEHCUBHOCTH
BHYTpH paiioHa paBHa (0, Tak KaK M3HA4aJIbHO
ObUIa BBIBUHYTA TUIIOTE3a O TOM, YTO KHUTEIH
OJIHOTO TPAaHCIOPTHOTO pallOHa HE HUCIOJb3Y-
IOT OOLIECTBEHHBIH W JMYHBIA TPAHCHOPT MPH
MIEPEIBHKCHUU.

9 [ 1703 | 827

Puc. 2. Martpuia KOppecoHACHIUH

Jlanee HeEOOXOAMMO OIPEEIUTh J0pPOTH,
MPUHAJICKAINUE KaXI0My paiiony. [Ipumene-
HHUE pa3pabOTaHHbBIX MPOrPAMMHBIX CLIEHAPHEB
Ha s3bIke nporpamMupoBanust Python mosso-
JIWIO BBIIEIUTH JAOPOTH, BXOASIINE B Ka)KIbIH
paiioH. [locne ucnonb30BaHus CO3IAHHOTO Me-
TOJIa MOCTPOCHMSI LIETIel KOPPECHOHIECHIUN U
3aHECEHUsl BCEX IOJYYEHHBIX JAHHBIX B MPO-
rpammy SUMO O6bLI0 3amyIieHo MoJelnupoBa-
HUE TpaHCIOPTHHIX oTOKOB [20] B ropoze.

Ha puc. 3 npencraBiieH CKpUHILOT U3 MIPO-
rpammbel SUMO. XenteiMu TpeyrojbHUKaMU
0003HaueHbl areHThl — TPAHCIOPTHBIE Cpej-
cTBa. B maHHOM mporpamme MOKHO W3MEHSTH
UX LBET B 3aBUCHUMOCTH OT UX XapaKTEPUCTHUK
(ckopocCTb, BpeMsl OKUJaHUs, YPOBEHb BBIOPO-
ca BpEIHBIX BEIIECTB). ATEHTbI MOT'YT OoOMe-
HUBaTbCs MH(pOpManuend Apyr ¢ OpyroM Io-
CPEICTBOM TrabapUTHBIX OTHEH, 0003Haydaro-
IIMX TOPMOXEHHE WM MoBOpoT. Ha kaxxaom
y4acTKe JOPOrH YKa3aHbl BO3MOXHBIE JIBHJKE-
HUSL JUIsl areHTOB (HampuMep, MOXKET JU OH
exaTh BIIepe]] WK clienath pa3Bopor). Ha kap-
T€ TaK)K€ yKa3bIBaIOTCS MYTHU JIBUKEHUS PEIlb-
COBBIX BHJIOB TpaHcnopra. Ha perynnpyembix
MEPEKPECTKax OTOOPa)KAIOTCS CUTHANIBI CBETO-

dopos.
OBCYXJIEHUE PE3YJIbTATOB

Co3/1aHHBId METOJT TIOCTPOCHUS IETTH KOpP-
PECTIOHICHITNH SBJISETCS] TIOTHOCTHIO PabounM.
VYike B JaHHBIH MOMEHT €TI0 MOKHO HCIOIb30-
BaTh JJIs CO3JIaHUSI MOJIETU TPaHCHOPTHBIX
MPOIIECCOB B JpYyrux ropoaax. ['maBHBIM [0-
CTOMHCTBOM JAHHOH MOJEIH SBISCTCSI TO, YTO
JUISL CO3JIaHUs TIeTIell KOPPECTIOHIEHIINNA HEe00-
XOJUM MHUHHMAIbHBI HAa0Op TaHHBIX: TpPaHC-
MOPTHBIE PalOHBI, KOJUYECTBO JKUTEJIECH U Op-
raHu3aluil B KayKJJ0OM TPAHCIIOPTHOM paiioHe.
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Puc. 3. Mozenb TpaHCIOPTHBIX TOTOKOB
B nporpamme SUMO

Ha naHHBII MOMEHT MONy4YeHHas MOJEb
HMMeEET Psil HeIOCTaTKOB. MHOTHE Yy4acTKU J0-
por He HCHOJIb3yIOTCs areHTamu. [logaBisio-
niee OOJBIIMHCTBO Iepemernarorcs no Moc-
KOBCKOMY M 3aBOJICKOMY LIOCCE, U JIUIb HEKO-
TOpBIE areHTHl MEPEMEIIAIOTCS M0 MaJCHbBKUM
yaunaM. ATEHTbl HUCU€3al0T U TMOSBISIOTCA Ha
rpanuie KyioOpimeBckoro paiona. JlanbHeit-
1iee pa3BUTHE MPOEKTa JIS)KUT B PEIICHUU 3a-
nad Bepu(PHUKAIMU UMHUTAIMOHHONH MO Ha
peanbHBIX JAHHBIX WU TOBBIIIEHUH TOYHOCTH
MOJIETH.

3AK/IIOYEHHUE

B nporecce paGoThl ObLT MOTYYEH YHUBEP-
CaJIbHBIM METOJ CO3JaHus Ienell KOppecroH-
JCHIMH, ObUTM W3YyYeHBI PA3IMYHBIE MOJIEIH
MaTpuIl KOPPECTIOHICHIIN, pa3padoTaH KO Ha
sI3bIKE TporpaMMupoBanus Python mis pa3ou-
€HUsI TOpoJa Ha TPAHCIOPTHHIE pPaHOHBI H
onpeneeHus] NPUHAIIEKHOCTH y4acTKOB J0-
por k paiioHam. B nanbHelimem Oyzner npose-
JIEHO CPABHEHUE PeaJIbHOW MHTEHCUBHOCTH TO-
TOKa U CMOJCIMPOBAHHOMN /I aHajau3a Ipa-
BWJIBHOCTU TOCTPOEHMsI Mojenu. [lanHas mo-
nenb  OyleT  yCOBEPIICHCTBOBaHA  IyTEM
YMEHBIIEHUS TPAHCIOPTHBIX PAHOHOB 10
MUHHMAJIBHBIX pa3mepoB. Taxxe Oyaer ymyd-
maThCs MaTpUlla KOPPECTIOHJEHIUN MyTeM
MoJTydeHus1 00Jiee TOYHBIX JAHHBIX O KHUTEISIX
ropojia: KOJWYECTBO OpraHu3aluil M KoJuye-
CTBO JIFOZICH, pabOTaONINX B HUX; KOJUYECTBO
ydalmxcs B IIKOJAX M WHCTUTYTax U T.a. B
yIIydlIeHHOW Mojenu Oyner mpuMeHeH Oosee
TOYHBIM METOJ MOCTPOCHMSI MaTpPHULIBl KOppe-
CIIOHJICHIINI — SHTPONUKHBIA MeTon. Takxke
paccMaTpuBaeTcs IMPUMEHEHHE KJIACTEPHOro

aHaiu3a IpH pa30MEHUH TOopoAa Ha TpaHC-
IIOPTHBIE PAOHBI.
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OB ABTOPAX

CAMPbIKUH Oner Hukonaeeuuy, gou. Kad. opraHusaumm wu
ynpaBneHuA nepeBo3KaMu Ha TpaHcrnopTe. Auna. Kad. aBTO-
MaTU3MPOBaHHbIX cucTem 06paboTKM MHbOpMaLMM 1 ynpas-
nenus  (CrAY
Temy «MHPOpMaLMOHHAA NoaAepKKa YNpaBAeHUA NPOCTPaH-
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CTBEHHO-KOOPAMHMPOBAHHLIMU ~ OOBEKTAMM  CpeacTBaMM
HelpoHHbIX ceTelt» (CTAY 2011). Wccha. B 061. mopennposa-
HWA TPAHCMOPTHbIX MPOLLECCOB, MHTENEKTyaNbHOro aHanu3a
[AHHbIX, UCKYCCTBEHHOTO MHTENINEKTA.

MAMOPOB EsreHuii PycnaHoBMY, CTyAEeHT Kad. opraHusaumm
W ynpaBieHWs nepeBOo3Kamu Ha TpaHcrnopTe. (Camapckuii
HaLMOHaNbHbIV UCCNen0BaTeNbCKUI YHUBEPCUTET).

YBAPOBA Jlapa AneKkceeBHa, CTyAeHT Kad. opraHusaumm u
ynpaBieHUs nepeBo3Kamu Ha TpaHcnopTe. (Camapckuii Haum-
OHa/bHbI MCCNen0BaTeNbCKUI YHUBEPCUTET).
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Abstract: The problem of the efficiency of the transport sys-
tem is vital in many cities around the world. The social and
economic well-being of the city directly depends on the
quality of transport communication. The transport system
of the city is a complex technical system and the efficiency
of it depends on many evident and latent factors. This
provision does not allow modernizing the transport infra-
structure of the city without using of intelligent decision
support systems to assess the effectiveness of the pro-
posed decisions. One of the key elements of such systems
is a simulation system of traffic flows, which makes it pos-
sible to check the design solutions before their direct im-
plementation and commissioning. However, the process of
creating a model of traffic flows is not a trivial task and re-
quires a deep analysis of transport demand in the city. The
article proposes an approach to the construction of a mi-
croscopic model of transport flows of the city, based on
the system integration of sources with open data, meth-
ods of modeling of transport demand and multi-agent
modeling system.

The proposed approach is based on the principle of trans-
parency of information transformation, which is achieved
through the use of a directed acyclic graph for generating
data streams. At the initial stage, data is imported from
open sources. Street and road network are imported from
the OpenStreetMap web resource, which has an open
programming interface and a large number of cartograph-
ic processing utilities. Information about the population
and organizations of the city is imported from open data
provided by the websites of government agencies. The col-
lected data is aggregated and converted into the internal
format of the database used to build the model. The simu-
lation of transport demand is made by the gravitational
method, as it quite well describes the movement of urban
transport. With regard to the transport system, the points
generating and absorbing traffic flows act as interacting
objects, the volume of the leaving or entering traffic flow
is taken as the mass of the object. Any costs associated
with the movement from one transport area to another
are taken for the distance between the objects. Transport
demand is formed as the origin-destination matrix show-
ing the volume of movement between transport areas. In
this work, the administrative districts of the city are used
as transport areas. On the basis of information about the
street and road network and transport demand, activity
chains are formed. As a result, agents, the schedule and
the path of their movements around the city are generat-
ed. Activity chain building is performed using SUMO simu-
lation system utilities: OD2TRIPS and DUAROUTER.
OD2TRIPS allows determining the starting and ending
points of the route, but it does not have the ability to
make a route along the street and road network. A
DUAROUTER program creates the way, based on the data
obtained in OD2TRIPS and the street and road network. At
the last stage of the proposed approach, the SUMO simu-
lation system is launched, which allows to visualize the
traffic flows of the city, as well as to obtain statistics for
further analysis in the intelligent decision support system.

The solution of the problem is implemented in the Python
programming language, which allows working with the
model iteratively, making changes step by step. The fol-
lowing Python packages were used to work with spatial
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data in our project: Shapely; GeoPandas; NeworkX; OS-
Mnx; Matplotlib. Zeppelin was chosen as the execution
runtime because it provides the ability to create scalable
notebooks with a rich user interface. The developed soft-
ware is implemented in the form of a Docker container,
which contains all configured modules and packages and
can be deployed in most common operating systems.
Scripts and notebooks are stored in Bitbucketgit reposito-
ries. Verification of the developed approach was carried
out on the data of the city of Samara. Testing has shown
the complete operability of the developed method for
constructing a microscopic model of traffic flows. The
main advantage of the method is that to create an activity
chain requires a minimum set of data: transport areas, the
number of residents and organizations in each transport
area.

At the moment, the resulting model has several disad-
vantages. Some sections of the road network are not used
by agents due to the imperfection of data conversion from
OpenStreetMap. Further development of the project is in
improving the import process by cleaning the data, solving
the problems of verification of the simulation model on
real data and improving the accuracy of the resulting
model.

Key words: modeling of transport processes; microscopic sim-
ulation; O-D matrix; SUMO.
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