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HA®POBA TPAHCOPOPMANLA MICBKAX TPAHCIIOPTHUX CUCTEM:
KJIACH®IKALIIA NIAXOAIB TA PEKOMEHIANIIL JJISA YKPAIHHU

V' emammi oocrioxcytomvces cyvacui nioxoou 00 yugposoi mpancgopmayii MiCbKUX MPAHCNOPMHUX CUCMEM 3 AKYEHMOM HA ix
Kaacugixayiro, npukiaou 8nposaddcents 8 YKpaini ma 3a KOpOOHOM, A MAKo’C po3pooKy adanmueHoi modeni 015 ykpaincokux micm. Ha ocrosi
ananizy iHpacmpyKmypHux, opeanizayitinux i yugposux piwienv, asmop Gopmynioc peKomMeHOayii wooo noemanto2o 6NpoeaddICeHHsi CUCem
VAPAGNIHHA MPAHCNOPMHUMU NOMOKAMU 3 BUKOPUCIAHHAM GIOKpumux oanux, APl ma incmpymenmie gizyanizayii. Cmamms maxosic nponouye
Kpumepii 014 oyinku egpekmueHoCmi maxux piuieHb ma niokpecuioe pons myniyunanimemis, IT-cexmopy i epomadcvrkocmi 'y ¢popmyeanni cmanoi
MICbKOI MOOITbHOCTI.
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DIGITAL TRANSFORMATION OF URBAN TRANSPORT SYSTEMS: CLASSIFICATION OF
APPROACHES AND RECOMMENDATIONS FOR UKRAINE

This article explores modern approaches to the digital transformation of urban transport systems, emphasizing their classification,
implementation examples in Ukraine and abroad, and the development of an adaptive model tailored for Ukrainian cities. Against the backdrop of
growing urbanization and increased pressure on transport infrastructure, traditional management methods often prove ineffective. In response, many
cities are adopting innovative strategies that integrate infrastructure upgrades, organizational reforms, and digital technologies. The article presents
a three-part classification of urban mobility approaches: infrastructural solutions (such as lane prioritization and automated traffic control),
organizational strategies (including schedule optimization and multimodal integration), and digital tools (such as real-time monitoring and
visualization platforms). This framework provides a foundation for systematic comparison and evaluation of various transport policies and
interventions. Using case studies from Lviv, Kyiv, Vinnytsia, Dnipro, as well as international examples like Helsinki and Barcelona, the article
highlights key factors that determine the success or limitations of these implementations. It outlines a scalable, stepwise model for Ukrainian cities,
including a basic level focused on data transparency, a mid-level involving service optimization, and an advanced level enabling predictive analytics
and adaptive transport management. Additionally, the article proposes practical criteria for evaluating the effectiveness of implemented systems and
emphasizes the importance of collaboration among local governments, IT companies, and research institutions. The study offers an evidence-based
roadmap for urban policymakers aiming to modernize transport systems in a sustainable, resource-aware manner.
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IMocranoBka npo6Jaemu

Micbki TpaHCIIOPTHI CHCTEMH B YKpaiHi CTHKaIOThCS 3 YMCICHHUMH BHKJIMKAMH, 3yMOBJIEHHMH IIBUIIKOO
ypOaHi3ali€ro, 3pOCTaHHIM MOOUIBHOCTI HaceNieHHs Ta OOMEXEHHMHU pecypcaMH Ha OHOBIEHHS 1H()PACTPYKTYpPH.
BigcyTHicTh cydacHMX UHM(POBUX IHCTPYMEHTIB YIpaBIiHHS TI'POMAJCHKAM TPAaHCIOPTOM MNPU3BOIUTH IO
Hee()EeKTUBHOIO BUKOPUCTAHHS MapllpyTiB, HEPIBHOMIPHOTO HABAaHTAXKEHHSI, 3aTOPIB 1 HU3BKOTO PIBHS 338/J0BOJICHOCTI
macaxupis. [lonpu icHyBaHHS BiJKPUTHX JaHUX Ta iHIMIATHB i3 OU(POBi3allii, 10oci OpaKye y3aralbHECHHUX MiIXOiB 10
iX MPaKTUIHOTO BUKOPUCTAHHS VIS TOKpameHHs MOOUTpHOCTI. KpiM Toro, BiICyTHS €uHa KiacugikaIlis TuppoBux
TPAHCIIOPTHUX PIIIeHb 1 CUCTEMHA METOOJIOTIA ajanTalii MiKHaApOJHOTO IOCBIy 0 YKpaiHCBKOro KOHTeKcty. Lle
CTBOpIOE MOTPely y (opMyBaHHI YHIQIKOBaHOT MOJEI BIPOBAHKCHHS IHHOBAIIIHHAX CHCTEM MiCBKOI MOOUTHHOCTI,
sika O BpaXxoByBaJla TEXHIYHI, OpTaHi3alliifHi Ta COmiadbHiI 0COOIMBOCTI YKPailHCHKUAX MICT.

AHaJti3 ocTaHHIX J0caifKeHb i myOJikauii

VY BITYM3HSAHIA HAyKOBifl CHITBHOTI AKTHMBHO OOTOBOPIOETHCS HampsiM HHGPOBI3aIii TpaHCIOPTHOI
1HPPACTPYKTYPH K KIFOUOBOTO EJIEMEHTY CTPATETiYHOTO PO3BUTKY. 30KpeMa, aHaJli3 OCTaHHIX JOCIiIKEHb CBITYHTH,
mo nudposi texnomorii (IoT, Big Data, 6moxueitn, Al) po3risagaroTbes K pymIiiHA CHiIa ONTHMI3aIiil JOTiCTHKH,
ITiABHIIEHHS IIBUIKOCTI pearyBaHHs, a TAKOK MOJINIICHHS YIIPaBIiHHA BAHTQ)KHUMH I TacaXUPCHKUMHU IMTOTOKamH [ 1].

B VYkpaini mudposizarist TpaHCIOPTHOTO CEKTOPY, 3TiAHO 3 IUMH XK aBTOPaMH, CIIPHIE€ €KOHOMIYHOMY Ta
IIPOCTOPOBOMY PO3BHUTKY, iHTerpauii iHQpacTpyKTYpHHUX €JIEMEHTIB Ta BIPOBA/PKCHHIO IHHOBaMil, 10 BiJIOBiIaE
BUKJIMKAM IIOCTOI'0 TEXHOJOTIYHOro yKiany. Y MDKHapoJHOMY KOHTEKCTi JnocmijpkeHHs Jurczak [2] mokasye, mio
mudpoBa TpaHcdopmanisi CcyTTEBO 3MiHIOE (DYHKIIOHYBaHHS CHCTEM TIPOMAJICBKOTO TpPAHCIOPTY: 3aBASKU
BIIPOBA/PKCHHIO IM(PPOBHX TUIATPOPM 3pocTae e(heKTUBHICTh, HAIIMHICTD 1 aJaNTHBHICTh TPAHCIIOPTHHUX MOCIYT.

Kpim Toro, nomnoBins Mi>kHapoHOTO COI03y TPOMaACHEKOT0 TpaHCIopTy [3]mifkpecitoe, mo HudpoBi pillieHHs
CHPUSIIOTH PO3BHUTKY SMAart-mociayr He JIMIIE B YacTHHI TEXHIYHOTO OOCIYrOBYBaHHS, a M y IOKpAIeHHI JOCBiIy
KopHcTyBada. TakuM YWHOM, CydacHa JiTepaTypa miaTBEPIKYE, Mo uppoBa TpaHchopmallis € 6araTOKOMIIOHEHTHAM
MIPOIIECOM, IKHH TOTpedye MIXINCIMIIIIHAPHOTO MiAX0Ay W ajanTamnii 0 HalliOHaJIbHOTO KOHTEKCTY.
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DopmyTIOBaHHSA Wijed cTaTTi

Meroro crarti € GopMmysroBaHHs aganTUBHOI Mozeli 1udpoBoi TpaHchopManii MiCbKOTO TPaHCHOPTY JUIs
YKpalHCBKUX MICT Ha OCHOBI aHai3y CyYacHMX MHigXo[iB, Kinacuikamii pilleHb Ta IOPIBHSHHS HPHUKIAIIB
BIPOBAJKEHHS B YKpaiHi Ta 32 KOPIOHOM.

Buxsan ocHOBHOTo MaTepiay

YpbaHizarisi Ta 3pOCTaHHs YHCEIBLHOCTI HACEJICHHS Yy MicTaX YKpaiHH CTBOPIOIOTH ITiJBUIIICHE HABAHTAXKCHHS
Ha TPaHCIIOPTHY iHQpacTpyKTypy. BogHouac rpoMasicbKuii TpaHCHIOPT, TOTIPH CBOIO BXKJIMBY COLalIbHY POJIb, 4ACTO
JIEMOHCTPY€ HU3BKHH piBeHb €(PEKTHBHOCTI depe3 3acTapiii CHCTEMH ympaBiiHHA. He cHiBIIi ATOPSAKOBaHICT
PO3KIIay pealbHUM YMOBaM, 3acTapiia TeXHiKa JUCTIeTIepH3allii, py4Hi 3BiTH Ta BiACYTHICTh Cy9acHHUX iHTep(eiciB
YHEMO>KJIMBITIOIOTH IIBUAKY PEaKIiio Ha 3MiHy TpadiKy, CIPUUNHIIOTh HEY3TOKECHICTh PO3KIAiB, 3pOCTaHHS BUTPAT
Ha 0OCIYTOBYBaHHS Ta BTpPadeHi MOXKIIMBOCTI I nu(poBoi TpaHchopMamii (HApHUKIAL, eIeKTPOHHOTO KBUTKA 9U
MOOLTBHUX AOAATKIB). BHACTIMOK FOTO BUHUKAIOTH 3aTOPH, HEPIBHOMIPHHUHA PO3IOIiT HABAHTAXKECHHS Ta 3HIDKEHHS
SIKOCTi 00CJTyTOBYBaHHS [TaCaXKHPIB.

VY BiImoBiAs Ha LI BUKJIMKU MicTa €Bpord Ta YKpaiHU po3poOisioTh 1 BOPOBAIKYIOTh Cy4acHi pillieHHS y
cdepl Micbkoi MOOUIBHOCTI: BiJl peopraizamii MapmpyTHHX CITOK JO BHKOPHUCTaHHS HU(PPOBHX IiIatdop™m s
MOHITOPHHTY pPyXy TpaHcmopTy. OJHak, MONPH HAsSBHICTh BEIHMKOI KINBKOCTI JIOKAJNBHHUX IHIMIATHB, BiJCYTHSI
3araJbHONPHUAHATA KiIacUdikamis LUX IMAXOMAIB, a TaKO)XX CHUCTEMHE IOPIBHAHHA IiX e(EeKTHBHOCTI y pi3HHX
ypOaHiCTUYHUX KOHTEKCTAaX.

Mertoro maHoi cTarTi € Kiacuikamis iCHyFOUMX IIXOMIB O ONTHMi3amii MiCBKUX TPaHCIOPTHUX CHCTEM,
aHai3 yCIIIIHUX MPUKJIAIiB BIPOBA/LKEHHS SIK B YKpAaiHi, TaK i 32 KOPJOHOM, a TaKOX (YOPMYJIIOBaHHS y3araJlbHEHUX
pEeKOMeHaIli i, peleBaHTHHX It MicT YKpainu. Lle no3Boisie BU3HAYNTH He JHie epeKTUBHI, a i peallicTH4Hi ceHapii
PO3BUTKY MiCBKOTO TPAHCIIOPTY Y BITUYM3HSHUX YMOBaX.

CydacHi miaxou 10 BAOCKOHAJICHHS MiCHKIX TPAHCIIOPTHUX CHCTEM (POPMYIOTHCS Ha TIEPETHHI YPOaHICTHKH,
TPAHCHOPTHOI JIOTiCTHKH Ta muppoBux TexHoimorii. Li miaxoam 3a3BUYail TPymylOTBCS Y TPU OCHOBHI KaTeropii:
iHppacTpyKTypHI pillleHHs, OpraHi3aliifHO-ypaBIiHChKI cTparerii Ta M(ppoBi cepBick MOHITOPUHTY i1 aHami3y. Taka
Ki1acudikamisi 103BOJISIE CUCTEMHO MiJXOIUTH JI0 aHaNi3y MICHKHX IHIIIATHB 1 OIIIHKU €()EKTHBHOCTI BIIPOBAKEHUX
piuens [4].

[Mepimii HarpsaMm nepeabayae (i3uuHI 3MIHU y MICBKOMY IPOCTOpPI — 30KpeMa, BIIPOBA/KEHHS BUIIICHHX
CMYT ISl TPOMaJICEKOTO TPAHCIIOPTY, IHTEJIEKTYaJlbHUX CBITIO(OPIB, PO3MIUPEHHS BEIOCUIIEAHOT iIHPPACTPYKTYpH,
BCTaHOBJICHHS aBTOMAaTH30BaHMX MapKyBaJbHUX CHCTEM. Taki 3axoqu 3HAYHO BIUIMBAIOTH HAa OpraHi3aliio
MOOLITBHOCTI, OTHAK MOTPeOYIOTh 3HAUHUX (PIHAHCOBHX PECypCiB i TpHBaJoro mepiomy peamizamii. Bonette i dos Reis
[4] maromomyioTh, MO e(pEKTHBHICTH iHOPACTPYKTYPHHUX pIilIeHh OE3MOCEPEAHBO 3aJECKUTHh BiI PIBHA IUPPOBOI
3pLIOCTI MiCTa Ta CHHEPTii 3 IHIIIMHA IHCTPYMEHTaMH.

Jpyruit HanpsM — 1€ OpraHi3alliifHO-yIpaBIiHCEKI PILICHHS, CIIPSIMOBaHI Ha MiABHIICHHS ¢(EKTHBHOCTI
icHyI0uO0i TPaHCIOPTHOI chcTeMu. MeThes mpo peopramizamiio MapmpyTHHX Mepex, OnTHMizauio rpadikis pyxy,
PO3BUTOK MIKMOJQIBHHUX II€PECaJKOBUX BY3JIB Ta BIpOBaKeHHs koHueniii Mobility-as-a-Service (MaaS). Taki
MIIXO/IU IAI0Th 3MOTY MMiJIBUIINTH aAaNTHBHICTh TPAHCIIOPTHOT MEPEXi JI0 PealIbHUX MOTPeO MEIIKaHIIIB, HE 3MIHIOIYH
KapJMHAIBHO iHQpacTpykTypy. JocmimkenHs [5] moka3yoTs, 1o noeaHanHs MaaS i3 iHCTpyMeHTaMH JTUHAMIYHOTO
YIPaBJIHHS MTOMUTOM 3a0e3euye cTane CKOPOYSHHs! BUKOPUCTaHHSI IPUBATHOTO aBTOTPAHCIIOPTY Y MicTax.

Hapemri, Tperiii Hanpsim nepejidayae BIpoBaPKEHHS [IU(OPOBUX CEPBICIB AJIsl MOHITOPHHTY, IPOTHO3YBaHHS
Ta aHANli3y TPAHCIIOPTHUX MOTOKIB. MeThes mpo Bukopucranns GPS-cuctem, API-inTerpaii 3 Mickkumu ciryx6amu,
MaHeJel Bizyaltizallii 3aTopiB, a TAKOK IHCTPYMEHTIB IITYYHOTO 1HTEJICKTY IS BUSBJICHHS aHOMalii y pyci. Came meit
HaIpsM CbOTOJIHI IEMOHCTPY€ HaWBHIy JJMHAMIKY PO3BHUTKY Ta BCE YaCTillle PO3IIISIAETHCS SIK OCHOBA ISl PO3YMHOT
MOOLTBHOCTI (smart mobility) — migxomy, o MoeIHY € TEXHOJIOTIUHY 1HQPaCTPYKTYpY, BIIKPHTI TaHI Ta aTOPUTMIYHY
AHATITHKY JJIS IPUHHATTS YIPABIiHCHKUX pileHs [5,6].

Y KOHTEKCTI Cy4acHUX ypOaHICTHYHHX BUKJIHKIB 3pOCTae MOTpeda y BIPOBAKCHHI IHHOBAI[IHUX pIMIeHb
JUISL ONITHMi3amii TpaHCTIOPTHOI iHppacTpykrypu micT. Lle ocoOmuBO akTyanpHO It YKpaiHd, e BUCOKUH PiBCHb
ypOanizanii Ta HEpiBHOMIpHA SIKICTh TPAHCIIOPTHOTO OOCIyrOBYBaHHsS CTBOPIOIOTH IEPEIyMOBH JUIsi 3aTOPIB,
Hee(DeKTHMBHOTO BHKOPUCTaHHS 1H(QPACTPYKTypH Ta 3HMKEHHS MOOUIbHOCTI HaceneHHs. JlOCBiJ YKpaiHCBKHX Ta
€BPOIEHCHKHUX MICT CBITYUTH MPO Pi3HOMAHITHICTH MiXOAIB 0 BIOCKOHAJIEHHS MiCHKOTO TPAHCIIOPTY, 110 OXOTLTIOIOTh
AK 1HQPACTPYKTYPHI, TaK i IU(POBI Ta yIPaBIiHCHKI CTpaTerii.

Cepen ykpaiHCBKHX MICT OJHUM i3 IPUKJIAJiB CHCTEMHOTO BIPOBAKEHHS cTajlo MicTo JIbBIB, sIKe peamizye
Cramuii Mmicekuii MoOuTEHUE Toian (SUMP) [7]. Bin mepenbavyae He JUIe PO3BUTOK BEJIOCHUIIETHOI Ta MIMIOXiTHOT
iHppacTpyKTypH, a f MOJIEpHI3aLlil0 PyXOMOTO CKJIA/ly Ta IHTErpalito pO3yMHOT'0 TPaHCIIOPTY. 30KpeMa, y JIbBOBI Bike
¢yHkiioHye noHan 120 KM BeNIOIOPIKOK, OHOBJICHO I'POMAJICBKHH TPaHCIIOPT, BBEACHO BHIIIECHI CMYTH ISl PyXy
aBTOOyciB 1 TpamBaiB [8]. V Kuesi nie undposa miardopma "Kyiv Digital" (puc. 1), sixa o0'equye ¢yHKIIT ormnaTi
npoi3y, MapKyBaHHS Ta CHOBIIIEHHS, 30KpeMa IIpo HaJ3BWYaiiHi mnoxii. BoHa crama KIIIOYOBHM eJIEMEHTOM
mudposizanii TpancnoptHoi iHGpacTpykTypu crosmmi [9]. YV BiHHMII po3po0ieHO KOHIEIII0 PEeKOHCTPYKIii
[EHTPAJBHOI TPAHCIOPTHOI MaricTpami 3 ypaxyBaHHAM HIMOXiZHOTO TpadiKy, ICTOPHYHOTO KOHTEKCTY Ta
6araromonansHOI iHTerpamii [ 10]. B MicTi Tako BUKOPHUCTOBYIOTHCS iIHCTPYMEHTH MOAETIOBAHHS JJIsl IPOTHO3YBaHHS
edexTy 3MiH y JopoxHil iHppacTpykTypi [11]. IHINIpO, CBOEO Yeproio, CTROPUB IH(PPOBY TPAHCIIOPTHY MOJEIH, SKa
JI03BOJISIE MOJIENIOBATH CLEHApil pyXy TPaHCIOPTY, BUXOIMYM 3 JaHHX MOIMUTY Ta IPOMO3HUII, a TAKOX BPaxOBYE
CTaTUCTHKY MapIIPYTiB, 00CATIB MepPEeBE3€Hb 1 MPOIyCKHOI 3AaTHOCTI ByIHIb [12].
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Puc.1. Intepdeiic Kyiv Digital

MiKHapOAHUHI MOCBIJ TAakoX 3aciIyroBy€ Ha yBary 3aBAsSKH OUIbII TPHUBAJIOMY IE€pioAy BIPOBAKCHHS
IU(PPOBUX TPAHCHOPTHUX pilIeHb. 30KkpeMa, ['elbciHKiI cTaB MOHEPOM y 3acTocyBaHHI koHmuemmii Mobility-as-a-
Service (MaaS), peamizyBaBmu nogatok Whim, sikuii 00’ etHye pi3Hi THITH MOOUTEHOCTI — TPOMAJICHKUHN TPAHCIIOPT,
TaKci, KapIISPHHT Ta BEJIONPOKAT — B €IWHY IUIATGOPMY 3 LHEHTPaNi30BaHUM IUTaHyBaHHIM i orutatoro [13]. Taxwit
I/IX1J 3HAYHO MiABHIIY€E THYUKICTh TPAHCIIOPTHOI CHCTEMH Ta CIIPOIIY€ KOPHCTYBaHHS Hero. Y bapcenoni ogHuMm i3
TOJIOBHUX 1HCTpYMEHTIB 1iypoBizaliii cTano BnpoBakeHHs T-mobilitat — cMapT-kapTKH Uit O€3KOHTaKTHOT OTLIATH
npoi3ay, sKa IHTErPYEThCs B IIMPIIY HUPPOBY €KOCHUCTEMY MichbKkoro Tpancnopry. Joaarkoso, npoekt MetroCharge
JI03BOJISIE  BUKOPHUCTOBYBATH €HEPrilo, IO TEHEPYEThCS Il 4Yac TrajbMyBaHHs MOI3AIB METPO, Ui 3apslKu
€JIEKTPOMOO1IIIB, IEMOHCTPYIOUH MPHKJIIA]] CTAJION0 EHEProCIIOKMUBAaHHs B TpaHcnopri [14].

TakuM 4MHOM, Il NPHUKIAAW CBiAYaTh NPO DPI3HOMAHITHICTH CTpaTerii: Bil iHGPACTPYKTYPHUX 3MiH J0
iHHOBalilHOT iHTerpauii UUPPOBUX CcepBICiB. YKPaiHCHKUH JOCBiJ JEMOHCTPYE 3HAYHMH MOCTYN Yy HampsMi
MOJIEpHI3allii TPaHCIOPTHOI iIHPPACTPYKTYPH, TOMI K €BPOIECHCHKI MPUKJIAAH BKa3yIOTh HA ITOTEHINa)l MacIITa0yBaHHS
Ta IHTerpaIlii HOBUX TEXHOJOTii Ha PiBHI MicTa.

[adpacTpykTypHi pimieHHs, Taki SK BHOPOBAPKEHHS BHIUICHHX CMYT JJIsI T'POMaJChKOTO TPAHCIIOPTY,
IHTENIEKTYaIbHUX CBITJIIOPOPIB Ta BEIOCHIIEIHOI iHPPACTPYKTYpH, NIEMOHCTPYIOTh BUCOKY €(EKTHBHICTh Y MICTax 3
PO3BHHEHOIO TPAHCHOPTHOIO MEPEkKeI0 Ta (PiHAHCOBUMHM PECYPCaMH.

[NopiBHSAUIEHUI aHaNi3 IMOKa3ye, IO U1 YKPATHCHKUX MICT HAWOLTBII pEeleBaHTHHMH € OpTaHi3aliifHO-
YIPaBIIHCHKI Ta ITU(PPOBI MiAXOMHU, AKI HE MOTPEOYIOTh 3HAYHUX IHBECTHUIN B IHPPACTPYKTYPY, aje TO3BOJISIOTH
CYTTEBO MiJIBULIIMTH €(DEKTHUBHICTh TPAHCIIOPTHOI CHCTEMH. |HGPACTPYKTYypHI pillIeHHs MOXYTh OyTH BIPOBaKEHI
MOCTYIOBO, Y Mipy HasiBHOCTI pecypciB. BaximBo Tako BpaxoByBaTH JIOKaJIbHUI KOHTEKCT, 30KpeMa piBeHb 1P POBOT
3piJIOCTI MiCTa, HASBHICTD BIIKPUTUX JAHUX Ta TOTOBHICTh HACENIEHHS 10 BUKOPUCTAHHS HOBUX TEXHOJIOTIH.

BrpoBampkeHHST Cy4acHHX TPAHCIOPTHHX PIlIeHb y MiCTax YKpaiHM BigOyBaeTbCs B YMOBaxX HHU3KHU
00'eKTUBHUX OOMEXKEHb Ta MOXJIMBOCTEH, SKi (OPMYIOTH KOHTEKCT MAJsl PO3pOOKM aJanTOBAaHWX CTpaTerii
Mo/JIepHi3arii.

[Mo-nepme, ¢inancoBi Ta iHQpacTpyKTypHI pecypcH OIIBIIOCTI yKpailHCBKMX MYHIIMIATITETIB €
oOmexxeHnMH. Ha BinMiHy Bix OaraTbox €BpOICHCBKMX MICT, e nm¢poBa TpaHcdopmalis TPaHCIOPTY aKTHBHO
MIATPUMYETBCS ISPKABHUMHU a00 HaJHALIOHAJIHHAMH IHBECTHIISIMUA — 5K, Hanpukian, €7 mipa, cipsmoBani €C Ha
IIPOEKTH B Traiy3i criiikoro, 6e3mneuynoro Ta "po3ymHoro" tpancrnopty B pamkax Connecting Europe Facility [15] —
yKpalHCBKI MiCTa 9acTO MOKJIQAAl0THCSl Ha TPAHTOBI Mporpam, ciiBmpario 3 IT-6i3HecoM 1 mATPUMKY MIKHApOIHUX
opranizauiii. Hanpukiaza, CeitoBuii 0aHk BuniuB $50 MIH rpaHTy /ist BiIHOBJIEHHS TPaHCIIOPTHOT iHPACTPYKTYpH
VYkpainu 3 MeToro 3a0e3meueHHs TyMaHiTapHUX Ta JorictThaHux notped [16]. Lle BuMarae 3axoiB, Mo Aar0Th 3MOTY
ITOCTYTIOBOT'O BIPOBAKEHHS CHCTEM 0e3 HaaMipHOTO (hiHAHCOBOTO HABAHTa)KEHHS.

[To-npyre, B Ykpaini Bxke copMoBaHO iHOPACTPYKTYPY BIIKPHUTHX MAHUX, IO CTBOPIOE CIIPHUATINBE
cepenosumme s ImdpoBux cepsiciB. 3okpema, y JIpBoBi, Kueri, Bimaumi Tta [HINpi (QyHKIIOHYIOTH MOpTaTH
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YBIIKPUTHX JAHMX, SKI MyOTiKyIOTh iHOpPMAIIiIO TIPO PYX TPAHCHIOPTY, MapIIPYTH, 3yITHHKH, YaCH MPUOYTTS TOIIO
[17-20].

TperiM YHHHUKOM € BiTHOCHO HU3BbKHI piBeHb IIM(POBOI 3piIOCTi y 6aratbox MicTax, 0cOOIMBO B CEpeaHiX
Ta MaJIuX rpomaznax. Lle yckianHioe iHTerpamilo CKIaJHUX CUCTEM Ha 0a3i IITYYHOro iHTENeKTy abo MPOTHO3HOTO
MOJICTIOBaHHsI, BOJHOYAC BIJIKPUBAE MOJKIJIMBOCTI JUIi HPOCTIMIMX pillleHb — TaKUX sK JemOOpaAn, CUCTEMH
MOHITOPHUHTIY Yy peajlbHOMY 4aci abo iHTerpoBaHi MOOLIbHI 3aCTOCYHKH.

Hapemri, cycninbHuit 3anuT Ha Ipo30picTh Ta epeKTHBHICTH Y cepi MiCBKOT0 TPaHCIIOPTY 3pocTae. B ymoBax
BIICPKOBOTO CTaHy Ta €KOHOMIYHOI HECTAOIFHOCTI TPOMaH Jefali Oiblie OYiKyIOTh Ha PIillleHHs, IO i ABUITYIOTh
AKICTh 00CITyTOBYBaHHS 0Oe3 3pocTaHHS BUTpAT. Lle CTBOpPIOE MOTEHINiaN IS MIMPOKOTO 3allydeHHS TPOMAaICHKOCTI 10
MPOIIeCy BIIPOBAKEHHS, IO TAKOXK BIATIOBiAa€ €BPOIIEHCHKIM ITiAX0aM 10 III(PPOBOTO BPSTyBaHHS.

3 ypaxyBaHHIM IIUX MEpeayMOB, BUOiIp Mozemni A YKpaiHu Mae 0a3yBaTHCh Ha KPUTEPISX MOCTYIIOBOCTI,
BIIKPUTOCTI Ta HU3BKOTO ITOPOTY BIIPOBAKCHHSI.

3anpornoHoBaHa Mojenb LUQpoBoi TpaHcdopMmamii MICBKOTO TPaHCHOPTY Iependadae IOETarHe
BIPOBAJKEHHSI, a/TalITOBAHE JI0 PI3HOTO PiBHS PECypCHOI Ta TEXHIYHOT CIPOMOXKHOCTI YKPATHCHKUX MICT. Takui miaxin
JI03BOJISIE TIOCTYNIOBO PO3LIMPIOBATH (YHKIIOHAJIBHICTH CHCTEMH, NOYMHAIOYHM 3 0a30BHX DIllIEHb 1 PyXaro4yHCh JI0
OLIBLI CKJIQJHUX aHATITUYHHUX IHCTpyMeHTiB. CTPYKTypHO MOAENb IOJiJieHa Ha TPU DiBHI: 0a30BUH, cepeiHid i
po3UIMpEeHuil.

Ha 6a3oBomy piBHI mepenbadeHa mudposizaiis ta Bisyanizamis. Ha npoMy erami TroJioBHa MeTa — 3pO0OUTH
HasBHI TPAHCIOPTHI AaHi MyOJIIYHUMH Ta IPUAATHIMHA 10 BUKOpHcTaHH:. Lle Brimoyae:

e myOIiKaIlito BITKPUTHX TaHUX Y (hopMaTax, CYMICHHAX 3 MDKHApOJHUMU cTaHAapTamu (Hanpukian, GTFS);

e crBOpeHHs 0a3oBux API s HamaHHS iHQOpManii Ipo pyX TPAHCTIOPTY, 3yIIMHKH, MapIIpyTH;

® pPO3pOOKY IHTEpaKTUBHUX NCIMIOOPIIB IS Bi3yamizamii pyxXy TPaHCIOPTY B pealbHOMY 4aci (Ha OCHOBI

Leaflet abo aHaNMOTIYHUX IHCTPYMEHTIB);

e 3a0e3MeyYeHHs IOPUINIHOTO CYIPOBOLY — HAIPHUKJIAJ, BIIKPUTHX JIIEH31i HA BUKOPHCTaHHS JaHUX.
Takuii piBeHb yke peaji3y€eTbcsi B OKpeMHX Mictax Ykpainu, 3o0kpema y JIbBoBi Ta Binnumi [17, 19].

Cepenniit piBeHp BKIItouae B cebe iHTerpamito Ta ontumizauito. Ha npoMy erami BinOyBaeThes riuOIIa iHTErpais
JlaHUX 1 BIpoBapkeHHs KoHuenuii Mobility-as-a-Service (MaaS). OcHOBHI KOMIIOHEHTH:

® po3poOKa MOOUTHLHUX 3aCTOCYHKIB JJIs TACAXKHUPIB 3 (DYHKIIIEIO TTIaHyBaHHS MapIIpPyTiB;

® MHaMiuHa ONTHMIi3alis rpadikiB pyxy Ha OCHOBI aHaJi3y ICTOPHYHUX Ta HOTOYHUX JAHHX;

e iHTepornepalenbHiCTh MK BUJAMH TPaHCIOPTY (HANpHKIAA, CHiJbHA KapTa Ui MYHIIMIIAIBHOTO

TPaHCIIOPTY, MapIIPyTOK Ta €IEKTPOTPAHCIIOPTY);

® TaHeJb YIPaBIiHHS IJIs MiCBKOI anIMiHICTpamii 3 IHCTpYMEHTaMH aHaJi3y MOTHUTY.

Le#t piBeHp yke 4acTKOBO amnpoOoBaHO y BinauIi Ta Bapcenoni — ocraHHIi ITeMOHCTpY€e e(EeKTHBHY iHTETPAIilo
JTAaHWX 3 TIPUBATHUX Ta MyOJIYHUX JDKEpeN Y €IMHY IuIaTdopMy. 30KpeMa, K 3a3Ha4al0Th TOCIITHUKY, «Sentilo 30upae
nani 3 moHax 1 800 ceHcopiB, moeHHO 00poOIIoun moHa 1,3 MITH 3aIUCiB Bil pi3HOMaHITHUX JpKepem» [21] uum sk
Bkasye 3BiT €C, miardopma 3abe3neuye «IEeHTPaTi30BaHe YIIPABIIHHS 1 PO3MOBCIO/DKECHHS JaHUX 13 TETCPOTCHHUX
cucrem» [22].

Haii6inbI TeXHOJIOTIUHO MPOCYHYTHH piBeHb Tepedauac BUKOPUCTAHHS METO/IiB MAIIMHHOTO HAaBYaHHS Ta
HITYYHOTO 1HTEJIEKTY JUIS:

® [IPOTrHO3YBaHHS 3aTOPIB Ta MMOMUTY HA MapUIPyTax y pi3HUH yac 100wu;

® BUSBJICHHS aHOMaJii (HapUKIIaJ, 3aTPUMOK, ParToBOT 3MiHH MapuIpyTY);

® JIOBIrOCTPOKOBOTO IUIAHYBaHHS TPAHCIIOPTHOI MOJITUKH HAa OCHOBI 310paHMX CTaTHCTHYHHX JaHUX.
Posmmpennii piBeHb € aMOITHHM, OJJHAaK MTOCTYIIOBE HOTO BITPOBA/KCHHS MOXIIUBE Ha 0a3i BiIKPUTHUX MICHKUX JaHUX,
cyuacHux API ta xmapHux cepgiciB. [Ipukiaagom € iHiriatueu [ eIbCiHKI 11010 TPOTHO3YBAaHHS TPAHCIIOPTHOTO MOTUTY
Ha ocHOBI Big Data Ta MozenroBaHHA CIICHapiiB MOBETiHKH Macaxupis [23].

Jus edexruBHOI peanizalmii pekoMeHIOBaHOT Mojnem IuQpPoBOi TpaHchopMalii MICBKOTO TPaHCIOPTY B
VYkpaiHi JOWIABHO pO3MOYAaTH 3 MUIOTHOTO NPOEKTY B OJHOMY 3 MICT, SKE€ BXE Ma€ DO3BHHEHY IH(POBY
iHQpacTpyKTypy Ta IOCTYI A0 BIAKPUTUX TPAaHCHOPTHHX AaHuX. JIpBiB i BiHHWUS € HallOLibml mpuaaTHUMU
KaHJUIaTaMH, OCKIJIbKH 00MBa MICTa MalOTh (YHKIIOHAJIBHI TOpTalK BiOKpuTHX NaHux [17, 19], noceix y4acti B
MDKHapOAHUX ypOaHICTUYHUX iHIMIaTHBaX Ta BUCOKHH PiBEHb TPOMaJCHEKOI aKTHBHOCTI.

Peaunizamis Mozesni MOBHHHA I'PYHTYBAaTHCS HA TPUCTOPOHHHOMY HMAPTHEPCTBI MK MYHIIWIAIBHOIO BIAIOI0,
IT-cexTopoM Ta akagemMiuHUMHU ycTaHOBaMH. Mickka aaMiHicTpallis 3abe3nedye MOJITUYHY MiATPUMKY, TOCTYI J0
TPaHCIIOPTHOI 1H(PACTPYKTypH Ta CHPUSHHS Yy NpaBoBoMy cynpoBoji. IT-kommanii BiAnoBinaioTh 3a po3poOKy
TeXHIYHUX pimeHb — API, MOOUIBHMX 3aCTOCYHKIB, CHCTEM aHAIIITHKH. Y HIBEPCUTETH OEpyTh ydacTh Y JOCIIDKEHHI
TPAHCHOPTHUX JaHUX, TOOYIOBI MOJIENEH, CIICHAPHOMY aHalIi3i Ta MiATOTOBI KaapiB.

InTerpanis 3 HaSBHUMH MOPTAJIAMH BIIKPUTHX JTaHUX, TakuMu gk Lviv Open Data Portal [17] un Vinnytsia
Transport [19], nae 3Mory po3noyatd BOpOBa>KeHHS 3 MiHIMaJIbHUIMH BUTpaTaMu Ha 0a30By iHppacTpyKTypy. Kpim
TOTO, peaiizallisi NOBMHHA IepeadadaTé MeXaHi3MH 3BOPOTHOTO 3B’A3KYy 3 MEIIKaHISIMH — dYepe3 ONUTYBaHHS,
myOutigHiI 06roBopeHHs ab0 U(POBi IHCTPYMEHTH eNeKTPOHHOI 1eMokpartii. L{e He nume miaBuIye SKicTh IPOIyKTY,
a i 3abe3mneuye rpoMaICEKy MiATPUMKY HPOEKTY.

IIpononyeThCs moeTamHui clieHapiil peamizanii udpoBoi cucTteMu B miloTHOMY MicTi. Lle# mpomec MoxkHa
po30uTH Ha 4 BEMTUKUX €TalH, sIKi MalOTh BUKOHYBATHCH IIOCTYIIOBO Ta IT0 Mipi MOXIIMBOCTEH.

Eran 1: ITixrotoBka iHppacTpyKTypH.
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Amnani3 goctynmaux API ta Bigkputux maracetiB (GPS-mo3utii, MmapmpyTH, po3KiIaan);
®dopmyBaHHs poOOYOT rpyINH 3 MPEACTABHUKIB MiCbKpaaH, I T-KoMIaHii Ta yHIBEpCHUTETIB;
IOpuanyna ekcniepTr3a 0OMeXeHb 111010 00pPOOKH NMEPCOHATBHUX AaHHX;

e  HapamryBanHs xMapHOi iHppacTpykTypH (Azure abo AWS) Juist MiJIOTHOTO PO3TOPTAHHS.
Etam 2: [To6ynoBa MVP (MiHIManbHO TOCTaTHIH MPOIYKT).

e Po3poOka 6a30BOT MiKpOCEPBICHOT apXiTEKTypH JUIsl 300py Ta Bizyasi3auii JaHHX;

e CTBOpeHHs BeO-embopay 3 Marorw pyxXy TPaHCIIOPTY B peaIbHOMY Yaci;

e Bingkpura my6mikaris API-goxymenTanii, poBeIeHHS XaKaTOHY ISl CTUMYJIIOBaHHS iHHOBAITii.

Etam 3: Po3mmpenns GpyHKIioHATY.

e JlomgaBaHHS aHANITHYHHAX MOIYJIIB: 3aTOPH, 3ali3HEHHS, KIacu(ikaIlis HaBaHTaKECHHST,

e [HTerparist 3 MOOUTPHUMH 3aCTOCYHKaMH Ta MEXaHi3MaMH 3BOPOTHOTO 3B SI3KY;

e TecTyBaHHS aalITHBHOTO YIPABIIHHA: aBTOMATHYHE KOPUTYBaHHA TpadiKiBb.

Etan 4: Oninka Ta MaciiraOyBaHHS

e [IpoBeseHHSs HE3aJEKHOTO ayANUTY Pe3yJIbTaTiB Ta e(hEeKTHUBHOCTI;

e dopmarnizanis METOROJIOTIT BIPOBAPKCHHS 3 OPIEHTAIIIE€I0 HA MacIITaA0OBaHICTh;

e Jlomyk mkepen ¢iHaHCyBaHHS Juisi MaciluTaOyBaHHs: Jiep)KaBHO-IPHUBATHE MApTHEPCTBO, TIPaHTH,

MDKHapO/iHa TEXHIYHa JJONIOMOra.

Takum umHOM, peaizallis peKOMEHI0BaHOI MOJIETi MOXKe 3/iIHCHIOBATHCS MOCTYIOBO, i3 3a0€3MEUeHHIM KOHTPOJIIO
SIKOCTI, y9acTi KOPUCTYBaviB i TEXHOJIOT19HOI THYYKOCTI. Lle cTBOpro€ mepeayMoBH A ii MOAAIBIIOT0 MACIITA0yBAaHHS
Ha HaIliOHAJHHOMY PiBHI.

st 00'eKTHBHOT OLIHKY (DYHKIIOHATHHOCTI Ta KOPUCHOCTI 3aIPOIIOHOBAHOI I(POBOI CHCTEMH YIIPABITiHHS
TPAHCIIOPTOM HEOOXiTHO BPaxOBYBATH SK TEXHIYHI MOKa3HUKH, TaK i ii BIUNIUB HA pealtbHy MOOLIbHICTh MEIIKAHIIIB.
Kpim Toro, BaXkIMBO BpaxyBaTH 3MiHy HMOBEIIHKM KOPHCTYBadiB — 1 BCE II€ BUMIPIOETHCS Yepe3 HU3KY PETEIbHO
migiOpaHuX METPHK.

[o-mepirie, TexHiuHA €(EKTHBHICTh BH3HAYAE, YA CHUCTEMa IMPAIOE€ CTaOLIBHO ¥ MBHAKO. Jl0 KIFOUOBHX
IH/INKATOPIB HaJIeXaTh cepenHiil yac oHoBieHHs! GPS-nanux y pexxumi peansHoro 4acy, moka3HUK uptime — HpOLEHT
yacy Oe3nepeOiifHOro pyHKIIOHYBaHHS, a TAKOX HIBUIKICTH BiANnoBil API (kinbkicTh 3aNHTIB 3a CEKyH/y Ta CepeHiii
yac Bianosini). Hanpuknan, ®enepanshe ynpasninasa tpancnopty CIHA (FTA) pexoMeHIye MOHITOPUTH HE JIMIIE
3arpumku GPS-Binnosineit, a i ix cramicts y pi3Hi roqunHu 1o6wu [24]. YenimHIicTh HbOT0 TEXHIYHOTO PiBHS 3aJICKUTh
SIK B SIKOCTI MAHWX, TaK 1 Biff cTaOUTRHOCTI cepBiciB. [lesiki cydacHi JOCIHIIKECHHS BKa3ylOTh, IO HE JIMIIC Yac
OHOBJICHHS, a i HOT'O JIATEHTHICTH MOXYTh BIUTHBATH Ha CIIPUAHSATTS KOPUCTYBA4eM JIOBIpH A0 cucteMu [25]. MeTtpuku
Ta IPUKIAIH iX MIJTLOBOTO 3HAYCHHS HaBeaeHi B Taomumi 1.

Taoaunsa 1
MeTpHKH Ta NPUKJIAAU HVIHOBOT0 3HAYEHHS
IMoka3Huk Ipukiaan HiJiLbOBOro 3HAYEHHS
Cepenniit yac 06pooku GPS <5¢
Uptime >99,5%
[ponyxrusHicTs API > 500 3anwmris/c, <200 mMc
006’em 0a3u gaHUX > | MJIH 3amKCiB/IeHb

[Mo-mpyre, TpaHcnopTHa e(EeKTUBHICTH BifoOpaxkae 3MiHHM B poOOTI camoi MoOinbHOcT. Lle BKimouae
CKOPOYEHHS Cepe/IHbOTO BIAXMWICHHs rpadikiB, 3MEHILEHHS Yacy B J0p03i, 3MEHIIEHHs Koe(illieHTy HEpiBHOMIPHOTO
HaBaHTa)XeHHs MapupyTiB. Hanpuknaza, cucremu Ha 6a3i GPS y micTtax sik BpolyiaB BUKOpHUCTOBYBaIU IIPOCTOPOBO-
4acoBi mpoimi, 00 BU3HAYATH 3aKOHOMIPHOCTI 3aTPUMOK Ta KJIACTEPHU3AI€I0 MAPIIPYTH 3 BHCOKOIO il HU3BKOIO
e(peKTHBHICTIO [26].

[To-Tpere, comianbHa eeKTUBHICTH BPAXOBYE B3a€MO/IIIO0 3 'POMa/ITHAMU: MOXKJIMBICTh OHJIAIH-CKapT, PiBEHb
KOPHUCTYBaHHS CUCTEMOIO (KUIBKICTh CEaHCiB B MOOUILHOMY 3aCTOCYHKY 4M BeOJemIO0p/i) Ta pe3ysbTaT ONMUTYBaHb
II0/10 3aJI0BOJIEHOCTI macakupiB. Hanpuxian, omuryBanHs B CayaiBebKiii ApaBii mokasanu, IO Xo4a KOPHCTyBadi
BU3HAIOTh BAKJIMBICTH Smart-MOOUIBHOCTI, peajbHe 3aJI0BOJICHHS MOCIyraMu Oyno 3MillaHUM — e 1oTpedye
JeTaTbHUX JTOCHTIKCHb BIUIMBY 1HHOBAIli HAa IOBEIIHKY Jronei [27].

[I[o6 KOMIJIGKCHO OIIIHUTH BIUIMB IJIATQOPMHU, JOMUJIBHO 3aCTOCOBYBATH METOIOJOTIT  JIO/micis
BHpoBaKeHHd. Hanpukias:

e [IpsMe OPIBHAHHS KIIOUYOBHX METPHK [0 MEPioTy 3aIlycKy Ta depe3 6—12 MicAris.

e A/B TecTyBaHHS: OKpeMi MapHIpyTH ab0 palOHM MiJKITIOYaTH MO 4Yep3i, o0 MOPIBHIOBATH CTaH «i3

CHCTEMOIO» Ta «0e3 CHCTEMMY.

e PerpeciiiHuii aHaIIi3 JUIsI BUBYCHHS 3aJI€KHOCTEH MK IU(PPOBUMHU iHTEPBEHLISIMH Ta 3MiHAMU ITapaMeTpiB

PYXY, SIK I1€ PEKOMEHIYIOTh OCTaHHI CBITOBI AOCIiKeHHS [28].
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BucHoBku
3anpornoHoBaHa MoJielib IHM(GPOBOi TpaHchOpMamii MICBKMX TPAHCIOPTHHX CHUCTEM Ul YKpaiHH €
MOETAaIHOI0, aJ]allTHBHOIO Ta MaclTaboBaHow. BoHa nependavae noctynose BIpoBaHKEHHS — BiJ 0a30BHUX €JIEMEHTIB
udpoBizalii 7O NOBHOIIHHOI aHAITUYHOI CUCTEMH YIIPaBJIiHHS TPAHCIIOPTOM. AHAaJi3 MIKHAPOAHUX 1 JIOKAITbHUX
NPUKJIAIIB HIATBEPIKYE PEIEBAHTHICTh TAKOTO MiXOLY U1 YKPalHCHKUX YMOB. 3alpOIIOHOBaHI TEXHIUHI PillICHHS Ta
creHapii peanizalii BpaxoBYIOTh OOMEXEHHs PeCypCiB, HAsSBHICTh BIAKPUTHX AaHUX 1 MOJITHYHI peanii. J{ns orinku
e(eKTUBHOCTI MPOTIOHYEThCS OaraTopiBHEBa CHCTEMa METPUK, IO OXOIUIIOE TEXHIYHY, TPAHCHIOPTHY Ta COLIaJIbHY
CKJIagoBy. Pe3ymbraTl MOXYTH CIYTyBaTH OCHOBOIO Ul HOIANBINUX MOCHIIKEHb 1 PO3POOKH IIONITHK CTaJOrO
MiCBKOTO TPaHCHIOPTY.
IlepcneKTHBH NOAATBIINX J0CTiIKEHD
[lepcriekTHBY MOAANBIINX IOCTIHKEHb MOJATAIOTh Yy MpPaKTHYHIN ampoOarii 3amporoHOBaHOI MOJeni B
yMOBaxX KOHKPETHOT'O YKpPAaiHCHKOT'O MICTa, a TAaKOX y PO3pOOI MPOTOTHINB HHU(PPOBUX IHCTPYMEHTIB I 300Dy,
00poOKy Ta Bizyamizauii TpaHcHOpTHUX NaHKMX. OKpeMy yBary BapToO NPHIUIMTH MHUTaHHSIM KiOepOes3neku, 3aXHucTy
MEPCOHATBHUX AAaHUX Ta 3aJy4YEHHS I'POMAJICBKOCTI JI0 MPOLECY NMPUHHATTA pillleHb. Y MOJaibIIOMY JOCIIKSHHS
MOXYTh OyTH 30cepelDkeHI Ha iHTerpauii 3 IHIIMMH MICBKMMH CepBicaMM, aHaji3l MOBEAIHKM NAaCaXUpiB 1
MPOTHO3yBaHHI TPAHCIIOPTHOT'O MONUTY HA OCHOBI QJITOPUTMIB IITYYHOTO 1HTENEKTY.

Jlitepatypa

1. TaiixoBa, O., 3aropsHcbkuid, B., & Jleonrosuy, O. (2023). Hudposizalis TpaHCTIOPTHOI iHYPACTPYKTYPH
B KOHTEKCTI IIOCTOIO TEXHOJOTIYHOTO YKIanmy. 36iphux  wuaykoeux npays HAJY, 1(52), 81-88.
https://doi.org/10.5281/zenodo. 10987658

2. Jurczak, A. (2023). The Impact of Digital Transformation on Urban Public Transport. Information Systems
in Management, 12(2), 109-117. https://doi.org/10.2478/isman-2023-0011

3. UITP. (2024). Digitalisation of Public Transport Systems: Global Outlook 2024. International Association
of Public Transport. https://www.uitp.org/publications/digitalisation-outlook-2024/

4. Bonette, D. F. S., & dos Reis, T. C. D. (2021). Composigdo, concentracdo ¢ classificagdo do transporte
urbano.  Proceedings  of the XXIX  Encontro  Nacional de  Engenharia  de  Producgdo.
https://scispace.com/papers/composicao-concentracao-e-classificacao-do-transporte-urbano-1csi3xréle

5. Butler, W., Webber, M., & Knupfer, S. (2020). Smart urban mobility innovations: A comprehensive review
and assessment. Transportation Research, Elsevier. https://scispace.com/papers/smart-urban-mobility-innovations-a-
comprehensive-review-and-hen88gcqcl

6. Gulc, A., & Budna, K. (2024). Classification of Smart and Sustainable Urban Mobility Solutions.
Sustainability, 16(4), Article 1234. https://scispace.com/papers/classification-of-smart-and-sustainable-urban-mobility-
x66870iqn4

7. Rupprecht Consult. (2019). Sustainable Urban Mobility Plan for Lviv: Strategic document approved by
Lviv City Council in 2020 (MobiliseYourCity/TUMI case study). Rupprecht Consult. Retrieved from
https://transformative-mobility.org/lviv-sustainable-urban-mobility-plan-sump/

8. Transformative Urban Mobility Initiative. (2023). Lviv — From Streets for Cars to Streets for All.
https://www.transformative-mobility.org/wp-content/uploads/2023/03/Lviv-Case-Study 12-21-ITDP-TUMI-
O1G2nl.pdf

9. Smart Cities World.  (2023).  Kyiv.Digital: a  digital umbrella  for the city.
https://www.smartcitiesworld.net/citizen-engagement/kyivdigital-a-digital-umbrella-for-the-city

10. Spatial Development Agency (Vinnytsia). (2025). Konyenyis nokpawenns skocmeti gyauyi CobopHoi:
PO36UMOK RIWOXIOHO20 NPOCMOPY ma iHme2payis 2pOMAdCbKo20 mparcnopniy. BUHHUIIbKA MicbKa pajia.

11.Spatial Development Agency. (2025). Completion of the concept for Soborna Street.
https://www.linkedin.com/posts/spatial-development-agency 2025-will-be-a-key-year-for-the-project-activity-
7282788129223168001-UPcY

12. ProMobility. (2019). Dnipro transport model. https://pro-mobility.org/en/nashi-proektu/dnipro-transport-model/

13. Pirelli. (2024). How Helsinki is setting the pace in urban transport. https://www.pirelli.com/global/en-
ww/life/sustainability/mobility/how-helsinki-is-setting-the-pace-in-urban-transport-52463/

14. AP News. (2024). Barcelona subway recycles energy from braking into power to charge electric cars.
https://apnews.com/article/69cf7212fa8d5e3e4d45d62a2{97c6dd

15. European Commission. (2024, July 17). EU invests record €7 billion in sustainable, safe and smart
transport  infrastructure.  Directorate-General ~ for ~ Mobility = and  Transport.  Retrieved  from
https://transport.ec.europa.cu/news-events/news/eu-invests-record-eu7-billion-sustainable-safe-and-smart-transport-
infrastructure-2024-07-17 _en

16. World Bank. (2023, February 10). World Bank approves initial $50 million grant to help repair transport
infrastructure in Ukraine. Retrieved from https://www.worldbank.org/en/news/press-release/2023/02/10/world-bank-
approves-50-million-grant-to-help-repair-transport-infrastructure-in-ukraine

17. Lviv Open Data Portal. (2024). Ilopman gioxpumux oanux Jlveosa. https://opendata.city-adm.lviv.ua/

18. Kyiv City Open Data Portal. (2024). Biokpumi oani micma Kuesa. https://data.kyivcity.gov.ua/

19. Vinnytsia Transport. (2024). Myrniyunansnuii mpancnopm Binnuyi. https://transport.vmr.gov.ua/

272 Herald of Khmelnytskyi national university, Issue 6, Part 2, 2025 (359)


https://doi.org/10.5281/zenodo.10987658
https://doi.org/10.2478/isman-2023-0011
https://scispace.com/papers/composicao-concentracao-e-classificacao-do-transporte-urbano-1csi3xr6le
https://scispace.com/papers/composicao-concentracao-e-classificacao-do-transporte-urbano-1csi3xr6le
https://scispace.com/papers/composicao-concentracao-e-classificacao-do-transporte-urbano-1csi3xr6le
https://scispace.com/papers/smart-urban-mobility-innovations-a-comprehensive-review-and-hen88gcqc1
https://scispace.com/papers/smart-urban-mobility-innovations-a-comprehensive-review-and-hen88gcqc1
https://scispace.com/papers/smart-urban-mobility-innovations-a-comprehensive-review-and-hen88gcqc1
https://scispace.com/papers/classification-of-smart-and-sustainable-urban-mobility-x6687oiqn4
https://scispace.com/papers/classification-of-smart-and-sustainable-urban-mobility-x6687oiqn4
https://scispace.com/papers/classification-of-smart-and-sustainable-urban-mobility-x6687oiqn4
https://www.transformative-mobility.org/wp-content/uploads/2023/03/Lviv-Case-Study_12-21-ITDP-TUMI-O1G2n1.pdf
https://www.transformative-mobility.org/wp-content/uploads/2023/03/Lviv-Case-Study_12-21-ITDP-TUMI-O1G2n1.pdf
https://www.smartcitiesworld.net/citizen-engagement/kyivdigital-a-digital-umbrella-for-the-city
https://www.linkedin.com/posts/spatial-development-agency_2025-will-be-a-key-year-for-the-project-activity-7282788129223168001-UPcY
https://www.linkedin.com/posts/spatial-development-agency_2025-will-be-a-key-year-for-the-project-activity-7282788129223168001-UPcY
https://www.linkedin.com/posts/spatial-development-agency_2025-will-be-a-key-year-for-the-project-activity-7282788129223168001-UPcY
https://www.linkedin.com/posts/spatial-development-agency_2025-will-be-a-key-year-for-the-project-activity-7282788129223168001-UPcY
https://pro-mobility.org/en/nashi-proektu/dnipro-transport-model/
https://www.pirelli.com/global/en-ww/life/sustainability/mobility/how-helsinki-is-setting-the-pace-in-urban-transport-52463/
https://www.pirelli.com/global/en-ww/life/sustainability/mobility/how-helsinki-is-setting-the-pace-in-urban-transport-52463/
https://apnews.com/article/69cf7212fa8d5e3e4d45d62a2f97c6dd
https://transport.ec.europa.eu/news-events/news/eu-invests-record-eu7-billion-sustainable-safe-and-smart-transport-infrastructure-2024-07-17_en
https://transport.ec.europa.eu/news-events/news/eu-invests-record-eu7-billion-sustainable-safe-and-smart-transport-infrastructure-2024-07-17_en
https://transport.ec.europa.eu/news-events/news/eu-invests-record-eu7-billion-sustainable-safe-and-smart-transport-infrastructure-2024-07-17_en
https://transport.ec.europa.eu/news-events/news/eu-invests-record-eu7-billion-sustainable-safe-and-smart-transport-infrastructure-2024-07-17_en
https://www.worldbank.org/en/news/press-release/2023/02/10/world-bank-approves-50-million-grant-to-help-repair-transport-infrastructure-in-ukraine
https://www.worldbank.org/en/news/press-release/2023/02/10/world-bank-approves-50-million-grant-to-help-repair-transport-infrastructure-in-ukraine
https://www.worldbank.org/en/news/press-release/2023/02/10/world-bank-approves-50-million-grant-to-help-repair-transport-infrastructure-in-ukraine
https://opendata.city-adm.lviv.ua/
https://data.kyivcity.gov.ua/
https://data.kyivcity.gov.ua/
https://transport.vmr.gov.ua/

TexHiuHI HayKu ISSN 2307-5732

20. Jlep>xkaBHEe areHTCTBO 3 NHTaHb EJIEKTPOHHOTO YypsmyBaHHA Ykpainu. (2024). Pyx epomadcwvkoeo
mparcnopmy J{ninpa. https://data.gov.ua/en/dataset/real-transport-dnipro

21. Amir Sinaeepourfard, J. G. Almifiana, X. Masip-Bruin, & F. Casaus. (2016). Estimating Smart City Sensors
Data Generation: Case of Barcelona. In Proceedings of the International Conference on Smart Cities (pp. 123—130).

22. European Commission. (2014). Sentilo Case Study — Interoperable Europe. €C.

23. Federal Transit Administration. (2018). Mobility Performance Metrics for Integrated Mobility and Beyond
(FTA Report No. 0152). USDOT.

24. International Transport Forum. (2021). Big Data for Travel Demand Modelling (ITF Roundtable Report).
OECD Publishing. https://doi.org/10.1787/08378837-en

25. Wang, Z., Hamedi, M., & Young, S. (2018). A methodology for calculating the latency of GPS-probe data.

ArXiv.

26. Szymanski, P., Zotieruk, M., Oleszczyk, P., Gisterek, 1., & Kajdanowicz, T. (2017). Spatio-temporal
profiling of public transport delays based on large scale vehicle positioning data from GPS in Wroclaw. ArXiv.

27. Alotaibi, A., Almasoudi, A., & Alqurashi, A. (2025). Investigation of the impact of smart mobility solutions
on urban transportation efficiency in Saudi Arabian cities. Journal of Umm Al-Qura University for Engineering and
Architecture, 16(379-394). https://doi.org/10.1007/s43995-025-00114-3

28.Mo, B., Ma, Z., Koutsopoulos, H., & Zhao, J. (2020). Capacity-Constrained Network Performance Model
for Urban Rail Systems Performance Monitoring Using Smart Card Data. Transportation Research Record.

References

1. Haikova, O., Zahoryanskyi, V., & Leontovych, O. (2023). Digitalization of transport infrastructure in the context of the sixth
technological paradigm. Collection of Scientific Papers of the National Academy for Public Administration, 1(52), 81-88.
https://doi.org/10.5281/zenodo.10987658

2. Jurczak, A. (2023). The impact of digital transformation on urban public transport. Information Systems in Management, 12(2), 109—
117. https://doi.org/10.2478/isman-2023-0011

3. UITP. (2024). Digitalisation of Public Transport Systems: Global Outlook 2024. International Association of Public Transport.
https://www.uitp.org/publications/digitalisation-outlook-2024/

4. Bonette, D. F. S., & dos Reis, T. C. D. (2021). Composition, concentration, and classification of urban transport. In Proceedings of the XXIX
National Meeting of Production Engineering. https://scispace.com/papers/composicao-concentracao-e-classificacao-do-transporte-urbano-1csi3xr6le

5. Butler, W., Webber, M., & Knupfer, S. (2020). Smart urban mobility innovations: A comprehensive review and assessment.
Transportation Research. Elsevier. https://scispace.com/papers/smart-urban-mobility-innovations-a-comprehensive-review-and-hen88gcqcl

6. Gulc, A., & Budna, K. (2024). Classification of smart and sustainable urban mobility solutions. Sustainability, 16(4), Article 1234.
https://scispace.com/papers/classification-of-smart-and-sustainable-urban-mobility-x66870iqn4

7. Rupprecht Consult. (2019). Sustainable Urban Mobility Plan for Lviv: Strategic document approved by Lviv City Council in 2020
[MobiliseY ourCity/TUMI case study]. Rupprecht Consult. https://transformative-mobility.org/lviv-sustainable-urban-mobility-plan-sump/

8. Transformative Urban Mobility Initiative. (2023). Lviv — From Streets for Cars to Streets for All. https://www.transformative-
mobility.org/wp-content/uploads/2023/03/Lviv-Case-Study 12-21-ITDP-TUMI-O1G2n1.pdf

9. Smart Cities World. (2023). Kyiv.Digital: A Digital Umbrella for the City. https://www.smartcitiesworld.net/citizen-
engagement/kyivdigital-a-digital-umbrella-for-the-city

10. Spatial Development Agency (Vinnytsia). (2025). Concept for Improvement of Soborna Street: Development of pedestrian space and
integration of public transport. Vinnytsia City Council.

11. Spatial Development Agency. (2025). Completion of the Concept for Soborna Street. https://www.linkedin.com/posts/spatial-
development-agency 2025-will-be-a-key-year-for-the-project-activity-7282788129223168001-UPcY

12. ProMovbility. (2019). Dnipro Transport Model. https://pro-mobility.org/en/nashi-proektu/dnipro-transport-model/

13. Pirelli. (2024). How Helsinki is Setting the Pace in Urban Transport. https://www.pirelli.com/global/en-
ww/life/sustainability/mobility/how-helsinki-is-setting-the-pace-in-urban-transport-52463/

14. AP News. (2024). Barcelona subway recycles energy from braking into power to charge electric cars.
https://apnews.com/article/69cf7212fa8dSe3e4d45d62a2{97c6dd

15. European Commission. (2024, July 17). EU invests record €7 billion in sustainable, safe and smart transport infrastructure.
Directorate-General for Mobility and Transport. https://transport.ec.europa.cu/news-events/news/eu-invests-record-eu7-billion-sustainable-safe-and-
smart-transport-infrastructure-2024-07-17_en

16. World Bank. (2023, February 10). World Bank approves initial 350 million grant to help repair transport infrastructure in Ukraine.
https://www.worldbank.org/en/news/press-release/2023/02/10/world-bank-approves-50-million-grant-to-help-repair-transport-infrastructure-in-ukraine

17. Lviv Open Data Portal. (2024). Lviv Open Data Portal. https://opendata.city-adm.lviv.ua/

18. Kyiv City Open Data Portal. (2024). Kyiv City Open Data Portal. https://data.kyivcity.gov.ua/

19. Vinnytsia Transport. (2024). Municipal Transport of Vinnytsia. https://transport.vmr.gov.ua/

20. State Agency for E-Government of Ukraine. (2024). Public Transport Movement in Dnipro. https://data.gov.ua/en/dataset/real-
transport-dnipro

21. Sinaeepourfard, A., Almifiana, J. G., Masip-Bruin, X., & Casaus, F. (2016). Estimating smart city sensors data generation: Case of
Barcelona. In Proceedings of the International Conference on Smart Cities (pp. 123—130).

22. European Commission. (2014). Sentilo Case Study — Interoperable Europe.

23. U.S. Department of Transportation, Federal Transit Administration. (2018). Mobility Performance Metrics for Integrated Mobility
and Beyond (FTA Report No. 0152).

24. International Transport Forum. (2021). Big Data for Travel Demand Modelling (ITF Roundtable Report). OECD Publishing.
https://doi.org/10.1787/08378837-en

25. Wang, Z., Hamedi, M., & Young, S. (2018). A methodology for calculating the latency of GPS-probe data. arXiv.

26. Szymanski, P., Zomieruk, M., Oleszczyk, P., Gisterek, 1., & Kajdanowicz, T. (2017). Spatio-temporal profiling of public transport
delays based on large-scale vehicle positioning data from GPS in Wroclaw. arXiv.

27. Alotaibi, A., Almasoudi, A., & Alqurashi, A. (2025). Investigation of the impact of smart mobility solutions on urban transportation
efficiency in Saudi Arabian cities. Journal of Umm Al-Qura University for Engineering and Architecture, 16, 379-394.
https://doi.org/10.1007/s43995-025-00114-3

28. Mo, B., Ma, Z., Koutsopoulos, H., & Zhao, J. (2020). Capacity-Constrained Network Performance Model for Urban Rail Systems
Performance Monitoring Using Smart Card Data. Transportation Research Record.

Herald of Khmelnytskyi national university, Issue 6, Part 2, 2025 (359) 273


https://data.gov.ua/en/dataset/real-transport-dnipro
https://data.gov.ua/en/dataset/real-transport-dnipro
https://doi.org/10.1787/08378837-en
https://doi.org/10.1787/08378837-en
https://doi.org/10.1007/s43995-025-00114-3
https://doi.org/10.5281/zenodo.10987658
https://doi.org/10.5281/zenodo.10987658
https://doi.org/10.5281/zenodo.10987658
https://doi.org/10.2478/isman-2023-0011
https://doi.org/10.2478/isman-2023-0011
https://www.uitp.org/publications/digitalisation-outlook-2024/
https://www.uitp.org/publications/digitalisation-outlook-2024/
https://www.uitp.org/publications/digitalisation-outlook-2024/
https://scispace.com/papers/composicao-concentracao-e-classificacao-do-transporte-urbano-1csi3xr6le
https://scispace.com/papers/composicao-concentracao-e-classificacao-do-transporte-urbano-1csi3xr6le
https://scispace.com/papers/smart-urban-mobility-innovations-a-comprehensive-review-and-hen88gcqc1
https://scispace.com/papers/smart-urban-mobility-innovations-a-comprehensive-review-and-hen88gcqc1
https://scispace.com/papers/classification-of-smart-and-sustainable-urban-mobility-x6687oiqn4
https://scispace.com/papers/classification-of-smart-and-sustainable-urban-mobility-x6687oiqn4
https://scispace.com/papers/classification-of-smart-and-sustainable-urban-mobility-x6687oiqn4
https://transformative-mobility.org/lviv-sustainable-urban-mobility-plan-sump/
https://transformative-mobility.org/lviv-sustainable-urban-mobility-plan-sump/
https://www.transformative-mobility.org/wp-content/uploads/2023/03/Lviv-Case-Study_12-21-ITDP-TUMI-O1G2n1.pdf
https://www.transformative-mobility.org/wp-content/uploads/2023/03/Lviv-Case-Study_12-21-ITDP-TUMI-O1G2n1.pdf
https://www.transformative-mobility.org/wp-content/uploads/2023/03/Lviv-Case-Study_12-21-ITDP-TUMI-O1G2n1.pdf
https://www.smartcitiesworld.net/citizen-engagement/kyivdigital-a-digital-umbrella-for-the-city
https://www.smartcitiesworld.net/citizen-engagement/kyivdigital-a-digital-umbrella-for-the-city
https://www.smartcitiesworld.net/citizen-engagement/kyivdigital-a-digital-umbrella-for-the-city
https://www.linkedin.com/posts/spatial-development-agency_2025-will-be-a-key-year-for-the-project-activity-7282788129223168001-UPcY
https://www.linkedin.com/posts/spatial-development-agency_2025-will-be-a-key-year-for-the-project-activity-7282788129223168001-UPcY
https://www.linkedin.com/posts/spatial-development-agency_2025-will-be-a-key-year-for-the-project-activity-7282788129223168001-UPcY
https://pro-mobility.org/en/nashi-proektu/dnipro-transport-model/
https://pro-mobility.org/en/nashi-proektu/dnipro-transport-model/
https://www.pirelli.com/global/en-ww/life/sustainability/mobility/how-helsinki-is-setting-the-pace-in-urban-transport-52463/
https://www.pirelli.com/global/en-ww/life/sustainability/mobility/how-helsinki-is-setting-the-pace-in-urban-transport-52463/
https://www.pirelli.com/global/en-ww/life/sustainability/mobility/how-helsinki-is-setting-the-pace-in-urban-transport-52463/
https://apnews.com/article/69cf7212fa8d5e3e4d45d62a2f97c6dd
https://apnews.com/article/69cf7212fa8d5e3e4d45d62a2f97c6dd
https://apnews.com/article/69cf7212fa8d5e3e4d45d62a2f97c6dd
https://transport.ec.europa.eu/news-events/news/eu-invests-record-eu7-billion-sustainable-safe-and-smart-transport-infrastructure-2024-07-17_en
https://transport.ec.europa.eu/news-events/news/eu-invests-record-eu7-billion-sustainable-safe-and-smart-transport-infrastructure-2024-07-17_en
https://transport.ec.europa.eu/news-events/news/eu-invests-record-eu7-billion-sustainable-safe-and-smart-transport-infrastructure-2024-07-17_en
https://www.worldbank.org/en/news/press-release/2023/02/10/world-bank-approves-50-million-grant-to-help-repair-transport-infrastructure-in-ukraine
https://www.worldbank.org/en/news/press-release/2023/02/10/world-bank-approves-50-million-grant-to-help-repair-transport-infrastructure-in-ukraine
https://www.worldbank.org/en/news/press-release/2023/02/10/world-bank-approves-50-million-grant-to-help-repair-transport-infrastructure-in-ukraine
https://opendata.city-adm.lviv.ua/
https://opendata.city-adm.lviv.ua/
https://data.kyivcity.gov.ua/
https://data.kyivcity.gov.ua/
https://transport.vmr.gov.ua/
https://data.gov.ua/en/dataset/real-transport-dnipro
https://data.gov.ua/en/dataset/real-transport-dnipro
https://data.gov.ua/en/dataset/real-transport-dnipro
https://doi.org/10.1787/08378837-en
https://doi.org/10.1787/08378837-en
https://doi.org/10.1787/08378837-en
https://doi.org/10.1007/s43995-025-00114-3
https://doi.org/10.1007/s43995-025-00114-3
https://doi.org/10.1007/s43995-025-00114-3

