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Pedepar/anoTamis:

1. Po6oTa mpucBsiueHa KOMILJIEKCHOMY JOCTIIPKEHHIO ITPO6ieMU (POPMYBAHHS, OLiHIOBAaHHS Ta TPOTHO3YBaHHS
IIONIMTY Ha MiCbKi BaHTaXKHi [1epeBe3€HHS 3 ypaxyBaHHSM Cy4YaCHUX TpaHcopMalill KyliBesbHOI TOBeiHKA
HaCeJIEHHS1 Ta 3POCTaHHS POJIi MiKDOBAaHTa)KHUX MTOTOKIB Y MEKax MiCbKOi TPAaHCIIOPTHOI CUCTEMU. Y POOOTi MiCbKi
BaHTaXHi IlepeBe3eHHs PO3IJIIIaloThCS SIK HEBiL €MHUN eJIeMEeHT MiCbKOi MOBITIBHOCTI, 1110 IIepebyBae y TiCHOMY
B32€MO3B'3KY 3 [IaCaKMPChKUMU IepeMIllleHHSIMU, IIPOCTOPOBOIO CTPYKTYPOIO MiCTa, COLiaIbHO-€KOHOMIYHUMU
XapaKTePUCTUKAMU HACEeJIE€HHS. AKTYaJIbHICTb IOCIIiI>KEHHS 3yMOBJIEHAa HEOOXiIHICTIO IIepexoy Bif
(PparMeHTapHOro aHaji3y NONUTY HAa BAHTAXKHi [IePEBE3€HHS [0 iHTErPOBAHUX IiIXOMIB, SIKi JO3BOJISIOTH
BpPaxOBYyBaTH [IOBEJiHKOBI acriekTy GOpMyBaHHS IIONIUTY Ta OLIHIOBATY iXHIil BIJINB Ha HABaHTaK€HHS MiCBHKO]
TPaHCIIOPTHOI Mepesxi. MeTonoJ10ris BoCiIyKeHHs 6a3yeThCs Ha TEOPETUYHOMY aHali3i CyyaCcHUX iHTEIPOBAHUX,
[IOBEJiHKOBO OPi€EHTOBAHMX i IPOCTOPOBO IETaJbHUAX MOJEJIe 1151 IPOrHO3YBAHHS [IONUTY; YNHHUKIB, SIKi
($OpMYIOTb IONIUT Ha MiCbKi BAHTa)XKHi IEPEBE3E€HHSI; aHKETHOMY OIIMTYBaHHI HaCeJIEHHS /17151 300pY JaHUX PO

KyIliB€JIbHY IIOBEJiHKY; CTATUCTUYHOMY OIPALIOBAaHHI PE3YJIbTaTiB ONMTYBaHb; KJIACTEPHOMY aHaJli3i; IMCKPETHOMY



MOIE€JIIOBAaHHI; aHAJIITUYHOMY MaKpPOCKOIIIYHOMY TPAHCIIOPTHOMY MOJEJIIOBaHHI [TOMUTY Ha BaHTAXKHi IEPEBE3EHHS
3 BUKOPUCTaHHSIM [TPOrpaMHoro cepenosuia PTV Visum. Y po6oTi po3risiHyTO TEOPEeTUYHi 3acanu
(YHKLiOHYBaHHS CUCTEMHU MiCBKUX BaHTa)KHUX [l€pEeBE3E€Hb Ta IiAXOAM 4O MOJEJIIOBAHHS [IONUTY Ha TPAHCIIOPTHI
nociyru. [IpoaHasni3oBaHO CTPYKTYPY MiCbKOI JIOTICTMKY, OCHOBHMX YYaCHUKIB IIPOLLECY BAHTAKOIEPEBE3EHD |
B32€MO3B'I30K MK CIIO>KMBYMM [TOIIMTOM HACEJIeHHS Ta TPAHCIOPTHUMU IIOTOKaMU. 3HAYHY yBary NpUiijieHo
Cy4aCHMM METOJIaM ITPOTHO3yBaHHS IONIUTY, BUBHAYEHO iX [1lepeBary Ta OOMeXXeHHs Y KOHTEKCTi MiCbKHX YMOB.
OO6rpyHTOBaHO OLiNIbHICTb BUKOPUCTAHHS YOTUPbOXETAIIHOI TPAHCIIOPTHOI MOAEI sIK 6a30BOi METOIUYHOI
ny1aTGopMu I15 JOCTiIKEHHS MiCbKUX BaHTaXKHUX ITOTOKIB, 110 3a0e3Mevye MNOoCaAiTOBHUN ONUC IPOLECiB reHepariii
MIOMNHUTY, HOTO TPOCTOPOBOTO PO3MOLiNy Ta HABAHTAKEHHS TPAHCIIOPTHOI MepeXKi. JJOCIiIPKEHO TOHATTS
MiKpOBaHTa)KHUX IIOTOKIB Ta iX poJib Y GOpPMYyBaHHI MiCbKOTO TPAaHCIIOPTHOTO HaBaHTaXXEHHS. 3a pe3yJbTaTaMu
HayKOBOTI'O aHaJli3y HaABHUX JOCIIIKEHDb 3aKLEHTOBAHO YBary, 10 [IePEMIIEHHS HACEJIEHHS 3 METOIO ITOKYIIOK €
BaYKJIMBUM YMHHUKOM BUHUKHEHHS BAHTXXHUX IIOTOKIB, OCKiJIbKA BOHM BU3HAYAIOTh ITIOTPEOY y TOTIOBHEHHI
TOBapHUX 3all1aciB TOPriBesbHUX 06'€KTiB. PO3risIHYTO cy4acHi joricTUYHI TeHieH1lii, 30KpeMa pO3BUTOK JIOCTAaBKU
«OCTaHHbOI MUJI» Ta €JIEKTPOHHOI KOMEPL|i, IKi BIVIMBAIOTb HA 4aCTOTY IIOCTABOK i CTPYKTYPY TPaHCIIOPTHUX
IIOTOKIB. 3aIIPOIIOHOBAHO METOIMYHMH MIJIXiM 10 ITE€PEXOAy Bifl OL[iHIOBAHHS CIIOKMBYOIO MONUTY 0 BU3HAYEHHS
00CSITiB BAHTaKHUX [lepeBe3eHb. 3MOeIbOBAHO MONUT Ha [lepeMillleHHs 3 METOIO MTOKYIIOK SIK 6a3u s
ITOJAJIbIIOrO MIPOrHO3yBaHHS BAHTAXXHUX MTOTOKIB. 3MilICHEHO OIHUC IIPOBELEHOr0 aHKETHOTO ONUTYBAaHHS
HaceJIeHHs1 Ta CGOPMOBAHO]I 6231 JAHUX COLI0-€KOHOMIYHUX i IOBEAiHKOBUX XapaKTEPUCTUK PECIIOHIEHTIB.
BrKOHaAHO KJIaCTEPHUII aHaJIi3 i3 3aCTOCYBaHHAM iepapXi4Hoi KyacTepusalii 11 BULIIEHHS OOHOPIIHUX IPYII
HaceJIeHHs 32 0COOJIMBOCTSIMU TPAHCIIOPTHOI NoBeiHKY. B mporpamuomy cepenosui PTV VISUM cdpopmoBaHo
MogeJb JIbBOBA, B IKY BHECEHO JaHi IIPO BYJIMYHO-IOPOKHIO MEPEXKY, IIIJILHICTh HACEJIEHHS 3 PO3IIOAIIIOM 32
TPAHCIOPTHUMU 30HAMU, T2 BUOKPEMJIEHO TOProBi 00'€KTH, PO3/ijieHi Ha TPU KaTeropii (HeBeaunKi Mepexesi
cylepMapKeTH Ta Mara3uHu, BEJIMKi TOProBi Ta TOPrOBO-PO3BaKaJbHI LIEHTPH i pUHKU). [IpoBeieHO po3paxyHKU
IIpUBabJIMBOCTI TOPrOBUX OO'EKTIB PI3HMX KaTeropii AJis repeMileHb 3 METOIO TIOKYIIOK 3aJIeXKHO Bif, BiflcTaHi
nepemimeHHs. Po3po6yieHO MyJIbTUHOMIAJIbHI JIOTIT-MO/I€J1i YaCTOTH BUKOHAHHS [IEPEMIllIeHHS 3 METOIO MTOKYIIOK
Ta BUOOPY BU/y IIEPEMIllIEHHS] HAa OCHOBI (PYHKIIill KOPUCHOCTI, SIKi BpaXOBYIOTb colLliofiemorpadiyti napameTpu
HaceJIeHHs Ta TapaMeTpU ITOKYIIKY (BUZ, Ta Bary). [IpeficTaBieHo NpakTUYHY peasizallilo po3po6seHOTo MiTXoAy B
CepeLoBUli TPAaHCIIOPTHOTO MogemnoBanHs PTV Visum. BukonaHo ertanu reHepaii nepeMilieHs, ix po3nojiny Mixx
TPAHCIIOPTHUMH 30HaMU Ta MK BUJlaMy nepemileHb. Ha OCHOBI OTPMMAaHUX NaHUX NIPO CEPEIHbOLEHHY KiJIbKiCTh
nepeminieHp 3 MeTOIO IIOKYIIOK BUKOHAHO ITPOTHO3HI PO3PaxXyHKU MTOIIUTY Ha JIOCTAaBKY TOBApiB B TOProBi 06'€KTH 3
IIPOCTOPOBUM PO3NOAIJIOM 32 TPAaHCIIOPTHUMU 30HaMU MicTa. TaKOX ITPOBEIEHO MOJEJIIOBAHHS [TOTOKIB
nepemilleHb iHIMBiTyaJlbHUM TPAHCIIOPTOM 3 METOIO ITOKYIIOK. [T0Ka3aHO MOXKJIMBOCTi BUKOPUCTAHHS PO3PO6JIEHOI
Moz 171 OLiHIOBaHHSA ITONUTY Ha BaHTaXKHI IepeBE3EHHS, [IJIaHYBaHHS JIOTICTUYHUX MIPOLECIB Ta IPUNHATTS
VIPaBJIiHCbKUX pillleHb y cepi MiCbKOT0 TpaHCIIOPTY. Pe3yabTaT poOOTH MOXKYTh OYTH BUKOPUCTAHI 17151
BM3HAUEHHSI IIONIUTY HA BAHTAXKHi 1IEPEBE3€HHS y MiCTaxX Ta CLIEHaPHOT'O MOJIEJII0BaHHS 3MiHU IIONUTY 32 YMOB
BiIKPUTTS HOBUX TOPTOBUX 00'€KTIB, 3MiHM KyIiBeJIbHOI IOBEiHKM HACEJIEHHS YU [IapaMeTpPiB TPaHCIIOPTHO-

JIOTICTUYHOI Mepexi.

2. The work contains a comprehensive study of the problem of formation, assessment, and forecasting of demand
for urban freight transportation, considering contemporary transformations in consumer purchasing behavior and
the growing role of micro-freight flows within the urban transportation system. In this work, urban freight
transportation is considered as an integral element of urban mobility, which is closely interconnected with
passenger flows, the spatial structure of the city, and the socio-economic characteristics of the population. The
relevance of the study is determined by the need to shift from a fragmented analysis of freight transportation
demand to integrated approaches that allow for behavioral aspects of demand formation to be taken into account
and their impact on the load level on the urban transportation network to be assessed. The research methodology
is based on theoretical analysis of modern integrated, behavior-oriented, and spatially detailed models for demand
forecasting; factors that shape demand for urban freight transportation; a questionnaire-based survey of the
population to collect data on purchasing behavior; statistical processing of survey results; cluster analysis; discrete



choice modeling; analytical macroscopic transportation modeling of freight transportation demand using the PTV
Visum software. The work examines the theoretical foundations of the functioning of urban freight transportation
systems and approaches to modeling demand for transportation services. It analyzes the structure of urban
logistics, the main participants in the freight transportation process, and the relationship between consumer
demand and transport flows. Considerable attention is given to contemporary methods of demand forecasting, and
their advantages and limitations in the context of urban conditions are identified. The feasibility of using a four-
step transportation model as a basic methodological framework for studying urban freight flows is justified, which
provides a consistent description of the processes of demand generation, its spatial distribution, and
transportation network load levels. The concept of micro-freight flows and their role in shaping urban
transportation volumes was investigated. Based on the results of scientific analysis of existing studies, attention is
focused on the fact that shopping-related trips by the population are an important factor in the emergence of
freight flows, as they determine the need to replenish retail stock. Contemporary logistics trends are analyzed, in
particular the development of last-mile delivery and e-commerce, which influence delivery frequency and the
structure of transport flows. A methodological approach is proposed for transitioning from the assessment of
consumer demand to the determination of freight transportation volumes. Demand for shopping-related trips was
modelled as a basis for subsequent forecasting of freight flows. It describes the questionnaire survey conducted
among the population and the resulting database of respondents’ socio-economic and behavioral characteristics.
Cluster analysis was performed using hierarchical clustering to identify homogeneous population groups based on
transport behavior patterns. A model of the city of Lviv was built in the PTV Visum software, incorporating data on
the transport network, population density by transportation zones and retail facilities classified into three
categories (small chain supermarkets and stores, large shopping and shopping-and-entertainment centers, and
markets). The attractiveness of retail facilities of different categories for shopping trips was calculated depending
on travel distance. Multinomial logit models of shopping trip frequencies and transportation mode choice are
developed, based on utility functions that incorporate socio-demographic characteristics of the population as well
as attributes of purchases (type and weight). The practical implementation of the proposed approach is presented
in the PTV Visum transportation modeling environment. The model incorporates the stages of trip generation, trip
distribution across transport zones, and mode choice. Based on the obtained data on the average daily number of
shopping trips, forecasting calculations of demand for goods delivery to retail outlets with special distribution
across the city’s transportation zones were performed. In addition, flows of shopping trips made by private
transport were modelled. Demonstrated the potential applications of the developed model for assessing freight
transportation demand, planning logistics processes and supporting decision-making in urban transportation
management. The results of the work may be used to determine freight transportation demand in urban areas and
to conduct scenario modelling of demand changes under conditions such as the opening of new retail facilities,
changes in consumer behavior, or modifications to the transport and logistics network.
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JoparkoBa iHdpopmamist:

IloBHe HaliMeHYyBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTIITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJs. CrenaHa banpepu, JIbBiB, 79013, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. Aponin Makcum OseKcaHOpOBUY

2. Maksym O. Afonin

KBasigikamis: . . 1., gou., 05.22.01

InenTudikarop ORCID ID: 0000-0001-5850-7478

JonmaTkoBa iHdopmais:

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHnanbHuil yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kog, 3a €IPITIOY: 02071010

Micue3HaxoaKeHHS: ByJs1. Crennana banpepwy, JIbBiB, 79013, Ykpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi

Biacue IpizBume Im's Ilo-6aThKOBI Dopranpunk €sren KomianoBuy
rOJIOBH pagu

Biacue IpizBume Im's I1o-6aThKOBI Dopuanbunk €prex KOniaHoBUY
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Bypa Pomana PomaniBHa

00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




