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HIABUIHIEHHA EPEKTUBHOCTI ®YHKIHIOHYBAHHA
IIEPEXPECTbH 3 BUCOKOIHTEHCUBHUMHU
TPAHCITIOPTHUMHU TA HIINOXITHUMHU IOTOKAMHU

IocranoBka npo6aemu. [IpoGieMHNMH AUISHKAMH BYJIMYHO-TIOPOKHBOT MEPEIKI € IIEPEeXPecTsl 3 BUCOKOIO 1HTe-
HCHUBHICTIO pyXy KOH(IIIKTYIOUUX MIOIOXiTHUX Ta TPAHCIIOPTHHUX MTOTOKIB, 30KpeMa THX, 10 POOIATh moBOpoT. Ha Takmx
MIEPEXPECTAX, HABITh i3 CBITIIO(OPHUM PETYITIOBAHHS, CIIOCTEPIralOThCs 3HAYHI TPAHCTIOPTHI 3aTpUMKH. CyTh IpoOIIeMu
NOJIATAa€E Y TAaKOMY: Yy pa3i 3[iiCHEeHHS TPaHCIIOPTHUMHM 3aco0aMHM ITOBOPOTY JIIBOPYY YM MPAaBOPYY Ha IEPEXPecTi NMpH
MpOoi3i HAa CHTHAJ CBITIIOhOpa, M0 TO3BOJSIE PYX, MMOBUHHI JaTH JOPOTY IIMIOX0AaM, IO 3IHCHIOIOTE Iepexia yepes
MPODKIDKY YaCTHHY IO MIIIOXiTHOMY HEpEeX0/Ii, IKUM TaKOK OJHOYACHO HAJIaHO MPIOPUTET y pyci. Y pa3i BUCOKOI iHTe-
HCHBHOCTI MIIIOXiZHOTO PyXy 3aBEPILINTH TOBOPOT TAKMM TPAHCHOPTHUM 3aC00aM HEMO>KIMBO, BOHH 3aJHIIAIOTHCS HA
MepexpecTi, TOMY 3a TAKUMH TPAHCIIOPTHUMH 3ac00aMi BUHUKAIOTh CYTTEBI 3aTPUMKH PYXY.

Meta. Tomy MeTOI0 pOOOTH € TOCHIZPKEHHS B3aEMO/IIT TPaHCIIOPTHUX Ta MILIOXITHUX MMOTOKIB 3 BUCOKOO iHTEH-
CHUBHICTIO Ha PEryJIbOBaHUX MEPEXPECTSIX IS HOKPAIIEHHS POITyCKHOT 31aTHOCTI TAKUX HIEPEXPECTh.

Metoau. Jlist 1ociipKeHHsI MapaMeTpiB TPaHCIIOPTHUX MOTOKIB, 30KpeMa, JOBXUHH 3aTOPiB, BAKOPUCTAHO MO-
JIelTb TPAHCIIOPTHOTO TIOTOKY, IO BKJIIOYAE MCUXO0(]I3i0JI0TIUHy MOJIENb CJilyBaHHS 32 TPAHCIIOPTHHUM 3ac000M, KU
MIepeCyBA€ETHCS TOTEPEY, JIs TOB3JIOBXHBOTO PyXY TPAHCIIOPTHUX 3aC00IB Ta MOAEINb, KA 0a3yeThCs HA MIPABUIIAX J0-
POXHBOTO PyXy, UI1 O0KOBOTO pyXy. [lJI1 MOJENrOBaHHS MIIIOXiTHUX MOTOKIB TaKOX 3aCTOCOBaHA MoJeNb Bizemana,
sKa rependayvae He BUIBHHUIN PyX MMIIIOXOJIB, a HUIECIIPSIMOBAHNI, 32 aHAJIOTIEIO 3 TPAHCHOPTHUMH MOTOKaMHU. J|jist oTpH-
MaHHs EMIIpUYHAX HENiHIHHUX 3aJIe)KHOCTEH JTOBXXWHU 3aTOPIB BiJ] iIHTCHCUBHOCTEH KOH(MIIKTYIOUHX IMIIOXiTHUX Ta
TPAaHCIIOPTHUX TOTOKIB BUKOPHUCTAHO METO HAWMEHIINX KBaJPaTiB.

PesyabsTaTn. Y po0OoTi 3aCTOCOBaHO BiJOMi METOAX BUPIIICHHS MPUKIATHAX 3aBIaHb ¥ cepi TOPOKHBOTO PyXy
JUIsl OKPEMUX YHIKaJIbHUX BHUIAJKIB, @ CaMe IIePEeXPecTh i3 BUCOKOIHTCHCUBHUMH TPAHCIIOPTHUMH 1 HIIIOX1THUMH MOTO-
kamH. JlociipKeHHs mapaMeTpiB TOPOKHBOT'O Ta MIIIOXITHOTO PyXy Ha IepeXxpecTi MoKa3alu, 10 JOBXKHHA 3aTOPIB CyT-
TEBO 3aJIKHUTH BiJl IHTEHCUBHOCTI PyXY TPaHCIIOPTHOTO MOTOKY, IIPOTE 13 3pOCTAHHIM IHTEHCUBHOCTI PYXY MIIIOX1THOTO
notoky 110 6inbine 1000 ocib /rox qOBKKHA 3aTOPIB 3MIHIOETHCSI HECYTTEBO. Y BHIIAJIKY HAsBHOCTI Ha Mij i37ax 10 Ie-
pexpecTsi HepelKOBHX TPaHCIIOPTHUX 3aC00iB JIOBXXKHHA 3aTOPIB 3pOCTaE B cepepinboMy Ha 1,14 % Ta CyTTEBO 3aJ€KHUTh
BiJl IHTEHCHBHOCTEH pyXy TPaHCIIOPTHOTO Ta MIIIOX1IHOTO ITOTOKIB.

3anpornoHOBaHO Ha TaKWX JIULTHKaX BYJIMYHO-JOPOXKHBOI MEpeXi BBEICHHS TpU(]A3HOro CBITIIOPOPHOTO PEryIo-
BaHHsI, KOJIM OZ1HA 13 (ha3 J03BOIISE pyX JMIIE MIMIOX0oAaM. Pe3ybTaT Mo/IeFoBaHHsI ITOKA3aJIH, 1110 JI0BXKHHA 3aTOPIB Y BUIIA-
JIKY, SIKIIO Ha MiX0J1axX JI0 IePEXPECcTs] HeMae PeHKOBUX TPAHCIIOPTHHX 3ac00iB, SMEHIIIYETHCS B cepetHboMy Ha 45,3 % i Maio
3aJIe)KUTh BiJ] iIHTEHCUBHOCTI MIIIOXITHUX MOTOKIB. Y BHUIAJIKY, SIKIO HA IIIXOaX JI0 TEpeXpecTsl € pelKoBi TPaHCIIOPTHI
3aco0H, JOBXKMHA 3aTOPIB 3MEHILYETHCS B CepelHbOMY Ha 13,7 %, mpoTe y JesKiX BUMAaAKaX MOXKE 3pOCTaTH.

BucHoBok. MeToanka MpoBeACHHS AOCTIHKEHb, 1110 MPEACTaBICHa Y I1iif po00Ti, MOXXe OYyTH BHKOpHCTaHA IS
MepeXpecTh i3 IHIIOK CXEMOI0 OpraHizauii JOPOKHBOTO PYXY 3 METOI0 OOIPYHTYBaHHS JOLIJILHOCTI BBE/IEHHS Tpudas-
HOTO CBITJIO(OPHOTO PEryiOBaHHs, KOJIX OfHA 13 (a3 103BOJISIE PYX JIMILE MIMIOXO0aM.

Knrouosi cnosa: TpaHCIIOPTHI TEXHOJIOTIT, OpraHi3aIlisi JOPOKHBOTO PyXY, TPAHCIIOPTHI 3aTPUMKH, JIOBXKHHA 3a-
TOpIB, IHTEHCHUBHICTH MiLIOXIJHOTO PyXY, IHTEHCHBHICTb PyXy TPAaHCHOPTHOTO MOTOKY.

Renkas A.A., Rudenko D.W., Tovaryanskyy V.I. (Lviv State University of Life Safety)

ENHANCING THE EFFECTIVE FUNCTIONING OF INTERSECTIONS WITH
INTENSIVE TRAFFIC AND PEDESTRIAN FLOWS

Introduction. Problematic sections of the road network are intersections with high traffic intensity of conflicting
pedestrian and traffic flow, in particular, right and left turns. At such crossings, there are significant traffic delays. In the
case of vehicles turning left or right at an intersection when passing at a traffic light signal that allows traffic, should give
way to pedestrians crossing the roadway on the crosswalk. In the case of high intensity of pedestrian traffic, it is impos-
sible to complete the turn of such vehicles, they remain at the intersection, so there are significant traffic delays for
returning vehicles.
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Purpose. Therefore, the work aims to study the interaction of traffic and pedestrian flows with high intensity at
regulated intersections to improve their capacity.

Methods. To study the parameters of traffic flows, in particular, the length of congestion, we used traffic flow
models, which include a psychophysiological model of following a vehicle moving in front, and a model based on traffic
rules. To model, pedestrian flows the Wiedemann model was used. The least-squares method was used to obtain empirical
nonlinear dependences of congestion length on the intensities of conflicting pedestrian and traffic flows.

Results. The paper uses known methods for solving applied problems in the field of traffic for some unique cases,
namely the intersection of intensive -traffic and pedestrian flows. Studies of road and pedestrian traffic parameters at
crossings have shown that the length of congestion significantly depends on the intensity of traffic flow, but with increas-
ing intensity of pedestrian traffic more than 1000 people/h, the length of congestion changes insignificantly. If there are
trams at the intersection, the length of congestion increases by an average of 1.14% and depends significantly on the
intensity of traffic and pedestrian flows.

It is proposed to introduce three-phase traffic light regulation on such sections when one of the phases allows
traffic only for pedestrians. The simulation results showed that the length of congestion in the absence of rail vehicles on
the approaches to the intersection decreases by an average of 45.3% and is weakly dependent on the intensity of pedestrian
flows. If there are rail vehicles at the crossing, the length of congestion can reduce by an average of 13.7%. But in some

cases may increase.

Conclusion. The research methodology presented in this paper can be used for intersections with another traffic
organization scheme to justify the feasibility of introducing three-phase traffic light control when one of the phases allows

traffic only to pedestrians.

Keywords: transport technologies, traffic organization, traffic delays, congestion length, pedestrian intensity, traf-

fic flow intensity.

Beryn. TpaHcmopTHi 3aTpUMKHA  HETaTHBHO
BIUIMBAIOTh HAa TPAHCIIOPTHUH MPOLIEC, IPU3BOATYN HE
JIMIIE /10 3HIDKEHHS MIBUAKOCTI Ta 3pOCTaHHS TPHBa-
JIOCTI TIepeBe3eHb, a, K HACTINOK, A0 €KOHOMIYHHX
30uTKiB. Hali0inbiIi 3a TpUBATICTIO 3aTPUMKH Y MICTi
CTIOCTEPITaIOThCs Y HOTO LIEHTpabHIl YacThHi, e 30-
CEpPE/KEHO BEJIMKY KiJBKICTh MICIIb T€Hepallii Ta Ts-
KIHHA MIIOXiMHUX Ta TPAHCHIOPTHHUX MTOTOKIB, TAKHX
SIK 3aKJIaJ{1 BUINOI OCBITH, TOPTOBI IICHTPH, PO3BaXKa-
JIbHI 3aKJIajIM, TeaTpH, KiHoTearpu, My3ei Tomro. [1po-
OneMH MOXYTh BHHUKHYTH Y pa3i MiIBUIIEHHS IHTeH-
CHBHOCTI MIIIIOX1THOTO PyXY Yepe3 peryar0BaHi rmepe-
XPECTS, OCKIJIbKH B IIbOMY pa3i YTPYIHIOEThCS TPOi3]T
NepexpecTsi aBTOMOOUISIMH, L0 PYXaOThCs 110 PaBo-
Ta JIIBOIOBOPOTHUX HanpsMKax. Y TakoMy pa3i TpaH-
CIIOPTHI 3aCO0H, IO 3/1IHCHIOIOTH IOBOPOT JIiBOPYY UM
MpaBOPYY Ha MEPeXpecTi, IPH MPOI3i MepexpecTs Ha
cUrHai cBiTiodopa, o JT03BOJISIE PYX, TOBUHHI JaTH
JIOpOTY TIMIoXoaaMm, 10 3MIHCHIOIOTH Mepexia depes
MPOTK/IKY YaCTHHY IO MIIIOXiTHOMY Tepexoi. Y pasi
BHCOKOI 1HTEHCHUBHOCTI MIIIOXiJTHOTO PYyXy 3aBep-
LIMTH TOBOPOT MM TPAHCIIOPTHUM 3aC00aM HEMOXK-
JIMBO, TOMY 32 [[UMHU TPAHCIIOPTHUMH 3aC00aMH BUHH-
KaloTh CYTTEBI 3aTPUMKH pyXy [1].

JocnipKkeHHs TPaHCIIOPTHUX MOTOKIB Ha pPery-
JTLOBAaHUX MEPEXPECTAX 3 METOO ONTHUMIi3allii CBITIIO-
(opHOTO peryntoBaHHs JOCIIPKEHO, 30KpeMa y po-
0orti [2]. ABTOpH PO3IIIAAAIOTH BIUIMB HAssBHOCTI Ba-
HTaKHUX aBTOMOOLIIB y CKJIaJi TPaHCHOPTHUX ITOTO-
KiB Ha TPUBAIICTh JJO3BIIBHOTO CUTHAY CBITIIOhopa
JUTSL ITHOTO HANIPSIMKY. ABTOpPH CTaTTi [3] Opi€HTYIOTH
poboTy cBITIIOPOPIB HA CKOPOUEHHS yacy Hpoizmy
PEryiIb0BaHOIO MEpeXpecTsi TpaMBasiMU IIISIXOM Ha-
JIaHHS iM MIPIOPUTETY TPAH3UTY 3 YPaxyBaHHIM pPO3-

KIagy pyxy. HesBakaroun Ha epeKTHBHICTD 3aCTOCY-
BaHHS METO/IB, SIKi JO3BOJISIFOT ITiABUIIUTH IIPOITyC-
KHY 3/IaTHICTb MepeXpecTsi AJisi OKPEMHX HaIpsMKiB,
y IuX po0OTax He BPaxOBaHO MOTPeOU yciX ydacHH-
KiB TOPOKHBOTO pyxy. Tomy aBropu po6ot [4] mpo-
MOHYIOTH MPOTHO3YBaTH MapaMeTpH JTOPOKHBOTO
PYXy Ha TepexpecTi Ha OCHOBI CTATUCTUYHUX JTAHUX
PO HBOTO JUISI BIIPOBA/DKEHHS 0araTonporpamMHOTrO
CBITJIIO(OPHOTO PETryIIIOBAaHHS HA 130JbOBAHOMY II€-
pexpecri. [IpoTe 6inbIIoi eeKTUBHOCTI MOXKHA J0-
CSITHYTH BUKOPHCTABIIH aJIalITUBHE CBITIO(OPHE pe-
rymoBanns. Tak, y po6oti [5] 3anponoHoBaHO MeTO-
JIUKY, 3aCHOBaHY Ha BU3HAYCHHI [1apaMeTPiB JOPOXK-
HBOTO PYXy Ha YCiX HampsIMKax pyxy, IO T03BOJISE
e(eKTUBHO KOHTPOJIIOBAaTH YMOBH PyXy Ha Iepexpe-
CTi, @ IOTIM IMHAMIYHO PEryJIOBaTH MaKCUMAaIIbHUHA
3esieHui yac cBitiaodopa. Kpim 1iporo, ontumisaiiio
MPOITYCKHOI 3/IaTHOCTI MEPEXpecTs pPO3MIIAAI0TH 1
1HIII aBTOpH, 30KpeMa, y poboTi [6] — i3 BUKOPUCTaH-
HSIM MYJIbTHAreHTHOIO MiJaXoay, y poooTi [7] — iepa-
PXIYHUX HEUITKHUX CUCTEeM, Y poOoTi [8] — meTomy ne-
TEKTyBaHHS MapIIPyTHUX TPAHCIIOPTHUX 3aco0iB
pH  KOOPJMHOBAHOMY CBITJIOPOPHOMY PETYJIO-
BaHHA Towlo. [Ipore y mux poborax He BpaxoBaHO
B32€MOJIIF0 TPAHCIIOPTHUX Ta MINIOXiJTHUX TOTOKIB.
Le siBuIIie JOCTIHKEHO Y PsAAl iHIIUX POOIT, 30KpemMa
[9] Ta [10], mpoTe y HUX HE PO3TIIIHYTO BILUIUB MIIIIO-
XiIHUX TOTOKIB Ha TPAHCIIOPTHI 3aTPHUMKH.

VY BiTuM3HAHIN JiTeparypi mpoOieMi 3HU-
JKEHHsI TPAHCIIOPTHUX 3aTPUMOK Ha TIIIOX1IHUX ITe-
pexonax mpucssiueHa npaus [11], y sxiit otpumano
aHAJIITHYHI 3aJIEKHOCTI [ BU3HAYEHHS BUTPAT 4acy
MINIOXOJiB 1 TPAHCHIOPTHUX 3acO0iB Ha peryibOBa-
HUX MIIIOXIIHUX Mepexo/ax i3 BUKIUUHUMHU MPUCT-
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posimu. [TpoTe 3aTpMMKH BUHHKAIOTH 1 Ha PeryIboBa-
HUX TIepeXpecTsX, MO JOCIiKeHo y podoTi [12], y
SIKif PO3TIISIHYTO BIUIMB IMTOBEAIHKY ITIIIOXOIB Ha JI0-
BXHHY 4Yepr TPaHCHOPTHUX 3aco0iB. Jns migBu-
IIeHHs Oe3MeKN Ta 3HIDKCHHS TPAHCIOPTHHUX 3aTPH-
MOK TIPOTIOHYETHCS 3MIHIOBATH TpUBAIICTH (ha3. He-
3BaKAIOUW Ha 1e, 301MbIIeHHS TPUBAJIOCTI MilIO-
XimHOT (pa3m MOXKe BIDTMHYTH Ha yTBOPEHHS 3aTOPIB.
ToMy MeTor0 pobOTH € MOCHTIIKEHHS B3aEMOIIT
TPaHCIIOPTHUX Ta MIMIOXiJJHUX ITOTOKIB 3 BHCOKOO 1H-
TEHCHBHICTIO Ha PETYJILOBAHUX TEPEXPECTsIX I MOK-
paILeHHs POIYCKHOI 31aTHOCTI TaKHX NEPEXPEeCTb.
Metoam pociaimkeHb. [ HoCHimIKEHHS Ia-
paMeTpiB TPaHCHOPTHUX MOTOKIB, 30KpeMa, TOBXKUHH
3aTOpiB, BUKOPUCTAHO MOJENb TPAHCIOPTHOTO IIO-
TOKY, IO BKIIIOYA€E MCUX0(i310JI0TIi9Hy MOZIENb Cli-
JlyBaHH:I 32 TPAHCIIOPTHUM 3aCO00M, SIKUH MepecyBa-
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Pucynok 1 — Cxema pyxy Ha nepexpecrti

€TBCS IONEPEy, JJIsl IOB30BKHBOTO PyXY TPAHCIIO-
PTHHX 3ac00iB Ta MOJIEJNb, sIKa 0a3yeThCs Ha MPaBU-
JaX JOPOXHBOTO PyXY, IUIsi OokoBoro pyxy. Lli mo-
nielti po3poOIieHi 3a pe3ynbTaTaMu J0CikeHb Bine-
mana [13, 14]. [l MoenroBaHHs MlIOXiAHUX TOTO-
KiB TakOX 3acTOCOBaHa Mojenb BinemaHna, sika rie-
penbavae He BIIbHUHN PyX IMIMIOXOJIB, a LiJIECIPSIMO-
BaHMH, 32 QHAJOTIE0 3 TPAHCIIOPTHUMHU MOTOKAMH.
Jlist oTprMaHHs eMIIPUYHUX HENiHIHNX 3aJIe:KHOC-
Tell TOBXXMHM 3aTOPiB BiJl iHTEHCUBHOCTEH KOH(IIIK-
TYIOUUX HIMIOXiAHUX Ta TPAHCIOPTHHUX ITOTOKIB BH-
KOPHCTaHO METO]l HAaiIMEHIIINX KBaJIPaTiB.

Pe3yabTaTu gociaigxeHb

JI71st MOKpalleHHs IPOITyCKHOI 3IaTHOCTI pery-
JIbOBAHUX TEPEXPECTh 13 BUCOKOK IHTEHCHBHICThH
KOH(QIIKTYIOUNX MIIIOXIJHUX Ta TPAHCIOPTHUX I10-
TOKIB CJIiJ{ IIPOBECTHU JIOCIIIPKEHHS JIOBXUHU TPaHC-
MOPTHUX 3aTPUMOK Ta BUSBUTU (AKTOPH, IO BILTU-
BalOTh Ha (hopMyBaHHs 3aTOpiB. [l 1[LOrO PO3TIIS-
HEMO YOTHUPUCTOPOHHE pETyJbOBaHE MEPEXpecTs
(puc. 1). Cxema nogazHoro po3’i3ay mpeacrabiicHa
Ha puc. 2. Y HanpsMky I-1I mepenbadeno Tpu cmyru
pyxy. Y HanpsMky III-IV Ta IV-III nepenbadero no
OJTHIM CMy3i ISl pyXy B KOXKHOMY HarpsMky. Ha yo-
CJIDKYBaHOMY II€PEXPECTI BCTAHOBJICHO JKOPCTKE

OB’ s13aH1 13 HEMOXIIUBICTIO POI3AY Yepe3 MiloXis-
HUH Tiepexijl y 3B’s3Ky 13 BHCOKOI 1HTEHCHBHICTIO
MIIIOX1THOTO PyXYy.
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PucyHnok 2 — Cxema moa3Horo po3’i3ay Ha MepexpecTi

Taka cxema oprauizaiiii JJOPOXXHBOI'O PyXy BiJi-
TIOBi/1a€ epexpecTio Ha npocnekTi CBoOoaM Ta ByIULI
I'nattoka y micti JIbBoBi. Ha 11iif AisiHIN BYJTMYHO-I0-
POXHBOI Mepexi Mmicta JIbBOBa CIOCTEpIra€ThCsi BH-
COKa IHTEHCHBHICTH MIIIOXiJIHOTO Ta TPAaHCIIOPTHOTO
pyxy. LlukiorpaMa Jyisi Takoro nepexpects Mae BH-
Ui, TIPEICTABIICHUH Ha puC. 3.
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Pucynok 3 — [{ukiorpama cBiTI0(pOpPHOTO
PEryJIIOBaHHS Ha MEPEXPecTi

Jns nocnmiyKeHHs 3a71eKHOCTI TOBKHUHH 3aTO-
piB BiJ iIHTCHCHBHOCTI TPAHCIOPTHHX Ta ITIIIOX1THIX
MOTOKIB PO3MITHYTO KOH(IIKTYIOUi TPaHCTIOPTHHUIA
notik I-1II ta mimoxigawii — I-11, 1I-1. ¥V cepenoummi
PTV Vissim 2021.00-06 3mo/1e150BaHO 1€ TEpeXpe-
CTA 13 TaKUMH TapaMeTpaMy: IIUPHUHA CMYTH IS
Pyxy — 3,5 M; IIUPHUHA MIIIOX1THUX IEPEXOIB — 4 M;
IUKI CBiTIHO(OpHOTO peryiroBaHHsa — 50 ¢; T03BiIb-
HUH curHan ceitTnodopa mist Hanpsamky I-11 — 20 c;
CyMapHa IHTEHCHBHICTb TPaHCHOPTHOTO MOTOKY Y
Hanpsmky [-11, I-III ta I-IV — 1500 aBT./rox; cymapHa
IHTEHCHBHICTh TPAHCIIOPTHOTO MOTOKY y HANPAMKY
III- TV, II-II — 30 aBT./rog; cymapHa iHTEHCHBHICTh
TPAHCIIOPTHOTO NOTOKY y HanpsMKy IV-III ta IV-II —
600 aBT./ro1. [HTEHCHBHICTH IPAaBOTIOBOPOTHOTO TpPa-
HenopTHOTo noToky [-I11 mix wac MoaemtoBaHHs 3Mi-
HIoBanacs y nianaszoni Big 100 go 700 aBT./rog i3 kpo-
koM 100 aBr./rox. IHTeHCHBHICTH HiMIOXiAHOTO TO-
toky I-II, II-I mig yac MonemtoBaHHs 3MiHIOBaIaCs Yy
nmianaszoni Big 500 mo 2000 oci6/rox i3 kpokom 500
ocib/rox. Buxigaumu nanumu Oyna iHdopmallist mpo
JIOBXUHY 3aTtopy y HanpsaMmky [-11. Pesynbratu mone-
JIFOBaHHS TIPEJICTaBIIeH] y Tabm. 1.

Taoauns 1
JloBxrHa 3aTOpiB, M, 3aJIEXKHO BiJ] IHTEHCUBHOCTI
KOH(QJIIIKTYIOUMX TPAHCIIOPTHUX Ta MIIIOXiAHUX MO-
TOKIB

[HTEHCHBHICTS IIIOXi- [HTEHCUBHICTH TPAHCTIOPTHOTO
nHoro notoky I-ILII-I, noroky I-111, aBT./rox
ocib/ron 100 | 250 | 400 | 550 | 700
500 78 161 | 182 | 288 | 362
1000 95 163 | 255 | 318 | 406
1500 98 172 | 262 | 320 | 410
2000 98 172 | 262 | 333 | 410

Ak 6aunmMo 13 TabnuIl 1 1OBXKKHA 3aTOPIB CYT-
TEBO 3aJICXKUTH BiJl IHTEHCUBHOCTI TPAaHCIIOPTHOTO
MOTOKY. TakoX CIIOCTEepIraeThCsl 3aJICKHICTh 3MiHU
IIFOTO TapaMeTpa BiJl IHTEHCHBHOCTI MIIIOXiIHOTO
moToky. IIpoTe i3 3poCcTaHHsAM IHTEHCHBHOCTI IMIIIO-
xigHoro motoky moHax 1000 ocib /rox goBKWHA 3a-
TOPIB 3MIHIOETHCSI HECYTTEBO.

OO6poOUBITIH pe3yIbTaTH MOJICITIOBAHHSA i3 3a-
CTOCYBaHHSIM METOJly HaliMEHIIIUX KBaJPaTiB, OTPU-
MaHa TaKa eMITpUYHA 3AICKHICTh JJIsI BU3HAUYCHHS
JIOBXKMHU 3aTOPIiB, M, 3aJIS)KHO Bijl IHTEHCUBHOCTI
KOH(MITIKTYIOUNX TPAHCTIOPTHUX Ta MIMIOXITHHUX IO-
TOKIB:

Ly = LANI7 (0,01 @+ Nyp)™"™,
1)

ne N, — IHTEeHCHBHICTh TINIOXiTHOTO TOTOKY,
oci6/ron; N, — IHTEHCHUBHICTh TPaHCIOPTHOTO TIO-
TOKY Ha MiAXOMi 10 Mepexpectsi, MOBOPOTHA YacTKa
SKOTO KOH(IIKTYe 13 MIMIOXiZHUM MOTOKOM,
aBT./TOJI; 0L — YacTKa MOBOPOTHOTO IMOTOKY, IO KOH-
(ImiKTYE 13 TIIOXiAHUM TOTOKOM, %.

Ha pucynky 4 npeacrasiieHa rpagidHa 3aiex-
HICTB JOBKWHH 3aTOPIB BiJl IHTEHCHBHOCTI KOH(IIIK-
TYHOUHX TPAHCIIOPTHUX Ta MIMIOX1THIX MOTOKIB.

ixTHOrO pyxy, oc/rox

JIOBAKHHA 3aTOPY, M
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Pucynok 4 — I'pacdivna 3aneKHICTh JOBKIUHH 3aTOPIB Bix

IHTCHCUBHOCTI KOHQIIKTYIOUHX TPAHCIIOPTHHX Ta ITIIIO-
X1HAX TTOTOKIB

Takox cril pO3TNISTHYTH BIUIMB HAasSBHOCTI Yy
CKJIaJli TPAHCTIOPTHOTO TTOTOKY PEHKOBHX TPAaHCIOPT-
HUX 32Cc00iB, OCKUJIBKH iX TIPUCYTHICTh MOXE CYTTEBO
BIUTMHYTH Ha MIPOIYCKHY 37aTHICTh miepexpecTs. Hepi-
JIKO BUHUKAE CUTYAIIisl, KOJIM TpaMBai He BCTUTAIOTh 3a-
BEPIINTH MPOI3/ Yepe3 nepexpecTs Ha TO3BUIbHHI CH-
rHaN cBiTIIodopa y 3B’A3KY 13 MPUCYTHICTIO TIONIEPETY
ITIIIOXO/IB, IKAM Y€ Ha I MOMEHT YBIMKHYJIOChH 3¢-
JICHE CBITJIO, Ta 3YNMHAIOTHCS HA TepexpecTi, OJIoKy-
F0UHM PYX Y JO3BOJICHUX CBITIO(QOPHUM PEryTIOBaHHSIM
HarpsiMkax. ToMy TIpOBeJICHO MOJIENTFOBAHHS TIepexpe-
CT$1, 300pa’KeHOT0 Ha PUCYHKY 1, i3 BpaxyBaHH;IM Hasi-
BHOCTI Yy CKJIaJll TPAHCHOPTHHUX IOTOKIB y HampsiMKax
HI-IV ta IV-II tpamBaiB. Pesynpratnn mMomemoBaHHS
TpeJIcTaBIeH] y TabuI 2.
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Taoaunsa 2

JloBxxrHa 3aTOPIB, M, 3aJICIKHO BiJl IHTCHCHBHOCTI
KOHQTIKTYIOYMX TPAHCIIOPTHHUX Ta MIIIOX1IHUX TTO0-
TOKIB 3 ypaxyBaHHSIM HAassBHOCTI TpaMBaiB

IHTeHCHBHICTD MIMIOXi- IHTEeHCHBHICTD TPAHCIIOPTHOTO
nHoro noroky I-ILII-1, noroky I-11, aBr./rox
ocib/ron 100 | 250 | 400 | 550 | 700
500 72 147 | 214 | 296 | 407
1000 97 159 | 282 | 326 | 415
1500 104 | 165 | 262 | 315 | 408
2000 121 | 149 | 265 | 314 | 411

SIKIO TIOPIBHATH PE3yNbTaTH MOJEIIOBAHHS
3aTOpiB y BUIIAJIKY i3 BpaXyBaHHSIM HassBHOCTI HEpeH-
KOBHUX TPaHCHOPTHHUX 3ac00iB 1 3 iX BiACYTHICTIO, MO-
JKHA 3pOOHUTH BHCHOBOK, ITI0 MOXKJIUBICTH TIOSIBH TPa-
MBasi Ha MEPEXPECTi CYTTEBO BIUIMBAE Ha JOBXKUHY
3atopy i Hanpsmky I-11.

OO6poOuBIIHN pe3yabTaTH MOJIETIOBAHHS i3 3a-
CTOCYBaHHSM METO/Iy HaMEHIINX KBaJpaTiB, OTPH-
MaHa TaKa eMIIipHYHa 3aJIS)KHICTh JJISI BU3HAUYCHHS
JIOBXKMHU 3aTOPIiB, M, Y 3aJIKHOCTI BiJl IHTCHCUBHO-
CTi KOH(IIKTYIOUNX TPAHCIIOPTHUX Ta MIMIOXiTHUX
MOTOKIB 13 BpaxyBaHHSAM HasBHOCTI HEPEHKOBHX Tpa-
HCTIOPTHHX 3aC00iB:

Lynp = 1L3IN7(0,01- @+ Ny )™ "

)

Ha puc. 5 mpencrasneno rpadiudy 3aexHIiCTh
JIOBKWHH 3aTOPIB BiJl iHTEHCUBHOCTI KOHQIIKTYIOUHX
TPAHCMOPTHUX Ta MIMIOXiMHUX MOTOKIB i3 BpaxyBaH-
HSIM HasIBHOCTI HEPEHKOBHX TPAHCIIOPTHUX 3aCO0IB.

450
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Pucynok 5 — I'padivna 3a5exHICTh JOBXHUHM 3aTOPIB BiJl
IHTEHCHBHOCTI KOH(IIKTYFOUMX TPAHCIIOPTHUX Ta MilIO-
X1JTHUX MTOTOKIB i3 BpaXyBaHHSIM HassBHOCTI HEPEHKOBUX
TPaHCIIOPTHUX 3aCO0iB

3 MeTOr0 3MEHIIICHHS 3aTOPiB Ha KOHQUIIKTYIO-
YHUX HANPsIMKaxX TPaHCTIIOPTHUX MOTOKIB IPH BUCOKUX
IHTEHCHBHOCTSAX TPAHCHOPTHOTO Ta MilIOXiAHOTO PYy-
XiB TIPOTIOHYETHCS 3MIHUTH IIPOTpamy CBITIIOQOPHOTO
pEeryroBaHHS i3 BHECEHHSM JIOJATKOBOI (a3, sika 0

JIO3BOJISUIA PYX IIIIOXOAaM y BCIX HampsMKaX, Y TOH
gac, SK JJI TPAHCIIOPTHHX 3aCO0IB Y BCIX HAMpsSMKax
pyx 3aboponenuit. [Ipu 1ipomMy miz 4ac JBOX HACTYII-
HUX (a3 pyx JO3BOJSETHCS JIMIIE TPAHCTIOPTHUM 3a-
cobawm, mimoxojaM — 3a00poHsieThes. Bigomo, mo cy-
MIIIaTH B OJHINA (a3l MOBOPOTHUH IMOTIK Ta ITOTIK ITi-
LIOXO/IB PEKOMEHYEThCS 32 YMOBH, SIKILIO i1HTEHCHB-
HICTh TAaKOT'0 TMIOTOKY He niepeutye 120 aBT./rox, a iH-
TEHCHUBHICTP MIIIOXIJHOTO MOTOKY He nepeButrye 900
yoi./ron. Tomy mma 3abe3neyeHHs «Oe3KOHQUIIKT-
HOTO» TPOITYCKYy MIIIOXOAIiB MPOMOHYETHCS BBECTH
nonatkoBy 3-1o (azy. Llukmorpama asist Takoro mepex-
pecTs i3 ypaxyBaHHSIM HassBHOCTI TPEThOT (ha3u s Iii-
LIOXO/IiB MaTUME BUIJISA, IPECTaBICHUH Ha puC. 6.

cTiu (T I

cruL v = e
curLu I

crL 1v
| | | | |

] 10 20 30 40 50 60

PucyHok 6 - [{uxorpama tprdasHoro cBitiopopHOro
peryJIIOBaHHS Ha IepexXpecTi

[pu monenmtoBanHi y cepenosut PTV Vissim
2021.00-06 1tk cBITIOQOPHOTO peryIroBaHHS OyB
30inbmennit Ha 13 ¢, 10 3 sIKUX A7 IPOMYCKY MiMIo-
XOJIIB Y BCIX HampsMKax, 3 — Ha JOJATKOBHM TaKT.
Pe3ynbratn MonemoBaHHS i3 ypaxyBaHHSIM BBe-
JIEeHHs TPpU(aA3HOTO CBITIO(OPHOTO PETYIIOBAHHA,
KOJIM 0J1HA 13 (ha3 TO3BOIISIE PyX JIUIE MIIIOX0JaM Ha-
BeJieH1 y Ta0wmii 3.

Taoauna 3

JloBxrHA 3aTOPIB, M, 3aJIIKHO BiJl IHTCHCHB-
HOCTI KOH(QTIKTYFOUMX TPAHCTIOPTHHUX Ta MilIOXi[I-
HUX MTOTOKIB ITiCJIsI BBeIeHHS TpUGa3HOTO CBiTI0(dO-
PHOTO peryJroBaHHs;, KOJIH OfHa i3 (a3 103BOIIsIE
PYX JIHIIE MiIoX0aam

Bulletin of Lviv State University of Life Safety, Ne23, 2021

[HTEHCHBHICTE MHIIOXi- [HTeHCHBHICTH TPAHCIIOPTHOTO
nnoro notoky I-ILII-1, noroky I-1I1, aBr./rox
oci6/rox 100 | 250 | 400 | 550 | 700
be3 peiikoBUX TPpaHCTIOPTHUX 3aCO0iB
500 29 44 147 | 232 | 322
1000 29 46 155 | 213 | 305
1500 29 48 131 | 253 | 294
2000 29 47 155 | 235 | 294
I3 peiikoBUMH TPAHCIIOPTHUMHE 3aCO0aAMU
500 63 113 | 230 | 280 | 345
1000 90 135 | 240 | 342 | 387
1500 79 125 | 223 | 292 | 391
2000 68 115 | 206 | 289 | 353
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Sk GaurMo, Ipy BBEeAECHHI TpHU()Aa3HOTO CBITIIO-
(OpHOTO PEryJOBaHHs, KOJIM OJIHA i3 (a3 103BOJIsE
PYX JIMIIE MIIOX0AaM, JOBXKHHA 3aTOPIB y BUMAIKY
0e3 HasBHOCTI PEHKOBHX TPAHCIIOPTHHUX 3acO0iB Ha
MepexpecTi 3MEHITYEThCS B cepeqaboMy Ha 45,3 % 1
MaJIO 3aJISKUTh Bl IHTEHCUBHOCTI MIIIOXiTHHUX IIO-
TokiB. Ilpu mpomy, cnig 3ayBa)kMTH, IO 3aCTOCY-
BaHHS Tpr(a3HOTO CBITIIOPOPHOTO PETYIIOBAHHS, ¥
BHIIAJKY HASBHOCTI peHKOBUX TPAHCTIOPTHHX 3aC00iB
HE 3aBXIU Ja€ MO3UTUBHUM pe3ynbTat. Tak, Hanpu-
KJ1aJ1, 47151 iHTeHCUBHOCTI TPAHCHOPTHOTO MOTOKY 400
aBT/roj Ta mmoxigHoro — 500 ocid/rox, Takuii 3axig
CIPUYMHHUTH 3POCTAHHS JOBKUHH 3aTOpiB Ha 7,5 %.
Tomy 3a HassBHOCTI PEHKOBUX TPAHCIOPTHUX 3aC0O0iB
Ha TIepeXpecTi ciij oOTpyHTOBYBATH 3aCTOCYBaHHS
TaKOro 3aX0/y Ha OCHOBI MOJEIIOBAaHHS CXEMH Opra-
Hi3alil JOpPO’KHBOTO PyXy Ha MEpeXpecTi i3 BBEACH-
HSM IapaMeTpiB AOPOKHBOI'O PyXy, OTPUMAaHUX Ha
MiJICTaBl HATYPHUX JAOCITIKCHb.

BucHoBku. J{ociimpKeHHs mapaMeTpiB TOpOxK-
HBOTO Ta MIIIOXIHOTO PyXy Ha MepexpecTi MoKa-
3aJTy, 0 JTOBXKHIHA 3aTOPiB CYTTEBO 3aJIEKUTh BiJT iH-
TEHCHBHOCTI PyXy TPaHCHOPTHOTO MOTOKY, MPOTE i3
3pOCTaHHSAM 1HTEHCHBHOCTI PyXy MilIOXiJHOTO TO-
Toky rmoHan 1000 ocib /rom JOBXKMHA 3aTOPIB 3MiHIO-
€THCS HECYTTEBO. Y BHUITAJKY HasIBHOCTI Ha Tij {31aX
JI0 TIEPEXPECTs HEPEHKOBUX TPAHCIIOPTHUX 3acO0iB
JIOBXKMHA 3aTOPIB 3pOCTa€ B cepeaHboMy Ha 1,14 %
Ta CyTTEBO 3AJICKUTH Bijl IHTEHCHBHOCTEH PyXy Tpa-
HCIIOPTHOT'O Ta MIIIOX1THOTO MOTOKIB.

[pu BBeenHi TpudazHOTO CBITIOPOPHOTO pe-
T'YJIOBaHHS, KOJIM O/THA 13 (a3 TO3BOJISIE PYX JIUIIIE ITi-
LI0X0/1aM, IOBKMHA 3aTOPiB y BUNAAKY, SKIIO Ha i JI-
X0/Iax JIO MepexpecTsi HeMae PeHKOBUX TPAaHCIOPT-
HHUX 3ac00iB, 3SMEHIIYETHCS B cepeqHboMy Ha 45,3 %
1 MaJIO 3aJIEKUTH Bill IHTEHCUBHOCTI MIMIOXITHUX I10-
TOKIB. Y BHIIAJIKy, SKIIO Ha IMiX0AaX JI0 IePeXpecTs
€ peHKOBI TPaHCHOPTHI 3acO0M, JOBKHHA 3aTOPIB
3MEHIIYEThCS B cepeqHboMy Ha 13,7 %, npore y ne-
SKHX BHIAJKaX MOXKE 3pOCTATH.

Mertoarka nmpoBeIeHHS TOCHiKEHb, 110 Mpe/l-
CTaBJIeHa y JaHiil poOOTi, MOXke OyTH BHKOpHCTaHa
JUTS TIEPEXPECTh 13 1HIIOK0 CXEMOF0 OpraHi3allii 1opo-
KHBOTO PYXY 3 METOI0 OOIPYHTYBaHHS JIOMIJILHOCTI
BBeJIeHHS Tpu(]Pa3sHOTO CBITIOPOPHOTO PETYIIO-
BaHHS, KOJH OJTHA i3 (a3 J03BOJIAE PYyX JIHIIE ITIlIO-
XoAaM. BUXiTHUMH TaHUMU J1J1s1 BUSHAYEHHS JAOII1ITb-
HOCTI BBEJIGHHSI TPU(PA3ZHOTO CBITIO(OPHOTO pery-
JIIOBaHHSA € IHTEHCHBHICTh TPAHCIIOPTHHUX Ta MiIIOXi-
JHUX MMOTOKIB Ha MIAXO0II 10 IEPEXPECTS, a TAKOXK Ya-
CTKa IMOBEPTIOYOT0 TPAHCIIOPTHOTO MOTOKY, 1110 KOH-
¢mikrye 3 mimoxigHuM. OTpuMaHe 3HAYEHHS J10B-
KHUHU 3aTOpy, po3paxoBane 3a popmynamu (1) uu (2)
3aJIeKHO BiJI TOTO, UM HASIBHUNA PyX PEMKOBHX TpaHC-
MOPTHUX 3ac00IB HA MEPEXPEeCTi, CIiJl MOPIBHATH i3
TaOJMYHUMHU 3HaYeHHSIMH 3 Tabnuui 3. Y pasi oTpu-

MaHHSI IPOMDKHUX 3HAYCHb IHTCHCHUBHOCTI TPAHCTIO-
PTHUX Ta MIIMIOXiTHUX TIOTOKIB CJIiJ] 32aCTOCYBAaTH Me-
TON JiHIAHOI iHTepmosmii. Skmo TabmuyHe 3Ha-
YCHHSI JJOBXKUHU 3aTOpy OyJIe MEHIIIUM Bijl 3HAYCHHS,
sIKe po3paxoBaHe 3a 3ayexHoTsMHu (1) um (2), Ha 1me-
PEeXpecTi JOWITFHO BBOAUTH TPeTIO a3y cBiTmodop-
HOTO PETYJIIOBAHHS JUIS MTPOMYCKY MIIIOXO/IB.

Cnucok Jitepatypu

1. Penkac, A. Ta ToBapscekuit, B. (2020). [o-
CITIJDKEHHS OpraHizallii JOpoXKHOIO PyXy Ha Peryibo-
BaHUX TEPEXPECTIX 3 IHTCHCHUBHHUM INIIOXiTHAM py-
XOM. Bceykpaincbka HayKoso-mexHiuHa KoHepeHyis
«Cyuachi menoenyii' po3eumKy MauuHoOyO0Veants ma
mparncnopmy» Mamepianu kougepenyii, KpemeHdayk:
KpHY, 11-13 nucromama 2020 p., c. 170-172.
https://sci.ldubgd.edu.ua/bitstream/123456789/7190/3/
%d0%92%d1%80%d0%b5%d0%hbcY%d0%hb5%d0%bd
%0d1%87%d1%83%d0%hba%20%d1%82%d0%b5%d
0%hb7%d0%b8.pdf

2. Novikov, A., Katunin, A., Novikov, I., &
Shevtsova, A. (2017). Research of influence of dy-
namic characteristics for options controlled intersec-
tion. Procedia Engineering, 187, 664-671.
https://doi.org/10.1016/j.proeng.2017.04.429

3. Shi, J., Sun, Y., Schonfeld, P., & Qi, J.
(2017). Joint optimization of tram timetables and sig-
nal timing adjustments at intersections. Transporta-
tion Research Part C: Emerging Technologies, 83,
104-119. https://doi.org/10.1016/j.trc.2017.07.014

4. Coogan, S., Flores, C., & Varaiya, P. (2017).
Traffic predictive control from low-rank struc-
ture. Transportation Research Part B: Methodologi-
cal, 97, 1-22. https://doi.org/10.1016/j.trb.2016.11.013

5. Shiri, M. S., & Maleki, H. R. (2017). Maxi-
mum green time settings for traffic-actuated signal
control at isolated intersections using fuzzy logic. In-
ternational Journal of Fuzzy Systems, 19(1), 247-256.
https://doi.org/10.1007/s40815-016-0143-7

6. Xu, M., An, K., Vu, L. H., Ye, Z,, Feng, J.,
& Chen, E. (2019). Optimizing multi-agent based ur-
ban traffic signal control system. Journal of Intelli-
gent Transportation Systems,  23(4), 357-369.
https://doi.org/10.1080/15472450.2018.1501273

7. Li, Runmei, and Shujing Xu. (2020). Traffic
Signal Control Using Genetic Decomposed Fuzzy
Systems. International Journal of Fuzzy Systems,
22.6, 1939-1947. https://doi.org/10.1007/s40815-
020-00840-x

8. Yang, M., Sun, G., Wang, W., Sun, X., Ding, J.,
& Han, J. (2018). Evaluation of the pre-detective signal
priority for bus rapid transit: coordinating the primary and
secondary intersections. Transport, 33(1), 41-51.
https://doi.org/10.3846/16484142.2015.1004556

9. Zheng, Y., Elefteriadou, L., Chase, T.,
Schroeder, B., & Sisiopiku, V. (2016). Pedestrian traffic
operations in urban networks. Transportation research

66

Bicnux JITYBAKI, Ne23, 2021


https://doi.org/10.1016/j.proeng.2017.04.429
https://doi.org/10.1016/j.trc.2017.07.014
https://doi.org/10.1016/j.trb.2016.11.013
https://doi.org/10.1007/s40815-016-0143-7
https://doi.org/10.1007/s40815-020-00840-x
https://doi.org/10.1007/s40815-020-00840-x
https://doi.org/10.3846/16484142.2015.1004556

procedia, 15, 137-149. https://doi.org/10.1016/j.trpro.
2016.06.012.

10. Zhang, Y., Gao, K., Zhang, Y., & Su, R.
(2018). Traffic light scheduling for pedestrian-vehi-
cle mixed-flow networks. IEEE Transactions on In-
telligent Transportation Systems, 20(4), 1468-1483.
https://doi.org/10.1109/TITS.2018.2852646

11. I'pumyss O. M. OOrpyHTYBaHHS partio-
HaJbHUX PEKHUMIB CBITIO(QOPHOTO PETYTIOBAHHS 3
ypaxyBaHHSIM XapaKTePUCTUK TPAHCIOPTHHUX II0-
TOKIB 1 MOBEIIHKH MIIIOXO/IB ;| AUCEPTAaLlis Ha 370-
OyTTS HAYKOBOI'O CTYINEHS KaHIUIATa TEXHIYHUX
Hayk : 05.22.01. — HY «JII1», JIeBiB, 2019. — 167 c.

12. T'op6auos, I1. ®., Makapiues, O. B., & Ara-
Maniok, I'. B. (2019). JocmimkeHHsT 3aTpHMOK ydac-
HUKIB pyXy IIiJT 9ac IIepeTHHAHHS ITIII0X0IaMH BYIIHITH
1 JIOpir uepe3 perysiboBaHi MIOXiaHI Mepexoau. 46mo-
MobinbHUll  mpancnopm, Bull. 44, c.  40-49.
https://doi.org/10.30977/AT.2219-8342.2019.44.0.40

13. Wiedemann, R. (1974). Simulation des
Straflenverkehrsflusses. Schriftenreihe des Instituts
fir Verkehrswesen der Universitit, Karlsruher,
Deutschland.

14. Wiedemann, R. (1991). Modeling of RTI-
Elements on multi-lane roads. In: Advanced
Telematics in Road Transport edited by the
Commission of the European Community, DG XIlII,
Brussels, Belgium.

References

1. Renkas, A., & Tovaryansky, V. (2020). Re-
search of traffic organization at regulated intersec-
tions with heavy pedestrian traffic. All-Ukrainian sci-
entific and technical conference "Modern trends in
the development of mechanical engineering and
transport” Conference proceedings, Kremenchuk:
KrNU, November 11-13, 2020, p. 170-
172.https://sci.ldubgd.edu.ua/bit-
stream/123456789/7190/3/%d0%9a%d1%80%d0%b
5%d0%hbc%d0%b5%d0%bd%d1%87%d1%83%d0
%ba%20%d1%82%d0%b5%d0%b7%d0%b8.pdf

2. Novikov, A., Katunin, A., Novikov, I., &
Shevtsova, A. (2017). Research of influence of dy-
namic characteristics for options controlled intersec-
tion. Procedia Engineering, 187, 664-671.
https://doi.org/10.1016/j.proeng.2017.04.429

3. Shi, J., Sun, Y., Schonfeld, P., & Qi, J.
(2017). Joint optimization of tram timetables and sig-
nal timing adjustments at intersections. Transporta-
tion Research Part C: Emerging Technologies, 83,
104-119. https://doi.org/10.1016/j.trc.2017.07.014

* HaykoBO-MeTOAUYHA CTATTH

4. Coogan, S., Flores, C., & Varaiya, P. (2017).
Traffic predictive control from low-rank struc-
ture. Transportation Research Part B: Methodologi-
cal, 97, 1-22. https://doi.org/10.1016/j.trb.2016.11.013

5. Shiri, M. S., & Maleki, H. R. (2017). Maxi-
mum green time settings for traffic-actuated signal
control at isolated intersections using fuzzy logic. In-
ternational Journal of Fuzzy Systems, 19(1), 247-256.
https://doi.org/10.1007/s40815-016-0143-7

6. Xu, M., An, K., Vu, L. H,, Ye, Z,, Feng, J.,
& Chen, E. (2019). Optimizing multi-agent based ur-
ban traffic signal control system. Journal of Intelli-
gent Transportation Systems,  23(4), 357-369.
https://doi.org/10.1080/15472450.2018.1501273

7. Li, Runmei, and Shujing Xu. (2020). Traffic
Signal Control Using Genetic Decomposed Fuzzy
Systems. International Journal of Fuzzy Systems,
22.6, 1939-1947. https://doi.org/10.1007/s40815-
020-00840-x

8. Yang, M., Sun, G., Wang, W., Sun, X., Ding, J.,
& Han, J. (2018). Evaluation of the pre-detective signal
priority for bus rapid transit: coordinating the primary and
secondary intersections. Transport, 33(1), 41-51.
https://doi.org/10.3846/16484142.2015.1004556

9. Zheng, Y., Elefteriadou, L., Chase, T,
Schroeder, B., & Sisiopiku, V. (2016). Pedestrian traffic
operations in urban networks. Transportation research
procedia, 15, 137-149. https://doi.org/10.1016/
j.trpro.2016.06.012

10. Zhang, Y., Gao, K., Zhang, Y., & Su, R.
(2018). Traffic light scheduling for pedestrian-vehi-
cle mixed-flow networks. IEEE Transactions on In-
telligent Transportation Systems, 20(4), 1468-1483.
https://doi.org/10.1109/TITS.2018.2852646

11. Hrytsun O.M. (2019). Justification of ra-
tional regimes of traffic light control taking into ac-
count traffic flow characteristics and pedestrian be-
haviour. Dissertation Abstract for Cand. Sc. (Engi-
neering). 05.22.01, NU «LP», Lviv, Ukraine.

12. T'op6auos, I1. ®., Makapiues, O. B., &
Atamantok, I'. B. (2019). Investigation of Average
Delays of Road Users at Signalized Pedestrian Cross-
ings. Automobile transport, vol. 44, pp. 40-49.
https://doi.org/10.30977/AT.2219-
8342.2019.44.0.40

13. Wiedemann, R. (1974). Simulation of road
traffic flow. Series of publications by the Institute for
Transport at the University, Karlsruhe, Germany.

14. Wiedemann, R. (1991). Modelling of RTI-EI-
ements on multi-lane roads. In: Advanced Telematics in
Road Transport edited by the Commission of the Euro-
pean Community, DG XIII, Brussels, Belgium.

Bulletin of Lviv State University of Life Safety, Ne23, 2021

67


https://journal.ldubgd.edu.ua/index.php/index
https://doi.org/10.1016/j.trpro.%202016.06.012
https://doi.org/10.1016/j.trpro.%202016.06.012
https://doi.org/10.1109/TITS.2018.2852646
https://doi.org/10.1016/j.proeng.2017.04.429
https://doi.org/10.1016/j.trc.2017.07.014
https://doi.org/10.1016/j.trb.2016.11.013
https://doi.org/10.1007/s40815-016-0143-7
https://doi.org/10.1007/s40815-020-00840-x
https://doi.org/10.1007/s40815-020-00840-x
https://doi.org/10.3846/16484142.2015.1004556
https://doi.org/10.1016/%20j.trpro.2016.06.012
https://doi.org/10.1016/%20j.trpro.2016.06.012
https://doi.org/10.1109/TITS.2018.2852646

