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BIIJIUB BYJIMYHOT'O ITAPKYBAHHSA HA 3ATPUMKU TPAHCIIOPTHOI'O
IIOTOKY

IIpo6aema. [IpoBenenuii aHami3 NMokasas, IO MapKyBaHHS B3JOBX MICBKUX BYJHIb y IIEHTPAJIbHUX paioHaX
YacTO YCKIJIAJHIOE NEPECyBaHHS IPOMAJCHKOrO TPAHCIOPTY Ta CIIEliani30BaHUX TPAHCHOPTHHX 3aco0iB. 3amapkoBaHi
MaIlHU 3MEHIIYIOTh TIPOMYCKHY 37aTHICTh BYJIMYHO-A0pOXKHBOT Mepexi Ha 20—40%, 10 CIOBIIBHIOE PYX TPAaHCIIOPTY
1 IMiABHIIy€e WMOBIPHICTD aBapiHUX CHTYyalii. 31 301IbIICHHSIM KUTBKOCTI aBTOMOOLITIB B YKpaiHi MUTaHHS OpraHizarii
Miclb JJIsl TAPKyBaHHS CTa€ Jiefalli TOCTPILIM, OCKUIBKH 3POCTAHHS KUIBKOCTI aBTO YCKJIaJHIOE OOJIAIITYBaHHS HOBUX
MapKyBalbHUX 30H.

Jus Toro mo6 migBHOINTH e(pEeKTHBHICTE POOOTH TpPaHCIOPTHOI Mepexi, HEOOXiTHO BIPOBAIKYBaTH HOBI
OpraHizamiitHi 3aX01u, SKi CIPUSATHMYTh 30UTBIIEHHIO MPOIYCKHOI 3ATHOCTI BYJIHMYHO-TOPOKHBOI MEPEXI y MICITIX 3
aKTHBHUM IapKyBaHHsIM. OcoOnmBa yBara NMOBHHHA OyTH 30CEpe/KeHa Ha MEPEXpecTsX, A€ MapKyBaHHI OOMEXYe
OTJIAIOBICT Ta 3MCHIINYE IHTCHCHUBHICTH pyXy. TakoX BaKIMBHMHU € NOUITHKH, J¢ BigOyBaeThcs B’i3M 1 BHI3E 3
NapKyBaJbHUX MaillaHYMKiB.

Meta. MonenmoBaHHs BIUIMBY BYJIMYHOTO NMapKyBaHHs Ha 3aTPUMKHU TPAHCIIOPTHOTO MOTOKY B 30HI JUISHOK MiX
MepeXPeCcTAMHU.

Metoam mpociimkenns. [y BupimeHHs npo0OaeMy MapKyBaHHS aBTOMOOLUIIB y MicTaX BaXKJIHBY POJIb Biirpae
BUKOPHCTAHHSI BYJIMYHHUX MapKoBOK. OyHaK IXHiIi OCHOBHHMI HENOJIK IOJISITa€ Yy HEraTHBHOMY BIUIMBI Ha MPOITYCKHY
3JIaTHICTh BYJIUYHO-IOPOXKHBOI Mepexi. ToMy KIIOYOBUM KpPHUTEPiEM OI[HKHM LIbOTO BUAY TAapKyBaHHS € BH3HAYCHHS
HOTo BIUIMBY Ha MPOITYCKHY 3[aTHICTb.

Ha npomyckHy 31aTHICT BIUIMBa€ 0araTto YMHHHUKIB: YMOBH JIOPOTH, CKJIaJ TPAHCIIOPTHOTO ITOTOKY, MOTOMHI
YMOBH, IICUXO0(]i310JI0TI9HI 0cOOIMBOCTI BOIiB Ta iHIIe. 3MiHA WX MapaMeTpiB MOKEe 3HAYHO 3MIiHIOBATH IIPOITyCKHY
3IaTHICTH Y Pi3HI Mepioan K00, MicAIls, Ce30HY abo POKy.

OtmiHKa BIUITMBY BYJIMYHOTO IApKyBaHHS HA MIPOITyCKHY 3JaTHICTH JTOPOXHBOI Mepexi NoTpeOye Miaxomy, SKUH
BPaxOBYE Pi3HI CXEMH PO3TAIlyBaHHS aBTOMOOLTIB Ha MPOi3HIi YacTUHI. 3HIKCHHS IPOITYCKHOI 3JaTHOCTI CIIPUYNHECHE
3MEHILIEHHSIM IIBHIKOCTI TPAHCIIOPTHOTO MOTOKY, LIO € BAXJIMBOIO XapaKTEPUCTUKOIO PYXy 1 CyTTEBO BIUIMBAE Ha
e(eKTUBHICTh BUKOPUCTAHHS BYJIMYHOI MEPEKi.

Jnsi MoJenroBaHHS BIUIMBY BYJIMYHOTO NapKyBaHHsS Ha 3aTPUMKH TPAHCIIOPTHOTO TIOTOKY HEOOXiJHO
BpaxoBYBaTH Taki MmapaMmeTpH, sIK 4ac 1 4acToTa MpuOyTTs aBTOMOOLIIB, TPUBAIICTh IX CTOSHKH, JOBXKUHY Yeprd Ta
€MHICTb CTOSIHKM. Tako)X BaXJIMBO 3Ba)KaTH Ha BapTICTh MAapPKyBaHHs, IH(QOPMAII0 NPO 3alHATICTH CTOSHKU 1
MapIIpyTH TPOMACHKOro TpancnopTy. OCKUIbKH OLIBIIICTh KX MapaMeTPiB MAtOTh BUIMAJAKOBUI XapakTep, iMiTalliiiHe
MOJICTIOBAaHHSI € €()eKTHBHUM IHCTPYMEHTOM JJIsl TPOTHO3YBAHHS.

OcHoBHi pe3yabTaTn aocaimxeHHs. [ mociipkeHHs oOpaHO IUISHKK IEHTpaidbHOI dacTwHU JIpBOBa 3
IHTCHCUBHUM pPYXOM, J€ AaBTOMOOIN MapKyIOThCS IO-pi3HOMY OULIA TpOi3HOI YacTWHHU. AHANI3 TMPOBEICHO 3a
JonomMoroio nporpamaoro cepefosuma PTV Vissim. BuBueHo mpuumHM, IO BIUIMBAIOTh HA HIBHIKICTH PyXy Ta
MPOITYyCKHY 3/IaTHICTh BYJIMIIb Yepe3 HasBHICTH MapKyBaHHs. CTBOPEHO iMiTamiifHy MOJEib, SKa I03BOJHIA OLHUTH
poOOTY JUISHOK 3 TO3BOJICHOIO CTOSIHKOIO 1 03 Hel, a TaK0oK BIUIMB TPUBAJIOCTI NMApKyBaHHs Ha CEPEeIHIO MIBHIKICTh
MOTOKY Ta 3aTPUMKHU. Pe3ynbTaTi mokasai, 1o JUis MiIBUIIEHHS MPOIYCKHOI 3JaTHOCTI 1 IIBUJKOCTI TPAHCIIOPTY MPH
MPOEKTYBaHHI MapalielIbHUX BYJIMYHUX CTOSHOK HEOOXIJIHO BCTAaHOBIIOBATH OOMEKEHHS Ha TPHUBAIICTH IapKyBaHHS.
CepeHsi TPaHCIIOPTHA 3aTPUMKA € HAWHIDKYOIO NP TpuBaiocTi mapkyBauus 900 ¢ i 1800 ¢, BIAMOBIAHO CTAHOBJISIYU
6,34 ta 6,45 c/aBTomMo00inb. 1le Bkasye Ha Te, IO NpH JOBIIOMY 4Yaci MapKyBaHHS BOZIl MarOTh Oijblile MOKJINBOCTEH
Julsl O€3MepeIKoJHOTO BHi3y, IO CHpHUSE 3HWKEHHIO 3aTPUMOK y TpaHCIOPTHOMY mortoui. Haiibinpma 3arpumka
CIIOCTEpIraeTbesl MpH TpuBanocTi mapkyBanHs 300 ¢ Ha mpaBili cMmysi, ne BoHa jocsirae 9,43 c/aBromoOins. Lle,
HMOBIpHO, IOB'SI3aHO 3 YaCTUMH 3YIMUHKAMH aBTOMOOLUTIB, IO JAlOTh JOPOTY THUM, XTO BHUDKIDKA€E 31 cTOSHKH. Taki
3aTPUMKH MOXYTh 301IbIITYBaTH 3arajbHUM Yac NepecyBaHHs Ha MEBHIH UISHIN JJOPOTH, 0 HEraTHBHO MO3HAYAETHCS
Ha e(peKTHBHOCTI TPAHCIIOPTHOTO TIOTOKY Ta CTBOPIOE JIOJAATKOBI HE3PYYHOCTI s BOJITB. BpaxyBaHHS IIUX IMOKa3HUKIB
€ BaXXJIMBUM IIpH IJIaHYBaHHI MapKyBaJIbHUX 30H JUISl ONTHMI3alii pyXy Ta 3MEHIIEHHS 3aTPUMOK.

BucHOBKH Ta KOHKPeTHI Npono3uuii aBTopis. Pe3yasTaTi MOoJentoBaHHs BIUIMBY BYJIHMYHOIO MAapKyBaHHsS Ha
3aTPUMKH TPAHCIIOPTHOTO TIOTOKY, MPOBEJIEH] 3a JA0MOMOror mporpamHoro 3abesnederds PTV VISSIM, nokasyooTs,
M0 TiJ 4Yac TNPOEKTYBaHHS BYJIMYHOTO IapKyBaHHsS, PpO3TAIIOBAHOIO MapajielbHO JO TPOTyapy, IOLIIBHO
BCTAHOBIIIOBATH OOMEXEHHS Ha TPUBANICTh CTOSHKU. lle crhpusaTHMe MiABUIICHHIO NPOIYCKHOI CIPOMOXHOCTI
BYJIMYHO-JJOPOXKHBOT MEpEXi Ta 301IBIIEHHIO CEpeIHBOI MIBUIKOCTI PyXy TPAHCIIOPTHUX 3ac00iB. BCcTaHOBIEHHS TaKnX
0o0MeXeHb TaKOXX MO3BOJINTH MIiHIMI3yBaTH 3aTPUMKH B PYyCi, IO MO3UTHBHO BIUIMHE Ha 3arajbHy €(QEeKTHBHICTh
TPaHCIIOPTHOT'O TIOTOKY 1 3MEHIIUTH PiBEHb 3aTOPiB, 0COOINBO y TOANHH TIiK.
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JOCIIIJPKEHHS, MOJICIIIOBAHHS PyXY, IIBUIKICTh PYyXY, IHTGHCHBHICTh PYXy, PIBEHb 3aBaHTa)KCHHS, JOBXHHA YEprH,
TPaHCIIOPTHI 3aTPUMKH.
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IMPACT OF STREET PARKING ON TRAFFIC FLOW DELAYS
Problem. The conducted analysis showed that parking along city streets in central areas often complicates the

movement of public transport and specialized vehicles. Parked cars reduce the capacity of the road network by 20-40%,
which slows down traffic and increases the likelihood of accidents. With the increase in the number of cars in Ukraine,
the issue of organizing parking spaces is becoming increasingly acute, as the growth in the number of cars complicates
the arrangement of new parking areas.

In order to increase the efficiency of the transport network, it is necessary to implement new organizational
measures that will contribute to increasing the capacity of the street-road network in places with active parking. Special
attention should be focused on intersections, where parking limits visibility and reduces traffic intensity. Areas where
entry and exit from parking lots are also important.

Goal. Modeling the impact of street parking on traffic flow delays in the area between intersections.

Research methods. The use of street parking lots plays an important role in solving the problem of car parking
in cities. However, their main drawback is the negative impact on the capacity of the road network. Therefore, the key
criterion for evaluating this type of parking is determining its impact on throughput.

Capacity is affected by many factors: road conditions, composition of traffic flow, weather conditions,
psychophysiological characteristics of drivers, etc. Changing these parameters can significantly change throughput at
different times of the day, month, season, or year.

Estimating the impact of street parking on the capacity of the road network requires an approach that takes into
account different patterns of car placement on the roadway. The decrease in throughput is caused by a decrease in the
speed of traffic flow, which is an important characteristic of traffic and significantly affects the efficiency of using the
street network.

To model the impact of street parking on traffic delays, it is necessary to take into account such parameters as the
time and frequency of the arrival of cars, the duration of their parking, the length of the queue and the capacity of the
parking lot. It is also important to pay attention to the cost of parking, information about the occupancy of the parking
lot and public transport routes. Since most of these parameters are random in nature, simulation modeling is an effective
tool for prediction.

The main results of the study. Areas of the central part of Lviv with heavy traffic were chosen for the study,
where cars are parked in different ways near the roadway. The analysis was carried out using the PTV Vissim software
environment. The reasons affecting the speed of traffic and the capacity of the streets due to the presence of parking
have been studied. A simulation model was created that made it possible to evaluate the operation of areas with and
without permitted parking, as well as the impact of parking duration on the average flow speed and delay. The results
showed that in order to increase the capacity and speed of transport when designing parallel street parking lots, it is
necessary to set limits on the duration of parking. The average traffic delay is the lowest for parking durations of 900 s
and 1800 s, being 6.34 and 6.45 s/car, respectively. This indicates that with a longer parking time, drivers have more
opportunities to exit without obstruction, which helps to reduce delays in the traffic flow. The biggest delay is observed

with a parking duration of 300 s in the right lane, where it reaches 9.43 s/car. This is probably due to the frequent stops



of cars, giving way to those leaving the parking lot. Such delays can increase the total travel time on a certain section of
the road, which negatively affects the efficiency of traffic flow and creates additional inconvenience for drivers. Taking
these indicators into account is important when planning parking zones to optimize traffic and reduce delays.

Conclusions and specific proposals of the authors. The results of modeling the impact of on-street parking on
traffic flow delays, carried out using the PTV VISSIM software, show that when designing on-street parking parallel to
the pavement, it is advisable to set limits on the duration of parking. This will help to increase the capacity of the road
network and increase the average speed of vehicles. The establishment of such restrictions will also minimize traffic
delays, which will positively affect the overall efficiency of traffic flow and reduce the level of congestion, especially
during peak hours.

Keywords: traffic flow, street-road network, capacity, field studies, traffic simulation, traffic speed, traffic
intensity, load level, queue length, traffic delays.

Beryn. [TapkyBaHHS B3J0BXK BYJHUIb Yy LEHTPAJIbHUX PaliOHAX MICT 4acTO YCKIJIAQIHIOE PyX
rPOMaJICBKOTO TPAHCIIOPTY Ta OMEPATUBHUX TPAHCHOPTHUX 3ac00iB. Uepes 3amapkoBaHi aBTOMOO1T
NPOMYCKHA 3[JaTHICTh BYJIUIb 3HIKY€EThCS Ha 20 — 40%, a cepeiHs MBUAKICTh PyXY 3MEHIITYEThCA,
Mo 30UIbLIyE PH3UK YTBOPEHHS JOPOXXKHBO-TpaHcmopTHux mnomid [1-3]. 3i 3pocranHsIM
aBToMOOimi3anii B Ykpaini mpoOiema opraHizallii napKyBaHHS CTa€ BCE aKTYyaJbHIIIOKW, OCKLIbKI
301IbIIEHHS KUTBKOCTI aBTOMOO1ITIB YCKJIaIHIOE CTBOPEHHS! HOBHX MapKOMICIIb.

o0 migBUIIMTH €PEKTHUBHICTh (QYHKLIIOBAHHS BYJIWYHO-IOPOKHBOI MEpeki, HEOOXiTHO
BUKOPHCTOBYBATH OpraHi3aliiiHi METOIW, 30KpeMa, HOBI MiAXOIW IO MiJBUINEHHS IMPOITYyCKHOT
3[0aTHOCTI y MICIISIX IHTEHCHBHOrO mapkyBaHHs [2,4—7]. Oco0auBy yBary cii OpUAUIATH 30HAM
nepexpecTsb, A€ NapKyBaHHs 0OMEXY€e BUIUMICTD 1 3HUKY€ OTOKH HacH4eHHS. TakoX BaXJIMBUMHU
€ MicIIs 3ai31y Ta BUI3y 31 cTOsSHOK [8—11].

OcTaHHIMM pPOKaMM AaKTHBHO JIOCHIDKYETHCS 3aJ€KHICTh €()EKTUBHOCTI TPAHCIOPTHUX
NOTOKIB BiJ MapaMmeTpiB MapkyBaHHA B MicTax. Cepel 3HauHUX POOIT MOXKHA BUAUIUTH
nocaimkernas O.0. 3aropys [12] ta O.0. Jlobamosa [13]. [Turanus opraHizamii pyxy B Cy4acHHX
MicTax JeTaqbHO aHali3yroThes B mpaisix [.C. Myposanoro [11], B.IT. [Tomingyka [14] Ta iHmmx.

KnrouoBuM YMHHHKOM €(QEeKTHBHOCTI BYJIMYHOTO NAapKyBaHHS € CXeMa pO3TallyBaHHS
aBTOMOO1TIB, OCKIIbKM BOHA BIUIMBA€E HA CKIIAJHICTH Ta Yac 3ai3/y 1 BUI3My, a TAKOXK Ha HMIBUAKICTh
1 3aTPUMKH OCHOBHOT'O TPaHCIIOPTHOTO MoToky [3,8,11,15].

VYnpaBiiHHS TapKyBaHHIM € KIFOYOBHUM EJIEMEHTOM PETYIIOBaHHS TPAHCIIOPTHOTO IOTOKY,
0COOJIMBO y TYCTOHACEJICHHX IIEHTPaIbHUX paiioHax MicT. Jlo epeKTMBHUX 3axO0JiB HAJIEKATh
3a00poHa 3yNTUHKH, OOMEKEHHsI 4acy CTOSHKHU, PETYJIIOBAaHHS PO3MIIIEHHS TPAHCIIOPTHHUX 3ac00iB,
MiCIIeBi paBHjIa MAapKyBaHHS Ta BIPOBA/KECHHS IJIaTHUX cTosHOK [8-11,16-19].

KpiMm Toro, opranizaiis napkKyBaJbHHX 30H 0€3 ypaxXyBaHHS MPOIYCKHOI 3/JaTHOCTI BYJIUIIb

MOK€ NPU3BOJIUTU JI0 CEPHO3HMX YCKIagHeHb pyxy. Lle He TUIbKH 3HUXKYE ePEeKTUBHICTh



TPAHCIIOPTHOI CUCTEMHU, ajie ¥ MIJBUIIYE PIBEHb 3a0pyTHEHHS HaBKOJMIIHHOTO CEPEIOBHINA Yepe3
30inbmeHHst 3aTpuMok [20]. Tomy mns 30epekeHHs OandaHCy MK MOTpeOaMu B MapKyBaJbHUX
MICISIX 1 ONTHMI3alLi€l0 JOPOXKHBOTO PYXy MOTPiOEH KOMIUIEKCHUM MiJIXil, IO BPaxoBYeE BCi
YUHHUKH.

Meta. Meroro myOuikauii € MOJAENIOBaHHS BIUIMBY BYJIMYHOI'O NapKyBaHHS Ha 3aTPUMKHU
TPAHCHOPTHOTO MOTOKY B 30H1 AUISTHOK MIX MEPEXPECTSIMH.

Jnist nocsirHeHHst MeTH ¢(hOpMyTbOBAHO TaKi 3aBJIaHHS:

— MpOaHai3yBaTH METOM JIOCIIIKEHHs BIUIMBY IApKyBaHHS Ha MPOITYCKHY 31aTHICTb;

— MIPOBECTHU HATYPHI JOCIIIKEHHS 3MIH Y TPAaHCIOPTHOMY IOTOL Yepe3 NapKyBaHHS;

— IOCTIANTH BIUIMB TPUBAJIOCTI MAPKyBaHHs Ha MIBUIKICTH TA 3aTPUMKH PYXY.

Metonu aociigkeHHsl. Y po3B’si3aHHI MpoOJeMH NapKyBaHHS aBTOMOOLTIB y MicTax
B)XJIUBUM € BUKOPUCTaHHS BYJIMYHOTO MapKyBaHHsA. OJlHaK HOro OCHOBHMI HEOJIIK — HeraTUBHUM
BIUIMB HA MPOIYCKHY 3JIaTHICTh BYJIMYHO-IOPOXKHBOI Mepexi. ToMy rOJOBHUM KpPUTEPIEM OLIHKU
I[bOTO THITY MTAPKYBAHHS € BU3HAYCHHS HOTO BIUIMBY Ha MPOITYCKHY 3/IaTHICTb.

Ha mnpomyckHy 34aTHICTh BIUIMBAIOTh YHCJICHHI YWHHHUKH: JOPOXHI YMOBH, CKIIaJ
TPAHCIIOPTHOT'O MOTOKY, MOTOIHI YMOBH, MCUX0(}1310J0T14HI 0COOIMBOCTI BOJIIB TOIIO. 3MiHA IIUX
napamMeTpiB MOXe€ CYTTEBO BIUIMBATH HA KOJIMBAHHS IPOIYCKHOI 3JaTHOCTI MPOTAroM 00w,
MICSIIS, CE30HY Ta POKY.

OmiHka BIUIMBY BYJIMYHOTO TApKyBaHHA Ha NPOIYCKHY 3[aTHICTh JOPOXHBOI MEpexi
norpedye MiAXOMy, SKHH BpaxoBYe pi3HI CHOCOOM pO3TalllyBaHHS aBTOMOOUIIB Ha MpOI3HIN
YacTUHI. 3MEHILIEHHs MPOITYCKHOI 3JaTHOCTI 0OYMOBJIEHE 3HM)KEHHSIM IIBUAKOCTI TPAHCIIOPTHOTO
MIOTOKY, 5IKa € BYKIIUBOIO XapaKTEPUCTUKOIO JIOPOKHBOTO PYXY 1 3HAYHO BIUIMBAE HAa €(PEKTHBHICTh
BUKOPDUCTaHHA BYJIMYHOI Mepexi. TeopeTmyHa TMpOMyCKHAa 3/aTHICTh THPOI3HOI YaCTUHU

Bu3HayaeThest [13]:

P=((3600-v)/((1+2)+v+0,13-v*))-7, (1)

JIe V — Cepe/Hs IIBUIKICTh aBTOMOOUIA, kM/To11 (mpuiiMaeMo 30 KM/Tox); 77 — KUIBKICTh CMYT PyXY,

| — noBXkKHA aBTOMOOLISA, M (puiiMaeMo 5,5 m).

n= Z B, (2)
ne B, — koeditieHT, sikuil BpaxoBye BUKOPHUCTaHHS MPOITYCKHOI 3/1aTHOCTI cMyTrH pyxy (1 — mus
nepioi BuibHOI cmyrH, 0,85— s apyroi, 0,5 — A5 BC1X HaCTYIHUX).

SIK1110 TpaHCTIOPTHI 3aCO0M PO3MILIEHI MMTiJ] KyTOM JI0 IPOI3HOT YaCTUHH, TPOIYCKHA 3/JaTHICTh

obuuncioeTbes 3a Gopmynoro [13]:



P:((3600-v)/((1+2)+v+0,13-v2))-77(1—B) , (3)

ne B —xoedimieHT, SKuii BpaxoBY€e 3MEHIICHHS IIUPUHU BYJIHUIIL.
VY BHmajaKy KOJIM aBTOMOOLTI CTOSATH MiJ KyTOM A0 NMPOi3HOI YaCTWHH, MPOITyCKHA 34aTHICTh

Oyze 3MiHIOBaTHCS BHACTiI0K 3Minu B [13]:

B=(((I -sina+b-cosa)+11)/(B,)) 4)

ne b — mupuHa aBTOMOOLIs, M (IIMpUHA aBTOMOOLIS — 2,4 M,); @ — KyT pO3TalllyBaHHS aBTOMOOLIIS
HI0JI0 BYJIUIIL, TPaj.

Jlist MojentoBaHHS BIUIMBY BYJMYHOTO TMApKyBaHHS Ha 3aTPUMKHU Ta CEPEIHIO IIBUAKICTH
TPAHCIIOPTHOTO MOTOKY HEOOXITHO BPaxOBYBaTH 0araTo YMHHUKIB, TAKUX K YaC Ta IHTCHCHBHICTb
npuOyTTsS aBTOMOOLIIB, TPUBATICTh MAPKyBaHHSI, JTOBXKUHY YEpPry Ta EMHICTh CTOSHKH. Takox ciia
BpaxyBaTH BapTICTh MapKyBaHHS, iH(oOpMalil0 TMpo 3alHATICTP CTOSHKA Ta MapuIpyTH
rpOMaJICBKOro TpaHcmopty. OCKiIbKH 0araTo 3 MUX MapaMeTpiB 3MIHIOIOTHCS BUIMAKOBUM YHHOM,
iMiTariiiHe MOJICITIOBaHHS € e(h)eKTHBHUM IHCTPYMEHTOM JUIsl IIPOTHO3YBAHHSI.

PesyabraTi gocaimkennsi. s aHanizy BIUIMBY BYJIMYHOTO MapKyBaHHS Ha 3aTPUMKU Ta
CEpeIHIO MIBUJAKICTh TPAHCIOPTHOIO MOTOKY Oynu BUOpaHi AUISHKH B LEHTPaJbHINA YacTHHI
JIbBOBa 3 pI3HMMH CcIIOCOOaMHU pO3TalIyBaHHS aBTOMOOUTIB OISl TPOI3HOI YacTUHH, JIe
CTIOCTEpIraeThCsl HAHOUIbIE CKYITYSHHS TPAHCIIOPTHUX 3ac00iB. Pyx Ha JOCIiKyBaHHMX IUTSTHKaX
BiIOYBaBCsI ABOMa CMyraMH PyXy B OJHOMY HampsaMKy. J{OCHiTKeHHs MPOBOAMIOCS HA BYJIHIISIX
3aralbHOMICHKOTO 3HA4YeHHS 3 PEryJlbOBaHUM pPyXOM, OCKUIBKM camMe Ha IUMX JUISHKax
B1I0yBa€ThCSI HAMOUIbINE 3HIKEHHS IIBUIKOCTI Yepe3 3amapKoBaHi aBTOMOO1T. XapaKTepucTruka

JOCTIPKYBaHUX JIISHOK Ta T€OMETPUYHI NapaMeTpH BYJIMYHO-JAOPOXKHBOI MEpEKi HaBEIEHO B

Tabm. 1.
Tabnuys 1
XapakTepucTHKA JOCTIIKYBAaHUX VITHOK Ta reOMeTPUYHi NapaMeTpu BYJIMYHO-
JAOPOKHBOI Mepe:Ki
Hazga Crnoci0 po3rantyBaHHS Kinbkicts Tun -
. . . [Iupuna IToB310BKHI1M
JOCITIJIKYBaHOT aBTOMOOLITIB 01715 . cMyT JIOPOKHBOTO o
. . BYJIUIIl, M yxud, %o
BYJIUII MPOI3HOT YaCTUHU PYXy MTOKPHUTTS
ITapanensue .
By KoBxkyHa HapKyBaHHs 7,0 Il OpyKiBKa 5)
[MapkyBaHHS i .
By lllnuransHa kyTom 307 16,0 I OpyKiBKa 5)
[MapkyBanHS i .
Bys1. Konepnuka KyTom 457 10,0 I OpyKiBKa 25
[MapkyBanHS i .
p. llleBuenka kyTom 60° 9,0 II OpykiBKa 10
[MapkyBanHs i .
By lllnuransHa kyTom 90° 16,0 II OpykiBKa 5




[Tim wac 0OpoOKM pe3ysbTaTiB HATYPHUX JOCIHIKEHb Criepury HeoOxiaHo 310paTu JaHl Mpo
OCHOBHI XapaKTePUCTHKHU TPAHCIIOPTHOTO IMOTOKY, TaKi K IHTCHCUBHICTb, IIBUKICTh Ta MIIJIBHICTb.
JUis OLIHKM IMX XapaKTEPUCTHK BUKOPUCTOBYIOTH BHOIPKOBHH OOJIK pyXy HpPOTSITOM KOPOTKHX
MPOMIDKKIB yacy. OTpuMaHi J1aHi JO3BOJISIOTh OTPUMATH CyO’€KTHBHY 1H(OpMAIliIO MPO 3aTPUMKH
TPAHCIOPTHOTO IMOTOKY B 30HAX BIUIMBY BYJIMYHOTO TApKyBaHHS.

MiHiManbHa KUIbKICTh JOCTIKEeHB (N) Ui BU3HAYCHHS 3aTPUMKH TPAHCIIOPTHOTO MOTOKY B

30Hi BIUIMBY BYJUYHOTO MAPKyBaHHS 00UUCIIOETHCS 3a hopmyrioro [4]:

nz(Z-az)/nz, (5)
ne Z — ¢yHKIis 1oBip4oi WMoBipHOCTI (mpu 3HadeHHI 7 =0,1, ¢yHKIIs AOBIpYOi WMOBIpHOCTI
craHoBuTh Z =1,28); o — cepenHe KBajpaTHyHe BiaxuieHHs (o = 0,12 ); 77 — FpaHUYHA IPUITYCTHMA

noMusika (mpuiiMaeTbes B mianasoni Big 0,05 1o 0,2).

n=(128-0,12)/0,1° ~3

Jlyist oTprMaHHSI TOCTOBIPHUX JaHHUX MPO 3aTPUMKH Ta IMBUIKICTH TPAHCIIOPTHOTO MTOTOKY Ha
BiJIpi3Kax Mepeki HeoOXITHO 3AIMCHUTH TPU OAHOYACHI TOAMHHI JociikeHHs. [lepiox
NPOBEICHHS NOCTiKeHHsT 3 7 10 10 ToAuHU paHKy.

VY poGoui mHI THXHSA (BIBTOPOK, cepela, YeTBEp) MPOBOAMIN OOJIK TPAaHCHOPTHHUX 3ac00iB
pPI3HOTO CKJIaAy IMOTOKY. 3a JIOIMOMOIOK KO€(]IIEHTIB 3BEJEHHS BHU3HAYalM I1HTEHCHBHICTb
TPAHCIIOPTHOTO TOTOKY Y 3BeneHuX ofuHuisx (on./rox). Hampukian, na mpocrnekti llleBuenka,
JUTSL BIBTOPKA B 1IHTEpBaJli 3 7 10 8 TOAMHH PaHKY, 3Be/IeHa IHTEHCUBHICTh MIOTOKY CTAHOBUTH:

N =1294+49.-1,5+5-2+5-2,5+20-2,5=1440 00./ 200

siem. 7-8

AHAJIOTIYHO BUKOHYEMO PO3PAaXyHOK 3BEACHOI IHTEHCHUBHOCTI MOTOKY JUISl 1HIIMX YaCOBUX
1HTEpBaJiB AOCIIKEHHS: AJs mepioay 3 8 10 9 roANHM IHTEHCUBHICTh CTaHOBUTH 1458 ox./ron, a
st niepiony 3 9 mo 10 roguau — 1443 on./rox. CepenHsi iHTEHCUBHICTh pyXy 3a TOJIMHY B
JIOCJTIJDKYBAaHUN JIeHb CTaHOBUTH 1447 ox./To.

Po3paxyHku i 1HIIUX JOCHIIPKYBaHUX BYJUIL MicTa JIbBOBa BUKOHYIOTHCS aHAJIOTIYHO.

PesynbpTaTt 00p0o0OKH crIOCTEpEKEeHb MOAAHO B TaOIHII 2.



Tabnuys 2
CepenHsi iHTEeHCHBHICTh TPAHCIIOPTHOIO MOTOKY 32 TOAUHY Y T0CTi/ZKYBaHIi IHI

. [HTEeHCUBHICTD PYyXY, OJ./TO/I. CepenHst IHTEHCUBHICTh
Hasga By .
BIBTOPOK cepena YETBEP pyxy, 041./r01

ByJ1. KoBxyHa 1048 1131 1074 1084
ByJ. [IInutansHa 1289 1603 1611 1601
ByJs1. KonepHuka 1474 1278 1404 1385

mp. [1leBuenka 1440 1458 1443 1447
By IllnuransHa 1289 1603 1611 1601

Bukopucroyroun dopmynu (1) — (4) mpoBeaeMo po3paxyHOK 3HWKEHHS IPOITYCKHOI
3IaTHOCTI, BPAaxOBYIOUM pIi3HI CIIOCOOM MapKyBaHHS aBTOMOOUIIB MOOJW3Y MNPOI3HOI YaCTHHH.
[IpencraBneni po3paxyHKH MPOITYCKHOI 3/IaTHOCTI IS PI3HUX METOJIIB IMAapKyBaHHS aBTOMOOLIIB

01151 IPOi3HOT YaCTHHU HaBEJICHO B TAOJHIII 3.

Tabauys 3
Po3paxyHok koedilieHTa 3aBaHTAKEHHS 32 Pi3HUX CNOCO0IB NAPKYBAHHS ABTOMOOLIIB
‘ KilbKicTs ‘ CepqﬂHﬂ HpOH}{CKHa Koedimient
Hasga By IHTCHCUBHICTD PYXY, 3JIaTHICTb, 3aBaHTaKCHHSI

CMYT pYyXy .

0J1./TOJT 0J1./TOJ BYJIAIII
Bys1. KoBkyHa Il 1084 1398 0,76
ByJ. [llnutansHa II 1501 2617 0,57
Bys1. KonepHuka 11 1385 1682 0,82
mp. [lleBuenka II 1447 1843 0,79
By llInuranpaa 11 1501 1649 0,91

3 naHuX, HaBeJeHUX y TaOnuii 3, MOKHa 3pOOUTH BHUCHOBOK, IO HAWOUIBIIMK BIUIMB Ha
3HIDKEHHS TPOMYCKHOI 3[aTHOCTI CIIOCTepiraeThes mpu mapKyBauHi mig kytom 90° mo mpoisHOi
yacTuHU 1 ctaHoBUTH 0,91 (piBeHp 3aBaHTaxeHHs ['). Iloganpiie MoaentOBaHHS TPaHCIOPTHUX
NOTOKIB 3 ypaxyBaHHSM BYJWYHOTO IAapKyBaHHS JacTb MOJKJIMBICTh 31CTaBUTH pe3yJbTaTu
NPaKTUYHUX JOCHIUKeHb 1 3pOOMTH BIJIINOBIIHI BHUCHOBKHM, Oepydyd 10 yBaru 3MiHYy IHIIUX

YUHHHKIB, TAKUX SIK IHTEHCUBHICTb PYXY TPAHCIIOPTY.

OO0roBopeHHs1 pe3y/bTaTiB 10CJTiIKeHb

['osloBHEe 3aBJaHHS MOJICNIOBAHHSA MICBKUX TPAHCIOPTHUX IIOTOKIB — OIIIHKA BIUIUBY
NMapKyBaHHS Ha €QEKTUBHICTh pPyXy. BuBUaeTbcsd 3MiHA MOKa3HMKIB NpU PI3HUX BaplaHTax
NapKyBaHHS B3JI0BX JOpord. OCHOBHUM KpPUTEPIEM € TPAHCHOPTHA 3aTPUMKA, SKa 3aJIeKUTh BiJ
IHTEHCUBHOCTI MOTOKY, IIBUIKOCTI PyXy, MPOIYCKHOI 3JaTHOCTI MPOI3HOT YaCTUHU Ta KUIBKOCTI
CMYT.

VY nocnijkeHH1 BIUIMBY BYJMYHOTO MApKyBaHHS Ha TPAHCIOPTHUI MOTIK OYyJIO0 MpPOBEIEHO

imiTaniiine mozaemoBanHa B PTV VISSIM, BpaxoByrouu naHi HaTypHHUX JOCTIIKEHb ISl PI3HUX




croco0iB mapKyBaHHs. JJIs OIIHKKA 3aTPUMOK 3MiHIOBaBCsS KoedirieHT 3aBaHTakeHHs Bix 0 1o 1,0.

PesynbraTi MOsIeIOBaHHS TIOKa3aHi HAa PUCYHKY 1.
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Pucynox 1 — 3mina sampumok asmomo6inie 6 3anexcnocmi 8i0 cnocody napky6aHHs

AHali3ylouM pUCYHOK | MOXHa MOOAayuTH, 110 HAaWMEHINI 3aTPUMKH y TPAHCIIOPTHOMY
MOTOIlI CIIOCTEPIraloThCs TpPH TApKyBaHHI aBTOMOOUTIB IMapajielbHO TPOTyapy, OCKUIBKH IIe
3a0e3mnedye 3pyYHUN BHUI3/ 1 IIBUAKHUA B’13]] y OCHOBHHI MOTIK. SIK BUJHO 3 pUCYHKa 1, 3aTpUMKH
3Ha4YHO 3pOCTAIOTh, KOJMU KOE]IIIEHT 3aBaHTakeHHs nepesullye 0,8 yepe3 IMIJIBHICTH 1HTEPBAJIB
MK aBTOMOOITISIMH, 1110 YCKJIaJHIOE TX BKIFOUEHHS B OCHOBHHM MOTIK.

MogentoBaHHs PI3HUX Bapiaiiil KoedilieHTa 3aBaHTAXXEHHS BYJIUIN 332 PI3HUMHU CIIOCOOaAMHU
NapKyBaHHS a0 3MOTY OLIHUTH €(PEKTHUBHICTh (PYHKIIIOHYBaHHS TPAHCIOPTHOI'O MOTOKY uepe3
aHaJIi3 IPOMYCKHOI 3JaTHOCTI.

Hactynuum etamom Oyj0 MOJENIOBAHHS TPAHCIOPTHOTO MOTOKY JJISi OLIHKU IIBHJKOCTI
pyXy aBTOMOOUIIB MHpH PI3HUX crnoco0ax NapKyBaHHS Y3J0BXK MPOi3HOI YaCTUHHU, a TaKOX Y
BUIAJKY BIJICYTHOCTI MapKyBaHHs. Pe3ynbTaTH LbOTO IMITAllIfHOIO MOJENIOBAHHS IpEACTaBICHI

Ha PUCYHKY 2.
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Pucyrnox 2 — 3minu weuoxocmi aemomo0inie 3a 8i0cymHocmi ma Hass86HOCMI NAPKYBAHHS

AHaNI3yl09l PUCYHOK 2, MOKHA BUSBHTH YITKY 3aJCKHICTh MK 30LIBIICHHSM CEPEIHBOT
HIBUKOCTI PyXy aBTOMOOLTIB 1 BIICYTHICTIO MapKyBaHHs. HaiiBumia mBuakicTs 3adikcoBaHa mnpu
3a00poHi mapkyBaHHs Miag KyToM 90° mo TpoTyapy, IO MOB’s3aHe 3 HEOOXIAHICTIO 3aJIUIIUTH
NIMPUHY MPOi3HOI YacTHHH B 4,6 M. JIOCTIDKEHHS TaKOXK IMOKa3ajo, 0 MaKCUMaJIbHA IIBUIKICTh
TPAHCIIOPTHOTO MOTOKY JIOCSATAETHCS MPHU MMApAICTLHOMY MMApKyBaHHI OISl TPOTyapy, CKJIalalouu
28,22 xM/ron. Y cuTyallii, KOJH MapKyBaHHS BIACYTHE, IIBUAKICTH pyXy 3poctae 10 30,14 km/rox.

TakuM 4YMHOM, MpH OLIHII JOIIBHOCTI (a00 3a00pOHM) MPOEKTYBAaHHS BYJIHMYHOTO
MapKyBaHHsS BaXIMBO BPaXxOBYBAaTH HE JIMIIEC 3aTPUMKHU B PycCi, a i TpUBANICTh MapKyBaHHs. s
BUBUCHHS BIUIMBY TPUBAJIOCTI MApKyBaHHS Ha CEPEHIO IIBHUIKICTH TPAHCIOPTHOTO IOTOKY Ta
3aTpUMKH  OyJIO TMPOBENEHO IMiTalliiHEe MOJENIOBaHHS 3 BUKOPHUCTAaHHSM IPOTPAMHOTO
3abe3neuenns PTV VISSIM.

MeTouka MOJCIIOBAaHHS TOJIsATalla B PO3pOOI TUISHKKA JOPOTH JOBXKHHOIWO 375 M 3
OJIHOCTOPOHHIM PYyXOM 1 JIBOMa CMyramu MUAPUHOIO 3,75 M. Y Mozeni OyB CTBOPEHMM 3MillIaHUI
TpPaHCTIOPTHUN TOTIK, M0 Ha 80% ckianaBcs 3 JETKOBUX aBTOMOOLTIB. bakaHi mBHIKOCTI OyiH
BCTaHOBJIEHI Ha piBHI 50 KM/rox uist JmerkoBuX, 25 km/ron mias BaHTaxHux 1 20 km/rox s
aBTOOycCiB. Bxignuit morik ctanoBuB 1000 aBTo/ron. Ha mpasiit cmy3si, mounnaroun 3 100 m, Oyna
OpraHi3oBaHa CTOSHKA 3 25 MapKyBaJILHUMH MICISIMHU, KOKHE 3 SIKUX JOBXHHOIO 6 M 1 MpU3HAYCHE
JUIIe 7S JETKOBUX aBTOMOOLTIB. TpuBanicTe mapkyBaHHs konuBanacs Big 300 mo 1800 c, a Ha
JiBifl CMy31 pO3MICTHIIM BUMIPIOBaJIbHI IMYHKTH 4epe3 KOXHI 25 M. MojenoBaHHs BUKOHYBaJIOCS
JUISL OJTHOTO LIMKITY 3 PI3HUMHU T€PMIHAMHU NMapKyBaHHS, IpU LbOMY 75% aBTOMOOLIIB 3ahKKaJIM Ha
CTOSIHKY.

B pe3ynbraTi mpoBeAEHOro iMITallifHOTO MOJENOBaHHSA OyB MOOYIOBaHO PHUCYHOK, SIKUI
BiJJoOpaxkae 3MIHM IIBUAKOCTI TPAHCIOPTHOTO MOTOKY B 3aJIEKHOCTI BiJl TPUBAJIOCTI MAapKyBaHHS

aBTOMOO1TIB (puc. 3).
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Pucynox 3 — 3mina cepednvoi weuoxocmi agmomoo0inie 8 3anexcnocmi 8i0 mpuganiocmi

NapKy8anHs asmomooinie

[Tpu anamizi pucyHKa 3 MOKHA TOMITUTH, III0 CKOPOUYEHHS CepeIHbOI TPUBAJIOCTI MMAPKyBaHHS
aBTOMOOLUIIB MPU3BOAMUTH J0 3HMW)KEHHS IIBHJKOCTI pyXy Ha cyciaHiil (nmiBiit) cmysi. Hampuxmnan,
npu TpuBanocTi ctosHkU 300 ¢ Ha cepeuHi 30HM MapKyBaHHs (175 M) criocTepiraeTbcst HalHUKYA
MIBUIKICTh IOTOKY. Lle BinOyBaeThcs uepes Te, o BOAil Ha JiBiil cMy3i 4acTille MpUraibMOBYIOTb,
mo0 JaTH MOXKJIMBICT aBTOMOOUIAM BHIKIKATH 31 CTOSHKHU. [licisi NpOXOMKEHHS 30HU
HNapKyBaHHs MBUAKICTh TPAHCIIOPTHOT'O MOTOKY MMiJBUIIYETHCS, AOCITAI0YM CBOIO MAaKCUMyMy IpU
TpuBanocTi crostHkM 1800 ¢, KoM BIUIMB 3allapKOBAaHUX aBTOMOOLTIB CTAa€ MiHIMaJIbHUM.

[Ipn ananizi ymMoB pyxy ansi oOMEXeHHsI TPUBAJIOCTI MapKyBaHHS aBTOMOOUIIB BaXXJIMBO

BpPaxoBYBaTH CEPEIHIO 3aTPUMKY aBTOMOOLIIB (PUCYHOK 4).
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Pucynox 4 — 3mina cepednvoi sampumxu asmomo0inie 3a1eicHo 8i0 Mpusaiocmi NapKy8aHHs



CepenHst TpaHCHOPTHA 3aTpUMKa JIEMOHCTPYE HAMHMXK4Yl TOKA3HUKM NpU TPHUBAIOCTI
napkyBaaas 900 c¢ 1 1800 ¢, cranoBnsum BianoBigHo 6,34 Ta 6,45 c/aBT. e cBiIUUTH MpoO TE, IO
npu OUTBII TPUBAJIOMY MApKyBaHHI BOJIIT MaOTh OiIbIIE Yacy AJs BUI3AY, IO 3MEHIIYE 3aTPUMKHU B
TpaHCHOpPTHOMY moTomi. HaliBuina 3arpuMka crocrepiraerbesi npu TpusaiocTi crosHku 300 ¢ Ha
npaBiii cMy3i, ne BoHa npocsrae 9,43 c/aBt. lle moxe OyTu TOB’s3aHE 3 YaCTUMH 3yMHUHKAMH
aBTOMOOLTIB, SIKi MPOMYCKAIOTh THUX, XTO BHDKIKAE 31 CTOAHKH. Taki 3aTPUMKH MOXYTh
NPU3BOJUTU 710 30UIBIICHHS 3arajJibHOTO 4Yacy IMepecyBaHHS Ha JUISHIN JOpOTH, IO HETaTHBHO
BIUIMBA€ HA €()EKTUBHICTh TPAHCIIOPTHOI'O IOTOKY Ta CTBOPIOE JOJATKOBI HE3PYUHOCTI JUIsl BOJIIB.
BaxiuBo BpaxoByBaTH IIi NOKAa3HMKHM IpU IUIAHYBaHHI MApKyBaJbHUX 30H, 1100 ONTHMI3yBaTH

YMOBH PYXy Ta 3MEHUIUTH 3aTPUMKH.

BucHoBku

OTxe, pe3yJabTaTl MOJEIIOBAHHS BIUIMBY BYJMYHOI CTOSHKU Ha 3aTPUMKU TPAHCIIOPTHOI'O
MOTOKY, OTPHMaHI 3 BUKOPHCTAaHHIM nporpamHoro cepeposuiia PTV VISSIM, neMoHCTpYIOTh, 110
JUIS  TIPOSKTYBAaHHS BYJIWYHOI CTOSHKH, pO3TAIIOBAaHOI TMapajelibHO TPOTyapy, BaKIHBO
BCTAHOBJIIOBaTH OOMEXKEHHS Ha TPUBAIICTh MapKyBaHHsS. Lle 103BOJIMTH MOKPAIUUTH MPOIYCKHY
3JIaTHICTh BYJIUYHO-I0POKHBOI MEPE3Ki Ta MiABUILUTH MIBUIKICTh PYXY TPAHCIIOPTHUX 3aCO0iB.

[ToganemmM KpOKOM y HAYKOBHX JTOCITIDKEHHSX y il cdepi craHe po3poOdKa peKoMeHamin
II0JI0 ONTHMI3allii TPUBAIOCTI MApKyBaHHS aBTOMOOLIIB. e momoMoke CTBOPUTH MaKCHUMAIIbHO
e(peKTUBHI YMOBHU JJIs1 pyXy TPAHCIIOPTHOTO MOTOKY, 3MEHIIUTH 3aTPUMKHU 1 MOKPAIUTH 3arajbHy
SKICTh TPAHCHOPTHOI'O OOCITyrOBYBaHHS, 110 € KPUTHYHO BaKIMBHUM JUIS MICT 3 BUCOKUM pPIBHEM
aBromoOumi3anii. OKpiM TOro, B paMKax IIUX JOCHIJKEHb CJI1/1 BpaXyBaTH BILUIMB PI3HUX YWHHUKIB,
TaKUX AK IHTEHCHBHICTb PyXY, OCOOJIMBOCTI JOPOXKHBOI 1H(PACTPYKTYpH Ta MOTPeOU MICIEBUX
KUTENIB, 110 JIO3BOJUTHh 3HAUTH ONTUMAJbHI pIlIEHHS JUId 3a0e3neueHHs Oe3neKku Ta KoMpopTy
JOPOXKHBOT'O PYXY.

BasunicTh
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