TPAHCIOPT

HayyHas ctatbs
YIK 656.1 ‘ M) Check for updates

DOI: https://doi.org/10.26518/2071-7296-2026-23-3-446-457
EDN: UHUIAU

BbIYNCITUTENbHbIA 9KCNEPUMEHT U HATYPHOE
WCCNEOOBAHUNE XAPAKTEPUCTUK MAPKOBOYHOM
TEPPUTOPUU

M.I". Bosipwunoe, FO.A. Lykun <, E.[]. Cudopoe

lNepmckuli HayuoHarnbHbIU uccriedoeamerbCKUl MoUMexHU4YecKull yHugepcumem,
e. lNepmb, Poccus

<] omeemcmeeHHhbIl agmop

cshukin-yura@mail.ru

AHHOTALMUA

BeedeHue. AkmyanbHocmb uccriedosaHusi obycriogrieHa HeobxoOuMOCMbi0 KOIUYEeCmB8eHHO20 0b60CHOBaHUS
M1aHUpPOBaHUs NapKoBOYHOZ20 rNpocmpaHcmea Kak ariemeHma eOuHol mpaHcrnopmHoul cucmemsl. B pabome u3sy-
YeHbl 0c0beHHOCMU OYHKUUOHUPOBaHUS MapKOBOYHOU meppumopuu: 3arnofiHIeMoCcmb, UHMEHCUBHOCMb 3ae3008
u 8b1e3008, NPodomKumMenbsHocmsb npebbigaHusi, uHmMepsarsns! Mexdy 3ae3damu. Ha ocHose HamypHbix Habrode-
HuUll ycmaHoereHbl cmamucmu4yeckue 3aKOHOMEPHOCMU U 8bIMOMIHeHa eepucbukayuss uMumayuoHHoU Mooeru.
lposedeHo uccredosaHue ocobeHHocmel thyHKUUOHUPOBaHUS MapKOBOYHOU mMeppumopuu, 8KIYas aHanus 3a-
rofIHSemMocmu Mecm, UHMeHCUBHOCMU 3ae3008 U 8bie3008, npodosmkumesisHocmu rnpebbigaHusi U UHMepeasios
mexdy 3ae3damu asmomobunel, a makxe Opyaux K/o4Yesbix rnokasamenel. HabnwodeHus ocyuecmensanuce 8
meyeHue 00HoU oceHHel Hedenu 2024 a.

Mamepuanbl u MemoOdbl. HamypHoe uccrnedogaHue pPo8oAuUsIOCh C UCMOb308aHUEM CmauUoHapHbIX cucmem
gomo- u sudeogpukcayuu «A3umym T». Obpabomka rony4eHHbIX OaHHbIX 8bIMOMTHEHA C MOMOWb0 Memodos
MamemMamu4ecKol cmamucmuKu, 8KITr4asi OUEHKY 3aKOHO8 pacripederieHUs], KOppensayuoHHbIU aHanu3 u npume-
HeHue kpumepusi Korimoeaoposa. [rsi npo2Ho3uposaHusi pabomsl MapKo8oYyHOU cucmemMbl paspabomaHa umuma-
UyuoHHas Mooderb, peanu3osaHHasi 8 cpede Anylogic.

Pe3ynbmamai. KonudecmeeHHble OaHHble 6bliiu cobpaHbl C MOMOWbK CmayuoHapHbIX cucmem ¢homo- U 8u-
OeoHabrntodeHusi, obecriequsarowux NOCMOosiIHHbIU KOHMPOsIb 3a pacrionoxeHuem asmomoburnell Ha napkoske 8
meyeHue gcezo nepuoda uccredosaHusi. OCHOBHbIE oKa3ameru (hyHKUUOHUPOB8aHUS napKo8OYHOU meppumopuu
roka3bigarom 3agucuMocmb 0m OHs Hedernu, Ymo HeobXo0UMO y4Yumbi8amb MpU MAaHUPO8aHUU, PacoIoXeHUU U
Kcrlyamayuu 20podcKoU napKog8oYHOU UHGbpacmpyKmypsbil.

Tpo8edEHHbIL KoppensayUOHHbIU aHanu3 noomaeepdurs Hanu4yue gyHKUUOHaIbHOU c8a3U MEX0Y UHMEHCUBHOCMbIO
3ae3008 U 8ble3008 asmomoburieli Ha MapKoBOYHOU MePPUMOPUU U MpPaHCIopMHbIM MOMOKOM Ha fpurieaaro-
wel dopoee. lNonyyeHHbIe pe3yribmamabi UCMOMb308aHbl NpU pa3pabomke umMumayuoHHOU MOOesu napKogoYHoU
meppumopuu. BbinonHeHo cpagHeHuUe 0aHHbIX 8bIHUCITUMENBHO20 MOOENUPO8aHUs C pe3yribmamamu HamypHbIX
uamepeHul. Pe3eribmamel, nony4YeHHbIe rpu nposedeHuu uccriedosaHusi, none3Hbl O opeaHu3ayuu 08UXEHUST
mpaHcriopma rno 20podckoll yrnu4Ho-00POXHOU cemu, npu 30HUPOBaHUU U riiaHuposaHuu 20podCcKolU meppumo-
puu, Mo2ym ciyumb 0CHo8oU 0r1s pa3pabomKu U OUeHKU 2padocmpoumeribHbIX U apXUumeKmypHO-iaHupo8oy-
HbIX peweHud.

lMornyyeHbl 0cpeOHEHHbIE 3Ha4YeHUSsT UHMEHCUBHOCMU 3ae3008 U uHmepsanos mexoy Humu (6,7—14,5 muH). lurno-
me3a 06 3KCroHeHyuansHOM pacrpederieHuU uHmepesanoe omeepaHyma. urnomesa o ryaccoHO8CKOM [10MOKe
0151 MarnbIXx uHmepsarnos (2 MuH) cozanacyemcsi ¢ OaHHbIMU. BbisienieHa u annpokcumuposaHa fuHeliHasi Koppe-
JISIUUOHHas1 ¢c8s13b UHmMeHcusHocmeli ebe30a/eble30a ¢ UHMEeHCUBHOCMbIO MPaHCIIoOPMHO20 10MmMoKa Ha rpureaa-
toweli dopoee (R = 0,81-0,86). CpagHeHue HamypHbIX U MOOEsbHbIX KpUBbIX 10 Y4ebbiluEBCKOU HOpMe roKa3aro
pacxoxdoeHue 0,0058-0,0891.

O6cyxdeHue u 3aknrodeHue. [loOmeepxdeHa hyHKUUOHalIbHas 3a8UCUMOCMb MapamMempos MapKo8o4HoOU mep-
pumopuu om eHewHezo mpacghuka. PaspabomaHHas umMumayuoHHasi Moderb adeKkeamHo 80Crpou38o0um ¢hyHK-
UUOHUpOBaHUe napKo8oYHOU meppumopuu. Pedynsmamsl Mo2ym bbimb pekomeHA08aHb! 05151 2padocmpoumertb-
HO20 MnaHuUpo8aHuUsi U op2aHu3ayuu napKoB8oYHbIX meppumopuli, cornocmasuMbiX ¢ paccMampusaemol, 00HaKo
pa3pabomarHasi MemoOuka Moxem 6bimb pacripocmpaHeHa Ha Opyaue 06beKkmbI MapKo8oYHOU UHGhpacmpykmy-
Pbl C Uerbio payuoHaibHO20 UCMOoMbL308aHUsI 20pOOCKUX PECYPCO8 U yITyYUWeHUs mpaHCrnopmHoU cucmemsi.
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KIMKOYEBDIE CITOBA: napkogku, uMmumayuoHHoe Modenupo8aHue, mpaHcrnopmHbil romok, HamypHbie Habrito-
OeHus, 3arofiHAeMoCmb MapKOBOYHOU Meppumopuu, UHMEHCUBHOCMb 8be30a-8ble30a, MpodOKUMENbLHOCMb
pa3MelwjeHuUss mpaHCcrnopmHbIX cpedcms, KOppensyuoHHbIU aHanu3, Anylogic, cmamucmuyeckassi obpabomka,
Ynu4HO-00pOXKHasi cemb, 0bopaqyu8aeMocms apKoO8OYHbLIX Mecm

BNATOOAPHOCTW: asmopsi sbipaxarom brazcodapHocmb MyHUUUMNaIbHOMY Ka3eHHOMY y4pexoeHuro «llepm-
cKasi dupekuyusi OopoxHoO20 d8UXXeHUsI» 3a codelicmaue 8 npedocmasnieHuu 0aHHbIX 06 ucnonb308aHuUU obbekma
1apKO8OYHOU UHGbpacmpyKmypabi.

Cmambsi nocmynuna e pedakyuro 12.03.2026; odob6peHa nocsie peyeHsupoeaHusi 10.04.2026; npuHama K
ny6nukayuu 15.06.2026.

Bce aemopsbi npoyumasu u 0006pusiu OKOHYamesibHbIlU eapuaHm pyKonucu.

lMpo3payHocmb ¢puHaHcoeol desimesibHOCMU: a8MopbI He UMerom ¢huHaHcoeol 3auHmepecog8aHHOCMU &
npedcmaesieHHbIX Mamepuanax u memoodax. KoHghsiukm uHmepecos omcymcmeayem.

[Ansa yumuposarus: BospwuHos M.IL, WykuH FKO.A., Cugopos E.[l. BbluMCrMTENbHbBIN SKCNEPUMEHT U HaTypHOe
nccnegoBaHMe XapakTepUCTUK napkoBoyvHow Tepputopun // BecmHuk CubAdN. 2026. T. 23, Ne 3. C. 446-457.
https://doi.org/10.26518/2071-7296-2026-23-3-446-457
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ABSTRACT

Introduction. The relevance of this study comes from the need to substantiate quantitatively parking space plan-
ning as an element of a unified transportation system. The operational characteristics of the parking area, including
occupancy, entry and exit rates, dwell times, and intervals between entries have been examined. Based on field
observations, statistical patterns have been established and a simulation model has been verified. The survey of
the parking area operational characteristics has been conducted, including an analysis of space occupancy, entry
and exit rates, dwell times, and intervals between entries, as well as other key indicators. Observations were being
made over the week in autumn, 2024.

Materials and Methods. The stationary Azimut DT photo and video recording systems have been used to conduct
the field study. The obtained data was processed with the help of mathematical statistics methods, including distri-
bution law assessment, correlation analysis, and the Kolmogorov test. To predict parking system performance the
simulation model has been developed and implemented in the AnyLogic environment.

Results. Quantitative data has been collected by stationary photo and video surveillance systems, providing con-
tinuous monitoring of vehicle distributions in the parking lot throughout the whole research period. Key parking area
performance indicators have showed a day-of-week dependence, which must be considered in planning, locating,
and operating urban parking infrastructure.

The correlation analysis confirmed a functional relationship between the intensity of vehicle entry and exit within
the parking area and traffic flow on the adjacent road. The obtained results have been used to develop a simulation
model of the parking lot. Computational modeling data was compared with field measurements. The data obtained
through the study are useful for organizing traffic flow on the urban street and road network, for zoning and de-
signing the urban area, and can serve as a basis for developing and evaluating urban planning and architectural
solutions.

Average values of entry and exit rates and intervals between them have been obtained (6.7—14.5 min). The hy-
pothesis of an exponential distribution of intervals has been rejected. The hypothesis of a Poisson flow for short
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intervals (2 min) is consistent with the data. A linear correlation between entry/exit rates and traffic flow rates on
the adjacent road has been identified and approximated (R = 0.81-0.86). A comparison of the actual and simulated
curves according to the Chebyshev norm revealed a discrepancy of 0.0058 - 0.0891.

Discussion and Conclusions. The functional dependence of parking area parameters on external traffic has been
confirmed. The developed simulation model reproduces the functioning of the parking area adequately. The results
can be recommended for urban planning and organization of parking areas like under consideration. However, the
developed methodology can be extended to other parking infrastructure facilities to ensure the rational use of urban
resources and to improve the transportation system.

KEYWORDS: parking areas, simulation modeling, traffic flow, field observations, parking area occupancy, entry
and exit intensity rate, vehicle dwell times, correlation analysis, AnylLogic, statistical processing, street and road
network, parking space turnover

ACKNOWLEDGEMENTS: The authors express their gratitude to the municipal state institution “Perm Directorate
of Road Traffic” for assistance in providing data on the use of the parking infrastructure facility.

The article was submitted: March 12, 2026; approved after reviewing: April 10, 2026; accepted for publication:
June 15, 2026.

All authors have read and approved the final manuscript.

Financial transparency: the authors have no financial interest in the presented materials or methods. There
is no conflict of interest.

For citation. Boyarshinov M.G., Shchukin Yu. A., Sidorov E.D. Computational experiment and field study of
parking area characteristics. The Russian Automobile and Highway Industry Journal. 2026; 23 (3): 446-457.
https://doi.org/10.26518/2071-7296-2026-23-3-446-457

BBEOEHUE

B oTeyecTBeHHbIX M 3apybexHbIX uccrnego-
BaHUSIX OCHOBHOE BHUMaHWe ydenseTcd nna-
HMPOBaHWIO, pPa3MELLEeHNIo, opraHnsaumm u
PYHKLMOHMPOBAHNIO TOPOACKOTO MapKOBOYHOIO
npoctpaHctea [1, 2]. MNpuknagHble uccnenosa-
HUS MapKOBOYHOIO MPOCTPAHCTBa MO3BONAOT
BbISIBNATL 3aKOHOMEPHOCTM 1 0COBEHHOCTU B3a-
UMOZENCTBUS MapKOBOYHOM MHPPaCTPyKTyphbl
C TpaHCMopTHbIMM NoTokamu [3, 4, 5], paccma-
TpuBaTb Taknme OOBLEKTbl KaK dreMeHTbl e4uHON
TPaHCNOPTHOW CUCTEMBI [6].

B cratbe [7] npegnaraeTcsi nogxog K npo-
FHO3MPOBAHMIO 3aHATOCTU MAPKOBOYHBLIX MPO-
CTPaHCTB, OCHOBaHHbIN Ha BenBrneT-npeobpaso-
BaHuu. KnioueBas nges nccnegoBaHmst COCTOUT B
TOM, 4TOObI paccmaTpmBaTh HECKOIbKO MapKOBOK
He KakK M30MnMpoBaHHble OObEeKTbl, a Kak B3au-
MOCBSI3aHHY0 cucTtemMy. [laTtymkm cTaumMoHapHbIX
cuctem OTO- U BUAEO(UKCALUN MPUMEHSIOT-
Csl ONs OUEHKN 3arpy>eHHOCTUM MNapPKOBOYHbIX
Tepputopuii [8, 9, 10], a Takke ons U3MepeHust
CKOPOCTM WU MPOAOIDKUTENBHOCTU pa3MeLLeHNs,
BpeMeHn pasmMeLleHns asTomobunen [11], cbopa
CTaATUCTMYECKUX OaHHbIX O paboTe NapKOBOYHbIX
Tepputopun [12, 13]. Takon nogxod nomoraer
BbISIBNATL XapaKTepHble OCOOEHHOCTU (DYHKUM-

OHMpoBaHus [14, 15] NapKOBOYHbIX TEPPUTOPUN.

B ctatbe [16] onpegeneHbl BXoAHblE U Bbl-
XOA4Hble [aHHble, a Takke CcdOopMynMpoBaHbl
yHKLMOHanbHble TpeboBaHMsa K Modensm nap-
KOBOYHOrO npocTpaHcTea. B pabote [17] npeano-
)KEHa Mopenb OLEHKN AOCTYMHOCTY NapKOBOYHbIX
MECT, OCHOBaHHas Ha aHanuae KoppensiLuoHHbIX
CBSA3eN MeXay pasnuyHbIMU NapKOBKaMMU.

WHcTpymeHTapuii ansa cbopa gaHHbIX O nap-
KOBOYHOW Harpyske B >XUNbIX 30Hax npegnara-
eTca B ctatbe [18]. ABTOpbl uccrnegosaHmi [19]
npegnaranT KOHUENUMIO MHTENNEKTyanbHOW Cu-
CTEMbI yNpaBfeHns napkoBKaMu B YCNOBUSIX UC-
Monb30BaHUsA aBTOMAaTM3NPOBAHHbIX TPAHCMOPT-
HbIX CpeacTB.

CoBpeMeHHble NporpaMmHble cpeacTsa UMu-
TaunoHHoro mopgenupoeanus (AnylLogic!, PTV
Visum? 1 np.) LWMPOKO MCMONb3YHTCS B NIOMUCTU-
Ke 1 TPaHCMOPTHOM MOAENUPOBaHMK, BKOYas
yrnpaBneHne nNapKoBOYHbIMU CMCTEMAaMMU, MO3BO-
NS0T aBTOMaTM3NPOBaTb MNPOLIECC MOAENUpPO-
BaHMS 3a CYET MCMOMb30BaHUSA rpadnyeckoro
nHTepdenca, QUCKPETHO-COOBLITUAHON, areHTHOWN
N CUCTEMHO-AVHAMUYECKOW NapagurmM, BCTPOEH-
HOro A3blka NPOrpamMMMpoBaHKS.

AKTyanbHOCTb WccregoBaHus obBycrioBrneHa
OTCYTCTBMEM B HacTOsiLlee Bpemsi [OCTOBep-

"AnyLogic: nMuTaUMOHHOE MoZenvpoBaHue Ans GusHeca: [OnekTpoHHIN pecypc]. Pexum goctyna: https://www.anylogic.ru/

(nata obpatlyeHus: 16.02.2026).

2PTV VISUM. TpaHcnopTHOe NnaHupoBaHue: [QnekTpoHHI pecypc]. Pexum goctyna: https://ptv-vision.ru/ (aata obpalyeHus:

16.02.2026).
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HOro M Hay4YHO-OOOCHOBaHHOro noaxopa, 6asu-
pytOLLErocsi Ha OOCTOBEPHbIX pesynbratax Teo-
PETUYECKNX U IMMUPUYECKNX WCCNEOOBaHUN, K
KOnmM4ecTBEHHOMY OOOCHOBaHMIO MaHNpOBa-
HWSI MApKOBOYHOIO MPOCTPaHCTBA KaK 3fieMeHTa
eOWHON TpaHcrnopTHon cuctembl. CyuecTByeT
HacyLHas HeobxoaMMOCTb B HAO4EXHOM UHCTPY-
MEHTE NPOrHO3MpPOBaHWs NokasaTtenen yHKumo-
HUPOBaHUSA MIAHUPYEMBIX U PEKOHCTPYNPYEMbIX
NMapKOBOYHbIX TEPPUTOPUIA, MO3BOMSHOLLENO NpU-
HMMaTb OOOCHOBaHHbIE PELLEHNst N0 ONTUMarb-
HOMY MX pa3MeLLEeHNIO, YNPaBneHno 1 06CnyXu-
BaHUIO.

[nsa HenpepbIBHOro HabnogeHus 3a aBTOMO-
OunaMM MCNonNb30BaNUCb CTaLMOHapHbIE KOM-
nnekcbl QoTo- 1 Bugeodukcauumn «Asmmyt OT»,
no3BorsitoLMe prKCMpoBaTb BPeMS 3ae3fa Kax-
[0ro aBTOMOGUISA Ha MAapKOBOYHY TEPPUTOPUIO
1 Bble3ga c Hee. K Tepputopun NapKoBKX npune-
raet Jopora ¢ OCHOBHbIM MOTOKOM TpaHcrnopTa.

Llenb nccnegoBaHns — Ha OCHOBE HaTYpHbIX
HabnogeHn yCTaHOBUTb CTaTUCTUYECKME 3aKO-
HOMEPHOCTN (PYHKLMOHUPOBAHUS MapPKOBOYHOM
TeppuTOpMM B LIEHTParbHOM Yactu ropoda obo-
CHOBaTb 3aBMCMMOCTb Bbe3fda/Bble3da TpaHC-
MOPTHBLIX CPEACTB Ha MapKOBOYHYK TEPPUTOPUIO
B 3aBMCMMOCTM OT BHELLHEro Tpaduka, MpoOBECTU
BepucmKaumio NonyYeHHbIX pe3ynbsraToB C UMU-
TaUNOHHOWN MOAENbIO.

HecmoTps Ha 3HauMTenbHOE Yncrno pabor, no-
CBALLEHHBIX NITAHMPOBaHUIO 1 OpraHM3auny nap-
KOBOYHOIO MPOCTPaHCTBA, OONMbLUMHCTBO U3 HUX
nnbo 6a3npyoTca Ha yCpegHEHHbIX HopMaTmBax
0e3 NpuBs3KM K pearnbHOM AMHaMUKe Cnpoca,
nnbo paccMaTpuBaloT NApPKOBOYHbIE TEPPUTOPUN
N30nMpoBaHHo, 6e3 y4yéTa nux B3aumMogencTBus

TRANSPORT

PART Il

TPaHCMNOPTHLIM MOTOKOM Ha NpueratwLen 4opo-

re. OTCyTCTBYIOT KONMMYECTBEHHO OOOCHOBAHHbIE

MOZENM, KOTopble NO3BOMNANM Obl MO AaHHBIM CU-

ctem ¢oTo- 1 BugeoduKcaumm nNporHo3npoBaTb

3anoNHAEMOCTb MApPKOBOYHOM TEPPUTOPUN.
3apauu:

1. TlpoBecTu HenpepbIBHbIN MOHUTOPUHT 3a-
MOMTHAEMOCTM NapKOBOYHOW TEPPUTOPUM, NUHTEP-
BarnoB 3ae3fa/Bble3a TPaHCMOPTHbIX CPEACTB, a
TakkKe MHTEHCMBHOCTH.

2.  OueHnTb COOTBETCTBME MOTOKOB 3ae3fa
MyacCOHOBCKOW M 3KCMOHEHUManbHOW MOgENSIM.

3. BbINOMHUTL KOPPENSALMOHHLIN U perpec-
CUOHHbI aHanu3 cBsi3M «MapKOBOYHas1 TEePPUTO-
pusi — goporan.

4. T[lpoBecTn cCpaBHEHWE WUMUTALMOHHOWN
Mogenu c pesynbratamm 06paboTKM HaTypHbIX
HabnogeHi.

MATEPUAIbI U METOObI

OObeKT nccnegoBaHMs — OTKpbITasi Heoxpa-
HAeMasi MapKOBOYHas TEpPPUTOPUS BMECTU-
MocTbto 35 aBTOMOOWNEN, pacrnonoXeHHas B
HenocpeacTBEHHON OnM30CTM OT Hay4yHO-Ucche-
[0BaTeNbCKOro LeHTpa nnowagbo 12 Thic. M?,
Xunoro komnsiekca Ha 250 KBapTUp C 4YacTHOM
TEPPUTOPUEN N TOProBOro LIEHTpA Ha 6,7, ThiC.
M2 (pucyHok 1). MMapkoBoYHas TeppuTopust MMe-
€T OOWH COBMELLEHHBIN Bbe3a-Bble3s, YTO Ynpo-
waet dumkcaumnio cobbiTui. MNpuneratowwasa ynmy-
HO-[OPOXXHAasA CeTb NpeacTaBrneHa ABYXMNOIOCHON
[0pOorov panoHHOro 3Ha4YeHMs (Mo O4HOW monoce
B Ka)kOOM HanpaBneHnn) ¢ orpaHN4eHNEM CKOpo-
cTn 60 Km/4. BOnunan pacnonoXeH 0CTaHOBOYHbIN
MyHKT TpaMBamHOro ropoACcKoro TpaHcnopTa.
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PucyHok 1 — Cxema napkogoyHoU meppumopuu
McTouHuk: cocTaBneHo asTopamu.

Figure 1 — Layout of the parking area.
Source: compiled by the authors.
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Mepwop HabnogeHuii: 7 cyT okTabps 2024 r.,
KpyrnocytoyHo. B noctobpaboTtke B nonyaBTo-
MaTM4YECKOM pexmmMe (UKCUPOBanMCb MOMEHT
Bbe3a M Bble3ga Kakgoro aBToMmobumns, no KoTo-
pbIM paccyUTbIBaIIUCE:

- 3anonHsemocTb K, aBT,;

- MHTEHCUBHOCTb Bbesga N u Bblesga Nov,
aBT/y;

- WHTepBan.bl
Bbesamu T, MUH.

[MapannensHO Ha npwnerawowen gopore
(maByxnomnocHoe OBWXEHUE, OrpaHnyeHne CKopo-
cTn 60 KMm/4) TeM xe KOMMIIEKCOM M3Mepsnach
WHTEHCUBHOCTb TPAHCMOPTHOrO NnoToka N, aBT/u.

Cratnctnyeckas obpaboTka BbINOMHEHA B
cpege Mathcad. lNMpoeepka runotes o pacnpe-
OerneHnn NpoBOAuMIiacb C UCMOMNb30BAHNEM Kpu-
Tepus Konmoroposa. KoppensumMoHHbIM aHanua
peanu3oBaH MeTogoM lMupcoHa. MuTaumoHHas
Mogenb noctpoeHa B AnylLogic (OuckpeTHo-co-
ObiTMMiHas napagurma). BxogHbIMM - LaHHBIMK

Mexay nocriegoBaTteribHbIMU

CNyXunu: 3aBucumocTtb N(t), dyHKumn N™(t) n
N°¥(t), a Takke aMnMpuyeckoe pacrnpegeneHve
BpemMeHu napkoBku. MoagenbHoe Bpems — 7 CyT,
4yuncno nporoHos — 30.

PE3YJIbTATbI

1.  3anonHsemocTb U CyTOYHasi QUHaMuKa.

Ha pucyHke 2 npepncrtaBneH rpaduvk 3anon-
HAeMOCTM B pabouni OeHb. [uKoBble 3Hade-
Hus (32—34 aBT.) npuxogsTtca Ha 11:00-13:00 u
18:00-19:00. B Hepaboune AHM 3anofHAEMOCTb
Hwxe B 1,5-2 pasa 1 cMeLleHa Ha BTOPYH Nnoso-
BVHY OHS.

2. \HTeHcnBHOCTU Bbe3aa/Bble3na.

Ha pucyHke 3 nokasaHbl 3aBucuMocTu N*(N)
n New(N). YTpeHHun nuk Bbesaa (8o 20 aBT/y) Ha-
ontopgaetcs ¢ 8:30 go 10:00, Be4EepHUIN MUK Bbl-
esfa (go 18 aBt/y) — ¢ 17:00 po 19:00. CpegHe-
CYTOYHbIE 3HAYEHWS NO OHAM HeJenu CBeAEHbI B
Tabnuuy 1.
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PucyHok 2 — 3asucumocmb 3anonHseMocmu rnapkosoyHol meppumopuu K (asmo) om epemeHu t (yac: MuHyma)

MICTOYHKK: cocTaBneHo aBTopamMu.

Figure 2 — Dependence of the parking area occupancy K (vehicles) on time t (hour: minute)
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Source: compiled by the authors.
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PucyHok 3 — 3asucumocmb uHmMeHcusHocmel 3ae30os N (aem/u) Ha NapKOBOYHY0 meppumopuro (criesa)

u eble30os N°U (aem/u) ¢ Hee (crnipasa) om epemeHu t
McToyHuk: coctaBneHo asTopamm.

Figure 3 — Dependence of the entry intensities N (vehicles/hour) into the parking area (on the left) and exit Nov

(vehicles/hour) from it (on the right) on time t
Source: compiled by the authors.
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Ta6bnuua 1

Cpe,ﬂHecyTO‘iHble WUHTEHCMBHOCTU 3ae340B Ha NapKOBKY, UHTepBasbl Tcp BpeMeHU Mexay HUMU, 3Ha4eHUsA Kputepus
KonmoropoBa npu oLieHKe CTaTUCTUYECKUX rMnoTe3
MICTOYHWMK: cocTaBneHo aBTopamu.

Table 1

Daily average parking entry intensities A, time intervals between them Ty
and Kolmogorov test values for statistical hypothesis evaluation.
Source: compiled by the authors.

3HayeHus CTaTUCTUKN Konmoroposa
HeHe A, MuH T,y MVUH OKCMNoHeHLmansHoe
pacnpenenchie MyaccoHoBckoe pacnpeaenexve
[NoHegenbHUK 0,0689 14,507 1,5847 0,1834
BTopHuk 0,0788 12,686 1,4850 0,1527
Cpena 0,1488 6,7213 1,8899 0,5182
YetBepr 0,1279 7,8157 1,5960 0,2800
MatHuya 0,1314 7,6126 1,4418 0,3530
Cy660Ta 0,0354 17,561 1,0143 0,0164
BockpeceHbe 0,0341 29,311 2,1473 0,0297
3. Ctatnuctuka nHTepBarioB 1 NpoBepka rmno- npu KpuTuyeckom 3HadeHum 1,36). Mmnotesa o
Tes. nyacCOHOBCKOM MOTOKe MpoBepsinack Ang 4vicna
OMnMpuyeckne pacnpepeneHis UHTepBanos 3ae300B 3a ABYXMWHYTHbIE MHTEpPBanbl (PUCYHOK
T (pPUCYHOK 4) UMET BbIpaXXEHHYK MNpPaBOCTO- 5); onsa pabounx OHEN pacxoXgeHue He3HauyMMo
POHHIOI acummeTpuio. Tunotesa 06 3KCMOHEH- (D < 0,5), yTo NO3BOMSAET NCMONB30BaTL Myacco-

unaneHOM pacnpefeneHmmn OTKIOHeHa AMis Bcex HOBCKYHO MOZEerb Ha MasblX MHTepBanax.
OHen Hepenu (kputepwuii Konmoroposa D > 1,4

Ps L Py
0,04 1.0 3 SjiCACACACRCRORORO RO R ROnOnOnont
Py = 0’06898—0.06891 0s o)
0,03 \ ' / Py =1 — g™00689T
0,6
0,02 /
\ 0.4
0,01
§ 0,2
0,00 + rO-0-0-0-0r0-0-0-0-0-0-0-0-0-0 0,0
0 100 200 300 T 0 100 200 300 T

PucyHok 4 — Omnupudeckue (0) u sKCrioHeHyuarbHsie (—) pacrpedesnieHus nnomHocmed p, éeposimHocmel (crieea)
u sepossmHocmel P, (6) uHmepeasnog epemeHu T Mexdy 3ae30amu aemomobusiel Ha NapKoeky (crpasea)
MICTOYHMK: COCTaBNEHO aBTOPaMM.

Figure 4 — Empirical (o) and exponential (—) distributions of the densities p, of probabilities (on the left)
and probabilities P, (b) of time intervals between car entries into the parking lot (on the right)
Source: compiled by the authors.
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PucyHok 5 — Omnupuydeckoe (0) u ryaccoHoeckoe (—) pacrpedesnieHus eeposimHocmet P, 3ae30a k asmomobursiel
Ha MapKOBOYHYO MeppumMOopU0 8 medeHue 2 MuH; paboqull 0eHb okmsibpsi 2024 e.
McTouHuk: coctaBneHo asTopamm.

Figure 5 — Empirical (o) and Poisson (—) probability distributions P, of k cars entering

the parking area within 2 minutes; Weekday, October 2024
Source: compiled by the authors.

4. Koppensuma € MNOTOKOM TPaHCMOPTHbIX naumm MNMupcoHa anga pabounx gHen cocTaBnsieT

CpeacTB Ha gopore. 0,81-0,86, ons BbixogHbIX — 0,54—0,62. JlnHen-
Ha pucyHkax 6 n 7 nokasaHo, 4ToO gMHaMuka Has annpoKkcMMmaums:
N™(t) BU3yanbHO MOBTOPSET U3MEHEHUE UHTEH- - N"=0,21-N + 1,07 (R*=0,73);
CMBHOCTM Ha gopore N(t). KoacdhdpuuneHT koppe- - N°“=0,19-N + 0,95 (R*=0,70).
N Nno A K« =0,4195
o Nin=(0,0045N + 0,0512
1600 o 25 t=3,8939
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PucyHok 6 — 3asucumocmu om epemeHu t uHmeHcusHocmel N (—, asm/4) mpaHcrnopmHo20 nomoka Ha dopoze u N™ 3ae3da
asmomoburell Ha MPUAOPOXHYH MapKOBOYHYHO Meppumopuro (Mapkepbl «o», asm/d, cresa); 3asucumocmu N™(N), nuHelHble
annpokcumayuu (—), koaghgpuyueHmsl koppensayuu u CmbrodeHma (cripasa)

MCTOYHMK: COCTaBNEHO aBTOPaMM.

Figure 6 — Dependences of the intensities of the traffic flow on the road N (—, vehicles/hour) and of vehicles entering the
roadside parking area N™™on time t (markers “0”, vehicles/hour, on the left); dependencies N™(N), linear approximations (—),
correlation coefficients and Student’s t-test (on the right)

Source: compiled by the authors.
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PucyHok 7 — 3asucumocmu N™(N) u N°“‘(N) mex0y ocpedHeHHbIMU 3a paboyue OHU UHMEeHCUBHOCMSIMU MPaHCMOPMHbIX
rnomokos N Ha nipunexauwjel 0opoze U UHMeHcusHocmsamu ebesda N™ (crieea) asmomobursiell Ha MapKoOBOYHYIO MeppPUMOPUID
u eble30a N°“ ¢ Hee (MapKepbl «O», asm/y, cripasa); IuHelHbIe annpokcumayuu (—),
KoaghghuyueHmsbi Koppenayuu u CmstodeHma
McToyHuk: cocTaBneHo asTopamu.

Figure 7 — Dependencies N™(N) u N°“‘(N) between the averaged over working days traffic flows intensities N on the adjacent
road and the intensities of vehicles entering the parking area N™ (on the left) and leaving it N°* (markers “0”, vehicles/hour, on
the right); linear approximations (—), correlation coefficients and Student’s t-test

Source: compiled by the authors.

5. mutaumoHHoe mopenupoBaHue U Bepu- ymcna 3ae3foB (pucyHok 10), 6rninskue Kk HaTyp-
dhukauums. HbIM. KonmnyecTBeHHOE CpaBHEHWE AeTEPMUHU-

Mopgenb reHepvpyeT NoTokM Bbesaa (PUCYHOK POBaHHbIX U BEPOSITHOCTHbIX MOKa3aTenewn npea-
8), pacnpegeneHns MHTEpPBarNoB (PUCYHOK 9) K cTaBneHo B Tabnuue 2.

0 1N A n(\nnn " I AN
AT I
1M T

0:00 5:00 10:00 15:00 20:00 i 0:00 5:00 10:00 15:00 20:00 f

PucyHok 8 — 3asucumocmu om epemeHu t uHmeHcusHocmel N™ (criega) ebe30a asmomoburieli Ha MapKOBOYHYH MeppPUMOpPUI0
u N (cnipasa) eble3da c Heé, roryYeHHbIe Mpu 8bIYUCTUMENbHOM ModenuposaHuu; paboduli OeHb okmsibps 2024 e.
McTo4HMK: cocTaBneHo aBTopamu.

Figure 8 — Dependences of entry N™ (on the left) and exit N°* (on the right) intensities of vehicles from the parking area on time t
obtained from simulation modeling; weekday, October 2024
Source: compiled by the authors.
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PucyHok 9 — [paghuku 3MMIUPUYECKUX (0) U MEopemuyeckux (—, SKCrIoHeHyUanbHoe) nnomHocmetli geposimHocmet p¥°°
(cnieea) u hyHKyul pacrpedeneHusi p° (cpasa) UHMepPBanos epeMeHU T Mexdy 3ae30amu asmomMobusieli Ha apKOBOYHYIO
meppumopuro, rnony4eHHbIe 8 pedynbmame ModenuposaHus 8 paboyuli OeHb

McTouHmK: cocTaBneHo aBTopamu.

Figure 9 — Graphs of empirical (0) and theoretical (—, exponential) probability densities p¥°®° (on the left) and distribution
functions p¥°° (on the right) of time intervals between vehicle entries into the parking area, obtained as a result of modeling
on a weekday

Source: compiled by the authors.
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PucyHok 10 — PacripedeneHusi pac4emHou (0), nomy4eHHOU Mpu 8bI4UCUMEebHOM MOOeuposaHuU, u meopemu4eckol ppeo
(—, nyaccoHosckol) eeposimHocmel ebe3da k asmomoburnel Ha MapKosKy 8 mevyeHue 2 MUH
McToyHuk: cocTaBneHo asTopamu.

Figure 10 — Distributions of the calculated (o), obtained through computational modeling, and theoretical P,%“’a (—, Poisson)
probabilities of k vehicles entering the parking lot within 2 minutes
Source: compiled by the authors.

Tabnuua 2

CpaBHeHWe [eTepPMUHUPOBAHHbIX XapaKTePUCTUK, onpeaenéHHbIX No pe3ynbraTaM HaTypHOro HabnaeHus

M BbIYUCTIUTENBLHOTO 3KCNEePMMEHTa: CpeaHeCcyTOYHbIe MHTEHCUBHOCTU A 3ae34a, cpeaHue 3HadeHus (N, (Nou);
4eObILWEBCKNE HOPMbI PAa3HOCTEN BEPOSITHOCTHLIX KPUBbIX

MICTOYHVMK: COCTaBNEHO aBTOPaMM.

Table 2

Comparison of determined characteristics defined by the results of field observation and a computational experiment:
average daily intensities of entries, average values (N™), (N°**); Chebyshev norms of differences in probability curves
Source: compiled by the authors.

Pa6ounii neHb Hepabouunin geHb
[NokasaTtenb
Ha6nonenne MopgenvpoBaHue Habnioaexve MopenvpoBaHue

(N™), MUH—1 4,0274 4,3973 2,0548 1,1918
(Nouy, MUH—1 4,0685 4,3973 2,0548 1,1918

A, MUH—1 0,0689 0,0871 0,0354 0,0296

llp.— plod || 0,0182 0,0058

P~ plod || 0,0798 0,0657

P — pgod I 0,0891 0,0276
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OBCYXAOEHUE U 3AKINKOYEHUE

[MpoBeOEHHbIN aHanu3 OBWXKEHUS aBTOMOOK-
nen Ha NapKOBOYHOW TEPPUTOPUM B LIEHTPE ro-
poAa Mo3BOMUIT OLEHUTb CTeMNeHb €€ 3arpyXxeH-
HOCTK, a TaKke onpeaenuTb nokasatenu 4acToThbl
3ae300B U Bble3noB. Pesynbratbl nokasanu, 4To
npy KpaTKMX MHTepBanax BpeMeHW Mexay 3aes-
JaMy BO3MOXHO MOZENMPOBaTb UX Kak Myacco-
HOBCKMI npouecc. OgHako rmnoTe3a O COOTBET-
CTBMM VHTEPBANioOB BPEMEHU MexXay 3ae3gamu
3KCMOHEHUMANbHOMY pacnpeneneHnio He npo-
Lria NpoBepKy no Kkputepuio Konmoroposa.

Vcnonb3oBaHne KOppensumMoHHOro aHanmaa
NoaTBEPAMITO Hannymne OYyHKLMOHANbHOW 3aBUCK-
MOCTW MeXOy MHTEHCUBHOCTbIO aBTOMOOUITBHOIO
NnoTOKa Ha npunerarLwen yrm4yHo-40POXKHON CceTn
N 3HA4YEHUSIMW 3ae300B N Bble3[OB Ha NMapKOBOY-
Hyto TeppuToputo. Ha Gase 3TMx BbIBO4OB Obina
copMmmpoBaHa UMMUTaALMOHHAS modenb paboThbl
NMapKOBOYHOW CUCTEMBI, YYMTbIBAOLLAA B3aUMOC-
BA3b Mexgy NOoToKaMu TpaHcnopTa Ha gopore
N noBedeHVEeM NOnb3oBaTenen TPaHCMOPTHbIX
CpeacTB Ha NapKoBKe.

OBHapyxeHo, 4To nokasartenn adeKTUBHO-
CTU (PYHKUMOHMPOBAHUSA NapPKOBOYHOW TEPPUTO-
pvn nogBepKeHbl KonebaHnsiM, KOTopble CBA3aHbI
KaKk CO BpEMEHEeM CYTOK, TaK U C KOHKPETHbIMMU
OHAMW Hegenu. 3T 0COBEeHHOCTU HeobXoaMmo
YyUUTLIBaTL NPU MPOEKTUPOBAHMM, OPraHn3aumnm u
pasBUTUM FOPOLCKON MapKOBOYHOW MHMPACTPYK-
Typbl. [lonydeHHble [daHHble pekoMeHOyeTcs
MCMonb3oBaTb MPU CO30AaHMM UMWUTALMOHHBIX W
CTaTUCTUYECKMX MOZENEN NapKOBOYHbLIX TEPPUTO-
pviA, COMOCTaBMMbIX C paccMaTpvMBaeMow, ofHa-
KO MeToauKka MOXeT OblTb MaclwTabupoBaHa Ans
aHanmusa nodbix 06bLEKTOB MAapKOBOYHOW MHpa-
CTPYKTYpbl B Lensix Gonee pawuuoHanbHOrO Wc-
MoOrb30BaHMs FTOPOACKUX PECYPCOB W yMyYLLEHNS
TPaHCMOPTHOW CUCTEMBI.
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