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Annomayusn. AkmyanvHocms padbomsl 00yCl081eHA HEOOXOOUMOCIbIO 0OPAOOMKU U AHAIU3A UHGOpMA-
Yuu, HaKanausaemou Komniekcamu gomosudeogurcayuu wapyuenui T[], umo nozeonum 6 oanvHetiuem
paspabamuvleams mMamemamuyecKue, Gbl4UCTUMENbHbIE U UMUMAYUOHHbBIE MOOENU OBUNCEHUS ABIMOMOOUb-
HO20 MPAHCROPMA, peulams 3a0ayi ONMUMUZAYUU U YIPAGTIEHUs MPAHCHOPMHBIMU NOMOKAMU, NPUHUMAMb
ynpaeieHueckue peulenust O CHUNCEHUs. KOTUYeC8d 3amopo8 U YMEHbULEeHUs AHMPONO2EHHOU HASPY3KU HA
OKPYIACAIOWYIO CPEDY.

B kauecmee o6vekma usyuenus 6vlOpan yuacmox mpéxnoiochol 00po2u ¢ UHMEHCUBHLIM OOHOCIOPOH-
HUM O8UdICEHUEM, 000PYOOBAHNbBII NPOZPAMMHO-MEXHUYECKUM KOMNAEKCOM, NO3GONSAIOUWUM USMEPAMb OCHOB-
Hble XapaKxmepucmuKky mpaHCnopmHo2o NOMoKa (CKOpocmu agmomoouell, 8 mom yucie cpeoHue 3Ha4eHus Ha
KOHMPOIUPYEMOM yuacmre 0opozu, epems npoe3oa yuacmia u npod.). Ilpeomem uccnedosanus — unmencus-
HOCHIb MPAHCNOPMHO20 NOMOKA 8 MeYeHUe 7-0HeBHO20 BPEMEHHO20 NePuodd (C NOHEOETbHUKA NO 8OCKPECEHbE).

Ananuz nomyuaemvix 3a6UCUMOCment NO360IUIL CHOPMYIUPOBATNL 2UNOME3Y O HATUHUU OeMePMUHUPOBAHHOL
U CMOXACMUYECKOU COCMABIAIOWUX 8 UHMEHCUBHOCIU MPAHCNOPIHOZ0 NOMOKA KAK CIYHAUHOU (yHKYUY 8peme-
HU, nposepKa KOMopou A6AemCcs Uenblo HACMOAUWe20 UCCLE008AHUS.

B kauecmee meopemuko-memoouueckozo n00Xo0a ucnoib3yemcs Cmamucmuieckas 0opabomra noay4eHHulx
OaHHBIX, A MmaKodice OONYWeHue, Ymo UHMEHCUBHOCTNb MPAHCHOPMHO20 NOMOKA MOdICem Oblmb Npeocmasiend
CYMMOUL OeMepMUHUPOBAHHON U CHIOXACMUYECKOU cocmagnaowux. Paspabomanneiii nooxoo ¢ ucnoivsosamnuem
npoYeoypubl C2NANCUBAHUSL NO3BOTUL 8bIOCTUMb 00€ COCMAsIsIouUe, YMo AGIemcs HAYUHOU HOBU3HOIL 6bINOJI-
HEeHHO20 aHANU3qA.

B pe3ynemame uccnedosanus nokazano, 4mo 0emepmMuHUpoSanias COCMagsiowds UHMEHCUGHOCHU MPAHC-
HOPMHO20 NOMOKA 071 pabouux OHell Ka4ecmeeHHo OMaUYaemcs om 0emepMUHUPOSAHHOU COCMassiowell Ol
6bIX0OHBIX OHell. Onpedenenvl cmamucmuyeckie noKa3amenu 6epOosmHOCIHbIX PACnpeOeleHull UHMeHCUBHOCmell
NOMOKO8 MPAHCNOPMA U BbLOETICHHbIX U3 HUX CIVYAlHbIX cocmasnsiowux. [lonyuenst oyenku coomeemcmaust 6bi-
O0€NEeHHBIX KPUBLIX HOPMATLHOMY 3AKOHY pACHpedeneHUsi 6epOImMHOCMEN ¢ UCNONb308aHUemM Kpumepues Koimozo-
posa u [lupcona, npomusopeuawue opyz opyzy.

Ilpakmuueckas 3HaYUMOCHb 3aKII0OYAEMCS 8 UCNONb308AHUU OeMEPMUHUPOBAHHOU cOCmasisiowell 0Jis npo-
2HO3UPOBAHUS. MPAHCHNOPMHBIX NOMOKOG, YAPAGIEHUs. padOMOU C8emMOPOPHbIX 00bEKMO8, MOHUMOPUHEA PAOOMbL
0060pY006anUs, npu PeKOHCMPYKYUU, NPOEKMUPOBAHUU U CTIPOUMENbCIMEE D0PO2 U OOPOJICHBIX 0OBEKMOE.

Hanpasnenue oanvHenuie2o uccied08anus — noiyierue, cmamucmuieckas oopabomra u 0booujerue 0am-
HbIX 00 UHMEHCUBHOCTNU MPAHCNOPIMHBIX NOMOKO8 HA OPY2UX YYACMKAX YIUUHO-O0PONUCHOU CemU.

Knrouegvie cnosa: unmencusHocms 08UdNCeHUs ABMOMOOULEH, MPAHCROPMHBLIL NOMOK, 0eMEPMUHUPOBAHHAS
U CMOXACMUYECKAsl COCMagasouue, 8eposiMmHOCMtbLE NOKA3AMeNl NONOKA a8MoModuell.

Hna yumuposanusa: bospimuos M. I, Basumin A. C., lymkos A. I'. Mcnons3oBanue KomIiekca OTOBH-
Jeo(UKCallMy HapyLIICHUH MPaBUII JIOPOXKHOTO JABMIKEHUS JUISl BBIJICJICHUS IETEPMUHUPOBAHHON U CTOXacTHyYe-
CKOM COCTaBJISIFOIIMX MHTEHCHBHOCTH TPaHCIIOPTHOTO noTtoka // Mnrennexr. unoBanmu. MuBectunmu. — 2021, —
Ne 3. -C. 61-71. DOI: 10.25198/2077-7175-2021-3-61.
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USING THE COMPLEX OF PHOTO AND VIDEO RECORDING
OF TRAFFIC VIOLATIONS TO IDENTIFY DETERMINISTIC
AND STOCHASTIC COMPONENTS OF THE TRAFFIC FLOW INTENSITY

M. G. Boyarshinov, A. S. Vavilin, A. G. Shumkov
Perm National Research Polytechnic University, Perm, Russia
e-mail: atm@pstu.ru

Abstract. The relevance of the manuscript is due to the need to process and analyze the information accumulated
by the complexes of photo-video recording of traffic violations, which will further develop mathematical, computa-
tional and simulation models of road transport, solve problems of optimization and management of traffic flows, make
management decisions to reduce the number of congestion and reduce the anthropogenic load on the environment.

The object of the study is a part of a three-lane road with heavy one-way traffic, equipped with a software and
technical complex that allows measuring the main characteristics of the traffic flow (vehicle speeds, including the
average values on the controlled road part, driving time, etc.). The subject of the study is the traffic flow intensity
during a 7-day time (from Monday to Sunday).

The analysis of the obtained dependences allowed us to formulate a hypothesis about the presence of determin-
istic and stochastic components in the traffic flow intensity, which is a random function of time, and the verification
of which is the purpose of this study.

Statistical processing of the obtained data is used as a theoretical and methodological approach, as well as
the assumption that the traffic flow intensity can be represented by the sum of deterministic and stochastic compo-
nents. The developed approach using the smoothing procedure allowed us to select both components, and this is
a scientific novelty of the analysis performed.

As a result of the study, it is shown that the deterministic component of the traffic flow intensity for working
days is qualitatively different from the deterministic component for weekends. Statistical indicators of probabilis-
tic distributions of traffic flow intensities and random components selected from them are determined. Estimates
of the correspondence of the selected curves to the normal law of probability distribution are obtained using the

Kolmogorov and Pearson criteria, which contradict each other.
Practical significance consists in the use of a deterministic component for predicting traffic flows, controlling
the operation of traffic lights, monitoring the operation of equipment, as well as in the reconstruction, design and

construction of roads and road objects.

The direction of further research is to obtain, statistically process and generalize data on the traffic flows

intensity in other parts of the road network.

Key words: car traffic intensity, traffic flow, deterministic and stochastic components, probabilistic indicators

of car traffic.

Cite as: Boyarshinov, M. G., Vavilin, A. S., Shumkov, A. G. (2021) [Using the complex of photo and video re-
cording of traffic violations to identify deterministic and stochastic components of the traffic flow intensity]. Intellekt.
Innovatsii. Investitsii [Intellect. Innovations. Investments]. Vol. 3, pp. 61-71. DOI: 10.25198/2077-7175-2021-3-61.

BBenenne

B oTeuecTBEHHBIX U 3apyOCIKHBIX UCCICIOBAHHIX
JUTSL aHAJIM3a TPAHCIOPTHBIX TTOTOKOB TPAIUIIUOHHO UC-
MOJIB3YIOTCSI 9KCIIEPUMEHTANIBHO OIpeeieMble paB-
HOMEPHOCTB [9] ¥ CKOPOCTH ABMIKCHUS [ 8] aBTOMOOHIIB-
HOTO TPAHCIOPTa, 3arpyKEHHOCTh YJIUYHO-JI0POKHOM
ceru [12, 13, 19], a Takxke noka3areyib MHTCHCUBHOCTH
nBrkenus [2, 7, 15, 18] — konuuecTBO aBTOMOOMIIEH,
MPOEIKAIOUINX Yepe3 YCIOBHOE CEYEHHE ydacTKa JIo-
porH, 3a eauHUILy BpeMeHu. [1Jist monyueHus TpedyeMoit
UHPOPMAIIMHA AKTHBHO HCIOJNB3YKOTCS CITyTHAKOBBIN
MOHUTOPHUHT [16, 26], kBagpoxonTepsl [25], peructpa-
TOPBI aKyCTHYECKOTO HM3IydeHHs aBTomooOwien [20] u
JIpyTue TEXHUUECKUe cpeicTBa. biaronapsi BHEIpEHUIO
TEXHUUYCCKUX CPEICTB (POTOBHICODUKCAUN COOBITHIA
Ha YJIUYHO-JOPOKHOM CETH HMEETCS BO3MOXKHOCTD
MIPAKTUYCCKU B PEIKUME PEAIbHOTO BPEMEHH COOUPATh

Y aHAIM3UPOBATh 3HAYUTEIILHBIC 00BEMbI HH(POPMAIIHU
00 3BOIIOINH XaPAKTEPUCTHK TPAHCIIOPTHBIX MOTOKOB
JUIS Pa3IMYHBIX BPEMEHHBIX MHTEPBAJIOB, HA OTICIIb-
HBIX YYaCTKax OPOT U MX IepecedeHuil, (hopMHUpOBaTh
MAaTpHIbl KOPPECIIOHACHIIMN 1 TIPOY.

Buenpenue HOBEHIINX TPAHCIIOPTHBIX TEXHOJIOTHUI
(OecnmIOTHBIC aBTOMOOWIIM, KaHAJIbI KOMMYHUKAIIHMU
MEXK/y aBTOMOOMIISIMU, aBTOMATU3UPOBAHHBIC CUCTEMbI
yIpaBJICHUs JOPOXKHBIM JBIXXCHHUEM) TpeOyeT mocra-
HOBKH U pPCIIICHHS HOBBIX 3aJ1a4 B OOJIACTH yIPaBICHUS
TPaHCIIOPTHBIMU TOTOKaMHU M obecrieueHust Oesornac-
HOCTH JIOPOXKHOTO JIBMXKeHud [3, 22, 23], 4yTo, B CBOIO
o4epelib, OMPeelIeT HAyuHY0 Tpo0ieMy, CBA3aHHYIO
¢ pa3paboTKo¥i, arpodariueil 1 BHEPESHUEM HOBBIX Me-
TOJIOB U CIIOCOOOB 00paOOTKU 3HAYUTEIHHBIX 00BEMOB
HH(POPMAIIMHU, TOCTYMAOIIUX C MPOrPAMMHO-TEXHHUYEC-
CKUX KOMILJICKCOB, B PEXKHME PEaIbHOTO BPEMEHH.
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Hcnonvzosanue komniexca gpomogudeouxcayuu HapyuweHutl npagui 00POHCHO20 OBUNCEHUSL OISl 8blOeNeHUsA 0eMePMUHUPO-
BAHHOUL U CMOXACMUYECKOU COCMABNAIOWUX UHMEHCUBHOCIU MPAHCROPMHO20 NOMOKA

AKTyaJbHOCTh PCIICHHS YKa3aHHOM MPOoOIeMbl 00-
YCIIOBJICHa HEOOXOAUMOCTBIO MPOBEACHUS TIIyOOKOTO
aHallM3a 3HAYMTENBHBIX OOBCMOB JIaHHBIX HaONrO/Ie-
HUHM W M3MepeHHuH, UX 000O0IEHHMs], TOJrOTOBKH 0a3bl
JUIS pa3pabOTKA MaTeMaTHYCCKUX, BBIUUCIUTEIBHBIX,
MMUTALMOHHBIX U PErPEeCCUOHHBIX Mozenelt [21] aBu-
JKCHHUST aBTOMOOMIJIBHOTO TPAHCIIOPTa 110 toporam [17],
pacrpeneicHus WHTEPBAJIOB CIICIOBAaHMS aBTOMOOU-
neit [10], cocrosHME YIUYHO-AOPOXKHBIX ceTeil [4],
MIPH UCIIOJIb30BAHUU MPOTrPAMMHBIX [TAKETOB BHIYHCITH-
TEJIBHOIO W WMUTAIMOHHOTO MozenupoBanus «PTV
VISUM» [5, 14], «AnyLogic» [21] u np.

Heob0xonumo oTMeTuTh, 4TO 00BbEMbI MH(pOpPMa-
LMY, HAKOIIJICHHbIE B T€UEHHE MHOTHUX JIET IIpUMEHe-
HUSI TPOrPAaMMHO-TEXHUYECKUX KOMIIJIEKCOB BHJE-
odHKcaIMy HAPYIICHUN MPAaBUIJI JTOPOKHOTO JIBHIKE-
HUS, TPAKTUYECKU HE HCIOJIb3YIOTCS JJIsI PELIeHUs
MPaKTUYECKH BAXHBIX 3a]1au. [IpakTHyeckoe Ucrob-
30BaHUE JAHHBIX MPOTPAMMHO-TEXHUYECKUX KOM-
MJIEKCOB, HAKOIJICHHBIX 32 MPOLIEAIINE IOl U TO-

N

Jy4aeMbIX B PEKUME peasJbHOro BPEMEHH, NMO3BOJIUT
(hopMyIMpOBATh M pelarh 3aJa4i ONTHMHU3ALNN [24]
n ynpasneHus [l, 11] TpaHCIOPTHBIMH HOTOKaMH,
MPUHUMATh YNPABIEHYECKUE PELICHUs AJIsI CHIKE-
HUs KOJUYECTBAa 3aTOPOB HA YJIMUYHO-IOPOXKHBIX Ce-
TAX, YMEHBIIEHUS AHTPOINOIEHHOM 3KOJIOrMYecKou
Harpy3KH Ha OKpPYy Kalollylo Cpey.

[enblo HACTOSIIIETO UCCIEIOBAHUS KaK HAYaJIbHO-
ro sTana padoThl MO aHAIM3y HAKOIUICHHBIX JAHHBIX
SIBJISIETCS IIPOBEPKA TMITOTE3bl O HAJMYUU J€TePMUHU-
POBaHHON COCTaBIIAIOLIEH B MHTEHCUBHOCTU TpaHC-
MOPTHOTO MOTOKA, IPOSBIIAIOIIEH CBOMCTBA CilydaitHOI
(yHKIMH BpEMEHHU.

JlaHHbIe, MOJIyYeHHbIe
€ UCNOJIb30BAHNEM MPOTPAMMHO-
TEXHUYECKOro KOMILJIEKCa
B nHacrositieli pabote BBITOIHSACTCS aHATU3 3aBHCHU-
MOCTH OT BPEMEHU MHTEHCHBHOCTH [TOTOKA aBTOMOOH-
Jiel Ha OJTHOM M3 OKMBIIEHHBIX J10por ropoxaa [lepmu.
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Pucynox 1. 3aBucumocTn oT BpeMeHH t (MUH) MHTEHCUBHOCTH N (aBT/4) TPaHCIIOPTHOIO IIOTOKA CyTOYHAsI
(ToHezeNBHIK, a) ¥ HeJlelIbHas (C TIOHEAEIbHUKA [0 BOCKpPECEHbE, 0)

Hcemounux: paspabomano asmopamu
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BriOpaHHbIi y4acTOK TPEXIOIOCHOW JOPOTH C Of1-
HOCTOPOHHHUM JIBIDKEHHEM O0OPYJIOBaH MPOrpaMMHO-
TEXHUYECKUM KOMIUIEKCOM «A3UMYT 3»', KOTOpBIi
T103BOJISIET U3MEPSITH CKOPOCTh TPAHCIIOPTHBIX CPEICTB
B 30HE KOHTPOJISI KOMIUIEKCA, UX CPEIIHIOI0 CKOPOCTb,
BpeMs IIpOe3/ia y4acTKa u Jp.

Ha pucynke 1 nmoka3saHbl 3aBUCHMOCTH OT BPEMEHHU
CYTOUYHOI M He/IeIbHON NHTEHCHBHOCTH TPAHCIIOPTHO-
TO MOTOKa Ha BHIOPAHHOM YYacCTKe JOPOTH, MOJIy4YeH-
HBIE B pe3ylibTare 00padOTKH MOCTYNAIOIINX JaHHBIX.
Pucynox la nmoka3pIBaet, 4To CyTOYHast THTEHCHBHOCTh
TPaHCIIOPTHOT'O TTIOTOKA SIBIISIETCS CIIyYallHBIM IIPOIIEeC-
coM. B To ke Bpemsi pucyHOK 10 ykasbIBaeT Ha TO, UTO
KpPHUBbIE MHTEHCUBHOCTH TPAHCIIOPTHOTO IIOTOKA, I10-
JIy4EeHHbIE 32 HECKOJIBKO CYTOK OIS, SIBISIOTCS I10-
JOOHBIMHU. 3aBHCUMOCTH MHTEHCHBHOCTU TPaHCIIOPT-
HOTO IOTOKA JyIsl pabo4nx JHeH (MOHeNeIbHUK-TITHH-
11a) UMEIOT JIBa MUKOBBIX 3Ha4YEeHUs (OPHEHTHPOBOYHO,
¢ 7:00 no 9:00 u ¢ 16:30 no 18:30) 1 oAMH NHK B BbI-
XOIIHBIC THH (Cy000Ta-BOCKPECEHBE, OPHEHTHUPOBOYHO,
¢ 13:00 no 18:00).

OcHoBHAasI THIIOTE3A MCCJIe0BAHMSA

[Ipencrasnser uHTEpeC aHanIMU3 3aBUCUMOCTEH OT
BPEMEHU CYTOUHBIX MHTEHCUBHOCTEH TPAaHCHOPTHOTO
MIOTOKA Y BBIJCNIEHHE ISl IPEACTaBIEHHBIX KPHUBBIX
MO0OHBIX JIETEPMHUHUPOBAHHBIX COCTABISFOIMX. Jlist
9TOro JieNaeTcs MPEeANoIoKEeHUE, YTO B KaKAbI Mo-
MEHT BPEMEHU MHTEHCUBHOCTh N TPaHCIOPTHOIO IO-
TOKa MOKHO TIPEJICTABUTE B BUJIE CyMMbl N = N, + N,
rae

N, — neTepMUHUpOBaHHas (CIIIaXKEHHAs) COCTABJIA-

ol[asi HHTEHCUBHOCTHU TPAHCIIOPTHOI'O NMOTOKA;

Ny — OTKJIOHEHHE UHTEHCUBHOCTU TPAHCIOPTHOTO

MOTOKa OT CIVIaKEHHOH KpHBOW (CTOXacThieckas
COCTABJISIIOILAs ).

CraTrucrtuyeckasi 00padoTKa JaHHBIX
00 HHTEHCHBHOCTH TPAHCIIOPTHOIO NMOTOKA

IlepBoHa4yanbHO paccMaTpUBAETCS MHTEHCHUBHOCTh
TPaHCIOPTHOTO MOTOKA B TEUEHHE NEPBLIX CYTOK Ha-
OnropeHust (MOHEEIbHUK, pUCYHOK la). PaccmarpuBa-
€TCsl TUIOTe3a 0 HOPMaJIbHOM 3aKOHE pacHpeieIeHus
JIAaHHBIX BPEMEHHOro psaa. PesymbraTsl craructuue-
CKOTO aHajv3a MpHuBe/ieHb! B Tabnuie 1.

JI71 KOJTMUECTBEHHOM OLEHKH TOMyCTUMOCTH MPH-
HATHSI TUIIOTE3bl O HOPMAJIBHOM 3aKOHE pacrpenese-
HUSl MHTEHCUBHOCTHM TPAHCIOPTHOTO IOTOKA Ha pac-
CMaTpPHBAEMOM y4aCTKe JOPOTH ONpe/IeeHbl 3HAYCHUS
cTatucTuk kputepues Kommoroposa

D

=

g%‘FM(Nk)_F(Nk)‘

m
u Tupeona X* = (v, — MR )’ [MP,,
k=1
rae
F,, (O, F () — oMnupudeckas ¥ THIOTETHYECKas
(yHKIMK pacnpeseneHus. B npuBeseHHbIX BbIpa-
JKEHUSIX MCIIOJIb30BaHbI 0003HaueHus:: Nk — 3Hade-
HUSI DJIEMEHTOB BPEMEHHOTO psizia (pUCyHOK 1);
Pk — BeposiTHOCTH 1OMNa1aHKS B COOTBETCTBY IO
MHTEPBAJ I'PYNIMPOBKH, ONpeessieMble 10 THUIOo-
TETHYECKOH IJIOTHOCTH PacIpe/IeIeHHs;
V, — 4acTOThI NONA/IaHHs TOYEK BBIOOPKH B COOTBET-
CTBYIOIIIME HHTEPBAJIbI TPYIIITUPOBKH;

m
m — KOJIM4YECTBO HMHTEPBAJIOB, sz =M.
k=1

Ta6m1ua 1. CraTucTryecKue IoKa3aTe i HHTCHCUBHOCTHU TPAHCIIOPTHOT'O MMOTOKA (Ha mpumepe HOHeIleJ'II)HI/IKa)

IToxazatenn 3HaueHue st N 3uauenue s N
CpenHee 3HaYCHUE, aBT./9ac 1119,20 -0,75
Menuana, aBT./dac 1428,0 —-10,00
CpenHeKBaIpaTHIHOE OTKIIOHEHHUE, aBT./dac 762,78 162,77
Koabdunuent sapuanuu, % 0,68 -214,65
AcuMmeTpust -0,20 -0,12
DKcrece -1,50 2,82
Craructuka [Iupcona 3696,37 24,22
Craructuka Konmoroposa 1,0 0,52

Ha PUCYHKE 2 MOKa3aHbI rucrorpaMma, OTHOCUTECIIb-
HBIC 4aCTOThI (‘IaCTOCTI/I), SKCIICPUMCHTAJIbHAA U TCOpEC-
THYCCKasA KPUBLIC PACPCACIICHUS BEPOATHOCTU Puee

1

obpamenust: 11.11.2020).

IUIOTHOCTH p. DKCIEPUMEHTANbHBIE U TEOPETUUECKHE
(hYHKIMH pacrpeiesIiCHUs] BEPOSITHOCTH U €€ TUIOTHOCTU
CYILIECTBEHHO Pa3JIn4aloTcsi (DPUCYHOK 28 U 2).

KUIIT «Azumyt 3» [Dnekrponnslii pecypce]. Texnonoruu 6ezonacHoctu qopoxnoro asmwkenust URL: https://tbdd.ru/node/224 (nata
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BAHHOUL U CMOXACMUYECKOU COCMABNAIOWUX UHMEHCUBHOCIU MPAHCROPMHO20 NOMOKA

Craructuka I[TupcoHna anst paccMarpuBaemMoro Bpe-
MEHHOTO psijia aeT 3HaueHue 3696,37, npu 3ToM ypoB-
Hi0 3HauuMocTH 0,01 cooTBeTCTBYyET xé,m =43,0; a10
O3HAyaeT, YTO THUIIOTE3a O HOPMAJBbHOM paclpezese-
HUM MHTEHCUBHOCTH TPAHCIIOPTHOTO IOTOKA JOJDKHA
ObITh oTBepruyTa. Crarucrtuka Koimoroposa st Toro
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JKe BPEMEHHOTO psija jaaeT 3HaueHue 1,0, mpu sToM
ypoBHto 3HauuMOcTd 0,01 COOTBETCTBYET KPUTHYECKOE
3HAYCHHE [ | = 0,317, To eCTh rUMOTE3a O HOPMATILHOM
pacrpe/e/ieHii HHTEHCUBHOCTH TPAHCIIOPTHOTO ITOTO-

Ka TaK>KE JOJDKHa OBITH OTBCPIrHyTa.
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Pucynok 2. CTatucTuyecKue MoKa3aTesd HHTCHCUBHOCTH /N TPAHCIIOPTHOTO MOTOKA B pabouuii JieHb (TIOHE-
JICNTbHUK): @ — TACTOTPaMMa, 6 — 9aCTOCTH, 6 — SKCIICPUMCHTaJIbHAs (—0—) U TeOpeTHUeCcKas (rayccoBa, —0—) Kpu-
BBIC TUIOTHOCTH p PACIPENICICHUS BEPOSITHOCTH, 2 — IKCIIEPUMEHTAIBbHAS (—0—) ¥ TeopeTHUYecKasi (—O—) KPUBBIC

pacrpe/enenus BepoITHOCTH P
Hcemounux: paspabomano asmopamu

BoijesieHne feTepMUHUPOBAHHOMN COCTABJISIOIICH

HHTEHCUBHOCTH TPAHCTIOPTHOTO MOTOKA

JJis MOCTpOCHUS ICTEPMUHUPOBAHHOM COCTABIISIO-

e MHTCHCUBHOCTU TPAHCIIOPTHOTO ITOTOKA HMCIOJb-

3yeTCs IPOLEAypPa CIIIAKUBAHKSI METOIOM CKOJIB3SIICH

cpenneit [6]. CraxkeHHass KpuBas WHTEHCHUBHOCTHU
TPAHCIOPTHOTO MOTOKA MOKA3aHa HA PUCYHKE 3a.

3aBUCHMOCTb OT BPEMEHM OTKJIOHEHHMs N MHTEH-

CHUBHOCTH TPaHCIIOPTHOTO MOTOKa N OT CINIa)KEHHOMH

KpHBOH N, Moka3aHa Ha pucyHke 30, ee cTaTMcTHYe-
CKH€ TI0Ka3arey puBeseHs! B Tadnuue 1. Ha pucynke
4 mpexacTaBleHbl T'MCTOrpaMMa, OTHOCHTENIbHBIE Ya-
CTOTBI, SKCIIEPUMEHTAJIbHAS U TEOPETUUECKasi KPUBBIE
pacnpejiesieHust P BEpOSTHOCTH U €€ IJIOTHOCTH p JUIs
OTKJIOHEHHUS N,

Crarucruka Ilupcona mis BpemeHHOTO psga N
jJaer BenuuunHy 24,22, mpu  TOM K€  3Haue-
HUHU x&m = 43,0, yTO MOATBEPKIAET TUIIOTE3Y O HOP-
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MaJIbHOM DPacrpe/ie/IeHui OTKJIOHEHHs! N, MHTEHCHB-
HOCTH TPaHCIIOPTHOTO ITOTOKA OT CIVIaKEHHOH KPHBOIA.
Craructuxa KommoropoBa [u1st 3TOro k€ BPEMEHHOIO
pfma paBHa 0,52, mpu KpPUTHYECKOM 3HAUCHHUU
fyy = 0,317, ut0 TpEbyeT OTBEPrHyTH HIIOTE3Y O HOP-
MaJIbHOM paclpe/ieleHHt OTKJIOHEHHsI N MHTEHCHB-
HOCTH TPaHCIIOPTHOTO ITOTOKA OT CIVIaKEHHON KPUBOIA.

Ha pucyHke 5 noka3ansl 1€ TE€pMUHUPOBAHHBIE CO-
CTaBJISIIOIME MHTEHCHBHOCTH TPAHCIOPTHBIX IIOTO-
KOB B pabouMe U BBIXOJIHBIC JTHH, IOCTPOSHHBIE C HC-
M0JIb30BAHMEM H3JI0KEHHOTro Bbllle noaxoza. Ilpex-

CTaBJICHHBIC HA TOM PUCYHKE PE3YJIBTAThI MOKa3bI-
BAIOT, YTO JE€TEPMUHUPOBAHHbBIE COCTaBIsroME N,
B paboune JHU (PUCYHOK Sa) ONU3KU MEKIY COOOH,
U B TO XC BPEMs KQYCCTBEHHO OTIUYAIOTCS OT JACTEP-
MUHHUPOBAHHBIX COCTABJISIFOIIUX JIJISl BBIXOJHBIX JHEH
(pucyHOK 56), TpHYeM IOCICAHUE MOAOOHBI IPYT
qapyry. IlonydeHHble KPHUBBIE JIETEPMUHHPOBAHHBIX
COCTAaBJISIONIMX MOTYT OBITh UCIIOJIb30BAHBI IIPH aHA-
JIU3€ U MPOTHO3HPOBAHUU MHTCHCUBHOCTH JIBH)KCHUS
aBTOMOOMJIBHOTO TPAHCIIOPTA HAa TOPOJCKUX YIUIHO-
JIOPOXKHBIX CETSX.
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Pucynox 3. 3aBUCHMOCTb OT BpEeMEHH t HHTEHCUBHOCTH N (g, MapKephbl «0», aBT./d) TPAHCIIOPTHOTO ITOTOKA
(pabounii eHb, OHENENBHUK), CIIAXKEHHOH (1eTepMUHUPOBAHHOM) COCTABIISIIONIEH HHTEHCUBHOCTH (d, CIIJIOLI-
Hasl KpUBas) ¥ OTKJIOHEHHs! N, MFHTEHCHBHOCTH OT CIIIa)KEHHOH KpMBOH (6, MapKephbl)

Hcemounux: paspabomano asmopamu

3akiaouenne

HaHHBIe, NOJYYCHHBIEC C HCIIOJIB30BAHUEM IIPO-
T'paMMHO-TEXHUYCCKOTO KOMIIJICKCaA ((A3I/IMyT 3)), I10-

3BOJIMJIM OIIPEACIIUTL 3aBUCHUMOCTU OT BPEMCHU UH-
TCHCUBHOCTHU TPAHCHOPTHOI'O IMOTOKA HAa MPOTSKCHUN
HCIICIIN. HpeanomeH oaxXoJ K BBIJACJICHWUIO B MHTCH-
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CHUBHOCTH TIOTOKa aBTOMOOWJICH JeTCpMUHHPOBAHHON
Y CTOXaCTUYECKOW COCTABIISIONINX (PUCYHKH 3, 4, U 5),
UMEIOIINX OJM3KUE XapaKTEPUCTUKU B pabOYUE U BbI-
XOJIHBIE JIHU HEJIENH.

604
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Bo Bcex PAaCCMOTPCHHBIX CIIyYasaX paclpeacjICcHu s
CJ'Iy‘-IafIHLIX COCTAaBJIAOMIUX HE MOT'YT OBITH npu3Ha-
Hbl COOTBETCTBYIOUIMMHU HOPMAJIbLHOMY 3aKOHY pac-
npeacjacHus.
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Pucynox 4. CratucTuueckue noKasareu OTKIOHEHUs N MHTEHCUBHOCTH OT CIIIAKEHHON KPUBOH B pabounit
JIeHb (TIOHEAENBHUK): ¢ — THCTOrpaMMa, 6 — YaCTOCTH, 8 — IKCIIEPUMEHTalbHast (—0—) ¥ TeopeTndeckast (—[1—) kpu-
BBIC TUIOTHOCTH p PACHpPEICICHUS BEPOSITHOCTH, & — IKCIICPUMEHTAIbHAsL (—0—) U TeopeTudeckast (—[—) KpUBbIC

pacnpesenenus BepoITHOCTH P
Hcemounux: paspabomano asmopamu

OmnpejeneHsl CTaTUCTHYECKHE TIOKa3aTely pacipe-
JIeJICHUI KaK caMUX MHTEHCUBHOCTEH, TaK M BbIJICJICH-
HBIX M3 HUX CIIly4alHBIX cocTaBisitolux. [lokaszaHo,
410 B paboune JHU JeTEPMHUHUPOBAHHBIE COCTABIISIO-
[IM€ MHTEHCUBHOCTH TPAHCIIOPTHBIX MOTOKOB OJIM3KU
1o (opMe U PacIoIOKEHUI0 MAaKCUMAJIbHBIX U MUHH-
MaJIbHBIX 3HAYEHHH.

JleTepMUHUPOBAHHYIO COCTaBILAIOLIYIO LIEJIECO0-
Opa3sHO MCHOJB30BaTh VISl TIPOTHO3MPOBAHUSI MHTEH-
CHBHOCTHU TPAHCIIOPTHBIX MOTOKOB, YIIPABJICHHS aJIro-
puTMaMu paboThl CBETO(GOPHBIX 0OBEKTOB, BBISBICHHS

aHoManuii B paboTe 00OpYIOBAaHUA, MOXKHO PaccMa-
TPUBATh B KayeCTBE HCXOJHBIX JAaHHBIX IPU PEKOH-
CTPYKIHH, IPOEKTUPOBAHUHM U CTPOUTEIHCTBE AOPOT
U JIOPO’KHBIX OOBEKTOB.

HayuHast HOBM3HA BBINOJIHEHHOTO MCCIEJOBAaHUS
COCTOUT B YCTAQHOBJICHMH (pakTa CyIIECTBOBAaHHUS Jie-
TEPMHHUPOBAHHOW COCTaBIISIIOIIEH CIIy4ailHOH (yHK-
L[UM MHTEHCUBHOCTH TPAHCIOPTHOTO MOTOKA, 3aBHCA-
el OT BPEMEHU; MPEJIOKEH MOAXO/, MO3BOJISIOMINI
BBIJIENIATh JAETEPMUHUPOBAHHYIO COCTABIISIOIIYIO HMH-
TEHCUBHOCTH TPAHCIOPTHOTO MOTOKA.
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PucyHnok 5. JleTepMHUHHPOBAHHBIC COCTABIISIFOIUE HHTCHCUBHOCTH N TPaHCHOPTHBIX MTOTOKOB B pabouue (a)

U BBIXOIHBIC (0) THH
Hcmounuk: paspabomano asmopamu

Hamnpasiienue JaibHENIIero HCClie0BaHus — MOJTy-
YCHHE, CTATUCTUYECKast 00paboTKa U 0000IICHNE TaH-
HBIX 00 MHTEHCHBHOCTH TPAHCIOPTHBIX MMOTOKOB Ha
JPYTHX yYaCTKax yIUIHO-JAOPOKHOU CETH JUTS YTOUHE-

HUSI CTOXaCTHUECKUX XapaKTEPUCTUK OTKIOHEHUS HH-
TEHCUBHOCTH TPAHCIOPTHOIO MOTOKA OT CIVIaYKEHHOU
KPHBOH (CTOXaCTHUECKOM COCTaBJISIIOLIEH HHTEHCHB-
HOCTH TPaHCIIOPTHOTO MOTOKA).

Jluteparypa
1. AOnynrazuc V. A., busiinosa JI. P, Cutmaesa 3. 3. YipaBiieHue JBHKEHHUEM aBTOTPAHCIIOPTHBIX OTOKOB
Ha PEeryJupyeMoM IEepEeceYeHHH C y4eTOM JIMHAMHUYECKHX M BEPOSTHOCTHBIX HapaMeTpoB // YdeHble 3alHCKU

KHUITY. —2019. — Ne 3 (65). — C. 248-251.

2. Awnzponos P. B. [u ap.] / Onpenenenne HHTEHCUBHOCTH TPAHCIIOPTHBIX MOTOKOB IPH TTOMOIIY CUCTEMBbI
6as1oB kapT npodok. — Tpancnopt. TpancnoprHele coopyxenus. Jxonorus. — 2019. — Ne 4. — C. 5-12.

3. Baxpameena M. B., Uynpuxosa 3. B. HarpaBieHus cTraTucTH4eCcKOro N3y4eHHs: pa3BUTHS TPAHCIIOPTHBIX
skocucreM // TpancnoprHoe neno B Poceuu. —2020. — Ne 4. — C. 60-62.

68 Humennexm. Unnosayuu. Uneecmuyuu / Intellect. Innovations. Investments * Ne 3, 2021



Hcnonvzosanue komniexca gpomogudeouxcayuu HapyuweHutl npagui 00POHCHO20 OBUNCEHUSL OISl 8blOeNeHUsA 0eMePMUHUPO-
BAHHOUL U CMOXACMUYECKOU COCMABNAIOWUX UHMEHCUBHOCIU MPAHCROPMHO20 NOMOKA

4. Berporon A. A., Kpunak M. H. TpancrioprHoe MozienupoBaHue Kak MHCTPYMEHT Uil 3(QPEKTUBHOTO
peleHus 3aja4 B 00JIaCTH yIpaBJICHUS] TPAHCIIOPTHBIMU 1oToKamu // CoBpeMeHHbIe TeXHONOrnu. CHCTEMHBIH
ananu3. Mogenuposanue. — 2018. — Ne 3 (59). — C. 82-91.

5. By . M. [u np.] Pacnpenenenue noTokoB MHAMBUIYAJIBHOTO aBTOTPAHCIOPTA B TOPOJCKUX CETSIX Ha
OCHOBE 3aJIepKeK Ha NepekpecTkax // ABroMoOuIbHMI TpaHcnopt. — 2020. — Beim. 46. — C. 47-62.

6. TIpeunioB A. A., CrakyH B. A., Crakyn A. A. Marematiueckue MeTobl IOCTPOEHUsI IPOrHO30B. — M.
Panvo u cBs3b, 1997. — 112 c.

7. Hpro . Teopus TpaHCIIOPTHBIX NOTOKOB U ympasieHue uMu. — M.: Tpancnopr, 1972. —423 c.

8. MakapuueB A. B. [u np.] / Pacupenenenne ckopocT ABHKEHHs aBTOMOOMIIEH Mepes CTOI-JTMHUEH ro-
pozckoro peryaupyemoro repekpécrtka. — Bicnuk XHAJLY. —2019. — Boin. 85. — C. 107-116.

9. Menpec E. E., Tonos E. B., babenko T. 1. dakTopsl, Bausionye Ha paBHOMEPHOCTD JIBUKEHHSI aBTO-
MOOMJIBHOTO TPAHCIIOPTa B YCIIOBHUSIX HACBIIICHHBIX TPAHCIIOPTHBIX 1T0TOKOB // TpancnoprHoe aeno B Poccun. —
2017. —Ne 2. - C. 89-90.

10. Muxaiinos A. 1O., [Tonosa E. JI. AHanu3 MaTreMaTH4eCKUX MOJIEIeH pacueTa MHTEPBAJIOB CJIEIOBAHU
B IVIaBHBIX ITOTOKAaX JUIsl IPeo0IaalonuX JTOpoKHbIX yciaoBuit Poccuiickoit denepanyu // Bectank CuoA U, —
2020. - 17 (6). — C. 714-725.

11. Muxees C. B. CereneHTprueckoe ynpaBieHUue Ha OCHOBE MUKPO- U MaKpOMO/IeNel TPAaHCIOPTHBIX MTOTO-
xoB // IIporpammusbie ipoaykTsl U cuctemsl. — 2018. — 1 (31). — C. 19-24.

12. Hecrepenko /1. X. VccnenoBanue BIUSIHUS CTPYKTYPbI aBTOTPAHCIIOPTHOTO MOTOKA HA (P ()EKTUBHOCTH HC-
TI0JIb30BAHUSl Y4acTKa YIMUYHO-10pokHOH cetr // nTemnext. MnnoBanuu. Musectumun. —2019. — Ne 1. — C. 90-96.

13. Tasnos C. H., I'pepenmreiin A. I1. CoBeprieHCTBOBaHHE METOAMKH OLIEHKH 11€1€CO00pa3HOCTH BBE/Ie-
HUSI BBIJIGJICHHOH 110JI0CHI B KpyITHBIX Toponax // Bectank CIVIIC. —2020. — Ne 4 (55). — C. 19-25.

14. Tupos XK. T., MuxaiinoB A. 0. Bimsiue pacripesieneHus TPaHCIOPTHBIX TTOTOKOB Ha CKOPOCTh CO00-
LIEHUs HA CETMEHTaxX FOPOJCKHX YIHIL C PeryInpyeMbIM aBrkeHneM // Mntemnexr. iunoBanuu. MHBecTHIMM. —
2020. —Ne 2. — C. 115-124.

15. Cunbsanos B. B. Teopust TpaHCIOPTHBIX TOTOKOB B IPOEKTUPOBAHUU JTOPOT U OPraHU3AINY ABHKCHUS. —
M.: Tpauncnoprt, 1977. —303 c.

16. Tecremen A. A., Mukenanse T. I. MccnenoBanue TpaHCIOPTHBIX MOTOKOB Ha YJIUIAX C HEPETYISPHBIM
JIBIDKEHUEM METOIOM JAMCTaHIIMOHHOTO CITyTHUKOBOTO MoHHTOpHHTa // Tpancnopt. TpaHcnopTHBIE COOPYKEHHUS.
Oxonorud. —2019. —Ne 4. — C. 51-57.

17. VYmosa E. B., Caenko C. C. Pacnipenienenue TpaHCIOPTHBIX MOTOKOB MO MOJIOCaM JABW)KEHHUsSI Ha aBTOMa-
ructpaisix // Becrauk MAJIU. —2017. — B 1 (48). — C. 98-105.

18. Vmosa E. B. [u ap.] OueHka rooBoro pacnpeieieHus napaMeTpoB TPAHCIOPTHOTO moToka // Tpancmopt.
Tpancnoprhsle coopysxeHust. Jkonorus. — 2018. — Ne 3. — C. 87-95.

19. ®omenko H. A., HarymanoBa A. B., Anexcukos C. B. AHanu3 TpaHCIOPTHBIX NOTOKOB OCHOBHBIX Maru-
crpaieii r. Bonrorpana / Becrauk BIACY. CrpourenbsctBo u apxutekrypa. —2018. — Boim. 54 (73). — C. 121-131.

20. ®pannes C. M. Anroput™ BbIYHCICHHUSI HHTEHCHBHOCTH TPAHCIIOPTHOTO MOTOKA HA OCHOBE (pUKcaruu am-
TUIMTY/THOM BEJIMYMHBI aKyCTHYECKOTO N3IydeHus aBromoouitst // imkenepusiid BectHuk Jlona. —2017. —Ne 2. — 6 c.

21. Mlammuukwuii . U., Oxora A. C., Muponenko C. H. MoaenupoBanue TpaHCIOPTHBIX [TOTOKOB B Cpele
AnyLogic // IIporpammubie npoaykTbl U cuctemsl. — 2018. — 3 (31). — C. 632-635.

22. Ghiasi A. et al. A mixed traffic capacity analysis and lane management model for connected automated
vehicles: A Markov chain method // Transportation Research. Part B. 2017. — 106. — pp. 266—292.

23. HuG. et al Analytical approximation for macroscopic fundamental diagram of urban corridor with mixed
human and connected and autonomous traffic // IET Intelligent Transport Systems. — 2021. — 15. — pp. 261-272.

24. Wang S., Ahmed N. U., Yeap T. H. Optimum Management of Urban Traffic Flow Based on a Stochastic
Dynamic Model // IEEE Transactions On Intelligent Transportation Systems. — 2019. — Vol. 20. — Ne 12. —
pp. 4377-4389.

25. Yakimov M. R. Technologies for restoring the OD matrix elements based on the results of processing
video materials obtained from the quadcopters // International Journal of Engineering & Technology. — 2018. —
7 (2.28). — pp. 230-233.

26. Fornalchyk Ye. et al. // Improvement of Methods for Assessing the Effectiveness of Dedicated Lanes for
Public Transport. — Eastern-European Journal of Enterprise Technologies. —2021. — 1/3 (109). — pp. 29-37.

References
1. Abdulgazis, U. A., Bilyalova L. R., Sitshaeva Z. Z. (2019) [ Traffic flow control at a controlled intersection,
taking into account dynamic and probabilistic parameters]. Uchenye zapiski KIPU [KIPU Scientific Notes]. Vol. 3
(65), pp. 248-251. (In Russ.).

Unmennexm. Unnosayuu. Uneecmuyuu / Intellect. Innovations. Investments * Ne 3, 2021 69



M. I boapwunos, A. C. Basunun, A. I [Llymkos

2. Andronov, R. V. et al (2019) [Determining the intensity of transport flows using the system of points of
traffic jams maps]. Transport. Transportnye sooruzheniya. Ekologiya [Transport. Transport facilities. Ecology].
Vol. 4, pp. 5-12. — DOI 10.15593/24111678/2019.04.01. (In Russ.).

3. Vahrameeva, M. V., Chuprikova, Z. V. (2020) [Directions of statistical study of the development of
transport ecosystems]. Transportnoe delo v Rossii [ Transport business in Russia]. Vol. 4, pp. 60-62. (In Russ.).

4.  Vetrogon, A. A., Kripak, M. N. (2018) [Transport modeling as a tool for effective solution of problems
in the field of traffic flow management]. Sovremennye tekhnologii. Sistemnyj analiz. Modelirovanie [Modern
technologies. System analysis. Modeling]. Vol. 3 (59), pp. 82-91. — DOI: 10.26731/1813-9108.2018.1(57). (In
Russ.).

5. Vu, D. M. et al. (2020) [Distribution of individual motor transport flows in urban networks on the basis
of delays at intersections]. Avtomobil 'nij transport [ Automobile transport]. — Iss. 46, pp. 47-62. — DOI: 10.30977/
AT.2219-8342.2020.46.0.47. (In Russ.).

6. Greshilov, A. A., Stakun, V. A., Stakun, A. A. (1997) Matematicheskie metody postroeniya prognozov
[Mathematical methods of forecasts making]. Moscow: Radio and Connection, 112 p. (In Russ.).

7.  Drew, D. (1972) Teoriya transportnyh potokov i upravienie imi [Theory of transport flows and their
management]. Moscow: Transport, 423 p. (In Russ.).

8. Makarichev, A.V. et al. (2019) [Distribution of the speed of movement of cars before the stop line of
the city regulated intersection]. Vestnik HNADU [Herald of KHNADU]. Iss. 85, pp. 107-116. — DOI: 10.30977/
BUL.2219-5548.2019.85.0.107. (In Russ.).

9. Medres, E. E., Golov, E. V., Babenko, T. 1. (2017) [Factors influencing the uniformity of the movement
of road transport in conditions of saturated transport flows]. Transportnoe delo v Rossii [Transport business in
Russia]. Vol. 2, pp. 89-90. (In Russ.).

10. Mihajlov, A. Yu., Popova, E. L. (2020) [Analysis of mathematical models for calculating the intervals of
following in the main flows for the prevailing road conditions of the Russian Federation]. Vestnik SibADI [Herald
of SibADI]. Vol. 17 (6), pp. 714-725. (In Russ.).

11. Miheev, S. V. (2018) [Setecentric management based on micro-and macromodels of transport flows].
Programmnye produkty i sistemy [Software products and systems]. Vol. 1 (31), pp. 19-24. (In Russ.).

12. Nesterenko, D. H. (2019) [Investigation of the influence of the structure of road traffic flow on the
efficiency of the use of a section of the road network]. Intellekt. Innovacii. Investicii [Intelligence. Innovations.
Investment]. Vol. 1, pp. 90-96. (In Russ.).

13. Pavlov, S. N., Grefenshtejn, A. P. (2020) [Improving the methodology for assessing the feasibility of
introducing a dedicated lane in large cities]. Vestnik SGUPS [Herald of SGUPS]. Vol. 4 (55), pp. 19-25. (In Russ.).

14. Pirov, Zh. T., Mihajlov, A. Yu. (2020) [Influence of the distribution of traffic flows on the speed of
communication on segments of city streets with regulated traffic]. Intellekt. Innovacii. Investicii [Intelligence.
Innovation. Investment]. Vol. 2, pp. 115-124. (In Russ.).

15. Sil’yanov, V. V. (1977) Teoriya transportnyh potokov v proektirovanii dorog i organizacii dvizheniya
[Theory of traffic flows in road design and traffic management]. Moscow: Transport, 303 p. (In Russ.).

16. Testeshev, A. A., Mikeladze, T. G. (2019) [Investigation of traffic flows on streets with irregular traffic
by remote satellite monitoring method]. Transport. Transportnye sooruzheniya. Ekologiya [Transport. Transport
facilities. Ecology]. Vol. 4, pp. 51-57. (In Russ.).

17. Uglova, E. V., Saenko, S. S. (2017) [Distribution of traffic flows by traffic lanes on motorways]. Vestnik
MADI [Herald of MADI]. Iss. 1 (48), pp. 98-105. (In Russ.).

18. Uglova, E. V. et al. (2018) [Estimation of the annual distribution of transport flow parameters]. Transport.
Transportnye sooruzheniya. Ekologiya [ Transport. Transport facilities. Ecology]. Vol. 3, pp. 87-95. (In Russ.).

19. Fomenko, N. A., Nagumanova, A. V., Aleksikov, S. V. (2018) [Analysis of transport flows of the main
highways of Volgograd]. Vestnik VGASU. Stroitel’stvo i arhitektura [Herald of VGASU. Construction and
architecture]. Iss. 54 (73), pp. 121-131. (In Russ.).

20. Francev, S. M. (2017) [Algorithm for calculating the intensity of the traffic flow based on fixing the
amplitude value of the acoustic radiation of the car]. Inzhenernyj vestnik Dona [Engineering Bulletin of the Don].
Vol. 2, 6 p. (In Russ.).

21. Shamlickij, Ya. 1., Ohota A. S., Mironenko S. N. (2018) [Modeling of transport flows in the AnyLogic
environment]. Programmnye produkty i sistemy [Software products and systems]. —3 (31). — pp. 632—635. (In Russ.).

22. Ghiasi A. et al/ (2017) A mixed traffic capacity analysis and lane management model for connected
automated vehicles: A Markov chain method. Transportation Research. Part B. 106, pp. 266-292. (In Engl.).

23. Hu, G. et al. (2021) Analytical approximation for macroscopic fundamental diagram of urban corridor
with mixed human and connected and autonomous traffic. IET Intelligent Transport Systems. Vol. 15, pp. 261-272.
(In Engl.).

70 Humennexm. Unnosayuu. Uneecmuyuu / Intellect. Innovations. Investments * Ne 3, 2021



Hcnonvzosanue komniexca gpomogudeouxcayuu HapyuweHutl npagui 00POHCHO20 OBUNCEHUSL OISl 8blOeNeHUsA 0eMePMUHUPO-
BAHHOUL U CMOXACMUYECKOU COCMABNAIOWUX UHMEHCUBHOCIU MPAHCROPMHO20 NOMOKA

24. Wang, S., Ahmed, N. U., Yeap, T. H. (2019) Optimum Management of Urban Traffic Flow Based on
a Stochastic Dynamic Model. IEEE Transactions On Intelligent Transportation Systems. Vol. 20. No. 12,
pp. 4377-4389. (In Engl.).

25. Yakimov, M. R. (2018) Technologies for restoring the OD matrix elements based on the results of
processing video materials obtained from the quadcopters. International Journal of Engineering & Technology.
Vol. 7 (2.28), pp. 230-233. (In Engl.).

26. Fornalchyk, Ye. et al. (2021) Improvement of Methods for Assessing the Effectiveness of Dedicated Lanes
for Public Transport. Eastern-European Journal of Enterprise Technologies. Vol. 1/3 (109), pp. 29-37.(In Engl.).

HNndopmanus 06 apropax:

Muxani I'ennanbeBuny bosipmmnoB, JOKTOp TEXHUYECKUX HayK, ITpodeccop, 3aBeayIomuii kadeapoii aBro-
MOOMJIeH M TEXHOJIOIMYECKMX MalvH, [lepMCcKuil HallMOHAJIBHBIA MCCIIEI0BATEIbCKUI MTOJTUTEXHUYECKUH YHHU-
Bepcurer, [lepms, Poccus

e-mail: atm@pstu.ru

Aunexcanap Cepreesnu BaBmiaun, acnupanTt, HanpasiaeHue noarorosku 23.06.01 TexHuka u TexHOIOruu
HA3eMHOro TpaHcHopTa, [lepmckuil HanMoHAIBHBIHN HCcCIe10BaTeNbCKUI NONUTEXHUUECKUI yHUBEpCUTET, [lepmb,
Poccus

Apcennii 'ennagsesuny lllymkos, acniupanT, Hanpasnenue noarorosku 15.06.01 Mammunoctpoenue, [lepm-
CKHI HAITMOHAJILHBIN UCCIIEIOBATEIbCKUH MONIUTEXHUUECKHI yHUBepcuTeT, [lepmb, Poccus

Crarbs noctynuia B pegakuuio: 27.03.2021; npunsrta B neuars: 31.05.2021.
ABTOpBI IPOYUTAIIN U OJOOPHITN OKOHYATEIbHBIH BAPHAHT PYKOIUCH.

Information about the authors:

Mikhail Gennadyevich Boyarshinov, Doctor of Technical Sciences, Professor, Head of the Department
«Automobiles and Technological Machines», Perm National Research Polytechnic University, Perm, Russia

e-mail: atm@pstu.ru

Alexander Sergeevich Vavilin, post-graduate student, training program 23.06.01 «Equipment and technologies
of ground transport», Perm National Research Polytechnic University, Perm, Russia.

Arseniy Gennadyevich Shumkov, post-graduate student, training program15.06.01 «Mechanical engineering»,
Perm National Research Polytechnic University, Perm, Russia.

The paper was submitted: 27.03.2021.
Accepted for publication:31.05.2021.
The authors have read and approved the final manuscript.

Unmennexm. Unnosayuu. Uneecmuyuu / Intellect. Innovations. Investments * Ne 3, 2021 71



