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XepcoHChKHI HalllOHAIBHUH TeXHIYHUI yHIBEPCHTET

MOJEJIb ®YHKIHIOHYBAHHSA TPAHCIIOPTHOI'O 3ATOPY TA
BU3HAYEHHS YACY MOTI'0O NOJOJIAHHS

LJopoky npobremu MOOen08aHHA MPAHCNOPMHUX NOMOKIE@ CMAlomb 6ce Oinbul aKmMyalbHUMU,
OCKIIbKU N0 SI3AHT 3 HEYXUTbHUM 3DOCIANHAM KITbKOCMI Mpancnopmuux 3acobis na dopozax. Memoro pobomu
€ po3pobKa MoOeii, 3a OONOMO20I0 AKOL MOJCHA BUSHAYAMU YAC, 30 KU MPAHCNOPMHUL 34Cl6, WO NOMPANIsE
00 Mepeici, Ha OLANYI AKOL UHUKIA NepeuKood, NOKUHe 30Ky 3amopy. IIpu ybomy 3a3HA4eH0I0 NepeuKoooO
Modice bymu aeapiiHuil MpaHCROPMHULL 34Ci0, WO SUMYUWEHUL 3VAUHUMUCL HA CMY3i PYXY A00 NOWKOONCEHHS
00pOoIACHLO20 NOKpummsi. Buacniook 1oeo i3 yacom i uHUKAOMb 0082 MPAHCNOPMHI Yepeu, Npu 4omy OaHy
30HY 3aMOpy € MONCAUBICMb 00 ixcodcamu yepe3 3yCMpIuHy cmyey, aie Ol Yb020 HeOOXIOHO NPONYCKAMuU
3ycmpiunui mpancnopmuuti nomix.  Ilpu moodentoganui UKOpUCmMO8Y8ascs OUCKpemHuUll nioxio, npu sKomy
MPAHCNOPMHA Mepedica NpedCmasisne cob0r CYKYNHICMb NOCHIO0BHUX KIIMUHOK, KOJCHA 3 AKUX Modce Oymu
3ano6HeHa, AKWO 8 Hill 3HAXOOUMbCS MPAHCHOPMHULL 3A4CiO, Ma BiNbHOI0, AKWO ABMOMOOLIA 8 Hill HeMAE, Wo
epagiuno nosacHwemvca 3agapbosanicmio Kiimunku. /[na cnpoujenHs 6y10 NPUnYUWeHo, wo mpaHcnoOpmHuU
nomiK pyxaemvcs epynamu okpemux aemomooinie. Modenv 6usHaueHHs uyacy 6YOYEMbCA NOEmAanHo
IHOYKMUBHUM MeMOOOM, CHOYAMKY 8UB00SIMU 3ANEICHICIb OJI NEPULO20 ABMOMOOLISL nepuiol epynu, nomim 0t
6CIX HACMYNHUX asmomMoOinie yici epynu. Jani 6u800smbCsi AHALOSIUHI 3A1eHCHOCMI OISl a8MOoMOOILie Opyeoi ma
ecix Hacmynuux epyn. Ilapamempamu mooeni € O008HCUHU 2PYN ABMOMODINIE 8 NPAMOMY MA 360POMHOMY
HanNpsIMKax, 6I0CMAHI MIJC SpYnamu, po3mipu KIIMUHOK, 4dc, 3a KUl OOUH aemoMOOIIb nepeMiuyyemvcs 6
Hacmynuy kuimunxy. Ha npaxmuyi ompumani 3a1esiCHOCMI MOJCHA GUKOPUCTNOBY8AMU O/l BUSHAYEHHS YAaCy
NOO0ONAHHS 30HU 3aMOpY, ONIs1 4020 He0OXIOHO 6CMAHOBUMU 00 AKOI epYNU BIOHOCAMbCA NEGHUL A8MOMOOINL I
AKUM 30 NOPAOKOBUM HOMEpOM 6iH € 6 yill epyni, Riclid Y020 3ACmocy8amu 6IONOBIOHY 3ANENCHICTD.
Ompumasuiy 3HaA4erHs 4acy 1oeo OOYiIbHO NOPIGHAMU 13 YACOM PYXY ANbMEPHAMUBHUM WIAXOM Ma 0Opamu
Haubinbw WEUOKULL MaApuipym 00 Micys NPUSHAYEHHA, WO OCODIUBO BANCIUBUM € OAA ABMOMODINI8
cneyianbHO20 NPU3HAYEeHHs (WBUOKA 00NOMO2a, NONIYIA, NoxcexcHa be3nexa ma iH.).

Kniouosi crosa: mpancnopmuuii nomix, 3amop, pynu, KiimuHKo8d Mooerb.

B.II1. CJIABUY, A.B. IEPEEJ/IEHEB

XepCOHChKHUI HALMOHAIBHBIN TEXHUYECKUH YHUBEPCUTET

MOJEJIb ®YHKIIMOHNPOBAHUS TPAHCIIOPTHOI'O 3ATOPA "
OINMPEJEJEHUWE BPEMEHMU ETO ITPEOJOJIEHUA

Eoiceco0no  npobremvl  MOOenuposanus MpaAHCHOPMHLIX ~ NOMOKO8  CmManogamcs 6ce  0Oonee
AKMYanbHbIMU, NOCKOALKY CEA3AHbL C HEYKIOHHIM POCHOM KOIUYECEd MPAHCROPMHBIX CPeOCME HA 00POaX.
Lenvio pabomul sgas1€MCA PA3PAOOMKA MOOENU, C HOMOUBIO KOMOPOU MONCHO ONpedesamb 6peMs, 3a KOMopoe
MPAHCROPMHOE CPEOCmB0, KOMOPOoe NONAOAem 6 Cenb, Ha YYacmKe KOMOPOl 603HUKIO NPENImMCcmeue, NOKUHem
30Hy 3amopa. IIpu 3mom YKA3aHHbIM Npensmcmeuem Modcem Oblmb AGAPUUHOe MPAHCHOPMHOe CPedCmeo,
BbIHYHCOCHOE OCTNAHOBUMbCS HA NOLOCE OBUINCEHUS UMY NOBPENCOEHUSI DOPOICHO20 NOKpblmus. B pesynvmame
Ye2o o BpeMeHeM U GO3HUKAIOM ONUHHbE MPAHCHOPMHble oYepedu, Npuyem OaHHYIO 30HY NPOOKU ecnib
BO3MOJMCHOCTIL 00bE3ACAMb HYepe3 8CIMPEUHYI0 NOAOCY, HO OISl 9MO20 HeO0OXO0OUMO NPONYCKAMb 6CMPeyHblil
mpancnopmusiti  nomok. Ilpu Mmooeruposanuu  UCNOIB308ANCA  OUCKPEMHbIL HO0X00, Npu  KOMOpPOM
MPAHCROPMHASL cemb NpeOCcmagisiem coboll COBOKYNHOCb NOCAE008AMENbHBIX AUEEK, KAHCOas U3 KOMOPbIX
Modicem Oblmb 3aNONHENA, eClU 6 Hell HAX0OUmMCcsk MPAHCNOPMHOE CPEOCmB0, U CB0OOOHOU, eCliu Ad8MoMOOUIsL 6
Hell Hem, epaguuecku 0OBACHAEMCA OKpauleHHOCmblo Kiemku. [ ynpowenus Oviio npeonoioHCceHo, Ymo
MPAHCNOPMHBINL NOMOK  08UICEMCS 2PYNNamu  Omoenbhvix asmomoodunei. Moodens onpedenenus epemenu
CMpoUmcsi NOIMANHO UHOYKMUBHLIM MEMOOOM, CHAYANA 6bl800SI 3ABUCUMOCHIL OISl NEP8020 A8MOMOOUNA
nepeoll epynnul, 3amem Ol 6cex NOcredyiowux agmomooduell smoi epynnol. Janee 8ubl1800AMcs anANOSUYHbIE
3agucumocmu 0 aemomobunell émopoll u nocredylowux epynn. Ilapamempamu mooenu SAa0MCsA ONUHbL
epynn agmomoodunei 8 npamom u 0OpaAmHOM HANPAGIEHUAX, PACCIMOAHUA MeXCOY SPYNNAMU, pasmepbl SYeex,
epeMs, 3a Komopoe O0O0UH a8MOMOOUNbL hepemewaemcs 6 credylowyio kiemky. Ha npaxmuke nonyuenHvle
3A8UCUMOCIU MOJICHO UCNOABb308AMb O/l ONpedeNeHUs 8PEeMEHU NPOXOXHCOeHUs. 30Hbl 3amopd, Ol 4e2o
HeoOX00UMO YCMAHOBUMb K KAKOU 2pynne OMHOCAMC OnpeOesieHHblll agmomMoouis U noo Kakum nopsoKo8uim
HOMEpPOM OH 8 MOl 2pynne, NOCie 4e20 NPUMEHUMb COOMEEMCmEyIouyI 3asucumocmy. Ilonyuue snayenue
BPeMeHU e20 YenecooOpasHo CpagHUmMb CO 6PeMeHeM OBUNCEHUS ATbMEePHAMUSHbIM NymeM U 6blOpams
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Hauboee ObiICcmMpbill MAPUIPYM K MeCMY HA3HAYEHUS, MO 0COOEHHO ANCHO OISl ABMOMOOUNECH CReYUdTIbHO20
HazHawenus (CKopas NOMOWb, NOAUYUSL, NONHCAPHAL OE30NACHOCHb U OD.).
Kniouesvie cnosa: mpancnopmuviii ROMOK, 3aMop, 2pYnnbl, KIemMouHasi MOOEb.
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MODEL OF FUNCTIONING OF TRAFFIC JAM AND
DEFINING THE TIME OF ITS OVERCOMING

Each year, problems in modeling transport flows are becoming more and more relevant as they are
associated with a steady increase in the number of vehicles on the roads. The purpose of the work is to develop a
model that allows you to determine the time at which a vehicle entering the network on an area that has an
obstacle will leave the tidal zone. In this case, an obstacle may be an emergency vehicle, which is forced to stop
in the traffic lane or damage the road surface. As a result, with time and there are long transport queues, at
which the given zone of inundation is an opportunity to travel around the oncoming lane, but for this purpose it
is necessary to miss the oncoming traffic flow. In the simulation, a discrete approach was used in which the
transport network is a set of consecutive cells, each of which can be filled, if there is a vehicle in it, and free if
there is no car in it, which is graphically explained by the color of the cell. For simplicity it was assumed that
the traffic flow is driven by groups of individual cars. The time definition model is based on a step-by-step
inductive method, initially deducing the dependence on the first car of the first group, then on all subsequent
cars of this group. Below are shown the same dependencies for cars of the second and all subsequent groups.
The parameters of the model are the lengths of the groups of cars in the forward and reverse directions, the
distance between the groups, the size of the cells, the time for which one car moves into the next cell. In practice,
the resulting dependencies can be used to determine the time to overcome the zoot zone, which requires to
determine which group is a particular car and which serial number it is in this group, and then apply the
appropriate dependence. It is advisable to compare the time value of the time with the alternative route and
choose the fastest route to the destination, which is especially important for special purpose vehicles
(ambulance, police, fire safety, etc.).

Keywords: traffic flow, traffic jam, groups, cell model.

IMocranoBka npodaemu

[MocriiiHi TpaHCIOPTHI 3aTOpH, SIKi NPUBOAATH A0 3a0pyAHEHHS HAaBKOJMIIHBOTO CEPEJOBHINA Ta
BUTPAUCHHSl EHEPreTUYHUX pPECypciB, MPU3BEIN A0 HEOOXiJHOCTI MIBHIKOTO MOIMIMPEHHA Ta OyXyBaHHS
JOPOXKHIX Mepex y 0araTbox micrax cBiTy. Y NaHiil cTaTTi HaBeAeHa MOJIENb BU3HAUCHHS 4acy IO/I0JIaHHS 30HU
3aTOpy TPAHCIIOPTHHAM 3aCO00M.

AHaJti3 oCTaHHIX J0CTiTKeHDb i myOJikanii

VY pi3Hi mepiogy BHUPIIICHHIO 3aBHaHb IIBUIICHHS Oe3meku pyxy Oymu mpucBsdeHi pobdotu B. @.

Ba6kosa, JI. B. Kancekoro, €.B. Jlro6oro ta FO.A. Bpy6es [1-5].
DopMyJTIOBAHHS METH J0CTiIZKEHHSI

Mertoro poOoTH € po3poOka MOIEITi BU3HAYCHHS Yacy, 3a SKUN TPaHCHIOPTHUH 3aci0, M0 MOTparuIse 10

Mepexi, Ha UISHII SKOT BUHUKJIA TICPEIIKO/Ia, TOKHHE 30HY 3aTOpYy.
BukJjiageHHs1 0CHOBHOTO MaTepiajly A0C/iKeHHs

OCHOBOIO MOJICTIOBaHHS € JMUCKPETHUH MiaxiA. BBaxkaemo, 1o TpaHCIIOpTHA Mepexa ysBIsie co00k0
CYKYIIHICTB TIOCTIJIOBHMX KIITHHOK, KOXXKHa 3 SIKUX MOXe OyTH 3allOBHEHa, SKIIO B Hii 3HaXOAWTHCA
TPaHCIIOPTHUIT 3aci0, Ta BUIBHOIO, SKIO aBTOMOO1NIS B Hilf HeMae. Po3Mipm KIIITHHOK OJJHAKOBI 1 IOPIBHIOIOTh
TUHAMIYHOMY Ta0apuTy OyAb-SKOTO aBTOMOOINS, OCKUTEKA BOHH HAaBECHI y 3BEICHUX OJUHHILISX.

ABTOMOOG1TI TIepeCyBalOThCS 13 KIITHHKHA B KIITHHKY IMOYEPrOBO i3 3aJaHOI0 IMIBHIKICTIO, IPHYOMY
MEPEMILIEHHS B HACTYIHY KIITHHKY MOXKIIMBO JIWIIE 32 YMOBH, SIKIIO BOHA BUTbHA.

KoxeH HacTynHuii aBTOMOOLNB, 10 TNpPUOYBAa€ JOCHCTEMH, NOTpAIUIsi€ y BUIBHY KIITHHKY,
PO3TaIIOBaHy Yepe3 OAHY Bil OCTAHHBOTO B YeP3i aBTOMOOLIIS.

Hexaii B nesxuii mo4aTkoBUI MOMEHT 4acy toBUHHUKJIA MEPEIIKO/IA, TO3HAYUMO L0 YEPE3 IZI KITITKY.

bynemo BBakaTu AJIsl CIIPOLIECHHS, IO aBTOMOOIT pyXalThCs IpyNamy, 3 OJHAKOBHMH IHTEpBaIaMH
MK TPyIaMH 1 OJJHAKOBUMH JIOBXKHHAMU T'PYII.

JlaHe mpunynieHHs NPUPOJIHE, TOMY IO HA MPAKTUI aBTOMOOLI IIHCHO pyXaloThCs IpyIamy,
OCKIJIbKH Ha J0po3i € cBiTiIo(opH, sIKi Py 3aropaHHi YepBOHOTO CBITIIA BIIIUISIFOTH IIEBHI IPYyIH aBTOMOO1IIIB.
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Puc. 1. TpancnopTHa Mepe:ka 10 BUHHKHEHHS NepelKoan
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Puc. 2. TpancnoprHa Mepe:xa mic/jisi BAHUKHEHHS NepelKoH

Bxigni mapaMeTpu MOAECII:

nl - xinekicts aBTOMOGITIB B Tpymi (I)

N2 - kiIbKicTh aBTOMOOLITIB B rpymi (1I)

m1 -Bigcrans Mix rpymnamu (1)

M2 -Bigcrans Mix rpymnamu (I1)

At - gac 3a KUl aBTOMOO1ITE IPOH/IE OHY KIIITKY

B modaTkoBHif MOMEHT Yacy TPyIH aBTOMOOLIIB OyAyTh pO3TamIoBaHi 6€3MOCepeHbO Mepe KITTKOIO 3
MIEPEIIKOIO0, SKIIO IIe He TaK i TPYIH PO3TAlIOBaHi Ha AEAKiH BiCTaHI Bil KIITKH 3 MIEPEIIKOIaMH, TO 3 3CyBOM
Ha 3a3HaueHill BiICTaHi TaHWH BUIAIOK MOXe OyTH 3BEIEHHH JI0 3aIPOIOHOBAHOTO.
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Puc. 3. Cxema MaHeBpy NOJ0JIAHHA ABTOMO01/IeM NepemKoan

Masnesp Oyzie 3aiimMary yac, 1110 AOpiBHIOE NAt.

BuBenemo 3anexHOCTi, 110 BH3HAYalOTh 4Yac MOJOJIaHHA 3aTOPy aBTOMOOUISAMH Iepiioi rpyru, Iii
BEJIMYMHUA OyayTh BU3HAYATUCH CHCTEMaMH, OCKIIbKA HAa HUX BIUIMBAIOTH JOBKUHH 4epr, TPyl aBTOMOOLIIB
000X CMYT Ha BiZICTaHi MiX IpyIamH.

[ToGynoBa Mojiesi 3HaX0KEHHS 4acy IO/I0JIaHHS 3aTOPY aBTOMOOUISIMH HEPILOi TPYIIH:
Yac rmooaHHs 3aTOpy MEPIIMM aBTOMOOLIEM IEPILOi TPyNH BU3HAYAETHCS 13 BUpaszy
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Moske mnoJoNaTH MEepelIKoxy IIicis TOoro, SKkmo | rpyna 3ycTpiuHOi CMyrd NOKHHE IPOEKII0
MEePEIIKOIH i 3HAXOAUTHMETHCS 32 (HPOPMYJIIOI0:

Yac nmosoaHHs 3aTopy N-UM aBTOMOG1IEM TIepIIoi FPyIH BU3HAYACThCA i3 Bupasy Tt
J1y1s1 HBOTO MO>KJIMBO TP BUIIAJIKH:

1) BiH BCTHTa€ 3 MEPIIUMH JBOMAa; ab0 BiH HE BCTUTAE 3 MEPIIAM, aje BCTUTAE 3 JPYTHM
aBTOMOO1IEM;
2) BiH HE 3 KMM HE BCTHUTAE.

(n, + ny +4)At, axwom, > n, + 3At
(2n, + my, + 5)At, axwmom, = ny + 3At

T — (3n, + 2m, + 5)At, akmom, = n, + 2At
=

(nyny + (ny — 1)m, + 5)At, sakmo m, = 5At

[o6ymoBa MozieNi 3HAXOKEHHSI Yacy MOJI0NIAHHS 3aTOpY aBTOMOOLIsIME K-01 rpymu.
Yac nomoaHHs 3aTOpy N-MM aBTOMOOLIeM K-01 rpynu 3HaXOMUThCS i3 BUpasy:

T _3At
Tk2’_*£11, SKIIO (ml+n1)(k71)+nlf:l$k—+

T -sat
(Zk+n2+nl+4)-At, SIKIITO (m]_+n]_)(k_]‘)Jrn]__l> At

m2>n1+3

Tl _3At
(Zk+2n2+m2+5)-At, SIKII[O (m]_+n]_)(k_]‘)Jrn]__l> kii't

mZ:n1+3

T _3At
(Zk+3n2+2m2+5)-At, SIKIITO (m1+nl)(k_1)+n]__l> kii't

m2:n1+2

A
(Zk+nl'n2+(n]__l)‘m2+5)'At, SIKIIIO (ml+nl)(k_1)+n1_1>T

m2=5

Je apameTp Zy 3HaXOIUThCA 13 BUpasy:
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(ng +my )k —1)} iy

(nl + m]_Xk —1), AKUWO { ny+my

(nl + m1Xk —1)+ n2 + m2 —{

BucHoBkH
Takum YwHOM, B mdaHiii poOOOTI 3ampOIOHOBAHO MOJAETh BH3HAYCHHS 4YacCy IOIOJAHHSA 30HHU
TPAHCIOPTHOTO 3aTOPY UIA OyAb-KOTO aBTOMOOUTA, IO PYXa€TbCsS y TPAHCIOPTHOMY TOTOMI, SKHA
MPECTaBIsiE COOO0 MOCIIAOBHICTD IPYI. 3a JOIMOMOTOK BCTAHOBJCHOTO Yacy, IUISIXOM MOPIBHSIHHA 13 4acoM
PYXy albTepHaTUBHUM LIUISIXOM, BO/IIH MOKe 0OMpaTH OLIBLI MIBUAKUNA MapLIpyT JI0 MicLsl TPU3HAYEHHSI.
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