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KPUTEPIAJIBHA MOJEJIb VYIIPABJIHHA PYXOM ABTOMOBIJIBHOI'O
TPAHCIIOPTY

[cHYIOTH piI3HOMaHITHI METOAM YIPaBIiHHS CBITJIIOQOPHOIO CHI'HANI3ALIEI0 HA MEPEXPECTSX, sIKI IPYHTYIOThCS Ha
PI3HMX MPUHIMIAX Ta KPUTEPISX IS 3MIHU PEKHMMIB PETyJIIOBaHHS IMOTOKaMHU aBTOMOOLIBHOTO TpaHcmopTy. CydacHi
CUCTEMH YTIPaBIiHHS CBITIIOQOPHOIO CHTHATI3ALIE0 BKIIOYAIOTh B ce0e METOH, SIKi MOXYTh aBTOMaTH4HO 3MiHIOBATH
mmapaMeTpH CBITIO(GOPHOTO NUKITY BiANOBITHO IO MependadeHuX BXimHWX yMoB. CTBOpEHHS Ta BIPOBAIKCHHS TaKUX
MOJENCH YIpaBIiHHS PEryJbOBAHHMHU IEPEXPECTIMHU Ta iX CKJIAJOBUMH € aKTyaJbHOIO 3aladelo, sKa JOIoMarae
BHPINIYBATH Pi3HI MPoOIEMH TOPOKHBOTO PyXy. Y NaHii poOOTi 3aIpOMOHOBAHO PO3pOOKY MOAETI CHCTEMH YIIPaBIiHHS
CBITJIO(OPHOIO CHTHAJI3AIEI0 HA MICBKOMY IEPEXpecTi 3 KIACHYHOK X-TOMIOHOI KOHQITypaIli€ro, Mo Mae YOTHPU
migxonu 10 Heoro. Ha mepexpecTi BcTaHOBJIEHA CTaHAAPTHA JBO(a3Ha CHCTEMA CBITIO()OPHOro PEryIOBaHHS, KA MOXKE
aJanTyBaTH OCHOBHI MapaMeTpu CBOEi poOOTH BiANOBIAHO 10 33laHOTO KPHUTEPIKO YIPaBIiHHSA, TAKOTO SK IONEPEIHBO
BHU3HAaYCHA (DiKCOBaHA KiJIbKICTh aBTOMOOLIIB, 1[0 HAKOIHYY€ETKLCS i1 Yac mepioy 3a00pOHEHOr0 CUrHATY Ha CBITI0(OPI.
Taka cucTemMa CTaHe OCOOJMBO BXKJIMBOKO [UIS MEPEXPECTh, ¢ MOTPIOHO BCTAHOBHTH OOMEKCHE HAKOIHYCHHS
ABTOMOOLIIB [UIsl OJJHOTO 200 YCiX NOCTYIHUX MiIXOMiB. BBeeHHS TAKOrO MITyYHOTO OOMEXEHHS JOMIOMOXKE BUPILIUTH
npoOieMy 3aTopiB Ha mepexpecti. Y BUIIAAKY, KOJHM 32 KJIACUYHHMH MapamMeTpaMH CBITIIO(QOPHOTO PEryiIOBaHHS 3a
nepiol 3a00POHEHOTO CHUTHATY HAaKOIHMYYEThCS BEJIHMKA KUIBKICTh aBTOMOOLTIB, 3alpOMOHOBAHA CHUCTEMa YIPAaBIiHHS
JIOIIOMO’K€ PETYJIIOBATH JOBKHUHY HAKOMMYEHOT YePTH B 3aJIKHOCTI BiJl HEOOXITHUX MapaMeTpiB JJIsl IEBHUX NEPEXPECTb.

KarouoBi cioBa: aBTOTpaHCHOPTHUHA MOTIK, DOPOXKHIA pyX, IepexpecTs, CHCTeMa YNPaBIiHHA TPaHCIIOPTHHM
MIOTOKOM, CBITJIO(OpHA CHTHAJTI3aLis, IPOIyCcKa 3aTHICTh NepeXpecTs, TPaHCIIOPTHA MeperKa.

V. SLVYCH, M. SAVCHENKO

CRITERION MODEL OF MOTOR VEHICLE TRAFFIC MANAGEMENT

There are various methods of controlling traffic lights at intersections, which are based on different principles and
criteria for changing modes of traffic flow regulation. Modern traffic light control systems include methods that can
automatically change the parameters of the traffic light cycle in accordance with the provided input conditions. The
creation and implementation of such management models of regulated intersections and their components is an urgent task
that helps to solve various traffic problems. This paper proposes the development of a model of a traffic light control
system at an urban intersection with a classic x-shaped configuration, which has four approaches to it. A standard two-
phase traffic light control system is installed at the intersection, which can adapt the main parameters of its operation
according to a given control criterion, such as a predetermined fixed number of cars accumulating during the period of the
prohibited signal at the traffic light. Such a system will be particularly important for intersections where a limited
accumulation of cars must be established for one or all available approaches. Introducing such an artificial restriction will
help solve the problem of traffic jams at the intersection. In the case when a large number of cars accumulates during the
prohibited signal period according to the classic parameters of traffic light regulation, the proposed control system will
help regulate the length of the accumulated queue depending on the necessary parameters for certain intersections.

Key words: motor vehicle flow, road traffic, intersection, traffic flow control system, traffic signal, intersection
capacity, transport network.

Berym.

Cepen cyyaCHMX CHUCTEM YIIPaBIIiHHS CBITJIO(OPHOIO CHUTHAII3ALIEI0 JTOPOXKHIX MEPEXpecTh €
TaKi, 110 MOXXYTh aBTOMaTUYHO 3MIHIOBATH ITapaMeTpU CBITIIO()OPHOrO LIUKITY BiAMOBITHO A0 MEBHUX
Hariepe/l 3aJaHuX BXIAHUX yMOB. Po3poOka Ta BIPOBa/PKEHHS TaKWX MOJEICH YIpaBIIiHHS
PeryJIb0BaHUMHU MEPEXPECTAMH Ta IX OKPEMHX €JIEMEHTIB € BaXKJIMBUM 1 aKTyaJIbHUM 3aBJIaHHSM, 1110
CIpHUsi€ PO3B’A3aHHIO MEBHUX MPOOJIEM JOPOKHBOTO PYXY, OCOOJIMBO 3aTOpIB, L0 BUHUKAIOTH Ha
NepexpecTi Mijl yac OYiKyBaHHsS aBTOMOOIIIMU Ha 3a00pOHEHMI CUTHAII CBITJIOOPHOI CUTHAai3allii.

3a3HaueHl CHUCTEMH YIPABIIHHS CBITIO(POPHOIO CUTHATI3AIIEI0 TOPOKHIX MEPEXPECTh MOKYTh
OyTH OCHAILIEH] IHTEJIEKTyaJIbHUMHU aJTOPUTMAMHU, SIKI aHAJI3yIOTh MIOTOYHY CUTYAIliI0 Ha JI0po3i 3a
JIOTIOMOT'OF0 JIATYMKIB PYXy, KaMep CIIOCTEPEKEHHS Ta 1HIITMX CEHCOPIB.

B cBo10 yepry 1e 103B0JIsIE CUCTEMI aBTOMAaTUYHO pearyBaTH Ha 3MiHU B TpadiKy Ta MepexpecTsix
1 onTUMI3yBaTH PoOOTY CBITIIO(OPIB, MIHIMIZYIOUH Yac OYiKYBaHHS aBTOMOOUTSIMHU Ha CBITIO(Opi
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4yepe3 BHSIBIICHHS HArajlbHOCTI JIOPOXKHBOI curyamii. Takuii migxin mormomarae MOKpAIIUTH PyX
TPAHCIIOPTY, 3MEHIIUTH 3aTOPHU Ta 30UTBIINTH 3araibHy O€3MeKy TOPOKHBOTO PYXY.

AHAaJIi3 OCTAHHIX JOCATHEHb i myOikamiii.

B Ham yac icHYIOTb pi3HI METOH 1HTEIEKTYaJIbHOTO YIPaBIiHHS aBTOMOOITBHIM TPaHCIOPTOM
yepe3 CBITI0(POpHY CUTHAITIZAIIIO.

Amnainiz po0iT 3aKOpJOHHUX Ta BITYM3HAHUX MIOCHITHHKIB, MPHUCBSIYCHHX JaHii mpobdiemi,
MoKa3aB, MO B pI3HUX KpaiHax 3aCTOCOBYIOTHCS pi3HI NPUAOMH Ta METOIU PETYJIIOBAHHS
TPAHCIIOPTHOTO PYXY Ha MEPEXPECTI.

[IpobnemMu omnTuMmizaiii peXUMIB CBITIO(OPHOTO PETYJIIOBAHHS PO3IISAAIN BITYM3HSHI Ta
iHo3eMHi HaykoBii, 30kpeMa B. I1. TTomimyk, O. I1. [I3t00a, FO. O. Kpemenens, M. I1. Tleuepcbkuii,
N. C. Camoiinos, M. C. ®imenscon, b. M. Uersepyxin, B. T. Kanitanos, €. O. Peiinien, ®@. BebcTep,
X. Inoce, T. Xamana [1-14] Ta iH.

Meta Ta mocTaHOBKA 3aa4i.

MeTtor poboTH € po3poOKa MOAENi YIpPaBIiHHSA CBITIIODOPHOIO CHUTHAJI3AINEI0, SKa 3/aTHA
3MIHIOBAaTH MHapaMeTph pexuMy poOoTH CBITIIOhOpY B 3al€KHOCTI BiJl HACTYIHOTO KPHUTEPIIO:
BCTAaHOBJICHOT Hamepea (DiKCOBaHOI KUTBKOCTI aBTOMOOWTIB, IO HAKOMHYUTHLCS TiJ Yac TOPIHHS
3a00pOHEHOT0 CUTHANY CBiTIO(dOpAa.

BukJiiajeHHs 0OCHOBHOT0 MaTepiay T0CTiIKeHb.

PosrnsiHemo kiacuuHe X 00pasHe mepexpectsi, 3aCTOCYEMO JI0 HbOT'O JIUCKPETHY KIITUHKOBY
MOJIeNIb, TOAI MepexpecTs Oyae MPeACTaBIsATH COOOI0 CYKYIMHICTh KIITHHOK MO SIKUM PyXalOThCS
aBTOMOO1III, IPUYOMY KOKHA KJIITHHKa OyJle MaTu JBa CTaHH, Kl BIAMOBIAHO OyAyTh MO3HAYATHUCS
MTyCTOI0 KJIITHHKOIO, SIKIIO B Hili aBTOMOOWUTh HE 3HAXOAUTHCS, Ta 3a(hapOOBaHOIO KIIITUHKOIO, SIKIIIO
aBTOMOO1JIb B Hill 3HaxX01uThCs (puc.1).
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Puc. 1 — JluckpeTHa Moz€b EPEXPECTS
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[lepexpectss Mae 4YOTHpPH TMIAXOIU, B KOXKHOMY 3 HHUX MNPUOYBAlOTh aBTOMOOWUII 3 Pi3HOIO
94acTOTOIO.

[lepexpecTs € perya»0BaHUM, Ha HhOMY BCTAHOBJICHO CBITJIO(OPHY CHTHAIII3AIIII0, sIKA B PAMKaX
naHoi Mozeni Oy/ie mpalfoBaT B KJIACUYHOMY JBO(Aa3HOMY PEXKHMI.

BxinHi mapameTpu gaHoi MO MpeACTaBiIeHo B Ta0m. 1.

Tabnuus 1 — Bxigni napamerpu Mojeni

OnuHuIs
Ilo3HaueHHs Onuc JUTHIT
BUMIPY
Yac, 3a AKHii B CHCTEMY NepexpecTs MpudyBae O1H
At HOBUI1 aBTOMOOLIB (ycepeIHEeHHU 17151 KOKHOTO 3 CexkyHau
I IXO/IIB JIO TIEPEXPECTs)
CepenHiii YacOBHI IHTEPBAIU MK CYCLIHIMH
T, pel . p yeul Cexkynau
MalIMHAMHU JUIs miaxoay 1 mepexpects
Cepenniii yacoBuil iHTEPBAIN MIX CYCiIHIMHU
T, . CexyHau
MaIlIMHAMH JUIS X0y 2 MepexpecTs
CepenHiii YacoOBHI IHTEPBAIN MK CYCLIHIMH
Ts pea rrep yeut CexyHau
MalIMHAMHU JUIS X0y 3 mepexpecTs
CepenHiii YacoBHI IHTEPBAIN MK CYCLIHIMH
T, pel . p yeul Cexkynau
MalIMHAMHU JUIS X0y 4 nmepexpects
L Bincranp (B KUTBKOCTSIX KJIITHH) B/l TOYaTKy MEpPEXi A0 ST —
nepexpects A nigxony | mepexpects
L Bincrans (B KUTBKOCTAX KJIITHH) BiJl TOYaTKy MEPEXi 10 OHMHHIE
nepexpects A NIXoay 2 nepexpects
s Bizacransb (B KIIBKOCTSIX KIIITUH) B1Jl TOYATKy MEpExI J10 OMHIIL
nepexpects A MiaXoay 3 mepexpects
L Bincrans (B KITBKOCTAX KJIITHH) BiJl TOYaTKy MEPEXi J10 OHMHHIE
A nepexpects A niaxony 4 nepexpects

Bu3Haunmo TpUBaicTh FOPIHHSA YEPBOHOT'O CUTHAIY CBITJI0(Opa B 3aJISKHOCTI Bijl TapaMeTpy p
— KIUTBKOCTI aBTOMOOUIIB, IO HAKOMUYUTHCA  HAa 3a00pOHEHMM CHUTHaI, TpudoMy Oyre
3aCTOCOBYBATHUCH Ul Oyb-KOT0 3 HASBHUX YOTUPHOX MiAXOIIB.

Jlis BUBENEHHS B3a€EMO3B’SI3KIB MOJIENI JJIs MOYaTKy HOOYIyeEMO IOMOMDKHY CXEMY pPyXy
aBTOMOOLITIB.

3adikcyemo 3 puc. 1 mepexpecTsi TUTbKH Ty HOTO YacTHHY, 10 Oy/ae BIAMOBIIATH 3a MEPIIHA
MIX1I.

Cxema OyJie mpecTaBisiTH COO00 YacOB1 3MIHU MOJIOKEHHSI aBTOMOOUTIB B CUCTEMI IEPEXPECTS.

IaTepBan yacy Mix psKamMu 10piBHIOE At , TOOTO Yacy 3a IKUH aBTOMOO1IT1 3MILITYIOTHCS HA OJTHY
KJIITHHKY.

B mouaTkoBHMiII MOMEHT 4Yacy MepiIi TpU aBTOMOOUIS 3 SBJISIOTHCA B CHUCTEMI, MICJA YOTO 3
KOXHHUM PSAJIKOM B1I0OYBA€ETHCS MEPEMIIIECHHS 1 HAKOITMYEHHSI HOBUX aBTOMOOLIIIB.

3rifiHo 1i€i cXeMHU 3HaXOIUMO TOJAIIbIII 3aJI€KHOCTI.
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Puc. 2 — Cxema pyxy Mamivs

Jlnist BUBEZICHHS TPUBAJIOCTI 3a00pOoHEHO1 (a3 IS MEPIIOro IMiIX0Ay CHOYaTKy PO3PaxoBYEMO
3HAYEHHs il TPUBAIOCTI 1Sl IPOIMYCKY TIEPIIOro aBToMo6is, T06To T'(p). Bono Gye mopiBHIOBATH

JOBXKUHI MIJIXOAY IUTIOC JIOJAaTKOBa KIIITHHKA, Ky aBTOMOOLIb Ma€ MpoixaTh A0 CTON JiHil
HepexpecTs:

T,(p)=(T,-1)

HactynHuM KpOKOM pO3paxy€eMO aHAJIOTiYHE 3HAUYEHHS TPUBAIOCTI (a3u s Jpyroro
aBTOMOO1JIS.

OueBH/IHO, IO BOHO Oysie Ginbiue 3a nonepenne 3navenns 7. (p) Ha BenmuuuHy At;.

Jlam po3MipKOBYIOUM TaKHM YWHOM BHHO, [0 KOXXHE HACTYITHE 3HAYCHHS Oy/€ BIIPIZHATHUCS
BiJ] IONEPEIHBOT0 HA BEIMYMHY BIIICTaHI MK aBTOMOOUIAMH At , TOA1 JJIs JOBUIBHOTO 3HAUYEHHS
dhopmyna Oyie MaTH BUTIIS!

T(p)=(T, =D p- At (1)
Po3mipkoBytoun naini 3a THM CaMUM NPUHIMIIOM BHBOIMMO aHAJOTIUHI 3anexHocTi s 2,3,4

HaIpsIMKIiB.
BoHu MaTHMyTh HACTYITHUYN BUTIISI;

TX(p)=(T,~1)- p-At,
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T} (p)=(T; =1 p- Aty
T} (p)=(T, =1 p-A,
Toxi ans BU3HAYEHHS OCTATOYHOI TPHBAJIOCTI 3a00pOHEHOi (a3u BUOMPAEMO MAKCUMYMH 3

HanpsiMKiB 1-3 Ta 2-4, Toxi mapaMmeTpu CBITIO(GOPHOrO pEryJaroBaHHS OyIyTh BU3HAYATHUCS
CHCTEMOIO:

T3 (p) =max| Ti(p):i T3(p) |
T2 (p) =max| T2 (p); T} (x) |

Takum uymHOM, OCTaTOYHI 3HA4YEHHS 3a00pOHEHOi a3y OyIyTh 3HAXOAUTHCS 3 HACTYIHHUX
BHpa3iB:

()

T (p)=T:*(p)
T (p)=T;"(p)
Orke, MOBHHIA CBITIIOQOPHUI [IUKI BU3HAYAETHCS CYMOIO 3HAWIEHUX BHILE TPUBAJIOCTEH (as:
T,=(p)T(p)+T7"(p) ©)

A6o0 sk110 B (3) MOBEpHYTHUCSA 10 MTOYATKOBUX BX1THUX IMapaMeTpiB, TOJII OTPUMAEMO OCTATOUHY
3aJISKHICTh JUI BU3HAYEHHS CBITIO()OPHOTO HUKITY:

T,(p)=max[(7; -1 p-At; (T, =1) p- At [+ max [(T, = 1) p- At (T, ~1)- p- A, ] (4)

BucHoBkwu.

Takum yrHOM, B pOOOTI MPOMIOHYETHCA MOJEIH YIPABIiHHS CBITIO()OPHOIO CUTHAII3AIIIEID, SIKA
MOJKE aJlalTyBaTH MapaMeTpU PEKUMY pPOOOTH CBITIO(OpY B 3aJICKHOCTI BiJl 3a3HAYEHOI Harepen
(ikcoBaHOT KIJIbKOCTI aBTOMOO1IIB, 1110 HAKOITUYYETHCS i1 yac 3a00pOHEHOT0 CUTHAITY CBITI0()OpHOT
curHamizaiii, Ha OyJp-sKOoMy 3 MiaxoniB mepexpects. Lle ocoOMMBO BaXXIMBUM € IS TaKUX
MepexpecThb, Ha SKUX HeOOX1AHO BCTAHOBUTH OOMEKEHE 3HAUEHHS 3a3HaYeHO1 KIJIbKOCTI aBTOMOO1TIB
JUIE OHOTO TEBHOTO HAIpPSMKY a00 BCIX MiIXOAy, IIO B CBOIO YEPry CIPHUSTHME 3MEHIICHHIO
3aTOPHHUX CHUTYyalliid. BBeIeHHS Takoro MITY4YHOrO OOMEXEHHS JOMOMOXKE BUPIMIUTH MpoOieMy
3aTOpiB Ha IHepexpecTi. Y BUMNAAKY, KOJIM 3a KIACHYHUMH TapaMeTpaMu CBITIO(POPHOTO
pEryiroBaHHS 3a MepioJ] 3a00pOHEHOr0 CUTHANy HAKOMHMYYETHCS HEIOILIIBHO BENHMKAa KITbKICTh
aBTOMOO1IIB, 3alPOINIOHOBAHA CUCTEMA YIPABIIHHS JOMOMOXE PETryIIOBAaTH JIOBKUHY HAKOMMYEHOI
Yepru B 3aJIKHOCTI BiJl HEOOX1THUX MMapaMeTpiB IS TOCIIHKYBaHUX TEPEXPECTh.
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