AHOTANIIA

Llleeuenko Bonooumup Baoumosuy. Bu3HaueHHs pallioHAIBHUX MTapaMeTpiB KOOP-
JMHOBAHOTO YIMPaBIIHHS JAOPOXKHIM PyXOM Ha MIChKHX Marictpaisx. — Ksamidikariitna
HayKOBa Mpalls Ha MpaBaxX PYKOIHCY.

Juceprartiist Ha 3100yTTS HAyKOBOTO CTyMEHs JIOKTopa (inocodii 3a creriaibHic-
TI0 275 «TpaHCOpPTHI TEXHOJIOTIi (HA aBTOMOOUILHOMY TPaHCIOPTIi)». — XapKiBChbKUIH
HaIlOHAIBHUIM aBTOMOOUIbHO-A0pOoskHIM yHiBepcuteT (XHAY) MinicTepcTBa OCBITH 1
Hayku Ykpainu, Xapkis, 2023.

Hucepraniitna poOoTa npHCBsSYEHA PIIICHHIO HayKOBO-IPUKJIAJAHOI 3a7a4i BU3HA-
YEeHHS palllOHATBHUX MapaMeTpiB KOOPAMHOBAHOTO YIPABIIIHHS JOPOKHIM PyXOM Ha Mi-
cbkux marictpassix (MM) 3 po3AUTIOBAIBHOIO CMYTOIO.

AKTyanpHICTh POOOTH BH3HAYAETHCS HEOOXIAHICTIO PO3BUTKY (PYHKI[IOHYIOUHX Yy
MicTax YKpaiHd JIOKaJbHUX CUCTEM CBITIIOOPHOIO PETYIIOBAHHSA, SIKI MAIOTh OOMEKEHY
e(eKTUBHICTh. )11 BU3HaUEHHs1 HAWKpaloro BapiaHTy pO3BUTKY OyB IPOBEICHUI aHAI13
ICHYIOUMX MIJXO/AIB 0 BU3HAYEHHS MapamMeTpiB podbotu cBitiiodopuux 06’ektiB (CO) i
METO/IB MOOY/IOBU IIJIaHIB MaricTpajbHOI Ta MEpekeBoi kKoopauHalii cBiTiodopis. B
pe3yabTari 0yJI0 BCTAHOBJICHO, 1[0 HA JAaHWW Yac MEPEKOHJIMBHUX BKa31BOK Ha e€()EKTHUBHI
HarpsiMu koopauHailii po6otu CO B MicTax IIe He ICHY€E, a OUTBIIICTh Mpallh MPUCBIYCHA
HajamTyBaHHiO agantuBHUX CO Ha 3a0e3neueHHs ePeKTUBHOI peakilli cBITI0dOpiB Ha
TUHAMIYHUYN xapakTtep TpaHcnopTHux notokiB (TII), y Tomy umcii B Mepexax, 1e GyHK-
L[I0HY€ JEKUJIbKa CBITIO(OPIB HA CYMIXKHUX MEPEXPECTSIX.

MeTonuuH1 KEpiBHUUTBA 3 OpraHizailii JopoxHbsoro pyxy (OP) pi3Hux kpain cBi-
Ty B OCHOBHOMY MPOTMOHYIOTh BHKOPHUCTOBYBATH JJIi CTBOPCHHS IUIAHIB KOOPAMHAIT
(ITK) mpocropoBo-yacoBy aiarpamy (ITY/]) miHifiHOT KOOpauHallli, X04a MPU I[LOMY BU-
3HAIOTH ii 3aHAJTO CHPOIICHUIN XapakTep 1 He HAJAIOTh YITKUX PEKOMEH/AI CTOCOBHO
0COOMBOCTEH 11 MPAKTUYHOTO BUKOPUCTAHHS. [HIITMM BapiaHTOM KOOpJIMHAIII] € BUKOPH-
CTaHHSI CTBOPEHOI0 Ha IIeil yac mporpamuoro 3abe3nedyeHHs (I13) 3 xopcTkoi abo ajgan-
THUBHOI KOOPAMHAIII1, B IKOMY TaK0X BUKOPUCTOBYIOTHCS CIIPOINECHI MAaTEMAaTUIHI MOJIEI1

st ctBopenHs [IK. Ipu upomy, 3 piHaHCOBOI TOUKU 30py, MEpexia 10 KOOPAUHOBAHOT
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poOOTH JIOKANbHUX CBITIO(OPIB y TPAHCHOPTHHUX CUCTEMaX YKPAaiHCHKUX MICT € Haii-
OUIBII TOCTYITHUM HampsIMOM PO3BUTKY CBiTIIO(opHOTro yrnpasiiHas (CY) pyxom.

Ile Bxa3ano Ha MOTpeOy B YAOCKOHAJEHI ICHYIOUHMX METOJIB (hOpMyBaHHS IIJIaHIB
MaricTpaiabHOI KOOpJMHAIIII, 32 PAXyHOK MOTJIUOJIIEHOTO BpaxyBaHHs T'OJOBHUX OCOOIH-
BOCTEH IMpoliecy KOOPAMHOBAHOTO PyXy TpaHCIOPTHUX 3ac00iB (T3), siKi MOJATaloTh B iX
rpynoBoMy NMpUOYTTI 3 Tauku 3eseHoi xBuii (3X) Ha yeproBe nepexpectsi; HasBHOCTI T3,
IO JOMOBHIOIOTH MavyKy 3X, MOYMHAIOU] 3 APYTroro mepexpectTsi KOOPAUHOBAHOTO ¢par-
MEHTY MaricTpasi; 1 J0JJaTKOBUX MOXJIUBOCTSIX HajamTyBaHHs [1K, ski 3a6e3nedyroThes
HAsSBHICTIO Ha MaricTpayi po3auTioBaibHOI cMyTH Ta cBiTiIoGopHux nukmB (CILL) 3 Bumi-
JIEHUM B OKpeMy (pa3y JIIBUM OBOPOTOM.

Po3pobiniena B gocnipkeHH1 JBOETanHa Ipoiieaypa cTBopeHHs miniHoro [IK mo-
3BOJIMJIa BpaXyBaTH OCOOJIMBOCTI TPYMOBOTO MpHOYTTS mayku 3X 0 YeproBOTrO Peryibo-
BAHOTO MepexpecTs Ha AIsaHII MM, 110 KOOpJAUHYETHCS, 1 HAOMM3UIa KiHIIEBE PIIICHHS
11€i 3a/1a4l 70 rI100aTbHOT0 MIHIMyMY 4Yacy OUiKyBaHHS MOXJIMBOCTI mpoi3zay T3 uepes
pEryJIbOBaHe ePeXpecTsi.

CtBOpeHa B poOOTI 32 YMOBH IMOBHOTO PO3’i3/ly Ye€pru aBTOMOOLIIB MPOTSITOM J10-
3BUIBHOTO CUTHATy aHAJIITUYHA MOJEIIb 3aTPUMOK Ha PETyJIbOBAaHOMY IMEpEeXpecTi Hajama
MOKJIMBOCTI BH3HAYUTH TPAHUYHHUM PIBEHb 3aBAHTAXEHHS APYTOPSIHUX IMIJIXOJIB [0
MM 3 KOOpAMHOBAHUM YIPABIIHHAM, SKUH Mae BpaxoByBatucs mpu mooymosi [1K. 3a
JOTIOMOTO0 IMITAI[ITHOTO €KCIEPUMEHTY, BOHA TaKOX 03BOJIMIIa OOIPYHTYBATH MOXK-
JUBICTh BUKOPHUCTaHHS (HOpMYJH 3aTpuMKku BeOcTepa Ha ApyroMmy, eMIIpUuYHOMY e€Tarll
MoOyJOBY TIaHY.

Or1iHKa TMOBIPHOCTI BUHUKHEHHSI HETIOBHOT IMAYKXW aBTOMOOUTIB MpHU KOOPAUHOBA-
HOMY YIpaBJiiHHI Ha MM mpuBena 10 OTpUMaHHS aHAITUYHOT 3aJIe)KHOCTI, sKa 301r71ach
3 aHAJIOT1YHOIO WMOBIPHICTIO B OJTHOJIIHIMHIN cCHUCTEMI MAacOBOTO OOCIYyroBYBaHHS 31 CTa-
HaaptHO auciuiuniao obcmyroByBanHs FIFO (First In First Out) 1 3 moka3HUKOBUM
3aKOHOM DPO3MOAUTY 4acy oOCIyroByBaHHS. 3aBISKU LIbOMY Jlialla30H 3aCTOCYBAaHHS 3a-
JISKHOCTI ITYKaHO1 UMOBIPHOCTI BiJi HABAHTAXKEHHS PO3IIMPUBCS HA PEryJIbOBaHI Mepex-
pEecTs, 110, BHACIJIOK ii 3BOPOTHOTO JIHIKHOTO XapaKTepy, M03BOJIMIO MO30aBUTHUCS 00-

MEXXEHb Ha BUOIp palliOHATBHOTO PO3MIPY MAuyKd 1 pOOMTH MOr0 BUXOASYM BUKIIOYHO 3
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MIpKyBaHb MiHIMI3allii 4acy 3aTPUMOK YYaCHHUKIB PyXy IpPH MOI3KaX KOOPAUHOBAHUM
dbparmerTom MM.

OO6’€eKTOM 17151 BUBYEHHS XapaKTEPUCTUK KOOPJMHOBAHOTO PYXy B pPOOOTI oOpaHuit
(dbparMeHT OJIHI€T 3 MariCTpadbHUX BYJIHUIb 3aTAIbHOMICHKOTO 3HAYEHHS MiCTa XapKoBa —
npocn. Hayku, Big mpocn. HezanexxHocTi 10 ByJ. MIHCBKOI, SIKMII Ma€ pO3iTIOBAIBHY
CMYTY, JOCTaTHIO TOBXKUHY 1 KuibKicTh CO. Ha HhOMY criocTepiraerbcesi HOCTIMHO BUCOKA
iHTeHCUBHICTH PyXy (IP) mpoTsrom HaBaHTa)KEHOTO JEHHOTO Mepioay pobouoi qobu, sKa
IPUBOUTH JI0 BUCOKOTO PIBHS 3aBaHTAKEHHS O1IBIIOCTI M1 13/1B 1O PETryJIhOBAHMX II€-
pexpecTh 1, BIAMOBIAHO, IO 3HAYHUX 3aTPUMOK MpU Horo mojojanHi. Came s bOTo
BUMAJKY, 3a JomomMoror po3podienoro 13, B qocmimkenni crBopenuit [IK po6oTu cBiT-
710G opiB, ePEKTUBHICT SKOTO OIIHIOBAJIACh TPhOMAa PI3HUMH CIOCOOAMHM: SKICHUM, 3a
nornoMoror cepicy Google Maps, METOJIOM «TECTOBOTO aBTOMOOLIS» 1 32 TOMOMOTOIO
cepsicy TomTom.

Bci Bonu nepexkonnuBo 3acBinumwin nepesary 11K Haa ¢yHKIIOHYBaBIIUM 0 HBO-
ro JIOKAJIbHUM BapiaHTOM pOOOTH CBITIO(OpPIB Ha AOCIIIKYBAHOMY (PparMeHTI MPOCIL.
Hayxku. TlokpaiieHHs yMOB pyXy BAQJIOCS JOCSATTH HE JIMIIE HA MapIIPYTI PyXy Madyku
3X, a 1 1 BCIX 1HIIMX HAOpsIMKIB pyXy, AKl oro Topkatotbes. [Ipu nubomMy, 3pocTaHHs
IIBUJIKOCTI MOi3710K BiOynocs Ha (oni 3HauHoro migsuimeHHs [P TII, mo cBiguuTh mpo
BEJIMKHI TTO3UTUBHUN BIUTMB KOOPJIUHALIIT poOOTH CBITIO(OPIB HA MPOMYCKHY CIIPOMOK-
HicTh (IIC) MM Tra ii 3Ha4Hi nepeBaru Mo 3pIBHIHHIO 3 (PYHKI[IOHYBAHHSIM JIOKAJIbHUX
CBITIIO(OPIB B aIAIITUBHOMY PEKUMI.

HayxoBa HOBHM3HA OTpUMaHUX PE3yJbTaTiB MOJISATAE B TOMY, IO 8nepuie:

- CTBOPEHO HOBUU MeTojA (hOpMYyBaHHS IJIaHY MariCTpajbHOI KOOpAUHAIIl, SIKUN
Ha BIAMIHY B1J ICHYIOUHMX, 0a3ye€ThCsl Ha BU3HAUEHHI 3arajbHOi TPUBAJIOCTI CBITIO()OPHO-
ro LMKy Ha MEePexXpecTsX, 0 KOOPAUHYIOTHCS, HA OCHOBI BUOOPY palliOHAJIBHOI JOBXKH-
HU TIAYKW TPAHCTIOPTHUX 3aCO0iIB Yy 3€TIEeHINA XBUIIL;

- OTPUMAaHO aHAJIITUYHY OLIHKY MMOBIPHOCTI BUHUKHEHHS HETMOBHOI MMayKu aBTO-
MOOUTIB y 3aJIEKHOCTI B1J] PIBHSI 3aBaHTaXXCHHS HANPSIMKY PyXy, fKa Ha BIAMIHY BiJ ic-
HYIOYMX, 3aCHOBaHA Ha CTaHIAPTHUX, I CBITJIIO(OPIB 3 MOCTIMHUM ITUKJIOM, TPHITY-

IMICHHAX.
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Ompumanu nooanrbwuti po36umox METOAH CBITIO()OPHOTO YIPaBIiHHSA TPAHCIIOP-
THAMH TTOTOKaMH B MICTaX 3a paXyHOK BU3HAYCHHS KPUTHYHOTO HAaBAaHTAXEHHS Ha JIPY-
ropsaHUX miaxoaax 10 MM, 1o KOOpAUHYEThCS.

Yoockonaneni metoau ninaHyBaHHs po3BUTKY cucteM OJ[P y micTax.

Ilpakxmuune 3uHauenHs pe3yrbmamie OO0CNIOJNCeHHs TIONATa€ 'y CTBOPEHHI
KOMIT I0T€pHOI IporpamMu (hopMyBaHHS pallloHAIBHOIO TUIaHy KoopauHaiii Ha MM 3 po-
3IUTIOBATFHOIO CMYTOIO Ta BIPOBAIKEHHI CTBOPEHOTO 3a ii JOIMMOMOTOIO TUIaHy Ha iJIsSH-
11 mpocn. Hayku Big npocn. He3anexHocTi 10 ByJl. MIHCBKOi B MicT1I XapKOBI.

Kiro4oBi cioBa: JOpoKHIN pyX; BYJIUYHO-IOPOKHS Mepeska; TPAaHCTIOPTHUN MOTIK;
CBITIOOpHUI 00’ €KT; IJIaH KOOPAWHALIIT; MOTIK HACUYEHHS; KIJIbKICTh 3yITMHOK.
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SUMMARY

Shevchenko Volodymyr Vadymovych. Determination of rational parameters of pro-
gressive traffic control on urban highways. — Qualifying scientific work on the rights of
the manuscript.

Thesis for obtaining the degree of doctor of philosophy in the specialty 275 —
Transport Technologies (by Automobile Transport). — Kharkiv National Automobile and
Highway University of the Ministry of Education and Science of Ukraine, Kharkiv, 2023.

The dissertation is devoted to the solution of the scientific and applied problem of
determining the rational parameters of coordinated traffic control on city highways with a
median strip.

For this purpose, an analysis of existing approaches to determining the parameters
of the operation of traffic lights and methods of building plans for trunk and network co-
ordination of traffic lights was carried out. As a result, it was established that at this time
there are no clear instructions on effective directions for the development of traffic light
coordination systems in cities, and the majority of works are devoted to the adjustment of
adaptive traffic light objects to ensure an adequate reaction of traffic lights to the dynam-
ic nature of traffic flows, including in networks, where local traffic lights operate at adja-
cent intersections with pre-timed cycles. Road traffic control guidelines of various coun-
tries suggest using a space-time diagram of linear coordination to create coordination

plans, although they recognize its oversimplified nature and do not provide clear recom-
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mendations regarding the specifics of its practical use. Another option for coordination is
to use existing hard or adaptive coordination software, which also use simplified models
to create coordination plans. At the same time, the transition to the coordinated operation
of traffic lights in the transport systems of Ukrainian cities is the most accessible direc-
tion for the development of traffic light control.

This indicated the need for the creation of a new method of forming highway coor-
dination plans, which should take into account the peculiarities of this process, which
consist in the group arrival of vehicles from the green wave pack to the next intersection,
the presence of vehicles that complement the green wave pack starting from the second
intersection sections and additional possibilities in setting up the coordination plan, which
ensure the presence of a separate lane on the section and traffic light cycles of cycles with
a left turn allocated in a separate phase.

The two-stage procedure for creating a coordination plan on an urban highway de-
veloped in the study takes into account the peculiarities of the group arrival of a green
wave packet to the next regulated intersection on the coordinated urban highway section
and allows to bring the final solution of this problem closer to the global minimum of the
waiting time for the possibility of passing through the regulated intersection.

An analytical model of delays at a controlled intersection, created in the work un-
der the condition of full departure of the queue of cars during the permission signal, al-
lowed to determine the limiting level of loading of the secondary approaches to the city
highway with coordinated control, which should be used in the construction of the coor-
dination plan. With the help of a simulation experiment, it also allowed to substantiate the
possibility of using Webster's delay formula at the first, analytical stage of plan construc-
tion.

The estimation of the probability of the occurrence of an incomplete pack of cars
under coordinated control on an urban highway led to an analytical dependence that coin-
cided with a similar probability in a standard single-line mass service system with a
standard FIFO service discipline and with an exponential service time distribution law.
Thanks to this, the dependence of the desired probability on the load expanded the range

of application to adjustable traffic lights and, due to its inverse linear nature, made it pos-
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sible to get rid of restrictions on the choice of the size of the bundle and to do it based
solely on the considerations of minimizing the delay time of traffic participants when
overcoming a coordinated section of the city highway.

A fragment of one of the central thoroughfares of the city of Kharkiv, avenue Sci-
ences, from Nezalezhnosti Ave. to Minskaya St., which has a dividing strip, sufficient
length and number of traffic lights. On it, there is a constantly high traffic intensity during
the busy daytime period of the working day, which leads to a high level of loading of
most approaches to regulated intersections and, accordingly, to significant delays when
crossing it. Precisely for this case, with the help of the developed software, the study cre-
ated a traffic light coordination plan, the effectiveness of which was evaluated in three
different ways: qualitatively, using the Google Maps service, the "floating car" method,
and using the TomTom service.

All of them convincingly testified to the superiority of the coordination plan over
the local version of the operation of the traffic lights on the studied section of the avenue
that functioned before it. Sciences. It was possible to improve traffic conditions not only
on the route of the green wave bundle, but also for all other traffic directions that touch it.
At the same time, the increase in the speed of trips took place against the background of a
significant increase in the intensity of traffic flows, which indicates a great positive effect
of the coordination of traffic lights on the capacity of the city highway and its significant
advantages compared to the operation of local traffic lights in adaptive mode.

The scientific novelty of the obtained results is that for the first time:

- a new method of forming a highway coordination plan was created, which, unlike
the existing ones, is based on determining the total duration of the traffic light cycle at
coordinated intersections, based on the task of the rational length of a group of vehicles in
a green wave;

- an analytical estimate of the probability of the occurrence of an incomplete pack
of cars depending on the load level of the traffic direction was obtained, which, unlike the
existing ones, is based on the standard assumption for traffic lights with a constant cycle.

Methods of traffic light management in cities were further developed.
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The practical significance of the research results lies in the creation of a program
for the formation of a rational plan of coordination on the city highway with a dividing
strip and the implementation of the plan created with its help on the section of Ave. Sci-
ences from Ave. Nezalezhnosti to St. of Minsk in the city of Kharkiv.

Keywords: road traffic, street-road network; city highway; traffic light object; co-
ordination plan; delay time; number of stops.
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