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Simulation of transport systems is the demanded task in control of road networks helping to make
decisions on further development and extension of transport system. In particular, simulation allows
defining need for extension of a road network or adding of means of regulation. In this paper, traffic
is simulated according to two different models: the cellular automaton based on cellular automaton of
the Nagel-Scheckenberg model and Intelligence Driver model and existed cellular automata model was
modified for simulations of multiline roads and multiline intersections.

The Intelligence Driver model was proposed by Treiber. It is continuous deterministic one-
dimensional model, which defines acceleration of vehicle ¢ as function from its own velocity v;(t),
gap s;(t) and velocity difference Av;(t) to the vehicle in front i — 1. For experiments, integration with
simple Euler scheme was used, with time discretization of At = 0.4 s and translation of vehicles in
each step according to equation of motion with constant acceleration for period of time At.

The Nagel-Scheckenberg model is a one-dimensional stochastic machine designed to simulate traffic.
The model dimensional grid used in each cell is placed exactly one machine, the cell is either empty or
contains a car. Time is discrete, the machine moves to forward an integral number of cells for each step
of iteration. At each step of the iteration for each car in turn all the rules are applied. The first rule is
responsible for aspiration of drivers to go as soon as possible, without violating the rule, the second rule
doesn’t allow collisions, and the third rule introduces an element of randomness in the motion of each
driver. This rule set is the minimum set necessary for reproduction of basic properties of a transport
flow. The main advantage of this model is its simplicity compared with other approaches; it is important
in the transition to more complex structures, such as multi-row model or models including intersections
or implementation of modification, which allow more accurate imitation of driver’s behavior, such as
slow-to-start and slow- to-stop models. In slow-to-start model for third rule used velocity-dependent
random value with higher chance of slow if velocity on previous step is zero. In slow-to-stop model in
addition was modified second rule, so vehicle begins to slow not in the last moment before collision but
in several steps before according to velocity difference and expectations about gap between vehicles
according to their velocities on previous step.

Experiments with both models with equivalent parameters and same initial conditions results in
obtaining similar fundamental diagrams of traffic flow for one line traffic. In both cases traffic flow
increasing with increase of its density at first, but after near same density value it begins decreasing
to near zero in situations where density is equal to one. Max value of traffic flow is also similar in both
cases.

To allow cellular automata, based on Nagel-Scheckenberg model, to simulate multiline road, rule for
changing lines is needed. In this paper symmetrical change-line rule was used, there are no differences
in changing line to left or to right. With this rule if vehicle found way forward blocked but still can
move in this step according to its velocity and line near current have greater gap, vehicle change lines.
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Simulation of multiline intersection is more complex, because according to traffic regulations on
intersections with more than one line not all directions of turn available for vehicles on different lines.
So although the only difference on intersection is different trajectories for vehicles on different lines, on
road before intersection vehicles should change lines to come on intersection on right position according
to traffic regulations. According to that, in close vicinity of intersection, priority of choosing line changes
from line where vehicle can move faster to line, where vehicle can move to correct road to its course
according to traffic regulations.

A cellular automaton for traffic simulation of multiline intersections was designed. The program of
generation of the cellular automaton for different intersections was realized.

The models can be used to understand, predict and optimize different traffic situations and as
examples for the various possible extensions and fields of applications.

Key words: model, cellular automaton, Triber model, slow-start and slow-stop models,
distance, speed, acceleration.
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Jannas pabora dBJISETCA MPOJOJIXKEHNEeM TTHKIa paboT aBTOPOB. B NpeioKeHHOM HCCiIeI0BAaHUN
PacCMaTPUBAIOTCA TPAHCIOPTHBIE MOjge M Kaerounbix asromaros (CA) u mogens Tpaiibepa. TIpo-
BeJIEH CPABHUTE/IbHBIN aHAJU3 PE3Y/IBTATOB MOJIEIUPOBaHus ¢ 6oJjiee paHHUMY paboTaMu U MeXK Iy
coboit. [Ipusesgernr QyHIAMEHTAIBHBIE AUAIPAMMBL MOJIEIUPOBAHUST PACCMATPUBAEMBIX MOIE/IEH.
[IponoszkeHbl uCCae0BaHUs, T/le KaXKJIblii 00beKT XapaKTepu3yeTcd WHIUBUYaIbHON CKOPOCTbIO,
B OTJIMYUU OT PAHHUX PabOT, Ie CKOPOCTU ObLIU PABHBI.

KimroueBbie cjioBa: MoJe/b, KJIETOUHBIN aBTOMAT, Monmenab Tpaitbepa, slow-start u slow-stop
MO/JIEJIN, PACCTOSHNE, CKOPOCTH, YCKOPEHHE.

Beenenue. B nacrosiiiiee BpeMsi IpUMEHEHHE PA3JHIHBIX MHKPOMOJEIeH aKTyaabHO IIPH
MOJIETUPOBAHUHU U HUCCJIEJIOBAHUN PA3JIUUHBIX TOPOKHBIX CUTYAIHI, IPH IMOCTPOCHUH TUOPHI-
HBIX MOJeJIell WU HPH [epexoe K Me30MOAeTHPOBAHUI0. JleTajibHoe MpeacTaBIeHne BhITOIHO
BO MHOT'HX CJIy4dadX, OCO6€HHO IIpu OLEHKE BSaHMOﬂeﬁCTBHH MEZKAYy peaJIbHBIM IIOBEJACHHUEM U
IOCIEJICTBUSME HA MOJIEJISAX P MOJEJTUPOBAHAY TPAHCIIOPTHOIO TOTOKA ¢ HECKOJIBKUMHE (COT-
Hsl) THICSTIaMU 00bEKTOB, Tie TpeGyeTcs: T0BOJIbHO Gobiiasg 06paboTKa JaHHBIX |1, 2|. Bbicoko-
3P deKTHBHOE BHIYUCICHAE U KUZHECIIOCOOHBIH BapHAHT JTAHHOTO MOJECTHPOBAHUS TPYIOEMKH,
U JIOCTYII K TaKUM CHCTeMaM ecThb He y Bcex. [loaromy xodercsi, 9T1oObl B 00JIACTH HOPOK-
HOIT ceTH, rae Oojiee HU3KHI ypPOBEHb METAIN3AINN JOCTATOYEH, MOYKHO OBLIO OBl COKPATHTDH
BBIYHUCJIATENIbHBIE pecypehl 3, 4]. B Takux ciaydasx MUKPOMOJETh MOYKET MPEIIOKUTh CPel-
CTBO YJIYUIIUTH 0OpabOTKY 3aJaHHOTO YYacTKa, He3HAYUTE/IHHO BJIMSS Ha TOYHOCTH IOJHOIO
MosietupoBanus. Takue 00JaCTH MOTYT OBITH MArHCTPAJIBI0O MEXKIY PA3JIUYHBIM YYaCTKAMH,
IIepeKpeCTKaMu WJjin CoeJMHEeHEM 1IPOCEJIOYHbIX A0POI' I'OPoO/ia UJIKM A€PEBHH.

HeO6XO,ZLI/IMOCTb pereHuAd HpeﬂﬂO}I(eHHOﬁ 3aa91 Ha UHIAUBUAYAJbHBIX BapHaHTaX COCTOUT
B OTJIHYWHU JOPOT, peiabeda MECTHOCTH, MpaBHJ JAOPOKHOTO JBuzKeHust B Poccuu |3, 5| u B
ONUCAHUY TIOBEJIEHUsI BOJUTEIsI B PA3JUIHBIX JOPOKHBIX cuTyarusx |1, 6].

Januast pabora siBJsieTcs MPOAOIKeHneM paboThl aBTopos |7]. B npemnaraemom ucceno-
BaHUU PACCMATPUBAIOTCA KJIETOUYHO-aBTOMAaTHAsI MOJe/b, Mojelb Tpaitbepa m UX CpaBHEHHeE.
[TpojtosrzkeHbl UCCIe0OBAHUS MPEABIAYIIAX PAdOT, OTJIHYAIONIAXCS TeM, U9TO KarKJAblil 00beKT
XapaKTEePU3YeTCsl ellle U CKOPOCTHIO, B OTJINYNNA PAHHUX PAdOT, T/1e CKOPOCTH OBLIU PABHHI.

JanbHeiinee U3J10KeHIe OPraHM30BaHO CJieyomuM obpa3om. B nepBom maparpadpe pac-
CMaTPHUBAIOTCS MOJIE/Ib KJIETOYHOIO aBTOMATA H €€ PeaJU3alus JIJI PA3JHIHBIX YIACTKOB J10-
pPOTH, BO BTOPOM paccMaTpUBaeTCsd Moaeab Tpaiibepa mInm MOAEe b PA3yMHOTO BOIUTENS JIJIsT
IPAMOTO yYaCTKA.



4 Teopemuseckas u cucmemnas UHHOPMAMUKA

1. Knerounsrlit aBromar. Koniennus Kj1eTodHbIX aBTOMATOB ObliIa mpejioxkeHa JIxko-
HoM don Heiimanom B Hauane 50-x romos. Kaerounsrii apromar (CA) — 310 ynopsijioueHHas
gerBepka < C, A, 7, X >, rnme C' — MHOXKeCTBO KJIeTOK, A — KOHeUHBIH aJi(paBUT COCTOSHUI
KJIEeTKH, T — (PYHKIUS Mepexoa U3 OJHOTO COCTOSHHS B APYroe, 4acTo IpeiacTaBaseMas Ha-
bopom mpasu, X — OTHOIIEHHE COCEJICTBA MU 1MabJIOH cocejacTBa. Kierounbiit aBromMar (pox
Heitmana — 9T0 aByMepHas ceTka MpPOW3BOIBHOIO pasmepa. CoCTosHIE CeTKH OOHOBIAETCS C
TeYeHNEeM BPEMEeHU, COCTOAHUE KayKJA0W KOHKPETHONH dAYeilKu 3aBUCHUT OT COCTOAHUA ee coce-
Jielt 1, BO3MOXKHO, COOCTBEHHOI'O COCTOSIHHMS Ha TeKyIleid urepanuu. KoaumdecTBo BO3MOMKHBIX
COCTOSTHUH KOHEUHO, OOHOBJIEHHE COCTOSIHUI TPOMCXOIUT OJHOBPeMeHHO |7, 8].

Moodeauposarue deusicenusn wa npamoti ¢ 00nol nosocot. OTHON U3 CAMBIX TOMYJISIPHBIX
MoOJesIel ISl ABVKEHUs M0 NPsiMOii 6e3 0OroHOB M MepecTPOeHnit Ha OCHOBE KJIETOYHBIX aB-
TOMAaTOB sABJIdeTcd Mojeab Hareng-Illpekenbepra u ee moaudpukaiuy, Takue Kak slow-start u
slow-stop momesu |9, 10, 11].

Mogens Harens-IlIpekenbdepra npejcrasiisger coboii cTOXacTUIeCKU OJ{THOMEPHBIIT aBTOMAT,
NpeHA3HAYEHHBIN [ MO/IeJUPOBAHUS JTOPOKHOTO ABHzKeHus [4]. JTaHHass MOJeTh HMUTHDPY-
eT JIBUXKEHUE 110 OJHO IoJoce MPAMOR J0poru 6e3 BO3MOXKHOCTH 0OroHa u mepecrpoenud. B
mosiesin Harens-IIpekenbepra ucnoab3yeTcs oJJHOMEpHas CeTKa, B KaxKAYIO siUeiKy IoMelna-
eTcsl pOBHO OJIHA MAaIdHA, sueiKa JU00 ABJsIeTCs MyCTOM, MO0 COIEePKUT aBTOMOOITL. Bpems
JIMCKPETHO, 33 KaXKJIBIH IIar UTePAIU MAIWHA, [IEPEMEIAeTCs Ha MeJI0e 9UC/I0 ST9€eK BIePe.
s onucanust npaBust BeegeM n;(t) u v;(t) — HOMeD si9efikn, B KOTOPOH HAXOAUTCS MAITHHA C
HOMEPOM i, i €€ CKOPOCTh (KOJIMIECTBO sTIeeK, KOTOPBIe OY/IyT MPOiiIeHbl) Ha 1iare nreparyn t,
d;(t) = niy1(t) —ny(t) — aucrannms MexkTy -0 MAITMHON W BIepeId UYIIel, ManmHa ¢ 60JIb-
UM HOMEPOM eJIeT Tepe MAITHHON ¢ MEHBIITUM HOMEPOM, Upqr — MAKCUMAJIbHAS JOITYCTHMAST
CKOPOCTH HA yYaCTKe.

Mogenns slow-start ormuaerca or moxenn Harensa-IlTpekenbepra HaandmeM 3aBUCUMOCTH
mapamerpa p ot ckopoctu apromobusis [10]. Jocturaercst 310 gobaBieHneM mpaBmia

pilt) = { po, if vi(t—1)=0

D1, else

K uMeronuMes npasuiaam Mogenn Harens-Ipekenbepra. Jdannass Mogudukanus mpu3Bata oT-
pPasuTh TOT PAKT, YTO MOJHOCTHIO OCTAHOBUBIIEMYCSI aBTOMOOMIIO TpedyeTcst 60IbIe BpeMeHH
JIJIST PA3roHa, 4eM yaKe JBHzKylnemycs. lanbueitmneit monudukamueit spisercs slow-finish mo-
JieJib, B KOTOPOU TpaBu/ia ObLIM U3MEHEHBI, JJIs TOrO YTOOBI YYUTHIBATH TOT (DAKT, YTO OOBIYHO
BOJIUTEJH TPEJAIOYUTAIOT TOPMO3UTH 3apaHee, a HE B MOCJEJHUE CEKYHJIbI 0 CTOJTKHOBEHHS
[11].

JlanHag MoJesb MOJydaeTcs TpU 3aMeHe IpaBuia TopMoxkeHus B slow-start momenn Ha
CJCJYIONUE JBA MPABUIA IIPH VUppar = O°

1. Topmoorcenue 1. Ecam d;(t — 1) < v;(t — 1)

vilt) = { min{d;(t — 1) — L,v;(t — 1) — 2}, else.

2. Topmoorcenue 2. Ecim v;(t — 1) < d;(t — 1) < 2v;(t — 1)

vt —1) =2, if vt =1) 2 vt —1)+4

vilt) = vit =1) =1, if vin(t—1) +2< vt — 1) <wvia(t —1) + 3.
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HepBoe 13 IpaBUJI TOPMO2KEHUA UCIIOJIb3YETCAd IIPU MaJIOH ANCTaHIUN MEZKIy aBTOMO6I/IﬂH—
MU, €CJIM BIEPE/IH HIYIIHI aBTOMOOUIL ObICTpee JINOO CKOPOCTH HEBEJIUKA, TO aBTOMOOUIb TOP-
MO3UT He GOJbINe 9eM HeoOXOIHMMO, HHaYe OH MOXKET 3aTOPMO3HUTH CHIbHee. BTopoe mpaBHIIO
HCIIOIb3YeTCsI, KOIAa JUCTAHIHS 3aMeTHO OoJibIle, W GJaromaps 9TOMY aBTOMOOWIIb, IBUKY-
H_[I/IIU/ICH 3aMETHO 6bICTpee BHepeIn nAynero, HadumHaceT TOPpMO3UTDH 3apaHee, IpuieM BeJIMYUHA
YCKOPEHHUs 3aBUCUT OT PA3HUILI CKOPOCTEH.

Peasusayus. Ucnonpzyem CA kak crpykrypy CA =< A, C, 7, X, T >, tne A = {0,1} —
MHOYKECTBO COCTOsIHUN KJeTKr, C' — MHOXKECTBO KJIeTOK, T — (DYHKIHS Iepexoia, MEHSIIOIIas
COCTOsIHIE aBToMaTa, X — OTHOIIeHUe COoCeACTBa, I — MHOXKECTBO TaKTOB BpeMeHu. g ompe-
JIeJIEHHST COCTOSTHUSI aBTOMATa B TAKT BpeMeHHU ¢ TPUMEHUM T K IpeablayneMy Takty t—1. M —
MHOXKECTBO 00'bEKTOB, JBUKYIIUXCH B cucreme, u m(c,t) — dbyHKIUI 0T KJIETKH aBromMara u
takra BpeMmenu [7]. B ornmumm or npenpbimymieii paboThl, KaKIbiii 00HEKT XapaKTepu3yeTcs
TpeMs IapaMeTpaMu — HalpaB/JeHHeM JIBUZKEHUS, CKOPOCTHIO U HACHTH(MUKATOPOM.

CKopoCTb 00bEKTa BHIPAYKAETCH IEJIbIM YHCJIOM, ONPEIE/ISIONUIM KOJIUIeCTBO TAKTOB MO/Ie-
JIA JI0 TPpUMEHEeHHs Iara yecKkopenus. Eciin cKopocTh 00beKTa HUXKe MAKCUMAJIbHOM, TO 00bEKT
OyIeT CTOSTH Ha MecTe B TedeHHe KOJUIEeCTBA TAKTOB, PABHOIO PA3HOCTH MEXKIY MaKCHMAaJb-
HOIl CKOPOCTBIO M TEeKYIIeil, axke ecyiu Jopora mmepes oobekToM cBoboHa. Ha mare yckopenust,
ecJn O6T)€KT HE JOCTUr MaKCUMAaJbHOM CKOpPOCTH U HE 6bLH BBIHY2KJICH 3aMeIJINThCA U3-3a BIIC-
peiu UAynero oobeKkTa, ero CKOpocThb yBeaunduBaercd. Eciaum oObeKT He ¢CMOI JBUTAThCAd U3-3a
BIIEpEIH UAYIIETO 00BEKTa, TO €ro CKOPOCTb YMEHBIIAeTCs JI0 PeaJbHOr0 KOJUIeCTBA TaKTOB
IBUKeHns 00bekTa. B 3aBeplienne mara yCKOpeHHsI, eCJIH CKOPOCTb OOJIBINEe HYJIA, TO C Bepo-
STHOCTBIO P OHA YMeHbIaeTcsd Ha eauuuiy. /lng nojydenus pyHIaMEeHTAJILHON JuArpaMMbI
MOTOKA, yI00OHO HCIIOJB30BATh MUKJINIECKNE KPAEBbIE YCIOBHA, COTJIACHO KOTOPHIM O0OBEKT MO-
JKeT MOKUHYThH IOC/IEIHIOI0 KJIETKY, TOJBKO eCJIH IepBas KJIeTKa CBOOOIHA, YTO I03BOJIAET IOJTy-
YUTH JAHHBIE O MOTOKE TP (PUKCUPOBAHHOM IJIOTHOCTH OTOKA. [lj1s MOIe/ IMpOBaHs ObLT B3T
yaactok junHoi 200 kaetok (1500 MeTpoB), MeXKIy IaraMi yCKOpPeHHsl TPOXOIUT 1 CeKyH/a,
MakcuMaJsibHast ckopoctb — 5 (37,5 m/c). Mogemupyercsa npome:xyTok Bpemenu jymuoii 3000
CeKyHI, HauaJIbHbIE TOJIOKEHNE U CKOPOCTh OOBEKTOB I KayKIO0H IJIOTHOCTH — CJIyYailHbI,
3HAYEHNE TTOTOKA OEPeTCs CpeiHee 0 3 3aIMyCKaM € PA3IUIHBIM HAYAJIHHBIM PACIOJIOKEHUEM.
B pesynbrare Gbliia mosydeHa ciaeayoiias byHIaMeHTa bHas auarpamva moroka (puc. 1). Ha
HOJIYYeHHON JTuarpaMMe BHJIHO, UTO HMOTOK CHAYaJa JIOBOJBLHO OBICTPO PACTET ¢ yBEJIHICHH-
eM POCTa IJIOTHOCTH, W TOCJIE JIOCTUZKEHUSI OIPEICICHHOr0 YPOBHS HAJAET, CTPEMICh K HYJIIO
npu MAaKCHUMAJIbHON HJOTHOCTHU IIOTOKA. TaKaH KapThuHa CXO0XKa C S9MIHUPHYCCKUMHU JaHHBIMH,
a TaKxKe JaHHbIMU, MOJYYCHHBIMU IIPpU MOJCJHUPOBAHUU C HUCIIOJB30BaHUEM JAPYTHUX MO,ZLe.HefI
[10, 11].

Modeauposarue deusicenus na npamoti ¢ deyma nosocamu. I1pu MogeTMPOBAHUE MHOTOIIO-
JIOCHOTO JIBUKEHHUS C HCIIOJb30BAHUEM KJIETOTHBIX aBTOMATOB JI00ABJISIOTCS IIPaBUIa, OMpe/Ie-
JISTIOTIUE YKeJIAHNe BOJUTEJIS MEPECTPOUTHCS C OJHOM TOJI0CH HA JIPYTYIO, U €r0 BO3MOYKHOCTD
¢IeaTh 9TO COTJIACHO MTPaBIIAM JOPOXKHOrO apnzkenns. OaunM u3 Hanbosee IPOCThIX BapuaH-
TOB MpaBUJI JJd CMEHBI IMOJIOCHI ABJAIOTCA CUMMETPpUYIHBIC TTpaBUJIa, B KOTOPBIX TEPECTPOCHUA
B IIOJIOCY JIeBee M IpaBee TeKyIeil cauTaioTcs abCcoTIOTHO OJUHAKOBBIMUH M IPUMEHSIOTCS J0
npaBui TopMoxKenus [12]. TIpaBuia mepecTpoeHns: UMEOT CJIeIY oMM BUI:

1. Ilompebrocmob 6 nepecmpoeruu.
Ecim d;(t — 1) < v;(t), To need; = 1, unage need; = 0.

2. Besonacrnocmb nepecmpoeru.
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Puc. 1. ®ynmamenTanbHas uarpaMMa OTOKa, Ha OTHON TOJIOCe

Ecmu dprea(t — 1) + Vprea(t — 1) — 1 2 v;(t) 1 dgyec(t — 1) < Usyee(t — 1), TO safe; = 1, nnaue
safe; = 0.

3. Ilepecmpoenue.

Ecmu need; = 1 u safe; = 1, T0 cMmeHUTH 1MOJI0CY.

dpred(t) # Vprea(t) — 9TO COOTBETCTBEHHO AMCTAHINS IO BIEPEAU HIAYIIEO aBTOMOOH/IS HA
coceTHell TT0JI0Ce M €r0 CKOPOCTb, Agyec(t) M Vsyee(t) — AMCTAHIMS W CKOPOCTD JI0 TIPEIBI Y ITIETO.

Ha ocnose BblieonncanHoil mMojiesin Obljaa cjesanHa Mo/uduKalys JBUZKEHHUS 110 IPIMOit
AJ1d MHOT'OIIOJIOCHOI'O ABHZKCHI . ZLHH TOT0 6BIﬂI/I CaeJIaHbl C.He,ZLyIOHlHe N3MCHECHUA. B OTHO-
IMIeHnun CoceJCTBa Ka}K,ZLOfI KJIeTKHN 6BIJII/I ﬂO6aBﬂeHbI KJIETKH C TeMHU 2Ke HOMepaMI/I Ha COCeJHUX
II0JIOCAX, AHAJOTMYHAdA HyMepalus pacCMaTpUBaeMoil mogocel. PopMa IpaBUI IepecTPOeHHUs
He OT/IuYaeTcd OT OCHOBHBIX IIPABHJI, HO BazKHBLIMH KJIETKAMHU JJId HUX gBJSeTCd He TOJbKO
KJIETKa ¢ HOMEPOM 7; + 1, Ha KOTOPYIO HepeMeCTHTCA OOLeKT, HO W KJIeTKa ¢ HOMEPOM 7, B
cocenueil nosoce. IIpaBuia mepecTpoeHus NPUMEHHIOTCH, €CAH KJIeTKa He IyCTa U IIOIBITKA
HPUMEHUTH OCHOBHOE MPaBWIO ObLIa HeygadHa. /[ng mocrpoenus pyHmaMeHTaIbHON Juarpam-
MBI HCHOJIb30BAJINCH T€ K€ YCJIOBUS, 9TO M JJId OJHONOJIOCHOIO CIydas, KOJTHIECTBO HOJI0C —
nBe. B momydennoii qmarpaMme IoKa3aHO CcpelHee 3Ha9eHHe MOTOKa Ha JABYX IMOJOCAX MO OT-
HOIIEHUIO K CpeJiHeil IIOTHOCTH Ha JBYX HOJI0CaX. XapaKTep JuarpaMMbl H3MEHHJICH: B MHO-
I'OIIOJIOCHOM CJIy4ae BMECTO HUKa M [OC/IeAYIOIEro CIala UMeeTCs IIPOMEXKYTOK ILJIOTHOCTEH,
HpI/I KOTOpBIX IIOTOK HpI/IMepHO O,ZLI/IHaKOB, " I1I0CJI€ 9TOTI0 HpOMe)KyTKa HadYHnHaeTCd IIaJcHUE.
Ha puc. 2 npusegena dpyHgaMeHTalIbHAd JHarpaMMa s ABYX II0JIOC.

Moodeauposarue dsuscerus na nepexpecmse. [lpu MogeMpoBaHUT TIEPEKPECTKA CJIOZKHOCTD
MOJIE/I CUJIBHO BO3PACTaeT, TaK KaK HEOOXOAMMO YUYHTHIBATH pa3HOE HAIlPaB/JICHUE JBUYKCHUS
HA IepeKPecTKe U BOZHUKAIONINE U3 9TOTO KOH(MIUKTHI, & TAKzKe CpeJICTBa peryaupoBanusd. [Ipu
MOJICTUPOBAHIH TEPEKPECTKOB YacTO UCHOJIB3YIOT KJIETKH, Pa3Mep KOTOPLIX MeHbIIe JTUHbI [
(dukcupoBanHas JJIMHA KIETKH), 7 00Jee TOYHOTO OTPAYKEHUS CHUTYAIUH HA CAMOM Mepe-
KpecTKe. B HeKOTOpBIX paboTax paccMarpuBalOT ype3aHHbIE MePEKPECTKH, COCTOAIINE TOJIbKO
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Puc. 2. ®ynnamenTanbHas AuarpaMMa TOTOKa HA JBYX TOJI0CAX

W3 JABYX TEePEeceKalommxcs MoJIoc, TaK KaK MOJeJUPOBaHNEe MOKA3aJ0, YTO ANArpaMMbl TOTOKA
Y TAKUX MOJeJel Majo OTJIHYAITCS OT IMIUPHIECKUX JAHHBIX [6]. B ympomeHHbIX MOJesax
MepeKPeCTKa B OTCYTCTBUE CPEJICTB PErYINPOBAHUS P OJTHOBPEMEHHON! MOMBITKE JIBYX aBTOMO-
ouJieil ¢ pa3HbIX JOPOT 3aHATD OJIHY KJIETKY KOH(JIUKT periaercs Jubo ¢ MOMOIIbIO CJIy4aifHOTO
BbIOOpa mpuopuTeTa, JU0O MPU HA3HAYEHUU MTPUOPHUTETA, 3aBUCSIIEI0 OT ITara MO/,

st MoJeTMpOBaHUs CPEJCTB PEryJIupoBaHus OOBIYHO J00AB/ILAIOT IO OIHOM KJeTKe JJid
KayKJIOM JJOPOTH W CBS3BIBAIOT MPAaBWJIA KJETOK, PACHOJOXKEHHBIX Y BX0JIa Ha MEPEKPECTOK, C
COCTOSIHUEM ITHX JONOJHUTEJLHBIX KJIETOK.

ZLHH MOJE/JIUPOBaHUA CaMOI'O IIEPEKPECTKa HCIOJb3YIOTCA KJIETKH IJIUHDBI 5 Tak Kak Ha

IMepeKpecCTKe BO3MOZKHO JBHXKEHHE HE€ TOJILKO IIO HpHMOfI, HO W IIOBOPOTHI, B Ka)K,ZLOfI KJIETKEe
UMEIOTCA TpaBUJla OJId JABU2KCHNA B HECKOJIBKUX HallpaBJE€HUAX, a BbI60p HYZKHOI'O IIpaBH-
JIa, IPOUCXOJUT HA OCHOBE HAIPaBJICHUA, YKA3aHHOI'O B omucanuu odobekTta. [IpaBmio ,momexa
cupaBa‘’ peaJH30BaHO Yepe3 3aJaHKe JTONOJTHUTEIbHBIX BayKHBIX KJIETOK, HPUOPUTET J0POr HA
IIEPEKPECTKE DeaJIN3yeTCd HOPAJKOM BbBIIIOJIHEHUA 1IpaBUJIa, IIPU KOTOPOM CHa4daJla BbIIIOJIHA-
IOTCS ITPaBUJIa KJIETOK, BEJYIIAX C MEePEeKPECTKOB, 3aTeM IPAaBNAIa KJIETOK IEHTPa ITIePEeKPecTKa,
[OCJIe 3TOTO MPAaBUJIA KJIETOK IJIABHBIX JOPOT, BEAYIIUX Ha IMEePEKPECTOK, U HAKOHEI, MpaBUJia
BTOPOCTEIIEHHBIX JIOPOT, BEJAYIIUX Ha IepeKpecTok. B ciydae, Korma XoTsd Obl OjfHA U3 JIOPOT
uMeeT DoJIee OJHON TOJIOCHI JIJIS ABUXKEHHS B OZHY CTOPOHY, NPABHJIA HA CAMOM IEPEKPECTKE
HEe CUJILHO MEHAIOTCS. [JIaBHBIM H3MEHEHHUEeM SIBISIeTCS TO, YTO O0BEeKTHI, COOUPAIONTHECcs MOBO-
paduBaTh HAIIPABO U HAJIEBO, €Ille Ha MPAMON CTPeMITCHd NEePECTPOUTHCI Ha COOTBETCTBYIOILY IO
moJiocy. Bxo1 Ha mepeKkpecToK ISl ABUKEHNsT HAlpaBoO W HAJEBO BO3MOXKEH TOJILKO C COOTBET-
CTBEHHO KpaWHEH NMpaBoOi W KpaWHe# JIEBOU IMMOJIOC, JTBUZKEHHE BIIEpeJ — COIIACHO IPaBHJIAM
KOHKPETHOTO TepekpecTKa. IlepecTpoerns Ha mmepeKpecTKe OTCYTCTBYIOT, IPU ITOBOPOTE HAJIEBO
Ha JOPOry ¢ OoJiee YeM OTHOM TOJI0COH BRIOHPAETCS MOJI0Ca COTIACHO AAJbHEHIIeMy MapIpyTy
WM Ta, Ha KOTOPO# OOJIbIlIe JTUCTAHIMS IO BIEPEH HYIEro 00ObeKTa.
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2. Mogens pazymHoro soguressi. Momenb pasymuoro soautess (Intelegent Driver
Model (IDM)), siBsistroriasicst pasBUTHEM MOJIEJU CJIEIOBAHKS 32 JHIEPOM M MOJETH OHTHMAb-
HOU ckopocTH, Obita mpemioxkena M. Tpaitbepom B 1999 roxy [13]. B aroit Mmogesn yckopenue
aBTOMOOMJIST B KazKIblii MOMEHT BpEeMEHH OIpee/igeTcd KakK (DyHKIHS OT PACCTOSHHUS 10 BIIe-
pe/ii MyIIero aBToMOOMIs, PA3HOCTH CKOPOCTEH ¢ HUM U CKOPOCTU TEKYIIEro aBTOMOOMIS.

$n(t) = Fsni1(t) = sn(1),8541 () = 5,(t),5, (1))

Kaxk moka3zajm JucaeHHble SKcnepuMenTsi, Mojesab M. Tpaitbepa (1999) ycroitansa K Bapu-
Al [IapaMeTpPoB, a TaKzKe MOJEIb JeMOHCTPUPYET PeAJTUCTHIECKOe OBeIeHNEe IIPU Pa3ToHe U
TOPMOKEHUN U BOCIIPOU3BOJIUT OCHOBHbIE HADJII0/IaeMble CBOICTBA OJIHOIOJJIOCHOIO TPAHCIIOPT-
HOI'O IIOTOKa:

) —an |12 (DY (L0 hn0) = ,0)

n

»

& Snt1(t) = sn(t) = L

’ é
t
ITepBoe caaraemoe a,, |1 — (5’(/—(0)) 3TOr0 COOTHOIIEHHUS ONMCHIBACT TWHAMHUKY YCKODEHUA
n

ATC ma ¢BOGOIHON JOPOTe, B TO BpeMs KaK BTOPOE CJIATAEMOE OMUCHIBACT TOPMOXKCHUE U3-
3a B3auMojelcTBusg ¢ jmgepoM. Ilapamerp J orBedaeT 3a MOBeJIeHHe LIpHU pasrone. Bropoe
caraeMoe ONpeJIesIsieTcst OTHONIEHneM sKesiaeMoil gucrannun d) (6e30MacHbIM PACCTOSHEEM )
K GaKTHIeCKOl JAUCTAHIMEA S, y1(t) — S, () — L, npudem KejaeMasi JUCTAHIUS OLMPEIEIACTCS
CJACIYIONUM 0Opa3OM:

B (S40), 511 (0) = $,(0)) = 50+ mar { Ty, 1) — oDl Z50)

rJie S — MHHUMAJbHOE PDACCTOSHUE MEYKIY CTOSIINMU MalluHaMu, b, — yCKopeHue ,, KoMpOopT-
HOT'O" TOpMO2KeHus, 1, — aHajor BpeMeHH peakiuu BojuTe is. Kak cjejcTBue, BOJUTe/ b CTpe-
MUTCH TOJ/JICPKUBATH OOJIBITYIO JAUCTAHIIUIO TPU BBICOKOI cKOpocTu jnBuzkenud. Tperbe cjia-
raeMoe B ONMHUCAHWY JINCTAHIIMH OTBEYAeT 3a BhIPABHUBAHHUE CKOPOCTH OTHOCHUTEIHLHO BIEpPEIH
UJIYIIero TPAHCIOPTHOTO CPeJICTBA, TaK KaK OHO CHHXKAeT BEJUYHHY TOPMO3MAIIETO UJeHa B
YCKOPEeHHH, KOTJa BIepeIn WY aBTOMOOWIb IBUKeTCs OBICTpee, U YBEJIMINBAET B 00PAT-
HOM cJiydae. Tak KakK 3TOT 4JleH OIMCHIBAET OJJHOBPEMEHHO JBa PAa3HBIX IIpoIecca, JJis ero
HOPMUPOBKH HCHOJIb3YIOTCH BEJIUYUHBI KOM(POPTHBIX YCKOPEHUS U TOPMOZKEHUS.

70 )

HMannas mojesib Tpaiibepa mpegnaznadena s MOJAEIUPOBAHUS IIPAMOI OJTHONOJIOCHOTT /10-
poru. B Xoae MoaeJIMpoBaHUA UCITOJB30BaJIUCH CJACAYIOIINE ITapaMeTpPhbI: JJIWHa MalllUHbI — 5
MEeTPOB, Oe3olacHad JUCTaHIUAg Sg — 2,5 MeTpa, JumHa gopord — 3000 MeTpoB, MAKCUMAJIb-
Hast ckopocTh Vo = 37,25 m/c (130 km/4a). ,,KomdopTHbie® yeKOpeHHUs: pa3sroHa U TOPMOKEHUsT
an = b, =2 m/c?, Bpemsa peakmun T, = 1,5 ¢, § = 1. JIna coxpaHeHus HeM3MEHHON cpeaHeii
MJIOTHOCTHA TOTOKa JOPOTa CUYATAETCS 3aKOJIBIIOBAHHOW, W JJId TOCJe Hell MAITUHBI BIepean
uaynieit canrtaercs nepsagd. [lepes MojenpoBaHueM MAIIWMHBI CO CJIyYaiiHOW HAa4YaIbHON CKO-
POCTBIO MOJIYYAIOT KOOPJAMHATHI, KpaTHble 7,5 M. JlaHHBIH crocod pa3MenieHus MAIlWH ObLIT
HpUMeHeH, 9T00bI U30eKaTh CJAUIMIKOM OOJILIIOrO KOJIUYeCTBA KOJLIU3UN Ha 3TOM dTare. [lis
HHTEeIPUPOBAHUS UCIIOIB3YETCS MeTOH, Jiliepa ¢ MpoMe:KyTKoM muckpermsarmun At = 0,4 c.
Marmuubl epeMenanTcs no npaBuLy
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Puc. 3. ®ynnamenTanbaas aurpamma moToka monenu Tpaiibepa

2
25t + D) = 24(6) + vi() At + WTN.

[Mosioxkenue -if MalMHbL B CJIeAy O MOMeHT BpeMenu (t + At) paccuuTbiBaeTCst B IPE/I-
IOJIOKEHUH, 9TO B TedeHne At CeKyH]| MallliHa JBUKETCS ¢ HEM3MEHHbIM yCKOpeHueM. z;(t),
v;(t) m a;(t) — 3T0 COOTBETCTBEHHO MOJIOKEHHE, CKOPOCTh M YCKOPEHHE i-TOH MAITHHBl B MOMEHT
BpeMeHU {.

g moctpoenust pyHIAMEHTATBHON AUATrPAMMBI TOTOKA MPOBOJIMJINCH D 3AIYCKOB MOJIEN
¢ nepuojyiom mojeuposanus 120 munyr. Ha puc. 3 nupusejena dpynjamenrajibias JuarpaMma
HOTOKA IIPU MOJICJIMPOBAHUE C TOMOIIBIO Mojiesin T paitbepa.

3aksroueHue. B xojie paboThl ObIJI paciiuper KJIETOYHbIN aBTOMAT, OMUCAHHBINT B PAHHUX
paborax, B Mojie/ib OBLIO A00aBJIEHO IIOHATHE CKOPOCTH aBTOMOOWJ/ISA, PeaJM30BaHO IIepecTpoe-
HUE Ha TPSAMBIX MHOTONOJIOCHBIX JOPOTaxX U MepeKpecTKaX MHOTOMOJIOCHBIX Jopor. Peanmmsosana
moziesib Tpaitbepa st OJHOIOJIOCHOTO JIBUKEHUSI, ObLJIN IIPOBEIEHBI CPABHEHUS PE3YJILTATOB
MO/ IUPOBaHus ¢ H6oJiee paHHUMHU paboTaMu U MKy COOOIA.

[TocTpoennbie yHIaMEHTATBHBIE THATPAMMBI HE3HAUUTEJHHO OTIUYAIOTCA OT SMIUPHU-
YeCKWX JAHHBIX, PABHO KAaK M OT DPe3YJIbTATOB MOJEJTWPOBAHUS TAaKOU »Ke OIHOMOJOCHOMN
JIOPOTH C MOMOIIBIO KJIETOYHBIX aBTOMATOB U Mojzesn Tpaitbepa. B nasipHeiieM mIaHupyeTCs
paspaborka ruUOpUIHON MOJEU HA OCHOBE CUCTEMbI MACCOBOIO OOC/IyKHUBAHUS, IIOBEICHUE
00C/IyKUBAONAX YCTPOHCTB KOTOPO# OMHUCHIBAIOTCS HA OCHOBE DE3Y/ALTATOB MOJIETUPOBAHMUS
OTJIEJIBHBIX YacTell JOPOXKHON CeTH ¢ MCIMOIb30BAHNEM KJIETOYHBIX ABTOMATOB.
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