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JUHAMIKA TPAHCIIOPTHOI'O IOTOKY

Jlunamika mpancnopmmnozo nomoky Oonucama Axk OesnepepsHa 3MiHA CMAHY cUucmemu «00po2a-mpa@iky Ha

nouamxy nepezowy (poseiw),

no nepecony i 6 KiHyi nepecony (CmucHeHHs NOMOKY Npu 2aNbMYGAHHI).

Cucmemamuz08ano PiGHSIHH CMAHIE Y UIAOL 3MIHU WEUOKOCMI | KITbKOCMI asmomo06inie 6 mpapixy nio éniueom

nomyasicHocmi mpagixy.

Knrouosi cnosa: ounamixa mpagixy, KilbKicms nOmMOKY, iHMEeHCUBHICMb, WEUOKICMb, WIIbHICIMb, O0PONCHIT [

MPAHCROPMHUL NOMEHYIANY, eKcep2isl.

ITocTanoBka npoodJieMu

Jnist BUpILIEHHS PI3HUX MPUKJIAJHUX 3aBIaHb, 110
BUHUKAIOTh npH PO3paxyHKY
CIIPOMOXHOCTiI MICBKHAX BYJHIb 1 JOpIr, OCOOIUBO 3
ypaxyBaHHSM pIi3HHX METOMAIB 1 3aco0iB opraHizamii
pyXy 3 MeTol 3a0e3MeYeHHs BHMOT
HEOOXiTHO HacamIepel CKIAQJAaTH pIBHIHHA pPyXy
TPaHCIIOPTHOTO MOTOKY (Tpadiky), IO ONKCYIOTh HOTo
JMHAMIKyY Ha pi3HHX 3a
HaKPECJICHHSIMH eJIeMEHTaX MaricTpaneii.

MPOIYCKHOT

0Oe3MeKH,

T€OMETPpUIHUMU

AHaJIi3 0CTaHHIX JOCJTIKeHb I myOJiKkanii

Po3poOkor0  Teopii  TPAaHCHOPTHOIO  MOTOKY
3aiimMaiucs 1 3aiMaroThes 0araTo (axiBiiB PI3HUX KpaiH
[1, 5-9, 11]. Tlpore BCe 3BOAMIOCS 10 MOJIETIOBAHHS
B3a€MO3B'SI3KYy MK IHTEHCHBHICTIO i IIBUAKICTIO 200 110
PO3MOALTY IHTEpBANIB MiX aBTOMOOUISIMH, IIO SBHO €
HE TOBHHUM PpO3KpUTTAM JuHamiku Tpadiky. He
BpaxoByBayacs OJIHA OCOOJHMBICTE aBTOMOOIIS, IO BiH
OJTHOYACHO € 1 KepenoM Tpadiky i KepernoM Horo
LIBHUKOCTI, TOOTO IyalbHICTh aBTOMOO1IIS.

IMocTanoBKa 3aaa4i JOCTITKEHHA

Y JOCHi/KEHHSIX OCHOBHHX  XapaKTepUCTHK
TPAHCIIOPTHOTO MOTOKY [2-4], M CKIAJaHHS PIBHAHB
IUHaAMIKH Tpadiky € Bci HeoOXiTHI TaHi Ta IepeIyMOBH.
ToMy CKOPHCTAEMOCH AQHAJOTISIMH MK EHEPrier i
EKCepriero, MiX JOPOKHIM TOTCHIIAIOM i KIHETHYHOO
MDK  TPaHCIIOPTHUM
MOTEHILIHOI0 €Hepri€ro. 3allydnMO PIBHSHHS APYroro
poxy craniB OesmepepBHux cucteM Jlarpamxka [4, 10-
12], a TakoX 3HAYEHHS EKCeprii, ITOPOKHBOTO i
TPaHCIIOPTHOTO MOTEHIIalB, OIOPIB PyXy Mijl BILIMBOM

IIUTBHOCTI.

EHEepTi€lo, MOTEHIIaIOM 1

Buxkiax ocHOBHOroO Matepiajry

3 ypaxyBaHHSM BHIIIE CKa3aHOTO i PEKOMEH/IAIIi B
[12] ckmamemo
— 3arajbHE PiBHAHHS TWHAMIKH TpagdikKy:

d oE, @oE, = _GE(R) _dE
dt oV  ox  oOx dt dt’

— 3arajipHe PIBHSHHS 3MiHH KiJIbKOCTI aBTOMOOLTIB
B Tpadiky:

d OE, OE, OE CE(R)_CE

dt o on on dt dt’
— HiCJ'IiI HepGTBOpeHHH OTpI/IMa€MOZ

d o 0 0¢1, d

—— | JdX—— [ Jdx—— | =dx+—| Qdx =

g glose
d 1
=~ [Nat
i

%-%ICdXJCdM%j%dm%j%dkjvm, o)

ne OE, — noposxHiit morenmia,

OE; — TpaHcnopTHHIi MOTEHIia,

dE — exkcepris a6o 30BHINIHS INpaNe3TaTHICTH
cucteMu (nopora — Tpadik),

V — mBHaKicTh Tpadiky,

X — IUISTHKA HUISAXY,

t — enemeHTapHe yac,

R — omip pyxy,

Q — IUIBHICTB MOTOKY,

N — iHTeHCHBHICTE TpadikKy,
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C — HampyKeHicTh pyXy IpPW CTHCHEHHI Tpadiky
JI0 IOT0 3yIUHKH,

A — KUIBKICTh Tpadiky (aBTOMOO1Ib, TpyIa TOILO),

J — iHepuiiiHicTh y Tpadiky abo MOBiIbHE 3MiHA
IIBUIKOCTI.

BasBmm npuBatHi moxigHi B piBHsSHHEAX (1) 1 (2),
3HAUIEMO

&j\]dx-\]v, ade)‘( 0

01

&J‘de:%; dex—Qx o
a%j(:dxzm, dex 0

OOk oTpUMaHUX 3HaHb B (3) 1 3HAHHS TUHAMIKH
TPAHCIIOPTHOTO MOTOKY Ha MEPEroHi, repes
MEPeXpecTaM 1 TiCAsS MPOXOJKCHHS «CTOI-TiHIT», a
TaKOX IIOJIOXKEHHS aBTOMOOLIA 1 Jif HA HBOIO IHIIUX
aBTOMOOLUTIB JO3BOJIIIOTE OTPUMATHU PS PIBHAHB CTAHY
abo ommcatH OUHAMIKY Tpadiky, sKki 3i0paHi i
CUCTeMaTH30BaHi,Ta0I. 1.

OnmcaHo TpW HAWOLIBII XapaKTEepHI CTAaHH PyXy
aBTOMOOLTIB (TOOTO IWHAMiKa) B MOTOIl B 3aJ€KHOCTI
BiJl X MOJIOXXCHHS: HA MOYATKy MOTOKY, B MOTOI i B
KiHOi noToky (rpynu). KpiMm TOro, po3risHyTi TpH
BHIIAIKA 3MiHH CTaHYy KUTBKOCTI TpadikKy B 3aJI€KHOCTI
BiJl MOYATKy BIUTIKY: BIIJIIK 3 MEPIIOr0 aBTOMOOLI,
KOJIM Ha HhOTO HE BIUIMBAE IIBUIKICTH IMOTOKY; BiJUTIK
MTOYUHAETHCS B NOBUTBHUI MOMEHT Yacy Bill JOBIIBHOTO
aBTOMOOLISA;  CHOCTepeXEHHS  CTaHy  OCTaHHIX
AaBTOMOOUTIB Y TMOTOLI, KOJM BIUIMBAE IIBUJIKICT
nepeiye MOTOKY, 1 MOTYXKHICTh CHCTEMH «I0pora -
Tpadixy» BUUEpIazacs.

Tabmuns 1
PiBHSIHHS TUHAMIKM aBTOMOOIIIB B TPAHCIIOPTHOMY TIOTOIII 1 3MIHH 1X KIIBKOCTI B Tpadiky
No /i PiBHsAHHS
3MiHa KUTBKOCTI IOTOKY Pyx tpadiky
1 2 3
1. 3arayiibHe piBHSHHS
d’2 1 dr 2 4% X
11 —+ = —=V(t — —+—=—=N(t
a2 Q dt "3 © dt Q "C ®
dN N A dv X
1.2 C—+—+—=V(t J—+0ON+—=N(t
dd Q J ® dt Q C ®
2. Ha mouaTKy OTOKY
dzx d’x
dN dV
2.2 C—=V(t J—=N(t
S (t) ™ (t)
3. B moromi
d A d?x  x
31 C—+—=V(t J—+—=N(t
ez J ® dt? C ®
32 cINLE vy IV X N
dt. J dt C
4. B KiHIli HENIJILHOTO TIOTOKY
2
41 I >y J d—f -0
dt J dt C
42 N2 g 1 X g
dt  J dt C
5. B kiHIi OIIIEHOTO OTOKY
2
5.1 CILNE L ) 9 Q— Z-0
dt Q da J dt C
dN N A dv
2 —+—+—-=0 1% von+X -0
° at Q3 i TN e
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Bci HaBenmeni amdepenmiansHi piBHsHHS (1-5),
Tabnm. | ONWCYIOTh KOJMBAHHA  JTUCTAHIII{
ABTOMOOUTAMU OJIM3BKO ONTHMAJBHOTO 3HAYCHHS B
nepepizi neperony. PiBHsHHs (1-3) wmiei x Tabmuii
MTOKa3yIOTh, IO KOJIMBAHHS BiAOyBarOTHCS IIiJ] BIUIUBOM
oOyproBaipHOI  (pyx  Tpadiky  TOTOKY)
(IHTEeHCHBHOCTI 200 IIBUIKOCTI).

PiBasiHHs (4-5) ommcyroTe 3MiHEH B Tpadiky
JOUCTAHIN] 1 KUJTBKOCTI aBTOMOOITIB B Tpymi OJIH3BKO
CTIHKOTO TIOJIOKEHHSI MiJ BIUIMBOM TPAaHCIIOPTHOTO

MIX

CHIIA

notenmiany E; uepes Omm3pkicte aBTOMOGINIB Ha

IIPOCTOPOBO-KOOPANHATHIMH OCi.

AwHani3 3araJpHOTO BHMIY piBHSHB, Tabm. 1,
J03BOJISIE 3pOOUTH BHUCHOBOK, IO PYX TPAaHCIIOPTHOTO
MMOTOKY BIIIOBITHO Yy Yaci i MpocTopi OMUCYIOTHCS 3a
JOIIOMOTOI0  KIHIIEBOTO ~ 4YHCJIa  B3a€MOIOB'SI3aHUX
anreOpaiganx  a00  3BHYAWHWX  Au(EepeHIianbHUX
PIBHSIHB, TOMY IS OIHCY CHCTEMH «Hopora-tpadik» B

Oynp-sSKAH MOMEHT Yacy (ti) BUKOPUCTOBYEMO €IHHY

MaTeMaTUYHy XapaKTePUCTHKY — 3MIHHY CTaHy.

B pesynbrarti JUHaMmika  Tpadiky
mpencraBicHa B Tabn. | BIAMOBIMHOKO CYKYITHICTIO
mudepenuianeHux piBHaHb (1.2), (2.2), (3.2), (4.2),
(5.2) nepuoro mopsiIKy, BUPILICHHS SIKUX, SIK BiIOMO,
Ha0ararTo MpocTille piBHAHB IPYTOTO MOPAIKY.

Jis BUpIMICHHAS PiBHAHB pyXy, Tabd. 1, HeoOXimHO

3HaHHS PIBHSHHS (yHKUiOHaNBHHMX cTaHiB. lleW cran

Oboro

MOJKHa BH3HAUMTH 13 3aKOHIB 30€pexXeHHs B mepepisi,
Ha MePEXPeCTi 1 Ha 3aMKHYTOMY MapIpyTi pyxy [3].

HaBeneni piBHSHHS ONHMCYIOTH 3MiHY CTaHy 1
JMHaMIKy Tpadiky uepe3 HepeTHH MPODKIKOI YaCTHHH
(ToB3 crnocTepiraya) BynuIi abo JAOPOTH Yy 4Yaci, Tak SK
TIOJIOXKEHHS CIIOCTEpiradya He 3MiHIOEThCSL.

Jdnst onmucy pyxy TpaHCIIOPTHOTO TMOTOKY B
MPOCTOPI CMyra TPODKMKOI YAaCTHHH BYJHIi abo
JIOPOTH MPEJICTABISAETHCS CYyMOK HECKiHUCHHOTO YHcia
MOCHIZIOBHO  3'€IHAHMX  €JIEMEHTapHUX  JIUISHOK
nosxuHo0 X, e — X BiACTaHB Bix IMOYAaTKy BimIiKy
(mynpoBoro mikeTy). [Ipm mpOMYy BpaxoOBYETHCS, IO
Qdx, Jdx, Cdx — posnozineni Ha enemeHTapHiii
L[iJIBHICTD,

IUISHII  BIAIIOBIIHO

nanpysxenicts, a — N(t,X) Ta V(t,X) — Bignosizso

iHepIiitHicTp 1

MIBUAKICTH 1 IHTEHCHUBHICTD Ha I MUISHIN 3 aOCIMCOI0
x B MoMmeHT uacy {. IToBHa noBxmHAa Bymmuui a0o
JI0poTH - L. Temep
V(t.0) =V, (1), N(t.X) =N, (t)
IHTEHCHUBHICTb, SK 1 IIBHUJKICTB,
npocropi Bymunb, L, aBr./km. rox. Lle Bxke nmToMa
IHTeHCUBHICTh. KIIBKICTH aBTOMOOUIIB, IO HaIIHIUIA
Ha eneMeHTapHy auiHKy X 3a wac dt

OYEBUIHO, 1o
TOOTO

po3mojiijicHa B

[N(t,x)—N(t,x+dx)]dt——a';—dedt @)

JIOPIBHIOE 3MEHIIEHHIO JOPOXHBOTO MOTEHIamy ado
iHEpUiHHOCTI TPAHCIIOPTHOrO MOTOKY 3a yac dt

J[V(t+dt,x)—V(t,x)dx)]dx=J%thdx. (5)

Ane Tak SK CcymMa JOpPOXHBOTO 1 TPAHCIOPTHOTO
MOTEHINAIB IS JUISHKA MOBHHHA OYTH MOCTIHHOIO, TO
nopiBusHHS (4) 1 (5) nae

NG,
ax ot

Lle € piBHAHHS HEPO3PHMBHOCTI Tpadiky mpu pyci Ha

JI0pO3i OAMHUYHOT JOBXKUHH L (1 xm)

(NN ©)
ox ot

VY CBOW 4Yepry, HIBHAKICTH aBTOMOOLTIB IMOTOKY
3aJIeXKHUTh BiJ| IIIJIBHOCTI MOTOKY 1 HANPY>KEHOCTI PyXY,
TOMY 3MiHa MIBMAKOCTI Ha AinsHni OX 3amumemo 3

YMOBH 11 HEPO3PUBHOCTI SIK

—(ﬁ)ﬁdx=i Ndx + N Cax. )
oX Q ot

Tenep nuHamika Tpadiky Ha cMy3i TPODKIKOL
YaCTHHH OIHIICTHCS CHCTEMOIO PiBHAHB (6) 1 (7)

(N3N,
6x ot

L—d N +£N=O.
oX Q

J11st MOBHOTHU KapTHHU PYXy HEOOXiHO BpaxyBaTu
TpaHchopmarito (cTucHeHHs) Tpadiky 3a paxyHOK
3MEHIIEHHS AMHAMidHOro rabapury 3a vac Ot , To6TO
QVdxdt , mo 3a3Hadeny cucteMy NpusBeE 10 BULY

Lﬁ+Ja—+QV 0

OX ot ®)
[8_\/ Ca_N ﬁ_o,

OX ot Q

Cucrema (8) mae MaTeMaTHYHUH OIUC JUHAMIKH
TPaHCIIOPTHOTO IOTOKY Ha CMy3i BYJHI abo JOpOTH
0e3 ypaxyBaHHS TOYATKOBUX 3HA4Y€Hb INBHIKOCTI i
IITBHOCTI, SKI XapaKTepH3YIOTh SKICTh TOPOTH JUIA
BiIbHOTO pyxy. Takuii onmc € mOBHUM. Tomy
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JIOJIATKOBO ~ BPAaxXyeMO  BXimHI
BU3HAYAIOTh IPAHUYHI YMOBH.

BCIIMYNWHH, o

V(t,0) =V, (t)

V(t,L)Z—NL(t) (9)
Q,
BuchnoBxku

Takum uymHOM, piBHHHA (8) 1 (9) ckiagaOTh
CHUCTEMY PIBHSAHb PYXy TPaHCIIOPTHOTO IOTOKY abo
OUHAMIKA TpadiKy, OCKUIBKH TIPH IIUIKOM MEBHOMY
MMOYaTKOBOMY CTaHi (9) OJHO3HAYHO ONHCYIOTH HOTO

pPyX.
daxTUYHAa IIUIBHICTD, qu, MOTOKY TIOCTIHHO

3MIHIOEThCS B Yaci, TOMy TPaHCIIOPTHHH TIOTIK SIBIISE
co00f0 HeCTallloHApHY CHCTEMY HAaBiTh IPH IOCTIHHUX
3HaueHHsX 3MiHHEX Q Ta S (muHamiuHwmii raGapur),

TaK SIK IIBHAKICTh IOTOKY 3HAXOIUTHCS TiJl BIUTMBOM
YXHWJIIB, IOBOPOTIB 1 1HIIMX T'€OMETPUYHHX EJIEMEHTIB,
alle LUIIX OTPUMaHHA piBHSHHA (8) HpH LbOMY He
3MIiHIOETHCAL.

[ToyaTkoBUll CTaH TPAHCIOPTHOTO TMOTOKY Ha
JIOPO31 BU3HAYAETHCSA PO3MOMALIOM IHTCHCHBHOCTI 1
HIBUIKOCTI 110 ii JoBKuHI B MoMeHT yacy t =0, T06T0

dyuxuismu  N(0,t) u V(0,t). Cran B morounuii
moment yacy xapakrepusyersest N(L,t) u V(L,t),

TOOTO HE CUCTEMOIO YHUCEI, & BXKE CHCTEMOIO (DYHKITIH.
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DYNAMIC OF TRAFFIC FLOW
V.Huk?, O. Zaporozhtseva?

!Kharkov National University of Civil Engineering and Architecture, Ukraine
2Kharkov National Automobile and Highway University, Ukraine

The traffic flow theory studies the phenomena associated with the functioning of traffic flows in a particular
way, compared to other sciences. This theory relies on the study of the traffic rules in a variety of road conditions,
with different levels of traffic control and in different composition of traffic flows. The existing traffic flow theory is
not fully adequate, since it does not consider the continuous saturated traffic flow and does not encompass all
possible traffic flow situations and cars in the traffic flow in various urban settings. The duality of cars is thus not
taken into account.

To increase the road throughput, creating of operational control systems to regulate saturated traffic flows on
existing roads requires more in-depth knowledge of traffic flow conditions and their special features.

To address various applied problems arising in calculating the throughput of city roads, while taking into
account various traffic management methods and ensuring safety requirements, it is, first and foremost, necessary to
make equations of traffic flow motions, which describe traffic dynamics on various geometric highway segments.

Traffic flow dynamics represents a continuous change in the state of the road-traffic system at the beginning of
acceleration, along the drive and at the end of the haul (compression of the flow during engine braking). State
equations are therefore systematized in the form of changes in the speed and number of vehicles in traffic under the
influence of traffic power.

The revealed traffic flow potential and traffic management with generalized state equations make it possible,
already at the stage of designing roads and city highways, to ensure a high level of road safety for modern saturated
traffic flows.

The initial state of the traffic flow on the road is determined by the distribution of intensity and speed along its

length at the time, t =0, i.e. the functions N (0,t) « V (0,1) . Yet, the traffic flow state at the current time is
rather determined by the system of functions, and not by the system of numbersi.e. N (L,t) and V (L,t).

Keywords: traffic flow, flow rate, intensity, speed, density, road and transport potentials, exergy.
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