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Anomayia. OOTpyHTOBYETHCS KPUTEPIN ISl y3arallbHEHOI OLIHKU SIKOCTI JJOPOXKHBOTO PyXy Ha
Joporax i MaricTpajsix pi3HOro Kiacy. YpaxOBYe€TbCsS CTaH pyxy 0Oe3 3aTpUMOK, BIUIMB Pi3HHX
3HWKEHb MIBUJIKOCTI, SIK XBUJIb B LIIJIOMY Ha Tpadik i OKpeMo Ha BOJIs.
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KCHHS Ha JIOPOrax W MarucTpaliIX Pa3HOro Kiacca. YUUTHIBACTCS COCTOSIHHE JBIIKEHHS Oe3 3a-
JIEPKEK, BIMSHUE PA3IMYHBIX CHWKEHHUH CKOPOCTH KaK BOJH B IIEJIOM Ha TpaduK M OTIEIHHO HA
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Abstract. The criterion for a generalized assessment of the quality of traffic on roads and highways
of different classes is substantiated. Considered the state of motion without delays, the effect of
various reductions in speed, as waves, in general on traffic and separately on the driver. The
structure of the city's street and road network is determined by its horizontal architecture, the
composition of which is the transport network, and each line of highways determines the possible
speed of movement. As you know, the significant impact on the functioning of the road network of
cities is the level of loading by its vehicles and their movement. Thus, at the level of bandwidth of
the lane in 1500 car / year, the traffic flow takes 30 km of the road and its movement can not be
stable. Waves arise [1] under the influence of which the density of the transport stream varies, and
with the change in density, the velocity V and the intensity of N. vary.

Let's consider how the traffic flow along the highway is applied, taking into account only
the mutual influence of moving cars in traffic, that is, we will define a macroscopic phenomenon
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based on the microscopic motion of single cars. Consider that the traffic flow intensity in the
general case is not zero, if the distribution of intervals in the flow is not equal to zero or the cars
distributed along the road are not in the state of a blow. Consider the traffic flow in the direction of
the axis of one lane of the road x. Note that the number of cars crossing the intersection of the road

during time At is equal to the number of cars located on the road segment at a distance, where
VAL s the speed of vehicles. Then the number of cars moving on a single section of the road will

be equal to the density of the length VAL,

A generalized criterion for assessing the stability of traffic on various highways of cities.
As you know, the significant impact on the functioning of the road network of cities is the level of
loading by its vehicles and their movement. Thus, at the level of bandwidth of the lane in 1500 car
/ year, the traffic flow takes 30 km of the road and its movement can not be stable. Waves arise [1]
under the influence of which the density of the transport stream varies, and with the change in
density, the velocity V and the intensity of N.

The motion of a perturbed transport stream with an uneven density distribution in relation
to an equilibrium state with a velocity determined by its position to the equilibrium state is
described by the equation of the type of the Fick equation, which can be determined by analogy
with heat conduction or electricity as the equation of "transport diffusion™. In this case, "transport
diffusion” means uneven distribution of density under the influence of uneven intensity.
Consequently, the coefficient can be characterized by the quality of traffic, taking into account the
frequency of delays.

Inverted (shock) waves in the traffic flow. Strong disturbances that arise in the traffic flow
as a result of traffic accidents, congestion, unexpected changes in traffic conditions, as established,
are described by a nonlinear differential equation. In addition, there are new features, of which the
most significant occurrence of reverse (shock) waves. At the front of the return wave transport
flow undergoes a sudden and quite substantial change in speed, density and intensity [5; 4; 7; 6-8;
9; 11]. Even in continuous motion due to the influence of drivers on the movement process, there
can automatically be discontinuities in the flow, or the existing gap in the flow can quickly smooth
out as a result of the fact that the car's flow will overtake ahead of the group ahead. These
circumstances are essentially related to the nonlinearity of the equations. The first papers on the
analysis of shock waves in the traffic flow were performed by D. Neumann in 1943 and are
mentioned in [10]. In more detail, on the basis of the hydrodynamic and gas-dynamic analogies,
they were studied by Lighthill and Wyzym and independent by Richardson [8], and also further in
[5,8,]. In section 6.4, gaps in the transport flow were analyzed, provided that the intensity
dependence of the density on the functional N=N(Q).

Waves of a transport stream in conditions of uneven distribution of parameters (transport
spread and reaction time). Analyze the state of the traffic flow, taking into account the influence of
gaps in the flow, which are the result of an uneven distribution of density. In this case, it is
necessary to take into account the dependence of the intensity not only on the density of Q, but
also on the distribution of the density Qx. This condition has already been mentioned above, since
in this case the driver's consideration of the road situation is described in front, and this leads to
the unevenness of the waves. The assumption that reflects the specified flow quality has the form
[8] for intensity. there will be instability of the flow, because the driver does not see the conditions
of movement sufficiently far and may not have time to react. Thus, the value of the coefficient of
traffic quality or distribution of transport is even more valid. Conclusions Thus, traffic flow
through urban highways is described by the motion of waves of velocity, intensity and density, the
equation and characteristics of which allow to solve applied problems of traffic management,
design of urban highways and street and road networks. In turn, the coefficient of visibility,
stability and traffic safety, as a generalized criterion, allows us to assess the quality of existing
traffic on streets and roads of different classes.

Key words: intensity, speed, density, waves, density gradients, traffic quality coefficient.

25



ISSN 2519-4208. MPOBJIEMbl TEOPUN U UICTOPUN APXUTEKTYPbIl YKPAUHDI. 2019. Ne 19

CtpyKTypa BYJIMYHO-JOPOKHBOT MEPEXKi MICTa BUSHAYAETHCS HOTO FOPU30HTAIBHOIO apXi-
TEKTYPOI0, KOMITO3HIII€I0 K01 € TPAHCIOPTHA MEPEka, a KOXKHA JIiHiA MaricTpaieil BU3HAYa€E Mo-
MJIMBY HIBUAKICTH PyXy. SIK BIIOMO, CyTTEBUH BIUIMB HAa (DYHKI[IOHYBAHHS BYJIHYHO-IOPOKHBOI
MepexXi MICT Ma€ piBEeHb 3aBaHTAXEHHS ii TPAHCIOPTHUMH 3aco0aMH Ta iX pyx. Tak, Ha piBHI Ipo-
MYCKHOI CIIPOMOXHOCTI cMyTH pyxy y 1500 aBT/Toa TpaHCOpTHHM MOTIK 3aiimMae 30 KM mIIAXy i
foro pyx He Moxe OyTH CTiikuM. BuHuKkaroTh XBuIi [1] mijg BIUIMBOM SKHUX 3MIHIOETHCS IiJTb-
HICTh TPAHCIIOPTHOTO IOTOKY, @ 31 3MiHOIO IIUIBHOCTI 3MIHIOIOTHCS MIBUAKICTh V Ta IHTEHCHB-
Hicth N.

PosrnsHemo, sIKk MOMMPIOEThCS TPAHCIIOPTHUM MOTIK MO MaricTpaii 3 ypaXyBaHHSM TUIbKU
B3a€MHOTI'0 BIUIMBY PYXOMHX aBTOMOOLIIB B TpadiKy, TOOTO BU3HAUMMO MAaKpPOCKOIIIUHE SBUIIE HA
OCHOB1 MIKPOCKOIIYHOTO PyXy OJMHOYHUX aBTOMOOLIIB.

Bpaxyemo, 1110 iHTEHCUBHICTh TPAHCHOPTHOTO MTOTOKY B 3arajlbHOMY BHUIIAJKy HE IOPIBHIOE
HYJIIO, SIKIIO PO3MO/IIJ IHTEPBAJIIB B MOTOII HE JOPIBHIOE HYIIO a00 PO3IMOIiICHI IO I0p03i aBTO-
MOOLTi HE 3HAXOASTHCS B CTaHi 3aTOPY.

PosrisHeMo pyx TpaHCIOPTHOTO MOTOKY Yy HAMpsiMi OCl OJHIET cMyTH Joporu x. Bpaxyemo,
10 KUTBKICTh aBTOMOOUTIB, IO MEPETUHAIOTH OPOTY MPOTATOM Yacy At, ZJOpIBHIOE YHCTy aBTO-
MOOLTIB, PO3TAIIOBAaHUX HA AUISHIN JOpord Ha Binctani VAL, ne V — mBuaKicTs pyxy aBTOMOOi-
miB. Toxl KinbKiCTh aBTOMOOUTIB, IIO PyXalThCs MO OAWHUYHIN IUISHIIL AOpOrH, Oyde piBHA
IIUTBHOCTI Ha JOBXUHY VAL

A=QVAt.
[HTEeHCHBHICTH TPAHCIIOPTHOTO MOTOKY 3a 4ac A t mopiBHIOE

_ QVAt
At

N QV. (1)

Tenep BUZHAYUMO JOBXHUHY IIISTHKA JOPOTH VAt=Ax. Jy1s MicbKMX YMOB ii MOKHA
MPUIHSITH PIBHOIO CEpeHIN TOBXKHHI BUILHOTO MPOOIry aBTOMOOLTIB 06€3 3aTPUMOK «UEPBOHUMU»
curHanamu cBitiaodopa, AX =1 .

3MiHa UIUTHPHOCTI HA 11 OAMHUYHIN AUISHII TOPOTH TOIi Oy/ie

dQ dQ
AQ=—AX=—=1_ . 2
dx dx ¢ @
[MincraBnsroun (2) B (1), onepxumo
d
N=lvIQ
dx
dQ . . . . . . .
ze o BU3HaueHuH B [1], sk rpalieHT MUILHOCTI (TIOXiHA IIITBHOCTI).
X

OTxe, IHTEHCHBHICTh TPAHCIIOPTHOTO MOTOKY MPOMOpIiiHA TpalieHTy LIUIBHOCTI (3MiH1
IIITBHOCTI B TIPOCTOP1 HA OAWHUITIO TOBKUHHU JTOPOTH).
PozninuBim iHTEHCUBHICTD HA TPAIEHT MIUTHHOCTI, 3HAIIEMO

N
aQ =V =, (xm?/ron) ()

dx
KOe(ILI€HT, SIKHH XapaKTepU3ye «PyXOMICTh» aBTOMOOLIIB a00 HEPIBHOMIPHICTh iX pyXy IO J0-
po3i. OHOYACHO BiH € 00’ €KTUBHUM KPHUTEPiEM KUIBKICHOI OLIHKU SIKOCTI OpraHi3aliii J0po>KHbO-
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ro pyXy B MICTI, IK TIOXiJIHa CepeAHbOI JAIBHOCTI BUILHOTO MpOOIry 0e3 3aTpUMKH Ha CEPEeIHIO
wBHAKiCTh MOTOKY. YiM [3 Gisblue, THM BHILE SIKICTh OpraHi3aLii JOPOKHBOTO pyXy. SIK KpuTepiid
CTIHKOCTI JOPOXKHBOTO PYXy BiH BU3HaueHuu B [2]. [[ns Bu3HaueHHs KoedimieHTa JOPOKHBOTO
PYXY A7 KOKHOTO KJIacy MaricTpayiell Ta AOpir MUTaHHS Terep IMOJisArae y BCTAHOBJICHHI cepe-
HbOT JOBXKUHHU BUTLHOTO MPOOIry 6e3 3aTpuMOoK .

3Hal04YM CepesiHIO OBKUHY PYXYy aBTOMOOLIS 0e3 3aTPUMOK 1 CEpeAHIO MIBUAKICTh PyXy
aBTOMOOLTIB 0 MaricTpaii MEBHOrO Kiacy (MIBUAKICHIM, Oe3lepepBHii, peryiboBaHiil), MOKHA
JIETKO OILIHUTH SIKiCTh TOPOXKHBOTO pyxy. Tak, mst mBuakicHoi goporu 3 = 1000-1500 KM2/TOTL;
utst Marictpaii 3 6esnepepsauM pyxom 3 = 800-1200 kM%/ro; s MaricTpajieli 3 peryJiboBaHUM
pyxom EOM 3 =300-600 KM2/Tox; 3 )KOPCTKHM perymoBanHsM 3 = 60-120 KM%/TOL.

[Tpu icHyroumx 3aco0ax opraizailii TOpOXHBOTO PYXy B M. XapKOBi SKICTh JOPOKHBOTO
pyXy B IIEHTpalbHil 30HI 3HaX0aUTHCS B Mexax 3= 15-30 KkM%/rox; B cepenniii 301 [3 =60-80
kM%/ro; B nepudepiiiuiit 3oui 3 = 100-120 km*/rox. Sk MOKa3yl0Th PO3PAaXyHKH, CTBOPCHHS
ACY-]1 103BOJHTH MOKPAIIUTH CTaH JOPOKHBOTO PYXy B IIEHTpaNbHIH 30H1 B 2,5-3 pasa, B cepe-
Hiil B 2 pa3a i B nepudepiitniii B 1,5-2 paza [1].

Y3arajabHeHuil KpUTepid OWiHKU CTa0UILHOCTI PyXy Ha Pi3HHX MaricTpajsix MicT

Sk BiOMO, CYTTE€BHI BIUTUB Ha (DYHKI[IOHYBaHHS BYJIMYHO-JOPOKHBOI MEpeXi MICT Mae
piBeHb 3aBaHTA)XEHHA 11 TPAHCIOPTHUMHU 3aco0amMu Ta iX pyx. Tak, Ha piBHI MPOIYCKHOI CIPO-
MOKHOCTI cMyrHu pyxy y 1500 aBT/rog TpancnopTHHI MOTIK 3aiimMae 30 KM HUIAXy 1 HOoro pyx He
Moske OyTH CcTiiikuM. BunukaroTe xBuii [1]mi BIUIMBOM SIKUX 3MIHIOETHCA IIUTBHICTH TPAHCIIOPT-
HOTO MOTOKY, a 31 3MIHOIO IIUTEHOCTI 3MIHIOIOTBCS IIBUAKICTE V Ta iHTeHCHBHICTH N.

3MiHa MIBUIKOCTI aBTOMOOLIIB MO TOBXKHUHI JOPOTU B OyAb-SIKUH 3aJJaHUI MOMEHT 4acy €
oV /ox, y TOH CaMHii 4ac 3HAYCHHS MBUAKOCTI Ha AUISHII X TOpiBHIOE (GV / aX)dX .

[IBUIKICTh 3MiIHM IHTEHCUBHOCTI 10 JOBXKHHI JOPOTH B OyIb-IKUil 3alaHuii MOMEHT 4acy
e ON/OX, a ma minsaui 3asgoxku dX = (ON /OX)dX . VpaxoByroun, 1o KigbKicTs aBTOMOGIIIB
Ha il ainsHI Oye

A =(3,d0V @
TO1 IPUPICT IHTEHCUBHOCT1 3HAUJEMO SIK
N, =9 (3,d0v
ot ot

ne: J — iHepiiiHe 3MEHIIeHHsI IBUIKOCTI B MOTOII],
A — KUIBKICTh TOTOKY.

Ockinbku 07 / OXOt = 0% | BtOX , audepennitoemo pisrsHusA (4) 3a X, TOAI
oV __JC oV __iﬂ
OX? 2 ot® ¢’ ot*

(5)

ne: C — HanpyXeHICTh pyXYy;

L — oMHMYHA JOBKMHA MUTAXY, KM,
OJIEPKMMO XBHJILOBE PIBHSHHS ISl IIBHKOCTI TPAHCTIOPTHOTO MOTOKY, B SIKOMY HIBHJIKICTB T10-
IIMPEHHS XBIIb 30ypeHHS BU3HAYAETHCS CITiBBITHOIIECHHAM [1]

|:2
2
C-=——. 6
ic (6)
AHarnoriuno, qudepenuirooun (4) 3a t ta 3a x, oAepKyeMO PIBHSHHS XBUJII JUIS IHTCHCHB-
HOCTI
82N__JC 82N__i82N o
Ox? 2 ot? c? ot?
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3 11poro 6a4YuMo, 110 XBHJII IHTEHCUBHOCTI IMOITUPIOIOTHCS 3 TIEHO K CaMOIO MIBUIKICTIO cz,
sKa XapaKTepU3ye 3JaTHICTh BYJIHIb 1 JOPIr HAKOMUYYBATH TPAHCTIOPTHUI MOTEHIIIaI.

Oneprxani XBUIbOBI piBHAHHSA (5) 1 (7) MarOTh CTaHAAPTHY MaTeMaTU4YHy (OpPMY PiBHSHHS
IUIOCKOT XBHIIL [5; 6] 1 € JuIIe oJHUMH 3 CiMECTBa PIBHSAHB, IO MICTATH B JIIBIM YacTUHI ApYTy
MOXIIHY 10 KOOPAHMHATI. 3 IOTO CIMEHCTBA Ul OJTHOBHMIPHOTO BHUITAJIKy BUKOPHCTOBYEMO PiB-
HsHHA Dika [6], sike Ipu pillleHHI TPAaHCTIOPTHUX 337a4 MAaTUME HACTYIHHUM 3MICT 1 BUTJISLI:

MepEeMiHHI TOTOKY 3MIHIOIOTHCS TI1J] BIUIMBOM HEPIBHOMIPHOCTI MOIIMPEHHS HIUIBHOCTI:
Tun — piBHAHHA Dika (TpaHncnopTHa Tudy3is)

oV 1oV, 0*N _10N

X2 pot’  xE Bt ®)
ne 3 — xpurepiil MOMMPEHHs MTBHOCTI MO A0PO3i 31 MIBHIKICTIO pyXy Tpadika, KM*/TOIL.
XBUJIHOBI PIBHSHHS NEPEMIHHHUX IMOTOKY: IIBUAKOCTI 1 IHTEHCUBHOCTI

oV 10V  9°N _10&°N ©)

ox? ctat?’ o cfat?]
1€ ¢% — MBHUAKICTD 3MEHIICHHS [BHIKOCT (3BOpPOTHA XBUJIS).

Pyx 30ypeHOro TpaHCHOPTHOTO MOTOKY 3 HEPIBHOMIPHUM PO3MOJIIOM LIUIHHOCTI MO Bif-
HOIICHHIO JI0 PIBHOBAYKHOTO CTaHy 3 MIBUJKICTIO, SIKA BU3HAYAETHCS HOTO TOJOKEHHSM JI0 CTaHy
piBHOBAru, OMKUCYEThCS PIBHAHHAM TUITY piBHsAHHSA Dika (8), 110 MOKHA BU3HAYMTH 10 aHAJIOTII 3
TEIUIOTPOBIIHICTIO a00 ENIEKTPUKOI0 SK PIBHAHHS «TpaHcrmopTHOi mudysii». Ilpm mpomy min
«TPaHCTIOPTHOIO NU(]Y3i€10» PO3YyMIETHCS HEPIBHOMIPHUN PO3MOLN MIUIBHOCTI MiJ BIUIMBOM He-
pIBHOMIpHOI iHTEHCHBHOCTI. Toai JaHWW cTaH A OJHOPIAHOTO TPAHCIOPTHOTO TOTOKY OIIH-
CYETBCS TIPOCTOIO 3ATICKHICTIO

dN 1 dN
— =00 —=—, 10
dt 'BL dx (10)

dH .. .. )
ne f = E — Koe(DIIieHT MPOikKIPKAEMOCTI;

o IPaJieHT IHTEHCHBHOCTI, Mipa 3MIHU 1HTEHCHBHOCTI B MPOCTOPI JOPOTU HA OAUHMIIO il
X

JOBKHHH.
PiBHsiHHS (10) mokasye: sika KiJIbKICTh aBTOMOOLUIIB TPOXOAUTh Yepe3 NEPETHH CMYTH PyXy
3a gac dt.

[Tepenucasiy piBHsHHS (10) 1715 HEPIBHOMIPHOI MIBUAKOCTI B

oV 1oV
ox2 B ot

1 JUTS HEpIBHOMIPHOI IHTEHCUBHOCTI (QHAJIOTIYHO)
PN _1oN

ox2 B oot

BU3HAYMMO PO3MIpHICTB TOCTIiHHOT [} -KoedillieHTa IPOiKIHKAEMOCTI — KM’/TogI, sKa yKa3ye, 1o
KOoe(ILIEHT IPOIKIKAEMOCTI a00 MOIKUPEHHS PYXY MOKHA BM3HAUaTH 4epe3 LIBUIKICTh MOTOKY
(kM/Toz1), TOMHOXKEHY Ha JOBXKUHY MPONACHOro HUIAXY, abo K AudepeHiianbHy poOoTy TpaH-
CIIOPTHOTO MOTOKY TIPU 3MiHi #oro minsHoCcTi. OTXRe, KoedimieHToM [3 MOXKHa XapakTepH3yBaTH
SKICTh IOPOKHBOTO PYXY 3 YPaXyBaHHSAM YacTOTH 3aTPUMOK.

O0epHeni (yaapHi) XBuJii B TPAaHCIIOPTHOMY NOTOL

CunpHi 30ypeHHSs, 1110 BUHUKAIOTh B TPAaHCHOPTHOMY noToui B pe3yibTari JTII, 3aTopis,
HECTOAIBAaHUX 3MIH YMOB pyXy, SIK BCTaHOBJIEHO, ONHUCYIOTHCSI HENIHIHHUM auepeHialbHuM
piBHAHHAM. KpiM TOro, BUHUKaIOTh HOBI OCOOJIMBOCTI, 3 SIKMX HAl3HAUYyIIOIO € MOsIBAa 3BOPOTHUX
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(ynapHux) XBuib. ¥ (POHTI 3BOPOTHOT XBUJII TPAHCIIOPTHUH MOTIK 3a3HAE PANITOBUX 1 JTOCHUThH iC-
TOTHHX 3MiH IIBUIKOCTI, IMUIBHOCTI 1 iHTeHCHBHOCTI [3-9, 11]. HaBith mpu OesnepepBHOMY pyci
BHACIIIJIOK BIUTUBY BOJIiB HA MPOIEC PyXy aBTOMATUYHO MOXYTh BUHHKATH PO3PUBH B MOTOLI 200
K HassBHUH PO3PHB B MOTOLII MOKE MIBHJIKO 3TJIQJAUTHUCS B PE3YJIbTATi TOTO, IO MOTIK aBTOMOO1JIiB
Ha3/JI0KeHe TonepeIHIo rpymy. JlaHi 00CTaBUHM 1CTOTHO MOB’s3aHi 3 HEJIIHINHICTIO PiBHSHB.

[Tepmri poboTH 3 aHANMI3Yy YAAapHUX XBWJIb B TPAHCIIOPTHOMY ToToIl BuKoHaHI JI. HelimaH-
HOM B 1943 p. i 3ragyrotses B [10].

binein qokiIagHO, HA OCHOBI TiAPOAMHAMIYHOI 1 Ta30MHAMIYHOI aHaJOril, BOHU BHBYCHI
Jladitxumwiom 1 YizemoM i HesanexHo Pigagconom [8], a takox maii B [5; 8]. B [6; 4] Gyiu mpo-
aHaJi30BaHi PO3PUBH, 10 BUHUKAIOTh B TPAHCIOPTHOMY IOTOIIi, 32 YMOBH (PYHKIIIOHAJIBHOI 3aJie-
’KHOCTI iHTeHCHBHOCTI Big mibHOCTI N=N(Q).

Tenep OLIbII A€TATHHO PO3TIISTHEMO PO3PUBHE PIllICHHS 200 CTPYKTYpPY 3BOPOTHOT XBUJI B
OUTBIII 3aTaJIbHOMY BHIIAAKY — HEPIBHOMIPHUN PO3IO/ILUT IILIHHOCTI.

[Tpumryctumo, 1o inTeHcuBHICTE N TPaHCIOPTHOTO MOTOKY 3aJISKUTh SK BiA MIUIHHOCTI Q,
Tak i Bix ii rpagienta dQ/dX, mo Bu3Hayae 3MiHy HIILHOCTI HA OAMHUINIO JOBXHHHU JIJSIHKA JI0PO-
N7

N=N@Q- 232,
dx
ne [ — xoe(illieHT NOUIMPEHHS PYXY, IO XapaKTepU3ye 3HMKEHHS MIBHIKOCTI 13 3POCTaHHSAM
IIUTBHOCTI (HAaBEACHO BHIIE). 3TiIHO 3 PIBHAHHIM HEPO3PHBHOCTI O€3MepepBHE PIllICHHS Ma€ 3a-
JIOBOJIBHSITH PIBHSHHS XBHJI1 IIUIBHOCTI
R @2 =p% (12
ot OX dx
—N(O): Q. dQ
ne ¢(Q)=NQ); Q, = e Qu = o
Y ubomy piBasiHHI wieH C(Q)-Qx NMpUBOIUTH O 3pOCTaHHS KPYTH3HH 1 MEPEKUIaHHS
mineHOCTI [6; 8], a uwinen SQ,, BBOAUTH HEPIBHOMIPHICTh PO3NOALTY IIIJILHOCTI, TOOTO XapaKTepH1

(11)

JUIsL TPQHCIIOPTHOTO MOTOKY 3aKOHH BipOT1AHOCTI PyXy
oQ _ ,dQ
ot dx -
besnepepBHa XBUIIS MPUBOAUTH /10 PO3PUBY LIUIBHOCTI TOJI 1 TIIBKH TOJ1, KO IIBUAKICTb
PO3MOBCIOIKEHHS 30ypeHb ¢ yOyBae 13 30UIbIIEHHSAM IIISAXY X, TOOTO MOTIK PO3CMOKTYETHCS 2>
c> (1.
OnucyBaHa UM pO3pUBOM 3BOPOTHA XBUJISI BUKJIIMKAE 30UIbIIEHHS BUIKOCTI 3 T, OTXKe,
i yac nepexoay TPaHCIIOPTHOTO MOTOKY Yepe3 3BOPOTHY XBHIIIO HOro HEPIBHOMIPHICTB 3pOCTAE.
[Tpu ipbOMy 3BOpPOTHA XBWJISI BUHUKAE TUTHKH B OJTHOMY HAaIpsiMi, @ caMe — Ha3yCTpid pyxy aBTO-
MoO1TIB. Bee 11e MOBHICTIO BIANOBIZA€ pealbHOMY PyXy Ha JIOporax BEIMKHX KaTeropiil.
OCKUTBKH IIBH/IKICTh TPAHCIIOPTHOTO MOTOKY BH3HauaeThes 3anexHicTio V(Q)=N(Q)/Q ,
IIBUJIKICTh MOIIMPEHHS 30ypeHHs B moToli Oyzae aopiBHioBatH (14) 1 BiAmoBizaTUMe 3MiHI MPo-
MYCKHOI CITPOMOYHOCTI

(13)

c(Q)=N"(Q)=V(Q)+QV'(Q) . (14)
Bpaxosyroun, 1m0 V(Q)=Vo(1 -Q/Qn) 3Biaxu
dv Vv
VQ=—"7=—""2, 15
Q= o~ 0. (15)
OJICPIKUMO

_Nron AN ~2Q

c(Q)=N (Q)——dQ Vo _Qm) : (16)
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3 piBastaus (15) Buano, mo V'(Q)<0, To6TO MBHUAKICTH 3BOPOTHOT XBHJIi, MEHIIIE IIIBHIKOC-
Ti pyXy aBTOMOOLJIIB, 1 XBIJISI HOLIMPIOETHCSA HA3a/1 IO TPAHCHIOPTHOMY IOTOKY, MOTIEPEKAI0UN
BOJII1B PO 3aTPUMKH PyXy MOMepeay.

XBHJIi TPAaHCHOPTHOIO NMOTOKY B YMOBaX HePiBHOMIPHOIO po3moiijlly mapamerpis
(TpaHCIOpPTHE MOIIMPEHHS i Yac peakirii)

[TpoanamnizyeMo cTaH TPaHCHOPTHOTO MOTOKY 3 YpaxyBaHHSM BIUIMBY PO3PHBIB B MOTOII,
SKI € Pe3yJIbTAaTOM HEPIBHOMIPHOTO PO3IMOIiTY IIIILHOCTI. B IbOMy BUITaZKy HEOOXiTHO BPaxoBYy-
BaTH 3aJICKHICTh IHTEHCUBHOCTI HE TUIBKH BT MIUTBHOCTI Q, ajne 1 Bix po3moairy miabHOCTI Qy .

[Ipo meii craH BKe 3raJyBallocsl BUIIE, OCKUIBKU B JIaHOMY BHUIAJIKy OMUCYETHCS Bpaxy-
BaHHS BOJIEM JOPOXHBOI OOCTAHOBKM MOIEpEny, 1 IIe MPUBOJUTH O HEPIBHOMIPHOCTI XBHWIIb.
[Ipunymenss, mo BigmoOpaxkae BKa3aHi IKOCTI IOTOKY, Ma€ BUTJIISA [8] A1 IHTEHCHBHOCTI

N =N(Q)—AQ,. (17)
1 U1 IIBUIKOCTI
v =V(Q>—ng, (18)

e B — Koe(iIieHT momMpeHHS.

Bpaxyemo Takox HasiBHICTh THMYAacCOBOTO MPOMDKKY MK 3MIHOIO JOPOXKHIX YMOB 1 peak-
miero Bofis i aBToMoOLIA. Tomy posrisiHemo V sk OakaHy HMIBHIIKICTB, SIKOi parae Bonid. Take
MOHATTS BBOAUTHCS B [1; 2; 8; 11]. OTxe, 11 MPUCKOPEHHS MOXHA 3acToCyBaTh popmyiy [6]

VorW, = v @+ 2, (19)
T Q
Je T —4Yac peakilii CACTeMH «BOJIH-aBTOMOOUIb B ITOTOIII».
PiBusiHHs (6.3) BUpIIIyBATUMEMO CITUIBHO 3 PiBHSHHAM 30epexents niiibHocTi Qi+(QV) x=0.
CriouaTtky BUKOHAEMO JTIHEAPHU3aIlit0 sl MaliuX 30ypeHs ctany Q=Qo,
V =V = V(Qo) migcTaHOBKOO
Q=Qu+0®; V=Vo+v.

130epexeMo TIIbKU NepIi CTyNneH1 O iv, toxi 0JIeP)KUMO
@(Vt +V0VX) = —(V—V'(QO)@)-F—@X), (20)
Q
O, +V,0, +Qyx, =0.
KinemaTnyHa XBHJIbOBA MIBUJIKICT JOPIBHIOE

Co :QV’(Qo) +V(Qo) ,
V'(Qo) = _(Vo _Co)/Qo . (21)

[TincraBnsroun (21) B (20) 1 BUKITIOYAOUHU V, OJEPKUMO

@ . a®_ﬂaz®
ot % ox ox?

Komu P=0,t=0, wmaemo niHeapu3oBaHe HaOJWKEHHS JO KIHETUYHOI XBHJI

3BIACH

o . 8.,
—7(Z+V, L)%,
T(at 03 ) (22)

® = f(x—c,t). Koediuienr 3 mnpexcrasisie HEPIBHOMIPHICTh PO3MOLTY AOPOKHBOIO PYXY IO
cmy3i. Posrnsinemo edekrt kiHueBoro 4acy peaxiii. OCHOBHUI XBUIBOBUN PYyX, ONUCYBaHHUM Jii-
BOIO YaCTHHOIO PiBHSHHA (6.660), Mae Burisiy ® = f (X—c,t), Tomy moxinHa o t Oyme

0 0

8t ) & . (23)

BukopuctoByemo (23) B npasiit yactuni (22), Toai

1
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00 00 NAC)
—+C—=(B—-(V, —C,)°7)— .
8t 0 5X (18 (\/0 O) ) axz
Komn
B =N, —co)’z,
Mae Miciie KOMOiHOBaHa HEPIBHOMIPHICTh PO3MOALTY PyXY (TpaHCHIOPTHE MOMIMPEHHS). SIKII0
B =N, —c)’z,

CIIOCTEPIraTUMETHCS HECTIUKICTh MOTOKY, OCKUIBKU BOJIIH HE 0a4WTh YMOBH PyXy JOCTAaTHBO Ja-
JIEKO 1 MOX€E HE BCTUTHYTH 3pearyBaru.

TakuM YUHOM, 3HAYCHHS KOC(IIiEHTa SKOCTI JOPOKHBOTO PyXy a00 MOIIMPEHHS TPaHC-
nopry 3 e Ginblie 3aTBEPIIKY€ETHCS.

Bucnoegxu.

TakuM 4MHOM, pyX TPAHCIOPTHOTO MOTOKY MICBKHMH MAariCTPajsiMH OIUCYETHCS PYXOM
XBWJIb IIBHJIKOCTI, IHTEHCUBHOCTI 1 IIIJILHOCTI, PIBHSHHS 1 XapaKTEPUCTUKHU SKHX TO3BOJISIOTH BH-
pilIyBaTH MPUKIAIHI 3a/1a4l yIIPaBIIHHS JOPOKHIM PYXOM, MIPOEKTYBAHHS MICHKUX MaricTpanei i
BYJIUYHO-TTOPOKHIX MEPEXK.

B cBoto uepry koediuient [3 mpoimkaeMocti, crabibHOCTI Ta Ge3HeKH pyXy, K y3araib-

HCHUH KPHUTEPiH, 103BOJIsIE BUKOHYBATH OLIIHKY SIKOCTi ICHYIOUOTO JJOPOKHBOTO PYXY Ha BYJIHIIAX
1 Joporax pi3HOTro KJacy.
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