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Abstract. Huk V. I. "The principle of generalized potential and capacity of traffic lanes and
roads at cross-sections at different levels.” As a general criterion that determines the throughput of
intersection types in different levels of main thoroughfare and roads, a new characteristic is given,
such as traffic capacity, taking into account the speed reduction factor in the process of the lanes'
change.
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Introduction

Public highways, as well as main streets of the city, should provide high-speed
communication between the centers of gravity of autotravels. The continuous flow of traffic on the
roads of roads and urban highways is provided by the construction of various types of sections at
different levels. Different types of crossings: clover leaf, ring, loop, rhombus [2], and with lane
movement (cross-shaped) - have different bandwidth, which is equal to the maximum value of the
intensity in the intersection.

Research methods

The road or city highway constructed according to the project has an opportunity to provide
traffic to the level of throughput, and then - at the level of the congestion and to the gate. This
possibility of road work in [1] is defined as a road potential, which varies from the maximum value
on the empty road to zero during traffic jam (traffic ). As you know, the state of the traffic flow in
the section of the road is determined by the intensity (N), which is derived from the amount of flow
at time dqg / dt, and in space - velocity (V), as the derivative of the path along the time dl / dt.

In the traffic flow, the intensity influences the speed of the cars, but the intensity is the
characteristic of the section, so it is advisable to take into account the variable intensity in time N
(dt), then the number of flow (q) (auto). This is one car or group: q (t) = JV (t); N =d (q) [2].
Formed law that indicates: the change in the intensity of traffic for a certain segment of an hour is
equal to the change in the amount of flow for the same period of the hour. And this allows, on the
initial speed of the VO and the specified g flow, to find the final speed of the vehicles in traffic,
bypassing all additional speeds.

Traffic inertia, in turn, characterizes the distribution of hours by car by the length of the J = q
/ 'V (autos / km) lane, where J is defined as the inertia of speed change in traffic. These findings
allow you to increase the speed of traffic, distributing it to groups whose speed is much greater than
the speed of traffic in the state of the congestion (in road toffees).

It should be noted that the intensity at the intersection at the level of throughput in 1500 cars
per hour in one lane is determined by the distribution of traffic in the length of 30 km. On this
distance, traffic can not be permanent. The speed of cars will change.

Taking into account the recommendations in [3] and duality of the car as units of traffic and
units of speed, we find the connection between the speed change of cars in the dV / dt stream,
assuming that the specific intensity operates along the axis of the road. The equation of traffic in
cars has the form
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where J is the speed inertia (km / h)
Multiplying both parts of this equation by V we obtain
d/dt (JV2/2)=NV (2)

where, the result of NV = M is the power of traffic (avt.km/ h2) [1],
JV?/2 traffic potential (car km / h) JV?/2 = Eq

The traffic potential remains constant only in the absence of intensity, because at N = 0. in
any section there are no cars, and the way is
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or the amount of flow in the group does not change g = const.

This is the law of maintaining the performance of the road, highway, or road potential.

Research results
Consider now what is the power of the traffic flow M, which characterizes the rate of change
in the efficiency of the system of "traffic flow", committed by the cars of the flow
! AT dH
M =lim =—

Ap—sl

At dt
Using the basic transport flow equation (N = QV), where Q determines the density of traffic,
as opposed to traffic, with its maximum value of traffic of vehicles, we find the dependence of the
power of the flow on the speed where dx - the infinite small displacement of the car of the stream,
which is influenced by the intensity, for time element At.

Therefore, the power of the traffic flow
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M=

where V is the speed of the vehicle of the traffic flow. This is the instantaneous power value
(3.49).

Using the basic equation of the transport stream (3.20), we obtain the dependence of the
power of the flow on the velocity _
I A
M = | —— |V
Q.'?J( V ]

0 (4)
graphically represented on fig. 1
As we see from the graph, the power, like all the main characteristics of the traffic flow, has a
growth area, an optimal zone at a speed of 60-70 km / h and a sharp drop. The variation of the
power M under the influence of the density M (Q) is obtained using the equation N = QV and then
N .07
= OV 11— —J
Q |'\_ Qm .
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The graph of this dependence is given in Fig. 2, where it is evident that the optimum values of
density at the maximum value of traffic capacity Mm are within 30-40 aut / km. That is, cars move
at a distance of 20-25 meters from each other. The graph also shows foreign data that correspond to
the concept and units of power measurement.
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Fig. 1. Dependence of traffic power from its speed [3]
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Fig. 2. Dependence of power M on density Q [3]

Getting and analyzing power dependence on intensity is difficult, because you need to know
the law of entering cars on the road section. Therefore, we use the graphical data of theoretical and
experimental curves and the equation of instantaneous power (5), in which we will substitute the
coordinates of the curves N and V.

Figure 3 shows the desired dependence of M (N). The graph is original and very interesting.
Curve 1, constructed according to the equation (5), is close to the shape of the "Carton Letter".
Experimental curves 3a and 3b are quite close to the theoretical curve, which confirms the
correctness of the theoretical statements [3]. In this case, curve 2 is obtained by field observations
in the conditions of increasing speed and intensity of the car traffic to the level of bandwidth, and
curves 3a and 3b on multiband roads in conditions of decreasing speed with increasing intensity in
conditions of motion at the intersection of the loop type, that is, at the level of the throughput the
ability that we see on fig. 2.
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Discussion of results

The nature of the change of power from the composition of the transport stream, which is
determined by the size of the maximum density and conditions of motion, providing the speed of
free motion VO, is shown in Fig. 3.46. On the graph, we see that the speed of free motion is a
tangent of the angle of inclination of the axis of symmetry of the graph, and the maximum density
characterizes the level of bandwidth of the lane. The axis of symmetry separates traffic conditions
to the level of bandwidth and after reaching this level.

The concept of "power" is a natural and generalizing extension of the notions of the "number
of traffic” (auto.km), road transport potentials and exergy (auto.km / h) as a characteristic of their
change in time (auto.km / h), that is, a generalized variable system of "traffic flow", characterizing
changes
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Fig. 3. Nature of power change M from the composition of the flow (Qm) and the free
movement speed VO

The close convergence of the theoretical curve with the results of field observations allows us
to recommend the equation of traffic power for practical use, not only in assessing the load and
condition of traffic on different sections of the sections at different levels of streets and roads, but
also in predicted calculations in project development as a criterion for loading in general roads.

Since the road potential is a characteristic of safe traffic conditions, its optimal value, as well
as the value of power, should be included in the normalized values of the throughput of the city
highways.
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Fig. 4. Dependence of power M on the intensity of N [3].
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In order to take into account traffic delays within the changes of lanes in approaches to
cross-sections at different levels, we suggest using the corresponding delay factor presented in
[4], along with the coefficients of change in the bandwidth of different lanes.

References

[1] Valery Guk Theory of traffic flow meters (traffic parameters) / V.1.Guk // Monograph.
Palmarium. academic publishing. 2017 . 162 p

[2] Cherepanov V.A. Transport in urban planning. - M; "Stroyizdat" .1970

[3] Guk V.I. Elements of the theory of traffic flows and the design of streets and roads:
[curriculum. manual for high schools] / Guk V.I. - K .: UMK VO, 1991. - 255s.

[4] Guk V.I. Transport flows: theory and their application in urbanistics: monograph / Guk
V.1, Shkodovsky Yu.M. - Kharkiv: "Golden Pages", 2009. -232s.

[5] Dubrovin E.N., Lanzberg Yu.S., Lyalin .M. Intersections at different levels on urban
highways / E.N.Dubrovin, etc. // Study manual for universities. - M. "High School",
1977. - 429 p.

[6] Hoffman V.A., Vizgalov V.M. Polyakov MP Crossing and junction of highways
(Design) / A.V.Goffman et al / / Teaching. manual for universities. - M .; “Higher.
School *, 1977.- 309 p.

[7] http://transsport.ru "Selection of the concept of transport interchange™

[8] http://transsport.ru “New interchange: Diamond-shaped intersection with a change in
aspiration”.

NPUHIUI Y3ATAJIBHEHOI'O IOTEHIIIAJIY TA IMMPOIIYCKHOI 3JIATHOCTI
CMYT PYXY I JOPII' Y IIONEPEYHUX IIEPEPI3AX HA PI3BHUX PIBHAX

B.I. T'yk
vguk@ukr.net, ORCID: 0000-0003-4198-7027
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AHoTanig. PO3BUTOK MIBHAKICHOTO MAaca)kKUPCHKOTO TPAHCHOPTY OJHA 3 HAWBAKIMBIIIMX
3aBJIaHb Ul YCHIIIHOTO (YHKI[IOHYBaHHS TPAHCIOPTHOI CUCTEMU OYAb-SIKOTO BEJIMKOT'O MICTa.

JInst CTBOpEHHSI Y BEJIMKUX MiICTax YKpaiHH, OCOOJMBO 31 CKJIQJHUMH KIIMAaTHYHUMH 1
reoJIOTIYHUMHM YMOBaMH, a TaK camMoO 31 Clla0KO pO3BHHEHOI0 CHCTEMOI0 aBTOMOOLIHLHUX
MaricTpajiei, NpPOIOHYEThCS HOBHUM, HAA3EMHHN, BUCOKOIIBUIKICHUM, €KOJOTIYHO YHCTHH,
ENCKTPUYHHM, TACAKUPChKUM, 3 KaOiHaMU, eKOHOMIYHUHN TpaHcropT. Jis opranizaiii 6e31mevyHoro
PYXy KEpOBAaHMX EKilaXiB 3 MacakKupaMu BUKOPHCTaHA TEOpis HACUYEHUX TPAHCIIOPTHUX MOTOKIB,
SgKa pyX eKIMaXiB B MOTOLI OMUCYE AK Oe3nepepBHY 3MiHY CTaHIB MPUCKOPEHHS, PIBHOMipHOTO
pyXy 1 raabMyBaHHS, TOOTO CHUHXpOHI30BaHI TpH ¢a3u «start-go-stop» B OJHOMY KepyruoOMy
ANTOPHUTMI.

besnepepBHili pyx TpaHCIOPTHOTO MOTOKY (Tpadiky) Ha Tpacax aBTOMOOUIBHUX JIOpIr Ta
MICBKHX MaricTpajsx 3a0e3neuyroTh CydacHI THUINH MEPEeTUHIB B PI3HUX PIBHIX PI3HOTO JU3aiHY.
3acTocyBaHHI BIAKPUTH Ta OOIPYHTOBAHO HOBI XapaKTEPUCTUKU JUHAMIKU TPAHCHOPTHUX MOTOKIB
(Tpadiky) ,Taki SK MOTEHLaJN JOPOTH, TPAHCHOPTHOTO MOTOKY 1 HOTYXHOCTI Tpadiky A
BU3HAYEHHs JU3aliHy 3arajibHOi Mpalne3/laTHOCTI HUIAXy.B sKocTi 3arajpHOro KpuTepis, IO
BU3HAYa€ MPOIMYCKHY CIPOMOXKHICTh TUIIIB MEPETUHIB B PI3HUX PIBHIAX MAariCTpaJbHUX BYJUIlb Ta
JOPIr TOBOAUTHCS HOBA XapaKTEPUCTHKA, SIK TO TMOTYXKHICTh TpadiKy 3 ypaxyBaHHSAM KOE]illiEHTY
3MEHIICHHs MIBUJKOCTI MpH 3MiHI cMYyr pyX. BkasaHo Ha ayanbHICTH aBTOMOOLIS, SIK OJUHMII
Tpaiky Ta oxuHUI MmBHIKOCTI, CHOPMOBAHO 3aKOH - 3MiHA IHTEHCUBHOCTI Tpadiky 3a AesKkuid
BIJIPI30K T'OJMHI JIOPIBHIOE 3MiHI KUIBKOCTI MOTOKY 3a TOH X BIAPI30K TOAMHI. A Iie A03BOJISE 1O
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MMOYaTKOBUIN MIBUIKOCTI aBTOMOOLTIB Vo Ta BU3HAYCHHI KUTLKOCTI MOTOKY (| 3HAXOJUTHU KIiHIIEBY
HIBUJIKICTH aBTOMOOUIIB y Tpadiky, 00Xoas4i yCi 10JaTKOBI BU3HAYCHHS [IIBHJIKOCTI.

B sIKOCTI 3arasibHOTO KpUTEpisi, [0 BU3HAYAE MPOITYCKHY CIPOMOKHICTH THUIIB IEPETHHIB B
pi3HUX PpIBHAX MAariCTpajJbHUX BYJUIL Ta JOPIr JOBOAWUTHCS HOBA XapaKTEPHCTUKA, SK TO
MOTYKHICTh TpadiKy 3 ypaxyBaHHIM KOe(ili€HTY 3MEHIICHHS MBUAKOCTI MPH 3MiHI CMYT PyX.

Karouoi ciaoBa: Tpadik, ITOpoKHIH MOTEHIiA), IHTCHCHBHICTH, IIBHJAKICTH, IIUILHICTS,
IHepIIHHICTD, KITBKICTh MOTOKY, TIOTYXHICTh, aBTOMATiCTPAIb.
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