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Summary: The movement of single and group cars in traffic flows was investigated during the work.
These studies are used to calculate the vehicle delay time during maneuvers through crossings and adjacencies
at the same level. On the basis of the data obtained, the technical and economic discussion of the cross-sectional
or adjoining parameters under consideration can be made.

In the course of the study, examination will be conducted on the influence of intensity, velocity and
traffic flow on the distribution intervals between cars and a graph of this effect for different traffic intensities
is to be constructed. On the basis of the provided charts, the dependence of the free interval, necessary for
maneuvering, on the traffic flow intensity is described. Using this dependence, you can figure out the number
of cars that can be transported continuously.

Knowing the traffic flow, its intensity and the distribution of free intervals between cars and groups of
vehicles, the lag time of cars that are waiting for the ability to maneuver as well as their quantity can be
calculated with the help of the proposed method.

Keywords: traffic Intensity, free interval, interchange, vehicle, group of cars, road.

Introduction. The behavior of vehicles affects the behavior of drivers. A separate driver, trying to
achieve his own optimal solution, conflicts with others who interact with him by means of overtaking, switch-
ing lanes and changing the itinerary on a straight section of the road. By performing a maneuver on the inter-
section of the crossing or adjoining of highways, the main problem of interaction between drivers is the ex-
pectation by the vehicle of the possibility of maneuvering. Thus, there is a need to study the interaction of
traffic flows driven by the main and secondary roads to address the problems associated with the loss of time
and long-term expectations.
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Purpose and methods: After investigating the distribution of free intervals between cars in the traffic
flow, it is possible to calculate the length of waiting time for cars to maneuver. The time required to perform
a maneuver depends not only on the type and geometric parameters of intersection or adjacency, but also on
the length of free intervals and the duration of the group of cars and consists of time for the implementation of
the actual maneuver itself, the duration of the free interval between groups of vehicles moving on the main
road and the duration of the group of cars, the interval between which is less than the required maneuver.

Given the dependence of the distribution of free intervals in the traffic flow on the intensity of traffic
and the composition of the traffic flow on the main and secondary roads, it is possible to create a model of
behavior of vehicles in the course of maneuver on crossing or adjoining and to consider such models for dif-
ferent intensities and different types of transport solutions in one level . Further, these data may be used for a
feasibility study of changing the parameters of transport solutions at one level.

Results and explanation. Having examined the traffic flow of motorways in the locations of transport
interchanges in one level, a number of parameters such as traffic intensity, speed, traffic flow composition,
intervals between single and groups of cars, the number of vehicles in the group were recorded and processed
for further use in calculations. On the basis of the processed data the regularity of the traffic of vehicles and
the distribution of free intervals depending on the intensity of the movement are deduced.

Research at a different intensity of movement is given for an intensity of 458 cars / hour, as an example.
(Table 1, Fig.1)

Table 1- Frequency of occurrence of a free interval of a given length in a traffic flow, moving with
traffic intensity N = 458 cars / hour.

Tabmuus 1- YacTtoTa mosiBU BIIBHOTO iHTEpBaTY 3aaHOi JOBXHHHU B TPAHCIIOPTHOMY MOTOIIi, IO PY-
Xa€ThCSA 3 IHTCHCHBHICTIO pyXy N = 458 aBTOMOOLIIB / rOAUHY.

Duration of interval, seconds Number of intervals,%

8-10 30

10-12 23

12-14 17

14-16 8

16-18 6

18-20 7

20-22 7

22-24 2

The study was conducted for intensities from 458 cars per hour to 1094 cars per hour. For each of the
intensities, a diagram is constructed and a degree dependence is derived. The degree dependences for each of
the intensities considered in the research are shown in Table 3.

The general function of the dependence of the appearance of a free interval for any intensity:

n=Ax" (D
where n - number of free intervals of given duration in percentage to total,%.

X — duration of free interval, seconds.
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The distribution of the appearance of free intervals

pieces of a given duration at N = 458 car / hour
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Figure_1 — The distribution diagram of the appearance of free intervals of a given duration in a traffic
flow for an intensity of N =458 cars / hour. Where t is the duration of the free interval, c; n - number of free
intervals of a given duration, pcs.

Pucynox 1 — Jliarpama po3moiTy MOsBH BITLHUX IHTEPBAJIB 3a1aHOT TPUBAJIOCTI B TPAHCIIOPTHOMY
moTol ajst inTeHcuBHOCTI N = 458 aBTOMOOLTIB / roauny. Jle t - TpUBaiCTh BIIBHOTO IHTEPBAIY, C; N - Kijlb-
KiCTh BUIBHUX 1HTEPBAJIB 3aJaHO1 TPHUBAJIOCTI, IIIT.

Table 2 — General table of the dependence of the number of free intervals of a given duration on the traffic
intensity.

Tabmwst 2 — 3aramsHa TaOIUIIST 3aJIEKHOCTI KUTBKOCTI BUTBHHUX 1HTEPBATiB 3aJaHOT TPUBAJIOCTI BiJl IHTCHCH-
BHOCTI PyXYy.

ts, sec Intensity of vehicles in 1 lane of traffic in 1 direction, cars / hour
458 704 730 732 746 820 850 856 934 980 1094 | 1140

1 2 3 4 5 6 7 8 9 10 11 12 13
8-10 32 56 16 40 42 22 52 54 18 10 10 12
10-12 24 36 24 20 34 26 26 34 10 16 18 4
12-14 18 8 8 18 20 12 12 8 6 2 6 2
14-16 8 16 10 8 6 8 8 6 4 2 6 8
16-18 6 6 8 12 4 4 10 2 6 4 4
18-20 8 4 4 16 6 4 2 6 0 1 4 2
20-22 8 4 6 4 4 2 2 0 4 2 2
22-24 2 1 2 8 2 6 0 4 0 1 0 4
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n, pieces The number of intervals of a given duration for each value of intensity

%0 that is considered in the distance table
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Figure 2 — Graph of the number of intervals of the given duration for each intensity value, which was
considered in the study. Where tr is the duration of the free interval, seconds; n - the number of free intervals
of a given length, pieces; N - traffic intensity, cars / hour.

Pucynoxk 2 — I'padik KiTbKOCTI iIHTEPBATIB 3aaHO1 TPUBAIOCTI TSI KOSKHOTO 3HAYCHHS IHTEHCHUBHOCTI, SIKE
BPaxoBYBaJIOCh Yy HociimxerHi. [e tf - puBanicTs BiIbHOTO iHTEpBaIly, CEKYH/; Nl - KUTBKICTh BIJIbHUX 1H-
TEpBaJIiB 3a1aHO1 JOBKUHH, ITYK; N - IHTCHCUBHICTh PYXY, aBTOMOOLIIB / TOI.
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Table 3 — Functions of the dependence of the appearance of a free interval of a given duration for each inten-
sity considered in the study.

Tabmwust 3 — @yHKITIT 3aJIeKHOCTI IMOSBY BUTBHOTO 1IHTEPBATY 3a/1aHOT TPUBAIOCTI JIsT KOMKHOL
IHTEHCUBHOCTI, BpaXxOBaHOI B JIOCIi/PKEHHI.

Traffic intensity N, Dependency function R Coefficient A Coefficient B
cars / hour
458 y =42,655x 11! R2=0,7808 42,655 -1,11
704 y = 80,069x 170! R*=10,8436 80,069 -1,701
732 y = 38,149x7 081 R*=0,6926 38,149 -0,891
746 y = 63,474x713% R*=0,8406 63,474 -1,395
820 y =29,617x70-96 R*>=10,7891 29,617 -0,966
856 y = 58,969x1:42 R*=0,8461 58,969 -1,42
980 y = 12,995x°1:026 R*=0,4880 12,995 -1,026
1140 y = 8,3282x703%8 R2=0,3741 8,3282 -0,58

Based on the data in Table 3, the graphs of the dependencies of the coefficients A and B are constructed
which are shown in the figure. 3:

A y =-0,0557x + 72,34 0 $
R2 = 0,8995 02
50

0,4
40 D

-0,6 j
30

0,8
20 AN 1 /></
10 \ , &<

0 . - . y =0,0006x - 1,4038
0 500 1000 1500 N B R*=0,5628

500 1000 lSOON

Figure 3 — The graph of the coefficient A and coefficient B dependence on the traffic intensity N.
Pucynok 3 — I'padik 3anexnocti koediuienra A ta koedinienta B Big inTeHcHBHOCTI pyxy N

On the basis of the data in Table 3, the dependence functions of coefficients A and B are determined:
A= —0,0557x + 72,34 2)
B =0,0006x — 1,4038 3)

The number of free intervals of a given length can be determined by substituting the intensity of the
traffic on the strip and setting the required interval for the maneuver between cars or groups of vehicles.

n=A-t,5B 4)
By substituting the values of the previously determined coefficients A and B, the equation is obtained:
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n = (—0,0557(N) + 72,34) - (t,)*0006(N)~1,4038 (5)

where, n - number of intervals of the given duration in the traffic flow;
N - intensity of traffic along the lane, cars / hour;
t¢ - the duration of the free interval, seconds.

Check the equation with the actual data for intensity N = 1140 cars / hour and for the duration of the
free interval of 20 seconds:

n = (—0,0557(1140) + 72,34) - (20)00006(1140)= 14038 _ g 847 . 20~072 = 2 pieces

Conclusion: After examining the model of behavior of vehicles in carrying out the maneuver on crossing or
adjoining and considering such models for different intensities and different types of transport solutions in
one level, we obtained an equation by which one can determine the number of free intervals of a given length
for any intensity of motion.

Given the dependence of the distribution of free intervals in the traffic flow on the intensity of traffic
and the composition of the traffic flow on the main and secondary roads, it is possible to calculate the number
of vehicles that can perform maneuver on the intersection or adjacency.

On the basis of this data, it will be possible to carry out a feasibility study on changing the geometric
parameters of transport solutions in one level.
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Amnotanis: [1in yac BuKoHaHHS poOOTH OYyJI0 TOCTIIKEHO PyX OAMHOYHHX Ta IPYyI aBTOMOOLJIIB y Tpa-
HCTIOPTHOMY THOTOLli, 3aKOHOMipHICTh MOSIBU BUIBHHUX IHTEPBAJIiB MK TPAaHCHOPTHUMH 3ac00aMu, IO pyxa-
FOTHCS TOJIOBHOIO JIOPOTOI0, 3AJICKHICTH MOJKIIMBOCTI BUKOHAHHS MaHEBPY Ha TEPEXPEIICHHI YU IPUMHUKAHH]
BiJl TPMBAJIOCTI PyXy I'PYyIIM aBTOMOOLJIIB Ta TPUBAJIOCTI BIILHOTO iIHTEpBAIY MiXK IUMHU rpynamu. [lani goci-
JDKEHHS! BUKOPUCTOBYIOTBCS ISl PO3PAXyHKY Yacy 3aTPUMKH TPAHCIIOPTHHUX 3acO0iB IMiJ] yac BUKOHAHHS Ma-
HEBpIB HA TEPEXPEIICHHS Ta MPUMUKAHHIX B OJHOMY piBHI. Ha OCHOBI OTpMMaHWX JaHWX MOXKIHUBO OyIe
BHUKOHATH TEXHIKO-€KOHOMiUHE OOIPYHTYBaHHS MapaMeTPiB MEPEXPECTs UM MPUMUKAHHS, IO PO3TIISAAETHCS.

B X071 BUKOHAaHHS TOCTIPKEHHS OyJIO PO3TIISHYTO BIUIMB IHTEHCUBHOCTI, IIBHAKOCTI PYXY Ta CKIIaIy
TPaHCHOPTHOTO MOTOKY Ha PO3MOJiN iHTEPBaJiB MiXK aBTOMOOUIAMH Ta MOOYAOBaHO rpadikd 3aJIeXKHOCTI
IIHOT'O BIUTMBY JJIS1 Pi3HOT IHTEHCUBHOCTI pyXy. Ha ocHOBI moOymoBaHux rpadikiB BUBEICHO 3aJICKHICTh MTOSBH
BUIBHOTO 1HTEpBaITy, HEOOXiTHOI TPUBAJIOCTI JAJIT BUKOHAHHS MaHEBPY, BiJl IHTCHCHBHOCTI PyXy TPaHCIIOPT-
HOT'O TMOTOKY. BHKOPHCTOBYIOUH 10 3aJIEKHICTH MOXKHA OyJie po3paxyBaTH KiJIbKICTh aBTOMOOLIB AKi 3MO-
KYTb O€3NepenIKOHO BUKOHATH MaHEBD.

3Hal04M CKJaa TPAHCIIOPTHOTO MOTOKY, HOr0 iHTEHCHUBHICTh Ta 3aKOHOMIPHICTh PO3MOALNY BiTBHUX
IHTEpBaIiB MK aBTOMOOUIIMH Ta TPyIIaMH aBTOMOOLTIB, 32 TOITOMOTOIO 3aIIPOIIOHOBAHOTO METOAY MOYKITUBO
Oyne po3paxyBaTH SK 4ac 3aTPUMKH aBTOMOOUIIB IO OYIKYIOTh MOXJIMBOCTI BUKOHAHHS MaHEBpY TaK 1 ix
KUIBKICTB.

KurouoBi cioBa: [HTeHCHBHICTh pyXy, BUIbHHIA 1HTEpBaI, pO3B’si3Ka, TPAHCIIOPTHUH 3acio,
rpyrna aBTOMOO1TIB, aBTOMOOIJIbHA JJOPOTa.
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