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Abstract— The article calculates economic losses when vehicles
are delayed at regulated intersections. The studying aims to calcu-
late the economic costs for various methods of regulation at inter-
sections. Studies of the traffic flow have been carried out, transport
delays and economic losses have been calculated. The results of the
studying show how it is important to optimize traffic regulation.
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I INTRODUCTION

The growth of the country’s car park, along with a positive
impact on the economy, can make worse the working condi-
tions of drivers due to the oversaturation of the road and street
network with vehicles or cause negative socio-economic con-
sequences (traffic accidents, reduced vehicle speeds, etc.).

The social effect is characterized by the improvement of
social relations, changes in the ecological environment, con-
ditions and labor protection, and the comprehensive develop-
ment of the individual. The economic effect, in this case, is
characterized by an increase in national income obtained by
improving the organization of traffic, as a result of scientific
and technological progress.

However, the economic and social effects can grow at dif-
ferent rates. In addition, a positive economic effect may be
accompanied by a negative social effect. Therefore, the main
task in the field of organization and road safety is the im-
plementation of such measures and the development of such
technical means that would provide positive values for both
types of effect.

I PUBLICATION ANALYSIS

The analysis of the existing types of classification of in-
tersections showed that they have a purely formal division
and do not take into account the characteristic features of the
intersection, the geometry, the characteristics of the develop-
ment area of the intersection, stopping points for urban pas-
senger transport, as well as the traffic intensity of pedestrian

and traffic flows. In most cases, the class of the transport hub
is determined by the technical category the city streets that
form it.

The basis of the study was theoretical and practical works
in the field of regulation and ensuring road safety of sci-
entists, including V. Silyanov, M.B. Afanasiev, D. Drew,
M.J. Beckman, E.V. Webster, K.Kh. Azizov, Zh. Sodikov,
A.Ernazarov and many other specialists [1-8].

It should be noted that all existing models to determine
transports delays either limitations or do not take into ac-
count specific road conditions or require a large number of
different parameters and coefficients, which leads to errors
in calculations and, as a result, reduces their practical sig-
nificance. Delayings create the basis for suboptimal traffic
signals, reduced service levels and capacity at intersections,
increased emissions of harmful substances into the environ-
ment, travel time at a regulated intersection, excessive fuel
consumption by cars.

IIT RESEARCH METHODS

One of the important problems in evaluating the effective-
ness of measures aimed at improving the organization of traf-
fic is the identification and determination of socio-economic
losses associated with the imperfection of the organization
of traffic. Improvement of the constructive safety of cars, the
technical condition and arrangement of roads, and the pro-
fessional training of drivers can have a significant impact on
their reduction.

In a general video about the effectiveness of activities that
improve traffic management, patterns:

* Reducing vehicle time loss;

* Reducing the loss of time for passengers in public and
individual transport;

* Reducing the loss of time for pedestrians at the intersec-
tion of streets and highways;

» Reducing the level of traffic noise;
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» Crossroads Num.ber of phases Cycle time
in a cycle (Sec.)

1 The intersection of I. Karimov Avenue with the street Mustaqillik 4 96

2 The intersection of I. Karimov Avenue with the street Bainalminal 4 68

3 The intersection of I. Karimov Avenue with the street. S. Khamrokulova 2 32

4 The intersection of I. Karimov Avenue with the street Shifokor 3 48

5 The intersection of st. Tukimachilik to I. Karimov Avenue 2 32

6 The intersection of I. Karimov Avenue with the street Ortikova 2 32

7 The intersection of I. Karimov Avenue with the street Kaliya 4 72

8 The intersection of I. Karimov Avenue with the street Tashkent 4 82

TABLE 1: CHARACTERISTICS OF INTERSECTIONS.

 Improving the sanitary condition of the air basin (reduc-
ing the concentration of air pollutants);

» Reducing the concentration of harmful substances pol-
luting the roadside.

Measures to organize traffic, making specific changes ei-
ther to the condition and length of the road and street net-
work, or to the conditions for the movement of vehicles, pas-
sengers and pedestrians on an existing network, affect the
level of transportation costs in road transport and the loss of
transportation costs for road transport and losses in indus-
try, agriculture, construction associated with insufficient sat-
isfaction of transportation needs. In addition, the sphere of
economic influence of measures for the traffic management
also includes an increase in net output in the sectors of ma-
terial production that do not belong to the transport industry,
cost reduction or profit growth in non-production organiza-
tions while meeting the corresponding social needs [12]. In
addition to the economic effect, traffic management activities
cause some types of socio-economic effect, mainly reducing
the losses of the national economy and society as a whole
while reducing the number of road accidents and losses asso-
ciated with the time spent on the journey of pedestrians and
passengers using both public passenger transport and indi-
vidual vehicles. In the latter case, the side effect is expressed
in the reduction of traffic fatigue during the journey of pas-
sengers (which contributes to the growth of labor productiv-
ity and higher quality products), as well as in the economic
assessment of the saved free time of passengers.

IV  RESEARCH RESULTS

At the period July-August 2021, the studying of the traffic
flow along the entire length of 1. Karimov Avenue (Jizzakh
city) was carried out. This urban transport highway was cho-
sen as the busiest, connecting the main transport routes of
the city of Jizzakh, through further both intra-city routes for
vehicles and urban inter-city routes.

The total length of I. Karimov Avenue is 7197 m.. The
width of the carriageway is 23 m.;

Number of lanes in each direction — 3.

Number of intersections with traffic lights — 8 (Figure 1).
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Fig. 1: Regulated intersections on I. Karimov Avenue.

On the avenue, there are intersections of various types, as
well as a different types of the traffic flow throughout the
entire avenue.

For regulated intersections, the frequency of operation of
traffic lights is determined, taking into account the action
of the prohibiting ("red") and allowing ("green") traffic light
signals. An example of the intersection of avenue I Karimov
with the street. Mustakillik (Figure 2).

Counting of vehicles passing through intersections on the
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Fig. 2: Cyclogram of the intersection of I Karimov Avenue with Street Mustaqillik.

avenue was also made. The calculation was carried out on a
weekday from 7-00 to 19-00. Results in Table 2.

Ne Crossroads Numf)er
of vehicles

! The intersection of I. Karimov 50 138
Avenue with the street Mustagqillik

The intersection of I. Karimov
2 ) ] . 52 707
Avenue with the street Bainalminal

The intersection of I. Karimov
3 Avenue with the street 32 841

S. Khamrokulova

The i i f 1. Kari
4 e 1nters?ct10n o ar1'mov 57735
Avenue with the street Shifokor

The intersection of st.

5 Tukimachilik to I. Karimov 28 198

Avenue

The int ti f I. Kari
6 ein ers'ec ion o ar11.nov 26 354
Avenue with the street Ortikova

7 The inters.ection of L. KaritTlov 36 822
Avenue with the street Kaliya

g The inters.ection of I. Karimov 32314
Avenue with the street Tashkent

Total:

326 109

TABLE 2: THE NUMBER OF VEHICLES CROSSING
INTERSECTIONS IN 12 HOURS.

Calculation of the average delay of cars at a controlled in-
tersection #, is determined as a weighted average of those
calculated for each phase [10]. Determination of delays for
an intersection with a four-phase cycle by the formula:

Tx(1-21)? x?

=090 A TN D) M

0.92
2%0.796(1—0.9)

55% (1 —0.327)?
t,=0.9
2(1-0.3327%0.9)

] =19,2s

Delay definitions for a dual zone traffic intersection:

0.72
2%0.548(1—0.7)

46% (1 —0.395)%
2(1-0.3395%0.7)

z,,=0.9[ ] =12,2s

Based on the results of the calculations, you can calculate
the total daily delay of cars.

According to the results of the calculations, it can be seen
that vehicles crossing the intersection on I. Karimov Avenue
have a total of 120 hours of delay in one hour. Calculate
losses from vehicle delays on I. Karimov Avenue

The cost of one machine-hour (C,,_;)) must be deter-
mined, taking into account the additional costs of vehicle
owners, per hour of lost time. These expenses include addi-
tional wages of the driver (except for vehicles owned by in-
dividuals), depreciation deductions, additional costs for fuel
and lubricants [11].

The salary E,, can be determined based on the data on the
average monthly earnings of drivers. E and the monthly fund
of working hours F, which averages 170-180 hours:

E
E, =k 2)

where k = 1,26 - coefficient taking into account deduc-
tions for a single social contribution [106]. Depreciation
deductions for one hour Ea are calculated on the basis of
the standard service life of vehicles 7, (available within 8-
10 years), the annual fund of working hours F,, (1800-2000
hours) and the market value of the vehicle C, :

Ea = (3)
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The number .
X . Average Vehicle
of intersections . Lo
Ne Crossroads L. vehicle delay within
within
delay (sec) 1 hour
1 hour
The intersection of I Karimov Avenue with the street Mustagqillik 4549 19,2 243
The intersection of I. Karimov Avenue with the street Bainalminal 4054 19,2 21,6
The int ti f I. Kari A ith the street
3 e intersection o arimov Avenue wi e stree 2526 192 8.6
S. Khamrokulova
4 The intersection of I. Karimov Avenue with the street Shifokor 4441 19,2 23,7
5 The intersection of st. Tukimachilik to I. Karimov Avenue 2169 19,2 7.4
6 The intersection of I. Karimov Avenue with the street. Ortikova 2027 19,2 6,9
7 | The intersection of I. Karimov Avenue with the street Kaliya 2832 19,2 15,1
8 The intersection of I. Karimov Avenue with the street. Tashkent 2486 19,2 13,3
Total 25085 120,7

TABLE 3

Additional costs for fuel and lubricants E¢ per hour of ve-
hicle operation are determined taking into account fuel con-
sumption rates per 100 km of run R, average technical speed
V; and the cost of 1 liter of fuel F;:

RcVLF
= 4

In order to obtain real values of E,,, E,, Ey, statistical data
on these values for 2021 was processed using the example of
an Isuzu bus Cbr‘:l‘i ») is 87 thousand soums/hour.

The cost of one machine-hour of operation of passenger
cars can be used from the data given in, Cf’n‘:i ” 38 thousand
sum/hour.

The average cost of one machine-hour of vehicles opera-
tion, taking into account the composition of the vehicles, is
determined by the sum:

__ pas bus
Chpp = Cm_hnpas + Cmufhnhux (5)

where 71,5, npys are the number of cars and buses in the
traffic flow, respectively.

According to this amount, it is possible to determine the
cost of one car-hour of operation of vehicles to obtain a traffic
flow, in which, for example, 70% of passenger cars and 30%
of buses (trucks):

C70-30 — 0.7 538000 + 0.3 % 87000 =

26600 426100 = 52700

Calculate the economic losses of vehicles from downtime
at the intersection:

sum

Losses =C* " xt, pour = 120,7%52000 = 6276400  sum/h

V RESULTS AND DISCUSSION
VI CONCLUSION

The economic efficiency of investments in measures that
reduce delays at intersections is determined by comparing the
cost savings that the implementation of measures provides
with the costs necessary for their implementation.

The cost savings consist of:

* reducing the time spent by vehicles at intersections;

* reduction of losses associated with a reduction in the
travel time of passengers and pedestrians;

* reduction of damage from road accidents;

* improving the sanitary condition of the air basin (reduc-
ing the concentration of air pollutants);

* the effect of improving the psycho-physiological work-
ing conditions of drivers.

Based on the above, it can be concluded that vehicle delays
bring great economic losses. Adjustments to the durations
of the resolving signals in the control cycle, as well as the
number of phases in the cycle, allows you to save money by
reducing the total delays of vehicles.
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