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Abstract

This article examines the factors that affect the capacity of the road network and environmental safety. The expert questionnaire
was carried out by ranking the factors affecting the traffic capacity of the road network and environmental safety. The ranking of
the factors showed that the knowledge of the Traffic Rules has the greatest impact on the throughput of the road network, and the
quality of driver training is also an important factor. The article presents the results of an expert assessment, from which it follows
that in order to increase the throughput of the road network and environmental safety, it is necessary to strengthen control over the
observance of the Traffic Rules and improve the quality of driver training, taking into account ethics and eco-driving.
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1. Introduction

The conducted studies of the traffic capacity of the road network mainly consider many factors: road conditions,
the composition of the traffic flow of cars, the availability of technical means of regulation, weather and climatic
conditions and the design of cars. The influence of the driver on road throughput and the environment is poorly
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understood. In this regard, the study of the driver's influence on the throughput of the road network and environmental
safety is an urgent task. A large number of driver factors, such as qualifications, experience, age, and other
components, are difficult to formalize and develop a mathematical apparatus for its analysis.

Expert assessment methods are widely used in various fields of research, which al-low making decisions and
drawing conclusions. The simplicity of the technique in comparison with the creation of mathematical models for
decision making has served its widespread use in research (Atabekov, 2017; Gaysin and Koutenev, 2020; Lozhkin et
al., 2018; Voinash et al., 2018; Atabekov et al., 2020; Troyanovskaya et al., 2022; Tuffour and Asiama, 2022).

The procedure for conducting expert assessments has been widely developed, well-grounded and formalized as
much as possible. In addition, the mathematical apparatus for assessing the accuracy of determining expert
assessments has been effectively developed, including on the basis of a modern understanding of the distribution of
expert opinions (Dobretsov et al., 2021).

According to the expert evaluation procedures were carried out: selection of experts, the procedure for organizing
the questionnaire and its implementation, processing of the results (Farooq et al., 2020; Sarymsakov, 2014).

The selection of experts was carried out taking into account the competence and with sufficient practical experience
in the field of ensuring the transportation process and road safety. The experts included current employees of the
Department of Internal Affairs, transport enterprises and university researchers engaged in scientific research in the
field of transportation and road safety (Sathasivam et al., 2021).

2. Materials and Methods

The number of experts was determined according to the method developed by V.L. Ruposov (2013). It was assumed
that the range of expert assessments did not differ above 25%, therefore, a coefficient of variation of 25% was applied.
According to the method of Ruposov V.L. (Fig. 1) with a probability of p = 0.95 and v =25%, it was determined that
the number of required experts should not exceed 10 people. We took the required number of experts equal to 11
people.
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Fig. 1. Graph of the dependence of the number of experts on the errors of the mean at v =25%.

The n-factors were ranked according to expert estimates m, which determine the sequence of ranks. In order to
check the consistency of m-expert assessments with each other, we determine the consistency coefficient (Kendall's
concordance coefficient) W, calculated by the formula (Lazko, 2018):
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where n is the number of evaluated factors, m is the number of experts participating in the expert survey, S is the sum
of the squares of the deviations of the sum of ranks by n-factors from their arithmetic mean.
The concordance coefficient W takes values from 0 to 1.0:

e W=1.0 there is a complete agreement of expert opinions,
e W > 0.7 there is high agreement of expert opinions,
e W < 0.5 there is low agreement of expert opinions.

The expert questionnaire was carried out by ranking the factors affecting the carrying capacity of the railway lines
and environmental safety.
According to the formula (2), the sum of the ranks received by the j-th element from all experts is calculated:

N
=2 @

Where 7; is the rank received by the j-th element from the i-th expert, NV is the number of experts taking part in the
examination. Table 1-2 shows the results of the expert survey and ranking. Calculation of the coefficient of
concordance:

125 12-7454

- - 3)
mz(n3—n) 102(53—5) 0.743

W=

We check the significance of the concordance coefficient by the Pearson chi-square test using the formula:

o125 @)
m-n(n—1)

x° =M=40.66
11-5(5-1)

According to the tabular data of the y2-distribution, we determine the table for the degree of freedom v = n, the
significance level « = 0.05. We can conclude that the obtained values of the concordance coefficient are statically
significant because y2,;;,, = 16.75 < 40.66.

Table 1. The results of the expert questionnaire of the quality of drivers.

Experts Knowledge of traffic Drive.rs Driver qualifications Ethics. apd Psychophysiology Sum
rules (X;) experience (X;)  (X3) Ecodriving (X4) (Xs)
1 5 2 2 4 4 16
2 4 1 2 3 3 13
3 5 2 2 3 3 19
4 4 2 ) 4 4 1
5 4 2 2 5 4 21
6 4 1 2 5 3 24
7 5 2 3 4 4 24
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8 5 2 2 3 4 25

9 5 2 2 4 3 25

10 5 1 2 4 3 27

11 4 2 1 4 3 14

rS;rE A 50 19 22 43 38 172

A 17.8 -13.2 -10.2 10.8 5.8 -

S - - - - - 745.4
Table 2. Ranking factors.

Factors X5 X3 Xs Xy X,

Sum rank 19 22 38 43 50

Based on the data in Table 1, a histogram (Fig. 2) is built for ranking the quality (preparedness factors) of the driver
for the throughput of the stretch of the road network and environmental safety.
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Fig. 2. Ranking the quality of drivers affecting the capacity of the road network and the environmental safety of vehicles.

3. Research Results

The results of the study of factors affecting the throughput of the road network are presented in Table 3.
Approximately the same research results were obtained S.E. Borisova (2011). At the same time, a questionnaire
survey was carried out among employees of the Department of Internal Affairs and 58% of opinions were the

importance of fostering a driving culture among drivers

Table 3. Expert questionnaire results.

. Driver .
Road maintenance . . . .. Monitoring
Laws and . qualifycation Driver training . .
Experts . and infrastructure . compliance with Summ
regulations (X) (X2) assessment quality (X4) legislation (Xs)
2 method (X3) e s
1 2 3 2 4 4 15
2 3 4 3 4 5 18
3 2 4 3 4 3 15
4 3 3 3 4 4 17
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5 2 3 2 3 5 15

6 1 2 1 4 3 15

7 3 1 3 4 5 19

8 2 3 2 3 4 14

9 2 3 2 4 5 16

10 1 1 3 4 4 17

11 2 3 3 4 5

rS;nrlT(‘ NE 30 27 42 47 169

A; -8.6 -16.2 -19.2 -4.2 0.8 -

S - - - - - 723.32
Table 4. Ranking factors.

Factors X, X3 X, Xy Xs

Sum rank 23 27 30 Py 47

Concordance factor:

125 1272332
mz(n3 —n)_ 102(53 —5)

W= =0.723

We check the significance of the concordance coefficient by the Pearson chi-square test using the formula (4):

2 1272332
11-5(5-1)

According to the tabular data of the y2-distribution, we determine the table for the degree of freedom v = n, the
significance level @ = 0.05. The obtained value of the concordance coefficient is also statically significant because
Xeaie = 16.75 < 40.66.

Based on the data in Table 3, a histogram of ranking factors for the throughput of the road network and
environmental safety is built (Fig. 3).
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Fig. 3. Histogram of ranking the influence of factors on the throughput of the stretch and the environmental safety of vehicles.
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4. Discussion

The conducted expert ranking showed that knowledge of the Rules of the Road, then Ethics and Eco-driving, as
well as the psychophysiology of the driver, is of paramount importance. It is likely that the driver's qualifications and
length of service in a dense traffic flow have little effect on the haul throughput.

The ranking of factors influencing the traffic capacity of the road network shows (Fig. 3) that the control of
compliance with laws (traffic rules) has the greatest impact (47%), followed by the quality of driver training, road
maintenance and infrastructure.

5. Conclusion

It follows from the expert assessment that in order to increase the throughput of the road network and environmental
safety, it is necessary to strengthen control over the observance of the Road Traffic Rules and improve the quality of
driver training, taking into account ethics and eco-driving.

The method presented in the article can be applied to assess the road network of settlements and determine the
causes of poor environmental conditions.
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