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Abstract.The results of the analysis of the delivery time of loaded
wagons were determined by mathematical-statistical methods. The
delivery time of the wagon shipment was considered in the example of a
shipment with a transport distance of 200, 650, 1000 km of the processing
process based on the mathematical-statistical method. According to the
law of normal distribution, the accuracy of the approximation of the
delivery time is determined by V.. In an examination using the
Romanovsky criterion, it was proved that it would be taken into account in
the future. The proposed time delivery technology is based on illustrative
data on the completion of a specific delivery time provided to the team by
determining a coefficient that considers various factors for the next period,
i.e., this coefficient determines the daily distance traveled by the wagon
for the next period.

1 Introduction

Research work is being carried out worldwide to improve the organization of technological
processes of transportation of railway sections and routes and the development of transport
services, methods of analysis, and control of delivery times. In this regard, including the
systematization of conditional and random factors affecting the timing of delivery of goods
by rail and improving the technology of organization of the freight process based on the
time spent on all operations with wagons, the timing of delivery, taking into account the
technical equipment The development of computing software is one of the important tasks.
At the same time, it is necessary to develop a mathematical model of the dependence of the
daily travel time of wagons based on mathematical-statistical methods for the timely and
reasonable reduction of downtime between wagons and technological operations.

2 Materials and Methods

The unit and sum of objects or events of the same type combined according to any common
feature constitute a general set [4-6]. For example, we are interested in the timeliness of
delivery of a particular type of shipment with moving content. This means that all the
wagons in a particular shipment form a general complex.
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The purpose of the observations is to study the properties of the objects of the general
complex that interest us. This task would have been solved if it had been possible to study
all the objects belonging to the general complex. Often, such research requires a lot of labor
or material costs when the unit size is large. In these cases, a limited number of objects are
randomly selected for observation from the general set, using the sampling method of
statistics, and then they are examined.

A set of objects randomly selected for observation is called a selected set or selection.
Based on the found values of the selected set descriptions, the general thinks about the
values of the set descriptions.

The following conditions must be met when making observations to ensure the
reliability of these conclusions:

1) the sample must have a sufficient number of observation objects;

2) the objects of observation must reflect the general complex, i.e., have the
characteristics of the general complex.

As the number of observations (sample size) increases, the characteristics of the sample
complex (average value of the symptom, its variance, etc.) approach the characteristics of
the main complex.

When processing statistical data on cargo transportation and analyzing them, the
number of observations in the sample n can be found according to the following formula [3,
14]:

2
(M

nz
4.1’

where X is the value obtained from the table of integral values of probabilities
P = F (x) for the accepted reliability or depending on the level of reliability of the
obtained results; 1 is the accuracy required in this type of research.

In scientific research practice, it is often taken as ¢ = 0.05, P = 0.90 [3]. The accepted
reliability of the observations was P = 0.90, and the degree of accuracy in the study u =0;
for the case assumed to be [1-2], we find X=1/, accordingly. In this case:

2
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Therefore, the sample size (total number of observations) must be at least 273 objects.

For the sample to accurately reflect the properties of the general complex, it is necessary
to obtain each observation unit completely randomly, without selecting approximately.

If the objects of the general complex are moving and their random appearance is
ensured, then any sequence (sequence) consisting of n objects is included in the sample. For
example, the time required for the arrival of any cargo in a wagon shipment is random, and
a sample of n consecutive shipped wagons can be obtained to determine the average
delivery time.

According to mathematical-statistical methods [6,8,15], the width of the sample is
determined as follows, based on the number of objects in the general complex (n):

C = tmax “loin )
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Table 1. Results of processing of wagon delivery based on the law of normal distribution (for a case
with a delivery distance of 650 km)
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Depending on the width of the sample. its discharge is determined as follows:

C — _max min (3)
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where 7. ,f,., is the largest and smallest value, respectively, between observations.

In our case, the maximum and minimum amount of time spent on delivering the wagon,
respectively, hours.

We consider the fulfillment of the delivery time of a wagon shipment on the example of
a shipment with a transport distance of 650 km based on a mathematical-statistical method.
(1) In general, the number of shipments under surveillance should be at least 273. The total
number of statistical data studied in the dissertation is 308. This, in turn, indicates that the
selected data is sufficient. Hence, it is possible to determine the sampling width based on

(2);
K =(1+3,322-In(n)) =9,27 4)

The maximum and minimum time spent delivering the wagon between observations
was 169 and 50 hours, respectively. Hence, the sampling discharge can be determined
based on (3).

€=t " loin 109750 _ 15 0413, min
K 9,27

We define the limits of the supply discharge. The research process in all mathematical-
statistical methods is performed based on Table 1. In this case, the small limit value of the
first discharge is determined as follows (Table 1, column 2).

h‘lmiu = tmin _g = 50—E = 43,55 min
2 2

Hence, the large marginal value of the first discharge is equal to

h. =t +C=435+13=565, min

Thus, the boundaries of the first discharge lie in the following intervals: 43.5+56.5.
Correspondingly, the boundaries of the second discharge are in the range of 56.5 + 69.5, the
boundaries of the third discharge are in the range of 69.5 + 82.5, and so on, lies.

The average amount of delivery discharge (Table 1, column 3) is determined as follows:

tmax(i)
have(i) = tmin(i) + 2 ’ hour (5)

According to (3.5), the average quantity in the first category of delivery is 50, the
average quantity in the second category is 60, and so on.

The number of statistical observations in the delivery batch (Table 1. column 4), i.e., the
completion of the delivery time corresponding to each batch, can be determined using the
COUNT IF function of Microsoft Excel

The statistical frequency of delivery (Table 1, column 5) is determined as follows:

n, (6)

i
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For example, the statistical frequency of delivery in the first category is 7/308 = 0.0227,
and so on.

The statistical average, which characterizes the state of the statistical distribution series,
i.e., the statistical average of the delivery time in the studied case, is determined as follows
[3-10]:

J
Lye = ztave(i)Pc(i) » hour (7)
i=1

i

here i is discharge number (i =1. 2. .... ).

Thus, according to (7), the statistical average amount of delivery time is 103 hours
(Table 1, column 6).

The statistical variance characterizing the distribution of the distribution series, i.e., the
statistical variance of the delivery time in the studied case, is determined as follows:

J
D, = thave(i)f)c(i) - tzave , hol,ll‘2 (8)
i=1

Hence, according to (3.8), the statistical variance of delivery time is 646 hours °.

The statistical standard deviation, which characterizes the absolute deviation of the
statistical series, i.c., the statistical standard deviation of the delivery time in the studied
case, is determined as follows:

o, =+/D, , hour ©)

Hence, according to (9), the statistical mean square deviation of the delivery time is
25.4 hours.

3 Results and Discussion

Based on columns 3 and 5 of Table 1, we present the observational data in the form of a
histogram (Figure 1). After calculating the numerical descriptions of the statistical series,
we proceed to select the distribution curve that describes this distribution relatively fully.
The distribution corresponding to this curve is called the theoretical distribution [10-17].

The above shows that the fulfillment of the delivery times of wagon shipments can be
determined based on the law of normal distribution.

The choice of a law that describes the statistical distribution of a random value with
sufficient accuracy is made based on the physical nature of the process or event under
study. In this case, the appearance of the histogram or distribution polygon and the
numerical descriptions of the statistical series may serve as additional features. For
example, for the law of normal distribution of a random value, the whole spread is placed

on the plot #,,, F 30, (with an accuracy of up to one percent) [18-20].

ave
The coordinates of the theoretical curve of random value distribution are calculated by
finding the probability that the random value falls into a certain interval, i.e., the probability
of delivery in the studied case in the discharge (Table 1, column 8).
Since the appearance of the polygon of the histogram in Fig. 1 describes the law of
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normal distribution. for the law of normal distribution of a random value (Fig. 1, red curve),
the probability of its falling into a certain interval (p,;) is determined by the following

formula:

P(h'(min) < pu(i) < hi(max)) = F(hi(max)) _F(hi(min)) (10)

1

where F' (hi) is normal distribution law function.

[}eizdx]
N J (11)
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Fig.1. View of the results of processing of wagon delivery based on the law of normal distribution of
the deadline for delivery (for cases where the delivery distance is 650 km)

F (h) values were determined using Mathcad. In this case, the probability of fulfillment
of the delivery time corresponding to the first category in the discharge was determined
following formulas (10) and (11) (Table 1, column 8) as follows:

P(435< p,, £56,5) = F(56,5)— F(43,5) =—0,4667—(~0,4905)=0,0238

The probability in the discharge that the delivery time corresponding to the second
discharge is met:

Equals to P(565< p,, <69,5) = F(69,5)— F(56,5) =—0,4068—(-0,4667)=0,0599

The accuracy of the approximation of the delivery time according to the law of normal
distribution K. Pearson was examined according to the criterion of consent (consent

criterion 12 (xi-square)).

}(2 is the value determined by the following formula (Table 3.1, column 10).
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x=

i

L (n — 1) (12)
— i

where f; is the theoretical probability of the random variable being in the i-interval, the

number of theoretical observations in the delivery discharge in the studied case (Table 1,
column 9).

As shown in Figure 1, the statistical and theoretical distributions are close to each other.
The results obtained from the statistical data are almost identical to those calculated
according to the laws of normal distribution [12-13].

Statistical data and approximations of the correlation between the theoretical normal
distribution curve V.I. were performed according to the Romanovsky criterion [20]. V.I.
According to Romanovsky's rule:

2

T

if so, the adopted distribution law is considered to describe and describe the statistical
distribution in a satisfactory manner.
where r is the number of degrees of freedom:

(13)

r=k-s (14)

where k — is the number of group intervals;
$— s the number of independent (non-dependent) conditions (assumed to be for

normal distribution [13-20]).

According to the law of normal distribution, the accuracy of the approximation of the
delivery time is determined by V.I. During the examination using the Romanovsky
criterion, the conditions of formula (13) assumed the following values of 0.78 <3. This, in
turn, indicates that the approximation of the delivery time according to normal distribution
law does not contradict this observation.

As shown in Figures 2-3, the statistical and theoretical distributions are close to each
other. The results obtained from the statistical data are almost identical to those calculated
according to the laws of normal distribution [9].
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Fig. 2. a) View of the processing results based on the law of normal distribution of the deadline for
delivery of wagons (for cases where the distance of delivery is 200 kilometers). b) View of the
processing results based on the law of normal distribution of the deadline for delivery of wagons (for
cases where the distance of delivery is 1000 km).

Development of technology for regulating the time of delivery of goods on the basis of
the law of normal distribution.

The obtained results were processed by the method of mathematical statistics (Figure 3),
and it was determined that the calculated values of the delivery times of the loads obtained
based on the developed mathematical model, proposed mathematical expressions, and
created software also obey the law of normal distribution. At the same time, the relative
error between the statistical and calculated values of the delivery time of wagon shipments
did not exceed 20%. This demonstrated the reliability of the proposed method of
determining the time of delivery of goods by rail.

Based on the above, the technology of standardization of delivery time based on normal
distribution law was developed to justify the daily distance traveled by wagon shipments in
the freight system (Figure 3).

4 Conclusion

In our proposed delivery time measurement technology, it is done by setting a coefficient
that considers various factors for the next period based on illustrative data on the
completion of a specific delivery time provided to the community, i.e., this coefficient is
used to standardize the daily distance.
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Fig.3. A fragment of the statistical and accounting data on the execution of the delivery time subject
to the law of normal distribution.

The fulfillment of the delivery times of wagon shipments was processed by the method
of mathematical statistics, and it was argued that it could be determined based on the law of
normal distribution. In this case, the reliability of the approximation of the execution of the
delivery time according to the law of normal distribution is K. Pearson was tested according
to the consent criterion (the values of the consent criterion were less than 3 in all studied
cases).
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