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an important role in the effective organization of the transport process
task of these types of stations is to distribute wagons at the destination

w trains from them in a timely manner. [1-4].
The sorting station serves transit recyclable and non-recyclable as well as local wagons
4]. Of these, the most important indicator of the work of marshalling yards is the time
spent by transit wagons with processing [2-6]. Therefore, when developing a technological
process for the operation of a station, the norms for the time spent by wagons are set
separately for transit with processing [2, 4, 6].

At present, at most sorting stations, the stand-by time of wagons is set mainly using the
methods recommended in the “Technological operation of the station” [2]. In this case, it is
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important to correctly set the waiting time of transit recycling wagons, which is the main
quality indicator of the station.

In any modern type of sorting stations, the greatest loss of time in the processing of
wagons is due to waiting for the completion of operations [2, 4, 5, 7]. The main reasons for
this are as follows [1]:

— inadequate station work planning;

— lack of information;

— weak interdependence of departments and farms involved in a single tech
process;

— negligence or incompetence of the staff involved in the proce
distributing, constructing and dispatching trains;

— inefficient waste of time in the work process and the factors th

wagons at the sorting station.

2 Methods

At present, in practice, the time spent by a transi
form DO-24 VTS and includes elements (fig. 1)
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Fig. 1. Standby time elements of the transit recycling wagon at the sorting station and their duration

The above elements formulate formulas (1)-(4) for station parks as follows:

reception park:
4P proc(rp) rp disb
trp YA + Z.wai + tproc + twai > h )]



E3S Web of Conferences 549, 04003 (2024) https://doi.org/10.1051/e3sconf/202454904003
TransSiberia 2024

sorting park:
_ for
tsp - ZLa(:c + twai + tfor.rea’ h (2)
departure park:
— 4dp proc(dp) | .dp dep
tdp s + twai + tproc + ttrac + twi.bra + twai > h (3)

disbandment consists of the following elements:
tdisb = tarr + tthr + tdiss + Z‘ups ’ h

where f,,. —time for a locomotive to arrive at the reception park; £, —t
thrust of the train to the top of the; 7,  —time to dissolve the from thé
t,,s —time for upsetting wagons on the way to the sorting park.

up
(1)-(4) the formula forms the following on the sorting statio

)

tproc = Z‘rp + tdisb + tsp + Z‘dp ° h
Using the elements of fig. 1 for the analysis of th
at the sorting station, expands the possibilities o
and subsequent elimination of the causes of their
At the sorting station, two different metho
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The main advantages, disadvantages and error rates of the calculation results obtained
in the regulation of the stopping time of wagons at the sorting station of the methods
awn in Figure 2 are given in Table 1.
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Table 1. Characteristics of the methods of adjusting the standing time of wagons at the sorting station

significantly reduces the
duration of testing compared
to other methods.

Ne Methods Dignity-Advanteges Disadvantages Error
rate
1 1) simplicity of the model and | 1) the input stream is considered
low costs of computer time; as the simplest;
2) the ability to formulate 2) the difficulty of obtaining
Analytical analytical calculation ratios; analytical expressions for Till 50%
3)the ability to reflect systems of great complexity;
multitasking work; 3) the impossibility of describing
4)inter-operational parallel processes;
expectations of wagons are 4) the difficulty of taking into
taken into account; account the uneven arrival of
5) the queues of operations trains and trains.
are reflected.
2 1) visibility and convenience
of the analysis of the work of
the station;
2) study well the technology
Graphic of the station.
Till 20%
3 1) the uneven arrivak 1) high complexity of
Tabular flows and wagon flo calculations;
does not allow to correctly
take into account the occupation
of the tracks, the work of
locomotives, hostility in the
necks, etc.
4 ou to describe the 1) complexity of model
ocess with greater development;
other methods; 2) large labor costs for
exibility of conducting experiments and Till 5-
varying the structure, processing their results. 10%
ithms and parameters of
the system;
3) the use of computers

4P dlsb
tprOC tprOC + t
where is £,

for
Ly T ace 1,

+ tfor rea + th + tdep h

proc wai °

— hump technological interval, h.

o error rates of the methods given in Table 1 [8] are based on scientific

The analytical method has been used by many scientists at different times to measure
he standing time of wagons at the sorting station [12-19]. For example, Professor N.N.
abalin [10] proposed the following formula for determining the average stopping time
of transit recycling wagons at the sorting station

(6)
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At the same time, formula (6) does not take into account the influence of such elements
as securing and fencing the train in the arrival and departure park, waiting for the train to be
processed upon arrival and departure, and providing the train with traction and brakes.

The author of these items is described by the average waiting time

_y-(+v2)
wai 27"(1—1//),

— respectively, the load factor of the input channel and the

where is ¥/, v

the duration of service; 7 — average hourly intensity of arrival of trains.
Also G.S. Vasiliev [11] proposed an empirical formula to determine

time for wagons at stations

res (8197 —8,65- 7, +2,35)

¢ =y nfre ,

n

wai
where is y— numerical factor; y , —

passenger and freight trains; 7. — average queu

The main disadvantages of analytical metho
the average time spent by wagons only in the sub
A typical technological process [10] recom

methods. Although it is difficult to de

methods (Table 1), the graphical method practice..

Graphic modeling is an iy > shalling yard for the processing of transit and
local wagon flows during . schedule, the arrival and departure times of
trains are taken in ac schedule. The duration of the reception,
sorting, dispatch par 2 ons on the sorting hill of the station, as well as
the time of entry gons on the freight yard and station tracks are given in the

technological
In this r time spent by wagons, established on the basis of this
method, ificantly underestimated, and the time losses are overestimated.

mentioned above and in Table 1, the graphic method is

”. One of the main reasons for using this method is that the stations
odern technical means and devices.

s of the wagons and the time they are under operations are determined. And, the
norms for the time spent by wagons at the station are quite approximate.

The simulation modeling method is one of the modern methods and its development is
quite complicated. At the same time, a special algorithm is developed for the desired
station on the sequence of processing of wagons (based on the “technological process of
the station”), on the basis of which a model is created on a computer. The created
simulation model mainly consists of three tabs (tabs) [12]: parameters, graph and log. On
the “Parameters” tab, information about train flows and its processing is indicated. After
the simulation process is completed, on the “Schedule” tab, an automatic train processing
schedule is built for the specified period. Based on it, a table is compiled for the receipt
and processing of wagons at the station.
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The use of this method has no restrictions on the complexity of the described objects in
the study of station systems. In addition, it allows solving a number of tasks to improve the
technologies of the marshalling yard: to identify elements that limit the throughput and
processing capacity, to justify the regulation of the time spent by railcars by elements, to
evaluate the effectiveness of measures for the long-term development of the station.

Despite the complexity of developing an simulation model, it allows to achieve high
efficiency in analyzing, evaluating the work of sorting stations and taking into ac
inefficient time losses.

3 Results and Discussion

carried out in four stages. They are as follows:
1) Analysis of the process of the wagon from on

Place of Technical (sorting or Place of loading cg
precinct) station

Technical (sorting or
preci station

Place of
unloading

of cargo
1

loading
cargo
il Disband and H
b 2 ° "
Pick-up freight or formation
clean-up train
movement

n station.
ment and
ation

Pick-up freight or
clean-up train
movement

Cof unloading
) of cargo
I-variant

2-variant

3-variant

) by a national train formed in accordance with the schedule. In this
can lose up to 60-70% of the total time spent on the road, mainly at the

Won 2, according to option 1, the section formed at the technical station is sent by
train to the next technical station and the cargo is unloaded from the wagon in the yard of
at station or on the way to the station. In this option, the wagon can lose up to 80-90% of
total time at the unloading facility (cargo yard and station road) in addition to the
technical station.

In Option 3, after arriving at Technical Station 2 along the route under Option 1 and
Option 2, the train is dispatched to the unloading point (intermediate station) by a team or
freight train formed in accordance with the train construction plan at this station. In this
option, too, the wagon may lose time as in Option 1.

2) Analyze the time the wagon spends along the way;
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In the above options, the wagon will spend different times along the way. The length of
time depends on several factors: the technical equipment of the railway line; technical
parameters of locomotive and wagon; modernity of train traffic control systems;
qualifications of employees involved in the technological process; technological work
process of technical stations; train schedule schedule type; railway infrastructure, etc.

Based on the statistics of JSC “Uzbekistan Railways” analyzed the average time spent
by the wagon on the road from loading to unloading (Figure 4).

3

Time of stay at
loading and
unloading
stations Time of stay at
50% intermediate
stations
5%
Fig. 4. Percentage of time the wagon is at dif]
From the results of the i 2 concluded that at technical and loading and

and unloading station is the technical station

fifths of the total ti
turn, indicates

spent on technical stations. This indicator, in
ate and technologically sound regulation of the time of
ell as the need to further improve the methods of

the wagon at one station;
e destination by wagon, there is a crossing (train crossing),

ns with the time norms (Figures 5 and 6). Because the correct regulation of
nd control over their implementation will allow not only to increase the quality
of station work, but also to reduce the main performance of railway transport, ie the
livery time of goods.
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negatively affect the stopping time of the wagon [13-19] were divided into
as a result of scientific studies: continuous, random, external and internal (Fig.
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factors. However, the effect of rando
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add another parameter to formula (5).

The formula for determining

The advantages and disadvantages of the methods of standardization of transit and
standby times of local wagons at the sorting station show that the most effective way to
analyze the performance of wagon stop times and control inefficient time losses is
simulation modeling.

Many scientists have been involved in the regulation of wagon standby times at the
sorting station at different times, but the parameters that make up the standby stages and
standby time are different. Therefore, it was recommended to carry out the standardization
of the standby time of the transit recycling wagon, which is the main quality indicator of the
work of the sorting station, in four stages..
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The advantage of the proposed method is the ability to analyze all the time spent by the
wagon on the road from loading to unloading, to identify vulnerabilities in the overall
chain, to analyze the implementation of time standards for transit and domestic wagons
over the years and to identify factors negatively affecting downtime. As a result, the error
rates of the calibration methods are reduced by 5-10%.
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