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IMPROVEMENT OF THE EFFECTIVENESS OF THE PROCESS OF 
SEPARATION OF COMPOSITION ON THE SORTING HUMPS 

The purpose of the study is dedicated to improving the quality of sorting process using the developed method to 
determine rational regimes of the train breaking up. These modes provide maximum of reliability division of the 
wagon cuts at switches, as well as the possibility of implementing a safe speed collision of wagons in marshalling 
tracks. Methodology. Investigations of the separations of the cut of the train at switches were carried out using sim-
ulation modeling. For research, we used the model for the running cut from sorting hump, which allows us to realize 
the set exit speeds from the brake positions when adjusting the braking zone of the cut. Findings. A quantitative as-
sessment of the indicators of the sorting process was carried out using the developed method for optimizing the 
braking modes of the cuts to control the process of decomposition of trains on one of the sorting hump of Ukraine. 
The performed analysis of the results showed sufficient efficiency of the developed method, which can be recom-
mended for calculating the exit speeds of cuts from brake positions in automation systems of the sorting process. 
The braking modes obtained as a result of optimization can provide a sufficiently high quality of interval regulation, 
as  well  as  the  possibility  of  realizing  a  safe  approach speed of  cuts  to  vagons  on  the  sorting   paths  of  automated  
humps. The scientific novelty of the work is to prove the effectiveness of the considered method of optimizing the 
composition breaking mode. Practical value of the thesis as well as developed models and methods can be used to 
create an automated process control system for breaking up of the stocks on sorting humps, as well as to assess the 
quality of the construction of projected sorting humps. Automation of humps will help to improve the economic per-
formance of stations, reduce the cost of processing cars, save energy for braking cuts and shunting, improve working 
conditions and safety of workers of the sorting  hump. 

Keywords: braking modes; cut; sorting hump; optimization; automated system 

Introduction 

Automation of the process of disbanding trains 
is one of the main ways to improve the efficiency 
of the operation of sorting humps, improving the 
quality of the process of disbanding the composi-
tions and effective using of technical facilities. 
Creating a modern automated control system for 
the sorting process would improve the productivity 
of sorting humps, reduce downtime of wagons at 
sorting stations, and due to this way speed up the 
process delivery of goods, reduce the turnover of 
wagons and their fleet. In addition, the automation 
of the humps will further improve the economic 
performance of the stations, reduce the cost of pro-
cessing cars, saving  of energy resources for brak-
ing cars and shunting work, improve the conditions 
and safety of humps workers. 

An element of creating an integrated automa-
tion system is the introduction of the microproces-

sor system of automatic speed control (ASC). The 
ASC system is designed for calculating and then 
setting in real time the cut speed values at the exit 
from the brake positions, ensuring that the condi-
tions for separating the cut routes for separating 
switches (interval control) and the safe connection 
of carriages on sorting paths (aiming control). 

As the analysis of existing systems showed au-
tomation of the disbanding process compositions 
on the sorting humps, the automatic regulation of 
cut the rolling speed is a rather complicated task 
[1-4]. It's necessary to determine the optimal brak-
ing modes (BM) of the composition cut and ensure 
their implementation with sufficient accuracy in 
the process of realization [5-7] to ensure reliable 
separation of the sliding cut on the switches and the 
safe  speed  of  their  collision  with  the  cars  on  the  
tracks. 
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Research of the rolling cut process with differ-
ent parameters under the conditions of the random 
factors action [8] showed that their influence sig-
nificantly complicates the determination of BM of 
cut during the dissolution of the compositions. 
Random errors in measuring the parameters of cuts, 
used  to  determine  the  optimal  BM,  as  well  as  er-
rors in their implementation can significantly in-
crease the likelihood of separation of cut on  the  
switches.  In  this  regard,  it  is  necessary  to  search  
for such BM, at which the calculated intervals on 
the separating elements between all detachments of 
the composition reach a maximum. This will pre-
serve the minimum interval between cuts, neces-
sary for their successful separation in the event of 
an adverse combination of influencing factors oc-
curring and thereby reducing the likelihood of non-
separation during the dissolution of the composi-
tions on the sorting humps. 

Main part 

Mathematical models of rolling cut is carried 
out with a uniform distribution of the energy height 
which the cut braking, redeemable throughout the 
range of the brake position, not entirely consistent 
with the actual braking process. 

An improved mathematical model for rolling 
off  from  the  sorting  humps  was  proposed  in  [9],  
which allows you to control the choice of a zone of 
brake release. The cut is braked by the rated power 
of the moderator at the selected degree of braking. 
In the model, the braking mode of each cut rolling 
down the hump is represented by the vector U=(U , 
U ) of the speeds of its release from the brake po-
sitions of the discharge part of the sorting hump 
and the vector Ssb =( sbS , sbS ) the points of the be-
ginning of braking at the corresponding brake posi-
tions (BP). 

As the analysis has shown, in real conditions, 
the given output speed of the detachment U can be 
implemented using many modes that differ in the 
coordinate of the point of the start of braking Ssb. 
In this case, the length of the braking zone Lb is 
uniquely determined by the coordinate Ssb and the 
given speed U. 

The analysis performed in [10] showed that 
each of the output speeds U , U  may have several 
restrictions of a different nature; all possible values 
of the vector U=(U , U ) belong to the region of 
permissible speeds (RPS) of the output from the 
upper (UBP) and middle (UMP) brake positions. 

The constraints that form the RPS are deter-
mined by four groups of factors: 

– braking power retarder brake positions; 

– permissible speed of rolling of cut on  the  
downhill part of the sorting hump; 

– requirements of aiming speed control cut; 
– the possibility of implementing a given speed 

of cut out of the brake position. 
The research results showed that the configura-

tion, dimensions and positions of the RPS signifi-
cantly depend on the design of the hump, as well 
as on the cut parameters and rolling conditions [7]. 
Therefore, the methodology was formalized and 
the algorithm for constructing the RPS taking into 
account the above parameters was developed. The 
method is based on the use of simulation modeling 
of rolling out of an unhooking from a hill; it also 
makes it possible to identify and exclude inactive 
restrictions on the speed of cut from the BP before 
starting the optimization problem. 

The choice of braking modes is determined 
both by the parameters of the rolling-off cut of the 
train, and by the sequence of numbers of switchs of 
their separation. Thus, in almost all systems of au-
tomation of the sorting process [11], the choice of 
modes for separation the trains and rolling them 
out takes into account the coordinates of the sepa-
ration  switchs,  which,  in  turn,  are  determined  by  
the rolling routes of the adjacent cut trains. 

Meanwhile, in [12] the possibility of surges on 
beam switches between non-adjacent cuts of the 
composition (cut separated in the composition by 
one or several other cut) and, consequently, the 
need to take into account such situations between 
these cut was noted. 

The analysis of cut divisions on switches using 
the probabilistic approach, performed in [13], al-
lowed us to obtain an analytical expression (1) to 
determine the probability of separating an arbitrary 
pair of composition cut on some switch . In order 
for this separation to take place, it is necessary that 
the i  and ( i k  ) cut pass the switch  in different 
directions; at the same time, all cuts from 1i  ) 
to  ( 1i k  ) should not proceed through this 
switch. Then the specified probability can be de-
fined as 

1
l r l r

,
2 ( ) ( ) ( ( ) ( )))

( 1)

k

i i k k

m m m m  (1) 

It was shown that the conditions of separation 
of non-adjacent cut not less affect the quality of the 
management of dissolution than the normally con-
trolled conditions of separation of adjacent cut of 
the composition. 

For the convenience of analyzing the divisions 
of routes of a particular composition, they were 
represented by an upper triangular matrix [14], the 
rows and columns of which were assigned to the 
number of ways to assign its release sequence. The 
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elements of the matrix ij , i j  are the numbers 
of the switch positions, which separate the routes 
of the cut i  and j ; following, respectively, on the 
way ,i jW W . 

A method was developed to determine the actu-
al  number  of  cut separations in specific composi-
tions. The method provides for the definition of all 
elements of the matrix of numbers of switches for a 
particular sorting hump and composition using the 
Boolean functions: 

( , )ij i j , 

,i j  –  codes  of  destination  paths  of  the  i and j  
cuts. 

The code of each sorting path  is formed in 
such a way that it is possible to determine the posi-
tion of the switches in the route to this path. The 
specified code in binary form consists of N digits 
by the number of switch positions on the sorting 
hump. 

The proposed method allows you to determine 
the elements of a triangular matrix for each specif-
ic composition, disbanded on the sorting hump 
with any design of the switch mouth. The analysis 
of the matrix allows you to set the total number of 
divisions of cut composition, as well as their dis-
tribution among individual switch positions. 

The results of statistical processing of sorting 
sheets on one of the large sorting stations in 
Ukraine showed that the total number of separa-
tions is on average 1,71 times higher than the 
number of separations of adjacent pairs of cuts. 
The number of separations in the composition is 
linearly dependent on the number of cut (fig.1); the 
correlation coefficient between the number of cut 
and the number of divisions is 0.96. 

 
Fig. 1. Correlation dependence between the number of 

divisions Rn and the number of cuts n in the composition 
for Odessa-Sortuvalna station 

Thus, the data obtained allow us to conclude 
that a sufficiently large number of cuts compounds 
have multiple separations with non-adjacent cuts 

and therefore they need to be taken into account 
when solving a wide range of practical tasks aimed 
at improving the efficiency of the sorting process 
on the humps, including and when optimizing the 
mode of dissolution of the compositions. 

In [15], a method was developed to optimize 
the mode of dissolving of the composition, which 
takes into account the conditions of separation be-
tween non-adjacent cuts of the composition. 

The task of optimizing the mode of dissolving 
trains to improve the quality of interval speed con-
trol is to maximize the intervals on the switches be-
tween all  pairs  of  cut  units.  Therefore,  as  an opti-
mization criterion, it is advisable to use the vector 
of intervals between the cuts of the composition, 
constructed taking into account the multiple divi-
sions of each of them: 

t=( t1, t2, , tc)  max  (2) 

c – is the total number of cut separations in the 
composition, in composition including non-
adjacent. 

As the analysis showed, the ti intervals in (2) 
are not independent. A change in the mode of inhi-
bition of  an cut  leads to a  change in the values of  
the set of intervals ti of the vector t. In this case, 
those intervals with which the controlled detach-
ment has a separation on the switches, incl. and 
secondary. 

In  this  regard,  it  is  obvious  that  it  is  necessary  
to control all the specified intervals in the process 
of solving the optimization problem. To this end, 
when choosing the braking mode of the i cut, it 
was proposed to consider the tuple of all cut mem-
bers of the train, which are separated from this cut 
(fig. 2). In this tuple, in addition to the controlled i 
cut and adjacent cut with numbers p1=(i–1) and 
q1=(i+1) it is necessary to include all other cut units 
that have a separation with the i cut. These are cuts 
with numbers p2…,p

N
, located in the composition 

up to the controlled one (p< …< p2 < p1= i-1) and 
also cut numbers q2, …, q

N
,  located after it (q1=i+1 

< q1 < q2 < … < q
N
); N - is the number of switch po-

sitions on the hump. 
The number of cuts in a tuple depends on the 

combination of their purpose in the composition 
and on the design of the hump neck; the maximum 
number of cuts having a separation with a con-
trolled  one  and  located  before  and  after  it  is  2N. 
The tuple composition of the i cut  can  be  unam-
biguously determined according to the matrix of 
numbers of dividing switches of the composition 
cut. 
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Adjacent cuts 

Managed cut 

i 

Direction of dissolution 

P2 pN q2 qN       p1 pN-1 q1 qN-1 

Non-adjacent cuts, having a 
separation with i and located 

to him 

Non-adjacent cuts, having a 
separation with i and located 

behind him 
 

Fig. 2. Scheme of tuple managed cut

Then, the partial criterion of the optimality of 
the braking mode of the i cut, determined at fixed 
modes of all cut, which have separation with con-
trolled, will be the absolute value of the difference 
of  the  minimum  intervals  with  the  cut,  which  are  
located in the composition before and after the i. 

1 2 1 2
( ) min , , min , , min

N Ni i p p p q q qt t t t t t tr

 
Using the given partial criterion for individual 

cut,  it  is  possible  to  construct  a  target  function  to  
optimize the mode of dissolution of the composi-
tion: 

2 3 1, , , minnt t tT  
In this expression, all values it  associated 

with appropriate cut 2, -1n  and ordered by their 
composition. 

To take into account the relationship between 
interval and sighting regulation of the speed of cut, 
as  well  as  the existing restrictions on the speed of  

their rolling down when selecting braking modes, 
their affiliation to the area of permissible speeds of 
their exit i  from the upper BP and average BP is 
controlled. These areas should be determined for 
each detachment of the composition prior to the 
start of solving the optimization problem and are 
its restrictions. 

In the process of optimization, the composition 
is gradually divided into groups in which the 
alignment of the values of adjacent intervals oc-
curs; at the same time, the alignment of the inter-
vals does not occur in each group separately, but at 
the same time throughout the whole composition 
(fig. 3). This result is achieved due to the use of re-
serves of intervals between the detachments of the 
composition, which are in groups with favorable 
conditions of separation and redistribution of these 
reserves between the detachments of the composi-
tion, which are in groups with unfavorable condi-
tions of separation. 

 
Fig. 3 Changing the size of adjacent intervals in the optimization process: 

a) before optimization; b) after some iterations
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As a result of optimization, such modes of brak-
ing of cut are established, at which the maximum 
possible intervals on the separating switches are 
provided for all unfavorable conditions of separa-
tion of the groups of cuts (fig. 4). The boundaries 
of the groups are cut with extreme modes of roll-
ing: fast (F) and slow (S). 

Statistical processing of the interval values 
(fig. 5) obtained as a result of optimization showed 
that the value of the mathematical expectation of 
the interval between adjacent cuts is [ tac]=6,6 s, 
between non-adjacent cuts is [ tnc]=42,2 s. 

 
Fig. 4. Distribution of intervals between cuts after the end of optimization braking modes 

 
Fig. 5 Histogram of the distribution of the size of the intervals between cuts: a) adjacent; b) non-adjacent 

Conclusions 

The analysis of the indicators of the sorting 
process showed a sufficient efficiency of the meth-
od for optimizing the modes of dissolving the 
compositions developed in [12], which can be rec-
ommended  for  calculating  the  release  rates  of  the  
cut positions in the automation systems of the sort-
ing process. 

The braking modes obtained as a result of op-
timization provide a sufficiently high quality of in-
terval control, as well as the possibility of imple-
menting a safe speed of collision of cuts on the 
sorting tracks of automated humps. 
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