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CONTROLLING THE SPEED OF ROLLING CUTS IN CONDITIONS  
OF REDUCTION OF BRAKE POWER OF CAR RETARDERS 

Purpose. The study aims to develop the requirements for organization of the marshalling process in the condi-
tions when the power of retarder positions is less than the nominal one. Methodology. The research is carried out 
using the train traffic safety theory and mathematical modelling of hump processes. Findings. The current technical 
standard documents regulating the operational performance of humps do not contain direct instructions on how to 
proceed in the event of brake power loss by car retarders, thus creating threats to the traffic safety. This problem is 
quite acute for the Ukrainian railways in connection with a chronic shortage of funds for the repair and renewal of 
technical equipment, including the humps. At the same time, a significant drop in the volume of work leads to the fact 
that the hump required processing capacity can be provided in case of partial failure of retarders as well. Herewith the 
most important task is to ensure the breaking-up safety in conditions of parametric failures of retarders. The analysis of 
dangerous situations, the occurrence of which is possible at humps, as well as the modelling of cut rolling, allowed 
establishing the connection between the value of retarder tire pressing force on the car wheels and the breaking-up 
modes, providing the safety of marshalling process. The paper sets the application areas of such measures as the 
breaking-up speed reduction, breaking-up termination, the use of additional braking by block hangers. Originality. 
The originality of the work lies in the fact that it first obtained the complex of dependencies that determine the per-
formance requirements for the power of hump retarders and allow the staff to enter the appropriate limits for break-
ing-up modes to ensure the marshalling process safety. Practical value. The results of the research can be used to 
supplement the «Instruction on the maintenance of facilities of mechanized and automated humps» in order to de-
termine the limits of breaking-up modes when detecting the reduction of retarder power below the nominal one. 

Keywords: hump; car retarder; traffic safety; marshalling process; breaking-up of trains 

Introduction 

One of the negative realities of present-day 
conditions of railway transport functioning in 
Ukraine is the critical deterioration of the basic 
technical equipment of the industry, which exceeds 
85%, and a chronic shortage of funds for its up-
grade. Also we should note a significant drop in 
traffic volumes, which led to the formation of  
a large reserve of worn-out technical equipment. In 
these circumstances, in different areas of the indus-
try the following question arises quite often: «Is it 
possible to ensure the safe execution of processes 
using the worn-out technical facilities?» 

 

The main technical means providing breaking 
up and making up of freight trains on the railways 
are humps. The humps are one of the most danger-
ous places in the stations, which are characterized 
by a significant number of injuries, car derailment, 
car and cargo damage. One of the acute problems 
of mechanized gravity humps is worn condition of 
car retarders, which as a result are fully or partially 
disabled or unable to implement regulatory brake 
power. 

The problems of humping process safety are 
currently the subject of a large number of scientific 
papers. An analysis of humping process safety 
conditions is carried out in [10, 19, 23]. In particu-
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lar, the paper [10] stated that 88.1% of cases of 
traffic safety violation at humps occur when con-
trolling the speed of rolling cuts. Breaking-up and 
formation of trains at humps is a major cause of 
damage to freight cars [16, 17]. According to the 
assessment, conducted in [19], in 2009 29 ths. of 
cars were da-maged at Ukrainian humps. 

The main directions of the humping process 
safety improvement are currently the mechaniza-
tion and automation of humps [19, 22], the devel-
opment of new methods of their design [13, 21, 
24], improvement of methods of cut braking mode 
selection [1, 6, 18], improvement of the mainte-
nance and service system of hump devices [15] 
improvement of hump technologies [12]. In these 
studies the tasks of train breaking-up control are 
solved in the conditions of functioning of hump 
technical facilities within the normative values. 
The problem of failures of individual devices at the 
hump is considered from the perspective of their 
early detection. At the same time, insufficient at-
tention has been given to the problems of hump 
complexes functioning in the conditions of worn-
out technical equipment and deviation of their pa-
rameters from the standard values. 

Hump is a complex technological system. Vio-
lation of their operation conditions can lead to sub-
stantial material damage due to damaged cars and 
goods, and in some cases – to the loss of life and 
environmental disasters. 

The methodological basis for solving the prob-
lem of the hump functioning in the condition of 
brake power loss by the retarders can be the traffic 
safety theory [8]. In accordance with the concept 
of this theory, the system may be in operational, 
non-operational safe and non-operational danger-
ous state. In operational state the functioning of 
technological systems takes place in the environ-
ment where its parameters comply with technical, 
technological and design documentation, as well as 
the performance values. In default of these terms 
the technological system is in non-operational con-
dition. If there are adverse factors in this condition, 
it is considered unsafe, otherwise – safe condition. 
If the transition of the system into non-operational 
dangerous conditions is excluded with a high de-
gree of probability, there is a technological system 
with protected conditions. With regard to the prob-
lem of controlling the speed of rolling cuts at 
humps it is necessary to find such processing limits 
whose application in the conditions of breaking-up 

will allow the compliance with marshalling process 
safety requirements. 

Additional limits when arranging the breaking-
up and making up of trains leads to decrease in the 
processing capacity of humps. It should be noted 
that during the Soviet period with substantial traf-
fic volume the humps were the elements limiting 
the station processing ability, and malfunction of 
their facilities was eliminated in the shortest possi-
ble time. Currently, the car processing volume is 
decreased significantly. For example, loading of an 
odd hump of Nizhnedneprovsk-Uzel station is 
63%, and of an even one – 37%. As a result, from 
the economic point of view the long-term opera-
tion of humps in protected mode may be more ap-
propriate. 

Purpose 

The purpose of this work is to develop the re-
quirements for organization of the humping opera-
tion in the conditions when the power of retarder 
positions is less than the nominal one. 

Methodology 

Design of construction and modernization of 
humps was performed in accordance with the re-
quirements [14], and starting from 2013 – in ac-
cordance with [3]. The works [3, 14] note that the 
number of brake positions of a hump, their loca-
tion, capacity and equipment shall ensure the safe 
car marshalling with the set maximum breaking-up 
speed. Herewith the retarders shall ensure the al-
lowable speed of cut entry into the second and 
third brake position, full stop of cuts on this posi-
tion, as well as the allowable speed of cut ap-
proaching the cars on classification track. 

The power of hump brake equipment is tested 
during its design by modelling the rolling of four-
axle gondola car weighing 100 tons with the main 
resistance of 0.5 N/kN (BT roller). To ensure the 
reliability and survivability of the cut rolling speed 
regulation system the required power of brake po-
sition is calculated taking into account the factor of 
its increase kр=1.2. At the same time the first brake 
position is equipped with an additional retarder; in 
addition rounding of the required number of re-
tarders is performed upwards. As a result the 
humps must have brake position power reserves 
that can be used in case of retarder brake power 
reduction during their operation. 
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It should be noted that at the design stage of 
some humps there were made significant devia-
tions from the requirements [14] and the brake 
power reserves at such humps are minimal. The 
example is even hump of Nizhnedneprovsk-Uzel 
station, where the first brake position is equipped 
with one retarder instead of two, and the air net-
work power is produced by the compressor station 
of the train depot, which provides a pressure of 
0.5-0.56 MPa instead of 0.65 MPa. In this regard, 
the retarder brake power reserves have individual 
nature for each hump and may vary significantly. 

The main cause of brake power loss by the re-
tarders in the course of operation is their fault or 
the lack of pressure in the pneumatic circuit. The 
typical procedures for hump operators under such 
conditions are set forth in [9]. It is stated in [9] that 
if the pressure in the pneumatic circuit is less than 
0.65 MPa, the breaking-up process must be discon-
tinued. In case of failure of retarders and their 
switch-off for repair the breaking-up process can 
continue in the normal mode provided the switch-
off of one retarder at the first brake position and 
with breaking-up speed reduction provided the 
switch-off of one retarder at the second brake posi-
tion. When some retarders are switched-off, the 
breaking-up speed at the brake position decreases 
and the additional braking by block hangers can be 
used. When two retarders are switched-off at the 
same time on the rolling route, the breaking-up 
stops. 

Maintenance of retarders at Ukrainian humps is 
carried out in accordance with [4]. In particular, [4] 
specifies the procedure to check the retarder tire 
pressing force onto the wheel and the tolerances to 
reduce these values. The measurement results are 
recorded in SHU-2 form log. However, the exist-
ing legal documents do not impose strict criteria on 
how to disable retarders for repairs due to insuffi-
cient brake power. In fact, in case of power loss by 
retarders the breaking-up speed and the cut weight 
are reduced. However, there is neither rationale for 
these measures nor the analysis of their efficiency. 

The humps of Ukrainian railways use the beam 
retarders, providing car braking due to the wheel 
friction on the tires. Specific damped energy 
height, implemented by the retarder, is calculated 
by the formula: 

 w re t
B

z P K nlh
Q

µ
= , (1) 

where z – number of friction surfaces (2 – for sin-
gle-cut retarders and 4 – for two-cut ones); µ  – 
coefficient of car wheel friction on the retarder tire; 

wP  – retarder braking tire pressure force on the 
wheel; reK  – reduction coefficient determined by 
the distance between the centre of gravity of the 
brake-tire-wheel adhesion area to the wheel sup-
porting point and the wheel radius; n  –number of 
axles of a cut; tl  –length of retarder tires; Q  –cut 
weight. 

To determine the energy height realized by the 
retarder during braking of particular car according 
to the formula (1) is rather difficult, because, first 
of all, the friction coefficient is a random value that 
varies within the range of 0.05 to 0.20 [5]; in addi-
tion, the height of wheel tires and the position of 
retarder tires also are random values, varying with-
in tolerances. As a result, the energy height 
damped by the retarder is also a random variable in 
each case. The analysis of research reports of the 
Hump testing laboratory of the Dnepropetrovsk 
National University of Railway Transport named 
after Academician V. Lazaryan shows that the 
brake power of new retarders was established on 
the basis of statistical data accumulated as a result 
of cut deceleration measurements under various 
conditions with a confidence level of at least 0.95. 

An indicator of the humping process quality is 
the probability of ROR (Railway Operating Rules) 
set speed of cut approach to cars on classification 
tracks. However, there is no control of this re-
quirement at the humps. It should be noted that the 
car collision over-speeding in each separate case 
does not cause accidents, but causes an increase in 
frequency of these events. The main result of this 
breach of the ROR requirements is the accumula-
tion of fatigue changes in the design of cars, caus-
ing premature wear. 

Given the above, assessment of the retarder 
power impact on humping process safety perform-
ance on the basis of experimental observations is 
quite a challenge, requiring large expenditures of 
time and resources for the accumulation of statisti-
cal material. Therefore, to determine the breaking-
up modes, which comply with the traffic safety 
requirements, the study of the humping processes 
is conducted using cut rolling simulation [2]. 
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Findings 

Analysis of the formula (1) shows that the ac-
tual brake position retarder power aН can be de-
termined by checking the pressing force of their 
tires on the wheel using the expression 

 min
1nom

r
nom

a j
j

НН p
rp =

= ∑ , (2) 

where jp  – measured in accordance with [4] tire 
pressing force on the lever axles; r  –number of 
levers; nomН  – nominal brake power of the re-

tarder; min
nomp  – minimum nominal pressing force of 

retarder tires on the wheel. 
Sufficiency of the retarder set power is deter-

mined based on the analysis of fulfilment of the set 
of conditions. 

Retarders of the first retarder position (RP1) 
shall provide entry of all cuts to the second braking 
position (RP2) with a permissible speed. This re-
quirement is put forward in connection with the 
fact that the cuts entering RP2 at higher speed may 
damage the retarders. 

The minimum required power of RP1 is deter-
mined by the results of BT roller rolling simulation 
in favourable conditions by the formula 

2 2brp2
0,nom rp2-3

rp1
HT

10
2 btr

V V
Н il

g
−

≥ + −
′∑  

brp2 brp2 brp2
m pc ewh h h− − − , (3) 

where 
brp2

-3

HT
10il∑  – profile height of the section 

from the hump top to the bundle retarder position 
entry; 0,nomV  – breaking-up speed; 

brp2 brp2 brp2, ,m pc ewh h h  – specific work of drag forces, 
respectively, the main one, of points and curves, of 
environment and wind at the section from the 
hump top to the bundle retarder position entry; btg′  
– acceleration of gravity subject to inertia of car 
steadying effect m/s2. 

For the purpose of standardization, the expres-
sion (3) can be represented as 

 
1

RP1
1

r

j
j

p С≥∑  (4). 

here the parameter 1,С  characterizing the minimal 
allowable value of the retarder tire pressing force 
on the wheel, is defined as 

 

2 2brp2
0,nom RP2-3min

nom
HT btr1

nom brp2 brp2 brp2
m pc ew

10
2

V V
ilrp gС

Н
h h h

⎛ ⎞−
+ −⎜ ⎟

′= ⎜ ⎟
⎜ ⎟− − −⎝ ⎠

∑ ; 

1
RP1

r

j
j

p∑  – sum of the measured values of BP1 re-

tarder tire pressing force on the lever axles. 
Given the fact that it is not possible to provide 

alternative ways for cut braking at this section of 
the hump, when the condition (4) is violated, the 
breaking-up shall be discontinued. 

Retarders of RP1 and RP2 shall provide entry 
of all cuts to yard retarder position (YRP) with a 
permissible speed. The possibility of this condition 
is checked using the expression: 

2 2yrp2
0,nom yrp-3

rp,
1 btr

10
2i

i HT

V V
Н il

g=

−
≥ + −

′∑ ∑  

yrp yrp yrp
m pc ewh h h− − − , (5) 

where 
yrp

-310
HT

il∑  – profile height of the section 

from the hump top to the yard retarder position 
entry; 

yrpV  – permissible speed of cut entry to the yard 

retarder position; yrp yrp yrp
m pc ew, ,h h h  – specific work of 

drag forces, respectively, the main one, of points 
and curves, of environment and wind at the section 
from the hump top to YRP entry. 

If the condition (5) is violated, the breaking-up 
shall be discontinued. 

According to [3], the first and the second re-
tarder positions together shall provide a cut stop at 
the second retarder position. This requirement is 
necessary to be able to stop the rolling cuts if there 
is any situation threatening the traffic safety within 
the point zone. The possibility of this condition is 
checked using the expression: 

2rpe22
0,nom-3 rpe2 rpe2 rpe2

rp, m pc ew
1 HT btr

10
2i

i

V
Н il h h h

g=

≥ + − − −
′∑ ∑ , (6) 
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where 
rpe2

-3

HT
10il∑  – profile height of the section 

from the hump top to RP2 exit; rpe2 rpe2 rpe2
m pc ew, ,h h h  – 

specific work of drag forces, respectively, the main 
one, of points and curves, of environment and wind 
at the section from the hump top to RP2 exit. 

Graphically safe modes of brake retarders op-
erations can be presented as the feasible region of 
braking modes [20]. 

To illustrate the limits of 3, 5 and 6, they are 
represented on a coordinate plane HRP10HRP2 in the 
Figure 1 in the form of lines U1, U2 and U3 which 
outline three areas Ω1, Ω2 and Ω3. If the available 
powers of RP1 and BP2 correspond to Ω1area, the 
breaking-up is performed in the normal mode, if 
to Ω2 area –with restrictions, if to Ω3 area – break-
ing-up is discontinued. 

 
Fig. 1. Graphical representation of the retarder position 

power limits of the hump lowering section 

Resistance of the environment and wind, as 
well as of points and curves depends on the cut 
movement speed. Therefore, the effect of the first 
and the second retarder positions on the car energy 
height loss is not equivalent. In this connection, the 
conditions (5) and (6) are represented as 

 
1 2

RP1 RP2
1 2

r r

j j
j j

p k p C+ ≥∑ ∑ , (7) 

 
1 2

RP1 RP2
2 3

r r

j j
j j

p k p C+ ≥∑ ∑ . (8) 

where 
2

RP2
r

j
j

p∑  – sum of the measured values of 

RP2 retarder tire pressing force on the lever axles. 
The left side of expressions (7) and (8) corre-

sponds to the actual pressing force of retarder tires 
on the wheel, subject to different degrees of their 
influence on the damped energy height value char-
acterized by coefficients 1 1k >  and 2 1k > . The 
parameters 2C  and 3C  characterize the minimum 
acceptable value of the retarder tire pressing force 
on the wheel for which the conditions (5) and (6) 
are fulfilled. The values of coefficients 1 2,k k , and 
the parameters 2 3,C C  are determined on the basis 
of cut rolling simulation. 

In case of failure to meet the requirement (8) 
the process of interval regulation of the cut rolling 
speed shall be transferred to a secure state. The 
power loss of the hump lowering section may re-
sult in increased probability of un-broken cuts as 
well as hazards associated with the cut in the 
points zone. Herewith the secure states of the 
humping process can be realized due to the inter-
rupted breaking-up for separation of unfavourable 
combinations of cuts in the bundles and due to the 
interrupted breaking-up for separation of the cuts 
following into one section. The use of the first 
mode is allowed subject to the possibility of ade-
quate intervals on the separating elements arranged 
before RP2, in the calculated combination of roll-
ers [3]. Herewith the ability to separate the light 
slow and the heavy fast rollers is determined by the 
condition 

 
1

RP1
4

r

j
j

p C≥∑ , (9) 

and the power of RP2 and of the yard retarder posi-
tion (YRP) allows partial use of RP1 for separation 
of heavy slow and light fast rollers. This condition 
is formulated as 

 
32

RP2 YRP
3 н 5/

rr

j j
j j

p k p k C
⎛ ⎞

+ ≥⎜ ⎟⎜ ⎟
⎝ ⎠
∑ ∑ . (10) 

where 
3

YRP
r

j
j

p∑  – sum of the measured values of 

YRP retarder tire pressing force on the lever axles. 
The values of the coefficient 3k , and the pa-
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rameters 4 5,C C  are determined on the basis of cut 
rolling simulation. 

In the protected state of interval cut rolling 
speed regulation the duty operator of the hump 
prior to breaking-up based on the analysis of train 
structure and classification tracks state shall single 
out the unfavourable combinations of cuts and de-
termine the screening tracks. During the breaking-
up process the power of the first retarder position 
should be used as much as possible, and that of the 
second position – depending on the needs of the 
target regulation of cut rolling speed. Pushing of 
cars stopped in the point zone is prohibited. 

The power of retarders on the hump lowering 
section and classification tracks shall meet the re-
quirements of the target regulation of the cut roll-
ing speed, which specifies the cut rolling till cars in 
the marshalling yard with ROR-set speed tpV =  
5 km/h. Herewith the design target point is as-
sumed the point at a distance of 50 m from the 
yard braking position [3]. It should be noted that 
the longitudinal profiles of a significant number of 
classification tracks of Ukrainian railway stations 
have accelerating gradients. In such circumstances, 
the retarders shall provide a cut stop at YRP, i.e. 
the calculation point is assumed the YRP exit 
point, and tpV = 0. In general, the target regulation 
requirements are represented by the following con-
dition: 

2 2tp3
0,nom tp3

rp,
1 HT btr

10  
2i

i

V V
H il

g
−

=

−
≥ + −

′∑ ∑  

tp tp tp
m pc ewh h h− − −  (11) 

where 
tp

-3

HT
10il∑  – section profile height from the 

hump top to the calculation point; tp tp tp
m pc ew, ,h h h  – 

specific work of drag forces, respectively, the main 
one, of points and curves, of environment and wind 
at the section from the hump top to the calculation 
point. 

Condition (11) can be represented as 

 
31 2

RP1 RP2 YRP
4 5 6

rr r

j j j
j j j

p k p k p C+ + ≥∑ ∑ ∑ . (12) 

 

The values of coefficients 4 5,k k , and parame-
ters 6C  are determined on the basis of cut rolling 
simulation. 

If this condition is not fulfilled, then the proc-
ess of impact regulation of cut rolling speed is 
transferred to the protected state using additional 
braking by block hangers on the classification 
tracks. The use of this state is possible if the re-
tarder position power along the rolling route pro-
vides the allowable block hanger entry speed of 
cuts тб 4.5V ≤ m/s. This condition is formulated 
using the following expression 

2 23 BHRP
0,nom bhe3

rp,
1 HT btr

10  
2i

i

V V
H il

g
−

=

−
≥ + −

′∑ ∑  

BHRP BHRP BHRP
m pc ewh h h− − −  (13) 

where 
BHRP

-3

HT
10il∑  – section profile height from the 

hump top to the block hanger retarder position; 
BHRP BHRP BHRP
m pc ew, ,h h h  – specific work of drag forc-

es, respectively, the main one, of points and 
curves, of environment and wind at the section 
from the hump top to the block hanger retarder 
position. 

Condition (13) can be represented as 

 
31 2

RP1 RP2 YRP
6 7 7

rr r

j j j
j j j

p k p k p C+ + ≥∑ ∑ ∑ . (14) 

The values of coefficients 6 7,k k , and parame-
ters 7C  are determined on the basis of cut rolling 
simulation. 

In the protected state of interval cut rolling 
speed regulation the breaking-up rate shall allow 
the car speed controllers to perform the cut brak-
ing. In case of sequential rolling of cuts designated 
for the track serviced by one controller, the break-
ing-up shall be interrupted. The length of the free 
ends of the classification tracks shall enable cut 
braking to the safe speed of its approach to the cars 
standing on the tracks. Pushing of cars at the sec-
tion to block hanger kicker is prohibited. 

In general, based on the analysis of the hump 
retarder power the following breaking-up modes 
can be selected: 

− regular mode; 
− protected mode ensuring the requirements of 
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interval regulation of cut rolling speed, which is 
realized by reducing humping speed and the break-
ing-up interruption when predicting dangerous sit-
uations on the hump lowering section; 

− protected mode ensuring the requirements of 
the impact regulation of cut rolling speed, which is 
implemented due to additional braking by cut 
block hangers on the classification tracks, break-
ing-up interruption to allow for sequential braking 
of cuts by car rolling speed controllers on different 
tracks and performing additional work to prepare 
the tracks for breaking-up; 

− ban on car rolling from the hump onto spe-
cific tracks without a locomotive. 

In accordance with the established methodol-
ogy it is possible to assess the impact of currently 
used limits for breaking-up speed and cut weight 
on the humping process safety. 

Permissible values of train breaking-up speed 
for humps of different capacities are installed in 
[3]. In particular, for high capacity humps the cal-
culation of longitudinal profile and brake equip-
ment power is performed at a maximum speed of 
2.2 m/s, for medium capacity humps – 1.9 m/s. 
The minimum breaking-up speed can be accepted 
as 0.8 m/s, set as the nominal speed for non-
mechanized small capacity humps. Thus, the addi-
tional value of the damped energetic height to be 
implemented by retardants in case of excess of the 
minimum breaking-up speed makes 0.23-0.16 m. 
of en. h. This value is insignificant compared to the 
power of braking positions at high and medium 
capacity humps. In this regard, the train breaking-
up speed has not essential influence on the required 
power of braking position retarders. The main ef-
fect that is achieved by breaking-up speed reduc-
tion is the increase in time slack at the separating 
elements up to 11 sec., which guarantees the sepa-
ration of cuts at railway points located before BP2. 
Given that more than 70% of separations fall to 
these points, humping speed reduction significantly 
decreases the number of breaking-up interruptions 
and provides resource saving during train accelera-
tion and deceleration. 

Brake power loss by retarders restricts the abil-
ity of persons, who control the cut rolling process, 
to react to dangerous situations on the hump lower-
ing section and also leads to increased work-load 
of the controllers of car speed on classification 
tracks. The value of additional time slack achieved 
by breaking-up speed reduction does not ensure the 

management of these dangerous situations and, in 
case of their occurrence, the humping process safe-
ty should be ensured not by low breaking-up 
speed, but due to planning of intervals in breaking-
up process to avoid hazardous situations. 

When rolling the multi-car cuts it is necessary 
to consider a number of features of their move-
ment. 

The consequence of increased number of cars 
in a cut is its reduced acceleration at the hump rap-
id section. As an example, Fig. 2 shows the rela-
tions ( )V f S=  for one- and ten-car cuts. Here-
with, the low BP1 entry speed of the latter may 
lead to the errors of a hump operator when choos-
ing a cut braking mode as well as the retarder pow-
er loss due to admittance of cars without braking. 

 
Fig. 2. Curves of rolling speed for one- and ten-car cut 

At some humps, for example, at the odd hump 
of Nizhnedneprovsk-Uzel station, the RP1 retard-
ers close location to the hump top may result in the 
stop of long cuts already at RP1 and their run down 
by approaching train. Such a situation may cause 
car derailment and damaged retarders. 

The research conducted in [16, 17] show that at 
speeds lower than 5 km/h there occurs the above-
standard voltage in the side frames of bogies, lead-
ing to premature wear of the latter. To ensure the 
normal operation of cars, [16] recommended the 
retarder entry speed for cars to be min 10-15 km/h. 
In this regard, it may be advisable to limit the cut 
length so that the RP1 entry speed in adverse con-
ditions would make min 3 m/s. 

The specific work of the retarder brake forces is 
proportional to braking axle-meters. Therefore, 
during braking to a full stop the multi-car cuts shall 
pass a longer way than the one-car cuts. In this re-
gard, the preparation of the classification tracks for 
breaking-up shall include the provision of the track 
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length sufficient to reduce the multi-car cut speed 
to an acceptable level. If additional braking by 
block hangers is used on the track, this distance 
shall be determined from the block hanger kicker. 
[7] recommends to limit the cut length on the as-
sumption of providing the exit of their first cars 
from YRP with ROR-set speed of cut approach to 
the cars standing on the classification tracks of 5 
km/h. Analysis of the causes of dangerous situation 
at the hump, requiring the introduction of such re-
strictions, shows that it is connected not with the 
multi-car rolling but with pushing of the cars that 
stop after the yard braking position with the help of 
multi-car cut. Due to poor predictability of move-
ment of cars at low speeds, as well as their connec-
tion with the standing cars, such pushing may lead 
to cut stop on the hump lowering section and is not 
permissible. Therefore, the breaking-up safety 
shall be ensured by way of advance preparation of 
track for multi-car cut rolling or by breaking-up 
interruption and taking measures to eliminate  
a dangerous situation. 

These dangerous situations are peculiar both for 
regular modes of the hump operation and for 
emergency modes caused by retarder brake power 
loss. Therefore, we can conclude that the problem 
of multi-car cut rolling requires more research; 
however there is no direct connection between 
humping process safety and multi-car cut rolling in 
the conditions of power loss by retarders. 

Originality and practical value 

The originality of the work lies in the fact that 
it first obtained the complex of dependencies that 
determine the performance requirements for the 
power of hump retarders and allow the staff to en-
ter the appropriate limits for breaking-up modes to 
ensure the humping process safety. 

The results of the research can be used to sup-
plement the instruction [4] in order to determine 
the limits of breaking-up modes when detecting the 
reduction of retarder power below the nominal one. 

The values of coefficients 1 7k k− , 1 7C C−  are 
individual for each hump and depend a lot on the 
local conditions. The calculation of their values 
shall be carried out after the construction or recon-
struction of the hump, and after repair work that 
resulted in the change of its height. As an example, 
below there is a list of expressions to assess the 
brake position capacities of the hump given in [11]. 

Ensuring allowable speed of cut entry to BP2 
(4): 

 
24

RP1 630 kNj
j

p ≥∑ . (15) 

Ensuring allowable speed of cut entry to YRP 
(7): 

 
24 24

RP1 RP21.074 1020 kNj j
j j

p p+ ≥∑ ∑ . (16) 

Enabling cut stop on RP2 (8): 

 
24 24

RP1 RP21.096 3660 kNj j
j j

p p+ ≥∑ ∑ . (17) 

Enabling cut separation on point switches be-
fore RP2 (9) and (10): 

 
24

RP1 0j
j

p ≥∑ , (18) 

 
24 24

RP2 YRP0.431 3670 kNj j
j j

p p+ ≥∑ ∑ . (19) 

Ensuring allowable cut speed at the TP (12): 
24 24

RP1 RP21.087j j
j j

p p+ +∑ ∑  

24
YRP0.469 3990 kNj

j
p+ ≥∑ . (20) 

Ensuring allowable speed of cut entry to block 
hangers (14): 

24 24
RP1 RP21.090j j

j j
p p+ +∑ ∑  

24
YRP0.464 2540 kNj

j
p+ ≥∑ . (21) 

During hump operation upon completing the 
measurement of the tire pressing force onto the 
wheel, fulfilment of the conditions (15) – (21) 
must be checked and according to the check results 
the breaking-up modes must be set. 

Conclusions 

The conducted research led to the following 
conclusions. 
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1. The current railways regulatory documenta-
tion does not set the strict criteria for disabling re-
tarders for repairs due to insufficient brake power, 
as well as the scientifically based methods of hump 
operation in such conditions. It results in more 
likely violations of ROR requirements and the oc-
currence of accidents at humps. 

2. To ensure the humping operation safety in 
the conditions of brake power loss by retarders it is 
possible to take the measures based on breaking-up 
speed reduction, breaking-up termination, using of 
additional block hanger braking, more frequent 
pulling and taking-up of cars during track prepara-
tion for breaking-up. The article presents a meth-
odology that allows setting the limit values of tire 
pressing force onto the wheel, which indicate the 
necessity to carry out the transition into the various 
secure states of the humping operation. 
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УПРАВЛІННЯ ШВИДКІСТЮ СКОЧУВАННЯ ВІДЧЕПІВ  
ПРИ ЗМЕНШЕННІ ГАЛЬМІВНОЇ  
ПОТУЖНОСТІ УПОВІЛЬНЮВАЧІВ 

Мета. Дослідження спрямовано на розробку вимог до організації сортувального процесу в умовах, коли 
потужність гальмівних позицій є меншою за номінальну. Методика. Дослідження виконані з використанням 
методів теорії безпеки руху поїздів та математичного моделювання гіркових процесів. Результати. Чинні 
нормативно-технічні документи, що регламентують експлуатаційну роботу сортувальних гірок, не містять 
прямих вказівок про порядок дій у разі втрати вагонними уповільнювачами гальмівної потужності, в резуль-
таті чого виникають загрози безпеці руху. Зазначена проблема досить гостро стоїть перед залізницями Укра-
їни у зв’язку з хронічним дефіцитом коштів на ремонт і оновлення технічних засобів, в тому числі й сорту-
вальних гірок. У той же час суттєве падіння обсягів роботи призводить до того, що необхідна переробна 
спроможність гірок може бути забезпечена і при часткових відмовах уповільнювачів. Найважливішим за-
вданням при цьому є забезпечення безпеки розпуску в умовах параметричних відмов уповільнювачів. На 
підставі аналізу небезпечних ситуацій, виникнення яких можливе на сортувальній гірці, а також моделю-
вання скочування відчепів встановлено зв’язок між величиною зусиль натискання шин уповільнювачів на 
колеса вагонів та режимами розпуску, що забезпечують безпеку сортувального процесу. Встановлено облас-
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ті застосування таких заходів, як зниження швидкості розпуску, переривання розпуску, використання додат-
кового гальмування башмаками. Наукова новизна. Вперше отриманий комплекс залежностей, що визнача-
ють експлуатаційні вимоги до потужності сповільнювачів сортувальних гірок і дозволяють експлуатаційно-
му персоналу вводити обґрунтовані обмеження режимів розпуску для забезпечення безпеки сортувального 
процесу. Практична значимість. Результати виконаних досліджень можуть бути використані для допов-
нення «Інструкції з технічного обслуговування пристроїв механізованих і автоматизованих сортувальних 
гірок» із метою визначення обмежень режимів розпуску при виявленні зменшення потужності уповільнюва-
чів нижче номінальної. 

Ключові слова: сортувальна гірка; вагонний уповільнювач; безпека руху поїздів; сортувальний процес; 
розформування составів 
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УПРАВЛЕНИЕ СКОРОСТЬЮ СКАТЫВАНИЯ ОТЦЕПОВ  
ПРИ УМЕНЬШЕНИИ ТОРМОЗНОЙ МОЩНОСТИ ЗАМЕДЛИТЕЛЕЙ 

Цель. Исследование направлено на разработку требований к организации сортировочного процесса в ус-
ловиях, когда мощность тормозных позиций является меньше номинальной. Методика. Исследования вы-
полнены с использованием методов теории безопасности движения поездов и математического моделирова-
ния горочных процессов. Результаты. Действующие нормативно-технические документы, регламентирую-
щие эксплуатационную работу сортировочных горок, не содержат прямых указаний о порядке действий в слу-
чае потери вагонными замедлителями тормозной мощности, в результате чего возникают угрозы безопасности 
движения. Указанная проблема достаточно остро стоит перед железными дорогами Украины в связи с хрони-
ческим дефицитом средств на ремонт и обновление технического оборудования, в том числе и сортировочных 
горок. В то же время существенное падение объемов работы приводит к тому, что нужная перерабатывающая 
способность горок может быть обеспечена и при частичных отказах замедлителей. Важнейшей задачей при 
этом является обеспечение безопасности роспуска в условиях параметрических отказов замедлителей. На ос-
нове анализа опасных ситуаций, возникновение которых возможно на сортировочной горке, а также модели-
рования скатывания отцепов установлена связь между величиной усилий нажатия шин замедлителей на коле-
са вагонов и режимами роспуска, обеспечивающими безопасность сортировочного процесса. Установлены 
области применения таких мероприятий, как снижение скорости роспуска, прерывание роспуска, использова-
ние дополнительного торможения башмаками. Научная новизна. Впервые получен комплекс зависимостей, 
определяющих эксплуатационные требования к мощности замедлителей сортировочных горок и позволяю-
щих эксплуатационному персоналу вводить обоснованные ограничения режимов роспуска для обеспечения 
безопасности сортировочного процесса. Практическая значимость. Результаты выполненных исследова-
ний могут быть использованы для дополнения «Инструкции по техническому облуживанию устройств 
механизированных и автоматизированных сортировочных горок» с целью определения необходимых огра-
ничений режимов роспуска при обнаружении уменьшения мощности замедлителей ниже номинальной. 

Ключевые слова: сортировочная горка; вагонный замедлитель; безопасность движения поездов; сортиро-
вочный процесс; расформирование составов 
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