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In case of signal violation by a shunting locomotive 
several unfavorable events are possible: the collision of 
a shuntng locomotive with a passanger or freight train, 
bursting open of a point without a derailment of a shunting 
locomotive, derailment of a shunting locomotive. Each of 
these events occurs with a certain rate or probability. And 

why it is very important to perform quantitative estimation 
of risks to maintain their tolerable level [1]. 

Paper [2] describes the calculation of probability of a side 
collision of a shunting locomotive with a passenger train, 
when one of the trains passes a signal at danger on route of 
a passenger train, where a route is a set of points that are 
crossed by a passenger train when passing through a station. 
Isolated switch is a switch at which there could be no col-
lision caused by a signal violation, non-isolated switch is 
a switch where there could be a collision. However, when 
passing through a station, a passenger train has several pos-
sible routes thay are used with a certain rate. 

In this paper the formula of total probability is used to 
consider the variability in choosing a route, as well as to 
obtain the probability of at least one passenger train collision 
when passing through a station. To obtain the probability of 
at least one collision per year, the formula of multiplication 
of probability is used. To obtain the average number of points 

number of points that are crossed by shunting locomotives 

open of a point and derailment at one crossing of a switch, 
the formula of multiplication of probability is used.

We consider the accidents at a railway station and it 
means that at the collision of a passenger train with a shunt-
ing locomotive there may be fatalities at a station itself, as 
well as on a passenger train. That is why in this paper the 
average damage from one collision of a passenger train with 
a shunting locomotive is composed of the damage from 
the defects of railway infrastructure: railway bed, cars and 
etc., and of the damage from the consequences of fatalities 
that is quantitatively expressed based on [1]. Damage from 
bursting open of points and derailments is formed based on 
the consequences of defects of railway infrastructure, and 
fatalities here is unlikely, as shunting works are carried out 
at a low speed. Risk matrices are constructed based on the 
approach described in [1].

According to the schedule received from AS Express 
for a time period under consideration (a year), let us assign 
the numbers for passenger trains crossing a station under 

the i-th passenger train from this row.

Ai be a collision of a passenger train with number 
i when it is passing through a station, and  be a 
probability of the collision of a passenger train with number i
when it is crossing a station by route k, where k=1, …, K, and 
K is the total number of possible routs for train with number 
i. Then a probability of the collision of a passenger train with 
number i when it is passing through a station is [2]

where P( k) is a probability of route k
by formula 

where  is the number of passenger trains with number 
i passed by route k, and n is the totatl number of passenger 
trains with number i passed through a station during the 
period of observation. If there are no data about last passings 
of a passenger train with number i through the station, and 

of use of all routes can be equally probable, i.e.

Probability
formula derived in [2],

where P(Ak:j) is a probability of collision of the train with 
number i, passing through the station by route k, on the j-th
point. Whereas P(Ak:j) is calculated by formula 

,

where k

 is the rate of shunting locomotives passing through 
the j-th switch in the direction under which a side collision 
is possible (for simplicity we can assume that ,
where  is the total rate of shunting locomotives passing 
through the j-th switch in all directions);

is the rate of shunting groups that stop at the  j-th 
switch, which did not violate safety when passing through 
the switch;

 is the average time of a shunting group being at the  j-th 
switch, which did not violate safety when passing through 
a switch, provided there was a stop at a switch;

lp is the average length of a passenger train;
vp is the average speed of a passenger train passing 

through a station;
lch is the average length of a shunting group;



v  is the average speed of a shunting group passing 
through a station;

Pp is the probability of signal violation by a passenger 
train;

P  is the probability of stop of a passenger train at a 
switch;

 is the average time of standing of a passenger train 
at a switch;

P  is the probability of signal violation by a shunting 
locomotive calculated by formula [2]

,

where Ptwo is the probability of assigning a shunting 
locomotive crew to a driver and his assistant;

P  is the probability of signal violation by a shunt-
ing locomotive driver when working with an assistant 
driver;

P  is the probability of signal violation by a shunting 
locomotive driver when working without an assistant driver 
(“driver-only operation”).

I of trains pass through a station per year in different 
i-th train from this row, i=1,

…, I. If it is coordinated with probability P(Ai) of a collision 
when passing through a station, the probability of collision 
of at least one train from I trains is [2] 

(1)

L be the total number of locomotives working at a 
station, and Nl is the average number of switches crossed 
per hour by a shunting locomotive with number l. Then the 
total number N  of switches that are crossed by shunting 
locomotives at a station is calculated by formula 

(2)

 is SPAD by a shunt-
ing group,  is a point burst open by a shunting group after 
signal violation,  is derailment after a point burst open. 

of a point burst open after SPAD P  and the probability 
of derailment after a point burst open P . Then the prob-
ability of a point burst open with a subsequent derailment 

of probabilities [3]

(3)

and the probability of a point burst open without a sub-

same formula

(4)

Due to the fact that at each switch crossing, derailment 
or bursting open of a point may occur, the number of points 
burst open without a subsequent derailment is a random 
variable with a binomial distribution with parameters N
and P , and the number of derailed trains is a random 
variable with a binomial distribution with parameters N
and P . That is why the average number of points burst 

-
plicating the number of cheks by the number of “successes”, 

and the average number of points burst open with a sub-

(6)

-
railment. Damage caused by the derailment at the station 

that occurs as the result of the destruction of cars, tracks, 
station infrastructure, freight, etc. These types of damage are 

calculated as average variables. The second part of damage 
is a damage connected with possible fatalities or injuries. 

col of the collision protocols. Then the aver-

by formula 

(7)

where  is the material damage caused by the collision 
recorded in the i-th protocol.

fatalities or injuries. We shall break all injuries occurred in 
case of an accident, into classes: moderate injuries; serious 

 is the number of fatalities in the 
i-th collision,  is the number of people with serious in-
juries in the i-th collision,  is the number of people with 
moderate injuries in the i-th collision, C  is the damage 
caused by one moderate injury, C  is the damage caused by 
one serious injury, Cfat is the damage caused by one fatality. 
Therefore, average damage caused by probable fatalities or 
injuries at one collision is 



Variables C , C , Cfat shall be found based on [1]. 

minimum wage, a serious injury is equated with material 

[4]. Therefore,

kRUB.,

 kRUB.,

fat  kRUB.

Therefore,

(8)

As the total damage caused by collisions  is composed 
of the material damage and the damage from injuries then

of protocols of bursting open of points without derailments 

where  is the material damage caused by bursting 
i-th protocol. Similarly, if 

there are  protocols of bursting open of points with 

average material damage calculated by all accidents is 

(11)

where  is the material damage caused by bursting with 
i-th protocol.

and analysis of consequences, quantitative and qualitative 

risk is a certain combination of two values – the probability 
(or frequency) of an undesirable event P(A) and its conse-
quences C(A). In this paper we shall consider a quantitative 
value of risk as the multiplication of probability (frequency) 
by the damage. Thus, the risk caused by collisions as the 

formula

(12)

where ( ) is calculated by formula (1), and  is 

bursting open of a point without a subsequent derailment 

(13)

(14)

where , , ,

The results of risk estimation can be represented using 
a risk matrix which has a form of cell table that represents 
the combination of the frequency of an undesirable event 

visual information on risk levels for event in question. The 

application.
A risk matrix is constructed as follows:

of the event are calculated. They are represented in ac-
cordance with an accepted (normally, logarithmic) scale of 
frequencies;

-
sequences are calculated. They are represented in accordance 
with an accepted (normally, logarithmic) scale of severity 
of consequences;

rated.
The main problem when constructing the risk matrices 

values of risk, and some points refer, for instance, to the 

of “undesirable”. In the most unfavorable case, a cell may 
be divided into two segments of equal space, this preventing 

of points allocated inside this cell belong to. 



for the cells of a risk matrix, which helps to solve this 
problem.

Standard [1] recommends a scale with 6 levels (grada-
tions) as a typical probability scale. A scale with 4 levels 
(gradations) is recommended as a typical scale of conse-
quences.

accordance with approach described in [1].
Minimum and maximum values of the probability are as-

event. The most unfavorable event (frequent) is set by a 

not occur. Boundaries for an improbable and remote event 
are chosen in the logarithmic scale in such a way, so that 

event. Intermediary boundaries between already set values 

are chosen in the logarithmic scale in such a way, so that 
these cells are nearly equal. That is why the boundary that 
indicates a transition from a probable event to an occasional 

transition form a remote event to an improbable event.
-

ble 1.
If instead of the probability of an undesired event we 

estimate the average frequency of a dangerous case, Table 

Boundaries for the severity of consequences shall be 
chosen based on the damage that will be caused by a fatality. 

chosen in the logarithmic scale and differ by one and two 
orders, respectively (table 3).

Probability levels Risk levels

Frequent Tolerable Undesirable Intolerable Intolerable

Probable Tolerable Undesirable Undesirable Intolerable

Tolerable Tolerable Undesirable Intolerable

Remote Negligible Tolerable Undesirable Undesirable

Improbable Negligible Negligible Tolerable Undesirable

Incredible Negligible Negligible Tolerable Undesirable

Marginal Critical Catastrophic

Fig. 1. Form of risk matrix

Probabil-
ity levels

Probability of 
events per year, 

P(A)
Description

Frequent (

Probable ( Frequent occurrence of a 
dangerous event is expected 

-
sional ( Repeated occurrence of a 

Remote (

There is a probability that 
an event will sometimes oc-
cur throughout an object’s 

life cycle 

Improb-
able

( ) assumed to occur in 
exceptional case 

Incred-
ible ( assumed not to occur 

Levels of 
frequency 

Value, P*(A), Description

Frequent P*(A

Probable ( Frequent occurrence of a 

( Repeated occurrence of a 

Remote (

There is a probability that 
an event will sometimes oc-
cur throughout an object’s 

life cycle 

Improbable ( )<6
-

sumed to occur in excep-
tional case

Incredible ( )<2 -
sumed not to occur



Levels

Marginal Critical Catastrophic

kRUB.
More than 

the upper values of frequency and severity of consequences, 
corresponding to each cell, and, depending on the result, let 

accidents of collision, with recorded damage (its amounts 

According to formula (7) we obtain

 kRUB.

, thus, according to 

formula (8) we obtain

 kRUB.

Therefore, the total damage from a collision calculated 

kRUB.

-

 kRUB.

According to the data of the Automated System of Traf-

burstings open of a point with a subsequent derailment with 
the damage listed in Table 6. 

Using formula (11) we obtain

 kRUB

a station, each of them crosses 36 switches on the average 

per hour, and the probability of signal violation by a shunt-
ing locomotive is –4, the probability of a point 
burst open is equal to the probability of a derailment after 
a point burst open = , then the probability of a 
point burst open with subsequent derailment is calculated 
by formula (3)

And the probability of a point burst open without subse-
quent derailment is calculated by formula (4)

1

Probabil-
ity levels Risk levels

Frequent

Probable

Remote

Improbable

Incredible

-
cant Marginal Critical Cata-

strophic

Fig. 2. Risk matrix for collisions
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2

Levels of 
frequencies, Risk levels

Frequent

Probable

Remote

Improbable

Incredible

-
cant Marginal Critical Cata-

strophic

Fig. 3. Risk matrix for derailments and bursting open 
of a point
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The total number of switches crossed by shunting loco-
motives per year is calculated by formula (2) 

Therefore, the average number of points burst open by 

And the average number of points burst open with sub-
sequent derailment by formula (6) is

Using formula (1) let it be obtained that 

.

unfavorable events and the respective risk areas.
Risk caused by collisions is calculated by formula (12) 

and it is

 kRUB.

And we enter orange area – area of undesirable risk. Thus 
it is necessary to take measures to reduce risk. Among such 
measures there can be the installation of Shunting Automatic 

Risks caused by bursting open of points and derailments 
are calculated by formulas (13) and (14)

 kRUB, 

 kRUB.

And we enter green area – area of negligible risk. There-
fore, no measures to reduce the risks caused by bursting open 
of points and derailments are required at this station. We 
shall note that the risk caused by bursting open of points is 
higher than the risk from derailments. Nevertheless, meas-
ures to reduce the risk from derailment are required, and 
measures to reduce the risk from bursting open of points 
are not required. The matter is that under the collision JSC 
RZD bears additional reputational expenses, doubled by the 
fact that a derailment occurs at a station with large numbers 
of people. 

This paper describes the task of calculation of unfavorable 
events caused by SPAD by a passenger train or a shunting loco-
motive. It provides the formulas used to calculate the probability 
of at least one collision of a passenger train at a station per year, 
average number of points burst open by a shunting locomotive 
without a subsequent derailment, as well as the average number 
of derailments per year. It also contains the formulas used to 
calculate the average damage from unfavorable events. Risk 
matrices for all unfavorable events have been constructed. The 
article gives the example of application of the obtained results 
which is based on hypothetical data and expert analysis. 

-
ment on railway transport

of probability of train collision at railway stations based on 
the Poisson model // 
No.11. (accepted for publication).

of probability and mathematical statistics. Basic course with 

, Dr.Sci., professor, Director of CJSC 

igor-shubinsky@yandex.ru
, Dr.Sci., Deputy director gen-

e-mail: A.Zamyshlaev@gismps.ru
, Moscow Aviation Institute, post-

alexei.ignatov1@gmail.com
, Doctor of Physical and Mathematical 

Sciences, professor, Moscow Aviation Institute, faculty of 
Application mathematics and physics, professor, Moscow, 

, Doctor of Physical and Mathematical 
Sciences, professor, Moscow Aviation Institute, Head of 

, Candidate of Physico-Mathematical 
Sciences, Associate professor, Moscow Aviation Institute, 
faculty of Application mathematics and physics, Moscow, 
Russia, e-mail: en.platonov@gmail.com


