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here β is a coefficient to determine the number of wagons
out of operation (β = 0.1 – 0.2).

The stock of passenger wagons in operation is as
follows:

sast
p
sk mzn ϑ= � �)�

here m – average number of wagons in the train;
z – number of wagons on the route per day;

sastϑ  – turnover of passenger trains.
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here skβ – coefficient to determine the number of reserved
or broken wagons (β =0,06 – 0,09);

specβ - coefficient to determine specialized wagons
(β=0,01 – 0,02).
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here xij is the number of j – type trains used to carry prod-

ucts i (type of cargo, type of transportation):
m
ijijij dac ,,  – relative forced expenses, efficiency of

the particular train and relative expenditure of resource
m in carrying i – type cargo by j – type train, respectively.

The model (9) – (12) can not adequately describe
the actual process.

First, the relative expenses cij depend on the struc-
ture of the rolling stock xij, being, in fact, non – linear.
Therefore, they should be described as follows:

∑ ∑ +=
i i

jjjijijijij snyyEKxcxc ;~
�89�

,0 B
jjjj xxxy +−≡ �8+�

*�	G�����3��	,	�
'-*�.
�	/	�""��	���	0����	-�	1�	�C"/�CC



232

here ijc~ - average operational expenses in i – type

transportation by j – type rolling stock (train);

jK !	���������������'�����BJ
jy - purchasing of j – type rolling stocks ( 0

jx - at
the beginning of the year; B

jx - purchasing completed).

The value (13) introduced is:

 
.0  if  ,0
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Let τ represent service life of the train; r - operation
mode; rtNτ ��number of trains with τ years of service op-
erating in the year t of the planned period; rtNτ - number
of trains operating in mode r. Trains of each type are char-
acterized by the efficiency current expenses rtIτ (which
can be referred to those of renovation or repair, if neces-
sary), replenishment cost tKτ t and dismantling (reduc-
tion) balance (cost of scrap metal minus reduction ex-
penses tLτ ).
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In economic terms (16) – (20) may be described in
the following way. The efficiency function (16) tends to
minimize the total major and current expenses to t = 0 (1
– st and 2 – d terms, respectively) by subtracting the sum
obtained in dismantling trains during the whole period of
renewal. The inequality (17) means the requirement to
fully satisfy the demand for transportation. The inequal-
ity (18) shows that the number of trains operating in dif-
ferent modes should be equal to the total number of trains
for the given time of operation. The balance inequalities
(19) – (20) demonstrate that the number of trains of τ
service life in the year t should not exceed that of the
trains of (τ - 1) service life in the last year of the planned
period of time.

The model (16) – (20) enables us to determine not
only the optimal structure of the rolling stock and purchase
order, but the rate of the development of a given transport

facility and trading tendency as well.

2,��.# !����)&0 ')�� �)����	��� "���#�'5�

During their service life rolling stocks should bring
profit to a state – owned or private company which may
optimize their work based on the local efficiency crite-
rion. This criterion may be taken as minimum relative
expenses equated based on time factor and the moment
of train purchasing, i.e. being, in fact, the relationship
between the expenses on train purchasing, overhauls and
operational expenses (minus dismantling balance) and the
total volume of transportation carried out by all trains
during their operation time.

Let us consider a model for determining the optimal
service life of the train in accordance with the minimum
relative forced expenses. As it had been done before, let
us take a model where the process of wearing is discrete
implying that during each year the technical and economic
parameters of the trains are considered to be constant,
while at the turn of the year they abruptly change.

The costs of purchasing the trains as well as the ex-
penses on their overhauls and maintenance during the year
τ, minus the sum obtained after their dismantling (elimi-
nation) at the end of the last year of their service life
equated to those existing at the moment before their pur-

chasing based on the time factor are equal to:
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here K - initial cost of the trains;
Rm – cost of repair;
τm - the year when repairs are to be made;
M - number of overhauls;
I(t) - current expenses (without those of renovation)

for the trains operating in   the year t;
L - cost of train dismantling (elimination).
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here P(t) - the efficiency of trains in the year t of their
operation.

The optimal service life T should correspond to the
minimum expenses on carrying the unit of cargo, i.e.:
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The functions describing the changes in current ex-
penses and the efficiency of trains for any cycle of opera-
tion, i.e. including the time from new train purchasing to
the first overhaul as well as from the first until the second
overhaul, etc. may be of various nature. The value of the
above functions depends on the time of operation calcu-
lated not from the moment of train purchasing, but from
starting the cycle of operation. Therefore, the summation
should be made for each particular cycle. In addition,
decreasing relative expenses with respect to service life
minimization should be done for every operational pe-
riod with account of overhauls performed and the time of
their duration. Taking into account the above consider-
ations we get (6.52) written as follows:
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here I(t, m) - functions describing the changing of current
expenses and train efficiency depending on train service

life considered from the moment when overhaul m was
performed;
m=0  - corresponds to the moment of new train purchas-
ing; τM+1=T.

As we can see the costs of overhauls, their duration
and intervals play an important part developing the mod-
els for determining the optimal service life of rolling
stocks.

3,�7�"'��� �"�

1. The rolling stock and the expected demand for
trains make a variable. The calculations should regularly
be made to determine the amount and type of trains needed
at the particular time to ensure efficient freight and pas-
senger transportation.

2. The calculation techniques used to determine the
rolling stock have been mainly based on quantitative char-
acteristics of trains. However, the methods relying on the
evaluation of such qualitative characteristics as relative
expenses, the efficiency of the particular train, its cost,
etc. are also available.

3. The determination of the optimal service life of
the rolling stock taking into account the costs of over-
hauls, their duration and intervals enables us to forecast
more precisely the demand for trains.
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