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Abstract. Major constituent parts of the railway system are rolling stock and various objects making its infrastructure. 
Their maintenance is rather expensive, while renovation requires large investments. The researchers all over the world 
are working hard to make these investments effective. To make a decision in economics its economic effect should be 
established first. Generally, the latter is expressed as the repay time of investment or the economic effect in the particular 
period of time specified according to the particular technical requirements. The repay time is usually calculated optimiz
ing the choice of the particular elements (i.e. an.engine, gear- box, transmission, etc.) of the train. The optimization of the 
selection of the trains would require a comparative analysis of economic effects (expressed in monetary units at the 
particular time interval) of the alternative solutions available. If the target objects of the investments are well -known, 
the first approach described in the present paper may be used to determine the repay time of investment thus enabling us 
to check the effectiveness of a potential investment. If an object for the potential investment should be determined, 
implying that its major characteristics should be described, the second method based on increasing the economic effect 
may be applied. 
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1. Introduction 

Major constituent parts of the railway system are 
rolling stock and various objects making its infrastruc
ture. Their maintenance is rather expensive, while reno
vation requires large investments. The researchers all over 
the world are working hard to make these investments 
effective [1-3]. They try to improve the maintenance of 
the rolling stock as well as to search for better power 
units and transmission elements designing and upgrad
ing the rolling stock. The efforts are also made to reduce 
the pollution, to save fuel and oil, etc. In our conditions 
the problem of ageing of the facilities available is very 
urgent too. In fact, during the last years of soviet regime 
the problems of renovation and upgrading of rolling stock 
were not considered. Therefore, a clear - cut concept of 
rolling stock upgrading has not been formed yet. This is 
done occasionally, based on the intuition of the experi
enced staff of enterprises. In 1999 a program of renova
tion of the locomotive 2M62 was developed and the ef
forts are being made now to reduce the wearing of wheel 
-set tyres of the locomotive CME 3 and 2M62 providing 
an effective lubrication system. Wagons of the diesel lo
comotive D 1 have been updated replacing old- fashioned 
speed gear - boxes. All these measures resulted in con
siderable savings. However, the experience has shown 
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that without a clear- cut programme it is hardly possible 
to expect much of rolling stock renovation. A conclusion 
can be made that simple, clear and reliable algorithm de
tennining the purpose of the locomotive (and their stock) 
renovation should be developed in any particular case. 

2. Optimization of a Mathematical Model 

To make a decision in economics its economic ef
fect should be established first. Generally, the latter is 
expressed as the repay time of investment or the economic 
effect in the particular period of time specified according 
to the particular technical requirements. The repay time 
is usually calculated optimizing the choice of the particu
lar elements (i.e. an engine, gear- box, transmission, etc.) 
of the train. The optimization of the selection of the trains 
would require a comparative analysis of economic effects 
(expressed in monetary units at the particular time inter
val) of the alternative solutions available. A mathemati
cal model to be used analyzing the ways of upgrading the 
locomotives 2M62 and forecasting the time of the repay 
of investments has been developed. It may be expressed 
in a most general way as follows: 
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here, Lars- repay time, years; 
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1- costs of upgrading the particular element, EU; 
M, - operational expenses of an upgraded element per 
year, EU per year; 
M- operational expenses of an old (not- upgraded) ele
ment per year, EU per year. 
In the case of the replacement of the existing engines in 
the locomotives 2M62 by the western models the expenses 
I consist of the costs of purchasing and installing a new 
engine in the locomotive. Yearly operational expenses M, 
and Mare yearly expenses on fuels and oils for the loco
motive with a western- type engine or for one having the 
engine 14D40. The following equation describing the 
dynamics of expenses has been derived: 

{
/m = 1:,~ +lmt Xt 

/14040 = J14D40t Xt, 
(2) 

here, I, and / 14040 - expenses related to a modernized 
locomotive (with a western- type engine) and expenses 
related to the locomotives with the engine 14D40, EU; 
1~: -expenses related to purchasing and installation of a 
western- type engine in the locomotive, EU; 
1,

1 
and / 14D40,

1
- operational expenses (of the locomo

tives with a western type engine and the engine 14D40, 
respectively) in the particular period oftime, EU per year; 
t- time period, years. 

Graphical representation of the system is given in 
Fig 1. 
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Fig 1. Graphs of equations expressing variation of expenses 

Both graphical and analytical solutions show that the 
replacement of the engine 14D40 by a western model 
could repay in 5 - 6 years. It means that from economical 
perspective this type of renovation may be effective when 
the specified life of the locomotives is still much longer 
than 5-6 years. In this way it is possible to determine the 
repay time of future investments. However, the objects of 
investment should be well - known: it should be clear 
what should be purchased and what should be installed 
and reconstructed. In case when an object of investment 
is to be chosen the repay time of every potential invest
ment may be determined which would allow us to choose 
the investment capable of repaying in the shortest time. 
This type of optimization enables us to determine the in
vestment which has the shortest repay time, not showing, 
however, its economic effect expressed in money. When 

the latter is not known it is hardly possible to determine 
the real value of the particular investment with respect to 
others. Therefore, sometimes the optimization when the 
efficiency function is an economic effect expressed in 
monetary units is more useful. The choice of traction roll
ing stocks is the case in point [ 4]. General economic ef
fect may be calculated in this way: 

(3) 

Ea- income, Lt; Ee- operational expenses, EU. 
Detennining the dependence of fuel expenditure and 

time of travel on the locomotive power and power per 
unit mass of the train we may obtain the relationship be
tween the economic effect and the locomotive power and 
power per unit mass of the train: 

(4) 

here A, B, x- dependence coefficients of fuel expendi
ture; c, y - dependence coefficients of carriage time; L
track length, km; N- locomotive power, kW; N

1
- loco

motive power per unit mass of the train, kW/t; kd- fuel 
expenses, EU/kg; k1 - relative carriage time, EU/min; Pa 
- income for a gross ton of cargo carried, EU/ton. 

Having applied the above fonnula to the road Kena 
- Klaipeda of the length L = 445 km, we obtained the 
relationship: 

N -0,333 E = --·pa-((0,0295·N+0,946)·N1 ·kd+ 
N 

t (5) 

22,56-N°·31 r ·k1)·445. 

The above dependence is graphically shown in Fig 2. 
The graph is based on statistical economic data (i.e. costs 
of carriage, fuel expenses, time of carriage, etc.). These 
characteristics are changing in time and their change may 
quantitatively alter the economic effect. However, the ten
dency of qualitative changes will stay the same. The reli
ability of the described and other relationships (given 
below) is 95 %, while their probability is ± 2 %. 

As we can see graphically expressed mathematical 
model in Fig 2 has no extremums. Therefore, the optimal 
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Fig 2. The economic effect of one conditional haul depending 
on the engine power and the engine power per unit mass 
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Table 1. The dependence of optimal locomotive power on freight turnover 

A,103t 10 15 20 25 30 35 40 45 50 55 60 65 

N,kW 673 927 1163 1301 1387 1808 2008 2240 5253 10091 18313 31687 

A- expected turnover, tons thous. per day (24 hours); 
N - recommended locomotive power, kW. 
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Fig 3. Optimal locomotive engine power depending on calculated difference of streams of cargo 

points should be chosen based on constraints. Since power 
is needed for overcoming the rolling resistance, there are 
the constraints on power per unit mass. In addition, a con
straint on the length of the train is imposed. The given 
fixed locomotive and train length and the power per unit 
mass are restricted as well. The restriction is also deter
mined by axle loading (because the higher the axle load
ing, the larger mass per unit track length). Both constraints 
can be described by the respective equations: 

{

N 1 =8,783·N-o·3134 ; 

N = 2731,5· N 1 . 
(6) 

The analysis of the equation system (6) yields the 
relationship between the optimal locomotive power and 
freight turnover [ 4]. It is given in Table 1, while its graphi
cal representation can be found in Fig 3. 

In Fig 3 we can see that freight turnover reaches up 
to 45,000 tons per day, while the recommended locomo
tive power is about 2,500 kW. It is not possible to in
crease the weight of the cargo because of the inefficient 
length of approach and departure lines of the track Kena 
- Klaipeda. Therefore, the increase of the freight tum
over rate up to 45, 000 tons per day may be achieved only 
increasing the speed of the trains. However, the locomo
tive power should be increased for this purpose too. 

3. Conclusions 

1. Planning the investments in the railway rolling 
stock and optimizing the selection of trains and their units 
the optimization methods should be chosen with account 
of the nature of the expected investment. 

2. If the target objects of the investments are well -
known, the first approach described in the present paper 
may be used to determine the repay time of investment 
thus enabling us to check the effectiveness of a potential 
investment. 

3. If an object for the potential investment should be 
determined implying that its major characteristics should 
be described, the second method based on increasing the 
economic effect may be applied. 
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