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Background. Given the lack of economic and 
industrial resources the need for modernization of 
traction rolling stock (hereinafter referred to as TRS) 
becomes relevant to railways. Its implementation, 
taking into account a number of factors, allowing 
extending the service life of TRS provides significant 
savings during maintenance and repair [5].

Clearly, this is a reminder of the importance of the 
cost­effectiveness of measures to modernize, be­
cause cases may arise where such efforts do not pay 
off, or vice versa, modernization stops, although it 
clearly promises an effect.

In practice, when deciding on the effectiveness 
of the modernization of the old TRS, which extends its 
service life, indicators of three options must be com­
pared: extension of service life due to repair and 
operation of old TRS, its modernization or replace­
ment with a new one.

Sometimes the rationale of economic efficiency 
of modernization boils down to two options, i. e. orga­
nization of future repair and operation of TRS or its 
modernization. It is motivated by a lack of funds to 
replace the exhaust sample [1, 9­11].

However, regardless of these arguments com­
parison of modernization and replacement is a pre­
requisite. In a sense, this makes it possible to deter­
mine which bearers should be planned and what is 
necessary to hold the replacement of old equipment, 
when in fact there is a reason for it. Similarly, a com­
parison cannot be limited only to the cost of repair 
and replacement of the old TRS with the new one. 
Informative indicators to perform an objective com­
parison of the options are availability of capital invest­
ments in appropriate measures [2, 3].

Objective. The objective of the author is to find 
an efficiency criterion in life extension of traction roll­
ing stock.

Methods. The author uses general scientific 
methods, mathematical methods, simulation, dimen­
sion theory.

Results. In many cases, we have the following 
relation of these indicators on the options:
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As can be seen, for the third group of indicators 

it is necessary to increase productivity of TRS, so the 
search for the best option should be conducted not 
in absolute, but in specific dimensions of costs.

Pic. 1 shows a block diagram of a procedure of 
finding the best embodiment with different ratios of 
these indicators.

At the same time in this formulation it is impossible 
to determine time when it is necessary to take relevant 
measures to upgrade or replace TRS [4, 6, 8].

As follows from Pic. 2, the dynamics of changes 
in the characteristics P(t), C(t) is quite complicated, 
which requires the monitoring of performance of TRS, 
and the cost of the work over time. It is quite difficult 
to ensure this during operation.
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(Pic. 3).
In order to avoid uncertainty in the search for 

optimal ratio between price, performance or cost we 
use the method of dimensions.

The search for criterion for assessing the mod­
ernization or replacement of the old TRS with the new 
is accomplished by a method of dimension in a form

K=f(P, R(K
M

, K
c
), C)→max (2)

Let’s represent the dimension of this criterion, 
taking into account the meaning of ensuring the ef­
ficiency of transportation as the ratio of performance 
to price and cost parameters (hryvnia – UAH)::
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Hence we get a general view of the criterion as a 
square root of the square of the dimension in the final 
form:
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In determining the effort to modernize or replace 
old TRS with a new one we will present this criterion 
in a form suitable for simulation:
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To simplify the simulation we denote initial values 
of performance, repair costs, and the cost of trans­
portation like, P

C
=1, R

C
=1, C

C
=1 and define corre­

sponding parameters of their changes in the range 
∆P=0,1­0,9; ∆K=0,1­0,9; ∆C=0,1­0,9. With the pro­
gram MathLab values obtained for each value of ∆K 
graphic dependences are partially shown in Pic. 4.

On the basis of graphic dependences it can be 
stated that repairs (∆K=0,1), modernization (∆K=0,3) 
or replacement (∆K=0,5) allows virtually in the entire 
range to increase the efficiency of locomotives’ use. 
At ∆K=0,5 there is a slight decrease in efficiency rela­
tive to the option ∆K= 0,3. However, it is clear that the 
modernization as compared with replacement of lo­
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Pic.1. Block diagram of options of life extension, modernization, replacement of TRS.

Pic. 2. The dynamics of changes in TRS productivity 
and cost of transportation. 

Pic. 3. Dependence P
M

= f(P
c
).

3 

 

 
Pic.1. Block diagram of options of life extension, modernization, replacement 

of TRS. 
 

At the same time in this formulation it is impossible to determine time when it 

is necessary to take relevant measures to upgrade or replace TRS [4, 6, 8]. 

As follows from Pic. 2, the dynamics of changes in the characteristics P(t), C(t)  

is quite complicated, which requires the monitoring of performance of TRS, and the 

cost of the work over time. It is quite difficult to ensure this during operation. 

CM < CC 

Start 

End 

T<3 

Modernization 

MC

C

C

M

M

CC
P
R

P
K

T



  

Determination of RC, KM, KH, PC, PM, PH, CC, CM, 
CH 

yes yes 

 no 

no 
no 

T<3 

Replacement of TRS  

HM

M

M

H

H

CC
P
R

P
K

T



  

CН < CМ 

yes yes 

yes no 

no 

no 

Repair 

C

C

M

M

P
R

P
K


 

M

M

H

H

P
K

P
K


 

yes 

4 

 

 
Pic. 2. The dynamics of changes in TRS productivity and cost of transportation. 
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comotives can achieve a significant increase in per­
formance with simultaneous destruction of unit costs. 
It is clear to consider that the option d) ∆K= 0,9 repro­
duces the situation of locomotive’s replacement, in 
which the price of a new one is about 1,9 times more 
than the total measures for in­depth repair and mod­
ernization of the locomotive. Depending on expected 
parameters of the dynamics and according to given 
dependencies it is possible to decide on measures to 
maintenance of locomotives [5, 7, 10].

Conclusions.
1. The complexity of developing a database to 

modify the parameters of effective use of TRS requires 
a search for alternative ways to solve the problem of 

extending the life of TRS, its modernization or replace­
ment with a new one.

2. Preliminary calculations with account for the 
payback period of measures to modernize or replace 
TRS should be performed using an algorithm that 
takes into account the ratio of parameters, realizing 
efficient use of TRS.

3. A formal process of searching for the term of 
the measures to modernize or replace TRS are deter­
mined by the achievement of maximum of К with 
corresponding investments ∆K in repair, moderniza­
tion or replacement of traction rolling stock in the 
range of changes of performance ∆P and cost of 
transportation ∆C.
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Assuming the relative value K∆ , according to 
statistics it is possible to define for different ratios of 
∆P, ∆C the area to maximize the operational effi­
ciency of TRS.
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Pic. 4. Determination of criterion К, depending on the dynamics of ∆P and ∆C:
a) ∆K=0,1; b) ∆K= 0,3; c) ∆K=0,5; d) ∆K=0,9.
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system Microsoft Dynamics AX (Pic. 5). The system architecture determines benefits 

for companies with their own production or trading platform, and its logic involves 

the formation of the application from the supplier in the implementation of the 

delivery or the customer when he purchases a particular product. 
 

 
 

 
 Pic. 5. The composition of solution IT-Box Freight Transportation, Logistics, 

Warehouse. 

 

  It should be noted that among organizations involved in transportation, can be 

identified car fleets with mixed fleets, which include in addition to trucks also  buses, 

special vehicles. As a rule, they are construction companies, industrial plants, 

airports, forming applications for transportation in accordance with their process. In 

many cases, the input data for applications are graphs of driver’s shifts, which are 

often multivariate. And drivers can be assigned to several vehicles. 
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