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The technical condition of diesel locomotives can be predicted using 

mathematical extrapolation of processes that describe the patterns of change in the 

reliability indicators of diesel locomotives during operation. The failure rate at the 

Osnova locomotive depot of the Southern Railway on a monthly basis over a period 

of 5 years was selected as an indicator of locomotive reliability. Given the rather 

complex dynamics of changes in the reliability indicator over time, its extrapolation 

was carried out on the basis of a weighted moving average [1,2,3]. 

When determining the trend of the time series of the indicator under study, it was 

assumed that it contained a seasonal component with a cycle equal to twelve months. 

Taking into account the subsequent quantitative assessment of seasonal fluctuations 

in the indicator of locomotive reliability under study: 

1) The length of the active smoothing section of the time series was selected; 

2) Assuming that the trend of the time series under study is nonlinear, as 

follows  

from a visual analysis of its development dynamics, a second-degree polynomial 

(p=2) of the following form is selected as the smoothing curve: 

 
2

0 1 2ty a a t a t  
                                                    (1) 

 

3) Estimation of coefficients, 0a
, 1
a

, 2a   for moment 0t t , (performed by 

solving the 

 obtained system of normal equations in matrix form) 

The system found estimates of the parameters of the smoothing polynomial 0( )a t
; 

4) The estimates obtained depend on the smoothing center selected 0t  (assuming 

that  m  and p are fixed); 

5) Using the estimates 0( )a t
, a predictive model of locomotive 0( )Ly t

 failure rates 

was obtained in the form of a weighted moving average. 



83 

 

jt

k

kj

jL yLty 




0

)()( 0 


                                                     (2) 

 

where the coefficients  ( )i L  vary only depending on the magnitude of the 

forecast warning L . 

The quality of the forecast was assessed visually and based on the following 

criteria: 

a) Teal's coefficient of variation [3] 
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where t
y

  - actual value of the reliability indicator for diesel locomotives; 

tY - the value of the reliability indicator for diesel locomotives obtained by 

substituting it into the resulting model. 

b) Average absolute approximation error [3] 
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where n - number of members of the time series of the reliability indicator for 

diesel locomotives. 

The extrapolation method based on a moving average with weighted coefficients, 

given the considerable complexity of obtaining a forecast model, has low accuracy 

(V=0.95,  e =2.1) for forecasting time series with complex dynamics; The degree of 

smoothing of the time series with a polynomial depends entirely on the length of the 

active smoothing section, the degree of the polynomial, and the number of time series 

smoothing procedures, which significantly affects the accuracy of the forecast, which, 

moreover, will decrease as the warning interval increases. 
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