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FORECASTING DEVELOPMENT’S CAPACITY  

OF TRANSPORT MACHINERY ENTERPRISES  

ON ISSUE OF RAILWAY COMPOSITION FOR HIGH-SPEED MOVEMENT 

 

An algorithm for forecasting the capacities of transport engineering enterprises providing rolling stock for high-speed lines 

is presented. The forecast is based on expert assessments and their processing by paired comparisons. 

 

INTRODUCTION 

Railway transport ensures satisfaction of the needs of enter-
prises and the population in transportation. One of the most important 
tasks of transport is to increase the level of passenger satisfaction 
with the services of the transport complex. 

Factors determining the dynamics of passenger traffic are fac-
tors of social stability, including the degree of social inequality of pas-
sengers, inflation, unemployment, macroeconomic, intra-industry and 
inter-transport factors, including the level of competition between 
types of transport and the types of transportation in the passenger 
movement. The article suggests an algorithm for estimating the nec-
essary increase in the capacity of transport engineering enterprises 
in the long-term period on the basis of the forecast of changes in pas-
senger traffic. 

Passenger traffic on high-speed trains in Russia currently has a 
tendency to increase, which is shown in Figure 1. This requires the 
introduction of innovations in the technology of the railway transpor-
tation process. 

 

 
Fig.1. Analysis of changes in passenger traffic on high-speed trains 
in Russia for period 2010-2016 
 

Simultaneously with the development of high-speed rail (HSR), 
there is a need to build capacity for the production of rolling stock for 
HSR at domestic enterprises of transport engineering (TE). 

The article suggests an algorithm for forecasting TE capacities 
to provide rolling stock to the highs-speed rail on the basis of expert 
assessments. 

1. POWER FORECAST IN ALGORITHM OF TE 

The integrated algorithm for forecasting the necessary develop-
ment of production capacities of transport engineering enterprises 
(TE) in connection with the development of the high-speed railway 
network with the production of high-speed rolling stock includes the 
following units: 

Block I - forecasting in the long-term period of population growth 
in the regions where the sections of the high-speed network take 
place. 

The forecast of passenger traffic of high-speed communication 
in the direction Moscow-Kazan has been made more excessively, 
with the assumption of a linear dependence of passenger traffic on 
the population of the region. 

As you know, the construction of HSR is effective for regions 

where the values of the index of economic development is 200RI 

. Among the forecasted sections of the Russian HSR, Moscow-Kazan 
can be considered the most promising transport corridor for the de-
velopment of high-speed traffic on a number of criteria: 
– large population of the load region (more than 3 million people); 
– high population density (57.26 people / sq. km); 
– a large proportion of urban (more mobile) population - about 

76.6%; 
– availability of sustainable passenger traffic. 

In addition, the change is due to the redistribution of passenger 
traffic between types of transport. 

Block II - calculation of the forecast of the passenger’s traffic 
amount, considering expert assessments. 

The forecast takes into account: 
1. Change in passenger traffic due to population change. 
The increase in passenger traffic is calculated while maintaining 

the existing level of mobility. 
Mobility (number of trips per day per capita) is determined by the 

formula: 
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where   A0 - average passenger traffic per day, million people; 
N0 - population, million people. 

The mobility (m) is 0.002. 
Passenger traffic taking considering population growth is deter-

mined by the formula: 

1 1A m N   (2) 

where N1 - the population in the forecasted year. 
The projected growth in passenger traffic on the Moscow-Kazan 

route is shown in Figure 2. 

 
Fig. 2. Projected growth in passenger traffic in the direction Moscow-
Kazan 

 
Taking into account the increase in the population, the passen-

ger traffic will amount to 2,723 people per day in 2030. 
Block III. Change in passenger traffic due to changes in the pa-

rameters of transport services and mainly due to changes in the travel 
time. 
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Fig. 3.   Algorithm of expert evaluation of the projected redistribution of sectorial demand 
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This block of the algorithm includes the movement’s estimates 
of a part of passengers from different types of transport and types of 
traffic to high-speed lines. 

The detailed structure of the assessment of the passenger flow 
moved to the HSR is based on an expert approach based on the 
method of paired comparisons. This algorithm was described in detail 
in [1]. 

The algorithm for expert assessment of the redistribution of sec-
torial demand includes the following blocks (Figure 3): 
1. segmentation of the sectorial market by different consumer 

groups; 
2. determination of the importance of certain consumer require-

ments in each segment of the sectorial market based on the ma-
trix of paired comparisons; 

3. characterization of consumer properties that are realized in the 
product or service produced by the company during the imple-
mentation of the HSR project; 

4. formation of reference characteristics of services by competing 
companies in the sectoral market;  

5. an assessment of the level of competitiveness of products or ser-
vices implemented by each company on each segment of the in-
dustry market; 

6. determination of the relative excursion between the competitive-
ness level of product or service that a company can provide for a 
given segment of consumers implementing an investment project 
and the competitiveness level that a company provides for the 
same segment of consumers; 

7. determination of the total value of the relative change in con-
sumer demand for the product or service that can be provided for 
each segment of consumers by the company implementing the 
large-scale project (LSP). The calculation is based on the relative 
excursion between the competitiveness level of products or ser-
vices and the competitiveness levels that other companies pro-
vide. These calculations and results are obtained in block 6. The 
total value of the relative change in consumer demand is deter-
mined by taking into account the share of each segment of con-
sumers in the sectorial market; 

8. determination of a new level of demand for the product or service 
of the company implementing the project, based on the results 
obtained in block 7, and on demand forecasts for each consumer 
segment in the absence of a project. The forecast for consumer 
segments can be compiled on the basis of historical data for each 
of them or on the basis of scenario estimates. 

Below are descriptions of the analytical content of the algorithm 
blocks in relation to the predictive estimation of passenger traffic on 
the HSR. 

In the block 1 consumer requirements of various groups of con-
sumers - segments are formulated. As an example, consumers are 
divided into 5 groups, designated a, b, c, d, e, f: 
a) passengers of highways; 
b) passengers who have their own car; 
c) public transport passengers; 
d) passengers of air transport; 
e) low-mobility passengers. 

Data on the relevance of consumer requirements are given in 
Table 1, where 
– X1 - minimization of travel time; 
– X2 - maximizing comfort; 
– X3 - maximizing the level of additional services that promote re-

laxation and comfort; 
– X4 - maximizing the level of service associated with the selection 

menu for meals during the trip; 
– X5 - the possibility of individual climate services; 
– X6 - technical and "personal" security; 
– X7 - reliability of the implementation of the main characteristics of 

the trip; 
– X8 - minimization of ticket price; 
– X9 - travel time selection; 
– X10 - availability of travel arrangements. 

 
Tab. 1. The initial data of consumer requirements 

Потребительское 
требование 

Группы потребителей 

a b c d e 

Х1 + + + + + 

Х2 + + + + + 

Х3 - - - + + 

Х4 + - - + - 

Х5 - + + + + 

X6 + + + + + 

X7 + + + + + 

X8 + + + + + 

X9 + + + + + 

Х10 + + + + + 

 
Block 2 uses matrices of paired comparisons, on the basis of 

which the significance of an indicator from the consumer require-
ments system for the consumer of each group is determined (Tables 
2). Expert assessments for each group are checked for consistency. 

Tab. 2.   Matrix of paired camparisons of consumer requirements for consumer groups a, b, c, d, e, f   

 Х1 Х2 Х3 Х4 Х5 Х6 Х7 Х8 Х9 Х10 

Х1 1 
1 2/w w  1 3/w w  1 4/w w  1 5/w w  1 6/w w  1 7/w w  1 8/w w  1 9/w w  1 10/w w  

Х2 
2 1/w w  1 

2 3/w w  2 4/w w  2 5/w w  2 6/w w  2 7/w w  2 8/w w  2 9/w w  2 10/w w  

Х3 
3 1/w w  3 2/w w  1 

3 4/w w  3 5/w w  3 6/w w  3 7/w w  3 8/w w  3 9/w w  3 10/w w  

Х4 
4 1/w w  4 2/w w  4 3/w w  1 

4 5/w w  4 6/w w  4 7/w w  4 8/w w  4 9/w w  4 10/w w  

Х5 
5 1/w w  5 2/w w  5 3/w w  5 4/w w  1 

5 6/w w  5 7/w w  5 8/w w  5 9/w w  5 10/w w  

X6 
6 1/w w  6 2/w w  6 3/w w  6 4/w w  6 5/w w  1 

6 7/w w  6 8/w w  6 9/w w  6 10/w w  

X7 
7 1/w w  7 2/w w  7 3/w w  7 4/w w  7 5/w w  7 6/w w  1 

7 8/w w  7 9/w w  7 10/w w  

X8 
8 1/w w  8 2/w w  8 3/w w  8 4/w w  8 5/w w  8 6/w w  8 7/w w  1 

8 9/w w  8 10/w w  

X9 
9 1/w w  9 2/w w  9 3/w w  9 4/w w  9 5/w w  9 6/w w  9 7/w w  9 8/w w  1 

9 10/w w  

Х10 
10 1/w w  10 2/w w  10 3/w w  10 4/w w  10 5/w w  10 6/w w  10 7/w w  10 8/w w  10 9/w w  1 
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In the block 3 consumer requirements are determined, which are 
realized on the HSR for passengers of each group. Comparison fol-
lows the previously listed indicator from X1 to X10. At the same time, 
the question is raised to what extent the requirement of the corre-
sponding group of passengers is realized when transported by the 
HSR. The comparison is made between the requirement Xi and Xj in 
the form wi / wj, where wi, wj is the degree of realization of the indicator 
Xi with respect to Xj. [3] 

In block 4 consumer properties are formed, implemented in such 
types of passenger transportations as high-speed traffic in railway 
transport, road transport on public and personal transport, air 
transport. A group of people belonging to the "sedentary group" has 
been introduced, which includes people with physical disabilities and 
low incomes. 

In block 5, the competitiveness level of passenger transportation 
according to the HSR from the positions of each group of consumers 
is evaluated – YHSR/a, YHSR/b, YHSR/c, YHSR/d. In addition, the competi-
tiveness of each type of transportation service, which we denote by 
z, for each group of passengers in the transport market system, is 
assessed. This level of competitiveness is denoted by Yz/a, Yz/b, Yz/c, 
Yz/d. The estimation, for example, YHSR/a, looks like: 

HSR10

HSR/

1

,
a

i

a i etalon
i i

X
Y b

Х

  (3) 

 

where 
ai

b  - the significance Xi of the indicator for the a-group of pas-

sengers; 
HSR

iX , etalon

iХ  
 - the values of the indicator of the transportation 

process, respectively, on the HSN and the etalon one. 
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  (4) 

where 
iX   - the value of the indicator of the transportation process 

for the corresponding type of traffic. The interests of the consumer 
group (for example, group a) are taken into account by the coeffi-

cients, 
ai

b ,
bi

b  etc.  

Block 6 - the relative excursion between the assessment of the 
competitiveness level of the HSR of each group of passengers and 
the competitiveness level of other types of traffic for the same groups 
has the form: 

/ z/

/

z/

.
a

HSR a a

HSR z

a

Y Y
Y

Y


   (5) 

Block 7 forms a possible outflow of passenger traffic PTa/z from 
the corresponding group on the HSR section. Its evaluation can be 
obtained in the form: 

/ HSR / .
aа а z z

z

PT PT Y    (6) 

Block 8 defines passenger traffic, which may appear on the 
HSR as a result of a comprehensive satisfaction of passenger de-
mand for all groups of passengers: 

= ... .a b nPT PT PT PT       (7) 

After changing such parameters as the population and speed of 
the trip the total passenger traffic is 4 629 people per day, which need 
to be transported by Moscow-Kazan trains. Thus, passenger traffic 
will increase by 45% over the period from 2016 to 2030 (by 3.46% 
per year). 

Based on the predicted passenger traffic, the required number 
of pairs of rolling stock to meet the projected passenger traffic in the 
direction Moscow-Kazan is 7 pairs of trains per day, which will be 
replaced by 12 pairs currently running of which 2 pairs are two-story 
trains. 

Block IV - based on the size of the passenger flow, moved to 
the HSR, and the structure of the train according to the class of wag-
ons and their capacity, the required number of rolling stock NHSR is 
determined. 

The results of the forecast of the required capacity growth are 
shown in Figure 4. 

Fig. 4. Increase of production capacities required to produce high-
speed rolling stock 

 
V block - an estimation of necessary increase in production ca-

pacities of the enterprises of TE. The basis of the assessment is the 
calculation of the labor intensity of manufacturing a high-speed rolling 

stock unit - 
(1)

HSRm . The total labor intensity of the work on the pro-

duction of high-speed trains -  HSRm  for the forecast period (Tforecast) 

will be 
(1) .HSR HSR HSRm m N   

Assuming a uniform increase in the capacity of TE production, it 

is necessary to plan annually capacity growth 
an

HSRm on

forecast

.
Т

HSRm
  

The Russian Federation organized the production of high-speed 
trains "Swallow" on the basis of the plant "Ural Locomotives", which 
is a joint venture of the Sinara Group and the Siemens concern, which 
began work in 2010. 

If we consider the company LLC Ural Locomotives, then this 
company should allocate a share of capacity for the production of 
high-speed rolling stock. 

The complexity of the company's work in 2016 was 44,194 peo-
ple, while organizing the production of one high-speed train requires 
about 11,000 man-hours. 

The forecast of building up production capacity has been en-
larged under the assumption that the dependence of the build-up on 
time is linear. 

Proceeding from the laboriousness of works (mj), it is necessary 
to increase the share of production capacities (αj) by 25%: 

j

j

j

m

m
 


 (8) 

The amount of passenger traffic, depending on the change in the 
population of the regions adjacent to the HSR, was determined on 
the basis of the indicator of population mobility - the number of trips 
per day per capita (m). (For the Moscow-Kazan section, m = 0.002.) 

CONCLUSION 

An expert assessment of the influx of passengers from each 
group of passengers based on the proposed method was carried out. 
The forecasted passenger traffic was used divided by types of traffic 
at the time of commissioning of one of the sections of the HSR. 
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The forecast of the demand’s movement, as a result of the intro-
duction of innovative investment decisions by companies, was com-
piled on the basis of expert assessments of the significance of the 
consumer properties of products and services and on the forecast 
estimates of the size of market segments for the case when the pro-
ject is not implemented. 

The proposed algorithm for forecasting the change in capacity of 
TE enterprises in connection with the production of high-speed rolling 
stock allows: 
– to take into account the change in time of the population mobility 

index m, take into account the change in labor intensity of rolling 
stock manufacture during the forecasting period; 

– to determine the level of change in the competitiveness of prod-
ucts or services when implementing an investment project and 
the proportionate movement of consumer demand; 

– to take into account the changes in the components of passenger 
traffic, differentiated according to the regions of adherence of the 
HSR; 

– to reduce the laboriousness of the forecast, simplify its procedure, 
which serves as a prerequisite for reducing the forecast error, and 
justify the movement of passenger demand to the sections of the 
HSR. 
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Prognozowanie zdolności rozwojowych przedsiębiorstw 
 maszyn transportowych w zakresie składu kolejowego  

do dużych prędkości 

Przedstawiono algorytm prognozowania zdolności przed-

siębiorstw inżynierii transportowej dostarczających tabor do 

linii dużych prędkości. Prognoza oparta jest na eksperckich 

ocenach i ich przetwarzaniu przez pary porównawcze. 
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