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ABSTRACT

The article considers the problem of seasonal uneven
transportation and its impact on transport infrastructure loading.
The objective of the study is to develop scientifically sound
recommendations for monitoring seasonal unevenness of
transportation and infrastructure loading based on its adequate
assessment; conducting economic assessment of the impact of
seasonality of transportation on the indicators of current and
investmentactivity of railway transport; making recommendations
to further reduce unevenness of transportation, or atleast prevent
its growth.

The authors solved the following tasks: a reasoned, logically
structured sequence of economic assessment of the impact of
seasonality of transportation on the indicators of current and
investment activities of railway transport was formed, and
scientifically based recommendations were proposed to further
reduce uneven transportation(to preventits growth). The following
methods were used: logical and analytical tools, methods of
statistical analysis, economic-mathematical modelling and
technical and economic calculations.

As a result of the study, the authors revealed that seasonal
uneven loading of railway infrastructure leads to a decrease in
quality of transportation and a deterioration in the market image of

the railway industry, an increase in operating costs and cost of
transportation, that is, to a decrease in efficiency and
competitiveness of railways. The uneven transportation negatively
affects the effectiveness of investments in development of railway
transport.

The analysis made it possible to formulate a theoretical model
of influence of seasonal unevenness of railway infrastructure
loading on efficiency of its use and development. It is advisable to
use the methodological toolkit for assessing seasonal unevenness
of railway infrastructure loading for its in-depth retrospective
analysis, identifying the main factors affecting unevenness
indicators and determining the maximum permissible level of
seasonal unevenness.

The developed model of influence of seasonal unevenness
of loading on use and development of railway infrastructure allows
to carry out economic assessment of seasonal unevenness, is a
tool to improve planning and management of transportation
activities and development of railways. The reduction in seasonal
unevenness of transportation should be considered as a factor
increasing the economic efficiency of notonly the current, butalso
investment activity of the railway transport, while its growth should
be considered as a specific type of risk for effectiveness of
implementation of railway infrastructure development projects.

Keywords: transport, seasonal unevenness of infrastructure loading, railway infrastructure, normalized work, operating costs,

transportation costs, economic efficiency.

*Information about the authors:

Macheret, Dmitry A. — D.Sc. (Economics), Professor, Head of the Department of Transport Infrastructure
Economy and Construction Business Management of Russian University of Transport, Moscow, Russia,

macheretda@rambler.ru.

Razuvaev, Aleksey D. — Ph.D. (Economics), Associate Professor the Department of Transport
Infrastructure Economy and Construction Business Management of Russian University of Transport,

Moscow, Russia, razuvaevalex@yandex.ru.

Ledney, Anastasia Yu. — Ph.D. student at the Department of Transport Infrastructure Economy and
Construction Business Management of Russian University of Transport, Moscow, Russia, trinitinoks@mail.ru.

Article received 20.12.2019, accepted 03.03.2020.

For the original Russian text of the article please see p. 94.

WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 94-115 (2020)

105

ECONOMICS



Background. The negative impact of

106 unevenness of transportation on operational

and economic indicators of railways has been
noted by researchers since 19" century to the
present [1—3]. The fundamental nature of this
problem was disclosed in [4]. Moreover,
seasonal unevenness (seasonality) of
transportation is especially significant [5, p. 5],
seasonality meaning «unevenness of
transportation by quarters of the year and
months» [6, p. 240].

Academician T. S. Khachaturov noted the
negative impact of unevenness of transportation
on both investment and operating costs of
railways. The first is due to the fact that «it is
necessary to provide... a reserve of technical
equipment of transport due to unevenness of
transportation, which accordingly increases the
required investment» [6, p. 239]. The
second is due to the fact that «during periods
of maximum transportation difficulties arise
with movement of trains, which causes a
slowdown in movement of goods. All this results
in increase in the cost of transportation» [6,
pp. 239—240]. To this fair assessment, it should
be added that slowdown in movement of goods
entails significant macroeconomic losses
associated with «freezing» of working capital
embodied in the goods transported during the
period of their transportation [7; 8, p. 92].

And the losses associated with slowdown in
delivery of goods and increase in the cost of
transportation [9] become especially significant
in conditions of high and ultra-high filling of
railway capacity («overload», in modern
economic terminology [10]). Namely, such a
situation exists in a number of key areas of the
Russian railway network [11, p. 14]. Its
overcoming requires development of railway
infrastructure. The Comprehensive plan for
modernization and expansion of the main
infrastructure provides for large-scale tasks
covering all types of transport, including
railway, and aimed both at solving existing
infrastructure problems and opening up
opportunities for development of new points of
economic growth [12; 13].

The analysis of the Comprehensive plan
shows that it requires significant investment
from not only the federal budget, but also from
the regions (many of which undergo financial
problems), as well as from business entities
[14, pp. 32—36]. In particular, the Long-Term
Development Program (LDP) of JSC Russian

Railways until 2025, linked in terms of railway
infrastructure projects with the Comprehensive
plan, provides for a significant increase in
investment. In accordance with the basic
scenario of LDP, in 2019—2025 the average
annual investment should amount to about
670 billion rubles, and according to the
optimistic scenario, to about 830 billion rubles
[15]. It is important that acceleration of
investment in development of Russian railways
has already begun. If in 2018 the volume of
investments of JSC Russian Railways
amounted to about 550 billion rubles, then in
2019 it was about 690 billion [16, p. 9]. At the
same time, the possibility of such an
intensification of the investment activity of
the company and the overall success of
implementation of LDP will depend on many
factors, including environmental factors, and
will entail significant risks, some of which have
already appeared at the start of the program,
in 2019 [17, p. 16].

The Comprehensive plan provides for
implementation of the largest infrastructure
projects. And for business development, and in
the interests of ensuring mobility of the
country’s population, they «should be
supplemented by grassroots activation of
development of transport infrastructure that
would solve the problems of the «last mile»,
local transportation, etc.» [18, p. 35]. Forsuch
projects, additional investments are needed,
including private ones, the attraction of which
requires appropriate institutional conditions.

Given that investment resources are always
limited (this is common to any economic good
[19, pp. 103—108]), an important task is to
increase the efficiency of using the existing
transport infrastructure. This allows to postpone
investment, which gives the corresponding
effect [20, p. 57].

Reducing seasonal unevenness of
transportation is an important factor in
ensuring for the economy and the population
such a key economic good as modern transport
infrastructure.

In 2016—2018, cargo turnover on railway
transport increased by 10,8 %, with a decrease
in its seasonal unevenness, estimated as the
ratio of the maximum monthly value of the
average daily cargo turnover during the year to
the average daily cargo turnover for the year,
from 105,6 to 103,3 %. It is obvious that in
conditions of incomplete satisfaction of
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demand for loading resources during periods
of «peak» demand, noted by shippers [21, p. 26;
22, p. 36], the problem of leaving trains without
traffic («abandoned trains») persisting on the
network, without reducing the level of seasonal
unevenness of transportation, the actual
dynamics of cargo turnover could not have been
ensured. Based on the foregoing, it seems
necessary:

« firstly, to monitor seasonal variations in
transportation and loading of infrastructure
based on its adequate assessment;

* secondly, to carry out economic
assessment of the impact of seasonality of
transportation on the indicators of the current
and investment activity of the railway transport;

* thirdly, to develop recommendations to
further reduce unevenness of transportation or,
at least, prevent its growth.

The objective of this article is to develop
scientifically sound recommendations for
solving these problems. In this case, the logical
and analytical method, methods of statistical
analysis, economic and mathematical
modelling and technical and economic
calculations are used.

Assessing seasonal unevenness of infrastructure
loading

In the works [23; 24] an improved
methodological toolkit for assessing the
seasonal unevenness of cargo and passenger
transportation is provided. Two main differences
from the traditional approach should be
distinguished:

» for each period under consideration
(month or quarter), daily average rather than
aggregate values of indicators characterizing
transportation volumes are used;

* seasonal unevenness of cargo transporta-
tion is assessed not by the «transported goods»
indicator, but by two indicators: «cargo
loading» and «cargo turnover». This allows to
significantly clarify the characteristics of
unevenness of transportation, as clearly shown
in [24, p. 325].

It is advisable to assess the unevenness of
transportation for each type of transportation
(cargo and passenger), using appropriate
indicators for this, as presented in [23, p. 5]. At
the same time, in the conditions of combined
movement of cargo and passenger trains,
characteristic of domestic railways [25, p. 84],
to characterize the load on the infrastructure,

it is advisable to use the relevant integral
indicator. The total gross cargo turnover
covering passenger and cargo traffic [26] or the
cited work [27] can serve as such an indicator.
Given that the gross cargo turnover is an
exclusively expenditure-forming indicator, and
the indicator «normalized work» is used to
assess the normalized transport production,
productivity of the most important resources
such as labour and infrastructure [27], it seems
appropriate to assess the seasonal uneven
loading of the railway infrastructure using this
indicator. The reduced work (production) of
railway transport is defined as the sum of cargo
and passenger turnover [28, p. 121], while
passenger turnover is doubled to determine
labour productivity [28, p. 199]. It also
substantiates the introduction of a special
multiplying factor for container cargo turnover
based on the higher cost and salary intensity of
their transportation. As indicated in [29,
pp. 45—46], the most accurately cited work for
assessing infrastructure performance could be
estimated using specially calculated
normalization factors for cargo turnover and
passenger turnover carried out by each category
of trains having a coefficient of capacity load
different from other categories. However, such
an assessment is rather complicated, therefore,
it is noted that it is possible to determine the
given work for assessing the infrastructure
productivity by the formula [29, p. 46]:
PL_=PL +K -« HI,
where PL,__— tariff cargo turnover;
HL — passenger turnover;
K., — normalization factor.
The normalization factor can be assessed in
various ways, it is important to note that in any
case it will be more than one. In this study, the
value K = 2 is taken, as for assessment of
labour productivity.
It is proposed to assess the seasonal
unevenness of infrastructure loading using the
following indicators (unevenness coefficients):

o))

PLoom
Kulnev = ——vyear ’ (2)
PLnO"ﬂ
PLoom
Koo = = (3)
3 ﬁ;orm
NSl 4
i = @
where PLum, PLwm — respectively, the

maximum and minimum quarterly (monthly)
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Seasonal unevenness of loading of the railway infrastructure, %

Table 1

Ratio of average daily normalized work of each quarter

Year K, K., "
I quarter II quarter 111 quarter IV quarter

2017 102,5 105,7 96,9 99,3 102,5 101,3
2018 102,6 105,5 97,3 99,6 102,6 100,5
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Pic. 1. Dependence of the assessment by shippers of the level of railway infrastructure development
on the level of its loading.

value of the average daily normalized work
during the year;

PLum — average daily normalized work for
the year;

PLuom — average daily normalized work for

the particular quarter (month).

The indicated indicators, which can be
expressed as coefficients or as a percentage, are
not alternative, but complementary. Together,
they make it possible to comprehensively assess
the seasonal uneven loading of the railway
infrastructure.

The coefficient X, characterizes the excess

of infrastructure loading in the «peak» season
over the average annual level. Its importance is
determined by the fact that the capacity and
carrying capacity of railways should allow to
realize not only medium, but also maximum
loads without loss of rhythm and stability of
work. This is necessary to ensure the economic
efficiency of their functioning. However, the
ratio of loading of infrastructure in the «peak»
season and the low demand season, which is

demonstrated by the coefficient K., , is also

important. Together, these coefficients give an
annual characteristic of uneven railway
infrastructure loading. But such a characteristic
is not exhaustive. From an economic point of
view, it is important (as will be shown below)
to assess the loading level in each season, in
comparison with the average annual rate using
the coefficient K ..

The characteristics of the seasonal
(quarterly) uneven loading of the infrastructure
of the Russian railways are shown in Table 1.
As can be seen from the table, they are not
subject to sudden changes.

An important theoretical and applied value
belongs to identification of influence of
seasonal uneven loading of railway infrastructure
on economic performance of the industry.

Influence of seasonality of infrastructure
loading on economic indicators of railway
transport

Efficiency and competitiveness of railway
transport, both current and long-term,
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Pic. 2. Dependence of assessment by shippers of availability of wagons of the required type in the required
quantity on the level of infrastructure loading.

significantly depend on the level of quality of
services provided to users [30; 31]. At the same
time, not only transportation quality indicators
objectively measured by industry statistics are
important, but also subjective assessments of
quality of services provided by the users
themselves [32, p. 58; 29, pp. 147—148]. The
use of such estimates to characterize quality of
transport services not only reflects the principle
of customer focus, but also corresponds to the
fundamental principles of economic theory
[33, p. 63]. After all, it is on the basis of their
own subjective assessments that users decide
on how to organize transportation (what modes
of transport, which logistics scheme to use),
and whether to carry out transportation at all.
Using generalized assessments of cargo owners
in the form of «Quality Index» made it possible
to establish that the sensitivity of demand for
cargo transportation to the quality level is
almost twice as high as to the cargo charge level
[34, pp. 40—41; 35, pp. 135—139].

Based on the foregoing, it is of interest to
study the dependence of scores of cargo owners
on quality indicators of transport services, which
are components of a generalized Quality Index,
on the level of railway infrastructure loading.
When the infrastructure loading is more than
100 % of the average annual level, there is a
tendency for shippers to reduce scores while
assessing the level of development of transport
infrastructure (Pic. 1). In other words, during
periods of «peak» loading of infrastructure, its
development is perceived by shippers as relatively
worse than during periods of loading below the
average level.

Interestingly, a much stronger correlation
exists between shippers’ assessment of
availability of wagons of the required type in
the required quantity and the level of
infrastructure loading (Pic. 2). During periods
of «peak» loading, these estimates are reduced,
which is associated both with emergence of a
shortage of wagons and increasing demand, and
with difficulties in sending empty cars to
loading sites due to the high and ultra-high
filling of transit capacity at many sections of
the railway network.

The analysis of dependence of the key
economic indicator of railways (transportation
costs or operating costs) on unevenness of
infrastructure loading is of great importance. To
carry out the corresponding assessment, the
operating costs of different quarters were
normalized to a comparable form by excluding
from costs of I and IV («winter») quarters of
additional costs associated with performance of
operational work in the winter period (for fuel,
snowfighting, etc.), and from costs of IV quarter
of additional costs associated with the end of the
year (payments on accounts, etc.). After these
adjustments to the quarterly data, the average
daily costs for each year and quarters were
calculated, and the ratios of the average daily
costs of each quarter to the corresponding
average annual values were determined.

The assessment shows the non-linear nature
of the dependence of operating costs on the
level of railway infrastructure loading (Pic. 3).
Such a result is empirical confirmation of the
theoretical positions expressed in a number of
works on the economics of transport [9, p. 87;
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Pic. 3. Dependence of operating costs on unevenness of infrastructure loading.

Excess of average annual level of operating
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Pic. 4. The increase in operating costs during infrastructure overloading.

36, pp. 96—97; 37, pp. 367—368] and consistent
with the fundamental principles of economic
theory, according to which, with an increase in
production under the conditions of an
unchanged amount of fixed capital, from a
certain moment, the law of diminishing returns
comes into effect [38, pp. 271—273]. Asaresult,
marginal costs increase, and the growth of total
costs becomes non-linear and accelerates.

It is noteworthy that under the conditions
under consideration, even before reaching the
average annual level of railway infrastructure
loading, growth of costs accelerates (Pic. 3).

This indicates that even with an average
annual load, domestic railways are overloaded,
i.e. operate in an economically suboptimal
mode. With a significant excess of the average
annual loading level, the growth of costs
significantly exceeds the values observed with
availability of transit capacity reserves and
becomes faster than the growth in infrastructure
loading (Pic. 4). The widening of the gap
between the graphs of nonlinear growth in
operating costs during infrastructure reloading
and the theoretical graph in the absence of such
is rather indicative.
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Table 2

Dynamics of section and technical speeds of cargo trains and change in coefficient of section
speed by quarter for 2017—2018

Indicator 2017 2018
1Q 1IQ 11 Q IVQ 1Q 11Q 11 Q IVQ
Section speed 42,8 40,3 39,0 39,6 42,0 39,0 37,3 38,1
Technical speed 48,5 47,0 46,1 46,4 48,4 46,5 45,7 46,2
Coefficient of section 0,881 0,858 0,845 0,852 0,868 0,839 0,815 0,824
speed
1Q 2017 1Q2018
< .
= 2 Q2017
|

= : 4Q 2017
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Pic. 5. Dependence of section speed of cargo trains on unevenness of infrastructure loading.

One of the main reasons for the nonlinear,
accelerating growth in operating costs while
increasing infrastructure loading is deterioration
in quality of use of rolling stock over time,
primarily expressed in decrease in train speeds.
In a number of studies carried out in different
years, it was found that when the loading of
transit capacity of a railway line exceeds 70—
80 % of the calculated value, section speed of
cargo trains on these lines decreases [39; 40;
41, pp. 1-5], and the cost of transportation,
respectively, grows [42, pp. 195—196; 43,
pp. 67—68].

The empirical analysis of intra-annual
changes in train speeds (Table 2) in comparison
with seasonal unevenness of railway
infrastructure loading (Table 1) indicates that
during periods of higher infrastructure loading,
train speeds decrease and their minimum values
fall on I quarter, when the level of infrastructure
loading is maximum.
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The mathematical assessment of
dependence of section speed on unevenness of
railway infrastructure loading also indicates a
decrease in section speed in case of infrastructure
overloading (Pic. 5).

The scientific value of the simulation is that
the dependence of section speed on the level of
infrastructure loading is established not for
individual lines, but for the railway network as
awhole. Asitisknown, the cost of transportation
and section speed are inversely related [37,
pp. 269—276]. This means that with a decrease
in section speed, the cost of transportation,
and, consequently, the total amount of
operating costs, increase.

At the same time, the decrease in section
speed is only partially explained by the increase
in operating costs, since the analysis shows (Tables
1, 2) that during periods of «peak» loading of the
infrastructure not only section speed decreases,
but also the section speed coefficient, defined as
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the ratio of section speed to technical [44, p. 246].
A decrease in the coefficient of section speed
means that the downtime of trains at intermediate
stations increases, and this additionally increases
operating costs due to the increase in car-hours
and locomotive-hours of downtime, as well as
total crew hours of locomotive crews [45]. The
combination of these factors explains the increase
in operating costs, shown in Pic. 4. In addition,
these downtimes lead to a slowdown in delivery
of'goods, which entails losses for product owners
and the economy as a whole [46, pp. 6—7], and
may also entail recovery of penalties from the
carrier for late delivery of goods.

Thus, the seasonal unevenness of loading of
the railway infrastructure leads to a decrease in
quality of transportation and deterioration in the
market image of the railway industry, an increase
in operating costs and the cost of transportation,
which reduces the efficiency and competitiveness
of railways. Accordingly, unevenness of
transportation reduces the efficiency of investments
in railway transport development. Therefore, the
possibility of increasing unevenness of
transportation should be considered as a specific
type of risk in implementation of both individual
investment projects and integrated development
programs, such as the Long-Term Development
Program of JSC Russian Railways until 2025 [15].

The model of influence of seasonal unevenness
of railway infrastructure loading on the efficiency
of its use and development

The analysis and assessments made, taking
into account the understanding of economic
interconnections in the field of operation and
development of transport systems, allow using
the logical-analytical method [47] to form a
theoretical model of influence of seasonal
unevenness of loading of railway infrastructure
on the efficiency of its use and development.
The model is based on the following provisions.

1.The average daily value of normalized

work ( PLwm) of railway transport for the year

with its existing structure by type and direction
of transportation (Sij) and a given level of tariffs
(T) determines the annual income of the
industry from transportation (D):
D = f(PLwom,S,.T).

(%)

In this study, we abstract from changes in
traffic patterns and tariff levels in order to
identify the effects of seasonal variation. Then
expression (5) can be written as:

——year

D = f(PLiom). (6)

2.The maximum average daily normalized
work of the intra-annual period (a quarter or a

month) PLwm determines both the required

capital investments (K) in creating the transit
and carrying capacity for realization of the
corresponding transportation volume, and not
only operating costs depending on
transportation volume (variables) of the
corresponding period, but also the annual
conditionally-constant costs (E__ ) associated
primarily with infrastructure maintenance:

K = f(PLoom), (7)
®)

At the same time, the dependent (variable)
operating costs during periods of «peak»
volumes are determined not only by these
volumes themselves, but also by deterioration
of quality indicators of the transportation
process, in particular, a decrease in motion
speeds (AV):

E™ = f(PLuom,AV).

dep

E"™ = f(PLuom).

c-const

&)

3.The effectiveness of the use of transport
infrastructure ( Ef,, ) depends on the ratio of

revenues from transportation carried out using
this infrastructure, and the corresponding
operating costs, both dependent and
independent of the volume of transportation
(conditionally constant):

Efe = f(D, Ec-consUEdep)' (10)

Taking into account the dependencies
(5—-9), with the prevailing transportation
structure and a given tariff level:
Ef' = f(PLuom, PLoom).

(11)
In turn, the average daily value of normalized
work of railway transport for the year (ﬁm)

depends both on its level during the periods of
maximum and minimum transportation and
the ratio between them, and on the general
distribution of transportation by period of the
year, i.e. on the parameters K}, K..,.{K> .} .

unevl

Thisimpliesthe existence of the dependence:
Eﬁ:fr = f(Kulnev7Kuznev’{K3 l}) (12)-

4. When approaching the maximum level of
railway infrastructure loading to the curve of
production capabilities (CPC'), the law of

I CPC of the railway line shows what number of trains
of different types (passenger, cargo) can be processed on
this line per a certain time interval [37, p. 365].
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Pic. 6. Scheme of assessment of seasonal unevenness of railway infrastructure loading on the efficiency of its
use and development.

diminishing returns comes into force and there is
a need for reconstruction activities [37, p. 366],
requiring appropriate capital expenses (K ).

The capital expenses for reconstruction of
the railway infrastructure should be paid off due
to the income from transportation and other
effects associated with the increase, due to
reconstruction, in the volume of transportation
(normalized work).

In a situation where there is a seasonal
unevenness of infrastructure loading, i.e.
coefficients X,.,, K.. , k.. ,are not equal to

unev 3 unev s

unity, an alternative to reconstruction is to
reduce unevenness of transportation, with a
reduction in values of X, , ..., K... Atthe

same time, it becomes possible to postpone
capital expenses for reconstruction by making
them in subsequent years. The effect of
postponement of expenses (EPOS‘) for a given
value of future costs for reconstruction of
railway infrastructure that are being postponed
for the future depends on time of postponement
of costs (Tp ), and the larger is it, the higher is
the effect:
Epost zﬂTpost)' (13)

The essence of the effect of postponement
of capital costs is due to the fact that during the
period of postponement they will give effect
with any alternative options of use. If the source
ofthe corresponding investments is linked with
borrowed funds, interest payments will be
reduced.

In turn, time of postponement of expenses
depends on reducing unevenness of infra-
structure loading:

0st

Ous = f(AK,,,.AKS,,). (14)
Hence:
Epost = f(AKllnev’AKuznev)' (15)
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Thus, based on the logical analysis, the
influence of seasonal unevenness of loading of
railway infrastructure on the efficiency of its
use and development is shown. In a generalized
form, the described model is presented in
Pic. 6.

Conclusion. It is advisable to use the
methodological toolkit for assessing seasonal
unevenness of railway infrastructure loading for
its in-depth retrospective analysis, identifying
the main factors affecting the unevenness
indicators and determining the minimum
achievable (maximum permissible) level of
seasonal unevenness. This will allow forecasting
seasonal unevenness for the future and
developing measures to reduce it (to prevent
exceeding the limit level). Measures to reduce
unevenness of transportation can be based on
tariff measures based on changes in cargo
charges depending on the level of infrastructure
loading [10, pp. 164—165; 48, p. 191; 49,
pp. 69—70], and, in addition to them, on
organization and technological measures,
including those based on the use of big data
analysis and computer modelling [50].

Current monitoring of seasonal unevenness
of transportation, with assessment of
effectiveness of the developed measures to
reduce it and their further adjustment, should
also be carried out using this methodological
toolkit.

The influence of unevenness of loading of
the railway infrastructure on assessment of
quality of transportation services by shippers,
the quality indicators of operational activity
and operating costs of the railway transport, the
developed model of influence of seasonal
unevenness of loading on the efficiency of use
and development of railway infrastructure
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revealed during the study make it possible to
carry out economic assessment of seasonal
unevenness on the results of current and
investment activities of railway transport, and,
thus, are tools to improve planning and
management of transportation activities and
development of railways.

At the same time, reduction in seasonal
unevenness of transportation should be
considered as a factor increasing the
economic efficiency of not only the current,
but also investment activity of railway
transport, while its growth could be regarded
as a specific type of risk for effectiveness of
implementation of projects for railway
infrastructure development.

REFERENCES

1. Galitsinsky, F. A. The capacity of railways and
confusion in traffic [ Propusknaya sposobnost’ zheleznykh
dorog i zameshatelstva v dvizhenii]. St. Petersburg, 1899,
249 p.

2. Operation of railways. General information
| Ekspluatatsiya zheleznykh dorog/ Obshchie svedeniyal.
Summary of lectures by Professor Myasoedov-Ivanov.
Institute of Railway Engineers of Alexander I.
St. Petersburg, Printing House of Yu. N. Erlikh, 1910,
158 p.

3. Sotnikov, E. A., Shenfeld, K. P. Unevenness of
cargo transportation in modern conditions and its impact
on the required capacity of sections [ Neravnomernost’
gruzovykh perevozok v sovremennykh usloviyakh i ee
viiyanie na potrebnuyu propusknuyu sposobpost’ uchastkov|.
Vestnik VNIIZhT, 2011, Iss. 5, pp. 3—9.

4. Macheret, D. A. Fundamental production and
economic problems and their features in railway transport
| Fundamentalnie proizvodstvenno-ekonomicheskie
problemy i ikh osobennosti na zheleznodorozhnom
transporte|. Zheleznodorozhniy transport, 2002, Iss. 5,
pp. 59-61.

5. Ugryumov, A. K. Unevenness of train traffic
| Neravnomernost’ dvizheniya poezdov]. Moscow, Transport
publ., 1968, 112 p.

6. Khachaturov, T. S. Economics of transport
| Ekonomika transporta]. Moscow, Publishing House of
the Academy of Sciences of the USSR, 1959, 588 p.

7. Lapidus, B. M., Macheret, D. A. Model and
methodology of macroeconomic assessment of the mass
of goods in the process of transportation [Model’
i metodika makroekonomicheskoi otsenki tovarnoi massy,
nakhodyashcheisya v protsesse perevozki]. Vestnik
nauchno-issledovatelskogo instituta zheleznodorozhnogo
transporta, 2011, Iss. 2, pp. 3—7.

8. Lapidus, B. M., Macheret, D. A. Improving
speed efficiency of transportation based on the
continuous movement of goods and passengers
[ Povyshenie skorostnoi effektivnosti transportnogo
soobshcheniya na osnove nepreryvnogo peremeshcheniya
tovarov i passazhirov]. Fundamental research for long-
term development of railway transport. Collection of
scientific works of members and scientific partners of Joint
Scientific Council of JSC Russian Railways. Moscow,
Intekst publ., 2013, pp. 85—94.

9. Macheret, D. A., Valeev, N. A. Scientific tools for
predictive management of railway transport efficiency

| Nauchniy instrumentariy prediktivnogo upravleniya
effektivnos’tyu zheleznodorozhnogo transporta). Vestnik
nauchno-issledovatelskogo institute zheleznodorozhnogo
transporta, 2018, Vol. 77, Iss. 2, pp. 84-91.

10. Walters, A. A. Excessive congestion |Chrezmernoe
potreblenie (neregruzka)). In: Economic theory. Ed. by
J. Eatwell, M. Milgate, P. Newman. Transl. from English.
Moscow, Infra-M publ., 2004, pp. 157—166.

11. Ryshkov, A. V., Postnikov, S. B. JSC Russian
Railways — needs for changes in an era of change [OAO
RZD — potrebnosti v izmeneniyakh v epokhu peremen].
Ekonomika zheleznykh dorog, 2020, Iss. 1, pp. 11-29.

12. Government order dated September 30, 2018
No. 2101-r. On approval of the Comprehensive Plan for
modernization and expansion of the main infrastructure
for the period until 2024 | Rasporyazhenie Pravitelstva ot
30 sentyabrya 2018 No. 2101-r / Ob utverzhdenii
Kompleksnogo plana modernizatsii i rasshireniya
magistralnoi infrastruktury na period do 2024 goda].
[Electronic resource]: http://static.government.ru/
media/files/MUNhgWFddP3UfFIRJASDWIVxP8zwc
B4Y.pdf. Last accessed 11.10.2018.

13. Macheret, D. A., Ledney, A. Yu. Prospects for
development of transport infrastructure [Perspektivy
razvitiya transportnoi infrastruktury). Transport Rossiiskoi
Federatsii, 1ss. 5 (78), 2018, pp. 16—22.

14. Macheret, D. A., Ledney, A. Yu. Economic
significance of comprehensive modernization of the main
transport infrastructure [Ekonomicheskoe znachenie
kompleksnoi modernizatsii magistralnoi transportnoi
infrastruktury). Ekonomika zheleznykh dorog, 2019, Iss. 1,
pp. 31-45.

15. The long-term development program of JSC
Russian Railways until 2025 (approved by Decree of the
Government of the Russian Federation of March 19, 2019
No. 466-R) [Dolgosrochnaya programma razvitiya OAO
RZD do 2025 goda (utverzhdena rasporyazheniem
Pravitelstva RF ot 19 marta 2019 No. 466-R)].

16. Report of the General Director — Chairman of the
Management Board of JSC Russian Railways
O. V. Belozerov at the expanded final meeting of the
Management Board of JSC Russian Railways | Doklad
generalnogo direktora — predsedatelya pravleniya OAO RZD
0. V. Belozerova na rasshirennom itogovom zasedanii
pravieniya OAO RZD). Zheleznodorozhniy transport, 2020,
Iss. 1, pp. 2—10.

17. Macheret, D. A., Valeev, N. A. Prospects for the
growth of economic efficiency of JSC Russian Railways
[ Perspektivy rosta ekonomicheskoi effektivnosti OAO RZD]).
Transport Rossiiskoi Federatsii, 2019, Iss. 4 (83), pp. 13—17.

18. Macheret, D. A., Ledney, A. Yu. Volume of
transportation — a key factor in the effectiveness of
transport infrastructure development [Ob’emy perevozok —
klyuchevoy faktor effektivnosti razvitiya transportnoi
infrastruktury). Ekonomika zheleznykh dorog, 2019, Iss. 4,
pp. 28—38.

19. Menger, C. Selected works [/Izbrannie raboty].
Moscow, Publishing House «Territory of the Future», 2005,
496 p.

20. Economics of railway transport [ Ekonomika
zheleznodorozhnogo transporta). Ed. by 1. V. Belov. Moscow,
Transport publ., 1989, 351 p.

21. Sokolov, Yu. 1., Lavrov, I. M., Averyanova, O. A.,
Cherednikov, N. A. Methods of analysis of quality index
of transport services for cargo owners [ Metody analiza
indeksa kachestva transportnogo obsluzhivaniya
gruzovladeltsev). Ekonomika zheleznykh dorog, 2019, Iss. 4,
pp. 19-27.

22. The study in the field of consumer evaluation of
quality of services in railway cargo transportation market
[ Issledovanie v sfere otsenki potrebitelyami kachestva uslug na

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 94-115 (20

Macheret, Dmitry A., Razuvaev, Aleksey D., Ledney, Anastasia Yu. Economic Assessment of Seasonal

Unevenness in Railway Infrastructure Loading




rynke gruzoperevozok zheleznodorozhnym transportom]. 3
quarter 2019. St. Petersburg, RZD-Partner, 2019, 37 p.

23. Macheret, D. A., Ledney, A. Yu. Impact of seasonal
unevenness of transportation on the efficiency of transport
infrastructure [ Vliyanie sezonnoi neravnomernosti perevozok
na effektivnost’ transportnoi infrastruktury). Transport
Rossiiskoi Federatsii, 2019, Iss. 6 (85), pp. 4—9.

24. Macheret, D. A., Ledney, A. Yu. Improvement of
the methodological tools for assessing seasonal unevenness
of transportation [Sovershenstvovanie metodicheskogo
instrumentariya otsenki sezonnoi neravhomernosti perevozok|.
Vestnik nauchno-issledovatelskogo instituta
zheleznodorozhnogo transporta, 2019, Vol. 78, Iss. 6,
pp. 323-327.

25. Razuvaev, A. D. Assessment of economic efficiency
of construction and technical re-equipment of railway
infrastructure using innovative solutions. Ph.D.
(Economics) thesis: 08.00.05 [Otsenka ekonomicheskoi
effektivnosti stroitelstva i tekhnicheskogo perevooruzheniya
zheleznodorozhnoi infrastruktury s primeneniem
innovatsionnykh reshenii. Dis... kand. ekon. nauk: 08.00.05].
Razuvaev Aleksey Dmitrievich. Moscow, 2019, 148 p.

26. Macheret, D. A. Productivity — fundamental basis
of economic efficiency | Proizvoditelnost’ — fundamenalnaya
osnova ekonomicheskoi effektivnosti|. Ekonomika zheleznykh
dorog, 2010, Iss. 7, pp. 19—34.

27. Macheret, D. A. On development of a system for
integrated assessment and increase in productivity of the
use of production resources by areas (labour resources,
infrastructure, rolling stock, energy efficiency)
|0 razrabotke sistemy kompleksnoi otsenki i povysheniya
proizvoditelnosti ispolzovaniya proizvodstvennykh resursov
po napravleniyam (trudovie resursy, infrastruktura,
podvizhnoy sostav, energoeffektivnost’)]. Bulletin of Joint
Scientific Council of JSC Russian Railways, 2010, Iss. 2,
pp. 3—23.

28. Railway transport statistics [Statistika
zheleznodorozhnogo transporta]. Ed. by T. 1. Kozlov,
A. A. Polikarpov. Moscow, Transport publ., 1990, 327 p.

29. Macheret, D. A., Ryshkov, A. V., Valeev, N. A. [ef
al]. Management of economic efficiency of operation
activities of railway transport with the use of innovation
approaches [Upravlenie ekonomicheskoi effektivnostyu
ekspluatatsionnoi deyatelnosti zheleznodorozhnogo transporta
s ispolzovaniem innovatsionnykh podkhodov]. Moscow,
RIOR publ., 2018, 212 p.

30. Mandrikov, M. E., Macheret, D. A. Transport
service in market economy [ 7ransportnoe obsluzhivanie v
usloviyakh rynochnoi ekonomiki|. Zheleznodorozhniy
transport, 1992, Iss. 1, pp. 56—59.

31. Macheret, D. A., Ryshkov, A. V. Strategic
significance of improvement of quality of cargo delivery
| Strategicheskoe znechenie povysheniya kachestva dostavki
gruzov]. Ekonomika zheleznykh dorog, 2016, Iss. 6,
pp. 22-29.

32. Sokolov, Yu. I. Quality index as market barometer
| Indeks kachestva — barometr rynkal. RZD- Partner, 2014,
Iss. 4 (272), pp. 58—59.

33. Titova, V. I. Ways to improve quality of cargo
transportation [Puti povysheniya kachestva gruzovykh
perevozok)|. Ekonomika zheleznykh dorog, 2019, Iss. 12,
pp. 59—68.

34. Sokolov, Yu. I., Lavrov, I. M. Assessment of
elasticity of demand for railway transportation [Ofsenka
elastichnosti sprosa na zheleznodorozhmie perevozkil.
Ekonomika zheleznykh dorog, 2013, Iss. 8, pp. 34—42.

35. Sokolov, Yu. I., Lavrov, I. M. Methods of economic
assessment of quality of transport service of shippers under
the conditions of multiplicity participants in transportation
process [ Metody ekonomicheskoi otsenki kachestva
transportnogo obluzhivaniya gruzovladeltsev v usloviyakh

mnozhestvennosti uchatnikov perevozochnogo protsessal.
Moscow, Zolotoe sechenie publ., 2015, 168 p.

36. Macheret, D. A. Methodology of management
of operation and development of parallel lines of the
railway network based on marginal indicators
[Metodologiya upravleniya ekspluatatsiei i razvitiem
parallelnykh khodov zheleznodorozhnoi seti na osnove
marzhinalnykh pokazatelei|. Fundamental research for
long-term development of railway transport. Collection of
scientific works of members and scientific partners of Joint
Scientific Council of JSC Russian Railways. Moscow,
Intekst publ., 2013, pp. 95—100.

37. Smekhova, N. G., Macheret, D. A., Kozhev-
nikov, Yu. N. [ef al]. Costs and prime cost of railway
transportation [ Izderzhki i sebestoimost’ zheleznodorozhnykh
perevozok]. Moscow, FSBEI EMC RT, 2015, 472 p.

38. Samuelson, P. A., Nordhaus, W. D. Economics.
Transl. from English. Moscow, LLC Publishing house
Williams, 2010, 1360 p.

39. Chernomordik, G. 1., Kozin, B. S., Kozlov, I. T.
On economically feasible level of loading of single-track
and double-track lines [Ob ekonomicheski tselesoobraznom
urovne zagruzki odnoputnykh i dvukhputnykh linii].
Transportnoe stroitelstvo, 1960, Iss. 12, pp. 46—50.

40. Kozlov, V. E. Carrying capacity of railway lines and
reliability of technical means [ Propusknaya sposobnost’
zheleznodorozhnykh linii i nadezhnost’ tekhniccheskikh
sredstv|. Vestnik VNIIZhT, 1979, Iss. 4, p. 16.

41. Concept of organization of heavy- and long-train
movement of cargo trains on the main directions of the
railway network [ Konteptsiya organizatsii tyazhelovesnogo
i dlinnosostavnogo dvizheniya gruzovykh poezdov na
osnovnykh napravleniyakh seti zheleznykh dorog]. Ed. by
L. A. Muginshtein. Moscow, VNIIZhT publ., 2007, 179 p.

42. Economics of railway transport [ Ekonomika
zheleznodorozhnogo transporta]. Ed. by E. D. Khanukov.
Moscow, Transport publ., 1969, 424 p.

43. Shulga, A. M., Cost of railway transportation
|Sebestoimost’ zheleznodorozhnykh perevozok]. Moscow,
Transport publ., 1985, 279 p.

44. Kochneyv, E P., Sotnikov, I. B. Management of
operational work of railways | Upravlenie ekspluatatsionnoi
rabotoi zheleznykh dorog]. Moscow, Transport publ., 1990,
424 p.

45. Macheret, D. A. Analysis of long-term dynamics
of speeds in cargo movement [Analiz dolgosrochnoi dinamiki
skorostei v gruzovom dvizhenii|. Zheleznodorozhniy transport,
2012, Iss. 5, pp. 66—71.

46. Lapidus, B. M., Macheret, D. A. Model and
method of macroeconomic assessment of goods, being
transported [Model’ i metodika otsenki tovarnoi massy,
nakhodyashcheisya v protsesse perevozki|. Vestnik nauchno-
issledovatelskogo instituta zheleznodorozhnogo transporta,
2011, Iss. 2, pp. 3—7.

47. Macheret, D. A. Methodological problems of
economic studies on railway transport [ Metodologicheskie
problem ekonomicheskikh issledovanii na zheleznodorozhnom
transporte]. Ekonomika zheleznykh dorog, 2015, Iss. 3,
pp. 12-26.

48. Frank, R. The Darwin Economy, Liberty,
Competition and the Common Good. Transl. from English.
Moscow, Publishing House of Gaydar Institute, 2013,
352 p.

49. Macheret, D. A. Economy of bottlenecks. World
of Transport and Transportation, 2014, Vol. 12, Iss. 3 (52),
pp. 64-75.

50. Nakagawa, Sh., Shibata, M., Fukasawa, N.
Optimization System of Reserved/Non-reserved Seating
Plans for Improving Convenience and Revenue on Inter-
city Trains. Quarterly Report of the RTRI, 2017, Vol. 58,
No. 2, pp. 105—112. ®

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 18, Iss. 1, pp. 94-115 (2020)

Macheret, Dmitry A., Razuvaev, Aleksey D., Ledney, Anastasia Yu. Economic Assessment of Seasonal

Unevenness in Railway Infrastructure Loading




