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AH HOTA M PaccmatpuBatoTcs ycnoBus BHelHel TOproBan cTpaH LleHTpanbHow A3umn u nx BIMSIHWE HA 3KOHOMUYe-
LL CKMI pocT. B HacTosiwee BpeMsi TpaHCMOPTHble KOpMAOPbI LleHTpanbHOM A3MM HaxoaaTcs Ha nNuke CBOeW

BOCTPeHOBaHHOCTU. MccnepyroTcs TeKyLLmMe NO3UTUBHBIE U3MEHEHUS U LOCTMXKEHUS pernoHa. O6pallaeTcs BHMUMAHME Ha reonosu-

TMYeCKMe TEHAEHLMM, KOTOpble CO34aK0T YCN0BUS ANS PAa3BUTUS anbTePHATUBHBIX TPAHCMOPTHBIX KOPUAOPOB U MHDPACTPYKTYPHbIX

npoekToB. Oco60e BHMMaHUE yaenseTcs NoBbIWEHUI0 TPAHCMOPTHOM CBA3HOCTY.

Mpennaraetcs pa3BMBaTh TPAH3UTHO-TPAHCMOPTHBIM NOTEHLMAN U YBENUUYMBATL MPOU3BOACTBO FOTOBOM npoaykuuu. [Mpose-
[eHHbI BCECTOPOHHMIM aHanu3 NO3BONSET LWUMPE B3INSHYTb HA NOTEHLMAN PernoHa U NpeanoXnTb Mepbl A ero NOSHOLEHHOro
pa3BuTHS. B cBsi3u ¢ pacTywen ponbto LleHTpanbHOM A3un Ha MeXAyHAapOLHOM apeHe TakKe pacCMaTPUBAETCS BAUSIHME BHELLHEN
NMOJIMTUKM HA pa3BUTUE IKOHOMMKM pernoHa. CtpaTernyeckoe pacnonoxeHue LieHTpanbHoin Asun mexay Kutaem, Poccueit, Upa-
HOM M ApPYrMMU CTPaHaMu LenaeT permoH BaXKHbIM NAapTHEPOM B MeXAYHAPOAHOM TOProB/ie M TPAaHCMOPTHbIX CBA3AX.

[MpoBoAMTCS aHaNM3 TEKYLLMX MONOXKMUTENbHBIX U3MEHEHUI B PETMOHE, TAKMX KaK CO34aHME HOBbIX TPAHCMOPTHbLIX KOPUAOPOB,
pasBUTME NOTUCTUYECKOWM MHDPACTPYKTYPbl U YKPenaeHne TOProBbiX OTHOLWEHUI C ApyrumMu cTpaHamu. Ocoboe BHUMaHue yae-
NETCS NPOEKTaM Mo Pa3BUTUIO PETMOHANbHbIX MHTErPALMOHHBIX M SKOHOMUYECKMX COH30B, KOTOPble CMOCOOCTBYHOT MOBbILLEHWIO

KOHKYPEHTOCMOCOOHOCTM M SKOHOMMYECKOM CTabmnnbHOCTM B LleHTpanbHoM A3uun.

Kﬂ |_0L| E B bl E Cﬂ O BA. TPaHCMOPT; MHBECTULMK; NOTUCTUKA; XKeNes3Has Aopora; MHOPaCTPYKTypa; TOProBsi; PbIHOK;
s+ TPaHCMOPTHbIVA KOpUA0pP

[na untuposauusa: benosepos B.J1., Kobecos K.K., Kyperkos [1.B., 3omosa E.B. epcneKkT1BbI JanbHEMLWEro pa3BuTUs NOrMCTUKU U
Toproenu B ctpaHax LleHtpanbHoi Asun // Tpancnopt BPUKC. 2024.T. 3. Bein. 3. C. 1. https://doi.org/10.46684/2024.3.1.

INTRODUCTION

Looking at Central Asia, it can be said that it is a
large and dynamic region with a promising develop-
ment trend. The geographical location and resource
wealth of the sub-region make it an important “thea-
tre” for a major political play [1]. However, the world
still has not fully realized the economic role and pros-
pects of Central Asia.

The countries of Central Asia are currently active-
ly improving in the context of global digitalization,
which involves the development of regional infra-
structures. In this connection, it can be suggested that
the development of transport and logistics will be one
of the main areas of transport policies in these coun-
tries. Central Asian countries are believed to be some
of the least connected economies in the world. The
region’s connectivity indicator averages below 60 % of
global GDP, which is the lowest on this scale. The cost
of imports and exports in Central Asia remains high,
undermining the competitiveness of domestic goods
abroad and increasing the cost of imported goods for
local consumers. For example, the cost of shipping a
container from any country in Central Asia to Shang-
hai is more than five times the cost of shipping it from
Poland or Turkey.

Transport connectivity within the countries of Cen-
tral Asia is also limited. Thus, the majority of parts of
the region have no necessary transport infrastructure
and the cost of shipping services is high. This limits ac-
cess to services, economic activities, and employment
and hampers the development of tourism.
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COUNTRIES OF CENTRALASIA: PROBLEMS,
ACHIEVEMENTS,DEVELOPMENT PROSPECTS

Countries of the region have made significant pro-
gress in their development over the last 20 years and
have good prospects for growth. However, due to iner-
tia, the international community still does not see the
region as a significant player on the global economic
map. At the same time, Central Asia is growing rapidly
and has a significant potential. The creation of a fa-
vourable (institutional, industry-based, socio-economic
and macroeconomic) environment in the economies
of Central Asia will form a basis for their sustainable
growth.

The region’s GDP has on average grown 6.2 % an-
nually in real terms over the last 20 years to reach USD
347 billion [2]. The population of Central Asia is almost
80 million people and continues to grow by 2 % per
year. The amount of accumulated investments from
third countries is USD 211 billion and foreign trade
turnover has increased sixfold since 2000.

The region’s railway sector is currently facing the
following systemic problems:

e shortage of capacity in the railway infrastructure
and locomotive traction;

obsolescent technologies and standards;

lag in the development of central hubs;

shortage of human resources;

weak bargaining positions in interactions with for-
eign railway administrations.

The problem with land gives rise to numerous in-
terrelated complications [3, 4]. The question of how to
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solve this problem has been discussed many times in

various working groups. Stabilizing the situation in the

transport sector is currently a pressing issue.

Achievements and structural change in Central Asia
over the last 20 years show positive dynamics in the
following dimensions:

e the total population has grown to reach 80 million
people, with the vast majority being accounted for
by Uzbekistan (35 million people);

GDP grew 7.5 times to reach USD 347 billion;

foreign trade of goods increased 6 times to reach

USD 165.5 billion;

e on average, the population numbers in the region
increased by 1.6 % per year.

This shows clearly that performance in trade and
business is improving. It should be noted that over the
last 20 years the economies in Central Asia have grown
at a significant average annual rate of 6.2 %. By con-
trast, the same figure for the world as a whole is 2.6 %,
and for developing countries it is 5.3 %.

The aggregate GDP of five countries of Central Asia
is moving closer to being comparable with the econo-
my of China in terms of significance. All this has posi-
tive effects on trade between the countries, boosting
the growth of trade. As a result, the foreign trade turno-
ver increased six times, despite that not all of the issues
have yet been resolved.

Sustainable development and economic growth
will require that the four major structural challenges
be overcome:

e the need for the development of the transit and
transport potential to establish a Eurasian transport
system;

e reduction of barriers to the inflow of private invest-
ment, increasing the output of finished goods, and
diversification of exports;

e well-coordinated development of the water and en-
ergy sectors;

e transition to a green economy.

At the same time, geopolitical trends provide op-
portunities for the growth of alternative transport cor-
ridors and infrastructure projects.

Russia and China are the key trade partners of
Central Asian countries. Geographically, Central Asian
countries are at the intersection of the major transport
corridors, which gives them an opportunity to develop
their transport potential, primarily for the transporta-
tion of goods, and for the involvement of Central Asian
countries in cross-border production chains [5].

Today, the transport corridors in Central Asia are
in peak demand. Strategies of Central Asian countries
build on leveraging globalization and regional econom-
ic integration.

Thus, China, Kyrgyzstan and Uzbekistan are consid-
ering building an alternative route with access to the
Caspian Sea.
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Russia is building the North - South route. This
year, the flow of export goods from Russia along this
corridor increased by about 10 million tons [6].

Tajikistan has launched a multimodal corridor Chi-
na - Tajikistan — Uzbekistan — Turkmenistan — Iran —
Turkey. The cargo will be delivered from the People’s
Republic of China to Kulyab, Tajikistan, which is a Tajik
free economic zone and will become a commercial,
transit and industrial hub in the republic [7].

Iran is intending to reconstruct the Herat — Khaf
railway section to develop trade with Herat, one of the
most prosperous cities in Afghanistan. This project is
also aimed at the creation of a transport corridor to
Middle Eastern countries, and to India, Europe and
Southeast Asia through the Iranian port of Chabahar.
What is special about the Khaf — Herat railway is that
it can considerably reduce transport costs, simplify the
customs procedures for international transport, and
facilitate transit of goods and development of com-
mercial and economic relations. Once completed, the
project will enable the transportation of 6 million tons
of goods and 1 million passengers per year [8].

At present, the countries of Central Asia experience
positive changes. 2022 saw the relocation of major glob-
al brands and recruitment of highly skilled specialists.
A share of foreign investment has notably increased,
indicating higher interest in the region. Diversification
of exports is expanding both in terms of the product
profile and the countries of destination. It should be
noted that the share of imports of finished goods and
products from Central Asia has also increased. These
changes suggest that the region is developing and ex-
panding its trading relations across the globe.

The region is experiencing investment growth.
Countries of Central Asia are successful in attracting
foreign investment. The list of international organiza-
tion is very extensive, with all of them having perma-
nent establishments in the region. An important role
in concessional financing is played by programs of in-
ternational organizations, such as the World Bank, the
World Monetary Fund, the Asian Development Bank,
the Islamic Development Bank, etc. At the same time,
Russia and China remain the leaders in the region,
mainly targeting its resource sector [9].

In 2023-2030, private investment will apparently
focus on:

e construction of terminals;

e purchase of rolling stock;

e introduction of new technology, further digitaliza-
tion of freight and passenger transportation;
development of transport and logistics businesses;
construction of dry cargo ships and ferryboats.
The investment interest levels still vary between

the countries of Central Asia. Kazakhstan is best posi-

tioned among the countries of the region, ranking 25th
among 190 countries of the world in the Doing Busi-
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ness 2020 rating. Uzbekistan is also strengthening its
positions, ranking 69th. Kyrgyzstan and Tajikistan rank
80th and 106th, respectively [10, 11].

Having established the freedom of trade and eco-
nomic relations, Uzbekistan is a good model of success-
ful reforms in the national economy for other coun-
tries in Central Asia. The region’s countries can use its
experience in liberalization of the economy to stimu-
late the development of their industrial, agricultural
and foreign trade sectors, and improve the business
environment.

Today, the population of Earth is 8 billion people
and it continues to rapidly grow. Based on this, it is
natural that consumer demand is constantly growing.
At the same time, global change takes place in logistics.
Changes are driven by events, such as the drought in
Europe, China and the United States; the flood in Paki-
stan; fires in Brazil and Kazakhstan; the war in Ukraine
and sanctions against Russia; significant increases in
consumer prices; military escalation around Taiwan;
food hunger for 1.3 billion people on the planet; a leap
in delivery rates; changes in traditional logistics; the
earthquakes in Turkey and Syria.

In connection with the above factors, some inter-
national experts predict a global crisis, inflation and
budget shortfalls.

Land resources have always been essential for the
social and economic development of society. Therefore,
the nature and scope of reforms in the land sector are
considered as one of the factors to determine the growth
rate and performance in the development of a national
economy and establishment of market relations.

Another important factor for the development of
countries in Central Asia is exports of raw material.
There is a prospect for increasing exports to South Asia,
primarily of oil and gas. Goods traffic between coun-
tries of Central Asia and South Asia can be expanded,
in particular by extending the range of imported goods,
first of all, equipment and consumer goods.

The lack of direct transport routes to South Asian
countries restrains the development of trade, regard-
less of short distances. The development of the North —
South international transport corridor via Afghanistan
to Pakistan and Iran will help resolve this restraint,
enabling goods from Central Asian countries to enter,
among other things, the international market using the
infrastructure of seaports in the Persian Gulf.

The majority of scholars currently become aware of
a huge potential of digitalization, arguing that robotics
and automation are the key technologies to promote
modernization and sustainable development of the ag-
ricultural and processing industries [12].
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Despite the ambitious plans for the development
of logistics infrastructures in countries of Central Asia,
their transport corridors still have bottlenecks, such as:
e varying levels of development of transport systems;
e lack of synchronization and proper coordination;

e shortage and lag in the development of infrastruc-
ture;

e complex procedures for accessing direct invest-
ment funds;

e lack of rolling stock (locomotives and railcars);

e lack of state-of-the-art technology, weak or varying
levels of digitalization.

All this poses a risk of unbalanced development of
transport and logistics.

It should be also noted that the problems accumu-
lated in the railway sector directly impact trade. These
problems affect all railway administrations in the CIS.

CONCLUSION

Central Asia is located at the intersection of the
key land transport arteries. Historically, it has been a
bridge between East and West, North and South, and
currently it represents the backbone of the Eurasian
transport system. Therefore, it is important to make
joint efforts with countries of Central Asia to coordi-
nate development.

Sustainable development and economic growth
will require that the four major structural challenges
be overcome:

e the need for the development of the transit and
transport potential in order to establish a Eurasian
transport system;

e reduction of barriers to the inflow of private invest-
ment, increasing the output of finished goods, and
diversification of exports;

e well-coordinated development of the water and en-
ergy sectors;

e transition to a green economy.

Integration processes should be active. Besides, the
region should optimize its intangible infrastructure si-
multaneously with the development of national trans-
port infrastructures in order to harmonize regulation
of the transport sector and simplify border crossing
procedures.

By solving the region’s structural problems, you will
be able to unlock its economic potential to a full ex-
tent. Increasing transport connectivity will stimulate
mutual trade, industrial cooperation, and activity of
businesses along the transport corridors, thus ensur-
ing that the region is open to trade.
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ABSTRAC The purpose of the study is to create a more accurate material flow forecasting model of Xi'an freight railway

station in China. The combined forecasting model is more validated for forecasting freight flows of regional
logistics compared to three methods: grey forecasting, Markov chains, entropy weighting. Through the creation of the combined
model, the grey forecasting method is combined with Markov chain correction, and the projected data is compared with the
actual data to obtain higher accuracy of the forecasting model.

A combined model using the grey forecasting method combined with Markov chain correction is created, with the forecast
data compared with the actual data to obtain high accuracy of the forecasting model.

The practical significance is that in the context of the present post-pandemic economic development, the logistics enterprises
that do not operate in accordance with the modern logistics methods may be displaced by competitors. If the railway does not
improve its logistics infrastructure, logistics equipment, railway logistics network platform, etc., it will lose out to other modes of
transport. In order to meet the needs of logistics and improve the market competitiveness, the main indicator of a freight station
is loading and logistics flow. Therefore, exact prediction of future changes in the logistics flow of a freight station can help to
determine whether the station needs to be upgraded as a railway station or transformed into a certain type of a logistics centre.
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MoLeNnn NporHo3npoBaHUA. npaKTVIHGCKaﬂ 3Ha4YMMOCTb — B YC/IOBUAX COBPEMEHHOIO NnocTnaHAEMUINHOIO 3KOHOMMUYECKOrO pas-
BUTUA NOTUCTUYECKME NPpEeanpUATHUa, KOTopble He paﬁOTalOT B COOTBETCTBUU C COBPEMEHHbIMK METOAAMU NOTUCTUKKU, MOTYT ObITb
BbITECHEHbI KOHKYPEHTaMU.

Ecnu xxenesHas A0pora He ycoBeplweHCTBYEeT NOrMCTUYECKYH MchpaCprKTypy, norncTtuyeckoe O60py,EI,OBaHIAe, nnachopMy
)KEJ'IEBHO,EI,ODO)KHOH JIOTUCTUYECKOM CETU U T.4., OHA npourpaeT KOHKYPEHTHYHO 60pb6y APYyrvM BUOAM TpaHCNopTa. Ons yooBnet-
BOpeHUa I'IOTpeGHOCTeVI JNOTUCTUKU U, TAKUM 06p330M, noBbIWEeHNA prHOHHOVI KOHKypeHTOCI’IOCOGHOCTVI, OCHOBHbIM NOKa3aTeNneM
pr3OBOI71 CTaHUUU ABNAETCA NOrpy3Ka um JIOTUCTUYECKMI NOTOK. |-|03TOMy TOYHOE NPOrH03MpoBaHue 6y,ﬂ,yI.IJ,MX U3MEHEHW B N10TU-
CTUYECKOM NOoTOoKe FDVBOBOVI CTaHUMU MOXKET NO3BOJINTb ONpeaeneHuto, Hy>KaaeTca M CTaHuua B MOAEPHU3ALUN, KaK XKETe3HO-
A0pPOXXHaa CTaHUUA, UNn I'Ip806PEBOBaHVIl/I B OI'Ipe,D.eﬂeHHbIVI TUN NOrNMCTUYECKOro LEeHTpa.
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INTRODUCTION

With the continuous process of increasing the com-
plexity of forecasting models and improving algorithm
technology, the accuracy of forecasting various eco-
nomic indicators has also undergone great changes.
Most forecasting methods are currently based on the
input data to create a forecasting model with high ac-
curacy according to time series, and the maximum
goodness of fit can be achieved by repeated use of the
model, which ensures the accuracy of forecasting re-
sults. Logistics flow forecasting is mainly organised
chronologically based on the actual logistics flow over
a period of time to establish a mathematical model that
fits the actual distribution law of the random variable.
The single modelling approach has limitations for cer-
tain situations, while the creation and use of the model
also has certain limitations; therefore, to improve the
accuracy of the forecast, it is necessary to compensate
for the shortcomings of the single model by creating
highly specialised models.

Forecasting of transport and logistics indicators and
an attempt to prove the prospectivity and validity of
applying artificial neural networks (ANN) compared to
other forecasting methods are presented in [1, 2]. Fore-
casting freight traffic in the traditional way is exponen-
tial smoothing, least squares analysis, time series and
other methods. However, obtaining reliable forecasting
results, even for short-term periods, is quite complicat-
ed for such difficult to forecast and dynamically chang-
ing indicators as the volume of transportations of pro-
duction, trade, transit or other cargoes, because flows
are heterogeneous in time and space; therefore, this
requires their easily accessible validation which can be
carried out indirectly by several methods of compari-
son of forecasting results [3, 4]. Even in this case, direct
validation may be only considered to be comparison
of formulated forecasts combined with actual data
which are only obtained at the end of the preparation
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period [4, 5]. Therefore, the decision was made to use
two methods for forecasting, one of them being the ex-
ponential smoothing method, and the other being the
grey forecasting method with Markov chain correction
not so often used for traffic volumes forecasting.

PROBLEM OF TRANSFORMATION OF RAILWAY
FREIGHT STATIONS

Definition of a railway logistics centre

A railway logistics centre is usually an element of a
transport hub of a large agglomeration, has full infor-
mation support, carries out logistics activities for the
economy and society and performs such functions as
providing logistics services, has sufficient storage ca-
pacity, throughput and processing capacity [6].

Analysis of the issues of transforming freight railway
stations into modern logistics centres

At present, the number of railway freight stations in
China is huge, and the scope, location and main func-
tions of freight stations are not uniform. If the trans-
formation and modernisation is carried out without a
prior comprehensive analysis, it will be both impossi-
ble to develop modern logistics and may lead to waste
of resources. Based on the analysis of some informa-
tion sources and relevant literature on freight stations
and railway logistics centres and with account of the
key factors, it is outlined that the railway freight sta-
tion turns into a modern logistics centre that adapts to
various functional services.

The railway freight station is an important railway
network junction. This junction has a certain coverage.
Therefore, this attribute should be used as one of the
elements of transformation analysis [7]. The factors un-
der study are large volume of commercial operations,
large freight flows and large-scale industrial parks,



RiiCE TRANSPORT

Wang Hailin, Evgenii K. Koroviakovskii

Forecasting material flows of modern logistics centres of railway freight stations exemplified

VOL. 3 ISSUE 3 2024

presence of large industrial units within the radius,
with the decision on the possibility of transformation
made based on the analysis of these factors.

Geographical features

Railway freight stations and railway transport lines
form the railway transport network. The development
of railway freight hubs and the development of regional
cities go together. However, when they develop in an
uncoordinated manner, freight stations become a signif-
icant obstacle to urban development. Due to the scarcity
of land resources, freight stations may also be relocated
to urban fringes in the urban development process.

At present, the central freight yards in many cities
are gradually reducing their freight business and shift-
ing their main business to urban fringes [8]. Therefore,
when selecting a freight station for transformation, it
is necessary to consider the geographical position of
the existing freight station, and for modernisation, a
freight station with expansion and construction capa-
bilities should be selected, so that the newly built rail-
way logistics park should further promote the develop-
ment of urban economy. This both promotes the expan-
sion of the city size and facilitates the development of
the railway logistics centre.

by Xi‘an (the People’s Republic of China)

Scale conditions

A modern railway logistics centre should have
complete logistics equipment in terms of scale,
and can provide basic logistics services, such as
co-storage, handling, distribution; therefore, the
choice of transformation usually involves selection
of a freight yard with a relatively large freight han-
dling volume [9]. At the same time, other auxiliary
transport functions of the freight yard should also
be relatively complete, while its area, existing scale
and operating yard should meet certain conditions,
and the freight yard should have a certain reserved
space [10].

Problems of station allocation and coordination in large
agglomerations

Given the current development of modern logis-
tics, there still are various ungrounded problems in
its planning. Take Xi’an railway junction as an exam-
ple. This area has 16 freight stations with large an-
nual traffic volume. The decentralised structure of
small freight stations does not allow for economies of
scale, and it is difficult to change to meet the market
requirements (Fig. 1).
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Fig. 1. Distribution scheme of freight railway stations in Xi'an agglomeration area
(URL: https://shidian.baike.com/wikiid/86385658282055880?anchor=2)
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Fig. 2. Xi'an East Railway Station (URL: https://m.thepaper.cn/baijiahao_20513940)

The development of Dongcheng high-speed railway
area relies on the Xi’an East Station Transport Hub,
which is connected to the core area in east Xi’an, but
also enhances the business development in central
Xi’an through industrial upgrading, space renovation,
infrastructure improvement and environmental im-
provement. Fig. 2 shows the design of Xi’an East Sta-
tion Hub.

Xi’an East Railway Station will become a large-scale
integrated transport hub combining high-speed rail-
way, conventional railway, intercity transport, under-
ground and public transport. Once its reconstruction
is completed and put into operation, the annual pas-
senger traffic is expected to reach 36.5 million people.
This will improve the urban transport capacity and
directly contribute to the economic development of
eastern Xi’an.

FORECASTING TECHNOLOGY
FOR TRANSFORMING RAILWAY FREIGHT YARDS
INTO MODERN LOGISTICS CENTRES

Transformation of railway freight yards into mod-
ern logistics centres has become a key task for the de-
velopment of modern logistics in the railway transport
industry. The necessity and feasibility of modernisa-
tion were analysed previously, and an important factor
driving the conversion is the change in freight volumes
and modernisation of transport functions; therefore, it
is necessary to forecast the volumes of freight handled
at terminals [11].

A grey combination forecasting method based on
Markov chain correction with entropy is proposed,
with the accuracy of the forecasting method verified
by comparing the relevant data.

Overview of forecasting methods
The key forecasting methods include the field

method, market research method and brainstorming
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method; quantitative forecasting is mainly based on
the correlation of things and time and is divided into
causal forecasting and time series forecasting due to
the many correlations affecting the development of
events and the difficulty of determining the correla-
tions, with the time series being the main parameter
in forecasting [12].

The freight flow is a combination of several data,
which mainly includes the superposition of transpor-
tation, storage and distribution demand data. But in
practice, there is still no clear definition of the freight
flow; so in this paper, we will define the freight flow
as a simple superposition of freight volume, storage,
distribution and processing, due to the transformation
and upgrading of railway freight yards into modern
logistics centres The function expansion is also mainly
focused on increasing the warehouse function and
distribution function, and the loading and unloading
volume is a key indicator of the location of the facili-
ties and equipment in the fleet; therefore, it is easy to
determine, which provides accurate data to make effec-
tive forecasts [13].

Study of material flow forecasting technology model

Model overview

It follows from the basic composition of material
flow that if a single forecasting model is used for fore-
casting, its own shortcomings and application limita-
tions will increase, which will affect the accuracy of
forecasting results, and the meaning of forecasting will
be lost; therefore, the combined model of GM (1,1) and
Pierre F. Verhulst is introduced. To integrate the model,
use is made of the entropy weighting method to ensure
the effective integration of the combined model, and
a Markov chain is introduced to adjust the obtained
values of the forecasting model, so that the forecasting
results are transformed from single data into material
flow intervals, and the probability of interval forma-
tion is effectively estimated, which improves the reli-
ability of forecasting [1].
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GM (1,1) model building process

The model is built for training and adjustment of
the existing data series to find a mathematical function
with some kind of law according to certain criteria to
improve the degree of “whiteness”, so as to bring the
forecasting effect to the expected results. The model
is usually a first-order multivariate model. Especially
widely usd is the GM (1,1) model wih the following
forecasting stages:

1. Based on the initial values, the following values
are determined

xD(t) = (xD(1), xD(2), ..., xV(n)) i.e.

t
xO@®) = Y xOk), t=1,2,..,n @
k=1

2. The matrix B and the constant vector Y, are con-
structed

0.5(x 1)+ x0 (2)) 1

g 03(x" @+ x03)

—O.S(x(l) (n —l) +x (n)),l

Y, = (x(2), xX03), ..., xO(m)". (2)
3. The following is solved for grey parameters using
the least squares method

[gj = (B'B)'(B'Y)). 3)

4. Substitution of elements of the grey parameter
vector into the time function

—at

1) (o _u) L u

xV(t+1) (x (1 a] + . 4)

5. xM(t) is differentiated to obtain
e =-a( 2O -Lew

6. e¥(t) balance is calculated and relative error q(x)
is calculated.

7. Verification of errors, the verification criteria are
A. q(x) <0.01, accuracy for class 1;

B. q(x) < 0.05, accuracy for class 2;

C. q(x) <0.10, accuracy for class 3;

D. q(x) <£0.20, accuracy for class 4.

8. Using the model for forecasting and results.

Building a Pierre Verhulst model

Let x©@ is initial data sequence; x© is single accumu-
lation x© to generate the sequence 1-AGO

X© = (x(1), x9(2), ..., XO(K), ..., xXO(n)); (6)
xW = (xP(1), xD(2), ..., xV(K), ..., xV(n)), @)
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k
where xO(k) = > xO®), k=1, 2, 3, ..., i; ZV is average
k

generating sequence X® in close proximity, i.e.

Z0 = (ZM(1), Z™(2), ... Z(K), ..., ZD(n), ()

where ZO(1) = X®(1)
ZO(k) = %X(“(k) +xOk-1), k=2,3,..,n.

Then formula
XO(k) + az®(k) = b(zV(k))d 9)
is said to be a model of GM (1,1, a) order.

Then we transform equation 9 into the form of a
differential equation

M
dt

+ ax(l) = b(x(l))a. (10)

Let’s call this the whitening equation for the “GM
(1,1 a) order” model.
Solution of the equation

1
XO(¢) = (e_(l_a)‘" (1- a)jbe(l_a)atdt + c)l’” .an

When a = 2, the formula is called the Pierre Verhulst
model:

XO(k) + az™(k) = b(z(k))>. (12)

This formula is the differential equation of the
Pierre Verhulst model:

axV

+ax® = b(x™)2, 13)

Let’s solve the differential equation 13 to get:

_ ax (1)
e (1 - (a ~bx (1)) el

x( (2 (14)

Thus, the forecasting model of the discrete Pierre
Verhulst model has the following form:

axW (1)
px) (1) - (a —px (1)) e

A (k)= (15)

EXAMPLE OF A MATERIAL FLOW
FORECASTING STUDY

Example and process

To check the validity and reliability of the model,
the freight flow of Xi’an freight railway station from
2008 to 2019 was selected as an example for the empiri-
cal study (Table 1).
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Table 1
Xi‘an’s cargo turnover in 2008-2019

Years Actual cargo turnover, Symbols in the
thousand tonnes mathematical model

2008 11,250 XO(1)
2009 12,300 X0(2)
2010 14,030 XO(3)
2011 15,660 XO(4)
2012 18,450 XO(5)
2013 20,380 X(6)
2014 21,780 XO(7)
2015 23,530 X(8)
2016 23,830 X9(9)
2017 25,230 X9(10)
2018 26,720 XO(11)
2019 31,230 XO(12)

GM (1.1) grey model forecast formula of Xi’an
freight railway station flow from 2008 to 2019.

i
x( )(t +1) =1.54839.2756€00801 — 14315.276. (16)

Pierre Verhulst’s forecasting formula:

- -104.3281
~0.0024 — 0.0891¢0-089847 *

RO 7

Let’s calculate the forecast value of the freight sta-
tion logistics flow according to the forecasting formu-
la and compare the results. The results are shown in
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Table 2, where the formula for calculating the error is
as follows

(xl —le)IOO . ~
g = I i=1,2,...,m; t=1,2,..,n (17)
1

Combined forecasting models

Suppose that the initial sequence of data is

X = (X,, X, ..., X, )T, the forecast value of the ith single
forecasting model at time t is equal to )?; =(i=12,..,.m
t=1, 2, .., m), the vector consisting of weight coeffi-
cients of each individual model has the following form
o = (0,, o, ..., 0), the resulting grey combination fore-
casting model is

D =f(f,-,,co,-), i=1,2,.,m t=1,2,..,n (18)

Determining the model weights for each combined
forecasting model

Establishing effective model weights for each par-
ticular forecasting model is a key step in ensuring the
accuracy of the combined forecasting results [1]. In this
study, the weights for each particular forecasting mod-
el are determined based on the information entropy
theory and the degree of variation of relative errors of
different models.

1) Let the relative error of the ith forecasting meth-
od at time t be

1, (%0 = xi ) / %, =1

‘i = (x,—)/c;)/x,, Os(x,—)/c;)/xtsl

Comparison of forecast results for 2009-2019

Years

2009 1414.5 1330.84
2010 1498.07 1346.31
2011 1625.57 1472.30
2012 1756.79 1609.67
2013 1903.30 1810.21
2014 2109.50 2002.46
2015 2345.82 213797
2016 2414.27 2293.07
2017 2613.98 2503.96
2018 2830.10 2730.93
2019 3064.32 2978.34
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Forecast data / 10,000 tonnes

turnover /
1230 -12.5294 -0.0668
1403 -6.8903 3.9730
1566 -3.6118 5.9841
1845 4.7210 13.339
2038 7.0023 13.9524
2178 5.5562 10.3456
2353 6.1573 9.4236
2383 -1.3119 3.7443
2523 -3.6468 0.7555
2672 -5.9204 -2.2056
3123 1.8793 4.6325

o~
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2) Normalization of errors
n
fizel2e, i=1,2,..m; t=1,2,.,n  (19)
t=1

3) Calculation of entropy values for the ith forecast-
ing method

n
H =-1/Inn Y fInf, i=1,2,.,m; t=1,2,.,n (20)
1=1

It follows that for the ith model, if f, are equal, i.e.
f,=1/n,t=1,2, .., n Then H, takes on big value 1, and
we have 0<H < 1.

4) Let’s calculate the coefficient of variation for the
ith forecasting method:

V=1-H, i=1,2,..,m. 21)

5) Let’s determine the weight coefficient for the ith
forecasting method

m
w--—-—l—-[l-vg / }:ng, i=1.2,..m (22
i=1

" m-1
6) Let’s build a combined forecasting model
— m —~
Ve = z ®; Xits t= 1’ 2’ ey I (23)
i=1

According to the forecast results in Table 2, in con-
junction with the relevant entropy method principle,
the correlation weight coefficient of each forecasting
model is calibrated, the vector of weight coefficients
calculated by the formula (3.1)-(3.10), is:

» =(0,6731, 0.3269).

Thus, the corresponding model of the combination
of entropy methods is obtained as follows

¥, =(0.6731x;, +0.3269x,). (24)

The forecast compliance value obtained using the
combined forecasting model is written as y; .

COMPARISON OF ACCURACY OF THE RESULTS

Let’s define the forecasting accuracy indicator as
the average relative error of the forecasted values in

Table 3
Average relative error of different models

Forecasting Pierre Combined

Relative error, %  6.4266 5.2416 4.0653GM
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Fig. 3. Graph of forecast results for different forecasting
methods

order to compare the accuracy of forecasting models.
Formula for calculating the average relative forecast
error

127 |x —x;
A; :_ZMIOO, i=1,2,..,m. (25)
L

Let’s enter the accumulated data into the formula
and the calculation results are shown in Table 3 and
Fig. 3.

CORRECTION OF MODEL FORECAST
RESULTS

Markov chain correction forecast results

The forecast result of the grey combination model
is a single value; this forecast result will give a certain
error with respect to the actual value. To ensure the
accuracy of the forecast result we use Markov chain
methods to accurately combine the forecast values into
a small range of intervals, on this basis we calculate
both the probability [14, 15] and the probabilistic prob-
lem of its interval generation.

The central aspect of the Markov chain approach is
to determine a probabilistic approximation of the num-
ber of transitions m, from sample state S, into state S;
asm ie.

Pl.]. = mi]./mi, (26)

where P, is the probability of transition of Markov
chain state S, to state S..
The properties of P, value are:

Y P=1 @7
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The state transition matrix is built in the form 10 )
—o— Amplitude-related error
Pt Pro =t P 2 gt
_| P Pn - Pu =
P= : RN I (28) S
v 6
P Pn2 "t P 8
. 5 af
According to the method, the results of the com- o
bined forecast are categorised into three states when S 5
compared with the actual freight volume values: First,
the residuals as a percentage of the actual freight vol- . . . . .

ume less than -15 % and greater than -5 % are over- 20008 2010 2012 2014 2016 2018 2020
estimated states (E1); the forecast residuals from -5 %

to 5 % of the actual freight flows are normal (E2); the Years

forecast residuals as a proportion of the actual freight Fig. 5. Relative error in forecasting the freight traffic volume
flows in the range from 5 to 15 are called underesti-

mated states (E3). Based on this classification criterion, Table 5
the occurrence of each state in the combined forecast Forecasting results after Markov chain correction

scenario is shown in Table 4.
Forecasting results after Markov chain
Combined improvement

4000 ) i forecast
o Actual data /s results | Status | Prob- | Range of forecast
o 3500H —* Forecast data / space ability values
IS
2 3000 /g/ 2020 335716  E1  0.0000 [239.05,3024.35)
>
) P E2  0.8000 [3024.35,3423.68)
£ 2500 %
3 / E3  0.000 [3423.68,3642.68)
o 2000 o
=4 = 2021 3572.09 E1  0.0000 [3125.28,3403.56)
© 1500
s T E2  0.6900 [3403.56,3870.65)
000
2008 2008 2012 2014 2016 2018 2020 2022 E3 03100 [3870.65,4234.90)

Years
2022 387421 E1l 0.0000 [3312.07,3700.49)

Fig. 4. Optimised graph of forecast data of freight traffic volume
E2 0.6295 [3700.49,4086.92

)
)

Table 4 E3 0.3705 [4086.92,4395.34

The forecast value and classification status of the combined
forecasting model from 2009 to 2019

Based on the Markov correction principle, the algo-

Combined rithm of the combined forecasting model on MATLAB
. Actual cargo Error . .
forecasting turnover / limit ,, can be improved to increase the accuracy of the fore-
10 (')"00(;" :(l) r{ hes 10,000 tonnes % casting results, as well as the subsequent output of the
: forecast state vectors, as shown in Figs. 4, 5 and Table 5.
2009 1336.48 1230 -8.6571 El Comparing the forecast data for 2020 and 2021 in
2010 1451.28 1403 -35150 E2 Table 5 with the actual traffic volume data of Xi’an Sta-
2011 1575 87 1566 -06303 E2 tion, we can conclude that the results forecast by the
model better reflect the development trend of the fu-
2012 1711.07 1845 7.2088 ES ture traffic volume and can more accurately forecast
2013 1857.76 2038 8.8438 E3 the future traffic volume, and the model itself is more
2014 2016.88 2178 73974  E3 efficient.
2015 2189.47 2353 6.9501 E3
2016 2376.60 2383 0.2684 E2 CONCLUSION
2017 2579.48 2523 -2.2790 E2
2018 2799 36 2672 47660 E2 Most existing methods for forecasting regional
2019 303760 3123 27348 £ flows require the collection of a multitude of diverse

data affecting flows. The variety of statistical methods
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leads to complex causal analyses, making the data dif-
ficult to use. Using the combined forecasting model
and Markov chain to improve and adjust the forecast-
ing results, the traffic volume of Xi’an railway station
and the development of Xi’an’s logistics demand were
forecasted, and the probability situation of the oc-
currence of the corresponding intervals of logistics
demand for the forecast year was obtained. Logistics
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flow forecasting plays an important role in the devel-
opment of macro-logistics initiatives of the govern-
ment. Based on the statistical data of Xi’an city freight
turnover of Shaanxi Province from 2008 to 2019, the
freight flows for 2020-2022 are forecasted, and the
combined forecasting model is more validated for
forecasting the logistics scale of the region compared
to the GM model (1.1).
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Bbi6op KOHCTPYKUNM BEPXHETO CTPOEHUS XKEJIE3HOLOPOXXHOI0 NyTH:
COBpPEMEHHbIe NpeacTaBleHns
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AH HOTA M AHanM3npyoTcs NpuUYMHbI BbITYHOLLErO MHEHUS O HEO06X0AMMOM Bonee BbICOKOM MacCbl 3N1€MEHTOB Bep-
XHET0 CTPOEHMUS A1 YHACTKOB XKENe3HOLOPOXKHOIO MYTU C MOBbILIEHHBIMM FPY30HAMPSXKEHHOCTHH, CKOPO-

CTbIO M 0CEBbIMU Harpy3kamu. C MOMOLLLbIO M3BECTHLIX TEOPUIA U BHOBb pa3paboTaHHOM aBTOPOM, Y4MTbIBAIOLLEN HAKTOP BPEMEHH,
[LOKa3bIBAETCS, YTO MO BCEM HaMbBoNee CyLWEeCTBEHHbIM TEXHUYECKMM NOKA3aTeNsM yYWMMU B peasibHbiX Npeaenax aBasoTcs
MEHbLLAsi MacCa PenbCoB U XKene306eTOHHbIX LWnas. 3HAYMMbIM apryMEHTOM B M0J1b3Y MEHbLUEN NOTOHHOM MacChl PENbCOB CTYXKUT
MOBbILIEHWE YCTOWUMBOCTM KOMEM NPU LENCTBUMU B PENbCAX NPOAOSbHbBIX CKMMAOWMX cui. [peanoxeHa, U3roToBEHA M UCMbITAHA
)ene306eToHHas Wnana MeHbLEM MAcChl, CO3AALOLLASA NMPY 3TOM HE MEHEE YEM B ABa Pa3a MOBbILEHHbIE CONPOTUBEHUS CABUTY B
6annacte nonepek ocu NyTu. [N cTabuUnbHOTO NPUXKATUS PENbCOB K LWNanaM NPOMEXYTOUHbIMU CKPENIEHUSIMM YNIPYrUe KIEMMbI
LLOMKHBbI BbITb BbIMOMHEHbI HE U3 MPYTKOBOW, @ U3 MNACTUHYATOM CTanu. [nacTMHYaTyo KneMMy NpeanaraeTcs U3roToBUTb B BUAE
«Banku paBHOro ConpoTUBAEHUS». [PUBOAATCS KOHKPETHbIE MPUMEpPbI NPeANaraeMbiX peLeHuit Mo penbcam, Kene3obeToHHbIM
Lwnanam, NPOMEXYTOUHbIM CKPEMIEHUSM.
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INTRODUCTION

There is a notion that due to higher train velocity,
traffic density and axial load levels that are typical of
modern rail transport, the track superstructure should
be built of heavier rails and larger reinforced concrete
sleepers and, if this is not enough, also have a rein-
forced concrete ballastless under-rail base (a slab).

This opinion is based on works of Professor Georgy
M. Shakhunyants [1-3] and the dependencies of mass
of a rail per unit length on train velocity, traffic den-
sity, and axial load. These were derived fairly long ago
by the approximation of trends in global engineering
policies in the subject area in the mid-20th century. In
his paper [1], the author presents the dependencies
with a reservation that these should only be used “as
preliminary and tentative guide values”. However, his
progeny often used the formulas Q(T, P, V) [3], where
Q is mass per unit length; T is traffic density; P is axial
load; and V is velocity, as if they were deterministic
functions.

The publication [1] contained the following formu-
las [3]

Q=a(l+(T

max

/A1 +0.012V)PI% @

max’

where a ~ 1.20 for railcars and a = 1.13 for locomotives;
A, is the rail quality factor which ranges from 1.5 to 2.0
for hardened rails.

The research [4] conducted by the authors on oper-
ating railway sections has shown that within the real-
istic limits, the relationship in Q(T, P, V) dependencies
is not direct but rather almost inverse. In essence, this
paradox means that Georgy M. Shakhunyants deter-
mined the approximate dependencies Q(T, P, V) [1] at
the time when the USSR had no continuous welded rail
track and therefore he did not take into account the
longitudinal thermal forces occurring in rails. Longitu-
dinal thermal forces that occur in rails in a continuous
welded rail track can cause deflections that may com-
promise the safety of train traffic (Fig. 1).

Fig. 1. Typical view of a bucked track section
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Experts in the subject field are well aware that lon-
gitudinal thermal forces in rails are directly related to
the cross-sectional area of rails, which is a negative fac-
tor. But the larger the cross-sectional area, the greater
the bending stiffness of rail, which was seen as a posi-
tive factor. In this case, they usually referred to the fact
that the dimension of cross-sectional area is m?, while
the second moment of area used in the formulas is in
the dimension of m* This was mistakenly regarded
as if stiffness dominated area and hence preference
should be given to rails with a higher mass per unit
length.

However, if we look at particular formulas that are
used for determining the conditions for stability of con-
tinuous welded rail track by known methods, then un-
der the static conditions where no impact from trains is
taken into account, these formulas will be as follows [5]

F = 4(EIq/f)"> with f = ql*/415EI, @)

and where the impact from trains is taken into account
by applying creep theory methods and hence the time
factor is incorporated as well, the formulas will look
as follows [6]

f=f,exp(F*t/16EI¢) with f= ql*/415EI, 3)

where fand f; are current and original bends of rails in
the horizontal plane, respectively, with stressed irregu-
larity along the bending length [, m; F is longitudinal
compressive thermal force in rails, F = aEw(At), kN; T is
time, s; E is modulus of elasticity of rail steel, MPa; I is
equivalent moment of inertia in a track panel when
bent in a horizontal plane, m#% ¢ is an empirical fac-
tor of viscous resistance of ballast per unit length for
displacement of sleepers transverse to the track axis,
N-s/m2 & = r/A; A= d\/dT is velocity at which sleepers
move in the ballast, m/s; q is resistance of ballast per
unit length to displacement of sleepers transverse to
the track axis, KN/m.

For the purposes of a comparative assessment of the
influence of mass of a rail per unit length on the condi-
tions for stability of continuous welded rail track, we
can use the first of the expressions (2) to determine the
value of resistance per unit length q required for main-
taining the stability of continuous welded rail track, de-
pending on rail cross-sectional area w and rail second
moment of area I: ¢ = A(w¥I). The same dependence is
obtained from the first expression (3) if we determine
the value of viscous resistance per unit length & neces-
sary for maintaining the stability of continuous welded
rail track depending on rail cross-sectional area w and
rail second moment of area I: £ = B(w?¥1).

A and B are the factors that incorporate all the other
similar mechanical characteristics of the variants com-
pared. The calculation shows that with a 10 kg increase
in the mass of a rail per unit length, the resistance per
unit length q and resistance per unit length ¢ that are
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required to maintain the stability of continuous welded
rail track should be approximately 15 % higher. The
calculations assume the actual, most unfavourable
states of a track with the minimal rail pressing force
on the sleeper in intermediate rail fastenings and the
same rail bottom width of 150 mm within the range of
the rail mass per unit length of 55 to 75 kg/m. A 15 %
increase in the required resistance per unit length g
or ¢ with an increase of the rail mass per unit length
by 10 kg is a huge value that should not be neglected.
Since q and ¢ values are random with a large disper-
sion and they are difficult to control in field, values to
be taken into account in calculations should be as low
as possible. It should be noted that the second expres-
sions (2) and (3) show that an in-plan stressed irregu-
larity in rails of higher mass is less steep, which should
not be regarded as their benefit.

RAILWAY TRACK SUPERSTRUCTURE

According to the existing standards, track meas-
uring means must, first of all, detect stressed irregu-
larities as the most dangerous ones. In rails of higher
mass, an in-plan irregularity with the same slope may
be stressed and hence is dangerous for traffic. For rails
of lower mass, the same irregularity will be stress-free,
i.e. not dangerous.

In Europe and Japan, rails with a mass per unit
length of above 60 kg/m are not in use and these coun-
tries have no problems with providing stability for
continuous welded rail tracks. In the United States,
only rails with a higher mass per unit length are in
use and they have problems with the provision of sta-
bility, but the United Sates have almost no passenger
rail traffic.

At present, almost all rails no the major railway
lines in Russia are R65 rails. For nearly forty years, new
rails of other types have not been used in overhauls.
Currently, it is proposed to produce R71 and R75 rails.
The proposal is mainly based on the assumption that
there is the dependence (1), or, more specifically, that
in rails of greater mass, edge stresses, when calculated
by the method currently in use, are reduced and verti-
cal loads on the under-rail base from the rolling stock
are distributed more evenly. At the same time, it was
mistakenly assumed [7] that this would also provide
higher stability of continuous welded rail track.

As for stability, the above evidence should make it
clear that stability significantly decreases with an in-
crease in mass of rails per unit length. When the actual
conditions are taken into account, i.e. vertical subsid-
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ence of track, edge stresses in rails do not decrease but
increase instead [8]. Although even for the most unfa-
vourable conditions of interfacing between the track
and rolling stock, the realistic values of edge stresses
are far from the probable minimum values of elastic
limit of rail steel (800 MPa) [9]. Edge contact stresses
depend on the service life of rails. The higher the bend-
ing stiffness of rails, the greater contact stresses [10].
Based on calculations by the method currently in use,
a 10 kg increase in the mass of rails per unit length
produces an insignificant, about 6 %, reduction in ver-
tical loads on the under-rail base. Vertical loads cause
deflections in the under-rail base to grow, while the
quality of design and the condition of the under-rail
base have influence on the growth rate of subsidence
atleast an order of magnitude higher than mass of rails
per unit length. Besides, vertical subsidence is less dan-
gerous for movement of trains than horizontal in-plan
irregularities produced by longitudinal compressive
thermal forces.

Given that consequences of derailment due to im-
paired stability of continuous welded rail track are
highly severe, especially for passenger trains, a re-
quirement was introduced in the framework of Rus-
sia’s current regulations? that rail strings should be
fastened at a relatively high temperature. Depending
on a climate profile, this temperature should be at least
plus 25-30 °C. The expressions (2) and (3) show that
stability conditions depend on longitudinal force F2. In
order to securely provide for the stability of continuous
welded rail track, regulations should set even higher
temperature levels for fastening rail strings. But this
would increase tensile longitudinal thermal forces in
rails that act at temperatures below the rail fastening
temperatures for a longer period within a year than
compressive forces. In absolute terms, the maximum
possible tensile forces can be about two or three times
as high as compressive forces depending on the climate
zone. In cold months, tensile thermal forces make the
gaps at the ends of rail strings open to the maximum,
placing track bolts in shear, which should not be al-
lowed according to traffic safety specifications.

The current standards® mistakenly suppose that
end sections of rail strings are no more than 60 meters
in length. In this case, the joint gaps at the ends of rail
strings would not have opened to the extent that track
bolts would be in shear. This is only possible when
resistances per unit length to longitudinal displace-
ments, as pointed out in', are 12 kN/m on a single rail
length. In fact, the majority of researchers in the field
have found by way of experiment that resistances per
unit length to longitudinal displacement were much

! ITHCTPYKIMSL II0 YCTPOMCTBY, YKJIAZIKE, CO/IEPIKAHUI0 U PEMOHTY GecCTHIKOBOrO IIyTH (YTBep)KJeHa paciopsbkeHreM OAO

«PK/l» 14.12.2016 Ne 2544p).
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lower. For example, according to data of the Railway
Research Institute (VNIIZhT) [11], their maximum val-
ues are 2.6 times as little as the average values given
inl. But all engineering calculations should take into
account the actual, most unfavourable conditions. The
value of longitudinal displacement of the end of a rail
string 1 at a single long-term decrease in the temper-
ature of rails from the fastening temperature under
the static conditions without taking into account the
impact from trains is determined using the following
formula [11]

A = 2Ew(AD?/2r, 4

and when the impact from trains is taken into account
it is determined as follows [6]

A = a(AD(REwt/K)Y2, (5)

where r is resistance per unit length of ballast dis-
placed by sleepers along the track axis; K is an empiri-
cal factor of viscous resistance per unit length of bal-
last displaced by sleepers along the track axis, N - s/m?2.

Calculations using both the formula (4) and formula
(5) have shown that with actual values of r and K, dis-
placements of rail string ends are considerably great-
er than the allowable gap, thus placing track bolts in
shear. The larger the cross-sectional area of the rail w,
the greater the calculated values of A (3) and (4).

In order to prevent shear failure of bolts or where
shear failure has already occurred, during the cold
season, maintenance personnel have to replace the
rails adjacent to the ends of rail strings with expanded
ones at the ends of rail strings of a continuous welded
rail track. According to some unofficial data, these
account for about 20 % of the total number of joints.
However, this does not mean that the remaining 80 %
of joint track bolts were in shear and it was just a good
fortune that no shear failure occurred. Before being
sheared, track bolts can accept some longitudinal ten-
sile force; therefore shear failure of bolts is not found
in every joint.

In this connection, extra-long rail strings with
welded joints should be used not only within an en-
tire railway haul, but also welded to turnouts that also
have their joints welded. Any bolted joints produced
by temporary repair should be removed by welding to
restore the prescribed operating temperature of rail
strings at such sections within a period of at least two
months.

Based on the above, we propose to produce an R58
rail that will be optimal for any operating conditions in
all respects, especially in terms of traffic safety.

It is believed that in order to increase the resist-
ance per unit length to horizontal shear of reinforced
concrete sleepers in crushed stone ballast, it is neces-
sary to increase their mass. This opinion is based on
the findings of experiments conducted without taking
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Concrete
Reinforcement

Fig. 2. Proposed reinforced concrete sleeper: a — diagram of
changing the location of concrete mass and pre-stressed rein-
forcement; b — view of a sleeper laid in the track

into account the impact from trains. Indeed, in accord-
ance with Coulomb’s law, under the static conditions,
a greater mass of a sleeper should produce a greater
resistance to its shear in ballast. However, the tests
carried out on operating sections [12] have shown that
horizontal longitudinal and transverse forces trans-
mitted from the rails make sleepers with an increased
mass move at least as fast as standard ones.

A reinforced concrete sleeper with a mass reduced
by 45 kg [13] has been proposed, fabricated and tested
by a standard method both in a factory lab and on
an operating track. Shear resistance in ballast trans-
verse to the track axis it produces is at least twice as
much as that of a standard one. This effect is achieved
by changing the configuration of the sleeper on its
supporting surface, by creating a small protrusion in
the middle of it. Fig. 2, a shows a diagram showing
the changed location of the concrete mass and pre-
stressed reinforcement, and Fig. 2, b shows a pilot
batch of the proposed sleepers manufactured based
on the standard technology and laid on an operating
track section.

In line with the bending moment diagram, the pro-
trusion brings the pre-stressed reinforcement closer
to the tensile region, thereby both reducing its mass,
while maintaining the required strength of the sleeper,
and increasing the shear resistance in ballast trans-
verse to the track axis at least two times.

The selection of a reasonable design for intermedi-
ate fastenings is essential. All the resilient rail fastening
designs currently used in Russia (ZhBR, ARS, Pandrol,
Vossloh) use elastic clips made of bar steel. Bars are
good for torsion loads, but they cannot be strong in
bending, while it has not been possible to remove bar
clips in bending in any of the known designs. As a re-
sult, when bar clips are used, the rail pressing force on
the sleeper quickly goes down to zero due to plastic de-
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Fig. 3. Proposed boltless elastic rail fastening

formations during operation subject to traffic intensity.
Then rail creeping begins.

For a clip to be strong in bending, it should be made
from plate steel.

It is proposed to use a low-part fastening that is suf-
ficiently elastic and allows for adjusting the rail posi-
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tion for height (within 20 mm) without sleeper tamp-
ing. A plate clip is shaped as a “fish-bellied beam” with
a configuration that allows for imbedding it into the
anchor [14]. This fastening is shown on Fig. 3.

The fastening has only one part. It is a clip inserted
into an anchor embedded in a sleeper when the latter
is manufactured. Unlike, for instance, ARS fastenings,
this clip can be easily mounted and removed using a
fairly simple mechanism. The clip is shaped as a “fish-
bellied beam”; it is vandal proof thanks to a fairly high
mount compression force in the anchor and has the
optimal rail pressing force on the sleeper (Fig. 3).

Sometimes, it is proposed to use a reinforced con-
crete slab as an under-rail base. This increases the cost
of laying the track which may then never pay off if it
turns out that expenses are not expected for the cur-
rent maintenance. Approximately 50 years ago in the
USSR, several designs of reinforced concrete under-rail
bases were tested but had to be abandoned due to the
fact that with the then current maintenance, prob-
lems caused by deflections in the base were almost
insoluble.

CONCLUSION

In any real-life situations, it is cheaper, easier and
more reliable to use a track panel set on crushed stone
ballast. At the same time, it is better to use R58 rails, the
proposed lightweight reinforced concrete sleepers, and
boltless elastic rail fastenings with plate clips shaped as
a “fish-bellied beam”.
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faraceTbl; QYHKLMOHaNbHAs 6€30MacHOCTb; ypOBEHb NONHOTHI 6e3onacHocTu (SIL)

[na uutuposanua: Monos 1.A., O3epos A.B., Mapwosa A.C. MepcnekTuBbl pa3BUTUS 6ECMUAOTHOIO XeNe3HOA0POXKHOIo TpaHCnop-
Ta // Tpancnopt BPUKC. 2024.T. 3. Buin. 3. Ct. 4. https://doi.org/10.46684/2024.3.4.

INTRODUCTION

The rapid development of digital technologies, such
as artificial intelligence, computer vision, and broad-
band radio communications, is contributing to the
active introduction of elements of unmanned control
systems in railway transport. The interest in these sys-
tems is motivated not only by the general trend towards
digitalisation, but also by social and economic factors
related to the growth of urban agglomerations and the
changing structure of the professional orientation of so-
ciety, resulting in a reduction in the number of qualified
personnel available on the market in a number of basic
railway industry occupations, including train driver.

In many countries of the world, including the BRICS
countries, railway companies are already feeling the
effects of labour market changes in the form of a short-
age of qualified basic engineering staff, and this trend
is likely to increase. The transfer of most of the monoto-
nous routine vehicle driving tasks to automatic control
systems may be a part of the solution to this problem.
The advantage of an automatic control system is not
only a reduction in the number of personnel, but also
an increase in throughput — a reduction in the interval
between trains. In addition, there is a trend of increas-
ing remuneration costs and reducing the cost and la-
bour intensity of developing train automation systems.
A good example of such a situation is the cost of a li-
dar (a laser scanner): over the last five or six years, its
price has fallen more than ten times, while the techni-
cal characteristics have increased by two to three times.

GRADES OF AUTOMATION OF TRAIN
MOVEMENT CONTROL

The IEC 26690:2014 standard describes general re-
quirements for an automatic control system for surface
urban railway transport. In 2022, the Research Insti-
tute of Informatisation, Automation and Communica-

tions in Railway Transport (NIIAS JSC) developed a Rus-
sian analogue — the national standard GOST 70059?,
which describes the following grades of automation
(GoAs) (Fig. 1):

GoAO: Fully manual control of the rolling stock.
At this grade of automation, the driver performs all
train control activities without the need for additional
systems to control the train. Permissions to proceed,
slow orders, and route determinations can be given by
means of wayside signals, permanent railway traffic
rules, or by personal or radioed verbal instructions.

GoA1l: Manual control of the rolling stock. At this
grade of automation, the driver in the locomotive cab
monitors track vacancy and wayside signal aspects,
controls the traction and braking systems, as well as
the opening and closure of the doors. His actions are
monitored by an on-board safety device installed on
the train, which prevents him from exceeding the
speed limit and passing a stop signal aspect.

GoA2: Semi-automatic train control, where the driv-
er is responsible for activating the system, switching it
to an ATO (automatic train operation) mode, checking
for obstructions on the track, opening/closing doors
and taking action in the event of abnormal situations.
Traction and braking control, as well as supervision of
compliance with speed limits, are done automatically.

GoA3: Train control without a driver. At this grade
of automation, the driver is not in the train cab. All
functions related to train control are performed by the
automatic system. Since the driver is unable to monitor
the vacancy of track sections, the occurrence of obsta-
cles in the course of the train movement must either be
unlikely enough to eliminate the need for a person in
the cab, or be detected by additional technical means
for monitoring the track. Automatic control of rolling
stock without a driver requires the presence of a con-
ductor on board. His or her duties may include ensur-
ing the safe departure of the train from the platform,
closing the doors, assisting passengers, and taking nec-
essary actions in emergency situations.

1GOST R 70059-2022.
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Fig. 1. Grades of automation of operating modes in railway transport

GoA4: Fully automatic rolling stock control. Fully
automatic operation corresponds to the highest grade
of automation 4. The train is controlled in a fully au-
tomatic mode without any personnel on board, so ad-
ditional safety measures are required. Personnel are
usually only involved during maintenance or in the
event of abnormal events, e.g. a fire on the train. In this
scenario, actions to neutralise abnormal situations are
carried out with the participation of a driver-operator,
dispatchers, and a rapid response team.

In terms of passenger safety, even at the fourth
grade of automation, an automatic control system does
not pose any additional threats to people inside an elec-
tric train. Automatic blocking systems and on-board
safety devices, which have the maximum safety level
and have been in use for many years, protect against
collisions with other rolling stock.

Numerous comparative tests of obstacle detection
systems using human dummies show that the devel-
oped machine vision system (ODS — an obstacle detec-
tion system) outperforms human drivers in terms of
detection range and reaction time. This will reduce the
likelihood of non-work related injuries in the future.

At the same time, the issue of selecting a method-
ology for proving the functional safety of the ODS as
part of an on-board train control system (OTCS), in-
cluding the determination of the safety integrity level
(SIL) for such a system, is still open and requires ad-
ditional research. It is obvious that the use of an ar-
tificial neural network (ANN), whose behaviour can-
not be fully described or predicted, does not allow us
to categorise an ODS as a system with a high level of
functional safety SIL4.

TRANSPORT AND INTELLIGENT SYSTEMS FOR THE INDUSTRY 4.0

Many experts propose to divide the OTCS into a
safety part (safety kernel) represented by a locomotive
safety device operating in a protected control loop, and
a machine vision system that operates in a separate
control loop (see Fig. 2) [1].

Functional safety refers to the ability of a safety re-
lated system to fulfil all of its designed safety functions
under all specified conditions for a specified period of
time while maintaining the residual risk of hazardous
events at an acceptable level. Safety completeness is
the level of satisfactory fulfilment by a safety-relat-
ed system of the required safety functions under all
specified conditions for a specified period of time. The
higher the level of safety completeness of systems, the
lower the probability of failure of these systems when
they fulfil the required safety functions. In determin-
ing safety completeness, all causes of failures leading
to an unsafe condition should be considered, e.g. hard-
ware failures, failures caused by software, hardware
failures, or operator errors.

Safety integrity level 1 (SIL1) is the lowest, but it
requires the use of good development expertise. It can
be achieved relatively easily if the requirements of
quality standards are applied throughout the system
development and production phases. IEC 61508-12
and other documents categorise SIL1 as ‘non-safety
related’.

The second level (SIL2) is not much more difficult to
achieve than the previous one, but it requires a greater
number of inspections and tests. This level requires
that there is a good design and application practices
correspond to the level required by ISO 9001. As a re-
sult, the cost of the system increases.
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Achieving Safety Integrity Level 3 (SIL3) requires
greater effort and higher developer competence than
for SIL1 and SIL2, along with the use of multi-channel
hardware and multi-version software. The system cost
and development time are important factors. In this
case, the choice of implementers becomes limited, as
few of them are able to provide this level.

Level 4 (SIL4) requires the most rigorous develop-
ment, including the application of formal methods. The
cost of the project will be extremely high and the sys-
tem will require an extremely high level of expertise.
In some cases, it is possible to avoid the use of SIL4 by
adding more protection levels.

A dangerous failure is a rare event, and deter-
mining its probabilistic parameters by experimental
methods will take much longer than the lifetime of
the device under study. Mathematical modelling of the
processes of occurrence of dangerous failures allows
for accelerating the investigation of devices and con-
trol systems for compliance with safety requirements.
To implement the modelling requires an appropriate
mathematical description of the object of study — the
process of occurrence of dangerous failures, which
cannot be fully implemented in relation to a system
that includes an ANN. When creating complex multi-
level OTCS, it is necessary to develop a comprehensive
approach to the rational use of analytical and experi-
mental ways and methods of safety proof by combining
heterogeneous information to obtain reliable estima-
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tions of proof of functional safety of such systems. For
this purpose, it is advisable to combine the results of
mathematical modelling with accelerated in-situ tests,
results of expert examination of technical and design
documentation, tests of simulation models of software
and hardware, bench tests, and safety assessments
based on statistical data on failures in use [2].

Functional safety requirements are preliminarily
checked by developers for their realisability taking into
account the available resources of a particular project
and, if necessary, adjusted in terms of composition and
values taking into account the risks. At the same time,
an additional element performing the function of con-
trol and limitation can be introduced into the OTCS
with the use of automatic obstacle detection. A remote
driver-operator is most often considered as such an
element for making decisions in case of data inconsist-
ency in control loops, but other fully automatic vari-
ants are also being studied.

As an example, let us take the scheme of the OTCS
implemented on the Moscow Central Circle (MCC). The
MCC OTCS is implemented as a multi-loop control sys-
tem with two control modes: ‘autonomous’ and remote
(remote-controlled operation). In Fig. 3, the red dotted
line highlights the subsystems that make up the safety
loop of the GoA3/4 mode [3].

In addition to the traditional system of automatic
train signalling based on coded track circuits, the MCC
OTCS features radio-channel interaction between sta-



RiiCE TRANSPORT

VOL. 3 ISSUE 3 2024

Pavel A. Popov, Alexey V. Ozerov,Anna S. Marshova

Prospects of autonomous railway transport development

Automatic control MCC Traffic Control Center

system for traffic

Centralized traffic
control

! |
: control center \ Shared panel :
1 Remote I T |
I diagnostics J Remote

RO 1 |
| and monitoring I|_ Control Center |, L
| system ol Yl vl Driver-operator I
I = workstation I
I |
; |
|

| Stationary train control system : : Onboard system : I'I - S_ta:io_naTy;b;ta_cI; _____ :
: o===== I o ATP | | detection system |
I I RBC I Pl : i S—— I
| | e _ 0@ | _____
| =y — 4 | | I I} ]
! L o ATO e |
| | Automatic block Interlocking [ I |
1| subsystem €]  subsystem rod , ) : " |
| v v I 1| Obstacle detection unit N I

| - - : | [ e I g
| Wayside track Wangelswnlches ol : Differential correction stations :
| [ anasignais 1| Diagnostics unit 1| forintegrated positioning system

| | infrastructure infrastructure |1 | | :

Fig. 3. General design of the MCC OTCS

tionary and on-board train traffic control systems,
while a separate circuit solves the tasks of automatic
obstacle detection by on-board and stationary visual
inspection devices using artificial neural networks and
transmitting relevant information to the Remote Moni-
toring and Control Centre.

REMOTE DRIVER’S ROLE

Automatic train control systems are designed so that
if there is an obstacle on the railway track, such as a fall-
en tree, the train will automatically stop. Further actions
after the train has stopped are already the responsibility
of a human driver, who will decide whether it is neces-
sary to dispatch a rapid response team or whether it is
possible to proceed in remote control mode if the obsta-
cle does not endanger the movement of the rolling stock.

The profession of a driver-operator is relatively
new, but the development of digital technology and the
increase in traffic volumes are opening wide prospects
for it. Among the tasks of such a specialist are remote
control of electric trains and remote control of a train in
the event of an abnormal situation. The driver-operator
must be able to process a large amount of information
and take prompt action to resolve the situation. His

workstation reflects data on the condition of trains and
infrastructure, passenger boarding and disembarkation
processes, and the occurrence of irregularities and de-
viations in the operation of systems of an electric train?.

It is natural to consider the question of designing
a workplace for such a specialist. The Locomotive En-
gineering Design Bureau of Russian Railways JSC, in
cooperation with NIIAS JSC, is developing a driver-
operator workplace included in the integrated tech-
nology of unmanned electric train traffic on the Mos-
cow Central Circle [4]. It is assumed that in the future
driver-operators will remotely control several trains
on the railway network. And if now the tested technol-
ogy and algorithm capabilities provide for one driver-
operator for four trains, in the future, the number of
trains under the control of a single driver-operator
can be significantly increased. The task of monitoring
a large amount of information involves a larger field
of view, so the images from cameras of electric trains
are displayed on a 49” widescreen monitor. The con-
trols must be within arms’ reach and be positioned
identically to those in the cab of an operating electric
train. Some controls, such as for changing the lighting
or heating in the cab, will no longer be necessary, so
the functionality of the driver’s workstation should
also be reviewed. It is also necessary to provide for the

2Driver-operator / RZD Digital. URL: https://rzddigital.ru/career/professions/mashinist-operator-/

TRANSPORT AND INTELLIGENT SYSTEMS FOR THE INDUSTRY 4.0



RiiCE TRANSPORT

VOL. 3 ISSUE 3 2024

possibility of quick switching between controlled elec-
tric trains. When developing the remote control and
control panel for unmanned electric trains, the func-
tional duties of the driver-operator and the experience
of current driver-instructors who take part in the test-
ing and generation of ergonomic requirements for the
workplace are taken as a basis.

UNMANNED TRAIN OPERATING SCENARIOS

Analysing the actions of employees and the func-
tioning of systems in regular and abnormal situations
also provides the basis for defining scenarios for the
operation of the automatic control system. Since the
organisation of unmanned train traffic requires that its
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operation algorithms include a response to any possi-
ble situations, the specialists of NIIAS JSC and Russian
Railways JSC developed and approved 39 scenarios
[5]. All possible variants were thought out, actions of
all systems and participants of the transportation pro-
cess were prescribed and coordinated. Six scenarios
describe normal operation of systems and include the
departure and arrival of electric trains from/to coach
yards and depots, following the route, passenger em-
barkation and disembarkation. The largest group of
scenarios describes the operation of systems in abnor-
mal situations (derailment of rolling stock, heating or
destruction of axle units, an obstacle on the electric
train’s route, running over a person, etc.). 16 scenarios
take into account the occurrence of various train or in-
frastructure faults (see Fig. 4).
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Fig. 4. Baseline operational scenarios on the MCC

TRANSPORT AND INTELLIGENT SYSTEMS FOR THE INDUSTRY 4.0



RiiCE TRANSPORT

VOL. 3 ISSUE 3 2024

Depot

Pavel A. Popov, Alexey V. Ozerov,Anna S. Marshova

Prospects of autonomous railway transport development

| : — Fault or Abnormal Scenario

-

stations |

' Isolating train |
| doors if platform
| screen door fails |
' Isolating platform |
| screen doors

| if train door fails |
c
| Re-closing |
I door control I

|

— R

I Lost platform |
| screen door :
| status |

=TT
| Switching !
m— : between fully
. | Braking automatic mode | |
Lost train | -
: door status |—>: system | % and conditional
I _! | failure | !_automatic mode : I

Operation at
conditional

automatic mode

]

_i | Evacuation ! ﬁ'rainorsignaﬂ | I
Rescue ! between |<—|failureduring|<—= remote |«

> emergency

1 operation |

TR |

Other | | _ . .
Rainand | | Failure reset
I

| snow mode I ! control I
o S
__ A
| Remote :
| emergency brake |
—— PR — |
= L J—— _i
| Remote
| broadcast on train |
Y S
I Obstacle/ |
| derailment :
| detection |
I_::__l::__:
| Stationfire

| control |

I Train fire |
Y S
| Emergency calling :

C————————
| Emergency
I handle

= . |
| Releasing |

monitoring of train
: borne equipment

| brake

|
]

Fig. 5. Basic scenarios of unmanned transport operation

The developed scenarios are tested in a simulator
and also drilled at the actual site of system implemen-
tation. The time and nature of the systems’ response
are specified and the personnel’s actions are verified.
In the course of pilot operation of electric trains in
automatic mode, scenarios can be modified and their
number can be increased.

In general, the development and refinement of sce-
narios should take into account a wide range of factors,
including the specifics of train traffic management and
regulatory requirements of each individual country,
local features of the infrastructure, dispatch control
systems, signalling, radio communication, diagnostics
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and monitoring devices, as well as transport safety
equipment used on a particular urban railway. Figure 5
shows a set of basic universal scenarios that can be tak-
en into account and adapted to the operational require-
ments of a particular railway in BRICS countries.

AUTOMATICOBSTACLE DETECTION SYSTEM

From a technical point of view, an automatic control
system should be built on the basis of modern digital
sensors and digital methods of processing information
about the train situation using computer vision meth-



RiiCE TRANSPORT

VOL. 3 ISSUE 3 2024

ods and artificial intelligence technologies that allow
for timely detection and classification of foreign objects
on the tracks to make a decision on the appropriate re-
sponse of the unmanned train [6]. Radars, lidars, video
cameras, thermal imaging cameras, and ultrasonic sen-
sors are used as these sensors. They function in differ-
ent ranges of the electromagnetic spectrum and have
their own advantages and disadvantages which can be
manifested under different conditions of light, humid-
ity, dust, etc. Settings are selected based on the ambient
conditions and operational tasks for the rolling stock.

Data from the sensors are processed using artifi-
cial intelligence technologies that allow for detecting
a railway track, detecting obstacles and infrastructure
objects, classifying the objects found, estimating the
depth from the camera data, detecting anomalies, and
so on. It is important to note that the system is able to
detect and recognise only those objects that it has been
trained to detect, so a significant issue remains the
availability and accessibility of datasets from sensors
on which the necessary objects are labelled [7]. For
railway transport, a set of public datasets is extremely
limited compared to, for example, the road transport
sector. Access to railway infrastructure is limited, and
the creation of a high quality labelled dataset has a
high cost, so if a company is involved in its prepara-
tion, most often the dataset is not made freely avail-
able. Among the open datasets in the field of railway
transport, we can mention several [8]:

e RailSem19 — 8,500 images of railway and tram
scenes from 38 countries;

e FRSign — 105,352 images of French railway signals
labelled with frames;

GERALD — 5,000 images of German signals;

RAWPED — 26,000 images of pedestrians labelled

with frames;

e 0OSDaR23 — 1,534 labelled images and 204,091 ob-
jects to be labelled.

A limitation of most available datasets is that they
only represent certain scenarios, environments and
components. Track elements, rolling stock and climate
may vary from country to country, so datasets created
in one environment are not always suitable for train-
ing systems operating in other environments. There
are several open datasets available in Russia, created
by the St. Petersburg branch of NIIAS JSC. Four datasets
are available for download at datasets.vniias.ru, and all
interested users are invited to solve real problems on
detection and segmentation of railway transport and
infrastructure facilities.

RADIO COMMUNICATION INFRASTRUCTURE

The transition to unmanned traffic is virtually im-
possible without the introduction of broadband radio
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communications with a significantly higher band-
width, which will enable the implementation of such
functions as video streaming. Given that the existing
GSM-R radio communication system is narrowband
and cannot be adapted to the increasing information
flow, in 2014, the International Union of Railways (UIC)
initiated the FRMCS project aimed at preparing for the
implementation of a new digital radio communication
system for railways. The 5G standard was chosen as
the communication standard on the basis of which the
FRMCS system is being developed. This standard pro-
vides for a high bandwidth and is optimised for the
creation of highly reliable data networks with ultra-
low signal delay.

It should be noted that the implementation of com-
munication systems based on the 5G technology on
trunk lines is limited by the high cost of their construc-
tion. A possible and promising alternative may be the
use of satellite communication systems that are cur-
rently being actively implemented in Russia. Thus,
within the framework of the Sfera project, Roscosmos
State Corporation launched the Skif-D demonstration
communications satellite to test technologies for creat-
ing an orbital constellation for a broadband Internet
system. It is planned that the Skif satellite constellation
will consist of 12 spacecraft [9]. By the end of 2024, the
Marathon-IoT spacecraft is expected to be launched,
which will provide communication with ground-based
sensors and control systems, including trains. The full-
scale orbital constellation ‘Marathon-IoT’ will include
264 spacecraft [10]. Interesting is the solution of Bu-
reau 1440, which launched three spacecraft ‘Rassvet’
in 2023. The satellite supports a data transfer rate of
12 megabits per second with a delay of only 41 mil-
liseconds. This speed is enough to implement remote
control of trains. According to the company’s plans,
250 satellites will be launched at the first stage to pro-
vide basic coverage, and by 2030 their number will
increase to 700 satellites, which will provide global
coverage [11]. The development of such technologies
will significantly facilitate the development and im-
plementation of unmanned railway technologies in
remote areas.

CHALLENGES AND PROSPECTS
FOR THE INTRODUCTION OF UNMANNED
TECHNOLOGIES

In terms of the prospects for the introduction of
unmanned technologies, the most accessible is the de-
ployment of such systems at marshalling yards where
LTE broadband has already been deployed. Low traf-
fic speeds, short braking distances and the absence of
other types of traffic make it easier to create an auto-
matic train control system. In Russia, an unmanned
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shunting locomotive has already started operating
at the Luzhskaya marshalling station in 2017. At the
moment, three fully unmanned locomotives equipped
with an obstacle detection unit, which includes radars,
lidar and cameras, are operating at the station. Move-
ment along the set route, approach to wagons, coupling
with wagons and pushing wagons onto the marshal-
ling yard are performed in a fully automatic mode. The
locomotives are monitored by driver-operators at the
control centre, who make decisions in emergency situ-
ations and can remotely control the locomotive via the
remote control panel.

Another promising application of automation
technologies is the introduction of unmanned goods
trains. An Australian mining company, Rio Tinto Lim-
ited, has become a pioneer in this area by introducing
unmanned long-distance heavy-haul trains with GoA4
grade of automation on its railway network. The com-
pany worked with Hitachi Rail STS S.p.A. to implement
the AutoHaul project, which has increased the network
capacity and reduced the time it takes to deliver iron
ore from mines in the Pilbara region to port terminals
in Dampier and Cape Lambert. The full transition to
automatic train control took place in June 2019 [12]. All
activities that were previously performed manually by
the driver are now taken over by ATO systems and, if
necessary, by driver-operators from the control centre
located in Perth, 1,500 km from the mine [13].

Rio Tinto locomotives were equipped with new sys-
tems, including a collision avoidance system, a safety
system that monitors the train speed, and on-board
cameras that allow for continuous monitoring from
a control centre [14]. To identify potential threats on
the train track, the locomotives were equipped with
an advanced artificial intelligence-based obstacle de-
tection system created by Rail Vision Ltd., Israel. The
system detects obstacles in a given area at a distance of
up to two kilometres in virtually all weather and light
conditions, after which it classifies the obstacles and
generates visual and audible warnings for the driver-
operator and dispatcher in real time [15, 16].

Special attention was paid to the existing level
crossings on the network, which were identified as
the highest risk locations during the AutoHaul project
development. The crossings were equipped with light-
ing, video surveillance and laser obstacle detection
systems, which are connected to an ALS (automatic lo-
comotive signalling) system. High-resolution (4K) video
cameras were used, allowing for a good overview of
the situation at a crossing from the control centre.

However, it should be noted that Rio Tinto has an
isolated railway network with only company-owned
homogeneous rolling stock, so replicating the techni-
cal solutions implemented in the Pilbara region on rail-
ways with different conditions may not be sufficient to
ensure safety.
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The main issues to be solved during the implemen-
tation process are as follows: ensuring reliable broad-
band communication between trains and the control
centre, improving the reliability of rolling stock, and
solving problems associated with the occurrence of
abnormal situations. And, of course, the transition to
such technology should be carried out sequentially. At
first, it is necessary to implement the one-person op-
eration (OPO) technology (where a train is operated by
the driver alone, without an assistant driver) on goods
trains. Then it is possible to implement partial automa-
tion, for example, to create unmanned pusher locomo-
tives. It is possible to launch a package of goods trains
where the crew is present on only one train. The task
of railway scientists is to work out the technological
aspects of various implementation options and deter-
mine the further development path of automation in
freight transport. In general, in the near future, un-
manned goods trains may be in demand in almost all
BRICS countries.

When automating passenger railway traffic, ad-
ditional challenges arise. It is necessary to create a
system for controlling the embarkation and disembar-
kation of passengers and ensuring their safety, to pro-
vide for the possibility of communication between a
passenger and a railway employee, etc. Different coun-
tries around the world are implementing some kind
of train automation projects. In Germany, as part of
the Sensor4Rail research project, an electric train was
equipped with a machine vision system and field tests
were conducted [17]. In 2021, France’s national railway
operator SNCF launched a prototype passenger train
which ran on a commercial mainline railway in a test
mode and recorded data to improve signal recognition
algorithms [18]. Interest in automatic train control has
also been observed in BRICS countries. For example, in
China, TCT has developed an obstacle detection system
using artificial intelligence technologies and received
a SIL4 safety certificate for it [19]. Indian Railways has
held several tenders for the supply and testing of ma-
chine vision systems to assist drivers with driving in
heavy fog.

Russia is among the leading countries in the devel-
opment of unmanned trains. At the moment, Russian
railways are implementing several projects to auto-
mate the movement of locomotives and electric trains.
At marshalling yards, the operation of shunting loco-
motives of various types is being automated. As for
electric trains, a large amount of work has been done
to achieve the third grade of automation for the ES2G
Lastochka train manufactured by Ural Locomotives
LLC. Further work is planned to achieve Level 4 for
all types of new Russian-made electric trains, including
high-speed trains.

Two trains of different versions equipped for GoA3+
automated operation are currently being tested on the
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Fig. 6. Unmanned railway transport infrastructure of the MCC

MCC. The trains are equipped with systems for ATO,
obstacle detection and positioning on the infrastruc-
ture, as well as a communication unit for communi-
cating with the remote control centre. The prototypes
can independently follow an energy-optimal schedule,
as well as automatically activate braking and stopping
algorithms if an obstacle is detected. However, during
the tests, there is a driver in the cab of the prototype,
who is always ready to take control. Engineers are also
watching the train movement and monitoring all the
systems of the unmanned train in real time. The in-
frastructure of unmanned railway transport has been
created and tested at the MCC, which is generally uni-
versal and can be further standardised for further rep-
lication on urban railway transport (Fig. 6).

At the same time, the cost of switching to fully un-
manned traffic is significant, as it requires investment
in both rolling stock and infrastructure. It is neces-
sary to design electric trains and locomotives that are
equipped with machine vision, a remote control sys-
tem, and a new braking system with the possibility of
remote control. In fact, all rolling stock units that are
now controlled only manually by the driver must be
redesigned. In terms of infrastructure, it is necessary
to build a digital broadband communication network,
build a system for controlling passenger embarkation/
disembarkation on platforms, introduce a radio-based
collision avoidance system, adapt dispatching person-
nel’s workstations, and build a remote control and
management centre for the work of driver-operators.
In addition, it is required to train the relevant person-
nel and make the necessary changes to industry regula-
tions and documents.

A lot of tasks will need to be solved in terms of
import substitution. The first machine vision devices
were assembled entirely using imported sensors and
computing facilities. Currently, the situation is chang-
ing, but not radically. At the initial stages, it is probably
more correct to speak not so much of import substitu-
tion as of technological independence from Western-
made components and of achieving sovereignty in
this respect. Obviously, it is unlikely that in the coming
years it will be possible to organise full production of
machine vision devices using domestic components
only. But it is possible to organise such production us-
ing certain components from friendly countries. In
this regard, it is necessary to develop product require-
ments for domestic manufacturers on the basis of the
experience of using imported devices and to carry out
gradual replacement of sensors taking into account the
requirements of independence from imports.

TECHNOLOGY READINESS OF AUTOMATION
SOLUTIONS

If we consider solutions for ensuring the GoA3/4 au-
tomation levels of train control from the point of view
of their technological readiness level (TRL), currently it
varies from country to country. However, in the coun-
tries that lead the way, TRLs can be in the range from
TRL6 to TRLI.

In assessing the TRL, we rely on the principles laid
down in the international standard for defining Tech-
nology Readiness Levels and evaluation criteria (see
Table)®.

3ISO 16290:2013 Space systems — Definition of the Technology Readiness Levels (TRLs) and their criteria of assessment
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Table
Technology readiness levels

Technology S

TRL1 Exploration of basic concepts

TRL2 Formulation of the technology/solution
concept

TRL3 Analytical testing of the concept

TRL4 Validation of the prototype in labora-
tory conditions

TRL5 Validation of the technology/solution
components in close-to-real conditions

TRL6 Demonstration of the prototype in
close-to-real conditions

TRL7 Demonstration of the prototype in
operational conditions

TRLS8 Verification of the technology/solution

TRL9 Operationalization of the technology/
solution

TRL9.1 Start of implementation/operation

TRL9.2 Implementation/operation in a limited
(pilot) area

TRL9.3 Large-scale implementation (replica-

tion)/operation

Taking into account the analyses of GoA3/4 projects
in different countries of the world, it can be concluded
that at the moment, the efforts are mainly focused on
the following:

e Demonstration of the prototype in close-to-real con-
ditions;

e Demonstration of the prototype in operational con-
ditions;

e Verification of the technology/solution).

A separate issue is operationalization of the technol-
ogy/solution, which primarily concerns rolling stock
manufacturers and their willingness to promptly solve
the problems of adapting existing designs for the in-
stallation of new sensors and equipment, as well as to
promptly create new locomotives without a driver’s cab.

Of course, for a full-fledged comprehensive assess-
ment of the readiness of a given innovation solution, a
number of unified parameters — supporting systems
that characterise the development and balance of an
innovation project — should be taken into account,
namely:

e technology readiness;

production readiness;

engineering readiness;

organisational readiness;

market readiness.

The criterion that allows for the most correct analy-
sis of the information on unmanned railway systems
projects presented above is the technology readiness
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level (TRL). However, this criterion depends on the in-
fluence of a set of factors that are closely interrelated
with each other and have different levels of maturity:
on-board and wayside equipment, hardware and soft-
ware, safety and capacity of unmanned transport, qual-
ity and efficiency of the ‘machine vision’ solution under
different weather conditions and at different times of
the day, relevance of the regulatory framework, etc.
In order to objectively assess the TRL, it is necessary
to base on the lowest value of the maturity level of the
factor that is most significant among those listed above,
considering it as a limiting factor. For all unmanned
railway systems, the most significant factor is traffic
safety, which has a direct impact on the TRL assessment.

A comparison of current trends in the development
of railway infrastructure around the world suggests
that the level of technology readiness (TRL) should be
assessed taking into account the isolation of the sys-
tem. With regard to the level of automation GoA4, it is
currently possible to talk about TRL 9.1 or 9.2 when it
comes to projects implemented in depots and marshal-
ling yards or on railway lines operating in a manner
that is little different from that of the underground
(a closed system with homogeneous rolling stock run-
ning at specified intervals). As for mainline and region-
al railway lines, the level of automation GoA4 is still
quite difficult to achieve in terms of practical imple-
mentation. Consequently, in this case we can only talk
about the level of automation GoA3, which has reached
a technology readiness level no higher than TRL 7 or 8.

At the same time, it is necessary to recognise a high
intensity of research and testing efforts in the field of
unmanned railway transport that are currently taking
place in Germany, France, Great Britain, the Nether-
lands, Russia, China, and a number of other countries.
The number of publications on the subject of un-
manned transport is increasing, as is the number of
patents in this area. Among the BRICS member coun-
tries, China is the leader in terms of the number of pat-
ents related to automatic vehicle control. NIIAS JSC also
actively carries out intellectual activity in the field of
unmanned train control. The specialists of the Institute
have prepared and registered more than 40 patents
and computer programmes, and have written at least
65 scientific publications on this subject.

The active interest in transport automation in the
world allows us to assert with a high degree of confi-
dence that as early as by 2026 passenger and/or goods
trains with automation level GoA4 may appear in sev-
eral countries that will operate on limited sections of
main and regional railway lines, i.e. corresponding to
the technology readiness level (TRL) 9.1.

Thus, 2026 may be the beginning of a new stage
in the development of unmanned railway transport.
Regulatory and technical documentation developed for
obtaining permits to allow fully automatic rolling stock

(
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operation and the introduction of relevant amend-
ments to legislation will become a powerful driver
for the development of the market for on-board and
wayside equipment, as well as hardware and software
required for the organisation of safe, energy-efficient
and high-performance unmanned railway transporta-
tion. The possibility for a large number of equipment
manufacturers to participate in tenders for the supply
of components for railway systems with the grades of
automation GoA3/4 will not only allow for significant
price reductions, but will also contribute to the emer-
gence of innovative solutions in the market, which will
make it possible to raise the technical characteristics
of lidars, radars, ultrasonic sensors, video cameras
and other critical components for unmanned trains, as
well as the corresponding software to a fundamentally
new level. This may also have a significant impact on
increasing the investment attractiveness of unmanned
railway transport in general.

As for the technology readiness level (TRL) 9.3 of
fully unmanned technologies that can be used on main-
line and regional railway lines, given the current state
of the industry, it is still premature to make any conclu-
sions. This issue is directly related to the timing of veri-
fication, validation and standardisation of unmanned
train solutions around the world. The speed of devel-
opment and implementation of FRMCS, a new radio
communications standard, may also be a critical factor.

In addition, for a number of reasons, a significant
part of railway lines around the world does not allow,
in principle, for increasing the level of automation of
transportation operations on them to the level of GoA3
without first undertaking large-scale works on their
comprehensive reconstruction and modernisation. Con-
sequently, one of the most critical factors for the further
development of unmanned transport on mainline and
regional lines is the amount of investment allocated for
the modernisation and development of railway infra-
structure by various countries around the world.

Nevertheless, the use of machine vision as part of
modern train control systems is becoming one of the
key and long-term trends in the development of modern
control systems, which poses a wide range of challenges
that require a comprehensive approach. The effective
solution of these problems will determine the prospects
of a mass transition to fully automatic (driverless) train
traffic control, the main condition for which is a guar-
anteed safety level at least as good as the existing one.

CONCLUSION

Unmanned technologies in the railway industry
have broad prospects and are already being imple-
mented, especially in marshalling yards and in isolat-
ed, metro-like railway systems. Russia and other coun-
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tries are actively developing the automation of train
control using modern obstacle detection and remote
control systems.

Further development of these technologies and the
introduction of fully unmanned control on main lines
requires significant investment in the modernisation
of rolling stock and infrastructure, and also leads to
changes in the professional structure. For example,
the new profession of driver-operator, who will be re-
sponsible for remote control and control of automatic
trains in abnormal situations, requires the creation of
a workstation that can process a large volume of infor-
mation and respond promptly to emerging problems. It
is also necessary to develop scenarios for the operation
of an automatic control system including analysing the
actions of all systems and participants in the transpor-
tation process in all kinds of situations.

From a technical point of view, automatic train
control systems require the use of advanced obstacle
detection systems based on digital sensors and infor-
mation processing methods using computer vision
and artificial intelligence to detect and classify objects
on the tracks. The main issue to be addressed is the
methodology for proving the functional safety of such
systems, since the behaviour of an artificial neural net-
work cannot be fully described and predicted. In addi-
tion, it is difficult to train artificial intelligence systems.
The availability and quality of the datasets required for
this represent a limited and costly aspect, especially in
the railway industry.

Another crucial challenge is setting up information
transmission systems. The transition to unmanned traf-
fic in the railway industry requires broadband radio
communications with a high capacity, which requires
the introduction of new communication systems, such
as 5G. However, the implementation of 5G on trunk
lines is costly, which makes the alternative satellite
communication systems attractive.

It is advisable to introduce unmanned technologies
in stages, starting with partial solutions and gradually
moving to full automation. It is also necessary to take
into account the issues of import substitution and tech-
nological independence when developing and imple-
menting new systems.

These tasks on the BRICS railways can be achieved
by combining the efforts and resources of railway
administrations and sectoral institutions, including
through the creation of the Railway Research Net-
work. This coordination mechanism could become a
platform for promoting railway initiatives, exchanging
innovations, as well as helping to resolve issues related
to the development and manufacture of components
and parts for ATO systems. It seems reasonable to un-
dertake a joint benchmarking study to be followed by
the elaboration of a common strategy for the develop-
ment of autonomous railway transport. The research
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network can become a common knowledge base and
serve as an expert body for the creation and imple-
mentation of various innovative solutions on the BRICS
railway network in areas such as collision avoidance,
train traffic control and safety systems, process simula-
tion, digital communications, intelligent diagnostics of
rolling stock and infrastructure, satellite and geoinfor-

Pavel A. Popov, Alexey V. Ozerov,Anna S. Marshova

Prospects of autonomous railway transport development

mation systems, etc. The network will also be able to
develop and implement various innovative solutions
on the BRICS railway network. The exchange of com-
petencies, best practices, technological solutions and
approaches to railway development will contribute
to improving the quality and attractiveness of railway
transport services in the BRICS countries.
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MpencraBneHbl dakTopsbl, CNocobcTBOBaBLUME B peTpocnekTuBe 6onee 10 neT AMHAMUUYHOMY Pa3BUTUIO Fpy30NepeBO30K Mo
MTK «Boctok - 3anag». bonee noapo6HO pacCMOTPEHO BAUSIHWE HA NOTUCTUKY KOHTEMHEPHbIX MepeBO30K NOCNeAHUX NeT nocnea-
CTBUM TaKMX 3K30TeHHbIX (PAKTOPOB, KaK 3MUMAEMMUONOTMYECKME OrPaHUYEHMSI B MUPOBOM MacliTabe n 3KOHOMUYECKME CaHKLMK
B OTHOLeHuKn Poccum.

Ha ocHoBe paHHOro aHanusa chopMynMpoBaHbl 0606LLEHHbIE YCI0BUS, MO3BONSIOWME OLLEHUTb NMOTEHLMAN faNbHeNLIero
yBeNMYeHUs TPaHCNOPTHbIX FPY30M0TOKOB No ApyruM MTK.

lpou3BeneHa oueHKa Tekylel AMHAMUKK M NpobnemMaTMku nepeBo3oK No Kopuaopam «Boctok - 3anagy», «CeBepHbiit MoOp-
ckort nyTb» n «CeBep — HOr», a TakKe OLEeHKa JanbHENLWMX NePCNEKTUB UX YBEIMUYEHUS C TOYKM 3PEHMS TPAHCMOPTHOTO MapKeTUHra.

B uncne BbiBOLOB 0603HaYeHA BAaXXHOCTb pa3BUTUS U paclumpenns nHdpactpyktypbl MTK «BocTok — 3anap», npuBeneHsbl

NpenJsioXKeHWs Mo MHTEHCUbMKALLMK Tpy30nepeBo30K Yepes apyrue MTK.

Kﬂ |_OL|EBb|E CﬂOBA. MexAyHapoaHble TpaHCcnopTHble kopuaopbl; MTK «Boctok — 3anap»; MTK «Cesep - HOr»;
+ MTK «CeBepHbIi MOpCKOM MyTb»; BAnSHUE naHpemun COVID-19 Ha nornctuky; ycnosus
YCMELHOro pa3BUTUS MEXAYHAPOAHOW NOTUCTUKM; NpobaeMaTuKa pa3BUTUS MeXAYHapo.-

HbIX TPAHCMOPTHbIX KOPUAOPOB; Pa3BUTHE MEXAYHAPOLHbIX KOHTEMHEPHbIX NMepeBO30K;
CTaTUCTMKA NepPEBO30K MO MEXAYHAPOLHbLIM TPAHCMOPTHLIM KOPUAOPAM; PAa3BUTUE MEXY-

HapoLHOM TOpProsin

[ns uutuposauus: beiykalino M.A. MoTeHUMan pa3BUTUS MEXAYHAPOAHbIX TPAHCMOPTHbIX KOPULOPOB B TEKYLLMX PbIHOYHBIX YC/10-
Busix // Tpancnopt BPUKC. 2024.T. 3. Buin. 3. Ct. 5. https://doi.org/10.46684/2024.3.5.

INTRODUCTION

This research is devoted to the prospects for the
development of international transport corridors (ITC)
through the prism of the dynamics of market forces in
the transport industry and world trade.

Since, in the light of global transformations in inter-
national logistics in recent years, the most relevant and
practical task is to maximise the benefits of Russia’s
transport and geographical position, the main focus is
made on internal and external factors that influence
the realisation of this potential.

Due to the fact that international trade is mainly
carried out in large-capacity containers as the most
technologically advanced mode of transport, the data
and conclusions are presented in the context of the de-
velopment of multimodal container transport.

As per the generally adopted classification! the
main international corridors passing through the ter-
ritory of Russia are as follows (Fig. 1):

e North - South Corridor (Eastern Branch, Western

Branch and Trans-Caspian Route);

e East-West Corridor (North Eurasian Route and Cen-
tral Eurasian Route);
e Northern Sea Route Corridor.

Analysing the development potential of these cor-
ridors is impossible without understanding the reasons
that, to a greater or lesser extent, allow the develop-
ment of cargo turnover on a large scale.

Further, by the example of retrospective analysis of
traffic through the East - West ITC, the key factors that

make it possible to assess the potential for prospective
development of international transport routes have
been formulated.

JUSTIFICATION OF THE METHODOLOGY
FOR THE ASSESSMENT OF THE TRANSPORT
CORRIDORS POTENTIAL

“East — West” ITC should be subdivided into two
routes:

e The Northern Eurasian Route is a route along the
Trans-Siberian Railway, starting from ports and
border crossings in the Primorsky Krai, the main
border crossings at present being Zabaikalsk — Man-
churia and Zamyn - Uud - Erlian (Mongolian Rail-
way border crossing with Chinese railways) and
proceeding first of all to Brestskaya border cross-
ing Nauskhi of Russian railways. railway) with Chi-
nese railways, cargo flows through which further
go through the Naushki border crossing of Russian
railways) and the following first of all to the Brest —
Malaszewicz border crossing on the border of Po-
land and Belarus;

e Central Eurasian Route — the route through Ka-
zakhstan via the Dostyk — Alashankou and Altynkol -
Khorgos border crossings with China and onwards
to the Brest — Malaszewicz border crossing.

There are also alternative branches to the west
through which shipments can be made, such as routes
through other border crossings in Belarus, ports in

1Federal target subprogramme ‘International Transport Corridors’. URL: https://fcp.economy.gov.ru/ext/11/3.htm
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Fig. 1. Main international transport corridors across Eurasia?

Saint Petersburg, and border crossings in Kaliningrad
Region.

The first important milestone in the development of
the East — West Corridor, namely its Central Eurasian
route, was the cancellation of customs procedures at
the borders of Russia, Kazakhstan and Belarus in 2011,
which subsequently increased the speed of delivery of
goods between Europe and China and reduced the cost
of paperwork?. In addition, the use of the unified CIM/
SMGS consignment note was gaining popularity during
this period*.

The second key development was the launch in
2012 by Chinese provinces of subsidies for rail trans-
port through land border crossings, thereby making
it more attractive to China’s central and northeastern
provinces compared to multimodal transport through
Pacific ports®.

The third milestone in the development of the
East — West corridor was the establishment of a single
logistics operator, OTLK ERA, JSC (formerly OTLK, ]JSC),

at the end of 2014 and the systematic development of
Kazakhstan’s border crossing infrastructure, in par-
ticular, the commissioning of the large dry port KTZE -
Khorgos Gateway and the Altynkol — Khorgos border
crossing in 20156,

Transportation on the route operated by OTLK ERA
is also subject to a discount to the tariff of three rail-
way administrations (Russia, Belarus and Kazakhstan),
which has made it possible to stimulate the growth of
traffic volumes since the launch of the operator.

In aggregate, the above non-market support mecha-
nisms have contributed to a 14.3-fold increase in transit
volumes of Europe — East Asia — Europe via the Central
Eurasian route from 2014 to 2019, from 21,000 twenty-
foot equivalent containers (TEUs) to 305,000 TEUS.

Notably, even with subsidies from the Chinese prov-
inces, the lack of a significant financial incentive simi-
lar to that in place for OTLK ERA transports and the
nominated single transport organiser, as well as the
slower speed of cargo (for 2022 in average, 5-6 days

2The graphic representation was generated by the author on the basis of public sources.
3Decree of the President of the Russian Federation dated 01.07.2011 No. 880 ‘On Cancellation of the Agreed Types of Control on
the State Border of the Russian Federation with the Republic of Belarus and the Republic of Kazakhstan’ // Rossiyskaya Gazeta.

12.07.2011.

#Viksne D. Document for two systems // Gudok. 20.07.2011. URL: https://gudok.ru/newspaper/?ID=690683
SStimulating Export Railway Transport in China: Results and Prospects: An Information and Analytical Review // Eurasian Rail
Alliance Index. URL: https://index1520.com/upload/medialibrary/7b0/957612q9fz9dwfktahjrdm370w142dh9/ERAI-Subsidies-

RU.pdf

5Tonkonog O. The Way the Largest Dry Port in Central Asia Works // Sputnik News Network Agency. Kazakhstan. 01.10.2020.
URL: https://ru.sputnik.kz/20201001/krupneyshiy-sukhoy-port-15108603.html
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via Dostyk —Altynkol border crossings to the border
of Poland and Belarus versus 8-10 days on the same
route via Zabaikalsk) became one of the reasons for
relatively low dynamics of transit volumes develop-
ment between Europe and East Asian countries via the
infrastructure of the Northern Eurasian route.

The growth of overland transport volumes along
the East — West ITC in 2016-2019 occurred under the
following circumstances:

e practically unchanged level of sea freight rates (in
the range of $2,000 per FEU on the Rotterdam —
Shanghai — Rotterdam route’);

e growth of sea freight volumes on the Europe - East
Asia — Europe Route?;

e an increase in the share of containerised ship-
ments within the PRC from 4.5-9.0% in 2016 to
5.1-10.3% in 2019 (estimate based on data from
the State Statistical Office of the PRC in terms of
10-20 tonnes/DFE?);

e overall growth in the volume of trade between the
countries of these regions?°.

The growth of East-West ITC traffic volumes in
2020-2021 should be considered separately due to the
specific conditions of the COVID-19 pandemic, which
caused trade restrictions and changes in transport lo-
gistics.

The impact of the epidemiological restrictions in
the first half of 2020 was a decrease in global trade vol-
umes, a decrease in shipping orders, a disruption of
international logistics chains, and an accumulation of
empty containers in Europe and North America.

In the second half of 2020, governments, particu-
larly in China, began to gradually ease quarantine re-
strictions, which led to an explosive growth in demand
for maritime transport (according to LLI Consulting,
10 times more than in the first half of 20201?).
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Against this background and the shortage of empty
containers for loading in China (in December 2020,
the FEU availability index in the port of Shanghai CAx
decreased to 0.02 points'?, which indicates an acute
shortage of containers and a predominance of ship-
ments from the port over arriving containers), which
had by then accumulated in large volumes in North
America and elsewhere. International shipping lines
have had to include their freight rates in the cost of re-
deploying empty containers and even the production
of new containers in China (in the first half of 2021
alone, the production of new containers surpassed
that of the whole of 2020%%) to ensure the export of
cargo out of the country. In this regard, the January
2021 global container index (WCI) has doubled by No-
vember 2020

From the second half of 2021, the situation was ex-
acerbated by the increased imbalance of trade flows
between Europe and Asia against the background of a
faster recovery of the Chinese economy from the crisis
associated with the COVID-199 pandemic, which led to
a significant utilisation of sea container terminals in
Europe (at the end of 2021, the utilisation index of sea
container terminals in Europe doubled compared to
the end of 2020%).

The above factors caused a partial shift of car-
go flows in 2020-2021 from sea transport in favour
of transit railway services within Russia — transit
through the Russian Railways network in 2021 for the
first time exceeded 1 million TEUs', showing growth
of 34.4 % compared to 2020, while traffic on all routes
of the East-West ITC corridor increased by 2.3 times by
the pre-pandemic year 2019 (Fig. 2).

However, against the background of a slowdown
in global trade in 2022'7, as well as port offload-
ing and increased maritime turnover, freight rates

"World Container Index assessed by Drewry // infogram. URL: https://infogram.com/world-container-index-1h17493095x14zj
8Transport, Postal and Telecommunication Services. Freight Traffic // National Data. National Bureau of Statistics of China. URL:

https://data.stats.gov.cn/english/easyquery.htm?cn=C01

®Volume of containers transported to/from main ports — quarterly data (2015-2016) // Eurostat. URL: https://ec.europa.eu/
eurostat/databrowser/view/MAR_GO_QM_C2016/default/table?lang=en
WEU trade since 1988 by HS2-4-6 and CN8 (former content) // Eurostat. URL: https://ec.europa.eu/eurostat/databrowser/product/

view/ds-045409?category=ext_go.ext_go_detail

11LLI Consulting. Volume of orders // infogram URL: https://infogram.com/lloyds_list

12Container Availability Index // Container xChange URL: https://www.container-xchange.com/features/cax/

13 Containers are being built at a record pace. It’s still not enough // Freight Waves. 27.07.2021. URL: https://www.freightwaves.
com/news/containers-are-being-built-at-a-record-pace-its-still-not-enough

4 World Container Index // Drewry. URL: https://www.drewry.co.uk/supply-chain-advisors/supply-chain-expertise/world-

container-index-assessed-by-drewry

15 Port congestion in key Europe, US gateways continues to deteriorate: Sea-Intelligence // S&P Global. Commodity Insights.

12.01.2022. URL:

https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/shipping/011222-port-

congestion-in-key-europe-us-gateways-continues-to-deteriorate-sea-intelligence
16Russian Railways summed up the results of their operation for 2021 // The Federal Railway Transport Agency. 15.03.2022. URL:

https://rlw.gov.ru/press/document/11871

7Global container trade volumes 2017-2024 // infogram. URL: https://infogram.com/container-trade-volumes-1hnp27nljyoy4gq
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Fig. 3. The volume of loaded containers transported by sea in Europe and East Asia in 2010-2022, with indicators on the ratio
of imports in trade and the share of empty container adjustments®?

declined from the beginning of 2022 and actually
reached their historical average level by the end of
the year?®.

For this reason, as well as sanctions restrictions
against Russia in 2022, international freight forward-
ers again began to favour maritime transport along
the China - Europe - China route, and transit volumes
along the East — West ITC decreased.

These developments illustrate to a greater extent
the transport market environment, which is derived
from trade between Europe and East Asia.

An important feature of trade between the two re-
gions over the last decade has been the lack of balance
in cargo flows in terms of logistics — the volume of East
Asian exports by sea has been 2-3 times higher than Eu-
ropean exports to the region since at least 2010 (Fig. 3).

8The graphic representation was formed by the author on the basis of data of Russian Railways, JSC and other public sources.
¥The graphic representation was created by the author on the basis of Eurostat data.
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This imbalance forces logistics companies to send
empty containers from Europe by sea back to East
Asia — the share of such shipments is around 30 per
cent, with the share reaching 40 per cent in 2022°.

In rail transport there is also an imbalance of cargo
flows and redeployment of empty containers, but the
share of empty containers in the container traffic from
Europe to East Asia from 2020 to 2022 did not exceed
15 %, and in the first half of 2023 there were no ship-
ments of empty containers (including due to sanctions
restrictions).

The imbalance of cargo flows is not an obstacle to
dynamic trade between the two regions, possibly due to
low freight rates for empty container relocation, as well
as a generally low transport component in the price of
shipped products on at least one side of the trade.

A rather low transport component in the price of
products is characteristic of exports from East Asia to
Europe — at least 50 % of these shipments are such
high-value cargoes as electrical machinery and equip-
ment, engines, power plants, plastics, petroleum prod-
ucts, ferrous metal products, chemicals, cars, furniture,
etc. The share of high value-added products in exports
from Europe to East Asia is about 20 %?.

From the presented analysis, it is possible to sum-
marise at least the following conditions for the success-
ful development of international transport corridors:

1) the sufficiency of infrastructure and quality of
service on the route, including technical and techno-
logical capabilities for the transport of certain nomen-
clatures of goods;

2) the availability of harmonised legislation and ab-
sence of unproductive transactions in trade between
countries, the number of which can be reduced both
by simple cancellation and their digitalisation and au-
tomation;

3) a price level satisfactory to the participants of the
transport process, which can also be achieved through
non-market mechanisms;

4) conditions of balance of counter cargo flows on
the basis of logistic principles (minimum empty equip-
ment adjustments), otherwise the costs of empty equip-
ment adjustments should be not very noticeable in the
price of goods or satisfy their buyers (also related to
the previous point);

5) the availability of large volumes of cargo base
and prerequisites for trade turnover between trading

Igor A. Bychkaylo

Potential for the Development of International Transport Corridors in Current Market Conditions

states, which is a consequence of a wide list of factors
of both geopolitical, economic and cultural nature;

6) the availability of a nominated transport organis-
er (it can be assumed that this is not a mandatory condi-
tion, however, when developing new interstate routes in
conditions of uncertainty, participants of the transport
process first of all turn to ‘official’ providers of services).

THE RESULTS OF TRANSPORT CORRIDOR
POTENTIALASSESSMENT

Let’s consider the development potential of each
ITC through the prism of these conditions.

The freight base for rail transport in transit through
Russia between East Asia and Europe will remain sig-
nificant in the long term, and the development of such
traffic will be subject to a number of risks and factors
that are difficult to predict.

The key one will be the reduction of subsidies for
freight transport to Europe by Chinese provinces and,
according to some sources, the complete abandonment
of this mechanism by the end of 2023%.

The long-term operation of the subsidy mechanism
has led to the formation of a stable pool of railway
transport customers for whom the price of transpor-
tation is less important and the stability and speed of
freight movement is a priority5. For this reason, the
reduction of financial incentives will lead to the fact
that land transit will be carried out along the most
optimal route in terms of quality and price, for which
the Central Eurasian route has the greatest claim (of
course, within the limits of capacity). At the same time,
railways will mainly transport cargoes that are least
sensitive to the growth of transport costs (high value-
added products) and most susceptible to the negative
impact of natural factors when transported by sea (sea
air and high ocean humidity).

In particular, such cargo will be automobiles and
components for them, the growth of shipments from
China to Europe in the first half of 2023 was about
+60 % compared to the second half of 2022 or 2.5 times
compared to the first half of 2022, which reflects the
long-term trend of expansion of the Chinese automo-
tive industry in the European market.

Despite this and the growth in world trade project-
ed by many international organisations for 2024% the

20EU trade since 1988 by HS2-4-6 and CN8 (former content) // Eurostat URL: https://ec.europa.eu/eurostat/databrowser/product/

view/ds-045409?category=ext_go.ext_go_detail

“Sam Whelan. It'll be ‘quality not quantity’ on China-Europe rail services as subsidies fade // The Loadstar. 20.12.2021. URL:
https://theloadstar.com/itll-be-quality-not-quantity-on-china-europe-rail-services-as-subsidies-fade/#:~:text=He%20told %20
The%20Loadstar%3A%20“China’s,at%20a%20much%20lower%?20level

22The global recovery is slowing amid widening divergences among economic sectors and regions // International Monetary
Fund. URL: https://www.imf.org/en/Publications/WEOQ/Issues/2023/07/10/world-economic-outlook-update-july-2023
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Fig. 4. Volume of East - West ITC traffic by main cargo flows?

risks for the development of trade between East Asia
and Europe will remain, on the one hand, the reduc-
tion of effective demand in Europe and the reduction
of economic and production potential of the region due
to high energy prices (according to Bloomberg fore-
casts, the decline in EU GDP could be up to 5 per cent
in 2024%%), which will aggravate the situation with the
imbalance of trade relations and rising transport costs,
on the other hand — the slowdown of China’s economy
(according to the International Monetary Fund from
5.3 % in 2023 to 4.5 % in 2024).

Lack of prerequisites to increase freight rates to
favourable rates for rail transport against the back-
ground of increasing capacity of the global maritime
fleet? will also be a barrier to continued strong growth
in East-West ITC traffic until 2021.

In this regard, the potential for further growth of
transit between East Asia and Europe is extremely low,
unless any of the parties to the transport process will
not undertake radical non-market mechanisms to stim-
ulate these transportations.

As a matter of fact, in the first half of 2023, the Rus-
sian operator business records a reduction in demand
and traffic on the East — West ITC between the two
macro-regions.

This, in turn, forces transport market players, in-
cluding with the support of the Government of the Rus-
sian Federation, to look for alternative opportunities
for the development of interstate transport.

At present, it is possible to group two visible vectors
of endeavours:

e increasing the connectivity of Eurasian states to en-
hance trade across the mainland;

e development of transport services via ITC, inde-
pendent from the transport infrastructure of “West-
ern’ countries.

Thus, the lost traffic volumes on the East Asia —
Europe - East Asia route were partially replaced by
Belarus — East Asia traffic, and the East — West ITC in-
frastructure became more utilised for increased ex-
ports and imports between Russia and China (mainly
through ports in the Primorsky Krai). The total volume
of traffic along the corridor, irrespective of Russian re-
strictions, increased by 31 % in 2022 compared to 2021,
when transit volumes between Europe and Asia were
at their highest level ever (Fig. 4).

Given that the European market for Russian pro-
ducers has closed due to sanctions, there are currently
no other options for the use of this corridor, the volume
of traffic along this corridor will continue to depend on
the capabilities of the Eastern polygon infrastructure
and the priorities of Russian Railways, JSC and the Gov-
ernment of the Russian Federation in the passage of
certain nomenclature groups of cargo.

It should be noted that the volume of shipments
from Belarus will also depend not only on the country’s
domestic production and the market potential for the
sale of its products in East Asia, but also on the volumes

23 The graphic representation was formed by the author on the basis of data of Russian Railways, JSC and other public sources
% Bloomberg warned of a ‘painful reckoning’ for the EU economy // RBC. Economics. 07.08.2023. URL: https://www.rbc.ru/econo

mics/07/08/2023/64d07eec9a79476353fd865a

% Drewry reports 6 million TEU of surplus containers // Container News. 14.07.2022. URL: https://container-news.com/drewry-

reports-6-million-teu-of-surplus-containers/
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Fig. 5. East - West ITC shipments by direction (export, import and transit)?

of shipments agreed with the Russian side along the

East — West ITC.

Despite the seemingly inexhaustible in the near fu-
ture potential for increasing trade and transport vol-
umes between Russia and China (potential growth by
2030 more than 2 times by 2022 in monetary terms [1]),
the further development of container cargo traffic along
the ITC ‘East — West’, in addition to expanding the capac-
ity of the infrastructure of Russian Railways, JSC, will be
affected by the following circumstances and risks:

e potential reduction of transport subsidies by Chi-
nese provinces, which currently also applies to im-
ports into Russia;

e weak ruble exchange rate, which makes imported
goods less affordable for the country’s population
and, consequently, reduces demand for them;

e falling incomes of the population inside the coun-
try, which is a risk for further dynamic increase in
sales of imported products (nevertheless, even in
the conservative scenario of the Ministry of Eco-
nomic Development’s forecast for 2024, real dispos-
able incomes of the population are growing?, Inter-
national agencies are also optimistic about Russia’s
economic growth prospects?);

e as previously mentioned, the decrease in the pace
of China’s development;

e increased transport costs due to the accumulation
of equipment in the western regions of Russia, its
local deficit in the east of the country and the need

for empty adjustments, which is a consequence of

imbalance of counter container flows (Fig. 5).

The problem of imbalance of counter cargo flows
has become so urgent that Russian Railways, JSC has
been forced since October this year to apply non-dis-
criminatory access rules to westbound traffic, which
previously applied only to eastbound traffic.

Against the background of the limited infrastruc-
ture of the Eastern polygon of Russian Railways, JSC,
the development of the Northern Sea Route corridor,
which is an alternative route to East Asia from the
northern and central regions of Russia, could help re-
solve this problem.

The volume of container cargoes switched from Rus-
sia to China from other routes to deliveries via the North-
ern Sea Route only today amounts to about 280,000 TEUs
or 4.1 million tonnes (primarily of enterprises of central
and northern regions of Russia gravitating to the route)
and the same scope of imports from China.

However, having a huge potential for filling the
route with cargo from trade between Russia and China,
the successful development of the Northern Sea Route
ITC currently faces a number of obstacles in terms of
the previously mentioned conditions.

The most critical is the weak technical and tech-
nological equipment of the route [2] and the impos-
sibility of year-round navigation?. This results in in-
sufficient quality of service and high cost of services,
which will nevertheless be levelled out as Russia im-

26 The graphic representation was formed by the author on the basis of data of Russian Railways, JSC and other public sources.

27 Forecast of Social-Economic Development of the Russian Federation for 2024 and the Planned Period of 2025 and 2026 //
Ministry of Economic Development of the Russian Federation. URL: https://www.economy.gov.ru/material/directions/makroec/
prognozy_socialno_ekonomicheskogo_razvitiya/prognoz_socialno_ekonomicheskogo_razvitiya_rf na_2024_god_i_na_

planovyy_period_2025_i_2026_godov.html

% The global recovery is slowing amid widening divergences among economic sectors and regions // International Monetary
Fund. URL: https://www.imf.org/en/Publications/WEO/Issues/2023/07/10/world-economic-outlook-update-july-2023

2Mikhailov A.In 2024 Navigation on the Northern Sea Route Will Become Year-Round // Rossiyskaya Gazeta. Economy. 17.06.2022.
URL: https://rg.ru/2022/06/17/reg-szfo/v-2024-godu-sudohodstvo-na-severnom-morskom-puti-stanet-kruglogodichnym.html
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plements its measures® and the States concerned, es-
pecially China.

At present, in the absence of non-market support
mechanisms, the rate for transporting one universal
large-capacity container via the Northern Sea Route
exceeds the rate for a similar route via the East-West
ITC by 2-2.5 times, which is a significant transport com-
ponent in the price for such products as lumber and
paper — the main cargo base of north-west Russia.

The solution would be to develop imports of expen-
sive high-tech products from East Asia via the North-
ern Sea Route. This would allow maritime transport
operators to balance their economies by shifting the
cost of freight from the direction where the most sensi-
tive to high transport costs commodity nomenclature
is travelling to the direction where the cargoes are
less sensitive to this, similar to the way it is currently
arranged for maritime transport in communication
between Europe and China (the freight rate for send-
ing a container from Europe to China is on average
2-3 times lower than sending a container from China
to Europe?). It can be assumed that companies from
China are now operating under a similar scheme, set-
ting up regular shipments of products via the North-
ern Sea Route®..

Ultimately, an increase in shipments along this
route will be possible after the task of reducing the cost
of the sea shoulder (the share of expenses for maritime
transport services along the Northern Sea Route in the
comprehensive rate of the container operator is about
70-80 %) and, as a consequence, the rates of transport
companies is solved.

The prospects of the North — South ITC with three
routes — Western, Trans-Caspian and Eastern, to
which a lot of attention has been paid recently, seem
interesting.

This corridor passes through the territory of several
countries (Azerbaijan, Kazakhstan, Turkmenistan, and
Iran), is connected with two international corridors
(Baku - Thilisi — Kars and TRACECA), and also has ac-
cess to maritime trade routes communicating with the
Persian Gulf countries and India.

The western route through the Samur border cross-
ing is the most heavily loaded at the moment, the share
of its traffic in 2022 was about 85 % of all traffic along
the North — South ITC, and due to a two-fold increase in
volumes in January-September 2023 compared to the
same period last year it reached 91 %.

The cargo base for the route is primarily the traf-
fic in communication of Azerbaijan, Georgia and Iran
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with Russia and Belarus — the share of these container
flows is about 95 %.

At the same time, the volume in communication
with Iran is small, which can be explained by the lack
of direct railway communication on the Astara (Azer-
baijan) — Resht (Iran) section and the need to use road
transport services.

An additional volume for the route is cargo flows
between Russia and Turkey together with other coun-
tries, which follow the corridor ‘Baku - Thilisi — Kars’
and TRACECA, namely through the port of Poti. Their
share is the remaining 5 per cent.

It is important to note that the volume of trade of
Russia and Belarus with Azerbaijan and Georgia is un-
balanced for operators — only 2 % of containers can be
filled with cargo, while the remaining 98 % are empty.
The return of empty containers is included in the com-
plex rate of operators for Russian companies, which
allows sending expensive cargoes such as chemicals
and ferrous metals, but affects the low dynamics of
transportations of other nomenclature groups of car-
goes and volumes of trade in containers.

In this regard, until the Astara — Resht section is
commissioned, traffic volumes along the route will di-
rectly depend on containerised trade volumes between
Russia and Belarus with Azerbaijan and Georgia.

The increase in traffic volumes via the Trans-Cas-
pian and Eastern routes is developing at a slower pace
due to both unprepared infrastructure32 and insuffi-
cient volume of counter cargo traffic, which does not al-
low for the formation of optimal logistics for operators.

The Trans-Caspian route appears to be the most op-
timal for the development of trade turnover between
Russia and Iran, as it contains a small number of trans-
port modalities, as evidenced by the steady increase in
trade turnover along this route. Nevertheless, trade is
not balanced — about 65 % of containers from Iran ar-
riving via the Trans-Caspian route are empty.

While Russian enterprises have the potential to de-
velop the Iranian market, shipments from this country
to Russia are currently limited due to the incompatibil-
ity of the structure of the production forces of the two
countries.

The main export items of both Russia and Iran are
expensive but medium-sized products, including oil
products, ferrous metals, plastics and products made
of them. The orientation of the two countries towards
supplies to East Asian countries, primarily China, has
its imprint. Iran’s industrial base allows it to ship small
volumes of consumer goods, cars, chemical products

30The Order of the Government of the Russian Federation No. 2115-r dated 01.08.2022 ‘On Approval of the Northern Sea Route
Development Plan for the Period until 2035 (as amended and supplemented).
% Telephones and Cars from China Travelled along the Northern Sea Route // Dvina-Inform. 01.10.2023. URL: https://www.

dvinainform.ru/economy/2023/10/01/71520.html
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and construction cargoes that are in demand in the
Russian market. However, Russia’s supply of such
goods, both from its own industry and at the expense
of China, does not allow for intensive development of
counter trade®.

A similar situation has also developed in transpor-
tations along the Eastern route through the Sarakhs
border crossing.

When exporting in the direction of the Turkmen
railway, having no return load, operators have to in-
clude in the rate the redeployment of empty fitting
wagons, mainly to Kazakhstan for further shipment
of containers along the Central Eurasian route of ITC
‘East — West’ with imports to the central regions of Rus-
sia. The cost of railway tariff for the specified empty
wagon delivery by foreign railways is up to 30-40 % of
the comprehensive export rate for Russian companies.

Significant growth in the volume of container trans-
portations through the ITC ‘North — South’ is still ob-
served and is caused, at least, by compliance with a
number of previously noted necessary conditions:

1) ongoing work to eliminate transactions and the
introduction of non-market mechanisms to stimulate
transport volumes®;

2) the availability of a major transport organiser on
the route with a well-known ‘brand’, such as Russian
Railways Logistics, JSC, and, in the future, the creation
of a single operator®.

The government’s attention to the project’s develop-
ment and its political support play an important role.

Russia’s trade imbalances with Azerbaijan, Georgia,
Turkmenistan and Iran will be inevitable in the near
future due to the fact that their economies are not com-
parable to Russia’s industrial potential (Fig. 6).

In this regard, only a highly developed economy
with a large market and industrial potential can be the
most likely Russian trading partner capable of filling
the North-South ITC infrastructure with the required
amount of cargo. And India is such a partner.

More than 40 % of exported (in monetary terms)
goods from India are containerised and potentially in
demand in Russia, as evidenced by the overall trade
structure of the two countries (Table).

At the moment, the volume of mutual trade between
the two countries in containers is not at the highest lev-
els — imports of containerised cargo account for less
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Fig. 6. Comparison of GDP of countries potentially traded using
the North -South ITC in USD*

than 1 % of Russia’s total imports, and exports to In-
dia from Russia just over 2 % of the country’s exports.
Nowadays, shipments mainly take place via the South-
ern Sea Route through the Suez Canal using the ports
of Saint Petersburg and Novorossiysk and to a small
extent through the ports of the Primorsky Krai.

Looking at the trade structure as a whole, Russia
ranked 5th in India’s imports at the end of 2022 with a
share of less than 6 % (energy accounted for 84 % of all
imports if this item is excluded — 26th and about 1 %),
and 36th in exports and less than 1 %32

Therefore, the new shorter multimodal container
route and the reduction of the transport component in
the final price of the products of the two countries can
become a significant factor in increasing trade.

A positive circumstance is the interest of the In-
dian business community in developing trade through
the North-South ITC. In addition, India is interested in
developing transit flows along the corridor towards
Europe. The main focus is on the route using the
port of Chabahar, which is the only deep-water port
in Iran®. In addition to solving the tasks of creating
acceptable price conditions and removing infrastruc-
ture barriers to the development of transit to Europe
from India, there is a high probability of low volumes
of counter cargo traffic from Europe to India against
the backdrop of sanctions against Russia, which will
only exacerbate the current unfavourable situation
for operators with a surplus of equipment in the west-
ern part of Russia.

32Trade Map. URL: https://www.trademap.org/Index.aspx

3 Lobko V. Through Service and Through Tariff. From 2023, Container Transportations along the North-South Corridor Will
Become Even More Favourable for Consignors // Gudok. 30.11.2022. URL: https://www.gudok.ru/content/freighttrans/1621132/
34 Skorlygina N. North — South Will Figure it out for Three. Russia, Azerbaijan and Iran May Create a Single Logistics Operator //
Kommersant. No. 202/P dated 31.10.2022. P. 7. URL: https://www.kommersant.ru/doc/5644946

3 GDP — Gross Domestic Product // countryeconomy.com URL: https://countryeconomy.com/gdp

36 Skorlygina N. A Track to the Big Game. What Russia’s Partners in the North-South Corridor Care about / Kommersant.
09.06.2023. URL: https://company.rzd.ru/ru/9401/page/78314?id=210095
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Table

Structure of Russia’s Imports and India’s Exports in Monetary Terms3?

List of items

Russia’s imports

Exports to all countries

from all countries from India

Machinery and mechanical equipment
Electrical machinery and equipment
Transport vehicles

Pharmaceuticals

Plastics and plastics products
Optical and measuring instruments
Iron or steel products

Organic chemicals

Furniture and accessories

Rubber and rubber products
Essential oils and rubbers, perfumes
Clothing and clothing accessories
Other chemicals

Inorganic chemicals

Ships, boats, etc.

Footwear

Paper and cardboard; articles made of paper pulp, paper or cardboard

Fish and crustaceans
Oil seeds and oily fruits
Tannin or colouring extracts, dyes

Other

In view of the largely commodity-based structure of
the Gulf economies3® the development of transport in
the coming years will potentially be possible only in the
export direction from Russia, and therefore the devel-
opment of logistics through the North-South ITC with
these countries will inevitably face the problems typi-
cal for the countries of the Transcaucasus and Iran —
the lack of sufficient back-loading and the resulting
high cost of transport costs for Russian shippers.

CONCLUSIONS

The dramatic growth of the East-West ITC was
possible solely due to subsidies and political will of
China, and this experience of creating favourable
conditions seems to have little transferability to other
corridors.

The East — West ITC will continue to be a key corri-
dor for Russia in the near term, and therefore it should

(2021), % (1 half-year 2023), %
19 6
13 7
9 5

5 5
4 2
3 1
2 2
2 5
1 1
2 1
1 1
3 4
1 2
1 1
2 1
1 1
1 1
1 1
1 1
1 1
28 54

receive the most attention from the government and
transport industry players in terms of technical and
technological development.

The Northern Sea Route can become a complement
to the East — West route, but only if many technically
challenging tasks are solved to reduce freight costs. As
practice has shown, the establishment of regular con-
tainer shipments along the route is economically fea-
sible for high value-added cargoes under conditions of
cost compensation (actually subsidisation) for counter
cargo traffic with inexpensive cargoes.

No matter how significant the plans to expand the
infrastructure of the North -South ITC are, the devel-
opment of economic and industrial relations between
the countries it links should remain ahead of the rest.
Without a balance of mutual cargo flows, the optimal
transport logistics for container operators and the costs
of these logistics for their customers will not be formed.

The solution to these issues will be the development
of complex industrial globalisation projects in the con-
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tour of Eurasia, allowing to use the strong geographical,
scientific-industrial and social sides of one or another
country. Another option could be the creation of large
logistics hubs, for example, on the borders of Azerbai-
jan and Turkmenistan with Iran, where cargoes will be
consolidated for further shipment by regular container
trains on the 1,520 mm gauge.

The establishment of large volumes of trade be-
tween Russia and India, which will be crucial to the
future success of the North — South ITC project, has sig-
nificant and undiscovered potential.
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For all countries involved in freight transport along
the above-mentioned corridors, the key issues for the
next few years will remain the issues of infrastruc-
ture development and significant investment both
in this construction and in the industrial potential of
their own economies. Not to mention the elimination
of barriers in the so-called ‘soft’ infrastructure of ITC
(across-the-board tariffs and coordinated tariff policy
independent of currency fluctuations, settlement and
insurance mechanisms, digitalisation and automation
of processes, etc.).
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INTRODUCTION

The Donetsk Railway Transport Institute (DonIZhT)
was founded on 3 November 1967 as a training and
consulting centre of the Kharkov Institute of Railway
Engineers (Order of the USSR Minister of Railways No.
E-29415). On 1 January 1968, in order to improve the
quality of training of engineers for Donetsk Railways,
the training and consulting centre was transformed
into the Donetsk Branch of the Kharkov Institute of
Railway Engineers.

The Donetsk Railway Transport Institute owes its
creation to high levels of freight traffic and shortage of
staff on Donetsk Railways. Executives of the Ministry
of Transport of the USSR tried to resolve the shortage
of engineering personnel through a distance learning
system, where more than a thousand employees of

© Mikhail N. Cheptsov, Aleksei I. Shekhovtsov, 2024
© Translation into English "BRICS Transport’, 2024
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Donetsk Railways and transport departments of indus-
trial enterprises studied by correspondence in railway
transport institutes and at technical faculties of other
higher education institutions. However, at that time
higher education institutions had limited capabilities
and the implementation of educational programmes
was complicated because of their remoteness from
where distance students resided. This inspired the
management of Donetsk Railways to establish the
Donetsk branch of the Kharkov Institute of Railway
Engineers — the idea was supported by the Head of
Donetsk Railways Viktor Priklonsky. Chief executives
of Donetsk Railways proposed to appoint the Head of
Engineering Works of the Permanent Way Department
of their Railway Administration Nikolai M. Tseluyevsky
as Director of the Branch and M.P. Gavrichkov was ap-
pointed Deputy Director for Academic Work.
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All of the key functions and departments of Donetsk
Railways were assigned to provide practical support to
the Branch in creating laboratories and study rooms.
Thus, the Wagon Service Department of the Railway
Administration created a study room for analytical me-
chanics; the Electrification and Power Utilities Depart-
ment set up an electrical engineering laboratory; the
Signalling and Communications Department organized
a laboratory of physics, linear electrical circuits, signal-
ling and communications; and the Medical and Sanitary
Department equipped a chemistry laboratory. The Per-
manent Way, Locomotive Facilities and Logistics Depart-
ments provided invaluable assistance to the Branch, too.

In 1971, the Branch began to carry out contract-
based research and development projects. It has com-
pleted an R&D project to design and build a set of pro-
grammes for calculating technical standards for the
operational work of Donetsk Railways and its depart-
ments with the use of ES EVM computers. The outcome
of this effort was put into practice in 1984-1986. The
Branch has also developed an installation and tech-
nology for build-up welding of frogs in a pulsed mag-
netic field. The technology was used to restore about
200 frogs on heavy traffic lines of Donetsk Railways.
The wear resistance of the restored frogs turned out to
be 1.3 times higher than that of the existing ones.

Early in its history, the Institute only had dis-
tance students. Intramural training of engineers at
the Donetsk Branch of the Kharkov Institute of Rail-
way Engineers was launched in 1991. Daytime studies
were made possible thanks to major preparation ef-
forts made by academic and administrative staff of the
Branch with the support of academic departments of
the Institute and functions of Donetsk Railways.

In 1996, the Donetsk Branch acquired the status of
an institute as a division of the Kharkov State Acade-
my of Railway Transport. Highly intense competition
for enrolment in the first year of studies showed that
young people of Donbass were ready to cast their lot
with railway transport. In the early 2000s, the Donetsk
Railway Transport Institute ranked third in terms of the
number of candidates competing for enrolment among
18 state higher education institutions in the region.

The Institute built and improved its structure. In
general, it has taken a form that is standard for univer-
sities with level 3 and 4 accreditation. The Institute’s
first daytime faculty was named “Railway Transport
Management”. Two other faculties, Railway Trans-
port Infrastructure and Economics of Transport, were
formed out of it in 1998 and 2001, respectively. The
Faculty of Extramural Studies managed the training
process for distance students, as it did during the early
years of the Branch.

1998 saw change in the executive team of the In-
stitute. Professor Vladimir I. Poddubnyak, PhD in En-
gineering, who earlier served as Vice-Rector for Aca-
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demic Affairs, became Rector of the Donetsk Railway
Transport Institute.

In 1998, the Advanced Training Faculty was estab-
lished, and its facilities were used for the operation of
an expertise centre for occupational health and safety
of the Ministry of Transport.

The success of the Institute’s team in achieving its
goals was recognized by Order of the Cabinet of Min-
isters of Ukraine No. 575r dated 11 October 2002 “On
the Establishment of the Donetsk Railway Transport
Institute of the Ukrainian State Academy of Railway
Transport”, which instituted it as a state higher educa-
tional institution with the rights of a legal entity. This
formed a basis for subsequent Order of the Ministry of
Transport of Ukraine No. 807 dated 12 November 2002.

In accordance with the Decree of the Council of
Ministers of the Donetsk People’s Republic No. 35-10
dated 26 September 2014, the Institute was moved un-
der the control of the Ministry of Education and Sci-
ence of the Donetsk People’s Republic.

Order of the Government of the Russian Federation
No. 750-r dated 29 March 2023 established federal own-
ership of the Russian Federation over the Donetsk Rail-
way Transport Institute in the form of state budgetary
educational institution of higher education.

As of 2023, the Institute has two faculties, one
branch for secondary vocational education, and the
Continuing Education Centre.

MISSION OF THE DONETSK RAILWAY
TRANSPORT INSTITUTE

The Donetsk Railway Transport Institute is the lead-
ing educational institution in the field of transport in
the region, engaged in both academic and research ac-
tivities. The Institute provides training in higher educa-
tion (bachelor’s, specialist’s, master’s, and postgradu-
ate programmes) in 13 specialties (areas of training); in
secondary vocational education (training programmes
for mid-level specialists) in 5 specialties; and in voca-
tional training and additional education programmes.

One of the key success factors of the Donetsk Rail-
way Transport Institute is its close cooperation with
the leading employer in the region’s transport industry,
Railways of Novorossiya Federal State Unitary Enter-
prise. Through this cooperation the Institute is aware
of current requirements and trends in the industry and
can provide its students with opportunities for practi-
cal training and further employment. The Institute also
serves as a forum for meaningful interactions with au-
thorities, business, science and education communi-
ties by hosting scientific conferences and contributing
to the development of expertise programmes for the
development of the transport industry in the Donetsk
People’s Republic.
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The high quality of training of engineers provided
by the Donetsk Railway Transport Institute is attested
by the fact that its graduates are highly sought after on
the labour market. Many graduates begin their career
on the Donetsk railways and other regional railways, as
well as at industrial transport enterprises. This shows
the confidence placed in the Institute by employers and
supports its reputation as a provider of highly skilled
professionals.

Results of R&D activities undertaken by the Insti-
tute’s academic departments, and materials of disserta-
tion research performed by postgraduate and doctoral
students are actively introduced in the training process
and used to create simulators and benches for labora-
tory and hands-on classes.

The main areas of R&D activities at the Donetsk
Railway Transport Institute include:

1. Development of control systems for railway trans-
port using artificial intelligence methods and tools.

2. Improvement of the technology for laying con-
tinuous welded track and structural components of the
track superstructure.

3. Managing operation of transport systems and
transport and logistics systems, and optimization of
their certain elements.

4. Feasibility evaluation and development of com-
pact cooling systems with high heat dissipation capac-
ity for power equipment of traction rolling stock.

5. Development of new aerodynamic designs and
configurations for energy-efficient axial motor fans for
cooling devices in diesel locomotives.

The Institute’s strategic goal for the period until
2030 is to achieve the status of a higher educational
institution that makes a major theoretical and practi-
cal contribution to the innovative development and
overall competitiveness of the transport industry of the
Russian Federation. The development of the Donetsk
Railway Transport Institute is aimed at catering for the
needs of Railways of Novorossiya for competent em-
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ployees with higher and secondary vocational educa-
tion. The Institute keeps an eye on the latest trends and
progress in the field of transport and provides its stu-
dents with up-to-date knowledge and skills to enable
them to build a successful career in the dynamic trans-
port industry. The Donetsk Railway Transport Institute
strives to provide the transport industry with highly
skilled professionals by making available an optimal
environment for training, retraining and advanced
training. Moreover, the Donetsk Railway Transport In-
stitute engages in research and development with the
view to improve the performance and competitiveness
of railway companies.

To achieve its goal, the Institute pursues a number
of objectives. The measures taken by the Institute to im-
prove the efficiency of its educational activities involve
the introduction of educational innovations at all levels
and for all types of education. This approach will help
establish a more interactive and attractive learning en-
vironment where students can be actively involved in
the educational process. It also plans to digitalize all
the processes at all decision-making levels, automate
administrative tasks, and improve communications
between participants of the educational process. One
of the priority objectives is to implement systemic up-
date and modernization of the educational simulators,
educational laboratory equipment, and laboratory fa-
cilities used in R&D activities. This will help improve
the practical focus and effectiveness of R&D activities,
expand the areas of research work and the range of
scientific services, and make them more relevant.

The Institute develops special programmes and ac-
tivities designed to reveal and develop talents among
students. It offers an environment for successful study
and professional growth of gifted students. It is planned
to provide special training for graduates to support
them in undergoing the assessment of corporate and
professional competencies at Russian Railways OJSC.
This will increase competitiveness of graduates from
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the Donetsk Railway Transport Institute and enable
them to successfully complete any evaluation of their
knowledge and skills.

It is planned to implement comprehensive activi-
ties to develop scientific potential, create favourable
conditions for R&D efforts, actively support scientific
projects and programmes, and attract highly skilled
scholars and experienced professionals for coopera-
tion and exchange of experience.

The Donetsk Railway Transport Institute continu-
ously adapts the range of its educational services to
meet changing needs of the labour market in the in-
dustry and economy of the region at all levels and for
all types of education. The Institute works to ensure
that the qualification of its teaching staff, educators,
researchers, administrators, managerial and support
staff is confirmed and upgraded in a systematic and
timely fashion.

One of the important areas of focus in the Donetsk
Railway Transport Institute is not only to develop stu-
dents’ professional skills but also to contribute to their
personal qualities, create an educational environment
that promotes the development of their general cultur-
al and professional competencies, patriotic awareness,
and social activism. The Institute intends to invite out-
standing scholars and experienced practical workers
to join its educational activities. This will give students
opportunities for learning knowledge and experience
from cutting-edge industry representatives and ex-
panding the range of their professional contacts and
career prospects.

In order to contribute to the social and economic
development of the Donetsk People’s Republic, the
Donetsk Railway Transport Institute engages in activi-
ties in the following areas:

1. Building effective partnerships with local
schools with the view to establish a system of profes-
sion-oriented education in the region: facilitation of
information transparency of the student enrolment
process, presentation of new, practice-oriented edu-
cational programmes, and promotion of employment
practices at promising enterprises and strategic sites
for graduates from the Donetsk Railway Transport
Institute. Company-sponsored education and involve-
ment of employers and regional executive authorities
in career guidance counselling are important factors
of the project success. Career guidance counselling
in schools, vocational schools and colleges, includ-
ing information meetings, profession-specific classes,
meetings with key partners of the Donetsk Railway
Transport Institute, dissemination of information ma-
terials with a focus on relevant areas — all these are
important for the creation of a successful system of
profession-oriented education.

2. Modern requirements and challenges in various
sectors of the economy require that the content of the
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Students at classes in the laboratory of the Railway Rolling
Stock Department. Training simulator: High-voltage cabinet and
control console of 2TE116 diesel locomotive

training programmes offered by the Institute be up-
graded and their range be expanded. It is planned to
adjust the package of competencies in collaboration
with industrial partners, optimize the number of and
allocate contact work hours to practical work at enter-
prises, and to build the training process with a focus on
industry-specific courses.

3. Building a system for the involvement of em-
ployees of the Donetsk Railway Transport Institute in
profession-specific programmes of advanced training
for the benefits of companies and enterprises in the
Donetsk People’s Republic. This will enable the Insti-
tute to be abreast of the latest trends and inventions in
the industry, better prepare students for meeting the
requirements of regional companies and enterprises,
and build a more balanced link between education and
the labour market.

4. Upgrading of the laboratory facilities in the edu-
cational divisions that are involved in the development
of key areas of the regional economy, social and cultur-
al sphere in the Donetsk People’s Republic is necessary
in order to ensure that students develop practical skills
in working with modern equipment and technologies
that are utilised by important sectors of the industry of
the region and to develop their professional skills and
train competitive professionals for strategic sites in the
Donetsk People’s Republic.

Higher education organisations influence the
achievement of national development goals of the Rus-
sian Federation by acting as key providers of work-
force for the economy and implementing research
and development projects that contribute to the coun-
try’s technological development. The Donetsk Railway
Transport Institute consistently focuses its areas of
activity on the achievement of the national goals and
strategic objectives for the development of the Russian
Federation.

To achieve these goals and given the capabilities
available to the Donetsk Railway Transport Institute,
its scientific and academic work will be focused on the
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following priorities, which will provide a framework

for building links between educational programmes,

scientific schools, and the transport sector of the Rus-

sian economy:

e opportunities for self-realisation and talent devel-
opment;

e digital transformation.

The activities of the Donetsk Railway Transport In-
stitute are aimed at solving the following tasks to con-
tribute to the achievement of the national development
goals:

1) development of an effective system to discover,
support and nurture talents and abilities in children
and young people based on the principles of justice
and universal access aimed at promoting self-determi-
nation and occupational guidance of students; holding
of contests, academic competitions, festivals and other
activities to discover and support gifted children and
young people;

2) creation of conditions for the development of a
harmoniously developed and socially responsibility
personality on the basis of spiritual and moral values
of the Russian Federation, historical and cultural val-
ues; conducting educational work to develop patriot-
ism, civic mindedness, and respect for human rights
and moral values in students;

3) achievement of digital maturity of education
and creation of a modern and safe digital educational
environment that will provide high quality and acces-

Mikhail N. Cheptsov, Aleksei I. Shekhovtsov
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sibility of education of all types and levels and ensure
training of digitally competent workforce;

4) upgrading of professional education by introduc-
ing adaptive, practice-oriented and flexible educational
programmes designed to train professionals with skills
required by the labour market;

5) creation of a system for continuous professional
knowledge update and acquisition of new skills by em-
ployed individuals, including the development of com-
petencies in digital economy, by providing advanced
training and retraining opportunities and developing
distance education;

6) creation of an environment for the development
of a mentorship system, the support of students’ self-
governance and youth initiatives, including in the field
of volunteering.

CONCLUSION

The mission of the Donetsk Railway Transport In-
stitute is to train highly skilled professionals for work
in railway transport. The Institute strives to provide
students with high-quality education, develop re-
search, and promote innovation and technology pro-
gress in the railway transport sector. It also works to
strengthen ties between industry and business so that
its graduates can enjoy the best possible employment
and career opportunities.
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