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TpaHcnopt BPUKC
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From the first public railway to high-speed
rail transport. The 200th anniversary

of the Stockton and Darlington Railway,
England, and the 12th World Congress

on High-Speed Rail 2025 in Beijing

Igor P.Kiselev
Emperor Alexander | St. Petersburg State Transport University (PGUPS); Saint Petersburg, Russian Federation; kiselev@pgups.ru

ABSTRAC On September 27, 1825, the world’s first public railway, Stockton and Darlington, was opened in England,

marking the beginning of railway transport, the current technical and technological achievements of which
are largely embodied by high-speed railways. In July 2025, the 12th World Congress on High-Speed Rail in Beijing noted the
continuity of the history of railway transport, from the first railways to high-speed railway lines, and discussed the prospects for
their development. The first congress on high-speed rail was held in Brussels in 1992. Since then, the congresses, which are held
by the International Union of Railways (UIC) every 2-3 years, have become a traditional forum for representatives of government
and public organizations from different countries, railway companies, scientific and design institutes, manufacturers of rolling
stock and other railway equipment, as well as universities engaged in the training of professionals for the transport industry.
The purpose of the meetings is to review the implemented projects and make proposals for the development of high-speed
services — a particularly important segment of railway transport. Igor Kiseley, a railway engineer, Doctor of Historical Sciences,
Professor Emeritus of Emperor Alexander | St. Petersburg State Transport University (PGUPS), and Chief Scientific Editor of the
BRICS Transport Journal, talks about the history of railways and the congress held in Beijing. In the light of the implementation
of the first St. Petersburg—Moscow high-speed railway project in Russia, the results of the congress are of great interest to those
engaged in railway transport, as well as employees of research organizations and specialized higher educational institutions.

KEYWORD , first public railway; Stockton; Darlington; England; Beijing; China; Congress on High-Speed Rail; HSR;
.+ International Union of Railways

For citation: Kiselev |.P. From the first public railway to high-speed rail transport. The 200th anniversary of the Stockton and
Darlington Railway, England, and the 12th World Congress on High-Speed Rail 2025 in Beijing. BRICS Transport. 2025;4(3):01.
https://doi.org/10.46684/2025.3.01. EDN NSOROR.

0630pHas cmames

OT nepBoM XXenesHon goporu obuero nosnb3oBaHUA

K BbICOKOCKOPOCTHOMY >Kef1Ie3HOA0PO0XXKHOMY TPAHCMOPTY.

200 net xxene3Hon poporun «CToKTOH 1 [JapnuHrroH», AHrnus

n 12-1 BceMUpHbIN KOHrpecc no BbICOKOCKOPOCTHbLIM XXene3HbIM
poporam 2025 r. B [eknHe
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kiselev@pgups.ru
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From the first public railway to high-speed rail transport. The 200th anniversary of the Stockton
VOL. 4 ISSUE 3 2025 and Darlington Railway, England, and the 12th World Congress on High-Speed Rail 2025 in Beijing

AH HOTA I/l 27 ceHTs6pst 1825 1. B AHIMKM Gbina OTKPbITA NepBas B MUPE XefiesHast 4opora 06Lero noab3oBaHms
«CTOKTOH U [JapNMHITOH», MONOXMBLLAS HAYano Kene3HOA0POXHOMY TPaHCNOPTY, TEXHUYECKME U TEXHO-

Nornyeckne [OCTUXKEHUS KOTOPOrO CEerofHS BO MHOTOM ONIMLLETBOPSIHOT BbICOKOCKOPOCTHbIE XeNe3HOA0POXHble Marncrpanu. B
utone 2025 r. Ha cocTosBwemcs B MNeknHe XI| BceMMpHOM KOHrpecce no BbICOKOCKOPOCTHBIM Xele3HbIM A0POraM B BbICTYM/IEHUSIX
YYaCTHMKOB OTMeYanacb NPeeMCTBEHHOCTb UCTOPUM XKENE3HOLOPOXHOro TPAHCNOPTa OT NEPBbIX XKeNe3HbIX AOPOr 40 BbICOKOCKO-
POCTHbIX, 06CY>XXAannCb NepCneKTUBbl UX pa3BUTUS. [epBblii KOHFPECC MO BbICOKOCKOPOCTHOMY XeNe3HOLOPOXHOMY TPAHCMOPTY
npowen B bptoccene B 1992 r. Moao6Hble KoHrpecchl cobupatoTcs pas B 2-3 roga MexayHapoAHbIM COK30M KeNe3HbIX AOPOr.
OHU cTanu TpafMUMOHHBIM OPYMOM MpeacTaBUTENeN roCyAapCTBEHHbIX M 0OLEeCTBEHHbIX OpraHM3aLumii pasHblX CTPaH, Xenes-
HOA,0POXHbIX KOMMAHWIA, HAYYHbIX U MPOEKTHbIX MHCTUTYTOB, NPEANPUSTUIA BbIMYCKAOLLMX NOABUMXKHOM COCTaB M APYryHO XKene3Ho-
[LOPOXHYH TEXHUKY, 3 TaKXKe YHUBEPCUTETOB, 3aHSATbIX MOATOTOBKOM CMEeLManmMCcToB TPAHCMOPTHOM oTpacnu. Llenb BcTpey — aHanu3
OCYLLEeCTB/IEHHbIX MPOEKTOB M BbIpaboTKa NPeNoXeHWI N0 Pa3BUTUIO CTO/b BaXKHOIO CErMEHTA XXee3HOA0POXKHOIo TPaHCMNopTa,
KaK BbICOKOCKOPOCTHble coobueHuns. 06 MCTOpMM XKenesHbiX 4Opor, 0 COCTosBLeMCs B [TeKMHe KOHrpecce pacckasbiBaeT ero
YYACTHUK, @ TAKXKE YHACTHUK AeCATU NPeaplayLiMX KOHFPeCCOB UHXeHep MyTel CO0bLLeHMs, AOKTOP UCTOPUYECKMX HaYK, MOYETHbIN
npodeccop MeTepbyprckoro rocynapCTBEHHOIO yHMBepCUTeTa nyTei coobuweHns Mimnepatopa AnekcaHapa |, rnaBHbIf Hay4HbIi
penakTop xypHana «TpaHcnopt BPUKC» Uropb Kucenes. B cBete peanusauum B Poccum npoekta nepBoit BbICOKOCKOPOCTHOW
maructpanu CaHkT-lNeTepbypr - MockBa UTOrM KOHrpecca npeacTaBnseT 601blLoM MHTepec AN paboTHUKOB XeNe3HO40POXKHOI0
TPaHCNOPTa, HAYYHbIX U NPOMUNbHBIX BbICLIMX Y4eOHbIX 3aBEAEHUIA.

Kn |_OL| EBblE CﬂOB , XenesHas gopora obuiero nonb3osaHus; CTokToH; JapnuHrtoH; AHrus; MekuH; KHP; koH-
+ TPecc no BbICOKOCKOPOCTHbIM Xene3HbiM goporaM; BCM; MexayHapoHbI COH3 )Kene3HblX
nopor

[na uutupoeanus: Kucenés U.11. OT nepBoii ene3Hoi Aopory 06LLero noab3oBaHUs K BbICOKOCKOPOCTHOMY XENe3HOL0POXKHOMY
TpaHcnopTy. 200 net xene3Hol foporu «CTOKTOH U [1apnuHITOH», AHrns u 12-i BceMUpHbIN KOHrpecc No BbICOKOCKOPOCTHBIM Xe-
ne3HbiM goporam 2025 r. B MNekune // Tpancnopt BPUKC. 2025.T. 4. Buin. 3. Cr. 1. https://doi.org/10.46684/2025.3.1. EDN NSOROR.

FROM FIRST STEAM LOCOMOTIVES ry — began to be regularly used for the first time to
TO HIGH-SPEED TRAINS. MILESTONES haul trains. The Stockton & Darlington Railway was the
OF INCREASING RAIL TRAVEL SPEEDS world’s first public commercial railway company that

offered cargo and passenger transportation services

On September 27, 1825, the world’s first public rail-  for a predetermined fee to everyone (Fig. 3).
way, Stockton and Darlington, was opened in England,
marking the beginning of railway transport. From the
16th century, trackways were in use in some European
countries solely as industrial transport for transport-
ing goods for small distances at mines, quarries, and
factories (Fig. 1).

In Russia, the first trackway with cast-iron L-shaped
angle rails (“wheel tracks”) domestically made was
built at the Aleksandrovsky Factory in Petrozavodsk
in 1788. Elements of this line’s rail track have survived
to this date (Fig. 2).

The construction of the first 40-km long intercity
public railway, the Stockton & Darlington Railway,
was organized by outstanding engineer George Ste-
phenson (1781-1848) and businessman, promoter, and
head of the construction Edward Pease (1767-1858).
They overcame incredible organizational difficulties,
built up public opinion in favour of building railways,
brought together influential politicians and business-
men, raised funds, and successfully implemented the

railway project using the state-of-the-art engineering Fig. 1. Drawing of a mine road with a trolley, considered to
and technological solutions. The best track of the time be the first published drawing. 16th century. Fragment of
made of cast-iron and iron rails was laid and steam an engraving. Universal Cosmography (Latin: Cosmographia

engines — the engineering marvel of the 19th centu- universalis, 1544), a book by Sebastian Minster (1488-1552) [1]
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Fig. 2. Surviving iron-cast wheel tracks of the trackway
at the Aleksandrovsky Factory in Petrozavodsk.
Permanent exhibition of the National Museum

of the Republic of Karelia. 2017.
Photo by Mikhail Semenov*

Fig. 3.John Dobbin (1815-1888). The opening of the first public
railway Stockton & Darlington on September 27, 1825.
Wash drawing, from a sketch by John Dobbin made at the age
of 10 after attending the opening event. 78 x 133 cm, 1871.
Science Museum. London?.

The picture shows the first train hauled by locomotive Active
(later renamed Locomotion No. 1). The train consisted of
Locomotion (a locomotive with a tender), eleven wagons of coal,
the carriage “Experiment” (it can be clearly seen in the picture:
the eighth wagon, including the tender, from the locomotive),
and further 20 wagons of passengers: special guests,
and construction workmen

Igor P. Kiselev
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Fig. 4. Locomotion No. 1%, the first steam locomotive
of the Stockton and Darlington Railway, with a tender
and one coal wagon kept as a monument*

The creation of the Stockton and Darlington Rail-
way changed the paradigm of railways. From a spe-
cial-purpose industrial transport suitable for carrying
goods over short distances they turned into all-purpose
intercity — and later international — railway transport
for a wide range of customers: passengers, freight car-
riers, and consignors. The Stockton and Darlington
Railway set a model of success both in terms of trans-
port and commerce: until 1860, the company was the
most profitable railway in Great Britain with the average
annual profit margin of 9.5% [2].

Chief engineer George Stephenson built two im-
portant railways: the Stockton and Darlington Railway
in 1825 and the Liverpool and Manchester Railway
in 1830. Many historians consider the two to be one
large project. Thanks to these railways, railway trans-
port began to develop throughout the world.

The first steam locomotives travelled at a walking
speed of about five km/h, but even so, they aroused
fear in common people. It is notable that a horseman
with a red flag was to ride in front of the train hauled
by alocomotive to warn of danger on the Stockton and
Darlington Railway. However, on the very first day
of the railway opening, September 27, 1825, the train
with Locomotion No. 1 (Fig. 4) several times already
reached a speed of about 15 km/h, forcing the riding
“signalman” to give way, so that he later had a hard
time catching up with the locomotive...

In 1829, the owners of the intercity railway Liver-
pool & Manchester, which was then under construc-
tion, tested locomotives for speed in order to find the

thttps://commons.wikimedia.org/wiki/File:National museum_of Karelia_(1).jpg
2 https://collection.sciencemuseumgroup.org.uk/objects/co227670/opening-of-the-stockton-darlington-railway-ad-1825-from-a-

sketch-by-the-artist-at-the-time

3The locomotive was purchased, repaired (restored) and preserved by descendants of Edward Pease 50 years after the railway
was built. Nowadays, the locomotive is exhibited at various exhibitions and in museums according to special regulations.

4+Commemorating the past, shaping the future: the jubilee and centenary celebrations of the Stockton and Darlington Railway.
URL: https://[journal.sciencemuseum.ac.uk/article/commemorating-the-past-shaping-the-future-the-jubilee-and-centenary-cele-

brations-of-the-stockton-and-darlington-railway/
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Fig. 5. Stephenson’s Rocket — a steam locomotive with a tender
as it was presented for a competition in 1829. National Railway
Museum, UK / CCA 4.0°

best traction system. The famous competition (races)
of steam locomotives was held in the area of Rainhill
Station. The Rocket steam locomotive (Fig. 5) built by
George Stephensen and his son Robert showed the av-
erage travel speed of 12 km/h during tests and achieved
a maximum speed of 30 km/h. The creators were de-
clared the winners [3].
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This event — the world’s first high-speed tests of
steam engines — is the benchmark for the milestones
of speed records in rail transport. For a long time, many
historians believed the “round” number of 100 mph
(160.9 km/h) to be a kind of boundary between normal
traffic and high-speed traffic®. This speed limit was bro-
ken by Hurricane, a single speed steam locomotive, in a
test (record-breaking) run on the Great Western Railway
in the United Kingdom in September 1839 [4] (Fig. 6).

By the end of the 19th century, the best regular
passenger trains in technically developed countries
reached speeds of 80-90 km/h.

Started by the legendary Rocket, the steam traction
era continued into the mid-20th century. In the first
decades of the 20th century, remaining unchallenged
on railways, steam locomotives enabled the best ex-
press trains in commercial service to reach speeds of
about 110-120 km/h.

The speed record of 126 mph (203 km/h) for steam
traction that has not been broken to this day was set
in 1938. On July 3, 1938, LNER Class A4 4468 Mallard
steam locomotive of the London and North Eastern
Railway hauling a train of seven four-axle Pullman
coaches (including a dynamometric carriage) reached
a speed of 126 mph (203 km/h) (Fig. 7).

THIS LOCOMOTIVE:
ATTAINED:- A - el
PRLD SPEED RETCORD M

MILES PER HOUR %8

Fig. 7. Left: The fastest steam train in the world. Class A4 4468 Mallard steam locomotive, Great Britain. Photo taken in 1986.
Right: Speed record commemorative plaque on the said locomotive. “LNER” at the top stands for the London and North Eastern
Railway (the name of the railway) [5]

5The Rail Revolution. 2023. URL: https://technicshistory.com/2022/11/28/the-rail-revolution/
6Let us note that 160 km/h is still considered the boundary between “ordinary” and “high-speed” traffic.
7This broke the speed record of 124.5 mph (200.4 km/h) set by the DRG Class 05 No. 002 steam engine in Germany in 1936.
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Fig. 8. The first of the two fast 2-3-2-type steam locomotives
built by the Kolomna Plant. USSR. 1937 [5]

In the 1930s, the USSR also created several fast
steam locomotives with aerodynamic fairings. In 1937,
a high-speed 2-3-2-type locomotive (Fig. 8) was built
under the guidance of engineers Lev Lebedyansky
and Mikhail Shchukin at the Kolomna Machine-Build-
ing Plant. On June 29, 1938, the locomotive hauling a
14-axle train on the Leningrad-Moscow line reached
a speed of 170 km/h, setting the absolute speed record
for steam trains in the USSR.

Before World War II, railways faced increased
competition from aviation and road transport in
high-speed passenger transportation over distances
of 300-600 km. The railway industry responded with
high-speed diesel trains which were widespread, in
particular, in Germany and the United States. In 1933,
SVT 877 high-speed diesel trains capable of reaching
speeds of up to 165 km/h were put into regular opera-
tion on the Berlin-Hamburg line in Germany [5].

In the United States, one of the first successful at-
tempts to use an internal combustion engine for speed
traffic was a diesel train under the brand name “Pio-
neer Zephyr”® which consisted of three articulated
carriages on intermediate bogies. On May 26, 1934, the
Pioneer Zephyr?® (Fig. 9) travelled non-stop from Chi-
cago to Denver (1,633 km) in 13 hours' at an average
speed of 125.5 km/h, with a maximum recorded speed
of 181.0 km/h [7].

Some countries, such as Sweden, Switzerland, Italy,
Germany, and the USSR, increased the rates of railway
electrification, expanded suburban transportation by
electric trains around large cities, and created the first
high-speed electric trains. On July 20, 1939, the ETR 200
electric multiple unit travelled along the Florence-Mi-
lan (314 km) line in Italy in 1 hour 55 minutes (average
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speed: 164 km/h) with a maximum speed of 202.8 km/h
[6a] (Fig. 10).

After World War II, the rates of replacing steam lo-
comotives with diesel ones increased in both freight
and passenger traffic first in the United States and later
in other countries. By the 1950s, U.S. railway compa-
nies had stopped electrification of railways and fo-
cused instead on diesel locomotive operations, which
required less investment.

At the same time, along with the introduction of die-
sel locomotive traction, the electrification of railways
continued in the USSR (which ranked second after the
United States in terms of railway network length), the
majority of European countries, and later in Japan,
China, India and a number of other countries.

By the early 1970s, steam traction had almost totally
disappeared from trunk railway lines in most of the
leading industrial countries.

Fig. 10. ETR200 electric multiple unit. Italy. 1939 [7]

8The diesel train was named after American pioneers, or American settlers, of the 18th—19th centuries who travelled to western
lands of the United States of America against the west wind. Zephyr (ancient Greek: Zé@upog) means “west wind”.

9The diesel train was named after American pioneers, or American settlers, of the 18th-19th centuries who travelled to western
lands of the United States of America against the west wind. Zephyr (ancient Greek: Zépupog) means “west wind”.

10 According to a schedule, an express train with a steam locomotive travelled this route in 27 hours.

MISCELLANEA



RiiCE TRANSPORT

VOL. 4 ISSUE 3

Fig. 11. Le Capitole express train between Paris
and Toulouse — Europe’s first train with a maximum speed
of 200 km/h. Early 1960s [7]

Significant progress in high-speed railway traffic
was achieved by France, where a train exceeded the
300 km/h mark in test runs in 1955. The CC 7107 and
BB 9004 DC electric locomotives, each hauling a train
of three carriages with a total weight of 111 tonnes,
achieved speeds of 325 km/h and 331 km/h, respective-
ly. In the early 1960s, on a number of railway lines in
France, regular trains reached speeds of up to 200 km/h
(Fig. 11).

In the post-war period, the USSR implemented an
unprecedented General Plan for retrofitting the railway
industry on the basis of electrification. In the 1960s, the
progress in high-speed traffic achieved on the October
Railway was comparable to the performance of high-
speed express trains on railways of Japan, France, Italy,
the United States, and other countries leading the way
in this field. At that time, the Moscow-Leningrad line
was on par with the best foreign rail lines in terms of
travel speeds of passenger trains — and this was over
a 650 km long route, which was two or three times
longer than most of the railway lines abroad. In March
1966, a train with a ChS2M electric locomotive run-
ning on a block section on the Leningrad-Moscow line
achieved a speed of 200 km/h for the first time in the
history of Russia [8].
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The process of railway speed increase before the
emergence of dedicated high-speed lines is divided into
three periods. The periodization is based on the two
interrelating parameters: the record train speed and
the maximum speed in commercial service. Period 1 —
from the beginning to the middle of the 19th century —
involved building the first high-speed (also known as
“racing”) steam engines'!. Period 2 — from the mid-
19th century to the first decades of the 20th century —
saw consistent increases in speeds of the best trains to
120-150 km/h, the beginning of competition of railways
with air and road transport, and the end of the steam
traction era after reaching its peak at the speed of
200 km/h. Period 3 — between the 1930s and the mid-
1960s'> — marked the switch to internal combustion
engines and electric traction in high-speed traffic and
the achievement of speeds of up to 200 km/h in com-
mercial service. The current Period 4 (which started in
the mid-1960s) involves the creation and development
of dedicated high-speed rail lines [6a].

HIGH-SPEED RAIL

In 1964, a historic event that opened a new page in
the development of railway transport took place in Ja-
pan when the world’s first dedicated high-speed rail ser-
vice for passengers was launched between Tokyo and
Osaka. It was 515 km long and was designed for regular
traffic of trains with a maximum speed of over 210 km/h
(Fig. 12). In terms of importance and consequences, this
is comparable to opening of the first intercity public rail-
way, the Stockton and Darlington Railway, in England
in 1825. The concept of “dedicated high-speed rail” was
established. First, the world widely used the term “Shin-
kansen™®. The acronyms “VSM” (for “high-speed main
line”) or “VSZhM” (for “high-speed railway line”) have
become entrenched in the Russian language.

Fig. 12. a — O (Zero-kei) series train — the world’s first bullet train.Japan, 1964. Igor P.Kiselev’s collection; b — Commercially available
modern, newest E7 high-speed train, Japan. Tokyo Station. 2015. Photo by Igor P.Kiselev

1Some studies mention “the first intoxication of mankind with speed”. Record-breaking rides achieved speeds of over 100 mph,

after which interest in speed steam locomotives faded.

12This includes the period of World War II and first post-war decade which saw a large decrease in travel speeds.
13In Japanese, “shinkansen” means “new trunk line” or “new main line”.
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With the opening of the first HSR, the original para-
digm of the high-speed railway transport has notably
changed. Unlike most railways, HSR in its modern for-
mat includes purely dedicated passenger routes for
large-scale services within strictly defined transport
corridors. Before that, train traffic of various purposes
and at various speeds — fast express passenger trains,
ordinary long-distance passenger trains, suburban and
freight trains — predominantly used the same (all-pur-
pose) railway tracks. On rare occasions, usually in the vi-
cinity of very large metropolitan cities, dedicated tracks
were provided for suburban traffic. Dedicated freight
rail lines were also created for large flows of homoge-
nous goods, such as coal, ore, other minerals, timber, etc.

High-speed rail laid the foundation for large-scale
passenger transportation, initially at speeds of over
200 km/h and currently of up to 350 km/h with high
levels of comfort and safety on shuttle routes between
stations with high passenger flow generation. HSR
using trains with seating coaches occupy a transport
niche for distances of up to 600-800 km with an opti-
mal travel time of about 2-2.5 hours.

“High-speed rail” is a historically developed, con-
ventional concept. It is based on conventions and reg-
ulations, as there is no real-world boundary defining
the speeds for “high-speed” rail traffic, as opposed to,
for instance, the concept of “sound barrier” in avia-
tion. In the first decades of the 20th century, “high-
speed” rail traffic referred to the movement at a speed
of 140-160 km/h, and by the end of the century, it
meant travelling at a speed of up to 200-250 km/h [7].

According to the UIC materials distributed at the
12th World Congress on High-Speed Rail in Beijing
on July 8-11, 2025 [9], high-speed rail (HSR) lines are
“integral, integrated systems” with infrastructures
for speeds of 250 km/h and above, modernized lines
for speeds of up to 200 km/h, specially designed roll-
ing stock, telecommunications and signalling systems
without floor signals where train control data is com-
municated directly to the driver’s cabin, and certain
operating conditions are met [10]. These lines are usu-
ally used on shuttle routes.

In Russia, Federal Law No. 4483-FZ dated Novem-
ber 30, 2024 “On Amending Federal Law “On Railway
Transport in the Russian Federation”” describes high-
speed rail transport as commercial transportation at
speeds of over 200 km/h. The same law defines high-
speed railway rolling stock as “railway rolling stock
designed for carrying passengers and/or luggage, and
mail at speeds of over 200 km/h” [11].

2025 and Darlington Railway, England, and the 12th World Congress on High-Speed Rail 2025 in Beijing

Fig. 13. Growth of record speed (red line) and speed of trains
|in commercial service (white line) on HSR lines worldwide
(1955-2015). Diagram prepared by Igor P.Kiselev;
source: [8, p. 10]

Between 1955, when the first Tokyo—-Osaka HSR
was built in Japan, and present, the registered record
train speed on classic railways (Wheel-rail system) has
increased from 331 km/h** to 574.8 km/h (the V150 ex-
perimental train, France, April 3, 2007).

By now, the maximum speed of trains in regular
service has increased from 210 km/h (Tokyo-Osaka,
1964) to 350 km/h on several HSR lines. No high-speed
line in the world operates commercially at higher
speeds® (Fig. 13).

Figuratively speaking, there is no market prod-
uct called “high-speed railway and its rolling stock
for commercial service at a speed of 400 km/h” in the
world today.

At present, more than 64,400 km of specially built
high-speed rail lines are in operation [8, p. 29], more
than 20,000 km are under construction, about 20,000 km
are being designed, and in the long run it is planned to
build about 34,000 km more. The longest HSR lines are
available in the following countries: China — 48,000 km
[12]; Spain — 3,990 km; Japan — 3,140 km; France —
2,730 km; Germany — 1,630 km; Turkey — 1,230 km;
Italy — 980 km; Republic of Korea — 870 km; Saudi Ara-
bia — 440 km; Belgium — 200 km; Morocco — 180 km;
Switzerland — 170 km; the United Kingdom — 110 km;
the Netherlands — 90 km; Denmark — 56 km [13].

12TH WORLD CONGRESS ON HIGH-SPEED RAIL:
REVIEW OF THE FIRST QUARTER
OF THE 21ST CENTURY,AND PROSPECTS

The 2025 Congress was held in the giant China Na-

tional Convention Centre in Beijing. It brought together
about 2,000 participants: representatives of more than

“In France, an experimental train with an electric locomotive BB 9004 reached a speed of 331 km/h on March 29, 1955.

15 According to media sources, trains with a design speed of 360 km/h are planned to operate on several sections of the existing
high-speed railways in Italy and France. The High Speed 2 (HS2) London-Midlands line in the UK, which has been under
construction since 2019, is designed for a maximum speed of 360 km/h.
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Committee from among a few hundreds of proposals
received from many countries from those willing to
take part in scientific discussions at the Congress.

The largest number of presentations (62) was deliv-
ered by scientists from the People’s Republic of China.
We believe that the number of reports made at the Con-
gress shows the interest of the research and transport
communities of a certain country in HSR issues, which
is related to success in the implementation of HSR pro-
jects. Representatives of China were first with 62 pres-
entations; Italy was second with 26 presentations, fol-
lowed by Spain and France with 11 presentations each;
Germany delivered 9 presentations; Japan made 6 pres-
entations; the United Kingdom, Morocco and Poland of-

a L

Fig. 16. Break-out session “Developing HSR network and
Fig. 15. Roundtable session “Innovation for a Better Life”. stations”. From left to right: Session moderator: Liu Lihai,
Photo by O. Nazarov Deputy Chief Engineer, China Railway, Siyuan Survey and Design
Group Co., Ltd, China; Saad El Marzouki, Head of Production
Department, TGV Office National des Chemins de Fer (ONCF),

40 countries and employees of the Chinese railways, Morocco; Aleksandar Dobrijevic, Deputy Director, Institute of
railway industry companies, scientists, employees of Traffic and Transport Ljubljana, member of SEESARI Institute
research and design organizations, professors and stu- of Traffic and Transport Ljubljana and SEESARI (Initiative for
dents of higher educational institutions in the field of supporting rail and transport development in South East

railways (Fig. 14). Europe), Slovenia; Zhou Lingyun, Head of Department, China

Academy of Railway Sciences (CARS), China; Igor Kiselev,
Professor, Emperor Alexander | St. Petersburg State Transport
University, Russian Federation; Graham Nelmes, General
Manager, Customer, Place and Operations, High Speed Rail
Authority, Australia. Photo by O. Nazarov

In his welcoming address to the congress partici-
pants, Vice Premier of the State Council of the PRC
Zhang Guoqing noted that China was ready to share
their achievements in the field of high-speed rail-
ways with other countries. According to him, by 2024,
the length of high-speed railways in China reached
48,000 km, which is more than 70% of the total length
of HSR worldwide.

At the opening ceremony, welcoming remarks were
also made by President of the International Union of
Railways Alan Beroud, President of China Railways
Corporation Song Xiude, high-ranking representatives
from Kyrgyzstan, Laos, Uzbekistan, Mongolia, and oth-
er countries.

The Congress included plenary sessions with panel
discussions (Fig. 15-17), roundtables, and 30 break-out
sessions where about 180 presentations were made by
speakers from 26 countries. The reports were selected Fig. 17. In the meeting room of the break-out session
by an expert research team of the Congress Organizing “Developing HSR network and stations”. Photo credit: UIC
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fered 3 presentations each; Australia, Switzerland and
the Republic of Korea were represented by 2 speakers
each; and the other countries represented in scientific
discussions (Belgium, Bulgaria, Iran, Canada, Norway,
Peru, Russia, Saudi Arabia, Slovenia, the United States,
Finland, and Sweden) each had one speaker.

As was mentioned above, the Congress had six
parallel break-out sessions, each broken into five sub-
sessions. Thus, there were in total 30 sessions with the
topics that, according to the Congress organizers, out-
lined a range of relevant scientific, engineering, finan-
cial, economic, social, environmental and other issues
in the development of high-speed rail transport.

The themes of the Congress sessions were as fol-
lows:

1. Artificial Intelligence and Digital Innovation.

2. Infrastructure and Superstructure.

3. Socio-Economics, Environment and Commercial.

4. Rolling Stock and New System Performance.

5. System Operations and Passenger Experience.

6. Network Development and Stations.

The author is planning to use the materials (speaker
papers and presentations) published by the Congress
Organizing Committee to review the current academic
and engineering areas of research in the field of high-
speed rail that were considered by professionals from
different countries and presented at the Congress for
publication.

The Congress participants reviewed important are-
as of academic, engineering, design and organizational
activities for the design, construction and operation of
high-speed rail lines. In particular, they touched upon
the issues of using artificial intelligence technology and
digital innovation, improvement of the infrastructure,
rolling stock development; socio-economic, environ-
mental and commercial aspects of HSR; improvement
of control systems and provision of safety, operation
and passenger services; development of HSR networks,
stations, and many more. Interestingly, the subject of
magnetic levitation transport has currently lost its rele-
vance, although some participants still mentioned it in
their presentations. Besides, a driving trailer of a Chi-
nese maglev train was demonstrated at the exhibition.

The 17th China International Modern Railway Tech-
nology and Equipment Expo which attracted 521 par-
ticipants from 14 countries was held simultaneously
with the Congress in the same giant complex of build-
ings of the Beijing National Congress Centre (Fig. 18).
The exhibition area was about 49,000 sq. m (the size of
more than five football pitches®) [14, 15].

The exhibition regularly held every two years is or-
ganized by the Chinese Academy of Railway Sciences

Igor P. Kiselev
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Fig. 18. The 17th China International Modern Railway
Technology and Equipment Expo: a — Stand of China Railway
Rolling Stock Corporation (CRRC). Photo by the author;

b — Robotic installation for comprehensive testing of wheel sets
at the Wuhan Locomotive Plant; ¢ — Stand of the Southwest
Railway University. Photo by the author

and the China World Trade Centre in coordination with
the Ministry of Commerce of the PRC and China State
Railways. The majority of participants are Chinese
companies; however, many world leading rolling stock

16 According to the accepted average parameters, the “ideal” football pitch for a game between two teams of 11 players each

should be 105 m by 68 m, with the area being 7,140 sq. m.
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Fig. 19. General view of the exhibition on the test ring tracks of the National Railway Testing Centre of the Chinese Railway Academy.
Photo by the author

Fig. 20. China’s new CQS-300 ballast cleaning machine intended for operations on turnouts with 4,800 mm reinforced concrete
turnout sleepers. Photo by the author

and railway equipment manufacturers and design or-
ganizations present their products at the exhibition.

On one of the Congress days, the participants were
introduced to activities of the National Railway Test-
ing Centre of the Chinese Academy of Railway Sciences
located in a close suburb of Beijing in the northeast,
outside the 5th Ring Road.

The Centre’s test ring was designed and built with
the involvement of professionals from the USSR in
1958. In terms of its basic engineering solutions, it
looks like the experimental railway ring of the Rail-
way Research Institute (VNIIZhT JSC) in Shcherbinka'’;
however the Chinese test ring has a large diameter
and, hence, longer tracks, which makes it a good place
for tests, even at high speeds. On April 18, 2023, a speed
record of 222.2 km/h for a train running on the experi-

mental ring was set there. This points to the vast op-
portunities for Chinese researchers and specialists in
various experimental operations [16].

The Congress participants familiarized themselves
with work of several laboratories of the Centre, in par-
ticular, for brakes, current pickup, wheel set testing,
and others.

LIGHTER AND FASTER

A few dozens of samples of railway equipment,
including electric passenger trains intended for vari-
ous purposes, locomotives, track machines, etc., were
exhibited on the tracks of the Centre (Fig. 1-23). The
strongest “attractors” were certainly the two latest

17" https://wagon-cargo.ru/news/generalnyy-direktor-sergey-vinogradov-i-eksperty-ao-vniizht-stali-uchastnikami-vystavki-mod-

ern-railw/

MISCELLANEA

10



RiiCE TRANSPORT

VOL. 4

ISSUE 3

Fig. 21. China’s eight-carriage high-speed electric multiple unit
for suburban and urban services with the design speed
of 200 km/h. It can accommodate 1,592 passengers in seating.
Photo by the author

Fig. 22. China’s experimental CR450 AF high-speed electric
multiple unit with the design speed of 450 km/h. You can
clearly see the stamped three-dimensional silhouette of an
arrow on the hull plating — an element of the train brand.
Photo by the author

Fig. 23. China’s experimental CR450 BF high-speed multiple
unit with the design speed of 450 km/h. The designers’idea
is that the nose fairing of the driving trailer should look like a
falcon beak — an element of the train logo. Photo by the author
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models of the CR450AF and CR450BF experimental
trains “facing” each other on the first track.

Unfortunately, the Congress participants were al-
lowed to see and take plenty of pictures of only the ex-
terior of these beautiful trains. Exhibition participants
are not allowed inside wagons, as the interior design
has not been completed and some carriages have
measuring and control equipment for tests on-board.

Since 2021, China has been implementing the
CR450: Science and Technology Innovation Project
(Chinese Railways 450 [km/h]), a national programme
aimed to define key technologies for achieving train
speeds of 400 km/h in commercial service [15]. As
was noted above, today, there are no HSR lines and
trains for them able to travel at a maximum speed of
400 km/h in regular traffic.

Attempts to create such trains and infrastructures
were previously made in the Republic of Korea (South
Korea) and Japan. In 2007-2013, the Republic of Ko-
rea carried out a project for the creation of the HEMU
430X, a train with the design speed of 430 km/h (and a
maximum service speed of 400 km/h), and also planned
to build a HSR line with these parameters. The project
did not succeed and was closed in 2013 [17, 18].

In 2005-2009, Japan implemented a project that in-
volved building two experimental trains, Fastech 360S
and Fastech 360Z, which passed tests successfully. As a
result, they were used as a basis for creating an experi-
mental train E956 ALFA-X' with the design speed of
400 km/h. The project has been underway since 2016.
Tests conducted in 2019 showed good results and a
prototype of the E10 train is currently being manufac-
tured. Its testing and commercialization are planned to
take place before 2030 [19, 20].

Thus, China is the third country that has embarked
on harnessing the speed of 400 km/h in commercial
service. In China, the CR450 project has created pro-
totype trains and elements of the new infrastructure,
which, as Chinese experts put it, should ensure enter-
ing the “uncharted territory”. What is meant is that a
speed of up to 350 km/h has already been achieved in
commercial service on classic high-speed rail (HSR)
lines, and, as anticipated by scientists, the speed range
of 450 km/h and higher is for magnetic suspension
(maglev) transport.

The two prototype high-speed trains with the design
speed of up to 450 km/h, CR450AF and CR450BF, pre-
sented at the exhibition were designed independently
by two subsidiaries of CRRC?, CRRC Changchun Rail-

BHEMU 430X (High Speed Electric Multiple Unit-430 eXperemental) is an experimental multiple unit electric train designed to

achieve a maximum speed of 430 km/h.

¥ Advanced Labs for Frontline Activity in rail eXperimentation.

20 EFZERBERAT CRRC Corporation Limited (China Railway Rolling Stock Corporation) is a Chinese corporation, the
world’s major manufacturer of railway rolling stock accounting for about one half of the global market.
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way Vehicles and CRRC Sifang, using the same specifi-
cations developed by China Railway (CR).

The company used its own solutions, relying solely
on Chinese technologies, to create the train. To date,
these have been implemented in high-class trains
CR400AF Fuxing (put into operation in 2016; more
than 300 trains (the eight-carriage model) were manu-
factured) and CR400BF Fuxing (put into operation in
2016). The goal of the CR450 programme is to utilize the
achievements of Chinese scientists and specialists in
science and engineering to improve the characteristics
and reach, first of all, the speed limit of 400/450 km/h.

The new trains combine all the state-of-the-art so-
lutions in design and construction of high-speed roll-
ing stock that have been achieved by Chinese scientists
and specialists. As a result, according to CRRC, with the
design speed of 450 km/h and a planned commercial
service speed of 400 km/h, the total weight of the CR450
train is reduced by 10% compared to the previous pro-
duction model, in particular, due to the use of 10% of
carbon fibre-based elements in the train body.

The axle load is about 14.5 tonnes. The tractive re-
sistance is 22% lower than in the CR400; the adhesion
capacity is improved by 4%; the braking capacity is in-
creased by 20%; and the emergency braking distance
is less than 6,500 m. Power consumption at a speed of
400 km/h has been reduced by 20% to 22 kWh/km, and
the noise levels are 2-4 dB lower — less than 68 dB in
the central part of the carriage [15, 21, 22].

The train uses permanent magnet synchronous
motors? and traction converter systems with water-
based cooling solutions. While the CR450 has a higher
total tractive power — 11,000 kW (against 9,600 or
10,400 kW in CR400 trains), its propulsion system sets
have become lighter and more efficient by 2-3%.

Highly stable new generation bogies have been de-
signed for the trains. To create them, nine modern tech-
nologies were developed, including an eddy-current
brake and carbon ceramic brake disc.

Safety is provided by a multi-level emergency brak-
ing control system and more than 4,000 built-in sensors
for continuous monitoring of critical units and compo-
nents. The automatic system monitors the condition of
the train’s undercarriage, body, pantographs, propul-
sion equipment, train control, and fire-fighting systems
in real time.

The CR450AF has successfully passed tests at a
speed of over 420 km/h, with a maximum speed of
453 km/h. The tests were carried out on a section with
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a bridge across Meizhou Bay and a tunnel in Haiwei.
The speed reached by the train while running on these
artificial structures was 453 km/h and 420 km/h, re-
spectively. Further tests are planned to be conducted,
in particular, on a section of the Chengdu-Chongqing
high-speed railway [23].

The section infrastructure is reconstructed, includ-
ing the replacement with new elements that will en-
able movement at a speed of up to 400 km/h. These,
in particular, include specially designed rail fastenings
and turnouts, new so-called “flat welded rail bonds” —
the barriers to reduce noise levels. Moreover, to pro-
vide traffic at new speed levels, the subgrade formation
was improved to increase stability, and changes to the
design of bridges and viaducts were made.

The prototypes of high-speed trains for the speed
of 450 km/h were among the main attractions of the
exhibition.

Like their predecessors, the new eight-carriage
trains have four two-carriage sections, each consist-
ing of a motor carriage and a trailer carriage. The end
(control) trailers have a control cabin. The two-carriage
section has a full set of necessary electric and pneu-
matic equipment. Pantographs are installed on the roof
of the third and sixth carriages, and only one of them
is used under the normal operation. The high-voltage
cable that runs between carriages is installed in the
ceiling void.

The layout, finishing and furnishing of passenger
compartments of the new trains will rely on the high
performance achieved when creating the previous se-
ries CR400AF Fuxing and CR400BF Fuxing that have
been proven in operation by both experts and pas-
sengers.

Much effort in creating the new trains was fo-
cused on improving the aerodynamic properties of
high-speed rolling stock, with air resistance being of
primary importance. According to research data, at a
speed of 300-350 km/h, up to 75% of the traction effort
is spent to overcome the aerodynamic component of
resistance to movement. At a speed of 400 km/h, resist-
ance increases by another 30% and up to 95% of energy
is spent to overcome air resistance [15, 22, 23].

According to media sources, a dedicated technical
team of China Railway, which included employees of
the Academy of Railway Sciences, the Faculty of En-
gineering Sciences at the University of the Chinese
Academy of Sciences, the Institute of Mechanics of
the Chinese Academy of Sciences, and several trans-

2 Synchronous machines use permanent magnets to create and maintain the electromagnetic field of the rotor without
consuming additional energy from the system. Permanent magnet synchronous motor (PMSM) is an electromagnetic motor
with the inductor made of permanent magnets. Permanent magnet motors reduce energy loss in the system and do not require
current to be applied to the exciting winding via the slip rings. These motors have 2-3% higher efficiency compared to high-
performance asynchronous electric motors and dimensions that are 20-30% smaller with the same output.
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Fig. 24. Qinghe Station building, which is often referred as the West Railway Station of Beijing. Photo by the author

port universities, developed and proposed more than
100 shape design solutions for the nose of the driving
trailers based on bionics. After hundreds of tests on
mathematical models and wind tunnel experiments,
two shape designs have been finally chosen for the
nose: one shaped as a flying arrow for the CR450 AF
(please see Fig. 22) and the other resembling a falcon
beak for the CR450 BF. While the “flying arrow” is
clearly distinguishable on the side view of the trailer,
the “falcon beak” requires, in the author’s opinion, a
good deal of imagination to discern (please see Fig. 23).

According to executives of China Railway, a large
set of tests are to be conducted before 2028 on both
train prototypes and all the relevant infrastructure ele-
ments.

Back to the Congress, let us note that in the 40-de-
gree heat that hit Beijing at the time, examining a va-
riety of modern rail vehicles exhibited on the tracks of
the Centre was quite a challenge for the participants,
most of whom had photography equipment with them.
In contrast, visiting the laboratory buildings to see very
interesting equipment was much more relaxing as they
are equipped with powerful air-conditioning systems
which pumped icy-cold air into the rooms. But hav-
ing gone through hardships, the Congress participants
were rewarded with extremely interesting information
about the current progress in railway science and tech-
nology in China.

FIRST-HAND EXPERIENCE

On the final day of the Congress, the participants
had a technical visit to the facilities of two HSR stations
(Fig. 24) and a ride on a CR400 BF high-speed train —
one of the latest modifications of the rolling stock (de-
sign speed: 400 km/h; service speed: 350 km/h).

MISCELLANEA

The CR400 AF and CR400 BF are currently the
most used, most comfortable and the fastest trains
on China’s HSR network. The trains represent a con-
centration of Chinese brands: the resulting product
developed by Chinese scientists and engineers, which
formed the basis for the creation of the next genera-
tion of trains branded “Fuxing” (meaning “rejuvena-
tion” in Chinese).

The CR400BF-GS 5337 (Fig. 25) provided to carry
the Congress participants is an eight-carriage elec-
tric multiple unit (with four motor carriages and four
trailer carriages with a total power of 10,400 kW) that
can accommodate a maximum of 619 passengers.
Based on the fleet number 5337 (according to the ref-
erence tables found online), the train was one of the
ten EMUs manufactured by CRRC Changchun Railway
Vehicles Co., Ltd in December 2024 and put into opera-
tion in January 2025. In total, 38 trains of this modi-

Fig. 25. The driving trailer of the CR400BF-GS 5337, which
Congress participants travelled on. Photo by the author
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Fig. 26. CR400BF high-speed train: a — Business Class coach interior with individual mechanized seats that are referred to as
“eggshell” in China for the similar appearance of the cover. Passengers can set the seat in the “bed” position on their own using
a remote control. Photo by the author; b and ¢ — First Class coach interior. Passengers can turn the seats on their own to sit facing
the engine. Photo by the author

fication were manufactured. This version of the train
was structurally designed as more resistant to sand
storms and cold climate for use in extreme weather
conditions. Its design includes a number of the latest
solutions that distinguish it favourably from the base
model put into operation in 2016. We are referring to a
new modular traction transformer and new electrical
distribution cabinets. By improving the layout of the in-
terior of coaches, the train’s passenger carrying capac-
ity was increased by 42 persons (38 second-class seats
and 4 first-class seats). The CR400BF-GS train modifica-
tion was further tested in 2024 [24].

The Congress participants examined the interior
design of the coaches which are divided into three
classes: Business (the top level of seating comfort in
China): individual extra comfort seats with three seats
in a row; First Class: four seats in a row (2+2); and Sec-
ond (Economy) Class: five seats in a row (2+3).

Let us note that the designer of Russia’s new high-
speed train for the Moscow-St. Petersburg HSR is plan-
ning to use approximately the same classification of
coaches. Let us recall, that second-class coaches of the
Sapsan have four seats in a row, while the carriage
width is the same as in China’s trains intended for HSR.
Seating arrangement with five seats in a row will, cer-
tainly, be rather cramped for Russians who are gener-
ally bigger. Perhaps, this will be compensated for by a
lower fare.

On Chinese trains, passengers can visit a buffet car-
riage (Fig. 27), while business and first-class passengers

MISCELLANEA

are served food and drinks at their seats. The train has
dedicated seats for passengers with reduced mobility
provided with anchorage for securing wheelchairs.

The train has two types of sanitary facilities: the
“European” type, which is customary to us, and so-
called “Eastern toilets” when a flat toilet is built into
the floor. There is also a dedicated toilet for people
with disabilities.

During the trip, Russian participants conducted an
experiment to verify that the train was moving very
smoothly thanks to its design and the perfect condition
of the track. China’s media like to describe the experi-
ment in their reports about HSR. We repeated the test

Fig. 27. Buffet counter. Photo by the author
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Fig. 28. Information board in the passenger compartment of the
CR400BF train showing the current speed of 351 km/h

Fig. 29. The coin standing still on its edge at a speed of 350 km/h
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several times and testify to its success. When the train
ran at a speed of about 350 km/h (as was seen on the
information board (Fig. 28)), we put a coin on its edge
on the window sill (Fig. 29). The coin stood still as long
as the train travelled in a straight line. When it began
to brake, the coin naturally started to roll.

It took the train 55 minutes to travel about 190 km
from Qinghe Station, which is often referred to as the
Western Railway Station of Beijing, to Taizicheng Sta-
tion, developing a speed of up to 350 km/h on several
sections.

Two kilometres from Taizicheng Station (Fig. 30),
there is the Olympic Village of the 2022 Winter Olym-
pics, which is located at an altitude of 1,582 m above
the sea level (Fig. 31). Very close to the neighbouring
Badaling Station, you find the cyclopean structures of
the Great Wall. All this makes the route of the Beijing—
Chongli high-speed railway quite popular with tourists.

WHAT’S THE BOTTOM LINE?

In general, the 12th World Congress on High-Speed
Rail was a special event for China’s railways.

Fig. 30. Taizicheng Station building at an altitude of 1,582 m above the sea level close to the Olympic Village of the 2022 Winter
Olympics. Photo by the author

Fig. 31. Olympic Village of the 2022 Winter Olympics
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China presented its ambitious programme for ex-
panding the HSR network and increasing train speeds.
By the end of 2025, the length of China’s HSR network
will exceed 50,000 km, and by the end of 2035, China
Railway plans to expand the HSR network to 70,000 km
and increase the maximum commercial operating
speed to 400 km/h, President of China Railway (CR)
Xiude Song reported. This will make the Chinese net-
work the fastest in the world. It is planned to create
eight so-called “vertical” and eight “horizontal” lines
(Fig. 32). By now, about 80% of the planned network
has been completed; and the work is ongoing [25, 26].

In China, high-speed trains serve about 97% of cities
with a population of above 500,000 people. More than
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10,000 high-speed trains currently run in China, car-
rying 16 million passengers per year, Xiude Song said.

China is planning to expand, both literally and fig-
uratively, the boundaries of its high-speed transport.
The projects that are implemented under the leader-
ship of China in Laos, Indonesia, Hungary, and Serbia
were presented during the Congress. Senior officials
from Kyrgyzstan, Mongolia, and Uzbekistan, where
China also plans to contribute to the construction of
high-speed railways, gave addresses at the opening
ceremony.

According to Vice-Premier of the State Council of
China Zhang Guoqing, in the early days of high-speed
network development in the 2000s, the industry was
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Fig. 32. Prospective plan of high-speed rail lines in PRC “Eight vertical and eight horizontal” lines as part of the Middle- and
Long-Term Railway Development Plan in PCR (2016-2025 Development Period) published by the National Development and Reform
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dependent on foreign suppliers, but China has fully
mastered key technologies in the construction, man-
ufacturing of equipment for, and operation of high-
speed railways. “We have quickly made up ground and
we are keeping abreast of the schedule, and now we
are even ready to become world leaders”, he said.

To sum up the outcomes of the Congress, let us
note the following. The most important thing is that
high-speed rail transport has utterly moved from ex-
periments to regular daily use available to the general
public in many countries. HSR lines confidently occupy
a transport niche within a range of distances of up to
800-1000 km with maximum speeds of up to 350 km/h
and travel times of 2.5-4 hours.

In addition to the above, Chinese railwaymen have
tapped another transport niche: passenger services
at speeds of 250-350 km/h over a distance of about
1,000 km on high-speed trains with sleeper coaches
with four-berth compartments.

There are more and more regions that set out to
build and expand high-speed rail. The emerging econo-
mies and middle-income countries are active with up-
dating their maps of future high-speed railways, which
shows that the transition from demonstration to imple-
mentation is in full swing. Investments in high-speed
railways are no longer limited to those countries that
have developed them earlier but are gaining global
momentum with lots of points of entry and a growing
exchange of knowledge, standards, and best practices.

The Congress has also shown that innovations in
the field of high-speed rail are no longer limited to
trains and tracks, but also encompass systems and ser-
vices. An integrated ticketing system, Al-powered au-
tomated services, low-carbon construction technology,
intermodal connectivity, and passenger-centric design
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of stations — all this shapes the next generation of rail-
way transport.

The high-speed rail sector is moving from the nar-
row focus on speed to a broader approach focused
on intelligent, efficient and user-friendly transport
systems, turning high-speed rail into a platform for
seamless and inclusive mobility. Many sessions at the
Congress were focused on how to implement the tran-
sition by means of data exchange, open standards, and
cooperation across the entire transport chain [28].

The Congress has definitely served as a global plat-
form to showcase achievements in the field of high-
speed rail and to promote technology exchange and
industrial cooperation.

A number of countries, such as Japan, Spain, France,
and Germany, have reached the point of saturation with
high-speed rail services in their transport systems and
therefore, naturally, they are reducing construction of
new high-speed lines. China with its plans to build new
HSR lines in 15-20 years to come will also reach this
limit soon. The plans will, perhaps, be adjusted when a
new range of speeds is achieved. As mentioned above,
China is testing prospective trains with a design speed
of 450 km/h and service speed of 400 km/h.

A common important trend in the railway industry
worth mentioning is the growing robotics in many op-
eration and maintenance activities. Both presentations
and the exhibition presented ideas and ready-to-use so-
lutions for these systems.

The Congress organizers promised to send all the
presentations to the participants in September 2025.
It is certainly very important to study the event pro-
ceedings, especially for those countries that have set
out to implement their high-speed rail programmes in
practice.
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Engineering of an electric train for the first phase
of the high-speed railway network in Russia
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ABSTRAC Creating Russia’s first high-speed railway line between Moscow and St. Petersburg is an important socio-
political, complex engineering and technical, as well as major economic project.

In addition to the design and construction of fixed track, power supply, automation, telecontrol and telecommunication facili-
ties and other infrastructure components, the project includes, in a single package, the design and commercial production of a
Russian-made high-speed train. In 2025, the BRICS Transport (vol. 4, issues 1 and 2) published the Report on the plenary session
of the VI Betancourt International Engineering Forum “High-speed railway line St. Petersburg—Moscow: Challenges, solutions,
personnel” in both Russian and English. The Report presented the background of the project and its infrastructure component.
To complete the picture, we are publishing the slightly abridged presentation “On engineering of an electric train for the first
phase of the high-speed railway network in Russia” made by Head of the Department of Technical Policy of JSC Russian Railways,
Candidate of Engineering Sciences Vladimir E. Andreev for students and professors of Emperor Alexander | St. Petersburg State
Transport University on April 2,2025.
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. conditions; passenger comfort
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NHpopmayuoHHas cmameos

PaspaboTka anekTponoe3aa AN NepBoro atana ceTu BbICOKOCKOPOCTHbIX
MarucTpanen B Poccumn

B.E. AHgpeeB
[lenaprameHT TexHuueckoi noautukm OAQ «PX[L»; r. Mockea, Poccus; info@rzd.ru

AH HOTA VI Co3paHue nepBol B CTpaHe BbICOKOCKOPOCTHOM Xene3HoA0pOXHOM Maructpanu Mockea — CaHkT-leTep-
I.l 6ypr — BaXHbI COLMANbHO-MONUTUYECKUIA, CIIOXKHBINA TEXHUYECKUI, TEXHONOTMYECKMIA 1 BONbLLOI SKOHO-
MWYECKMI MPOEeKT.

[poeKT KOMNNIEKCHO BKJIKOYAET, MOMUMO MPOEKTUPOBAHUS U CTPOUTENBCTBA CTALMOHAPHbIX 0OBEKTOB MYTEBOr0 X035MCTBA,
3N1eKTPOCHABXeHMs, aBTOMATUKM, TENEMEXAHUKMN U CBA3U U APYTUX MHOPACTPYKTYPHbLIX KOMMNOHEHTOB, Pa3paboTky U 0CBOEHME
NpOW3BOACTBA OTEYECTBEHHOMO BbICOKOCKOPOCTHOrO noesaa. B xypHane «TpaHcnopt BPUKC» B 2025 roay (T. 4, Bbin. 1 v 2) Ha
PYCCKOM W aHIMIACKOM S13blKax Obl1 0nybnMKOBaH penopTax-0T4eT 0 NaeHapHOM 3aceganHun VI beTaHKypoBCKOro MexayHapoa-
HOro MHxeHepHoro dopyMa «BblicoKOCKOpPOCTHAs ene3HoaopoxHas Maructpans CaHkT-lNeTep6ypr - MockBa: BbI30BbI, peLleHus,
Kaapbl», B KOTOPOM Obinn NpeacTaBiaeHbl OCHOBHbIE CBEEHMS O NPOEKTe, ero MHPPACTPYKTYPHOW cocTaBnsatoLLiei. [Ing nonHo-
Tbl KAPTUHbI C HEOONBLWMMU COKPALLEHMAMU NYOAUKYeTCS NeKUMa-A0KNaL HaYanbHUKa enapTaMeHTa TeXHUYeCKOM NOoNUTUKK
OAO «PX[», k.T.H. B.E. AHapeeBa «O pa3paboTke 3nekTponoesna A/ NEPBOro 3Tana CeTM BbICOKOCKOPOCTHbIX MarucTpanei B
Poccun», npountanHbiv 2 anpensa 2025 r. pns ctyneHToB M npenofasatenei MNetepbyprckoro rocyaapcTBEHHOrO YyHMBepCUTETa
nyten coobweHuns Mmnepatopa Anekcanapa |.

Kn |_OL| EBbl E Cﬂ O BA. BbICOKOCKOPOCTHOM YKeNe3HOL0POXKHbIM NOABMXKHOM COCTAB; MOE34,; BAaroH; TeNneXxka; cucrema
+ 3/IEeKTPONUTaHMS; TOPMO3HAs CUCTEMA; YC/IOBUS NPOEe3Aa; KOMPOPT Naccaxmnpos

[na umtuposanua: AHdpees B.E. Pa3zpaboTka 3nekTponoesaa Ans NepBOro 3Tana CeTu BblICOKOCKOPOCTHbIX Maructpanei B

Poccuu // TpaHcnopt BPUKC. 2025. T. 4. Buin. 3. C1. 02. https://doi.org/10.46684/2025.3.02. EDN BUYFAZ.
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BASIC CHARACTERISTICS OF THE HIGH-SPEED
TRAIN

To operate on high-speed lines electrified with
25 kV 50 Hz alternating current and high-speed lines
electrified with 3 kV direct current as the first phase
of the high-speed railway network, a dual-voltage elec-
tric train consisting of eight coaches (Fig. 1, 2) with a
design speed of 360 km/h will be built in Russia. The
trains will be designed to operate in the environments
with outside air temperatures from —-40°C to +40°C. It
will be possible to operate them in double train sets of
16 coaches with multiple-unit (MU) control.

Vladimir E. Andreev

Engineering of an electric train for the first phase of the high-speed railway network in Russia

The preparation of the working design documenta-
tion for the main train components, including the body,
bogies, traction, brake and other systems is currently
underway (Fig. 3).

The engineering documentation is being worked
out by the specially created Engineering Centre for
Railway Transport JSC established in 2019. Its current
shareholders are Russian Railways JSC, the Govern-
ment of Moscow, and Sinara Group JSC'. The Centre’s
activities are aimed at solving relevant engineering
problems and implementing knowledge-intensive pro-
jects in the field of railway transport. Engineering of
high-speed passenger rolling stock is a pilot one.

Maximum test speed, km/h 400
Maximum operating speed when powered
by 25 kV alternating current, km/h 360
Maximum operating speed when powered
by 3 kV direct current, km/h 250
Basic train set, coaches 8
Continuous travel time in one direction
St. Petersburg—Moscow; h:min 2:15
Number of passenger seats 454
Basic train set length, m 208
Maximum static load per axle, t 18
Multiple-unit control functionality Available

Fig. 1. Exterior design of the driving trailer; interior of the first-class compartment, and basic specifications of the train

Fire control
system

Traction system

Control system

Coupling
gear

CCTV system  Electrical system

Inter-carriage gangways

36

systems

Interior design

>10 000

parts and assemblies

Brake system

Fairings Crash system Bogies

Recirculation duct
Intake ducts,

3 ) " Exhaust ducts
Carriage bodies

W All systems will be made in Russia

Fig. 2. Basic systems, components, units and assemblies of the train

1Sinara Group JSC is a Russian multi-industry holding company operating in transport engineering, financial services, etc. Their

head office is based in Yekaterinburg.
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Fig. 3. Organizations involved in the train engineering and production

The development and manufacture of the high- The project will for the first time provide Russia
speed electric train and its component parts involve  with the following technologies and technical solutions
more than 150 Russian transport engineering compa-  (Fig. 4, 5):
nies and eight research centres. e New friction materials for the friction pair in the

braking system (brake shoes and brake discs) that
can effectively perform at high speeds in all climate

MAIN TECHNICAL AND ENGINEERING environments;
SOLUTIONS FOR THE RUSSIAN HIGH-SPEED e LTE-based railway radio communication systems;
TRAIN e New generation high-speed electric motors and

traction gearboxes;
The engineering documentation is worked out in e An open-architecture hardware and software plat-

strict compliance with the schedule agreed upon by all form for building an electric train control system;
the parties on the basis of the Technical Specifications e Combined automatic couplers and coupling de-
for the Electric Train approved by Russian Railway JSC vices;

on December 9, 2020. The documentation is worked out e Inter-carriage gangways with outer bellows for bet-
along with a set of research studies on relevant issues ter aerodynamic performance;

to substantiate the standards and select sound engi- e Underframe, bogies, and traction drive;

neering solutions. e Spring bases.

Fig. 4. Head carriage body nose elements: damper and fairing Fig. 5. Traction gearbox
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The manufacturers of the component parts and
sub-systems of the train have been set the task to use
advanced materials and technology to ensure high re-
liability and the smallest possible weight and dimen-
sions of the products.

The first prototypes of parts and assemblies for the
electric train were manufactured in the second half of
2024. The first frame of the trailer bogie is being tested
to destruction in order to determine the limit loads.
The bulk of prototypes will be manufactured in 2025.

Vladimir E. Andreev

Engineering of an electric train for the first phase of the high-speed railway network in Russia

LAYOUT AND PASSENGER TRAVEL
CLASSES

The eight-coach electric train will have four passen-
ger service classes: First Class, Business, Comfort, and
Standard coaches. This will allow to offer transporta-
tion services to passengers providing a wide range of
comfort levels based on their budget (Fig. 6-17). The
total capacity of the eight-coach train set is 454 pas-
sengers.

Fig. 11. Interior of the Comfort passenger compartment
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Fig. 17. Layout of Comfort seats in Coach 8 (a driving trailer)

The design of the electric train will be in line with
the world’s modern engineering and artistic trends and
materials taking into account the experience of operat-
ing the Sapsan train and passenger demands.

In Standard coaches, it was decided to use the “2+3”
seating arrangement (two seats — aisle — three seats).

Coach 1 has two compartments: a four-person
meeting room compartment and a two-person luxury

TRANSPORT ECOSYSTEM: SOCIETY, STATE, AND GLOBAL CHALLENGES

compartment. In Coach 1, the First Class seats are ar-
ranged in “2+1” configuration. The power-assisted de-
sign of the seats equipped with electric drives enables
the passengers to convert them into a sleeping berth.
Passengers in Coaches 1 and 2 will be offered individ-
ual service and will be served food and drinks at their
seats. For this purpose, Coach 1 has a mini-kitchen and
serving equipment.
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Fig. 18. Elements of the braking system on the axle of the
carrier bogie: brake discs and calliper brake assemblies

Coach 2 has seats for Business class passengers with
“2+2” seating arrangement in a row. The seats are also
convertible. Coaches 3, 6 and 8 are intended for Com-
fort class passengers and have “2+2” seating configura-
tion in a row.

Coach 3 has the train master’s compartment. It is
also equipped with special systems for placing and se-
curing wheelchairs and thus can accommodate wheel-
chair-bound passengers.

Coach 6 has a play area for children. Coaches 4
and 5 are designed for Standard class passengers and
have “3+2” seating arrangement in a row. Coach 5 has
a bar area with a kitchen which is accessible to all pas-
sengers on the train.

TRAIN BRAKING SYSTEM

The main solutions being prerequisite for the imple-
mentation of a high-speed electric train project involve
designing the vital systems: the traction and braking
systems of the train, and train protection systems.

Vladimir E. Andreev

Engineering of an electric train for the first phase of the high-speed railway network in Russia

The braking system is a very important component
of the electric train. The project places a particular
focus on the creation of necessary equipment for the
full cycle of tests. It is necessary to select materials for
the friction pair of the disc brake (disc — brake shoe).
Until now, Russia did not produce necessary materials
for the friction elements of braking devices that could
operate at speeds of up to (and including) 400 km/h,
and there was no technology for manufacturing them
(Fig. 18, 19).

The existing brake test rigs in Russia allow for simu-
lating the operation of brakes at speeds of up to 250-
300 km/h, but their capability for simulating operating
conditions with high braked weight values is limited.

To address these challenges, arrangements have
been made to develop a technology and manufacture
a relevant brake friction test setup at the facilities of
the Railway Research Institute (VNIIZhT), where the
parameters of the disc brake friction pair will be de-
termined and necessary tests will be conducted in
2025-2026.

36 new sub-systems comprising 10,000 components,
parts and assemblies will be developed for the high-
speed electric train. All train elements will be manu-
factured in Russia.

Most systems and components are subject to high
requirements to weight, dimensions, reliability, and
life cycle costs. The implementation of the project will
enable many designers and manufacturers of compo-
nent parts to move to a qualitatively new technology
level. At least one manufacturer was identified for all
essential systems and components, and several manu-
facturers were selected for many of them. Technical
specifications have been developed and approved for
all components of the electric train.

The manufacturer of the electric train is the Ural
Locomotives Plant (Ural Locomotives LLC) located in
Verkhnyaya Pyshma, Sverdlovsk Region. They will
manufacture the essential components (bogies and
carriage bodies) and will provide complete assembly,

Fig. 19: a — General view of the testing facility for braking equipment; b — Test unit for brake discs and brake assembly
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Fig. 20. General view of the production buildings of the Ural
Locomotives Plant?

adjustment and certification of the train (Fig. 20). New
assembly workshops are under construction on the
premises of the plant.

Other project participants are member companies
of Transmashholding Group. They will design and
manufacture six electric train systems (components
and devices for the inter-carriage gangway, external
doors, ventilation and air conditioning systems, inter-
nal doors, lighting systems, and interior elements).

Bionotes

Vladimir E. Andreev

Engineering of an electric train for the first phase of the high-speed railway network in Russia

CONCLUSION

The implementation of the project that is so impor-
tant for the country will use the full weight of intellec-
tual, technological and financial resources. The pro-
ject for creating a high-speed electric train and build-
ing the first high-speed railway line is given special
attention by the Russian President, the Government
of the Russian Federation, the Government of Mos-
cow, the Ministry of Industry and Trade of Russia, the
Ministry of Transport of Russia, other ministries and
departments, and Russian Railways JSC. The transport
engineering companies engaged in the implementa-
tion of the project receive comprehensive support
from these entities.

The implementation of such an ambitious project
will allow the country’s industrial sector to acquire
new competencies that will both contribute to the crea-
tion of a Russian high-speed train and help improve
the quality of locomotives, carriages and railway infra-
structure systems manufactured in the country. Rus-
sian Railways Holding will gain unique competencies
in the development of a high-speed train and its com-
ponents, technologies and design procedures, mod-
eling and testing. This will make it possible to create
new types of rolling stock in the future.

Vladimir E. Andreev — Cand. Sci. (Tech.), Head of the Department of Technical Policy of JSC Russian Railways; JSC Russian
Railways; 1 bld., 2/1, Novaya Basmannaya st., Moscow, 107174, Russian Federation; info@rzd.ru.
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out, including theoretical calculations of the stress-strain state of the body elements using the finite element method. Numeri-
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reduce material consumption. The simulation results were supplemented and confirmed by experimental tests of the prototype,
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npe,ﬂ,CTaBJ’IEHa ycoBepuweHCTBOBAaHHAA KOHCTPYKLMUA Ky30Ba NMNaCCaXXMpCKOro saroHa NOBbILWEHHOW BMECTUMOCTH, pa3pa6o-
TaHHaa C y4eTOM COBPEMEHHbIX Tp86OBaHMl7I K KOM(DOpTy, 3KONNOTMYHOCTU U 3KCI'IJ'IyaTaLI,I/10HHOI71 B(DQJGKTMBHOCTM.,D,J'M OLEHKH
XapPaKTEPUCTUK KOHCTPYKLMU 6biN npoeeneH KOMMJIEKCHbIM aHANM3, BKHOYAOLW MM TEOPETUYECKUE PaACHETDI Hal'lpﬂ)KeHHO-,El,ed)Op-
MUPOBAHHOIO COCTOAHUA 3NEMEHTOB Ky30Ba C MCMNOJIb30BAHMEM METOAA KOHEYHbIX 3/1EMEHTOB. YnucneHHoe Mo4ennMpoBaHue no-
3BOJIMNO BbIABUTb KPUTUYECKMNE 30HbI KOHCTPYKUMM U ONTUMU3UPOBATL €€ NapaMeTpbl 414 NoBbIWeHNUA NMPOYHOCTU U CHUXXEHUA
MaTepnanoemMKoCTu. Pe3yanaTb| Mo4eNnpoBaHnA 6blIM LLOMOMHEHbI U NoATBEPXAEHbI SKCNEPUMEHTA/IbHbIMU UCMbITAHUAMU ONbIT-
HOro 06pa3ua, npoBeneHHbIMU B YCNOBUAX, MAKCMMAJIbHO I'IpIA6}1l/I)KeHHbIX K peaanon 3KcnyaTauun.

ﬂonyquHble AaHHble CBUAETENbCTBYHOT O COOTBETCTBMM KOHCTPYKLMU TpeGOBaHMﬂM ,D,eVICTByPOLLI,IAX HOPMAaTUBHbIX AOKYMEHTOB,
BK/1IO4ada CTaHOAPTbI 6€30MacHOCTM M LONITOBEYHOCTM. ﬂpe,uno»(eHHaﬂ KOHCTPYKUMA OEMOHCTPUPYET yNyylWEHHbIE 3KCNyaTauu-
OHHbIE XapaKTEPUCTUKU, UTO OENAET €€ HepCHEKTMBHOH Ana NnpuMeHeHnsa B NPOEKTUPOBAHUU U MOLOEPHU3AUNN NMACCAXKUPCKUX
BaroHOB HOBOIO NOKOJ1IEHUA. Pe3yanaTb| nccnenoBaHua MOryT Cny>XUTb OCHOBOM AN AanbHENLWNX pa3pa60TOK B 0bnactu cospa-
HUA NHHOBALUMOHHOIO XENE3HOAOPOXHOro TpaHCNopTa, obecrneymBatoLLErO NOBbILLEHHbIN YpOB€Hb KOM(bOpTa n BCD(DGKTIABHOCTM.

Knl_OLlEBblE C”OBA. NacCaXMpPCKUIA BAroH; MacCaXKMpOBMECTUMOCTb; KOHCTPYKLMS; paMa; HaNpsKeHUs; npoy-
+ HOCTb; UCMNbITaHUS

[na umtuposanus: Paxumos PB., [anumosa @.C, 3agapos [.11I. PazpaboTka ycoBepLIeHCTBOBaHHOW KOHCTPYKLMM MAaCCaXMPCKOro
BaroHa yBelMYeHHOM BMECTUMOCTU A8 Xene3Hblx Aopor Y36ekucrana // Tpancnopt BPMKC. 2025.T. 4. Bein. 3. Cr. 03. https://doi.

org/10.46684/2025.3.03. EDN BWOOTX.

INTRODUCTION

As the network of railway routes expands and
modern railway lines are put into operation, there is
a growing need for streamlining passenger services.
The major task is to make the most of resources of the
passenger services system, while necessarily providing
proper and safe conditions for meeting people’s needs™.

A viable solution is to purchase rolling stock abroad
or localize its production in the Republic of Uzbekistan,
with the latter being a better option in the long run.
Since 2009, the Tashkent Plant for Construction and
Repair of Passenger Carriages Joint-Stock Company
(TVSRZ JSC) has been manufacturing 61-907 wagons?
which have been used as a basis for modifications,
such as sleepers, special-purpose carriages, and Class
I (Business), II (VIP) and III (Economy) coaches [1, 2].

To improve the performance of passenger services,
it is important to expand the capacity of coaches, in-
crease train speeds, and reduce costs per passenger. As
international experience shows, this can be achieved
by using long-wheelbase or double-deck coaches [3-5].
However, double-deckers have a number of design
constraints, such as high weight, complex design, high
costs, and incompatibility with the current railway in-
frastructure in the Republic of Uzbekistan.

A number of comprehensive studies are currently
underway to assess the structural strength and fatigue
durability of the body frame of passenger coaches.

A special focus is put on analysing the stress-strain
state of structural elements under various operational
loads [6-8]. They examine the causes of possible mal-
functions and defects that can affect the structural re-
liability and safety in the long run [9]. Research and
development projects create numerical and computer
models of coach bodies that allow for high-precision
computations using the finite element method. These
models help identify critical stress concentration ar-
eas, optimize geometry of load-bearing elements, and
predict the service life of the structure under various
modes of operation [10-15]. This approach is necessary
to develop modern higher-capacity passenger coaches
that meet current requirements for strength, reliability
and safety.

Thus, at the first stage it was decided to develop a
long-wheelbase coach in line with traffic safety and
good performance requirements.

The purpose of the study is to develop engineering
solutions for the design of a high-capacity passenger
coach geared to the conditions in the Republic of Uz-
bekistan.

SUBJECT OF THE STUDY

The subject of this study is the design of the body
of a 61-907 open-space coach built by TVSRZ JSC which
can carry 48 passengers [16].

1Resolution of the President of the Republic of Uzbekistan No. PP-28 dated January 27, 2025 “On measures for further development
of the transport and logistics system in the Republic of Uzbekistan”.
2TU 17923832-013. 61-907 passenger compartment coaches with air conditioning. Tashkent. JSC “TVSRZ”. 2022:41.
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THEORETICAL RESEARCH

For the purposes of theoretical research, a 3D simu-
lation model of the coach body was designed in Solid-
Works automated design system (version 2021). The
model was then exported to ANSYS Workbench (ver-
sion 2021), where a refined finite-element model (FEM)
was created on its basis. A strength analysis using FEM
was conducted in accordance with Standards [9] and
the State Standard (GOST) 34093-2017 [10]. The devel-
oped FEM made it possible to determine the stress-
strain state of the structure under static and dynamic
loads. To analyse stresses and identify areas that re-
quire reinforcement, the model included cross-sections
with virtual measurement points, which helped obtain
local stress values and perform a detailed analysis of
the stress loading on the body.

The computations produced maximum stress val-
ues at virtual measurement points. The distribution
diagrams for equivalent Von Mises stresses arising
from a longitudinal force of 2.5 MN (compression) are
shown in Fig. 1.

| -
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An analysis of the resulting dependencies of maxi-
mum stresses arising in elements of the coach body has
shown that an increase in longitudinal loads produces
insignificant changes in stress in areas of the side and
end walls, as well as of the roof; however, in certain
parts of the carriage frame elements, stresses exceed
the permissible values, which indicates that these ar-
eas require improvement in terms of design. In this
connection, further research was focused directly on
the design of the carriage frame. The study included
further calculations where the length of the carriage
was incrementally increased in the range from 500 to
2,500 mm with a 500 mm increment. The distribution
diagrams for equivalent Von Mises stresses in frame
elements from longitudinal forces are shown in Fig. 2.

Thus, when the carriage length is increased by
2,500 mm, the maximum equivalent stresses reach
688.75 MPa in the centre sill and 661.13 MPa in the side
sills, which significantly exceeds the permissible value
of 293.25 MPa. This means that the frame needs to be
structurally reinforced in order to ensure safe opera-
tion and increase the capacity of an extended coach.

b

Fig. 1. Distribution field of equivalent stresses (Von Mises stress) in the coach body under the action of a longitudinal compressive
force of 2.5 MN: a — top view; b — bottom view

Fig. 2. Distribution fields of equivalent stresses in frame elements from longitudinal forces: a — top view; b — bottom view

VEHICLES AND ROLLING STOCK



RS TRANSPORT

ISSUE 3 2025

Rustam V. Rahimov, Farida S. Galimova, Diyor Sh. Zafarov

Development of an improved design of a high-capacity passenger railcar for the railways

of Uzbekistan

Fig. 3. Frame of an extended coach with reinforcement parts: a — general view; b — reinforced elements (centre sill and side sills)

The desktop study has shown that in order to meet
structural strength requirements, the width of beam
flanges in the middle section of the centre sill of the
frame made of an I-beam No. 30 should be increased
from 135 mm to 150 mm. In addition, to improve the
structural strength, it is recommended to use C-chan-
nels No. 18 as the side sills to replace the original
L-bars. It has been found that with a wheelbase extend-
ed to 18,000 mm and a 1,500 mm longer overall length,

the coach design meets the requirements for automatic
coupling. The improved design of the carriage frame is
shown in Fig. 3.

After validating the chosen parameters for the ex-
tended coach design, stress was calculated in accord-
ance with the requirements?® for three design condi-
tions* using the software package for FEM analysis and
numerical modelling. The calculation results are given
in Table 1.

Table 1

Stresses in elements of the extended coach body

Structural element

Frame elements 219 MPa

(74% of the permissible value)
Side wall framework 135 MPa
elements (46% of the permissible value)
End wall framework 114 MPa
elements (39% of the permissible value)
Roof framework ele- 128 MPa

ments (44% of the permissible value)

(40% of the permissible value)

Design conditions

237 MPa 96 MPa

(80% of the permissible value) (51% of the permissible value)
117 MPa 107 MPa

(40% of the permissible value) (56% of the permissible value)
97 MPa 39 MPa

(33% of the permissible value) (21% of the permissible value)
117 MPa 105 MPa

(55% of the permissible value)

3Standards for the calculation and design of new and upgraded 1,520 mm gauge (non-self-propelled) carriages on railways of
the Ministry of Railways. Effective October 01, 1984. Moscow. VNIIV-VNIIZhT. 1983:260.
4GOST 34093-2017. Passenger cars on locomotive traction. Requirements for structural strength and dynamic qualities. Moscow.

Standartinform. 2017:45.
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Table 2
Stability safety factors for coach body elements

Design Buckling failure Stability factor
| (com- Floor sheet at the 2.22 1.1
pression)  tail end of the
carriage
| (impact) Floor sheet at the 2.75 1.1
tail end of the
carriage
Il (tensile) Roof covering in 2.90 1.3
the middle part of
the carriage
Il (jerk) Roof covering at 2.38 13
the tail end of the
carriage
Il (com- Floor sheet at the 1.61 1.5
pression)  tail end of the
carriage
I Corrugated sheets 2.29 1.5
(tensile) of the floor

Thus, in all the design conditions, the values of
stress in elements are within the permissible limits,
which confirms that the structure is structurally safe
in terms of its strength.

The stability of elements of the extended body was
assessed using the estimated safety factors.

The results summarized in Table 2 have shown a
sufficient safety margin and conformity of the design
to standards.

STATICAND DYNAMICPERFORMANCE TESTING

For the purposes of experimental evaluation of the
developed extended coach design, a preproduction
prototype was fabricated and subject to static and dy-
namic performance testing®.

The purpose of the static tests was to assess the
stress-strain state of elements of the body metal struc-
tures at the reference points upon the exposure to stati-
cally applied compression and tensile loads.

The product was tested at the facilities of TVSRZ
JSC. A special static loading fixture for carriages was
used to create longitudinal forces. Deformations were
registered using resistive strain gauges connected to
a MIC-185 measuring and computing system and the
measurement processes were recorded with a personal
computer. Before the tests, strain gauges correspond-
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ing to the most heavily loaded sections identified by
the preliminary FEM calculations were glued at the
predetermined reference points of load-bearing body
elements. The tests involved applying a static longitudi-
nal force of 1.5 MN (tensile) and 2.5 MN (compression)
via automatic coupler elements with the use of jacks
installed on a loading fixture.

As a result of the static tests of the extended coach
prototype, the maximum stress reached 230.1 MPa in
the central part of the centre sill and 83.1 MPa in the
side sill, which does not exceed the permissible level
0f 293.25 MPa.

At the next stage, the extended carriage prototype
underwent dynamic tests on the Tukimachi-Angren
section. The following results were registered: vertical
dynamics coefficient: 0.24 (with the design and permis-
sible values being 0.21 and 0.35, respectively); stability
factor against wheel derailment: 2.1 (design and per-
missible values: 2.7 and 2.0, respectively); and stability
against overturning: 3.13 (design and permissible val-
ues: 1.92 and 1.4, respectively). As a result, the dynamic
reliability of the design was confirmed.

Testing the impact of the extended coach on the rail-
way track according to GOST 34759-2021 has confirmed
that the track strength characteristics meet regulatory
requirements for the operation of the coach. The tests
were conducted at a temperature of 26-36 °C, humidity
of 16-30 %, and a pressure of 100.2 kPa.

The developed design increases the passenger
capacity compared to the base model (48 seats). In
Class I and II extended coaches, the number of seats
was increased by 50 % to reach 72 seats, and in Class III
coaches, it was increased by 87 % to 90 seats.

CONCLUSION

Thus, the research has shown the effectiveness of
the structural solutions designed to increase the pas-
senger capacity while maintaining the levels of the
carriage strength and safety. The modelling and test-
ing have shown that the developed extended design of
the body with a reinforced frame meets regulatory re-
quirements. The comprehensive approach confirmed
the soundness of the design in terms of strength and
dynamic performance. The optimized interior layout
made it possible to increase the number of seats to 72
(Classes I-II) and 90 (Class III), contributing to better
cost-effectiveness of passenger services. The design has
been successfully adapted to being manufactured by
TVSRZ JSC and to the operating conditions in the Re-
public of Uzbekistan.

5GOST 33788-2016. Freight and passenger railcars. Methods of testing structural strength and dynamic performance. Moscow.

Standartinform. 2016:41.
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AH HOTA M PaccmaTtpurBatoTCs OCHOBHbIE acMeKTbl B3aMMOLEWCTBUS TPAHCMOPTHbIX By30B Poccun m Kntaiickoin Ha-
LL poaHoit Pecnybnvku ons nobiweHUs 3PPeKTUBHOCTHU KeNe3HOAOPOXKHOM 0TPACAMN B YaCTH FPy30BbIX U
MaccaXXupckux nepeBo3ok. AHaNM3 BbIMOHEH C YYETOM TPAaHCMOPTHO-NOMUCTUYECKUX 0COBEHHOCTEN B TOBapOOOMEHEe ABYX CTPaH.
B3aumopeiictBue B chepe rpy3oBbIX U NACCAXKMPCKUX NEPEBO30K OPUEHTUPOBAHO HA PbIHOYHYH KOHBIOHKTYPY. OfHaKo npu 3TOM
He yaensieTcsl LOCTaTOYHOro BHUMaHMUS TOMY, Kak rOTOBUTb CNELMannCcToB A8 PeLleHus HOBbIX 3aaauy. B ycnoBusax nepeopueHTaumm
OCHOBHbIX TPAHCMOPTHbIX NOTOKOB Ha BOCTOK 1 aKTUBHOW 3arpy3ku MexAyHapOAHbIX TPAHCMNOPTHbIX KOPUAOPOB A1 MOBbILLEHUS
3ddeKTUBHOCTM paboTbl TPAaHCMOPTHOIO KOMM/IEKCa ABYX CTpaH TpebyeTcs AanbHelLee pa3BUTHE TPAHCMOPTHbLIX XaboB, CBA3bIBa-
FOLLMX IOTMCTUKY M MOTEHLMAN pa3NNyHbIX BUAOB TpaHcnopTa. [1ns 3Toro Heo6xoAMMO roTOBUTb KBAaNMPULMPOBAHHbIE Kaapbl MO
06wwmm obpasoBaTenbHbIM CTaHAapTaM Agyx ctpaH — Poccuun u KHP. Mpu atom obyuatowmecs — Byaylime cneuuanucTbl — LOMKHbI
NMOHUMaTb CneunduKy reo3KOHOMUYECKOro B3anMOAEeNCTBUSA, XapaKTep Pa3BUTUS TPAHCTPAHMUYHbIX NOFUCTUYECKUX LLEHTPOB, A
TaKXe MMeTb NpeACTaBAeHME O NOJHOM LMKNE NPOM3BOACTBA OT NPOMBILLIEHHOMO 40 TPAHCMOPTHOIO BOM/IOLEHNS B IOFUCTUKE
nepeBo30k. PelweHune 3apaun KpoeTcs B GOPMUPOBAHUM U peanm3aLmm COBMECTHbIX 06pa3oBaTteNibHbIX NporpamM, yuebHbix nna-
HOB OTpacneBbiX y4ebHbIX 3aBefeHUI ABYX CTpaH. [IpMBOMKCKUIA rOCYAAPCTBEHHDbI YHUBEPCUTET NyTei coobLeHns u JIAOHUHCKWIA
YKeNe3HOLOPOXHbIM MHCTUTYT B paMKax COMMalleHns O COTPYLHMYECTBE peann3yT COBMECTHbIe NapTHepckue obpa3oBaTebHble
nporpamMsl. B nepcnektnBe HeobxoaMMa peanvsaLms COBMECTHbIX 06pa3oBaTeNibHbIX MPOEKTOB C 3/1eMeHTaMM MYNbTUKY/bTYp-
HOro noaxona Ans NOArOTOBKM HE TONbKO CTYAEHTOB, HO M paboTatowWwmx CneunanmncTos.

Kn |_OL| EBblE C”O BA, «OAMH NoSC; OOMH MYTb»; XKENe3HOAOPOXKHbIN TPAHCMOPT; TPAHCNOPTHbIE KOPUAOPbI; TPaH-
+ CTPaHWMYHbBIV LEHTP; MHPPACTPYKTYpa; TOBapoobopoT; npodeccMoHanbHoe 0bpasoBaHmne

[nsa uutuposauusa: fapaHund M.A., L33+ LJuHy3toHb. AKTyanbHble acrekTbl B3anMOAENCTBUSN POCCUMCKMX U KMTAWCKKUX obpa-
30BaTeNbHbIX OPraHM3auUni B MHTEpecax oTpacieBoi 3koHoMuku // TpaHncnopt BPUKC. 2025. T. 4. Boein. 3. Ct. 04. https://doi.
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INTRODUCTION

The current global geopolitical and economic situa-
tion makes business entities switch to new target mar-
kets and search for new partners. The economy of the
People’s Republic of China has been an alternative for
Russian businesses and state-owned enterprises for
several years. The potential of this direction became
evident ten years back, when the growing Chinese
economy was in dire need for energy resources and
raw materials for industrial enterprises. China was
able to offer export of manufactured goods, micro-
electronics, and means of production. With the intro-
duction of unilateral discriminatory measures against
Russia by Western countries, the range of Chinese
products became significantly broader. In just a cou-
ple of years, products of the Chinese automotive indus-
try have topped statistics for sales, and Chinese-made
machinery and equipment are being installed at newly
launched and reconstructed facilities in Russia. To en-
sure efficient logistics for merchandise trade between
the two countries, which is growing year after year,
several federal programmes and joint projects in the
transport sector have been developed. Given the length
of land borders between Russia and China, overland
transport modes have good development prospects and
railway transport is most effective in terms of the route
length and large carrying capacity.

No sector of economy can function without skilled
professionals, and institutions of professional educa-
tion are designed to train them. The purpose of this
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article is to review the transport sector from the per-
spective of interaction between Russian and Chinese
educational institutions.

MAIN AREAS AND PROSPECTS
OF DEVELOPMENT OF RELATIONS
IN THE RAILWAY SECTOR

The railway transportation sphere develops
through the implementation of a number of compre-
hensive projects.

As early as 2013, China put forward a strategic ini-
tiative known as “One Belt, One Road” [1]. The main
goal of the project is to strengthen economic ties and
cooperation between China and Eurasian countries.
The project involves the joint development of the
geo-economic infrastructure of Russia and China. The
strategy is based on the development of railway trans-
port and related enterprises: construction of new rail-
way lines, development of adjacent areas and cities,
retrofitting of existing railways lines, etc. Much atten-
tion is also given to transport hubs linking various
modes of transport into a single network structure for
transporting goods and passengers. All these activities
are aimed at making the two economies less depend-
ent on changes in the geopolitical and economic situ-
ation in the world.

The initiative involves the development of several
transport corridors, some of which will almost entirely
run across Russia and others will partially involve oth-
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Fig. 1. Map of the major trans-Eurasian corridors

er countries of the Eurasian Economic Union (EAEU)
(Fig. 1) [2].

Mutual investments of Russia and China are an
important aspect for the development of relations in
the transport sector, as they both provide a significant
inflow of resources to current projects and strengthen
economic and political ties. Optimization of resource
consumption is an equally important advantage of
these initiatives.

In order to develop joint educational programmes,
Russian and Chinese universities have to understand
the specific features and challenges of operation of
the entire railway industry comprising several compo-
nents.

These, in particular, include the following:
Construction of tracks and related infrastructure;
Manufacturing of rolling stock;

Transportation of goods;

Transportation of passengers.

Each of the components is discussed in more detail
below.

CONSTRUCTION AND DEVELOPMENT
OF INFRASTRUCTURE

The implementation of global projects involves the
development of the railway network and related infra-
structure.

In 2022, Nizhneleninskoye-Tongjiang bridge across
the Amur River was opened in the Jewish Autonomous
Region, which is the first cross-border railway bridge
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to China. It is a single-track, dual-gauge railway bridge
capable of accommodating both Russian and Chinese
trains. The project was implemented by the Russian Di-
rect Investment Fund through the Russia-China Fund
(CIC) (with a 56.25% interest in the project company),
RZhD JSC (25%) and VEB.DV (18.75%). The project value
is about RUB 10 billion [3]. The project is the first rail-
way border crossing between the two countries.

However, the bridge crossing over the Amur is far
away from mineral deposits in Central Siberia, there-
fore a more conveniently located facility is needed.
This could be the Zabaikalsk-Manchuria border cross-
ing, and its infrastructure is being actively developed
by both parties [4, 5].

In addition to the construction of new routes, is the
xisitng ones are supposed to be expanded: both those
directly involved in cross-border cooperation and indi-
rectly involving it, but, in particular, those intended for
domestic freight flows.

A potential project here is the construction of two
new railway lines along the following routes:

The North Siberian Railway will have two branches:
from Nizhnevartovsk to Bely Yar in Tomsk Region
and from Tashtagol in Kemerovo Region to Urumqi
in China;

Through the Republic of Tuva to the south across
the Russian border to Mongolia, where the line will
also split into two. One track will run to Erlian in
China and the other will go via Mongolian cities to
Urumgi [6].

The implementation of the new project will help
strengthen ties both with China and with Mongolia.
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Due to a special nature of the development of
cross-border logistics centres, there is a need for train-
ing both engineers and blue-collar workers, and train-
ing programmes in both Russian and Chinese univer-
sities should have common modules and be based on
agreed approaches to the subject matters. Volga State
Transport University and its partners are implement-
ing joint training programmes both for sharing expe-
rience and training professionals for work in related
projects.

The development of transport and logistics infra-
structures is necessary for expanding the network
capacity for accommodating the growing freight and
passenger flows.

ROLLING STOCK PRODUCTION

Rolling stock is the main means of transportation of
goods and passengers. The successful performance of
railways depends on is the availability of a well-devel-
oped mechanical engineering industry. Unfortunately,
the situation with the manufacturing of wagons and
locomotives in Russia is bad.

“In 2023-2025, the supply of new freight wagons
for the Russian Railways network may drop 19.2%
compared to 2020-2022 to 137.6 thousand items. Fur-
ther, in 2026-2028, analysts expect the supply to reach
154.3 thousand items — a 12.1% increase compared to
2023-2025, but this will still be 9.4% below the level
recorded in 2020-2022 (170.4 thousand)” [7].

The withdrawal of European partners of Russian
enterprises [8] leads to need to search for new ones
outside Europe. In this sector, Chinese companies are
quite a promising alternative.

But localization of production is quite a complex
process as such, and in the current situation, Russian
companies also need to revise their product lines and
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either abandon already running projects or develop
new ones. In any case, the achievement of technologi-
cal sovereignty for railway traction vehicles requires
large amounts of financial, production, intellectual and
human resources.

In this regard, there is a clear need for the devel-
opment and implementation of student training pro-
grammes involving foreign teachers and workers of
Chinese enterprises. Internships at both Russian and
foreign enterprises will be a useful aid. However, this
will require developing a comprehensive project that
will need to involve many industry representatives.

Now that we have discussed the issues related to
rolling stock, let us consider those on managing trans-
portation of goods.

TRANSPORTATION OF GOODS

In percentage terms, transportation of goods domi-
nates the overall trade between Russia and China. This
is due to the economic characteristics of the two. With
its enormous need for energy products, China is inter-
ested in importing them, and with its huge reserves of
carbohydrates Russia can supply them in large quanti-
ties. Therefore, the countries have entered into long-
term contracts for the supply of coal, oil and gas.

Apart from energy resources, the Chinese economy
is in dire need for wood for construction and wood-
based industries.

In addition to expanding product types available
for trade, their sales volumes also grow. Table 1 shows
trade statistics in 2015-2023 (in USD million).

In the period in question, merchandise trade be-
tween Russia and China shows a steady upward trend,
which is beneficial for both economies, allowing for di-
versification of the target markets and improving their
resilience to downturns.

Table 1

Dynamics of merchandise trade between Russia and China in 2015-2023, USD million

Exports from

Imports to Russia

Growth rates, %

LG LG Russia to China from China

2015 63,555 34,950 28,605 6,345 100.00 100.00
2016 66,108 38,087 28,021 10,066 104.02 104.02
2017 86,964 48,042 38,922 9,120 131.55 136.83
2018 108,284 52,218 56,066 -3,848 124.52 170.38
2019 110,919 54,127 56,792 -2,665 102.43 174.52
2020 103,969 54,908 49,061 5,847 93.73 163.59
2021 140,703 68,028 72,675 -4,647 135.33 221.39
2022 190,270 114,150 76,120 38,030 135.23 299.38
2023 240,100 129,130 110,970 18,160 126.19 37778
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One of the challenges in logistics of railway services
between the two countries is an unbalanced structure
of merchandise trade. Specifically, while the base of
exports from Russia is resource materials and energy
products which are transported in tank and other spe-
cial-purpose wagons, goods imported from China are
mainly machines, equipment and other finished prod-
ucts for industrial and consumer applications which
are transported in containers. This creates a problem
of empty runs in the opposite direction. Accordingly, it
is necessary to balance the structure of merchandise
trade by product type or design multi-purpose wagons
for a wider range of goods.

All of the above indicates the need for training rail-
way professionals with a mindset conducive to the in-
tegrated development of both transport and logistics fa-
cilities as well as their active interaction with industrial
enterprises for the implementation of joint investment
projects. In addition, academic exchange programmes
for students and teachers will help add more relevant
content to educational programmes and in the long run
will enable young transport specialists to effectively
contribute to programmes for integrated development
of industrial territories both in Russia and in China.
Close contacts between students from the two coun-
tries will enable each student to learn about culture and
mentality of their foreign counterparts, acquire inter-
personal skills in a culturally informed way, and take
a closer look at engineering cultures in both countries.

Although cargo services account for the major
share of the railway traffic between Russia and China,
passenger flows between the two also tend to increase.

TRANSPORTATION OF PASSENGERS

There are several factors contributing to the rapid
growth of passenger services between the countries.
Firstly, it is the low base effect caused by the pandemic
restrictions both in Russia and China. Secondly, a sharp
increase in exchange of goods necessitates a higher fre-
quency of international trips and involves more and
more people in business processes of international
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cooperation. Thirdly, the geopolitical situation contrib-
utes to both economic and socio-cultural integration
of the two countries, switching business and tourism
links from Western Europe to Asian countries and Chi-
na in particular.

Although railway services cannot fully compete
with air passenger transport due to large distances be-
tween Russian and Chinese business and tourist cen-
tres, they play a notable role in international passenger
logistics.

To resolve the present challenges in international
passenger logistics, it is necessary to develop all of its
components, improve the available infrastructure,
raise the quality level of wagons, and train multi-cul-
turally-oriented professionals. This is relevant both for
railway workers and for personnel of related transport
infrastructure companies and organisations.

CONCLUSION

The prospects of Russia—China relations in the field
of transport require building effective interaction
between transport universities in Russia and China.
Since goods are mainly transported by rail, it is railway
transport universities that can make a major contribu-
tion to the development of these processes.

There is a pressing need for training railway sector
professionals, as staffing needs are high both in rail-
way companies and in related sectors.

Any industry develops better when it uses resourc-
es of many institutional entities, especially those from
various leading global economies.

The geopolitical and economic conditions prevail-
ing in the modern world are indicative of a need for
closer convergence of Russia and China. Joint efforts of
the two will help create a synergy in the development
of both the transport sector and related enterprises, or-
ganisations and entire territories.

In this connection, it is necessary to develop and
implement academic exchange programmes both for
students and teachers and railway workers in the two
countries.
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AHHOTA M CynocTpouTtenbHas NpOMbILLIEHHOCTb — BaxKHeMwWwas ans Poccum Tpypoemkas, Kanutanoemkas u Bblco-
I.L KOTEXHONOrMYHAs 0TPaC/b, KOTOPAsi MPOU3BOAMT MPOAYKLMIO A1 BOAHOIO TPAHCMOPTa, MOPCKOTO U Npu-

OGPEXHOro CTPOUTENLCTBA, FOCOOOPOH3aKa3a, A406bI4YM MONEe3HbIX MCKOMAEMbIX, Pbl60S0BCTBA M Ap. [pK 3TOM CErofHs akTyanbHOM

3ajavent sBnseTcs BbisBneHMe HaKTOPOB, NPENSTCTBYIOWMX AOATOCPOYHOMY PA3BUTUIO OTEYECTBEHHOIO CYA0CTPOEHMS U aHaNu3

Mep rocyAapCcTBeHHOM NOAAEPXKKM, HANMPABNEHHbIX HA CHUXXEHUE UX Bo3aencTBUS. CTaTbs NOCBALLEHA UCCIEA0BAHUIO COCTOSHUS

CYyAOCTPOUTENbHOM OTPac/in B POCCUMM U CTpaTernuyeckoMy rocyaapCTBEHHOMY YNPaBIEHUIO elo.

MaTepuranamu nNocayKMnm HopMaTMBHO-NpPaBoBble akTbl P, oduumanbHble CTaTUCTUYECKME AAHHbIE, @ TaKKe paboTbl oTeve-
CTBEHHbIX aBTOPOB. [1py NpoBeaeHUM UCCNe0BaHUS UCMOMNb30BANUCh TAKUE HAYYHble METOAbI, KaK hopMann3aLms, BU3yanmsawus,
CPaBHEHWE, CUHTE3, UHAYKLMS U 0606LLeHNe.

B pabote paccMoTpeHbl MMPOBbIE U OTEYECTBEHHbIE TEHAEHLMM CYAO0CTPOEHMS U OCHOBHbIE €r0 YYAaCTHUKU; BbISIB/IEHbI U
060CHOBaHbI 3HAOreHHbIe (He3PdEKTUBHbIN MEHEIKMEHT; MOpaNibHOEe CTapeHue U hU3nYeckuit usHoc obopynoBaHua 1 GnoTa;
HEeyCTOMYMBOCTb PYHKLMOHUPOBAHUS OTPAC/IM KaK COLMANIbHO-3KOHOMMUYECKOM CUCTEMbI; HEAOCTAaTOYHOE KOMIMYECTBO MMEIOLLMXCS
NpeanpusTMi U UX MOLLHOCTEN AN9 YAOBNETBOPEHUS PACTYLLErO CNPOCa; NMPUMEHEHME YCTApEBLIMX TEXHONOMMIA CTPOUTENBCTBA
CYLLOB; YBEMYEHME K/IHOUEBOWM CTAaBKM U MHPNSLMOHHbIE NPOLECChl) U 3K30reHHble (CAHKLMOHHAN NOAUTUKA HEAPYXKECTBEHHbIX
CTPpaH; Npouecchl fernobanusaumm, poct Yncia MexayHapOoLHbIX NOCPEAHUKOB, USMEHEHUE MEXAYHAPOAHOM IOTUCTUKM U Lieno-
Yyek NocTaBok) hakTopbl, NPENATCTBYOLWME Pa3BUTHIO CyA0CTPOEHMS B CTPAHE; NPOAHaM3MPOBaHbl FOCYAApCTBEHHbIE CTpaTernye-
CKMe AOKYMEHTbI, HAaNpPaB/ieHHbIe Ha PerynMpoBaHue 0Tpac/u B 4OT0- U CPeIHECPOYHOM Nepuoaax, M UX HedoCTaTku; NpoBeLeHa
OLIeHKa YpOBHS (DMHAHCMPOBaHMS 3a CYET roCcyAapCTBEHHOro BloakeTa nccneayemoit chepbi.

B pe3ynbrate npoBeAeHHOro aHanM3a aBTOPbl NPULLAM K BbIBOAY, YTO IHAOTEHHble GaKTOPbl JOMUHUPYIOT HAZ, IK30TEHHbIMU
W NPenaTCTBYIOT faNbHeNMWeMy CTpaTerMyeckoMy pa3BUTUIO UccnenyemMoi otpaciu. C npakTUUeCKon TOUKM 3peHne NpeanoxeH
pan MepPONPUATUIA, HANPaBAEHHbIX HA CHUXXEHWE HEFaTUBHOTO BIINSIHUS BbISIBJIEHHbIX BHYTPEHHWUX GaKTOPOB, @ UMEHHO: BHECEHME
M3MeHEeHUI B 3aKoH «O CTpaTeErMYeckoM nnaHupoBaHum B PO»; yxxecTtoueHue npouenyp MOHUTOPMHIA M KOHTPOASA LLEeNeBoro pac-
XO[0BaHUS CPELCTB M YETKOrO AOCTUXKEHMS NOCTABNEHHbIX CTPATErMUYeCcKMX Lenei 1 3aaay; ycuneHune perynmpoBaHus Bonpoca
MOJIHOW OTBETCTBEHHOCTM BbICLLENO0 MEHEMKMEHTA roCyAapCTBEHHbIX KOPropaLumii 3a NpoBabl U HEAOCTUTHYTbIE NMOCTaBEHHbIE
paHee [OITOCPOYHbIE LLENM U 3343a4M.

Kﬂ I_OLlEBblE CﬂOBA. CYLOCTPOEHUE; CTpaTerMyeckoe rocyaapCcTBEHHOE ynpaBieHMe; pa3BUTUE; SHLOTEHHbIE U
+ 3K30reHHble dakTopbl

[ng uutuposauma: TepewkuHa H.E., XanmypuHa O.A. CynoctpouTenbHas oTpacib Poccuu: coctosiHue 1 npobnembl CTpaTernyeckoro
passutus // Tpancnopt BPUKC. 2025.T. 4. Buin. 3. Cr. 05. https://doi.org/10.46684/2025.3.05. EDN UCFGKN.

INTRODUCTION

Shipbuilding is a modern integrated industry which
manufactures and sells shipbuilding products and sup-
plies mechanical equipment for water transport, off-
shore construction projects, state defence procurement
programme, and other sectors. It plays an important
role and is essential for employment promotion, in-
creasing export trade, provision of coastal areas, and
defence security. It is also a labour- and capital-inten-
sive industry crucial for the development of mining
and manufacturing industries, such as resource survey
and mining, electromechanical, steel, chemical, ship re-
pair and fishing industries, software, telecommunica-
tions, and navigation.

Besides being the world’s largest territory, Russia
has 38.8 thousand km of maritime borders, 44 thou-

sand km of the overall coastal line of its borders, and
101.5 thousand km of inland waterways, 78% of them
mainly used as a channel for delivery of goods and pas-
sengers, with 53.4 thousand km used for provision of
residents of the Far North.

The materials used for this study include regulatory
legal acts of the Russian Federation, official statistics,
and works by Russian scholars. The study uses scien-
tific methods such as formalization, visualization, com-
parison, synthesis, induction, and generalization.

FINDINGS

The last decade has seen a decline in the world’s
shipbuilding industry compared, for example, with
2010-2012, and consequently, increasing operational
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Table 1
Total number and growth rates of output of ships and vessels with a displacement of over 50 thousand tonnes built
in Russia [2]

Quantity, ships

Growth rates, % 100.0 95.04 6418 116.28

lives of existing ships while toughening environmental
requirements to them?.

World prices in the shipbuilding sector have been
consistently growing. In 2023, the annual price index
for new ships reached 178, showing a 10.2% increase at
the end of the year. At the same time, the annual price
index for used ships was 149 points, indicating a slight
(2%) increase over the year.

The number of orders for new ships increased
from 100.5 million DWT in 2022 to 116.5 million DWT
in 2023. The number of ships built in 2023 also in-
creased to 81.1 million DWT (1,301 ships) as compared
to 79.1 million DWT (1,294 ships) in 2022. The global
building programme increased from 243 million DWT
at the end of 2022 to 277.3 million DWT at the end of
2023, which accounts for 12.5% of the active fleet.

2023 also saw a great number of transactions in the
used ship market: 3,805 ships (205 million DWT). This is
slightly fewer than in 2022, when 4,301 ships (216 mil-
lion DWT) were sold®.

The major players in the global competition in the
shipbuilding industry are China, Japan and South Ko-
rea, while Europe and developing shipbuilding econo-
mies (such as Vietnam and the Philippines) have small-
er market shares. China demonstrates absolute control
over the market of bulk carriers, oil tankers and car
carriers, while South Korea plays the most prominent
role in the LNG carrier segment.

Overall, China has been the leader in global ship-
building for 14 years in a row. In 2023, China’s com-
pleted shipbuilding output was 42.32 million DWT
(an 11.8% growth compared to the same period of the
previous year) and the number of new orders received
was 71.2 million DWT (plus 56.4%).

As of the late December 2023, the number of or-
ders on hand was 139.39 million DWT, which is 32%
more than a year earlier. In particular, in 2023, Chi-
na completed the construction of 34.53 million DWT
of ships for export (plus 12.6%). Orders for export

141 134 89 100 122 101 108 94 82 112 125

122.0

Period

8279 10693 87.04 8723 136.59 111.61

ships received amounted to 66.51 million DWT (plus

64.1%), and export orders for ships were 130.15 mil-

lion DWT (plus 36.7%). Export vessels accounted for

81.6%, 93.4%, and 93.4% of the country’s completed

shipbuilding orders, new orders, and orders on hand,

respectively*.

Territorially, the Northwestern Federal District ac-
counts for the largest number of shipbuilding enter-
prises and output in Russia: 45% and 61.1% of Russia’s
total number and output, respectively.

The following state associations control 90% of the
entire industry:

e Civil shipbuilding: United Shipbuilding Corporation
JSC (hereinafter “OSC JSC”), Ak Bars Shipbuilding
Corporation JSC, Modern Shipbuilding Technolo-
gies JSC, Centre for Shipbuilding and Ship Repair
Technology JSC, and Marine Instrument Engineer-
ing Corporation JSC;

e Military shipbuilding: Rostec State Corporation
(Remvooruzhenie JSC), Almaz-Antey Concern JSC,
Tactical Missile Weapons Corporation JSC.
According to the Ministry of Industry and Trade, in

2024, the industry comprised 440 organisations, includ-

ing 332 industrial enterprises, 88 design bureaus and

research and development organisations, and 20 other

service-related companies [1].

Table 1 shows changes in the amount and growth
rates of output in civil and military shipbuilding over
the last 11 years.

Despite the increasing total number of ships and
vessels with a displacement of over 50 thousand tonnes
commissioned in 2024 by 43 ships or 1.5 times to reach
125 against 82 in 2022, the majority of ships built were
small-capacity ones. At the same time, in the recent
years in Russia, commissioning of large-capacity (over
100 thousand tonnes) vessels demonstrated a particu-
larly dramatic decline [3].

It is very difficult to identity sustainable long-term
targets for building ships in Russia. For example, in

22024 Review of maritime transport. Chapter II. World shipping fleet and services / unctad. URL: https://unctad.org/system/files/

official-document/rmt2024ch2_en.pdf

3 Shipping and Shipbuilding Markets, 2024 / BRS Group. URL: https://itdresources.interactiv-doc.fr/catalogues/annual re-

view_2024_668/galeries/1711537990annual_rev.pdf

42023 FMM T LZ5FiZTIRE // URL: http://lwzb.stats.gov.cn/pub/lwzb/bztt/202405/W020240527578179701223.pdf
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2023, the Ministry of Industry and Trade adjusted the

shipbuilding plan to 985 ships (which will include

93 medium-capacity and 60 large-capacity ones) by

2035 against the previous target of 1,101 ships, clarify-

ing that the number of ships to be built under govern-

ment-sponsored programs will not change.

Following a meeting between the President of Rus-
sia and the Government on March 14, 2024, instruc-
tions were issued to re-update the Long-term Ship-
building Plan until 2035 and the Strategy for the De-
velopment of the Shipbuilding Industry for the Period
until 2035 approved on October 28, 2019. As of the
early 2025, no changes to the above mentioned Plan
and Strategy were made.

The Chairman of the Government reported that the
Long-term Shipbuilding Plan until 2037 includes build-
ing 1,700 civilian ships. Besides, in the early 2025, the
Integrated Plan for the Achievement of National Devel-
opment Goals of the Russian Federation until 2030 and
in the Longer Run until 2036 was posted on the Govern-
ment’s website. According to the Plan, 105 ships are to
be built in 2025 and the number will gradually increase
to 638 ships by 2030°.

It should be noted that strategically, frequent ad-
justments are undesirable, as they make the operation
of all industry stakeholders less stable.

The key challenges faced by the industry include a
number of endogenous and exogenous factors ham-
pering the development of shipbuilding in Russia. The
authors believe that endogenous factors prevail over
€X0genous ones.

Accordingly, the consequences of internal mistakes
and blunders made in the industry after the collapse
of the USSR should be corrected in an elaborate and
careful manner. Exogenous factors can potentially
give a boost for increasing the country’s own diverse
and unique production, forming key competencies in
staff and increasing competitiveness of products in
the future.

The following can be referred to negative endog-
enous factors in the shipbuilding industry:

e Ineffective management. The most outstanding
example here is loss-making performance of OSK
JSC, resulting in the appointment of a new CEO and
new board of directors in August 2023 and placing
100% of its shares under management with VTB
PJSC for five years. The latter is also a somewhat
questionable solution, as the bank’s representatives
are geared to fast growth of business profitability,
which is impossible in the current situation, not to
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mention that they lack expertise in shipbuilding.
There are a lot of cases in the economy when top
managers failed to take account of all the specific
aspects of unrelated diversification, leading to loss-
es and abandonment of the business acquired.
Obsolescence and physical depreciation of both
equipment at enterprises and the fleet itself, and
the need to modernize them promptly and thor-
oughly [4]. The industry features a high degree of
deterioration of workshop premises, launch and re-
covery systems, and slipways at shipyards, as well
as bottlenecks in production processes [5]. For ex-
ample, an audit of OSK JSChas found that the com-
pany still uses the equipment produced in Germany
in 1932. An illustration of the technical condition of
Russian companies’ fleet and its operation beyond
all reason is a recent tragic incident (and not the
first case) with casualties and significant regional
environmental damage in the Kerch Strait, where
the Volgoneft 212 fuel oil tanker (launched at the
Volgograd Shipyard 56 years ago on December
15, 1969) was damaged and ran aground and the
Volgoneft 239 tanker (in operation for more than
50 years) was damaged and went adrift during a
storm on December 15, 2024. In general, the aver-
age period of operation of a ship in the Russian fleet
is about 40 years.

Unstable operation of the industry as a system as a
whole. The Ministry of Industry and Trade clearly
states that Russia’s shipbuilding industry has been
in transformation for the last decade [1], which is
quite a long period of time which could have in-
cluded the completion of a few investment cycles
for innovative development. Moreover, researchers
note that the industry had reached a critical state by
the end of 2023 [6].

The number of enterprises and capacities is inade-
quate for meeting the growing demand from trans-
port companies. Expert estimates show that ship-
builders meet only 6% of the domestic demand for
products [6]. The shortage of large-capacity ships
is particularly high, as there are no production fa-
cilities for building such vessels and they cannot be
added quickly. Russian ship owners acquire ships
abroad. For example, eight new sea vessels were
bought in 2022 and ten ships were acquired in 2023¢
[7]. According to experts, every month the Russian
shadow tanker fleet is replenished with 10 vessels,
most often used ones. By the end of 2024, this ac-
counted for 9% of the global market [8]. The major-

5The Unified Plan for the Achievement of the National Development Goals of the Russian Federation for the Period until 2030
and in the Longer Run until 2036. URL: http://static.government.ru/media/files/ZsnFICpxWknEXeTfQdmcFHNei2FhcROA.pdf
5 Analysis of deliveries of vessels for sea transport fleet in 2023 / Central Marine Research and Design Institute (TSNIIMF).

21.03.2024. URL: https://cniimf.ru/press-tsentr/news/1790/
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ity of studies note that the industry is expected to be
highly overloaded in 2025-20307 and will be unable
to fully meet the domestic demand [9].

e Use of outdated shipbuilding technologies with a
significant production cycle and high cost of re-
sources used [10]. The authors [9] emphasize that
the Russian shipbuilding industry has almost no
large-scale production where each order at a ship-
yard represents a unique, one-off product that has
not been manufactured before and is unlikely to
be ordered again. This makes the ship construction
period longer, results in flaws during the ship crea-
tion process, etc. The level of automation is 7-9%
(while in South Korea it is about 70%). It would be
relevant to accelerate digitalization, i.e. to switch
to Shipbuilding 4.0 using domestic software, which
is almost non-existent given the specifics of the in-
dustry.

e Lack of highly skilled personnel. In 2023, the me-
dian wage in the industry was RUB 85,000 [11]. Ap-
parently, industry offers quite difficult working con-
ditions, especially for blue-collar jobs, and because
of this non-competitive level of pay many specialists
fulfil their potential in other, more comfortable oc-
cupations. Also worth noting is the existing uneven
distribution of vacancies, the majority of which are
found in certain regions (such as St. Petersbhurg, the
Udmurt Republic, Primorsky Krai, Moscow, and
Chelyabinsk Region).

e Growth of the key interest rate and inflation pro-
cesses. In 2022-2024, the key interest rate of the
Bank of Russia grew from 8% to 21%, i.e. 2.6 times,
leading to an increase in the average weighted in-
terest rates offered by credit institutions and an in-
crease in loan debt. Hence, this directly affects the
efficiency of lending which businesses need due to a
significant duration of the building process. Official
statistics show that the inflation rate was 11.92% in
2022, 7.42% in 2023, and 9.52% in 2024. Therefore,
the financial resources budgeted both in the state
budget and by shipbuilding companies turn out to
be insufficient due to monetary depreciation, and
when it comes to purchasing necessary equipment
abroad, the cost of the currency for the purchase is
steadily increasing. Inflation also affects the growth
of the final cost of a ship.

Some of the key exogenous factors hampering the
development of the industry include the following:
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e Sanctions policy of unfriendly countries. In 2022,
many European shipyards had to stop working
with Russian shipbuilding and related companies.
This mainly led to a decrease in supply of necessary
equipment and parts. At the same time, this affect-
ed civil shipbuilding, but almost had no effects on
military shipbuilding. In 2024 alone, the sanctions
list was extended to include the following prohibi-
tive measures: May 1: the U.S. Treasury’s SDN List
included shipbuilding projects of NOVATEK PJSC;
June 12: the U.S. sanctions restricting access to soft-
ware and specifically affecting more than 10 legal
entities; June 25 and December 16: the 14th and
15th packages of EU sanctions aimed at a number of
defence enterprises, shipping companies and sup-
plies of products required for production.

e Deglobalization processes, the increasing numbers
of international intermediaries, changes in interna-
tional logistics and supply chains, which result in
the increase in financial and time resources, lead-
ing to ships standing idle in docks waiting for neces-
sary equipment and so on.

It is evident that in the current difficult conditions,
the government should devote much attention to ship-
building and provide appropriate financial support to
the industry given its paramount strategic importance.
This can take the form of the following operational
measures:

e Subsidizing the construction of large-capacity ships;

e Financing some costs of disposing of and replacing
old ships;

e Using financial leasing mechanisms for fleet re-
newal;

e Developing new marine equipment and moderniza-
tion of enterprises.

Let us take a closer look at strategic documents
aimed at developing and supporting the shipbuilding
industry at the national level. According to Federal Law
No. 172-FZ dated June 28, 2014 “On Strategic Planning
in the Russian Federation”, Article 11, these documents
include the Annual Presidential Address to the Federal
Assembly, industry-specific strategic planning docu-
ments in terms of goals setting, and national projects
(hereinafter “NPs”) and government-sponsored pro-
grammes (hereinafter “GPs”) in terms of planning and
programming?.

The main areas of state policies for solving systemic
socially significant problems are often set out in the

"Report on research “Studying the possibilities and limitations of the development of the shipbuilding (cargo and fishing ves-
sels), ship repair and related industries in the context of sanctions pressure” / FANU VOSTOKGOSPLAN. Moscow, 2024. 413 p.
URL: https://vostokgosplan.ru/wp-content/uploads/issledovanie-vozmozhnostej-i-ogranichenij-razvitija-sudostroitelnoj-i-sudo-

remontnoj-otraslej-v-uslovijah-sankcij-nir.pdf

8Federal Law No. 172-FZ dated June 28, 2014 “On Strategic Planning in the Russian Federation” / Official website of legal infor-

mation. URL: www.pravo.gov.ru.
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Concepts. For example, the draft of a new Concept for
the Development of the Shipbuilding Industry in Rus-
sia, which is being worked on by the Krylov State Scien-
tific Centre, is due in November 2026. Besides, this re-
search centre has won a tender for the development of
regulatory documents for standardization of shipbuild-
ing, which currently count more than 3,000 documents.
A separate law to regulate the industry is planned to be
formulated by the end of 2025.

Meanwhile, it should be emphasized that the Con-
cept is not mentioned in the Law “On Strategic Plan-
ning in the Russian Federation” as a strategic planning
document. From the legal viewpoint, this does not
allow for using it as the main regulatory act for stra-
tegic public management practices. Therefore, given
that there are a number of various Concepts in force,
there is a need for amending the Law. For example,
the term “Concept” was established in the Federal Law
No. 115-FZ dated July 20, 1995 “On State Forecasting
and Programmes for Socio-Economic Development of
the Russian Federation”, which has been in force since
1995.

In his Presidential Address to the Federal Assem-
bly on February 29, 2024, Vladimir Putin, among other
things, touched upon aspects of the development of
transport in general and shipbuilding in particular.
Thus, an emphasis was placed on reducing imports
and switching to domestic production of vehicles. The
completion of NOVATEK PJSC’s investment project to
create the Murmansk Centre for Construction of Large-
Capacity Marine Structures in the village of Beloka-
menka was highlighted as a large-scale achievement.
The President emphasized the need for modernizing
the backbone network of inland waterways and paid
special attention to the development of the Northern
Sea Route.

The document “On the Transport Strategy of the
Russian Federation until 2030 with a Forecast until
2035” sets out strategic goals for the development of
the entire transport sector of Russia and those related
to spatial connectivity and accessibility, increasing mo-
bility of population, volumes and speeds of cargo tran-
sit, digital and low-carbon transformation®. Based on
the results of the 2023 Report on the Implementation of
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the Transport Strategy, it should be noted that the per-
formance indicators of the sea transport and seaports
for the most part tend to increase compared to 2022,
which is not the case with those on the performance of
inland water transport and river ports'.

The Strategy for the Development of the Shipbuild-
ing Industry for the Period until 2035 contains the
main strategic goal for the formation of relevant ship-
building products, along with the relevant tasks and
priorities’. But in terms of strategic management, any
strategy requires timely adjustment due to changes in
external and internal factors which, as noted above,
changed significantly in 2022-2024 alone.

The Strategy for the Development of the Shipbuild-
ing Industry for the Period until 2035 was adopted in
2019 and its only amendment was dated October 21,
2024, and it is not related to the current realities in
the industry. The authors’ research [12] based on the
forecasting results has shown that effects of the cur-
rent trends will not allow the industry to achieve the
targets for the shipbuilding industry planned in the
Strategy. The relevance of adjustment of this docu-
ment is also emphasized in a research report*? and in
the Presidential Instruction to the Government dated
March 14, 2024.

Besides, certain aspects of shipbuilding develop-
ment are found in a fairly large number of other strate-
gic government documents. For example, the Strategy
for the Development of the Arctic Zone of the Russian
Federation and Ensuring National Security until 2035
deals with issues related to the development of the Arc-
tic and the Northern Sea Route.

The government-sponsored programme “The De-
velopment of Shipbuilding and Equipment for the
Development of Offshore Deposits” (GP-18) approved
on April 15, 2014 divided the implementation period
into two stages: Stage I in 2013-2021 and Stage II in
2022-2030. The document contains goals and indi-
cators that are almost completely the same as those
stated in the Strategy for the Development of the Ship-
building Industry until 2035. However, GP-18 does
not take into account the objective referred to in the
Transport Strategy for the construction and commis-
sioning of more than 1,000 passenger and cargo ves-

9“On the Transport Strategy of the Russian Federation until 2030 with a Forecast until 2035”, approved by Order of the Govern-
ment of the Russian Federation No. 3363-r dated November 27, 2021. URL: https://docs.cntd.ru/document/727294161

19Report on the Implementation of the Transport Strategy of the Russian Federation until 2030 with a Forecast until 2035. Report-
ing period: 2023 / Ministry of Transport of the Russian Federation. URL: https://mintrans.gov.ru/documents/11/13540?type=11

1 Strategy for the Development of the Shipbuilding Industry for the Period until 2035, approved by Order of the Government of
the Russian Federation No. 2553-r dated October 28, 2019. URL: https://docs.cntd.ru/document/563615576

12Report on research “Studying the possibilities and limitations of the development of the shipbuilding (cargo and fishing ves-
sels), ship repair and related industries in the context of sanctions pressure” / FANU VOSTOKGOSPLAN. Moscow, 2024. 413 p.
URL: https://vostokgosplan.ru/wp-content/uploads/issledovanie-vozmozhnostej-i-ogranichenij-razvitija-sudostroitelnoj-i-sudo-
remontnoj-otraslej-v-uslovijah-sankcij-nir.pdf
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Table 2
Financial provision of GP “The Development of Shipbuilding and Equipment for the Development of Offshore Deposits”,
RUB million!*4

FP “Production of Ships and Marine Equipment”

FP “Stimulating Demand for Domestic Shipbuilding
Products”

FP “Development of Large-Capacity Shipbuilding”
DP “A New Look of the Shipbuilding Industry”
Total

sels to replace retired worn-out and obsolete ships in
2019-2035. Besides, the Programme was not adjusted
to be in line with the Presidential Address. In gen-
eral, the monitoring of GP-18 in 2022-2023 showed
the achievement of its targets's. Budget allocations to
structural elements of the Programme in the form of
national, federal (FP) and departmental projects (DP)
are shown in Table 2.

As can be seen in Table 2, from 2026 onwards, it is
planned to significantly increase funding for GP-18: by
more than 2 times, and in 2027 it will be increased by
3.5 times compared to 2025. But, for example, in 2023,
a much larger amount of budget funds was spent on
the Programme than planned for 2025. It should also
be noted that initially, the amount allocated for 2023
was almost 2 times less, but it was increased during
the year.

GP “Environmental Protection” contains FP “The
Development of Research and Distant-Water Fleet”,
allocations to which are planned at RUB 6,341.7 mil-
lion in 2025, RUB 3,916.6 million in 2026, and RUB
9,941.7 million in 20277,

The data on allocations from the budget for the de-
velopment of military shipbuilding is classified infor-
mation and therefore cannot be included in this study.

The state budget for 2025-2027 provides for fund-
ing of R&D activities, including their systemic, analyti-
cal and expert support, operations to modernize pro-
duction facilities, and subsidies for shipbuilding com-
panies and related enterprises.

29,649.5

18,187.0
207.0
48,043.5

Period

28,156.3 57606.7 98,329.7
31,791.0 135.5 135.9 135.9
6,557.9 0 0 0
207.0 0 0 0
38,555.9 28,291.8 57,742.6 98,465.6

CONCLUSION AND DISCUSSION

As follows from the data presented above, the total
planned amount of state funding for civil shipbuild-
ing in Russia within the framework of the above-men-
tioned GPs and NPs in 2025-2027 will be at least RUB
204.7 trillion. A fairly large portion of the budget will
also be allocated to military shipbuilding within the
framework of the defence procurement programme,
which will have a positive effect on both the industry
and its related areas.

Based on strategic positions, in general, we can
state that the government pays quite significant atten-
tion to the industry both in terms of financial support
and its long-term planning and further development.
However, the authors believe that a number of addi-
tional actions need to be taken to improve the public
management processes to manage the development of
shipbuilding.

1. The first aspect involves finalizing the Law “On
Strategic Planning in the Russian Federation”. From the
perspective of strategic management, planning is only
one of its stages. Accordingly, a sound strategic public
management process should not only include planning
as an element, but also operational management itself
including control and assessment of the implementa-
tion of strategies as its component parts. The Law con-
tains generalized procedures for monitoring and con-
trol of strategies, i.e. the document is much broader
than its title. But these procedures lack detail and their

130pinion of the Accounts Chamber of the Russian Federation on the 2023 Federal Budget Performance Report. URL: https://ach.
gov.ru/upload/iblock/408/1ya157v6llliuulgrbvgzpnnb4nlnewb.pdf
14Federal Law No. 419-FZ dated November 30, 2024 “On the Federal Budget for 2025 and for the Target Period of 2026 and 2027”.

URL: http://actual.pravo.gov.ru

15Opinion of the Accounts Chamber of the Russian Federation on the 2023 Federal Budget Performance Report. URL: https://ach.
gov.ru/upload/iblock/408/1ya157v6llliuulgrbvgzpnnb4ninewb.pdf
16Federal Law No. 419-FZ dated November 30, 2024 “On the Federal Budget for 2025 and for the Target Period of 2026 and 2027”.

URL: http://actual.pravo.gov.ru
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implementation mechanisms are not specified, which
leads to ambiguity in understanding them in practical
terms. It is necessary to have a legislated procedure
in place for timely adjustment of adopted Strategies
following both external and internal changes. In addi-
tion, as stated above, the Law should include the term
“Concept”.

2. It is necessary to tighten procedures to monitor
and control spending of special-purpose funds and en-
sure efficient achievement of the strategic goals and
objectives set. In the late 2024, the President of Rus-
sia instructed the Accounts Chamber to audit the com-
pleted NPs operated in the period from 2019 to 2024 by
June 01, 2025"". It is the first time that such a large-scale
audit has been undertaken (previously, monitoring
procedures of this kind were only carried out as part of
criminal cases) and it will identify systemic problems
and flaws in the implementation of government-spon-
sored projects, which will result in the adjustment of
a number of legislative and regulatory acts, beginning
with the Law “On Strategic Planning in the Russian
Federation”. In order to improve these procedures dur-
ing the implementation of the existing strategic docu-
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ments, it is also necessary to consistently reduce their
overall numbers. As of the end of 2024, the “Manage-
ment” State Automated Information System (GAIS) has
a document register with about 59,000 regulatory and
legal acts on strategic planning of all levels. Obviously,
many of these documents are not interrelated and it
is extremely difficult to effectively and timely monitor
the achievement of strategic goals and objectives set
out in such a number of documents.

3. In strategic management of the corporate sector,
full responsibility of top management members for
failures and non-achievement of long-term goals and
objectives set earlier is clearly regulated. In strategic
public management, this aspect also requires more
transparency, detail and consistency in toughening
punishment both for civil servants and heads of state
corporations and companies with state participation.

We would also like to note that the historical experi-
ence of the post-war USSR in shipbuilding shows that
Russia is able to stay focused, overcome all negative
endogenous factors, and restore its technological lead-
ership in this industry, which is a strategic necessity in
the present context.

REFERENCES

1. Russian shipbuilding today and tomorrow / Department of
shipbuilding industry and marine engineering of the Ministry of In-
dustry and Trade of Russia. June 26, 2024. Marine Collegium. URL:
https://marine.org.ru/upload/iblock/5f1/irnfb5z92d6046gq6t-
kOgopdxtdubsgh.pdf. (In Russ.).

2. Russian shipyards increased the number of delivered ves-
sels by 36%, INFOLine notes. 28.02.2024. URL: https://infoline.spb.
ru/news/index.php?news=284501&ysclid=Iv4n421tmf942657874.
(In Russ.).

3. Sidorov A. Shipbuilding of Russia: the fleet is counted in the
fall. Maritime News of Russia. 21.11.2024. URL: https://morvesti.
ru/analitika/1692/112715/. (In Russ.).

4. Kvasnikova E.A. Macroeconomic determinants of the
civil shipbuilding development: global trends and prospects
of Russian manufacturers. Russian Journal of Innovation Eco-
nomics, 2022;12(3):1817-1832. URL: https://doi.org/10.18334/
vinec.12.3.115077. EDN VPPLVH. (In Russ.).

5. Konovalov S. There are many problems in shipbuilding. We
will solve them together / Mediadeck. 26.02.2024. URL: https://pa-
luba.media/news/71450. (In Russ.).

6. Sergeev K. Shipbuilding in Russia: from program to plan.
Shipbuilder. 30.05.2024. URL: https://www.korabel.ru/news/
comments/sudostroenie_rossii_ot_programmy_-_k_planu.html.
(In Russ.).

7. Specialists of JSC Central Research and Design Institute of
the Marine Fleet conducted an analysis of deliveries of sea transport
vessels for domestic ship owners in 2022 / Central Research and
Design Institute of the Marine Fleet. 17.03.2023. URL: https://cni-
imf.ru/press-tsentr/news/1632/#anc1. (In Russ.).

8. Shchukin P. The growth of the Russian shadow fleet of tank-
ers has been calculated. Lenta. 17.12.2024. URL: https://lenta.ru/
news/2024/12/17/prirost/. (In Russ.).

9. Savchenko 0.V, Polovinkin V.N. The current state, problems
and prospects of domestic commercial shipbuilding. Transactions
of the Krylov State Research Centre. 2022;3(401):152-164. DOI:
10.24937/2542-2324-2022-3-401-152-164. EDN KQCNFY. (In Russ.).

10. Kozhina E.V,, Schislyaeva E.R. Key problems on the way
of digital transformation of Russian shipbuilding. Beneficium.
2023;1(46):DOI: 10.34680/BENEFICIUM.2023.1(46).28-35. (In Russ.).

11. “The labor shortage will remain a fundamental problem
of the labor market in 2024" — the results of 2023 in the country’s
shipbuilding industry. Media deck. 02.02.2024. URL: https://paluba.
media/news/69112. (In Russ.).

12. Tresoruk A.A., Frolov I.E. Long-term development of Rus-
sian shipbuilding taking into account the processes of diversifi-
cation of defense industries: model and forecast. Problems of
forecasting. 2020;6(183):119-128. DOI: 10.47711/0868-6351-183-
119-128. (In Russ.).

7The Accounts Chamber announces 113 activities to audit completed national projects // Vedomosti 11.02.2025. URL: https://
www.vedomosti.ru/society/articles/2025/02/11/1091324-schetnaya-palata-anonsirovala-113-meropriyatii

ECONOMICS OF INTERNATIONAL TRANSPORT AND LOGISTICS: INTELLIGENT AND DIGITAL SOLUTIONS AND PRACTICES



RiiCE TRANSPORT

VOL. 4 ISSUE 3 2025

Nataliya E. Tereshkina, Ol'ga A. Khalturina

Shipbuilding industry of Russia: State and problems of strategic development

JINTEPATYPA

1. Poccuitckoe cygocTpoeHune cerogHsa n 3astpa / Jenapta-
MEHT CyJOCTPOUTEIbHOW NMPOMbILLIEHHOCTU U MOPCKOWM TEXHWUKM
MwuHnpomTopra Poccuu. 26 utoHa 2024 r. // Mopckas konnerus.
URL: https://marine.org.ru/upload/iblock/5f1/irnfb5z292d60469q6
tkOqopdxtdubsgh.pdf.

2. Poccuiickne Bepdu yBENUUMIN YUCNO CAAHHBIX CYAOB Ha
36%, otmeyatoT B INFOLine // INFOLine. URL: https://infoline.spb.
ru/news/index.php?news=284501&ysclid=lv4n421tmf942657874.

3. Cugopos A. CypocTtpoeHue Poccuu: GpnoT no oceHn cunta-
toT // Mopckue BecTu Poccuu. 21.11.2024. URL: https://morvesti.
ru/analitika/1692/112715/.

4. KacHukoBa E.A. MakpOo3KOHOMUYeCKne feTepMUHaHTbl
pa3BUTUSI TPaXKJaHCKOro CYAOCTPOEHUS: MUPOBbIE TPEHAbI U
nepcrneKTUBbl POCCUNCKUX Npou3BoanTenei // Bonpocbl MHHO-
BaLMOHHON 3KOHOMMKM. 2022. T. 12. N2 3. C. 1817-1832. DOI:
10.18334/vinec.12.3.115077. EDN VPPLVH.

5. KoHoBasios C. [po6nemM B CyAOCTPOEHMU MHOrO. Peluatb
ux 6yaem Bmecte // Mepuanany6a. 26.02.2024. URL: https:/
paluba.media/news/71450.

6. CepreeB K. CygocTpoeHue Poccun: oT nporpammbl — K
MnaHy // Kopa6en. 30.05.2024. URL: https://www.korabel.ru/news/
comments/sudostroenie_rossii_ot_programmy_-_k_planu.html.

7. Cneumanuctbl AO «LUHUMM®» npoBenun aHanms noctaBok
CYA0B MOPCKOro TPAHCMOPTHOro (GioTa AN 0TeYECTBEHHbIX CY-

Bionotes

nosnagenbues 3a 2022 rog // UHUMM®. 17.03.2023. URL: https://
cniimf.ru/press-tsentr/news/1632/#anc1.

8. WykwnH T1. MoAcyMTaH NPUPOCT POCCUNCKOro TEHEBOrO
dnoTa TaHkepoB // NlenTta. 17.12.2024. URL: https://lenta.ru/
news/2024/12/17/prirost/.

9. CaByeHko 0.B., lMonoBuHknH B.H. CoBpeMeHHOe co-
CTOsIHME, NPO6aEMbl U NEPCNEeKTUBLI Pa3BUTUS OTeYeCTBEH-
HOro rpaxgaHckoro cygoctpoenus // Tpygbl Kpbinoscko-
ro rocyfapCTBEHHOro Hay4yHoro ueHTpa. 2022. N2 3 (401).
C. 152-164. DOI: 10.24937/2542-2324-2022-3-401-152-164.
EDN KQCNFY.

10. KoxuHa E.B., Cuncnsieea E.P. KntoueBble npo6nembl
Ha MyT¥ undpoBon TpaHchopMaLUM POCCUINCKOro Cy[OCTpO-
eHus // Beneficium. 2023. N2 1 (46). C. 28—-35. DOI: 10.34680/
BENEFICIUM.2023.1(46).28-35.

11. «[deduunt KagpoB octaHeTcs dhyHAAMeHTanbHOW Mnpo-
6nemoit pbiHka Tpyaa B 2024» — utorn 2023 roga B CyAoCTpo-
UTenbHOW oTpacnu ctpaHbl // Meaunanyba. 02.02.2024. URL:
https://paluba.media/news/69112.

12. Tpecopyk A.A., ®ponos MN.3. [lonrocpoyHoe pa3Butue
POCCUICKOro CyO0CTPOEHMSA C YHETOM NpOLeCcCoB AnBepcudrka-
LMK 060POHHbIX OTpacsien: Mogesb U NporHos // Mpo6nembl Npo-
rHo3upoBaHus. 2020. N2 6 (183). C. 119-128. DOI: 10.47711/0868-
6351-183-119-128.

Nataliya E. Tereshkina — Cand. Sci. (Econom.), Associate Professor, Associate Professor of the Department of Transport Man-
agement; Siberian Transport University (STU); 191 Dusi Koval’chuk st., Novosibirsk, 630049, Russian Federation; SPIN-code:
6214-4430, RSCI ID: 879602, ResearcherID: ABT-9293-2022, ORCID: 0000-0002-1303-8871; phd_76@mail.ru;

Ol’'ga A. Khalturina — Cand. Sci. (Econom.), Associate Professor, Associate Professor of the Department of Information
and Analytical Support and Accounting; Novosibirsk State University of Economics and Management (NSUEM); 56 Ka-
menskaya st., Novosibirsk, 630099, Russian Federation; RSCI ID: 709077, SPIN-code: 8402-0899, ORCID: 0000-0001-6264-3042;

olga_andre@mail.ru.

06 aBTOpax

Haraysus EBreHseBHa TepemIKknmHa — KaHAUAT 9KOHOMUYECKUX HAyK, JOLEeHT, JOLleHT Kadenphl «MeHeP>KMEeHT Ha
TpaHCIIopTe»; CHOMPCKHH rocy/fapCTBeHHBIN YHUBepcUTeT nyTei coobmenusa (CI'VIIC); 630049, Poccus, T. HoBocHOUPCK,
yi1. lycu KoBasibuyk, 1. 191; SPIN-koz;: 6214-4430, PUHIT ID: 879602, ResearcherID: ABT-9293-2022, ORCID: 0000-0002-1303-8871;

phd_76@mail.ru;

Osibra Ass0epToBHA XaATypUHA — KaHAUAAT 9KOHOMUYECKHUX HayK, JOLIEHT, LOoLeHT Kadeapsl THPopMaIioHHO-aHaIH-
THUUYeCKOro obecliedeHUsI ¥ 6yXrajTepcKoro yuera; HOBOCHOHPCKHUIL rocyfapCTBEHHBINH YHUBEPCUTET 3IKOHOMUKH M yIIpaB-
aenust (HI'YIYV); 630099, Poccus, r. HoBocubupck yiui. KameHckas, x. 56; PUHII ID: 709077, SPIN-kox;: 8402-0899, ORCID: 0000-

0001-6264-3042; olga_andre@mail.ru.

Contribution of the authors: the authors contributed equally to this article.

The authors declare no conflicts of interests.

3asBNeHHbIN BKNAA dBTOPOB: BCE aBTOPbI caenann 3KBMBANEHTHbIN BKNag, B noAaroToBky I'Iy6J'IMKaLI,MVI.

ABTOpbI 3a8BNSAOT 06 OTCYTCTBUM KOHDAMKTA MHTEPECOB.

Corresponding author: Nataliya E. Tereshkina, phd_76@mail.ru.

ABTOp, OTBETCTBEHHbINM 3a nepenucky: Hatanus EsreHbeBHa TepelwkuHa, phd_76@mail.ru.

The article was submitted 22.07.2025; accepted for publication 28.08.2025.
Cratbs noctynuna B pegakumio 22.07.2025; npunsta k nybavkaumm 28.08.2025.

ECONOMICS OF INTERNATIONAL TRANSPORT AND LOGISTICS: INTELLIGENT AND DIGITAL SOLUTIONS AND PRACTICES



RiiCE TRANSPORT

VOL. 4 ISSUE 3 2025

TRANSPORT HISTORY

NCTOPUA TPAHCIOPTA

Report

UDC 625.3.03:656.22(091)
doi: 10.46684/2025.3.06
EDN EYPRUL

High-speed railway. Effect of previous successful
designers'

Igor P. Kiselev
Emperor Alexander | St. Petersburg State Transport University (PGUPS); Saint Petersburg, Russian Federation; kiselev@pgups.ru

ABSTRAC The paper examines the origins of scientific and engineering approaches to design and construction of

public railways in the 19th century. The underdeveloped engineering and technologies of the time severely
constrained the aspirations of designers and builders to reduce the length of the railway route. The high-speed railways (HSR)
that began to be built in the 1960s were created in new engineering and technological conditions. The paper compares the
characteristics of a number of railways built in the 19th century and high-speed railways of the 20th century. Some of the major
railway lines built in the 19th century have high technical performance, such as a straight route. For example, the parameters
of the 650 km long St. Petersburg—Moscow Railway? built in 1851 allowed for the arrangement of high-speed traffic (up to
250 km/h) after the reconstruction of its facilities without fundamentally altering the horizontal and vertical alignment.
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Lloknao

BbicokockopocTHas xenesHaqa gopora. 3pPekTt paboTbl npeabigyLmnx
yCNewHbIX NPOeKTUPOBLLUKOB®

W.MN. Kucenes
MeTepbyprckuii rocyaapCTBEHHbIN yHUBEpCUTET nyTeli cooblyenus Mmnepatopa Anekcangpa | (NMIYMC), r. Cankr-MeTep6ypr, Poccuiickas Menepauns;
kiselev@pgups.ru

AH HOTA M PaccMoTpeHo 3apoxaeHre HayYHO-UHXKXEHEPHBIX MOAXOA0B K MPOEKTUPOBAHUIO U CTPOUTENLCTBY XKenes-
HbIX fopor obuero nonb3osaHus B XIX B. HepocrtatouHoe pasBuTMe TEXHUKU M TEXHONOMMM TOrO BpEMEHMU

Hak/1aAblBaso cepbe3Hble OrpaHUYeHns Ha CTpeMaeHue NPOeKTUPOBLUMKOB U CTPOUTENEN COKPATUTb AIMHY TPACChl XKeNe3HbIX
[opor. BbICOKOCKOPOCTHbIe enesHoaopoxHble Maructpanu (BCM), ctpontenbctBo KOTopbix Havanock B 1960-e rr., co3gaBanucs B

1 The full text of the report presented by the author in a condensed version at the 12th World Congress on High-Speed Rail in
Beijing on July 8, 2025.

TToJTHBIN TEKCT 0KJIa/la, IPOYUTAaHHOTO aBTOPOM B COKpallleHHOM BapuaHTe 8 urosst 2025 r. Ha XII BceMHUpHOM KOHIpecce I10
BBICOKOCKOPOCTHOMY >KeJIe3HOJJ0OPOKHOMY ABIDKEHHUIO B IleKHuHe.

2This was the name of the railway before September 8 [20], 1855. After the death of Emperor Nicholas I on February 18 [March 2],
1855, it was renamed Nikolaevskaya. On February 27, 1923, People’s Commissar of Railways Felix Dzerzhinsky issued Order No.
1313 that renamed the Nikolaevskaya Railway into the October Railway. This is the only name of a railway in Russia, and one
of the few in the world, that is not based on administrative division and/or a geographic location, toponym, or the name of a
personality. The October Railway was named after the October Socialist Revolution in Russia that took place on October 25
[November 7 in the new style calendar], 1917. Dates up to January 31, 1918 are given according to the Julian calendar (known
as the “old style”); the later dates are given in brackets according to the Gregorian calendar which was introduced in Russia on
February 14, 1918 (the so-called “new style”).

© lgor P.Kiselev, 2025
© Translation into English “BRICS Transport”, 2025
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HOBbIX TEXHUKO-TEXHONOTMYECKUX YCNoBUAX. [IpUBEAEHbI CPAaBHUTENbHbIE XapaKTEPUCTUKU PALA XKeNe3HbIX LOPOT, NOCTPOEHHbIX B
XIX 8.1 BCM XX B. Cpean KpynHbIX ene3Hbix LOPOT, COOpYXeHHbIX B XIX B., eCTb NpuMepbl MarucTpanei ¢ BbICOKMMU TEXHUYECKU-
MW XapaKTepuUCTUKaMM, B YaCTHOCTU, OTIMHAIOLLMXCS NPSIMOIMHEMHOCTBIO Tpacchl. Tak, napameTpbl noctpoeHHow B 1851 r. MeTep-
6ypro-MocKOBCKOM xenesHow aoporu anmHoi 650 KM N03BOAUAM NOC/e NPOBEeLEHHOM PEKOHCTPYKLMM TEXHUUECKMX YCTPOIACTB,
Ho 6e3 KapAMHaANbHOro NepeyCcTpoMCTBa NaaHa 1 Npoduns, OpraHM30BaTh Ha HeW BbICOKOCKOPOCTHOE ABMXeHWe (8o 250 km/u).

Kn |_OL| EBblE CHO BA. Tpacca; NpoAobHbIN NPOdUb M NNAH XeNe3HoM foporu; KO3PdULMEHT pa3BUTUS TPaCChbl;
+ BbICOKOCKOPOCTHAs XXeNe3HOLOPOXKHAsS MarucTpasnb; KenesHoLA0pOoXHbIA 00X04; KpyTU3HA

yknoHa; BCM; «Cancax»

[na uutupoeanus: Kucenes M.I1. BbiCOKOCKOPOCTHas xene3Has fopora. ekt paboTbl NpeablayLmX yCnelwHbIX NpoeKTUPOB-
wukoB // Tpancnopt BPUKC. 2025.T. 4. Buin. 3. C. 06. https://doi.org/10.46684/2025.3.06. EDN EYPRUL.

INTRODUCTION

The construction of railways on a broad scale in
England and then in other countries is known to have
started with the launch and subsequent successful op-
eration of the Stockton and Darlington, the world’s first
public railway, on May 27, 1825. The implementation
of the project was led by businessman Edward Pease
(1767-1858) and outstanding engineer, “Father of Rail-
ways”, George Stephenson (1781-1848). The success of
the railway furthered with the construction of the first
fully steam-powered railway between Manchester and
Liverpool in 1830.

With the beginning of construction of the first rail-
ways in the world, the length of the rail line (the total
distance of the main line) has been one of the major
parameters, along with the route, vertical alignment,
maximum gradient, and minimum horizontal and ver-
tical curve radii. It is not just the length, but the length
adjusted by the so-called “route development (elonga-
tion) ratio” taken to mean the ratio of the length of the
main line to the geodetic line. For Russian railways, the
development ratio is taken within the range of 1.1-1.25
for moderate conditions and is increased to 1.5 and
higher for severe conditions [1]. The route develop-
ment ratio is one of the criteria for assessing the qual-
ity of the design and survey work performed.

In the early to mid-19th century, when the first rail-
ways were built, the designers’ efforts to shorten the
length of the railway route, bringing it closer to the ge-
odetic line, was strongly constrained by the state of the
artin engineering and railway design and construction
methods. Curved track sections, often sharp ones, ap-
peared on the route due to the need to bypass natural
obstacles, or, in some cases, the impossibility of build-
ing bridge or tunnel crossings over water bodies, hills
or mountains, or because of excessive building costs.
Besides, in the infancy of railway construction, the re-
duction of the route length was hampered by the low
capacity of steam engines unable to overcome steep
slopes in the terrain.

TRANSPORT HISTORY

Because of all of the factors listed above, the route
had to be extended (Iengthened) by designing easy gra-
dients with additional curved sections to bypass sharp
rises on a hilly or mountainous terrain, which limited
the speed of trains — one of the major railway perfor-
mance parameters.

ERA OF HIGH-SPEED RAILWAYS

The construction of high-speed railways (HSR) in
the second half of the 20th century took place in a
different engineering and technology paradigm. De-
signed for travels at speeds exceeding 200-250 km/h,
HSR have larger minimum horizontal curve radii —
since the 1960s, their values have increased up to
7,000-10,000 m. It necessitated building intersections
with other transport lines at different levels, and the
number of man-made structures per unit of railway
length has increased significantly. As a result, most
HSRs built in the second half of the 20th century
parallel to the existing railways are shorter than the
latter.

For example, on the world’s first HSRs Tokaido
Shinkansen and Sanyo Shinkansen in Japan built in
the 1960-1970s, the length of the line between Tokyo
and Kobe stations is 548 km (Fig. 1, 2, Table 1), while the
length of the railway built between the two in the 19th
century is 589.5 km (41.5 km longer) [2].

Another example is the Direttissima (Direct Line),
a high-speed rail route between Rome and Florence in
Italy (built in 1977-1992), which is 238 km long, while
the length of the Linea Lenta railway between the
same cities built in 1871 is 372 km [3].

Nevertheless, the world knows examples of rail-
ways built as early as the mid-19th century, their
main design solutions still preserving their basic pa-
rameters even now, 150-170 years after: the route
location, maximum gradient values, minimum curve
radii, and others, allowing for accommodating traffic
at speeds of 200-250 km/h after upgrading of certain
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Fig. 1. Comparison ofthe route lengths of the Tokaido Shinkansen and Sanyo Shinkansen HSRs with the geodetic line

Table 1

Length of some railways and HSRs

Railway built before HSR (“Old”)
HSR

Opening year

Tokaido Main Line Tokyo-Kobe [2]

1872
Tokaido Shinkansen HSR + Sanyo 1964-1972
Shinkansen HSR: Tokyo-Kobe [3]

Paris-Lyon (Paris—Marseille) [3] 1847

Paris-Lyon HSR (LGV Sud-Est) [3] 1981

Rome-Florence (Linea Lenta, LL) [3] 1871

Rome-Florence HSR (Direttissima, DD) 1977-1992
(3]

Madrid-Barcelona (Atocha Train
Station) [3]

Madrid-Barcelona HSR
(Chamartin Train Station) [3]

Beijing-Shanghai (old railway line) [3]

1882
2008

1896~
1936-2005

2011

Beijing—Shanghai [3]

St. Petersburg—Moscow (1851) [4]
-1851-1881

1851

-1881-2001
- 2001 -present

Moscow-St. Petersburg HSR [5] Design

TRANSPORT HISTORY

Length, km
Rante develanment ratio Geodetic | Max. speed,
Route development ratio o km/h
589 430 75
1.3
548 285
1.27
499,8 390.5 100
1.27
862
425 300
1.08
372 232.3 100
14
238 250
1.02
699,7 501.6 80
1.39
620 350
1.23
1451 1060 160
1.36
1302 380
1.22
637.94 1851 - 50
644.4 2025 - 250
1.01
649
1.02
644.4
1.01
679 360
1.07
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Fig. 2. Comparison of lengths of ordinary railways and HSR for a number of routes

infrastructure elements (without changing the basic
design parameters).

One of these examples is Russia’s first (and one of
the world’s first) long (more than 600 km) double-track
railway line between St. Petersburg and Moscow which
was put into operation in 1851.

The first 27-km long public railway between St. Pe-
tersburg and its suburban settlement Pavlovsk was built
in Russia 14 years earlier. The line was built and put into
operation by Austrian engineer Franz Anton von Gerst-
ner. All the personnel, including designers, construction
managers, as well as locomotive drivers and conductors,
were foreigners invited to work in Russia.

However, just five years later, the design and
construction of the first main railway line St. Peters-
burg-Moscow? was carried out by Russian engineers,
the graduates of the first engineering institute in Rus-
sia: the Institute of the Corps of Transport Engineers
(IKIPS) which was opened in 1809.

Within a historically short period of time, less than
10 years, graduates of this educational institution mas-
tered the scientific basics and techniques of railway
systems and railway construction, and developed ad-

vanced technologies for railway transport, one of the
most important components of the industrial revolu-
tion, as applied to Russia’s conditions.

Designing the St. Petersburg-Moscow railway in-
volved making the first important scientific and tech-
nical decisions and determining the design parameters
and principles for construction management and op-
eration of the future main line. The process also in-
cluded developing socio-economic and political criteria
for decision-making in the field of emerging railway
transport, in particular, such important ones as choos-
ing directions of future railways.

According to historical records, the leaders of the
project for construction of the St. Petershurg-Moscow
Railway, engineers Pavel Melnikov and Nikolai Kraft
were under moral and political pressure on the part
of some ministers, other officials and business execu-
tives, who wanted to persuade them into building the
line via Veliky Novgorod — the country’s important
historical, cultural and trade centre of the time located
190 km away from St. Petersburg (Fig. 3).

When St. Petersburg was founded as a new capital
of Russia in 1703, a beaten trail via Veliky Novgorod

3This was the name of the railway before September 8 [20], 1855. After the death of Emperor Nicholas I on February 18 [March 2],
1855, it was renamed Nikolaevskaya. On February 27, 1923, People’s Commissar of Railways Felix Dzerzhinsky issued Order No.
1313 that renamed the Nikolaevskaya Railway into the October Railway. This is the only name of a railway in Russia, and one
of the few in the world, that is not based on administrative division and/or a geographic location, toponym, or the name of a
personality. The October Railway was named after the October Socialist Revolution in Russia that took place on October 25
[November 7 in the new style calendar], 1917. Dates up to January 31, 1918 are given according to the Julian calendar (known
as the “old style”); the later dates are given in brackets according to the Gregorian calendar which was introduced in Russia on

February 14, 1918 (the so-called “new style”).
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Fig. 3. Map of directions of railways, highways and water ways between St. Petersburg and Moscow
The map shows the line of the St. Petersburg-Moscow railway under construction. With supplements by Igor P. Kiselev* [6]

formed between the city and Moscow. By the early
19th century, after some construction work, the con-
dition of the trail improved and it was turned into a
719 km long main road. Its route deviated from the
shortest path and exceeded the geodetic line by more
than 85 km (Fig. 3). The above mentioned influential
political and economic establishment of the country
lobbied the layout repeating the path of this very road
when building the railway.

Pavel Melnikov and Nikolai Kraft stood up for build-
ing the railway line without going to Veliky Novgorod
and were supported by Emperor Nicholas I who made
the final strategic decision regarding the route of the
future railway line to follow a direct path [7].

The length of the fully completed railway line
which was put into operation on November 1 [13],
1851 was 644.4 km°® [7], and the development ratio was
1.01, which is a great value for a railway. In general,
the good quality of the design and construction of the
St. Petershurg-Moscow line was, indeed, technically
among the world’s best results of the time, which was
confirmed by its operation.

The St. Petershurg-Moscow Railway was put into
operation in sections, on which regular services start-
ed in 1846. The technical parameters of the railway
line were worked out and then implemented so thor-
oughly that further allowed fast increase of its capac-
ity, increasing both the passenger and cargo traffic and
travel speeds.

From the beginning, the railway line was built with
two tracks of 5 ft (1,524 mm) gauge, which subsequent-
ly became the standard for the Russian Empire. Its
vertical alignment contained balanced slopes in both
freight-hauling (towards St. Petersburg) and passenger
(towards Moscow) directions: 2.5 %o and 5 %o, respec-
tively. The line was distinguished by its straightness:
it was 644.4 km long, which was just 7.4 km longer
than the geometrically straight line by air. The mini-
mum curve radius was 1,600 m on running lines, and
1,065 m at operation points. The embankments built
on swamps were filled down to the mineral bed. The
bridges on the line were built to the then best design
proposed by transport engineer Dmitry Zhuravsky. The
station buildings were built to standard designs [7].

*https://expositions.nlr.ru/ve/RA4367/ot-parovoza-do-sapsana.

5The geodetic line is 637.9 km [2]; the difference is 6.4 km (about 1 %).
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Fig. 4. Longitudinal profile of the former Verebyinsky ascent. 1851 [9, P. 116]

At the same time, problems began to show up when
the operation of the St. Petersburg-Moscow Railway
began. It revealed discrepancies between the levels of
development of individual components of the whole
transport system known as a railway. For example, the
capacity of the steam locomotives used on the railway
being, undoubtedly, among the world’s best of the time,
and the design of the brake systems on railway rolling
stock did not meet the designed parameters and in-
frastructure elements which allowed for much higher
travel speeds and train weights than the available roll-
ing stock was able to provide.

The construction of the St. Petersburg-Moscow Rail-
way was certainly a feat of a galaxy of brilliant trans-
port engineers, railway managers, and operating staff
who organized the train traffic on such a long rail line,
as well as thousands of unknown builders and work-
ers, including workers of the Alexandrovsky Plant.

It is important to note that the problems emerging
with the commencement of the operation were suc-
cessfully solved. The St. Petersburg-Moscow Railway
has always been, and still remains, a technically ad-

vanced one in the Russian railway network, featuring
the highest travel speeds. Enabling train speeds of up
to 250 km/h, today it can be rightfully classified as a
high-speed railway.

Following the desire to create a straight route be-
tween St. Petersburg and Moscow, with the length
approaching the geodetic one, to ensure the highest
possible speed and reduce the amount of construc-
tion (earthworks), and given the rising terrain from
the bank of the Msta River, the designers made a long
ascending grade for 15.5 km at the 177th-192nd verst
(189-204 km) from St. Petersburg in the direction to-
wards Moscow (Fig. 4). For this climb, the line’s highest
gradient of 7.8 %o was adopted, which is higher than
the maximum gradient of 5 %o on the passenger direc-
tion of the railway as a whole [7].

On the long ascent, the railway line crossed a deep
and wide ravine formed by the Verebya River. Based
on the engineering and economic comparison of the
options of building a bridge or a high embankment,
it was decided to build a bridge across the ravine
(Fig. 5).

Fig. 5. Bridge across Verebyinsky Ravine. Postcard of the 19th century. Science and Technology Library of Emperor Alexander |
St. Petersburg State Transport University (NTB PGUPS)

TRANSPORT HISTORY



RiiCE TRANSPORT

VOL. 4 ISSUE 3 2025

Pavel Melnikov assigned the project to Dmitry
Zhuravsky, a graduate of the Institute of the Corps of
Transport Engineers, young transport engineer, who
subsequently became a prominent scientist in the field
of bridge construction engineering.

Under the guidance of George Washington Whistler
(1800-1849), an American engineer, the project’s “en-
gineering adviser”, Dmitry Zhuravsky used a bridge
truss designed by American engineer William Howe
(1803-1852) and built from timber and steel tie rods
(tension bars: metal strips or rods) [8].

At the instructions of Pavel Melnikov, Dmitry
Zhuravsky re-tested the Howe truss theoretically, im-
proved it and confirmed the correctness of his findings
experimentally. He proved that the closer to abutments,
the higher the load on verticals and diagonals, and
proposed making truss elements of different thickness
based on their location by reducing the cross-section
of the tie rods closer to span centres. As a result, one
of the first scientifically-based methods for the design
of bridge trusses was proposed (1850). Whistler sup-
ported the proposals by Zhuravsky and they were used
to build all bridges on the railway line [8].

Built in 1851, the Verebyinsky Bridge had nine
spans with 49.7 m long wooden trusses resting on
eight wooden abutments with a stone foundation
and seven stone coastal arches 6.4 m each (Fig. 5).
The height from the water to the level of the railway
track was 50 m. The bridge was operated until 1881¢
[8]. Outstanding Russian bridge engineer Stanislav
Kerbedz, who built the first permanent bridge across
the Neva River in St. Petersburg in 1850 and the first
bridge with trussed metal girders across the Luga Riv-
er on the St. Petersburg—-Warsaw Railway in 1856, em-
phasized, “Before Dmitry Ivanovich Zhuravsky, bridge
construction was a mystery; after him it became an
engineering science” [10]. In Russia, bridges built to
the design improved by Zhuravsky are known as the
Howe-Zhuravsky system.

Meanwhile, the first months of regular train traf-
fic on the railway line in 1851 already showed that
traveling on this long ascent (descent) was dangerous.
Emergency situations repeatedly occurred due to the

Igor P. Kiselev
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unreliable performance, alas, of the hand brakes in-
stalled in carriages, the best available at the time’. On
the long descent on the way from Moscow, the train
crews would sometimes be unable to stop the train and
it would pass Mstinsky Most Station without stopping.
To avoid accidents, the station master made sure that
by the time the train arrived from Moscow, the previ-
ous train going towards St. Petersburg had already left
for the 8-km long Mstinsky Most-Burga section in good
time. Fortunately, those incidents did not have disas-
trous consequences.

On the other hand, when traveling towards Mos-
cow with a full freight train, steam engines were not
always able to surmount the long ascent. Trains had to
be uncoupled into two parts at Burga station, and each
was then delivered by a separate steam locomotive to
Torbino station where they were recombined into a
single train to proceed to Moscow.

On February 12, 1862, a freight train going from St.
Petersburg to Moscow was uncoupled at Malaya Vish-
era station. The first half was delivered to Verebye sta-
tion located on a slope towards St. Petersburg® and then
“uncoupled from the machine”. Several carriages left at
Verebye station went downhill on the running line to-
wards St. Petersburg as they were poorly secured to
the track (stove wood was placed under the wheels, as
brake shoes had not yet been invented). They passed
Mstinsky Most station and collided with a train pulled
by locomotive No. 515, which was hauling the second
part of the uncoupled train from Vyshny Volochok sta-
tion. Six people died and several were injured. The in-
cident was thoroughly investigated, resulting in study-
ing the issue of placing stations on horizontal sections
and of devices required to secure carriages uncoupled
from locomotives [11].

In 1874, a routine inspection revealed an irrevers-
ible deterioration in the condition of the Verebyinsky
Bridge that occurred over the 24 years of its operation.
It was acknowledged that further operation of the Vere-
byinsky ascent, including the bridge, would be causing
more and more difficulties. During the same period,
it was decided to replace the originally built wooden
bridges on the line with metal bridges in order to in-

6The successful completion of the Verebyinsky Bridge marked the beginning of Zhuravsky’s scientific career and brought him
fame as a bridge builder. He published several papers and a monograph On Howe Truss Bridges, making an outstanding contri-
bution to construction science. In 1854, the above mentioned paper was submitted for a competition held by the St. Petersburg
Academy of Sciences and was awarded the great Demidov Prize in 1855.

"Today, the description of the primitive design of manual carriage brakes used until the early 20th century in passenger services
and until the 1920s in freight services is a revelation, even for many railway workers, let alone the general public. Thus, the
St. Petersburg—-Moscow Railway was the first to have one or two conductors (brakemen) onboard each passenger carriage who
set the hand brake in motion by the signal (a locomotive whistle) given by the driver. In most designs, they rotated the chain
wheel that pressed the wooden brake pads against the set of wheels. Cargo trains included several brake carriages (the number
depended on the weight of the train) which had a vestibule where a conductor (brakeman) stayed throughout the journey and
operated the brakes at the signal of the locomotive driver.

8Horizontal platforms for station tracks began to be built several years later.
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Fig. 6. Verebyinsky bypass scheme. Author: Alexander Fedosov (railway worker). 2008. With supplements by Igor P. Kiselev®

crease their load-bearing capacity and improve the car-
rying capacity of the railway.

The resulting decision provided for a radical so-
lution of the problem of the Verebyinsky ascent and
bridge by the comprehensive reconstruction of the rail-
way section, including changes in the horizontal align-
ment and partial changes in the vertical alignment,
which was carried out in 1877-1881.

The surveys carried out in the area of the Msta and
Verebya Rivers discovered a good alternative involv-
ing building a bypass around the bottleneck with the
maximum descents reduced to 6 %o: the long ascent
was divided into several shorter ascents with horizon-
tal sections in between (Fig. 6). In 1878-1880, an em-
bankment about 40 m high with a culvert of about 8 m
in diameter was built for the Verebyinsky bypass at the
crossing of the Verebye River (Fig. 6) [11]. The work to
build the bypass, including construction of man-made
structures, was superintended by Nikolai Belelyub-
sky, an outstanding bridge engineer, Professor of the
Institute of Transport Engineers, who also led the de-
sign, survey and construction work for replacing the
wooden bridges with metal ones [12]. The Verebyinsky
bypass was opened on September 14 [26], 1881.

13 small bridges and 12 crossings were built on the
bypass. A IV Class station, first named Novo-Verebyin-
skaya and later named (the former) Verebye station,
and a halt station (later Oksochi station) near Oksochi
settlement were opened.

The total length of the railway line, including the
bypass, was increased by 5.3 km to reach 649.9 km. The
new section had 44 % more curve sections, with curves
of a smaller radius: 1,065 m (as at operation points) in-
stead of 1,600 m adopted on running lines throughout
the railway [7].

The presence of curves of a relatively small (com-
pared to the rest of the St. Petersburg-Moscow line) ra-
dius on the new bypass theoretically limited the speed
of trains, but in practical terms this was not significant.
For a long period of operation, until the first decade
of the 20th century, the maximum speed of passenger
trains on the St. Petershurg-Moscow line did not ex-
ceed 90 km/h. Then, after 1914, the speed was reduced
and was increased to 100 km/h in the mid-1950s only,
then to 140 km/h in the 1960s, and to 160 km/h in
the mid-1960s. [13] Thus, in practical terms, until the
1950s-1960s, the Verebyinsky bypass with its several
curved track sections with a radius of 1,065 m did not
limit the speed of trains, while after the bypass was
complete, the total travel time between the end points
increased by approximately 3 or 5 minutes.

The problem of speed limitations to 120-140 km/h
on the bypass became relevant in the 1970s-1980s,
when high-speed traffic (with a speed of up to 200 km/h)
was introduced on the Leningrad-Moscow line [13].

In the early 2000s, as the economic and socio-politi-
cal situation in Russia improved, it was considered rea-
sonable to gradually introduce high-speed traffic and

9URL: https://dzen.ru/a/ZKaFtH729XQO00K;jD.
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Fig. 7. Construction of a culvert on the Verebya River.
1878-1880. Central State Film, Photo and Audio Archives [11]

Fig. 8. Modern view of the embankment of the former railway
bypass and culvert arch over the Verebya River.
Photo by Dmitry Ratnikov. 20231°

Fig. 9. Construction of the new Verebyinsky Bridge. 2001.
Photo by Mikhail Krivykh'!
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purchase foreign rolling stock for the operation on re-
constructed lines. In the 2010s, the St. Petersburg-Mos-
cow main line was modernized to accommodate traffic
at speeds of up to 250 km/h. Specialists and scientists
of Emperor Alexander I St. Petershurg State Transport
University (PGUPS) were actively involved in the de-
velopment of design documentation and scientific sup-
port. On a considerable part of the line, the track was
rebuilt, including the expansion of the road bed sub-
grade, making it possible to partially straighten it; the
track superstructure was reinforced; switch assemblies
were replaced to allow for straight line operation at a
speed of over 200 km/h.

The line’s power supply system was considerably
enhanced and partially redesigned using a new KS250
catenary suspension system developed with the active
involvement of scientists at PGUPS [14]. The ICE 3 elec-
tric multiple-unit train produced by Siemens, Germany,
was chosen by Russian specialists to run on the line. By
the early 2000s, it had already proven itself well both
in Germany and in Spain and China. A virtually new
modification of ICE3, Velaro RUS (Sapsan), was created
for the Russian 1,524 mm gauge with account of the
clearance standards on Russian railways with the most
active participation of the specialists of Russian Rail-
ways JSC.

As the line was prepared for accommodating
high-speed traffic, practical discussion of the issue of
straightening the route by excluding the Verebyinsky
bypass started. In 2000, the Ministry of Transport of the
Russian Federation decided to abandon the bypass and
straighten the railway line along the route that existed
before 1881 by building a new bridge across the Vere-
byinsky ravine (Fig. 7, 8, 9) [15].

In 2001, Mostostroy No. 6 OJSC, a subcontractor of
the Baltic Construction Company, completed the con-
struction of a two-track railway bridge crossing over
the deep and wide valley of the Verebya River (more
than 500 m long and up to 50 m high) for the straight-
ened section at the Verebyinsky bypass on the St. Pe-
tershurg-Moscow Railway along the axis of the former
wooden railway bridge. Bridge Construction Crews
(specialized bridge construction units) No. 37 (St. Pe-
tersburg), No. 75 (Veliky Novgorod) and No. 61 (Volog-
da) of Mostostroy No. 6 OJSC took part in the construc-
tion of the bridge abutments [16].

A new double-track railway bridge for traffic at a
speed of up to 250 km/h was designed by Giprotransput
(a branch of Roszheldorproekt JSC, the state institute
for the design of engineering works and industrial en-
terprises for track facilities and geological surveys) of
the Ministry of Railways of the Russian Federation at a

10https://kanoner.com/pics/2023/12/verebynskyj-obhod-arka-vodopropusknoj-truby-nad-rekoj-verebe.jpg

HURL: https://news.novgorod.ru/articles/read/475.html
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Fig. 10. New Verebyinsky Bridge with a running Sapsan train. 2001. Photo by Mikhail Krivykh'?

slope of about 5 %o following the 9x55 metre scheme
with metal split superstructures according to standard
design 739/7 by Giprotransmost (the state design and
survey institute for the design of bridges) for traveling
on top of the precast reinforced concrete slabs of the
ballast tank.

The steel and reinforced concrete split superstruc-
tures with 55 m spans built to standard design 739/7 of
Giprotransmost had deck plate girders. The main 3.6 m
girders consist of three blocks (17 + 21 + 17 m) [16].

The construction of the bridge involved driving
and ramming about 2,000 metres of reinforced con-
crete piles; laying 11,000 metres of concrete and re-
inforced concrete masonry in the abutments; fabri-
cating and installing 2,700 tonnes of metal structures
for the superstructures; fabricating and installing
560 tonnes of metal formwork for the reinforced con-
crete slabs of the ballast tank; fabricating and install-
ing 1,860 metres of reinforced concrete slab units;
fabricating and installing more than 500 tonnes of
auxiliary structures [16].

The new 536 m long and 53 m high bridge was
opened for traffic on October 26, 2001. 17 km of the
track superstructure of the former railway bypass and
the Oksochi and Verebye stations located on it were
dismantled by 2008. At the same time, the kilometre
markers on the route from St. Petersburg to Moscow
(and the sites of the distance markers colloquially
known as “kilometre posts”) that had been determined

after the completion of the Verebyinsky bypass in 1881
extending the line to 649.9 km were left unchanged.
Thus, in the area of the former Verebyinsky bypass, the
“205” kilometre post is followed by the “211” marker.

Commercial operation of Sapsan trains on the Mos-
cow-St. Petersburg line began on December 17, 2009.
The operation was serviced by three pairs of trains per
day. The route soon became very popular with passen-
gers [13].

The creation a new specialized high-speed railway
line between St. Petersburg and Moscow parallel to the
railway opened in 1851 has been discussed since 1988,
when the State Science and Technology Programme
“High-speed Railway Transport”!® was introduced.

Over the past years, the question has been consid-
ered at several levels. A feasibility study for the pro-
ject was prepared; a relevant legal framework was
developed; design and survey work and some detailed
engineering activities started; and a pilot high-speed
train Sokol was created. In a test trip on July 29, 2001,
the train achieved the speed of 236 km/h, which was a
record at the time for Russia; however, no large-scale
production of the train was launched because of the
economic situation.

The implementation of the project was set aside
because of the complicated and contradictory socio-
economic and political landscape in Russia in the late
1990s. The idea of high-speed railway traffic between
the two largest cities, the two capitals of the Russian

12URL: https://news.novgorod.ru/articles/read/475.html

13The State Science and Technology Programme “High-Speed Environmentally Friendly Transport” was approved by Decree of
the Council of Ministers of the USSR No. 1474 dated December 30, 1988 [17].
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Federation, was revisited at the end of the first decade
of the 2000s.

On April 10, 2020, Russian President Vladimir Pu-
tin ordered to start designing the Moscow-St. Peters-
burg HSR. On September 29, 2021, the Moscow-St. Pe-
tersburg HSR was included in the Land-Use Planning
Scheme of the Russian Federation for the Development
of Federal (Railway, Air, Sea, and Inland Water) Trans-
port and Federal Roads.

On August 17, 2023, President Vladimir Putin ap-
proved the National Project “Development of High-
speed Railways” (HSR) and its first stage, the Moscow—
St. Petersburg HSR Project [18]. Design and survey,
engineering and preparation work for the creation of
Russia’s first HSR are underway.

More than 170 years after the launch of the St. Pe-
tersburg-Moscow Railway, the situation in its adja-
cent areas, populated localities, railway stations and
the right-of-way along the railway line has changed
drastically. Figuratively speaking, it has been “over-
grown” with tracks, railway depots, station buildings,
warehouses, and industrial facilities; lots of residential
buildings have been built immediately adjacent to the
railway and the grounds of stations; villages and towns
have grown nearby.

The current attempts to lay the HSR route along the
existing railway inevitably lead to considerable devia-
tions from the longitudinal axis of its tracks. It is neces-
sary to bypass railway station tracks and buildings in
the right-of-way of the railway. Theoretically, it is pos-
sible to lay the new high-speed railway on the second
level on continuous elevated structures with placing
the supports near the existing tracks. But this increases
construction costs significantly compared to the green-
field construction of a new railway. It will be necessary
to build the elevated structures above the operational
railway tracks with heavy traffic, “under the wheels of
running trains” to put it figuratively.

TRANSPORT HISTORY

In addition, various facilities where construction
work is prohibited are located along the proposed line
of the new HSR, such as, for example, dozens of spe-
cially protected natural areas (reserves), including one
of the largest in Russia, the Valdai National Park. Many
of these specially protected areas were identified and
placed under protection (turned into reserves) in the
20th century and as such were not taken into account
in the mid-19th century when the St. Petersburg-Mos-
cow was built.

The design work on the St. Petersbhurg-Moscow HSR
in the 1990s has shown that the new line’s route will
need to be moved away from the existing railway in
order to bypass the emerging obstacles with the least
losses and costs possible (Fig. 11). For example, the sat-
isfactory alternative designed in the 1990s turned out
to be 659.1 km long [19], i.e. 14.8 km longer than the ex-
isting railway line. The front-end engineering design in
the 2020s (the so-called “Novgorod alternative” bypass-
ing the specially protected natural areas) has shown
that the length of the route will be about 679 km [5],
because the situation along the railway has substan-
tially changed over the past 30 years.

CONCLUSION

The parameters set for a number of railway lines
built in the 19th century, such as vertical and horizon-
tal alignments, route development ratio, minimum hor-
izontal and vertical curve radii, still remain relevant in
the 21st century. The St. Petersburg-Moscow Railway
in Russia put into operation in 1851 is a compelling
example. The modernization efforts completed during
the period of its operation, including electrification and
enhancement of its technical facilities, without affect-
ing the basic parameters of the line allowed for launch-
ing high-speed traffic at speeds of up to 250 km/h with
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the use of modern rolling stock. At the same time, we
can conclude that the construction of new high-speed
railways in the world, both using the conventional
“wheel/rail” method and the advanced magnetic sus-
pension (maglev) technology, will face the phenom-
enon illustrated by the case of the St. Petersburg-Mos-
cow Railway. It will be necessary to extend the railway
route compared to the existing conventional railways

Igor P. Kiselev
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and, in the future, even to high-speed railways built
earlier. We need to revise the ideas about the quality
criteria for design and survey activities that have been
in place for nearly two centuries by taking into account
the route development (elongation) ratio. We can con-
fidently conclude that in many cases this ratio is worse
for advanced high-speed railways than for the existing
railways.
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