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TpaHcnopt BPUKC
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METEPBYPICKMIN TOCYOAPCTBEHHbIN YHUBEPCUTET
MYTEW COOBLWEHMA MMMEPATOPA AJTEKCAHZPA |

Aragemury PAH,
HAVYHOMY PYROOOGUINETIO
Chicmumyma npobaem pe2uonaivbou
IrOHOMURY PAH,
JOUCTNHOMY  2PANCYAHUNY
Canrm-Temepoypea
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Nbaxncaemvr Baagumup Sarenmurobuy!

B gemv SOJiemmeeo 100uies npumme om RoJdjiekmuba Jemepoypecroeo
eocygapcmbennozo  ynubepcumema — nymeu — coobwenus — Umnepamopa
Anexcangpa I u mens auwHo camvie uckperHue nosgpabienus!

Sa boaee wem S0 Jem npogheccuonaibHol GesmeabHOCL bt JOOUIUCY
Ovigarowguxcs  yenexol 6 nayunou u  aragemuyecrkou cghepax. Ocoboi
NPUSHAMETHOCTINL sacayxcubarom dyngamenmabible Hayumble
uccaeqgobanus, cBazammuve ¢ paspabomrol meopemuecrux ocHob IROHOMURU
ravecmba u eé poau 0 couUaIBLHO-IKROHOMULECKOM pasbumuu Haueld cmpans.
Oepommvim — gocmuncenuem gas (Caurm-Jemepbypea cmaia co3ganHas
Damu equncmbennas 6 FPoccuu HayUHAS WROJIA IROHOMURL Ravecmia.

Faspabomru Fautel wroIb HAULIL npUMeHenue 6 gesmeabHocmil
SBponeticrot  opeanusayuu - ravecmba  (EOK),  E6ponetickozo  ghonga
ynpabaenus ravecmbom EFOM), Mexwcgynapognol cemu cepmugburayuu
cucmem mernegxcvmerma (QNET).

Armubnas nybaurayuonnas u usgameivcras paboma nosboisem
hdam  wuporo  geaumscsa  cloumu  ugesMu U ONvUNOM, nPUOBPemany
cmoponnurol  u  nocaegobameaet, eomobums  Gvicoroxbanugbuyupobarmvie
npogbeccuonaibibie, HayuHbe U NPenogabameabcriue Ragpbl.

Heouenum Haw pewwarowguil Oraag 6 cosganue 6 Canrm-Temepoypee
VHURQIBHOU MHO20YPOOHeBol  cucmemvr  Henpepvibrozo obyuenus ragpol no
akoHoMUKe KRauecmba.

SRBawa nayumnas, npenogabameivcran u obuecmbennas paboma
NOJYHUNG  3ACAYHCCHHOe — NpusHanue U no  gocmouncmby — oueHeHa
npabumeavcmbom Foccuticrou Pegepayuu u Canrm-Semepoypea.

Ha npomsaxcenuu muozux Jem vl COMPYGHULAeMe ¢ HAUUM
yHubepcumemom u orasvibaeme cogelicmbue G pewenuu MHo2UX HAVUHBIX U
opeanusayuonnvrx Gonpocol, yuacmByeme 6 pabome pegaryuonnou roiieuu
Hayunoeo xcypuaia < AHpancnopm BPUKCs.  Mbt yepenvr 6 coxpanenuu
Hawux naogombopHvix ROHMarmo® Ha muoeue 20gbl.

Abaorcaemvir Baagumup Faienmurnobuy! I gens rw00uIes Heeawmo
MBam  rkpenrkozo 3qopoles, mbopuecroeo goJoaemus, 4moovt v, Mauiu
yuenuru u - nociegobamenu  npoGOINCAIU  NPUYMHONCAMb — NOMEHYUAL
POCCULICKOU IROHOMURI, HAVRU U 00pa3obaniLs.

Permop OC. Baauncruir
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Emperor Alexander | St. Petersburg State Transport University
To Academician of the Russian Academy of Sciences

Academic Adviser
of the Institute for Regional Economic Studies of the Russian Academy of Sciences,
Honorary Citizen of Saint Petersburg

Vladimir Valentinovich Okrepilov
ON THE DAY OF HIS 80TH BIRTHDAY

Dear Vladimir Valentinovich!

On the day of your 80th anniversary, please accept the sincerest congratulations from the staff of the
Emperor Alexander I St. Petersburg State Transport University and myself.

Over more than 50 years of your professional career, you have achieved outstanding success in scientific
and academic spheres. What deserves special appreciation is your fundamental scientific research related to
the development of theoretical foundations of the economics of quality and their role in the socio-economic
development of Russia, and the creation of Russia’s only scientific school of the economics of quality, which
was a major achievement for St. Petersburg.

The results of research and development efforts of your school have been applied in the activities of the
European Organisation for Quality (EOQ), the European Foundation for Quality Management (EFQM), and
the IQNET Association (the International Certification Network for management systems assessment).

Your active publishing work allows you to widely share your ideas and experience, gain followers and
supporters, and train highly qualified professional, scientific and teaching staff.

Your decisive contribution to the creation of a unique multilevel system of continuous training of person-
nel for the economics of quality in St. Petersburg is invaluable.

Your scientific, teaching and public work has received well-deserved recognition and is duly appreciated
by the governments of the Russian Federation and St. Petersburg.

For many years you have been cooperating with our university, assisting us in solving many scientific and
organisational issues, and contributing to the work of the editorial board of the BRICS Transport scientific
journal. We are confident that our fruitful contacts will continue for many years to come.

Dear Vladimir Valentinovich, on the day of your anniversary I wish you good health and creative longev-
ity, so that you, your students and followers can continue to increase the potential of the Russian economy,
science and education.

Rector Oleg S. Valinsky

MISCELLANEA 4
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On the 80th Anniversary of Academician
Vladimir Valentinovich Okrepilov

Vladimir Valentinovich Okrepilov, Academician of
the Russian Academy of Sciences, Scientific Director
of the Institute for Regional Economic Studies of the
Russian Academy of Sciences, the Honorary Citizen of
St. Petersburg, was born on February 23, 1944 in Len-
ingrad. He graduated from the Leningrad Mechanical
Institute. From 1965, he worked as a mechanic, techni-
cian, production engineer, and senior design engineer
at the Leningrad Radio Equipment Plant. From 1970
to 1979, he was engaged in public work. In 1979, he
was employed as Chief Engineer at the Mendeleev All-
Union Research Institute for Metrology. In 1986, he be-
came Director of the Leningrad Centre for Standardi-
sation and Metrology of the USSR Gosstandart (a gov-
ernment agency for standardisation); in 1990, he was
employed as General Director of FBU Test-S.-Petershurg
(a federal state-funded institution); in 2017, he became
President of Test-S.-Peterburg LLC, in 2018, he acquired
the position of Scientific Director of Test-S.-Peterburg
LLC; since 2019, he has been serving as Scientific Direc-
tor at the Institute for Regional Economic Studies of the
Russian Academy of Sciences.

Rector of the Institute of Quality Management, a pri-
vate educational institution of additional professional
education. Head of a department at the St. Petersburg
State University of Aerospace Instrumentation. Head of
the UNESCO Chair at the Peter the Great St. Petershurg
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AH HOTA I/] MpennoxeH HOBbIM NOAXOA K PeLLeHNI0 334a4M NOBbILLEHNS SKOHOMUYECKOM IPDEKTUBHOCTM XKene3Hoa0-

I_L POXHbIX NepeBO30K BA3KMX HEPTAHbIX TOMMB (MA3yTOB) NPU HU3KUX TeMNepaTypax Bo3ayxa. Dusmueckue
CBOMCTBA Ma3yTOB MO3BONSIOT MOAYYaTb UX MPU HANMBE B KOTE/ BaroHa-LMCTEPHbI B CTPAaTUOULMPOBAHHOM COCTOSIHUM, KOTAA UX
NAOTHOCTb B BEPXHEN YACTU KOT/A CYLLECTBEHHO MEHbLUE, YEM B HUXKHEN. ITUM BNIOKMPYETCS eCTeCTBEHHAs KOHBEKLMS ropsyero
Ma3yTa Ha XONOAHbIX CTEHKAX KOT/A, U OH OX/1XKAAETCA TOMbKO 3@ CHET MONIEKYNSPHOM TEN0NPOBOAHOCTH, KOTOPAs O4eHb Mana.
[Mpn oxnaxaeHUM Ha BHYTPEHHMX CTEHKAX KOT/1a BaroHa-LMCTepPHbl 06pa3yeTcs CpaBHUTENbHO TOHKMIM BbICOKOBSA3KUI CNOM, Ur-
patoLLMi ponb TENNOM30MPYHOLLE 060104KM, OCHOBHAs ero Macca (6onee 90 %) coxpaHseT BbICOKYH TeMnepaTypy M TeKy4ecTb
3a BCe BpeM$ TPaHCMOPTUPOBaHMS.
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BbinosHeHb! TENMOBbIE U TMAPOAMHAMUYECKME PACUeTbl C MPUMEHEHUEM COBPEMEHHbBIX KOMMbIOTEPHbIX TEXHONOMMI (NakeT
nporpamMm ANSYS 5.6). MonydeHHble pe3ynbTaTbl MOKa3blBatoT, YTO HEOBXOAMMOCTb Pa3orpeBa MasyTa Npu Bbirpy3Ke OCTaeTcs,
HO TpebyeT B pasbl MEHbLIMX 3aTpaT BPEMEHM U TEMNOBOWM 3HEPTrUK. [peanoKeHHble 3HeprocbeperaroLme TeEXHONOMMM LOCTABKM
BA3KMX HEDTENPOAYKTOB OCOBEHHO aKTyasbHbl B YCI0BUAX POCCUM C €€ XONOAHBIM KOHTUHEHTaNIbHbIM KIMMaToOM, 60/bLUIONM Aab-
HOCTbIO MEPEBO30K M CNIOXKMBLUENCS CTPYKTYPOI BarOHHOrO Napka CTpaHbl.

LIeHHOCTb NOTyYeHHbIX Pe3yNbTaTOB 3aK/0YAETCS B TOM, YTO NPELNOKEHNE MOXET BbiTb pEaNM30BaHO Ha BaroHax-LucTepHaXx,
HaxXo4AWMXCA B 060pOTE MPU MUHUMANBHBIX M3MEHEHUSAX MX KOHCTPYKLMU. TEXHONOTMS SKCMyaTauum CIMBHOMO 060pyAoBaHus

B MYHKTAX BbITPY3KU TaKXE HE U3MEHAETCA.

K/IO4EBDIE C/10B

. YKene3HOAO0POXHbIE NepeBO3KM; BA3KME HEDTENPOAYKTbI; TEPMOrPaBUTALMOHHAS KOHBEKLMS;
+ CTPaTMULMPOBAHHOE COCTOSHUE; TEMNOBAS U30MALLMS KOTA BaroHa-LMUCTePHbI

[nsa umutuposauua: Moucees B./. HoBble cnocobbl noBbileHWs 3hdEKTUBHOCTU XKeNe3HOL0POXKHbIX MEPEBO30K BA3KMX HedTenpo-
nykToB // Tpancnopt BPUKC. 2024.T. 3. Buin. 1. Cr. 1. https://doi.org/10.46684/2024.1.1.

INTRODUCTION

The paper presents a new approach to solving the
problem of increasing the economic efficiency of trans-
port operations associated with long-distance transpor-
tation of Viscous Petroleum Products (VPP) at low air
temperatures. These liquid cargoes are the most impor-
tant component of freight transportation by rail trans-
portin Russia. Their share in the total freight turnover
of the country’s railways, including export traffic, is
approaching 18 million tonnes per year. At the same
time, the main traffic flows are formed in the regions of
Western Siberia, Urals, and the Far East. It is there that
Russia’s oil fields are in a state of initial development
and at the peak of their development. The main means
of delivering VPP to the centre of the country is by rail-
way (~65 %) and river transport (~25 %). The maximum
volume of transportation is accounted for by furnace
fuel oils under the M100, M40 and F12 brands.

During transportation, fuel oil cools down and
turns into a highly viscous state, which makes it very
difficult to unload. The standard solutions used to the
problem, such as insulated tank wagons and heating
up of oil cargo to restore its fluidity before unloading,
require a very high consumption of various types of
resources. For railway transportation, these include
the use of specialized wagons with a large (up to 50 %)
empty return mileage, low turnover due to the dura-
tion of the heat-up period, high cost of manufacturing
and operation of tank wagons, consumption of thermal
energy for draining and cleaning of tank wagons from
high-viscosity VPP residues.

The paper proposes, for the first time, to make a ra-
tional use of the physical properties of the transported
petroleum products themselves, such as high values
of the volumetric thermal expansion coefficient, a low
molecular thermal conductivity, and a sharp increase
in viscosity during cooling. Giving reasonable consid-
eration to these properties makes it possible to obtain
and keep the main mass (more than 90 %) of VPP in a

liquid state for a long time both in the ground storage
tank and in the tank of a tank wagon. At the same time,
only 5 % to 10 % of the total mass of the petroleum
product located in close proximity to the inner walls of
the tank passes into a highly viscous state.

A relatively thin, highly viscous layer with a low
thermal conductivity is formed on them, which acts as
thermal insulation of the contents of the tank from the
external environment.

This provides a possibility of a sharp reduction in
time and thermal energy input for unloading, which is
only reduced to the dilution of this layer.

For railway transportation, the proposal can be im-
plemented on tank wagons in circulation with mini-
mal change in their design and maintaining the op-
erating conditions of the drain equipment. What is to
be changed is the technology of filling petroleum fuels
used at a refinery.

The paper describes mathematical models of physi-
cal processes in M100 liquid furnace fuel oil in the tank
of a tank wagon and the results of calculations of tem-
perature distribution.

Options for the use of tank wagons with a steam
heating casing and tanks for light general-purpose pe-
troleum products are being considered [1-15].

PROBLEM STATEMENT AND METHODS
OF ITS SOLUTION

There are a large number of development efforts
aimed at accelerating the discharge of VPP and reduc-
ing the consumption of resources for the arrangement
of discharge [1-3]. The flow of new papers and patent
applications for inventions that has been going on for
more than 50 years shows that the optimal solution to
the problem has not yet been obtained.

The problem of VPP delivery is particularly typical
of Russia with its cold continental climate, long dura-
tion of the cold season, a low degree of branching of
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the railway network in the northern and eastern re-
gions of the country, and the established structure of
its wagon fleet. Currently, fuel oil is poured into the
tank of a tank wagon at a temperature close to +70 °C.
These temperatures ensure a decrease in viscosity and
a reduction in the VPP filling time, but heating VPP to
higher temperatures is prohibited in order to preserve
the performance characteristics of rubber sealing ele-
ments on the drain equipment of the tank of a tank
wagon. The loss of these characteristics can cause a
spill of large amounts of VPP, which will lead to large-
scale environmental disasters.

Full-scale experiments to study the cooling of fur-
nace fuel oil with an initial filling temperature T, of
+70 °C were carried out for three years and took place
as early as the 1950s. They were focused on the aver-
age winter air temperature in the European part of the
Soviet Union, Tg =-15 °C. From the beginning, the aver-
age value of the convective heat transfer coefficient o
of 30 W/m?°C was also set for the heat-emitting surface
of the tank of a tank wagon. The results of the experi-
ments are shown in Fig. 1 [5].

Fuel oils obtained from various oil fields of the Rus-
sian Federation differ by the content of paraffin frac-
tions and have a solidification temperature range from
+25 °C to +35 °C, at which they are not discharged by
gravity. This temperature range is marked by a large
dotted line in Figure 1, which also shows the average
travel time of oil trains in the European part of Russia
(~140 hours) [6] and the average time of transition of
VPP to a highly viscous state (~23 hours in tank wagons
without thermal insulation of the tank).

Ty, °C
70
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60 transportation time
N
Tanks — thermoses
40
. o %) . _
30 NV X N < | Ssolidification
20 - temperature range
: Withbut thermal M40
10 insulation M100
of: o
' / Full thickening time
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-20 E 1 1

T

1
20 125 225 325 1, hour

Fig. 1. Cooling of M40 and M100 fuel oils in tank wagons with
and without thermal insulation of the tank [5]
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Full-scale experiments have shown that after
15-20 hours of transportation at an air temperature T,
of -15 °C, the average volume temperature of VPP in a
tank without thermal insulation decreased to +10 °C.
At these temperatures, the viscosity of M40 and M100
fuel oils is so high that their discharge by gravity be-
comes impossible. In insulated tanks, it takes about
180 to 200 hours before fuel oil cools down to these
temperatures.

Hence, it was concluded that the heat-insulating
shell of the tank does not provide the expected effect
of maintaining a high temperature and fluidity of
VPP necessary for draining, and it was decided that it
would be more expedient to deliver petroleum fuels
in a highly viscous state and warm them up before the
discharge. At the same time, heating of VPP remains a
laborious and lengthy operation, which causes a low
turnover of tank wagons, requires expensive equip-
ment, areas, buildings and facilities, not to mention
high consumption of thermal energy. According to Rus-
sian Railways, over 660 thousand tonnes of oil equiv-
alent are spent annually for draining and heating of
oil cargoes, and the total idle time of tank wagons un-
der draining exceeds 1 million wagon-hours, which is
equivalent to about RUB 3.5 billion in monetary terms
(in 2022 prices).

INNOVATION PROPOSAL

Below we propose a new and unconventional ap-
proach to solving the problem of accelerated unload-
ing of VPP with a low energy input, even at enterprises
with limited resources. It is based on the possibility of
long-term maintenance of fuel oil in a ground tank or
the tank of a tank wagon in a stratified state. A strati-
fied state is a nonequilibrium, but hydrodynamically
stable state of a liquid, in which its density in the lower
part of the container is significantly higher than in its
upper part.

Thermogravitational convection (TGC) of hot and
still low-viscosity fuel oil is initially suppressed after it
is poured into the tank of a tank wagon.

After the suppression of TGC, fuel oil transported
in winter time does not freeze throughout the volume
of the tank of a tank wagon, but it solidifies to a highly
viscous state on the inner surface of its shell. The tank
acquires a shell formed from the fuel oil itself with
rather good thermal insulation properties. The vol-
ume of the shell is about 6 to 8 % of the internal volume
of the tank. The bulk of the fuel oil (about 92 to 94 %)
retains a high temperature and fluidity for a long pe-
riod of time, which is sufficient for draining by gravity.
The standard operation of heating the delivered fuel
oil during unloading will remain necessary, but will
require significantly less time and energy.

ECONOMICS OF INTERNATIONAL TRANSPORT AND LOGISTICS: INTELLIGENT AND DIGITAL SOLUTIONS AND PRACTICES 3
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Fig. 2. Results of calculations of temperature fields in the mass of M100 fuel oil along the section of the tank of a tank wagon
in the absence of TGC: a — overall picture of the temperature distribution after 5.7 days of transportation at an air temperature
= -20 °C; b — curves of temperature change at different distances from the axis of the tank (model of a quasi-solid body,
convection coefficient g, = 1)

An important point here is that fuel oil is dis-
charged at a high temperature and fluidity. For the
first time, it becomes possible to transport it through
pipelines made according to temporary technological
schemes, for example, when bypassing barrier sites on
a destroyed railway network or when delivering fuels
to watercraft without berthing.

The proposed method requires some change in the
technology of filling VPP into the tank of a tank wagon
carried out at a refinery, rather than in the unloading
technology.

First of all, we should note the physical characteris-
tics of petroleum fuels: bunker fuel oils (F-5), furnace
fuel oils (M100), and high-viscosity cracking residues
(M200). It can be seen from Table 1 that all of them have
alarge coefficient of volumetric thermal expansion B, ,,
of about 10-° 1/deg (almost five times greater than that
of water). They also have a low thermal conductivity
Aypp Fanging from 0.105 to 0.12 W/m°C, only slightly
higher than that of asbestos fibre (A, ~ 0.09 W/m°C),
which is a typical thermal insulation material. The
combination of these properties makes it possible to
significantly reduce the time and consumption of heat
for managing the discharge of VPP.

It should be noted that the problem of cooling a cyl-
inder streamlined by an air flow from the outside is
one of the canonical problems of mathematical physics
which was solved back in the nineteenth century. The
necessary analytical expressions, tables and graphs are
available in the literature [8, 9]. Based on this, let us im-
agine fuel oil in a tank wagon with a tank diameter D
of 3 m as a quasi-solid body with a thermal conductiv-
ity A, 0f 0.105 W/m°C and an initial temperature of
+70 °C. Let us assess its cooling time to the discharge
temperature of +40 °C.

To solve this problem, computer calculations
were performed showing the radial temperature dis-
tribution; the calculation results obtained using the
ANSYS 5.6 software package are shown in Fig. 2.

These give a picture of the temperature distribu-
tion over the section of the tank of a tank wagon that
is streamlined by an air flow with a temperature T,
of -20 °C and a velocity u, of about 20 m/s. As you
can see, after 140 hours (~6 days) of transportation,
the bulk of M100 fuel oil (highlighted in red, orange,
yellow and green colours) will retains a high tempera-
ture and fluidity sufficient for unloading, and only a
thin layer at the very walls of the tank will solidify

Table 1

Physical characteristics of petroleum fuels (fuel oils) [4]

Specific heat ::r:;;n:::; v;c;:;lrtz Coefficient of Coefficient Temperature
Petroleum fuel capacity, range + 4op 60 °C thermal conductivity, of thermal of unloading
C,J/kg°C Ve 106";1'12 e : A, W/m?°C expansion, 8, °C* | (by gravity), T, °C
F-5,F-12 bunker fuel oils 900-950 1880 96-43 0,120 9,51 -10+ +30...+40
M100 furnace fuel oil 970-984 1860 825-400 0,105 9,57 - 10 +50...+60
M200 fuel oil 998-1010 1848 3674-668 0,102 9,57 - 10 higher +60
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Fig. 3. Schematic representation of liquid currents inside a tank
wagon during thermogravitational convection and symmetrical
cooling of the walls

(highlighted in turquoise, light blue and dark blue
colours).

The graphs show the curves that characterize the
change in fuel oil temperature over time at various dis-
tances from the axis of the tank of a tank wagon.

This result is in sharp contradiction with the data
of field experiments shown in Fig. 1. Consequently, the
model of the medium as a quasi-solid body turned out
to be erroneous. In reality, there are internal move-
ments of low-viscosity VPP, which can be considered
as mixed natural and forced convection.

Being an integral part of it, thermogravitational
convection (TGC) occurs when the wall layers of the
liquid are cooled by the cold walls of the tank, accom-
panied by an increase in the density of VPP.

Vladimir I. Moiseev
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The cooled wall layers of the liquid move down-
ward, displacing the liquid upward in the central areas
of the tank. A diagram of the currents of the circulat-
ing fluid movement in a horizontal cylinder at TGC is
shown in Fig. 3; the arrows indicate the directions of
the currents, and the density of the lines shows the ar-
eas with the highest speed of movement [22].

Being the second component of the process, forced
convection is a secondary factor. This is observed only
when the tank wagon is moving and only in the upper
layers of petroleum products, and since the tank of a
tank wagon is usually filled to 90 to 95 %, the air layer
above the free surface of the liquid, where waves de-
velop, turns out to be too thin to cause intense mixing
of the liquid [28].

EVALUATION OF THE RESULTS
OF HYDRODYNAMIC CALCULATIONS

All works on TGC note that the most intense cur-
rents occur in a thin, near-wall layer of liquid [10],
as shown in Fig. 3. Therefore, TGC is described using
the laminar boundary layer model [10]. This model
was also used in the calculations for M100 fuel oil.
The equations of hydrodynamics and convective heat
transfer [26] were solved by the finite element method
using the ANSYS 5.6 software package.

When performing the calculations, the following
conditions were set:

e when poured, M100 fuel oil had an initial tempera-
ture Tn of +70 °C;

e the outside air had a temperature T, of 20 °C;

e the external heat transfer coefficient o was
15 W/m?2°C;

e filling of the tank lasted 45 minutes, taking into ac-
count the transition to a steady state of internal cur-
rents in VPP.

The images shown in Fig. 4, a, b show the thickness
of the laminar flow descending along the tank wall 3

— ] u, m/s A
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Fig. 4. Distribution of velocities of the circulating movement of M100 fuel oil during thermogravitational convection inside the tank
of a tank wagon: a, b — during the first 45 minutes after filling the tank wagon; ¢ — 360 minutes after pouring VPP into the tank
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of about 0.30 m, with the highest flow velocity u___of
about 0.27 m/s observed at a distance § of about 0.13 m
from the tank wall. At a distance r of more than 0.3 m,
countercurrents rising upwards are formed, closing the
circulation vortices schematically shown in Fig. 4, b.
In the centre of the tank, at distances r exceeding 1 m
from its wall, a fixed core is formed, where the liquid
remains motionless.

It follows that at the flow rates u _,_ of about
0.27 m/s, TGC is the main reason for the rapid cooling
down of fuel oil in the entire volume of the tank of a
tank wagon, which confirms the results of field experi-
ments shown in Fig. 1. A sharp decrease in the rate of
cooling of the oil cargo 20 to 23 hours after it is poured
into the tank is also understandable. It can be seen
from Fig. 4, a and b that in the first 45 minutes TGC
is observed throughout the entire section of the tank,
and then, as can be seen from Fig. 4, b, after 360 min-
utes the process noticeably shifts upwards. It can be
expected that after 20 hours of cooling, the increase
in the viscosity of VPP will completely extinguish TGC,
and this will fully confirm the course of the experimen-
tal curve shown in Fig. 1.

It can be concluded that when TGC is suppressed,
a liquid petroleum product will cool down as a quasi-
solid body by molecular thermal conductivity at A,
of about 0.12 W/m°C, and the temperature distribu-
tion in it will correspond to the picture shown in Fig. 2
[16-27].

OBTAINING THE STRATIFIED STATE OF LIQUID
PETROLEUM FUELS

Let us look at several ways to delaminate hot liquid
petroleum products and obtain a temporary thermal
insulation shell of a tank, specifically for the tank of
a tank wagon, from a highly viscous oil product itself
[17]. (Compare with a layer of ice on the surface of a
reservoir that thermally insulates liquid water located
under it).

The first method is implemented in a specialized
tank wagon, model 15-1566, for viscous liquid cargoes
with a steam heating casing rigidly mounted on the
bottom of the tank [7, 19, 20, 24]. The model was de-
veloped back in the 1960s, has been modernized many
times, and is now widely used (Fig. 5). The parameters
of the tank of the tank wagon are given in Table 2.
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Fig. 5. Tank wagon with a steam heating casing,
model 15-1566: 1 — tank of the tank wagon; 2 — steam heating
casing of the tank

The model has a chamber of about 2.8 m® in volume
between the walls of the tank and the casing; the thick-
ness of the chamber is about 4.5 - 102 m.

When unloading VPP, steam is supplied to the
chamber to heat up the tank walls and a relatively
thin layer of solidified petroleum product which is in
thermal contact with them. The layer melts, dramati-
cally reducing its viscosity, and the entire bulk of VPP
with a low temperature and high viscosity slides over
this layer and is poured into a receiving pit below
ground level.

Next, the tank wagon leaves the discharge facility,
and heating and sending the drained petroleum prod-
uct to storage becomes a responsibility of ground ser-
vices.

The idea is good, but the fuel oil facilities of an
enterprise receiving VPP should have expensive and
energy-consuming equipment (heated fuel oil pipelines
of great length). This means that the problem of heat-
ing up VPP during the discharge and distribution to
ground storage and associated resource costs remain
unresolved.

According to the proposed new technology, before
being poured into the tank of a tank wagon, fuel oil
must have a temperature exceeding the boiling point
of water (100 °C). The above mentioned difficulties re-
lated to maintaining the performance of the rubber
sealing collar on the drain device shown in Fig. 6 can
be resolved by a simple act [12, 13].

Table 2

Parameters of the tank of a tank wagon, model 15-1566 [11]

Thickness
of the casing
walls, m

Area of the
heat-emitting

Specific heat

capacity
of steel, J/kg °C

Tank wall

surface. m? thickness,m
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Volume of the
chamber under
the casing, m*

Increase in the
weight of the
container, kg

Heat capacity Tank weight
of steel with the casing,
A, W/m°C kg
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Fig. 6. Tank wagon’s drain device: a — general view; b —
axonometric view of the device; 1 — rubber sealing collar [29]

Fig. 7. Application of thermal insulation from rigid polyurethane
foam [23]

Before filling the tank of a tank wagon with hot
fuel oil, process water with a temperature of about
plus 50 °C is supplied to the chamber. (At very low
air temperatures (minus 50 °C), it provides preheat-
ing of the empty tank to temperatures of the order of
plus 5 to 10 °C, which solves the problem of thermal
stresses in the tank welds). An extension pipe with a
length of 0.10 m to 0.15 m is attached to the tank of the
tank wagon, and a flange with a bolted connection to
the flange on the drain device is welded to its free end.
When pouring hot VPP, the first masses of the product
are spread over the cold bottom of the tank and cooled
down on it. The extension pipe with an internal vol-
ume of about 3 litres is filled with already cooled fuel
oil. But as it has a low thermal conductivity (Table 1),
it will create thermal insulation of the rubber sealing
collar from the hot VPP inside the tank of the tank wag-
on. Filling becomes possible at a temperature of fuel
oil T, of about +120 °C to +150 °C, i.e. exceeding the
boiling point of water. When fuel oil with such a tem-
perature is poured into the tank of the tank wagon, the
water under the steam heating casing will heat up and
boil, with the water mass m,, being 2,800 kg.

This requires a lot of heat, which leads to a sharp
cooling of the fuel oil in the lower part of the tank.

The amount of cooling water is estimated from
the heat balance equation. Let us assume that in the
lower part of the tank, the mass of fuel oil (m,,) be-
ing cooled down from the initial temperature T, of
+150 °C to T, of +100 °C when the boiling of water
stops is 30 tonnes. However, the water under the cas-
ing is additionally cooled down to the temperature
of the water drain T, of +30 °C. The thermophysical
properties of water in liquid and gaseous states are
shown in Table 3.

Using the values indicated in Table 1 and Table 3,
we obtain the heat balance equation as follows

AT = (rW +CW70)mW _

Cyppmypp

_ (2238 +4,2-2,8-70)-2800 < 122°C.
1,86-30-10°

It follows that the transfer of heat to 2.8 tonnes of
water in the chamber under the casing will cause cool-
ing of 30 tonnes of fuel oil in the lower half of the tank
of a tank wagon by 122 °C. At the same time, the aver-
age temperature of the fuel oil in the upper half of the
tank T,,,, will remain equal to about 150 °C, and the
temperature in the lower half T,,,, will drop to about
28 °C, i.e. the difference of temperatures of VPP in the
upper and lower halves of the tank (AT) will be about
120 °C.

It is known that density of fuel oils of various grades
is temperature dependent as follows [14]

T) = P20
P(T) = 100003 (7~ 20)°

where p,, is the density of fuel oil at temperature
T =+20 °C, and T is the temperature of fuel oil, °C.

By using this equality, it is easy to establish that the
density of fuel oil in the upper half of the tank of a tank
wagon turns out to be almost 8 % lower than that in its
lower part. This must be the reason for blocking TGC.
The results of computer calculations and the dynamics
of cooling down of M100 fuel oil in a stratified state are
shown in Fig. 8, b, d.

For the second option of VPP stratification, a gen-
eral purpose tank without a steam heating casing can
also be used [5, 16]. A polyurethane foam shell with a
thickness of 0.03 m to 0.05 m is applied to the upper

Table 3
Physical properties of water

Boiling

Specific heat of
water vaporization
r,,kl/kg

Specific heat
capacity, C,
kl/kg °C

Specific heat sink
from oil cargo when
filling the tank, kl/kg

point
T,°C

+100 2,238 4.2 3,000
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Fig. 8. Temperature distribution in stratified M100 fuel oil (transportation at an initial temperature of VPP T = +150 °C,
air temperature T= =20 °C, and the external heat transfer coefficient o, = 15 W/m?°C: a — when transported in a general-purpose
tank wagon with the thermal insulation of the upper half; b — when transported in a tank wagon with a steam heating casing;
¢ — cooling curve for fuel oil in the lower part of the tank in the area of the drain pipe; d — cooling curve for fuel oil in the central
part of the tank

part of the tank. It is created by mixing two polyure-
thane components that are supplied under pressure
to a dispersing nozzle (Fig. 8). When they are mixed,
polyurethane foams to form an integral structure with-
out joints and seams, regardless of the complexity of
its shape.

Practice has proven that the effectiveness of the
rigid polyurethane foam shell continues for up to
10 years. At the same time, the shell is easily removed
mechanically (with a scraper) as necessary due to wear
or according to individual requirements, for example,
when necessary to control the strength characteristics
of the tank walls by ultrasonic methods.

The thermal insulation can be applied and re-
moved in a depot environment. The application time
of the shell by a single worker is about two hours. The
cost of the thermal insulation shell material is about
RUB 50 thousand per tank.

The change in the technology of filling petroleum
products boils down to the following.

Currently, the filling of VPP is carried out from one
container, where the fuel oil is at a temperature of
+70 °C. According to the new technology, the tank of a
tank wagon is filled in series and from two contain-
ers: one third of the tank is filled with fuel oil with a
temperature of +50 °C, and the remaining two thirds
are filled with fuel oil with a temperature of +100 °C
to +110 °C. Higher temperatures are not allowed, since
polyurethane foam melts at temperatures from
+130 °C to +150 °C. Melting causes deformation and
shrinkage of the shell. The specified temperature dif-
ference of 30 to 40 °C provides the stratification of hot
fuel oil.

The main advantages of the method are the possi-
bility of transporting VPP in non-specialized general-
purpose tank wagons. They have a significantly lower
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empty mileage than specialized rolling stock, a lower
tare weight, and lower cost of manufacture and op-
eration.

The results of computer calculations of temper-
ature fields in the bulk of fuel oil transported in a
stratified state shown in Fig. 8 show that the layers
of VPP adjacent to the shell of the tank cool down the
fastest with the transition to a highly viscous state.
These layers cool down when passing into a highly
viscous state, but at the same time they form a heat-
insulating shell of the tank that emerges spontane-
ously from the transported petroleum product itself.
The thickness of solidified layers of VPP that form the
shell depends on the ambient temperature and, un-
der severe winter conditions, does not exceed 10 cm,
and their weight does not exceed 15 tonnes, i.e. no
more than 20 % of the contents of a 65-tonne tank
wagon. The major portion of the transported VPP
(highlighted in red, orange and yellow) with a total
weight of up to 50-55 tonnes will retain a high tem-
perature and fluidity throughout the transportation
time [28].

Unloading of the delivered VPP from the tank of a
tank wagon is carried out by the method currently in
use. Steam is supplied to the chamber through the in-
let fitting on the steam heating casing to heat up and
melt the layer of thickened petroleum product forming
a heat-insulating shell; the rest of its mass has a tem-
perature sufficient to discharge by gravity.

Vladimir I. Moiseev
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The discharge of M100 fuel oil from a general-pur-
pose tank wagon can also be carried out by recircula-
tion. It can be seen from Fig. 8, a that it remains neces-
sary to dilute not the entire contents of the tank, but a
relatively thin solidified layer formed in the lower part
of the tank [28, 29].

CONCLUSIONS

We have proposed a new method of transporting
viscous petroleum products at low air temperatures by
their pre-conversion to a stratified state. The achieved
positive effects from the use of the declared technical
proposal are summarized below:

e asharp reduction in the time and input of thermal
energy required for heating when unloading VPP
from a tank wagon by reducing the oil product cool-
ing rate during transportation and maintaining flu-
idity of more than 80 to 90 % of its total mass in the
tank of a tank wagon;

e when unloading a petroleum product, only a thick-
ened layer which is less than 20 % of its total mass
in the tank wagon needs to be thinned;

e reduction in the amount of thermal energy for ad-
ditional heating of petroleum products in above-
ground pipelines that provide their transportation
to storage facilities.

The method can be implemented by using rolling
stock in circulation.
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ABSTRAC In India, as in many countries, railways originated as industrial gauge tracks for the transportation of ore,

timber, stone, and other building materials. These were the first industrial railways in India to deliver sup-
plies to construction sites, in particular, Chintadripet in Madras (1835), Red Hill Railroad line (1837), Godavari Dam Construction
Railway (1845), and others. Initially, the promoters of the construction of railways, based on the general social and economic
situation in the country, did not count on the development of passenger traffic, taking into account the virtually impoverished
situation of the vast majority of the population. Efforts were focused on freight transportation. The colonialists proceeded from
the need to develop railways as an important exploitation tool for exporting the country’s natural resources to the parent coun-
try and to the world market. Throughout almost the entire period of British colonial rule, passenger transportation was intended
for a narrow stratum of colonizers and a few of the richest representatives of the country’s indigenous population. By the 1860s,
there was a system of dividing passenger traffic on the railways of India into four classes. Saloon coaches were used to serve
the ruling elite. The difference in travel conditions in luxury saloon coaches and first-class compartment carriages in comparison
with third- and fourth-class carriages was huge. It reflected the social class structure of Indian society. At the same time, railway
passenger transportation did not affect the interests of the majority of the population at all, as with their level of wealth they
could not afford to travel by rail at all, remaining outside the line of progress in transport of the 19th century.
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. of passenger services
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I'IepBOHaqaano OpraHMn3aTopbl CTPOUTENDBCTBA XENEe3HbIX A0pOr, UCxoaa n3 06LWero CouManbHO-3KOHOMMYECKOTO MOSIOXKEHUS
B CTpaHe, He paCCYUTbIBA/IM HA Pa3BUTUE NACCAXKUPCKMX MEPEBO3OK, MPpUHMMaAa BO BHUMaHKE (baKTl/IHECKVI HULLEHCKOE MONIOXKEHUE
NoAaBNSOLLEN YACTU HACeNEeHMS. KOﬂOHVIBaTOpr NCXOAMNN U3 HEOBXOAMMOCTH pPa3BUTUA PENbCOBLIX A0POI KakK BaXXHOI0 UHCTPY-
MEHTa 3KCnayaTauun KONOHUU ON14 BbIBO3a B METPOMOJIUKO U Ha MMpOBOVI PbIHOK MPUPOAHBbIX 6oraTcTe MHAMK. I'IaccaxprKme
nepeBoO3KN Ha NMPOTAXKEHUU NPAKTUYECKU BCEro nepmoaa KOJTIOHUANbHOro BagblyecTea 6pVITaHLI,EB OPpHEHTUPOBAZINCb Ha y3Kl/Il7I
cnow KOJTOHN3aTOPOB U HEMHOTOYUCNEHHbIX boraTenwmx I'Ipeﬂ,CTaBMTeﬂel\;l KOPEHHOro HaceneHuna CTpaHbl.

K 1860-M rogam cnoxkunacb cucteMa pa3neneHnsa NacCaXkMpCcknx nepeBo30K Ha XeNe3HbIX Aoporax MHpaumn Ha YyeTblipe Knac-
ca.na 06Cﬂy)Kl/IBaHl/Iﬂ BEPXYLLKHN I'IpaBﬂIJJ,eVi 3/IUTbl UCMONb30BANIMCh BaroHbl-CanoHbl. PasHuua ycnosm?l npoe3na B pOCKOLWHbIX
BaroHax-caioHax u Kyl'leVIHbIX BaroHax nepBoro KjiacCa B CpaBHEHUU C BaroHaMu I, IV knaccos 6bina OFpOMHOVI N oTpaxana
CcOUManbHO-KaCCoOBYH CTPYKTYpY WHOUMCKOrO O6LLI,ECTBa.)Keﬂe3H0,D,0p0)KHble NacCaXXMUPCKME NEPEBO3KN HE 3aTparnMBaan MHTepe-
Cbl 6ONbLIEN YACTM HAaceneHums, KOTOpasa no ypoOBHK CBOEro A0CTAaTKa HE MOTr/1a No3BO/IUTb cebe noesnku Mo enesHblM Aoporam,

0CTaBasACh 3a YepTOM AOCTUXKEHUIM Nporpecca Ha TpaHcnopTe XIX ctonetus.

Kﬂ |_OL| E B blE CHO BA. UCTOPUS MHOMMCKMX XKENe3HbIX LOPOr; MPOMCXOXAEHME NACCAKMUPCKUX NEPEBO3OK; TUMbI
+ MACCAKMPCKOro NOABMXKHOIO COCTaBa; KNACChl MACCAKMPCKMX MEPEBO30K

[ins umtuposanua: 3axapoe B.b., Komapos E. accaxupckuii NOABUKHOM COCTaB XXenesHblx Aopor VIHAMK B NepBble NonBeka uUx

pabotbl // TpaHcnopT BPUKC. 2024. T. 3. Boin. 1. Cr. 2. https://doi.org/10.46684/2024.1.2.

THE BEGINNING OF PASSENGER
TRANSPORTATION ON THE INDIAN RAILWAYS

India’s transportation communications were un-
derdeveloped before the construction of railways. The
few and poorly maintained overland roads could not
be used during the monsoon period!. Waterways were
limited to the sea coast and the Indus and Ganges River
systems, important trade arteries connecting the north
of the country to the western and eastern sea coasts,
respectively.

The Indian railways were established as colonial
railways, conceived as a project designed primarily to
meet the needs of Anglo-Indian ties. Colonial character
colors the entire history of Indian railways until almost
the middle of the 20th century [1].

The founders of the first railways, the merchants
of London and Manchester, intended to use rail trans-
portation to reduce transportation costs and facilitate
British traders’ access to Indian raw cotton [2]. The Me-
tropolis saw railways as a means of transporting Brit-
ish troops and supplying them with supplies.

Initially, the traction of trains on India’s small rail-
ways was done by animals. The first steam locomotive
began operation in 1837 on the Red Hill Railway which
was built by Arthur Cotton to haul granite in the area
near Madras for the construction of the Red Hill Bridge.

April 16, 1853, when the first public railway was
inaugurated, is considered to be the birthday of rail
transport in India. A train of 14 coaches, which ac-
commodated about 400 passengers, travelled 33.8 km
along the railway between Bori Bunder (Bombay, now
Mumbai) and Thane [3, 4]. This was the first section

of the future Great Indian Peninsula Railway (GIPR)
built with a gauge of 5 feet 6 inches (1,676 mm), which
became standard for most of the country’s railway
network.

Almost throughout the 19th century, rolling stock
for the Indian railways was manufactured in Britain
and delivered to India by sea. The colonial authorities
protected the interests of British industrialists and pre-
vented the admission of equipment from other coun-
tries to the Indian railway market: “Imperial prefer-
ence excluded most other suppliers” [5].

Naturally, the rolling stock of the Indian railways
repeated the design of steam locomotives and cars
used on the UK railways. The exclusive focus of this
study is on the development of passenger car fleet. At
the same time, the authors understand the importance
of the topic of the development of the design of locomo-
tives and freight wagons, realising that this requires a
detailed review.

Initially, the UK, which was the undisputed trend-
setter in this field of engineering in the first decades of
the existence of railways in the world, built two-axle
passenger cars on wooden frames with wooden bodies.
The creators of the first passenger cars proceeded from
two design lines. The first one continued the technical
idea realised in closed carriages of horse stagecoaches.
In fact, the first passenger railway cars were these car-
riages placed on a railway track.

The second line is the construction of open plat-
forms for transportation of goods that were horse-
drawn and were used on dirt roads. With the devel-
opment of railway tracks, they were put on railway
wheels. When organizing passenger services, seats

! Monsoon or rainy season is from June to September when humid south-westerly air masses arrive over much of the country;
during the south-west monsoon season most parts of the country receive up to 80 % of the annual rainfall.
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Fig. 1. India’s first passenger coaches. Train pulled by oxen.
The middle of the 19th century [6]

Fig. 3. Enclosed coach with two separate compartments with
doors opening outwards. Bodmin & Wadebridge Railway —
Cornwall’s first steam railway. 1834. One of the three surviving
coaches from England’s first railways. The National Railway
Museum, York. Photo: Hugh Llewelyn [8]

(wooden benches) were installed on these platforms,
which were actually intended for freight, to turn them
into passenger coaches. Often, they were not equipped
with a roof, but only had a light canvas cover, or did
without it.

The two constructional types of passenger cars con-
sidered were used on all first railways of the world: in
the USA (Baltimore & Ohio, 1830; South Carolina Rail-
road, 1831), in France (St. Etienne, 1831), on the Belgian
railway (1835), the German railway (1835), in Austria
(1837), and in Russia on the Tsarskoselskaya railway
(1837) [4].

Vladislav B. Zakharov, Egor Komarov

Passenger Rolling Stock of Indian Railways in the First Half-Century of Their Operation

Fig. 2. Passenger rolling stock of the first railways. Liverpool and
Manchester Railway coaches — the first class. England. 1830.
The National Railway Museum. York, England. The coach has
three isolated compartments with individual doors that open
outwards. The exterior colouring of the car emphasises the

continuity with the design of a stagecoach body: the impression

is that three carriages are placed on the carriage frame [7]

Fig. 4. Bodmin & Wadebridge Railway third-class open carriage.
Cornwall’s first steam railway, 1834. One of the three earliest
surviving coaches of England’s first railways. The National
Railway Museum, York. Photo: Hugh Llewelyn. [8]. Figure 6 shows
coaches of this type of the Liverpool and Manchester Railway

Very few full-scale samples or images of the first
passenger coaches of the Indian railways have sur-
vived (Fig. 1). The authors used British models to il-
lustrate the design solutions, especially since most of
the rolling stock of India in the 19th century was pro-
duced in Metropolis. Some examples are taken from
the history of passenger rolling stock of other countries
(Fig. 1-4).

In most of Europe, in the United States, Australia,
etc., the predecessors of regular passenger transport by
rail were horse-drawn stagecoaches? — closed carriag-
es pulled by three, four, or sometimes up to six horses,

2In Great Britain, regular carriage transport for a fixed fee, which later turned into stagecoaches, began in the 17th century. By
the end of 1797, there was a developed system of 42 stagecoach routes in Great Britain [11]. In the early 19th century, numerous
stagecoach routes operated on a regular basis in France, a number of German states, Russia, the USA, Australia, and many other
countries.

URBAN STUDIES, TRANSPORT AND LOGISTICS TECHNOLOGIES 3
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Fig. 5. A photograph dated 1896 (a fragment) and signed
“The oldest rolling stock in England from the Bodmin &
Wadebridge Branch, London & South Western Railway, in use
for fifty years”, may show the same or similar carriages to those
in the National Railway Museum (Fig. 2 and 4) [8]. Possibly, this
shows the same or similar carriages as those in the National
Railway Museum (Fig. 3, 4)

which travelled along designated routes and according
to an announced schedule.

The authors failed to find in the available sources
any description to conclude that any carriages simi-
lar to stagecoaches (European, American, Australian,
etc.) that would operate on the principles of European
stagecoaches traveling between stage stations with the
change of horses, were in use in India on a regular ba-
sis for passenger transportation. On the Internet, the
authors found several photos taken in India by English
photographers, probably at the end of the 19th century,
which show open carriages resembling stagecoaches
with camels harnessed to them?.

In European countries, the United States, and Aus-
tralia, stagecoach travel was available to everyone for
a set fee. Depending on the class of transportation, car-
riages had seats for four or six passengers inside. In
stagecoaches, in addition to seats inside the body, pas-
sengers could sit on the roof of the carriage* where the
fare was cheaper (Fig. 8)°.

The first railways also attempted to transport pas-
sengers in seats placed on the roofs of carriages. How-
ever, unlike stagecoaches, on which travelling on the

Fig. 6. Third-class open carriages on the Liverpool &
Manchester Railway. “View of the Liverpool & Manchester
Railroad” (crosses Bridgewater’s canal).

Print. lithograph. Fragment. (Clayton).

Science Museum Group Collection.

The Board of Trustees of the Science Museum [9]

AKETC OF THE ©ARKIAGES 08 TIE LIV PO AN MANCHESTER KAILWAY.

Fig. 7. Lithograph titled “Sketch of carriages
on the Liverpool & Manchester Railway” and subtitled
“First Class and Mail”,“Second Class” and “Cattle and Goods”,
by W. Crane, Chester, c. 1830.

Let’s pay attention to the fact that the middle picture shows
an open platform included in the train, on which a crew
with passengers is installed. This type of travel was
available to wealthy people who travelled by train
in their own carriage without horses, which were hired
at the terminal station [10]

3Photos are available at: https://www.dreamstime.com/vintage-photo-twin-camel-stagecoach-jaipur-state-rajasthan-india-asia-
vintage-photo-twin-camel-stagecoach-jaipur-image238579899 and https://www.bridgemanimages.com/en-US/english-photogra-
pher/camel-carriage-india-b-w-photo/black-and-white-photograph/asset/877775

“In France, and then in other countries, these relatively cheap seats, compared to those inside the carriage, received the joking
name “imperial” (French: Impérial) as “elevated above all, located in the carriage above all”. In Russia, imperial was a place on
the roof of a stagecoach or horse-drawn tram carriage. According to modern English-Russian dictionaries the word “imperial”
is defined, as its first meaning, as seats on the roof, seats on the first floor of a stagecoach, omnibus, bus of a railway carriage.

5 According to numerous published materials, in particular engravings, drawings and photographs, postal stagecoach carriages
often carried up to 8-10 passengers on their roofs.

URBAN STUDIES, TRANSPORT AND LOGISTICS TECHNOLOGIES 4
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Fig. 8. James Pollard (1792-1867) Coaching: Stage Coach &
Opposition Coach in Sigh. Aquatint, hand-coloured. 1819.
The Yale Centre for British Art. The drawing shows that in

addition to the coachman, the top of the stagecoach, including
the roof, accommodated nine passengers®

Fig. 9. A preserved historic double-decker double-axle carriage
with the imperial of the French railways. The ground floor of
the carriage has four eight-seat compartments occupying the
full width of the carriage body, each with individual exterior

doors. The 36-seat imperial (first floor) is an open compartment

(without side walls) with wooden benches’

Fig. 10. Bombay, Baroda and Central India Railway’s third-class
double-axle double-decker open carriage. (Image: Getty Images)
1860s. A section of the carriage clearly shows that the first
floor, where the stairs led to, has a low ceiling, which allowed
passengers to bend down to pass or sit on the benches [12]

Vladislav B. Zakharov, Egor Komarov
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roof was a common, widespread and, one could even
say, mass phenomenon, the idea of passengers travel-
ling on seats located on the roofs of railway carriages
was not particularly widespread, with the exception of
France. Steam locomotives spewed smoke and sparks,
which made the passengers’ stay on unprotected roofs
not very pleasant and even dangerous®.

Nevertheless, in France, double-decker carriages,
rather than just roof seats, became quite common. Un-
til the 1870s, more than 200 such carriages were in use.

Open double-decker wooden third-class coaches
with a roof and unglazed windows, which were com-
mon on the first railways in India, were used by the
poorest passengers (Fig. 10).

DEVELOPMENT OF PASSENGER CARRIAGE
DESIGN WITH ISOLATED COMPARTMENTS
AND SEPARATE EXTERNAL DOORS

At the initial stage of railway development in most
countries, and until the end of the 20th century in In-
dia, carriages commonly had isolated compartments,
which were not connected to each other: there was no
passage along the carriage. The first carriages built on
the example of stagecoaches usually had three or four
sections (compartments) with seats across the body
that were designed for three or four people, depending
on the class of the carriage. In the first-class carriages,
there were upholstered armchairs, the second class
offered hard wooden armchairs, and the third-class
coaches had wooden benches. No passage (corridor)
along the carriage was arranged, with each compart-
ment having its own individual external doors for
boarding and alighting of passengers, which made it
possible for a passenger to go out to a platform during
a train stopover at a station or to an “open field” dur-
ing the journey (Fig. 2, 11-13). Let us place a special
focus on such carriages, as they were popular with pas-
sengers in India until the end of the 20th century.

The operation of compartment coaches with out-
side doors for each compartment posed a number of
problems for both operators and passengers. These
problems eventually led to a decline in the number of
such carriages on most of the world’s railways in the
late 19th century. India was among the last countries
to abandon them — here they were in use and popular
with passengers until the late 1990s. Let us consider

5Yale Center for British Art. URL: https://upload.wikimedia.org/wikipedia/commons/d/d7/James_Pollard_-_Coaching%2C_Stage_
Coach_%5E_Opposition_Coach_in_Sight - B1985.36.834_-_Yale_Center_for_British_Art.jpg

7URL: https://en.wikipedia.org/wiki/Bilevel rail car#/media/File:France_Paris Champs_Elysees_Wagon_a_imperiale.JPG

8The early railways attempted to carry passengers’ luggage on the roofs of carriages, but fire precautions had to be observed.
The burning of luggage from locomotive sparks on the roofs of the first railway carriages in the UK was not uncommon, so
guards were placed on the roofs to prevent fires. Figure 2 shows the roof railings for luggage and the guard’s position.
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Fig. 11. Small first-class coach with separate compartments with doors for each compartment opening outwards. The St. Petersburg -
Moscow Railway. 1851. For clarity, the figure outlines the outer door of the left compartment with a dotted line [13]

Fig. 12. First-class compartment (separated from other
compartments in the coach) with its own external doors. The
historic Bluebell Railway. The Bluebell Railway is a heritage

line. UK. The authors have already noted the lack of handles on
the inside of the doors to open the door lock. In order to open

the door, a passenger had to turn the handle on the outside of
the door by sticking his hand out through the open window’

the disadvantages of such coaches and then turn to
the peculiarities of their perception by affluent Indian
passengers, many of whom believed that these coaches
had significant advantages.

Firstly, in such carriages, the compartments were
completely segregated while the train was in motion.
It was virtually impossible for either train staff or pas-

Fig. 13. First/second class mixed metre-gauge coach of the
Indian Railways with separate compartments, without a passage
(corridor) along the coach body, with each compartment
having its own external door. First class compartments — the
two outermost doors on the right are labelled “A” and “B” (the
letters are shown below the Roman numerals indicating the
compartment class). The Nilgiri Mountain Railway is recognised
by UNESCO as a world cultural heritage site. The coach has
a route plate with the name of the city to which the train is
travelling: Mettupalaiyam (in the Coimbatore district of the
Indian state of Tamil Nadu). The coach was built in the 1960s. The
historic railway is operated for excursion and tourist activities®

sengers to walk along the carriage or the train. This
made it difficult to serve passengers and protect them
while travelling. This design delayed the start of equip-
ping trains with toilets for decades, as it was necessary
to place a toilet in each compartment. Although some
sources say that it was possible to get from one com-
partment to another or from one carriage to another

9Radlinski, Bob. Photo. 2015. URL: https://www.flickr.com/photos/httpwwwi{lickrcomphotosbobrad/21908250260
1 NilgiriMountainRailway. TypicalrollingstockatMettupalaiyam.URL:https://www.flickr.com/photos/megaanorak/34004624278;
The Nilgiri Mountain Railway. URL: https://www.tamilnadutourism.tn.gov.in/destinations/the-nilgiri-mountain-railway

URBAN STUDIES, TRANSPORT AND LOGISTICS TECHNOLOGIES



RiiCE TRANSPORT

VOL. 3 ISSUE 1 2024

using the outer step, while holding on (or rather cling-
ing) to the handrails, but it is hardly believable (see
Fig. 9,13).

On the first railways with a short length of routes
and frequent stops this disadvantage, apparently, did
not bring inconvenience to passengers and service per-
sonnel.

A serious problem of carriages with separate com-
partments was to ensure safety of passengers during
the train journey. It is known that stagecoach passen-
gers were often attacked by robbers up to the 19th
century [11]. This began to happen to passengers of
the first trains, not only in the Wild West of the North
American United States, but also in relatively peaceful
countries of Europe. Travellers in compartment coach-
es were ideal targets and easy prey for robbers. There
is a lot of historical evidence of how robbers riding
horses would catch up with a train, open a compart-
ment door, jump inside the coach, rob the passengers
and disappear [14, 15].

By the middle of the 19th century many signalling
systems were proposed to signal the train crew not
only in case of a threat to the train operation or techni-
cal malfunction, but also about an attack of bandits.
Various mechanical systems were proposed, including
red flags that would unfold when a guard or a pas-
senger pulled a cord to signal the train crew (or signal
lights facing the locomotive that would light up red in
the night time), electric bells installed in the locomotive
cabin that were activated by buttons placed in com-
partments of carriages, and so on. All these devices
were very unreliable and often failed.

The most effective device was the so-called “signal
rope”, which was stretched along the whole train from
the last coach to the locomotive where it was attached
to the handle of the locomotive horn. The rope was
supported on the walls of the carriages by special rings
and any train attendant, guard or passenger could pull
it by sticking their hand out of the window. Pulling the
rope would turn the handle of the locomotive steam
whistle which signaled the Locomotive driver. These
signalling devices appeared in England in the 1830s
and were used on many railways around the world
in the first decades of the 20th century [16]. However,
it happened that bandits, having caught up with the
train, would cut the signalling rope in the first place...

Another problem for countries with long cold
weather seasons (many European countries, northern
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areas of the USA, and Canada) was that in the autumn-
winter period passenger compartments with doors
opening directly outside (no vestibules, entrance plat-
forms, corridors, etc.) were very cold*.

Clearly, for much of India, the problem of carriage
heating was not only irrelevant, but it was opposite as
railway passengers suffered from heat. Throughout the
existence of passenger railway transport in India and
other countries with similar climates, these issues were
key to improving train travel conditions.

Just like horse-drawn stagecoaches, the first Eng-
lish and later Indian coaches had doors that opened
outwards. This was not essential from the point of
view of maintaining a proper air temperature inside
the carriage, but from the point of view of passen-
ger safety it required attention. Passengers could
inadvertently open the carriage door while moving.
To avoid this, in English and later Indian carriages
the catch handle that opened the outer door was
usually installed only on the outside of the carriage,
so as not to accidentally open the door on the move
(Fig. 14).

In spite of all the above-mentioned disadvantages,
the design of a carriage with totally separate compart-
ments and doors opening outwards became wide-
spread on the Indian railways in first- and second-class
coaches. These coaches continued to be used in India
almost until the end of the 20th century. By that time,
most countries of the world had almost completely
switched to the use of coaches with longitudinal in-
ner corridors and end entrance platforms (vestibules).
In India, until 1908, the outer doors of all passenger
coaches opened outwards, which was very dangerous
for passengers [17].

The advantage of compartment coaches with exter-
nal doors for each compartment and without a longi-
tudinal corridor is that it is possible to use the whole
width of the coach body for the arrangement of spa-
cious compartments. The corridor inevitably “eats up”
60 to 80 cm of the coach body width.

Historians of the Indian railways note another im-
portant factor. For first- and second-class passengers
who, as a rule, were very rich people, it was of great
importance that with such a compartment arrange-
ment they were completely isolated from the other pas-
sengers in their carriage, and more importantly, from
the others on the train. Privacy was important for high-
ranking passengers'2.

" Initially, pseudo-heating of passenger coaches was provided by placing heaters in the form of metal boxes with heated bricks
under the feet of passengers in first- and second-class coaches (often at an extra charge). The bricks were replaced at stations as
they cooled down. In the 1850s-1870s, stove heating began to be installed in first- and second-class coaches on the railways of
Europe, including Russia, as well as in the USA, followed by steam heating with steam supply from locomotives or special steam

carriages with boilers.

12URL: http://dipakrc.blogspot.com/2015/08/classes-of-accommodation-in-indian_16.html
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Fig. 14. Preserved third-class standard gauge carriages with compartments occupying the width of the carriage body
on the historic Isle of Wight Steam Railway, UK. The individual outside doors of each compartment open outwards.

The photo clearly shows that the side of the door facing the inside of the carriage (the right photo, an enlarged detail of the door)
does not have a handle to open the door lock (2), it is only available on the outside (1), which is clearly visible in the left photo.
On the right photo: 3 — a traditional for British carriages strap for lifting the movable glass of the door window; 4 — the movable
glass of the carriage door window [18]. To open the door the passenger had to stick his hand out of the window and turn the handle
of the door lock from the outside to open it

Fig. 15. India Railways — Great Indian Peninsula Railway - GIPR First Class passenger coach with separate compartments and
individual entrance doors (no corridor). The door on the far right is probably for a single compartment; the door on the far left
labelled “Servants” leads to a service room; the door on the right is probably to the largest compartment designed for several
passengers. On the photo you can see that the upper part of the carriage is covered with wooden boards, the so-called “planking”
There was a gap between the planking and the wall which was blown with air to reduce heating of the upper part of the coach by
sun rays. The end of the 19th century?®

Looking ahead, the last, very worn-out broad-gauge  conditioning but were more attractive to wealthy pas-
first-class coaches with separate compartments (no  sengers than the newer-built first-class coaches with
corridors) and individual external doors built in the  air-conditioning systems where compartments opened
1940s-1950s were withdrawn from service on the In-  to a common longitudinal corridor of the coach, which
dian Railways in the early 2000s. They did not have air- ~ could not provide privacy for the journey [5].

13Historical Railway Images. URL: https://www.flickr.com/photos/124446949@N06/48030146788/in/photostream

URBAN STUDIES, TRANSPORT AND LOGISTICS TECHNOLOGIES 8



RiiCE TRANSPORT

VOL. 3 ISSUE 1 2024

THE MELTING LUXURY OF ICE...
THE FIRST AIR CONDITIONING DEVICES
FOR RAILWAY COACHES

Among the various factors determining the comfort
of travelling in railway carriages, one of the most im-
portant is the air temperature. While in a large part of
the countries, the efforts of builders of railway passen-
ger coaches were directed towards solving the issues
of heating the rolling stock for most of the year, India
faced the exact opposite task.

When the British swaggered into India in the 18th
century, they were paralyzed by the sun-charred sum-
mers of the country they had colonized.

In letters to their homeland, they wrote that many
longed to escape to the mountains for the summer. Oth-
ers, lost in the bustling cities, indulged in sentimental
whining. Plain Tales of the Raj, for example, records the
grumbling of a certain gentleman named Reginald Sa-
vory, “The wind drops, the sun gets sharper, the shad-
ows go black and you know you’re in for five months
of utter physical discomfort” [19].

The British found various coping mechanisms to
tame the season’s cauterizing heat. They slept sashed
and scarved in water-drenched garments. The wealthi-
est with power and influence had their servants slosh
ice from northern India’s rivers and then drew it to
the plains at tremendous expense. They hired abdars™
to cool water, wine, and ale with saltpetre. They hung
wet tatties (mats) made of cooling khus (a type of grass)
on their windows and doors. Ice pits were built and
small pots of water placed outside on wintry nights. In
the morning, the coating of ice that formed was sliced
away and stored in the pits, but this ice was usually too
gritty and slushy to be consumed [19].

Only an understanding of this discomfort of the In-
dian heat for the British colonisers makes it possible to
determine the root causes of the newcomers’ attempts
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to arrange artificial cooling of their dwellings and
then of train coaches. Travelling around the country
to deal with various military, political, organisational,
administrative, commercial and other issues was an
important part of the service of British colonial offi-
cials, military officers, and businessmen. Travelling
in trains made the hardships of unbearable Indian
summers and sultry monsoons manifest with all their
acuteness. The owners and management of the first
railway companies began to take various measures
to improve ventilation of saloon coaches, first- and, in
some cases, second-class carriages. They even made
the first attempts to provide primitive cooling of pas-
senger compartments and saloons. Of course, it was
not about third- and fourth-class coaches.

In the 1870s (and according to some sources even
earlier), experiments of equipping passenger coaches
with air cooling devices began. Air cooling is a key is-
sue of comfort in trains in countries with hot climate.
The presence or absence of air-conditioning systems
in passenger coaches in the Indian railways at pre-
sent serves, figuratively speaking, as the main divide
between two large groups of service classes: the first
group is air-conditioned coaches denoted as “AC” (air
conditioning®) in the class list and in the travel docu-
ments and the second group is coaches without these
installations.

The first devices for cooling, humidification and
dust cleaning in coaches, the so-called Saunders sys-
tem, which was actually the first air conditioners's, be-
gan to be installed in first-class coaches on the Great
Indian Peninsula Railway in 1872 [20].

The operation of the system is based on the method
known since ancient times in Persia, China, and India,
which was used to cool the air in dwellings. It uses the
technology which is known today as evaporative cool-
ing technology'’. Wealthy homes in India also used
another method!®, which is realised in Saunders’ de-

4 Abdar is a table servant in wealthy Indian families and to British military and colonial officers, who was hired to cool down
drinks

15The use of the abbreviation “AC” for air conditioning units in English texts leads to an amusing situation where its meaning in
translations into other languages is distorted, because in English the abbreviation “AC” is most often understood as “alternating
current”. As a result, translations often translate the original text “AC railway carriage” (a railway carriage with air conditioning)
as “alternating current railway carriage”.

6Saunders. It can be assumed that this is the surname of the inventor of the system, but the authors have not been able to find
reliable information on that.

171t is successfully applied in dry and hot climates and is based on the effect of air cooling by water evaporation. For this
purpose, shallow cellars (wells) were built under houses, in which they placed many porous ceramic vessels filled with water
which formed a water film on the outer walls of the vessels. The cellar was connected by an air duct to the dwelling, from which
a high ventilation pipe removed warm air by natural draught. This caused rarefaction in the room, as a result of which the air
from the cellar was sucked into the room, and the dry and hot outside air was sucked in. It evaporated moisture from the surface
of the vessels, as a result of which it cooled and moistened before it entered the dwelling.

8The idea is that the air from outside the building, which has a naturally high temperature, is channelled into the interior, while
being forced (blown by draught, primitive fans or punkahs) through an artificial curtain of tattis (mats) called “khus khus”. They
are woven from the roots and stems of several common plants, notably Saccharum Munja, Bambus nana, Vetiveria Zizanioides,
and Setariapumila. Sources note that in khus khus mats, these plants can be used both all together and in various combinations.
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vices, which were used to equip first- and sometimes
second-class coaches. A wide air duct was laid along
the coach body, with funnels extending to the end walls
installed at each of its opposite ends. During the jour-
ney, the inlet socket of the air duct on the end wall of
the coach directed in the direction of movement was
opened, and the one at the opposite end was closed.
The air was forced by the pressure of the moving train
into the duct and distributed to compartments, passing
through water-wetted khus khus mats. The Saunders’
system also included ventilation baffles on the roof of
the carriage, which, when the train was in motion, cre-
ated a draft and sucked air from the interior. The re-
sulting rarefaction increased the supply of air to them
via khus khus mats [5].

In addition to these relatively complex systems,
primitive devices using ice were used to cool the air
in first- and, rarely, second-class coaches on the Indian
railways'® almost from the first years of their existence.
For the purposes of ice delivery, distribution and sale,
railway companies created administrative, transport
and logistics structures that usually used the facilities of
ice trading companies opened in India in the late 1830s.

Let us recall that attempts to deliver ice, which was
a “melting luxury” in the hot tropical environment of
India, as the Russian researcher S.E. Sidorova aptly put
it [21], from the Himalayas to palaces of the nobility
were made since the 17th century. It required colossal
expenses and was a rare phenomenon. The late 18th
and early 19th centuries, largely under the influence
of the needs of English colonisers, who suffered im-
mensely from the dry hot climate [19], saw the active
development of “cooling technologies” of abdars using
saltpeter? and sulphuric acid that were known from
antiquity and passed from generation to generation,
and also the art of making ice (art is the word, as it
is difficult to call it otherwise) in porous clay vessels
which were placed in the hollows of the soil in the
morning hours. Thin plates of ice that formed on the
surface of the vessels were called hooghly ice?!.

The real “ice revolution” in India, as well as in a
number of other countries with hot climates, was
brought about in the 1830s by Frederic Tudor (1783-
1864), a Boston businessman who made ice an ex-
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Fig. 16. Harvesting morning hooghly ice in ice pits
at Allahabad. Fanny Parks. Wanderings of a Pilgrim in Search
of the Picturesque (1850)*

pensive but basically affordable commodity for the
wealthy classes of colonisers and rich Indians.

On 6 September 1833, the sailing ship Tuscany
docked in the port of Calcutta and its arrival created
a furore and became news that overshadowed other
events for a while... On board was a cargo that aroused
admiration, surprise, and delight in the British colo-
nists watching it unloaded. And for many Indians, who
had never seen snow or ice before, this spectacle cre-
ated amazement, incomprehension, and even fear and
awe. They came into contact with (literally “touched”)
something supernatural.

Blocks of transparent ice were unloaded from the
holds of the Tuscany. More than three months ago, on
May 12 of the same year 1833, the ship set sail from
Boston, USA, with 180 tonnes of ice on board, which
was harvested in winter on the lakes of Massachu-
setts and stored in icehouses. On the ship Tuscany the
ice was loaded into storage tanks in the form of huge
boxes with double wooden walls and double bottom.
The space between the walls was filled with insulating
material — crumbs from cork oak processing waste,
sawdust, etc. On the way from Boston to Calcutta, about
80 tonnes of ice turned into water, which was pumped
overboard with pumps, but about 100 tonnes reached
their destination®.

19 As well as in other regions with hot climates, including a number of US states.

20 Ammonium nitrate is a common fertiliser with a low price which is mixed with water in the mass proportion of water and
nitrate of 60 % to 40 %. When dissolved in water, nitrate absorbs a large amount of heat. While table salt when dissolved lowers
the temperature by 3 degrees, the same amount of saltpeter will lower the temperature by 23 degrees.

’Named after the locality of Hugli-Chuchura or Hooghly-Chinsurah in the state of West Bengal, where this production was first
created.

22 American Ice in British India: the art of keeping cool! By The Heritage Lab. 2022. URL: https://www.theheritagelab.in/icebritish-
india-art/

The first unloading of ice was indeed a sensational event. Many Indian loaders, as well as curious onlookers, got “burns” trying
to hold shards of the never-seen-before substance in their hands. Funny things happened — several rich people who had bought
ice demanded their money back when it melted.
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This voyage of the Tuscany marked the beginning
of the successful supply of ice harvested in winter on
New England lakes near Boston to India which contin-
ued until almost the 1890s. In his system of harvesting,
storing, selling, and shipping ice Tudor materialized an
idea that was initially derided by many. The ice trade
earned him an enormous fortune and the title “Ice
King”# [22, 23].

At that time, India exported more goods to the
US than it imported. As a result, ships were sent to the US
fully loaded and returned, as a rule, half-empty. This vir-
tually worthless carrying capacity utilised by Frederic
Tudor made it possible to minimize the cost of shipping
ice from the US to India. Tudor built large icehouses
in Calcutta, Mumbai (Bombay), and Chennai (Madras)
where he stored ice delivered from Massachusetts.

The simplest way to cool the air in a coach was to
place an open galvanised metal box with pieces of ice
weighing about 50 kg in total in a compartment, which,

Fig. 18. Sailors unload ice from the ship. Around 1875%

with the doors and windows tightly shut, reduced the
indoor air temperature. Passengers in first- and sec-
ond-class coaches could pay for and pre-order ice to
be delivered to their compartment by the arrival of the
train at most major stations in India.

In the mid-1880s, electric fans began to be used in
homes in advanced countries. At the turn of the 1890s
and 1900s, with the spread of electric lighting in trains
electric fans appeared in the compartments of Indian
coaches. The air jet from a fan was directed at ice boxes

2*How ice shipped all the way from America became a luxury item in colonial India. URL: https://scroll.in/article/720912/how-
ice-shipped-all-the-way-from-america-became-a-luxury-item-in-colonial-india

% Frederic Tudor began his research in the first decades of the 19th century by attracting talented inventors to his business. He
created a system for harvesting and storing pure fresh lake ice using special tools and the then best heat-insulating materials
and built huge icehouses for storing its reserves. By the 1840s, Tudor had created, figuratively speaking, an ice empire that
supplied ice to many countries of North and South America, South-East Asia, and Australia. Tudor delivered the purest ice even
to England, where by that time the industrial revolution with its thousands of steam engines and steam locomotives had already
destroyed the virgin purity of natural ice of rivers and lakes.

26 The British Couldn’t Take India’s Heat, So They Imported Ice From New England. URL: https://www.atlasobscura.com/articles/
how-did-people-get-ice
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Fig. 19. Landing Ice at Bombay. Engraving Published in the
Graphic, Nov. 1880%

Fig. 20. The Calcutta icehouse built by Frederic Tudor.
Hand-coloured print of the Calcutta icehouse from the Fiebig
Collection: Views of Calcutta and Surrounding Districts, taken by
Frederick Fiebig in 1851%

to accelerate the circulation of cooled air. This meth-
od was used as late as the late 1950s. In those years,
ordering artificial ice for carriages was cheaper than
travelling in carriages equipped with air conditioning
systems which had appeared by that time. The fare for
these coaches was about twice as high as in ordinary
carriages [5].

During the first half a century of its existence, the
Indian railways became an efficient transport system
forming the basis of the economic life of the colonial
country which was aimed at draining the colony of
its wealth in every possible way for the benefit of the
mother country and robbing the indigenous popu-
lation. By the 1860s, the Indian railways operated
77 steam locomotives, 228 passenger coaches, and
849 freight cars. All of them were delivered from Great
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Britain by sailing ships along the route around the
Cape of Good Hope [1]. At the end of 1864, the length of
Indian railways (in total, including railways of differ-
ent gauges) was 4,739 km [24].

CONCLUSION

During the first half-century of the existence of rail-
ways in India, an efficient system was established for
providing comfortable travel for colonial officials, local
government officials, British servicemen and wealthy
Indian businessmen. By the beginning of the last dec-
ade of the 19th century the level of service in first- and
second-class carriages on railways in India became
quite comparable with the comfort of travelling on the
railways in its parent country and other leading coun-
tries, and the first air cooling systems began to be used
in passenger carriages.

As the volume of railway passenger traffic increased
and broader masses of the Indian population, most of
whom were in poverty, got access to it, the gap between
the conditions of travel in palaces on wheels — saloon
coaches and first- and second-class carriages, on the
one hand, and third-class and even more so fourth-
class carriages, on the other, widened. The latter, ac-
cording to contemporaries, actually differed little from
cattle wagons.

By the end of the first fifty years of Indian railways,
these ugly cattle wagons used for carrying people
were almost universally withdrawn from service. But
as passenger traffic from the poorest sections of the
population increased manifold by that time, third-class
coaches became so crowded that they soon surpassed
the abolished fourth-class coaches in terms of the lack
of comfort, unsanitary conditions, and safety for pas-
sengers.

At the turn of the 19th and 20th centuries, third-
class coaches of the Indian railways became a symbol
of injustice, despotism, and the horrors of British colo-
nial rule.

In his book The Third Class in Indian Railways writ-
ten in 1917, the great thinker and politician Mahatma
Gandhi presented these coaches as a model of Indian
colonial society and unfolded his programme of po-
litical struggle for the country’s independence, repeat-
edly using them as an example and symbol in his pub-
lications.

The next and final part of the review of the history
of Indian railways will show the development of the
country’s passenger coach fleet in the last decades of
British colonial rule and after the country acquired in-
dependence.

27 American Ice in British India: the art of keeping cool! By The Heritage Lab. 2022. URL: https://www.theheritagelab.in/icebritish-

india-art/
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AH HOTA M B cBsi3u c BBOOOM B MockBe B 3kcnnyaTaumio bonblioi KonbLeBoi NMHMUU, MPONOXKEHHON Ha OTAENbHbIX
I_l y4acTKax COBMECTHO C KMTAWCKUMKU METPOCTPOUTENSMM, MONYYEH MEPBbINA OMbIT B3aMMOAENCTBUS C 3apy-

6eXXHbIMM NOAPSAHO-CTPOUTENBHBIMU OPraHMn3aLMaMM Ha MOCKOBCKOM METPOMOJIMTEHE, UCCIEA0BAHHDBIN B CTaTbe U NpeaCcTaBs-

IOLLMIA LLIEHHOCTb ANS pa3BUTMS Takux paboT B NepcrnekTuBe.

AHanu3 NpoBefeH Ha OCHOBE HAaYYHO-TEXHUYECKOM [OKYMEHTALIMKU NO OTAENbHbIM 06beKTaM, X0L,a U Pe3yNbTaToB CTPOUTENb-
HO-MOHTaXXHbIX paboT, MHhOpMaLMKM O APYrUX COOBLITUAX.

OxapakTepr30BaHbl 06bEKTbI COBMECTHOTO MPOU3BOACTBA CTPOUTENbHO-MOHTAXHbIX paboT, MoKasaHbl 0CO6EHHOCTM B3aUMO-
[eiiCTBMS OTeueCTBEHHbIX U 3apybexHbix (13 KHP) meTpocTpouteneit Ha psae yyacTkoB bonbLioi KonbLeBoi nMHumM MoCKOBCKOro
MeTpOMONTEHA, Ha MPUMEPEe OTAE/bHbIX NOA3EMHbIX CTAaHLMI NPOAEMOHCTPUPOBAHbI AOCTUTHYTbIE pe3ynbTaThl. BbisiBneHbl oco-
6eHHOCTM MaTepuanbHO-TEXHMYeCKoro obecneyeHns paboT Ha y4acTKax, COOPYXXaeMbIX KUTANCKMMU MOAPSAHBIMU CTPOUTENBbHBIMU
opraHu3aumsamm.

B3anMHbI 1 06MeH ONbITOM, TEXHONOTMUAMM, OpraHu3aLmeit paboT, npuMeHeHNs pa3HO06pa3HbIX TOHHENENPOXoAYECKNX Mexa-
HW3MPOBAHHbIX KoMmiekcoB obeunx ctpaH (Poccun n KHP) man nnopoTBOpHbIE pe3ynbraTbl, NPOAEMOHCTPUPOBAN BO3MOXHOCTb U1
3D PeKTUBHOCTb yHacTMs 3apybexkHbIX TOHHENEeCTpoUTeNel HeMoCpPenCTBEHHO Ha POCCUICKMX 06beKTax B TECHOM B3aMMOAENCTBUM,
BbISIBU/ CXEMY PaLMOHANbHOIO pasgeneHus Tpyaa, OpraHn3aLmm u MatepuanbHO-TEXHUYeCKoro obecrneyeHns pabor.

K/MHOYEBLIE CNIOB

[na uutuposaunsa: Kusok B.M1, MaweHko A.N., KoHtoxos [.C., Cio3 JluusH, Yroy Li3umuHs, BuHozpados C.H., Opnos K.B., CyH SH4yHb,
Xo L3toroans, /Toli FOHaH, [y YwuusH, BaH TuH. OnblT pOCCUIMCKO-KUTAWCKOrO NPOM3BOACTBEHHOIO COTPYAHMYECTBA HA CTPOUTENb-
ctBe MockoBckoro metpononuteHa // Tpancnopt BPUKC. 2024.T. 3. Bein. 1. C1. 3. https://doi.org/10.46684/2024.1.3.

, bonbwas konbLeBas NMHNUA; KUTAMCKME METPOCTPOUTENN; METPOCTPOEHUE; MOCKOBCKMI
+ METPOMNONIUTEH; POCCUICKME METPOCTPOUTENN; TOHHENENPOXOAYECKUI MEXaHU3UPOBAHHbIN
KOMMeKc

INTRODUCTION

Cooperation between Moscow metro builders and
their foreign counterparts has a long history and is
characterised by great diversity. There were periods
when Russian metro builders were directly involved
in design and construction works in foreign coun-
tries (the Prague Metro [1], the Budapest Metro [2],
and the Calcutta Metro [3, 4]); provided advisory as-
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sistance to their foreign colleagues (the Beijing Metro
[4], the Bucharest Metro [5], and the Belgrade Met-
ro [5]); and trained specialists. For long periods in
recent times, cooperation has been limited to the
exchange of experience and technology transfer,
including within the framework of and as part of
events held by the International Tunnelling Asso-
ciation, to the purchase of imported tunnel boring
equipment, and so on.
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In recent years, the scale and pace of metro con-
struction in the capital of the Russian Federation have
increased to an unprecedented extent. The programme
for the development of urban transport adopted by
the Moscow Government provides for the intensive
expansion of its underground component — the un-
derground, the first line of which was put into opera-
tion in May 1935 [6, 7]. The Moscow Metro is among
the leading underground railway systems in the world
in terms of construction rates and a number of opera-
tional indicators. Over the past 12 years, the expansion
of the capital’s underground is characterised by the
unprecedented scope and timing with the maximum
involvement of scientific, technical, material and la-
bour resources along with the intensive application
of achievements of the world’s metro construction
industry.

As a result, the length of the Moscow Metro has
grown 1.5 times. More than 200 kilometres of new
tracks, 109 stations and 11 motor-car depots have been
put into operation. The works are carried out in the
shortest possible time and with high quality. A large-
scale pool of research, design, construction, installation
and auxiliary organisations is involved. According to
the plans of the Moscow City Government, 25 more sta-
tions and 58 kilometres of interstation sections are to
be put into operation in the near future (by 2027).

In the current context and as part of the strength-
ening and expanding of cooperation with friendly
countries, a decision was made to involve foreign con-
tractors in metro construction works. Chinese metro
builders pioneered the initiative, which is natural giv-
en the achievements of China in this field along with
the long-standing professional ties between Russian
and Chinese metro builders who have been cooperat-
ing since the very beginning of the emergence of the
metro in China [4].

The pace of metro construction in the PRC [8-10]
shocks the global specialist community. The first metro
in Beijing began to be built three decades later than
in Moscow, in 1965. And if in 2006 the capital of the
PRC had 114 kilometres of metro, in 2012 there were
442 kilometres, and by 2015 the metro length reached
708 kilometres. By 2020, the task was set to bring the
length of the metro in Beijing to 1,050 kilometres, and
this is only in one city. The length of the metro network
in China exceeds 8.7 thousand kilometres. The under-
ground operates in 47 cities of the country. This is the
result of the Chinese Government’s programme to build
a metro system in every regional centre with a popu-
lation of more than 1.5 million people. China Railway
Construction Corporation Limited (CRCC)! plays an im-
portant role in the implementation of the programme.

CRCC has a 75-year history and is a major construction
corporation supervised by the State-owned Assets Su-
pervision and Administration Committee of the State
Council of the People’s Republic of China (SASAC). This
mega-scale construction company is one of the most
powerful and largest general construction groups in
the world, operating not only within the PRC, but also
in more than 130 countries and regions around the
world, engaging in contracting, planning and design
consultancy, among others. CRCC Corporation has a
complete production chain including research, plan-
ning, survey, design, construction, supervision, op-
eration, maintenance, investment and financing, and
plays a leading role in the design and construction of
tunnels and urban railway transport in particular. It
employs 267,000 professionals, operates four corporate
design institutes, and has accumulated vast experience
both at home and abroad which was recognised by
many international professional awards and distinc-
tions. CRCC Corporation has extensive experience with
information modelling technologies. The company has
developed high-quality and modern software for these
purposes.

What is of interest is the nature and management of
joint works between Russian and Chinese metro build-
ers in the complex urban transport conditions of the
Russian metropolis, in the close proximity of the oper-
ating underground network and in difficult engineer-
ing and geological conditions.

MATERIALS AND METHODS

Within the framework of the Agreement between
the Government of the Russian Federation and the
Government of the People’s Republic of China on the
Encouragement and Mutual Protection of Capital In-
vestments, CRCC’s subsidiary in the Russian Federation,
CRCC Rus LLC, participates in the construction of the
Moscow Metro. To date, 11 tunnels of the south-western
and eastern sections of the Big Circle Line (BCL) have
been built in Moscow under the existing stations Mi-
churinsky Prospekt and Prospekt Vernadskogo, under
the motorways Michurinsky Avenue, Leninsky Avenue,
and Vernadskogo Avenue, under the railway tracks of
the Kaluga direction of the Moscow railways, the Na-
gatinsky Backwater of the Moscow River, and the Ko-
lomenskoye Museum Reserve; six tunnels of the Kom-
munarskaya metro line, including under underground
utility mains and city motorways — the Moscow Ring
Road and Kaluga Highway. The Chinese company built
five metro stations in excavations of up to 30 metres
deep in dense urban areas.

LURL: https://english.crcc.cn/
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A special place is occupied by the participation of
CRCC Rus LLC in the construction of the largest pro-
ject of Moscow metro builders, the Big Circle Line. The
competition was open, everyone could take part in it.
The Chinese firm won. In January 2017, a contract was
signed between Mosinzhproekt JSC and CRCC Rus LLC,
under which Chinese specialists (mainly employees of
CRCC’s 16th Department) built three stations of the BCL
in Moscow. The Chinese specialists were involved in
the construction of Aminievskaya station (including
interstation tunnels with tunnelling structures and
dead ends behind the station), Michurinsky Prospekt
and Prospekt Vernadskogo stations: a double-track
tunnel from Nagatinsky Zaton station to Klenovy Bul-
var station and further to the transition chamber, and
single-track tunnels towards Kashirskaya station. CRCC
Rus LLC performed the main construction (tunnelling)
works, while finishing work, installation of equipment,
installation and testing of traffic control systems and
other precise transport systems were carried out by
Russian contractors.

To meet these needs, CRCC Rus LLC has set up in-
house production of high-precision tunnel lining in
Russia. For this purpose, 12 sets of tooling moulds for
6.0/5.4 metre diameter lining and four sets of tooling
moulds for 10.5/9.6 metre diameter lining were used.
More than 14,000 tunnel lining rings with a diameter
of 6.0/5.4 metres and 1,500 tunnel lining rings with a
diameter of 10.5/9.6 metres were manufactured and
installed.

For the purposes of construction of metro facili-
ties in Moscow, CRCC Rus LLC manufactured in the
PRC in accordance with the customer’s specifications
and delivered to Russia six tunnel boring machines
(TBMs): five units with a diameter of 6.25 metres and
one unit with a diameter of 10.8 metres. Technical
characteristics of the machines are as follows (data for
a 10.8 metre diameter TBM are given in parentheses):
rotor diameter, m: 6.28 (10.8); diameter of tunnel bor-
ing machine shell, m: 6.25 (10.84); length of tunnel
boring machine head part, m: 9.5 (11.4); total length of
tunnel boring machine, m: 87 (68); total weight, tonnes:
460 (1,700); power, kW: 1,750 (6,000).

For the purposes of transportation from the PRC
to Russia, the panel systems were disaggregated into
14 and 40 elements for the TBMs of 6.25 metres and
10.8 metres in diameter and of 2 to 130 tonnes and 5 to
180 tonnes in weight, respectively.

In addition, CRCC delivered to the Russian Federa-
tion five Zoomlion T8030-25U full-swing tower cranes?
of increased lifting capacity: with the maximum lifting

capacity of up to 25 tonnes, maximum boom length of
50 metres, and maximum crane height of 45 metres,
and two grapple rigs for the construction of enclosing
structures using the “wall-in-soil” technology.

For tunnelling of the south-western section of
the Big Circle Line, CRCC Rus LLC used five TBMs
(ZTE6250 DZ397 “Maria”; ZTE6250 DZ398 “Daria”;
ZTE6250 DZ399 “Evgenia”; ZTE6250 DZ400 “Galina”;
and ZTE6250 DZ401 “Polina”). Three-kilometre tun-
nelling work on the BCL section between Nagatinsky
Zaton and Klenovy Bulvar stations was performed by
a 10-metre long TBM (“Pobeda” (Victory) as a symbol
of the long-standing friendship between Russia and
China based on mutual support and trust, and as a
reflection of the countries’ contribution to the victory
in the Second World War). The TBM was designed by
Chinese colleagues according to the technical specifica-
tions developed by Mosinzhproekt in accordance with
the hydrogeological conditions at the construction site
and taking into account the accumulated experience
of using 10-metre shields in Moscow. This method of
tunnelling allows for avoiding the construction of tun-
nelling structures and ventilation shafts and thus does
not require additional construction sites to be cleared,
which is important considering that this section of the
line passes near the Kolomenskoye Museum Reserve.

Interaction between Chinese and Russian special-
ists in metro construction was not limited only to solv-
ing production problems. The exchange of scientific
and technical experience is of great value, too. On No-
vember 15-18, 2019, the 1st International Conference
on Exploration and Utilization of Underground Space
(EUUS2019)® organised by the Institute of Rock and
Soil Mechanics of the Chinese Academy of Sciences
(IRSM-CAS) and the State Laboratory of Geomechan-
ics and Geotechnics (SKLGME) with the participation
of 30 research institutes and enterprises was held in
Wuhan, China. The Russian delegation represented
by Mosinzhproekt took part in the conference and
made a presentation on the analysis of parameters
determining the value of the excess excavation ratio
in mechanised tunnelling [11]. Based on the analysis
of engineering, geological and technological factors,
Mosinzhproekt specialists have developed recommen-
dations for determining the excess excavation ratio
depending on the type of soil and diameter of a TBM
[12,13].

Let’s take a closer look at the works performed at
the BCL facilities.

The section from Prospekt Vernadskogo station to
Aminievskaya station (including Michurinsky Prospekt

2Crane market. URL: https://cranemarket.com/specs/tower-cranes/zoomlion/t8030-25u
3First International Conference On The Exploitation And Utilization Of Underground Space (EUUS2019) In Wuhan, China. Earth-
ScienceMatters. URL: https://www.earthsciencematters.com/first-international-conference-on-the-exploitation-and-utilization-

of-underground-space-euus2019-in-wuhan-china/
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station) of the BCL is 4.63 kilometres long. Engineering
and geological conditions of the construction site are
classified as Category III (complex): geological process-
es are widespread and have a determining influence
on the choice of design solutions, construction and op-
eration of facilities.

All three mentioned stations are shallow-buried and
were built in an excavation for single-track tunnels.

The shallow-buried Aminievskaya station is located
within the south-western section of the BCL. Its depth is
15 metres. It is designed as a three-bay structure with
two rows of columns and an island platform 163 me-
tres long and 12 metres wide (Fig. 1). The axis of the
station is orientated parallel to the nearby Aminievs-
koye Highway. The station is designed to provide pe-
destrian connections with the railway platform and,
via an underground passage, with the opposite side of
Aminievskoye Highway.

The length of the section between Aminievskaya
station and Michurinsky Prospekt station is about
1,473 metres. The tunnel route passes under the rail-
way tracks, the Ochakovka River and Michurinsky
Prospekt station of the Kalininsko-Solntsevskaya line
of the Moscow Metro. The depth of the section ranges
between 19.5 and 34.3 metres.

Prospekt Vernadskogo station (Fig. 2) has a depth
of 17.3 metres. The engineering and geological condi-
tions of the project construction site are classified as
Category III of complexity (complex). It is designed as
a three-bay structure with two rows of columns on a
12-metre-wide island platform. There are four under-
ground levels. In the central part of the platform, there
are stairs for transfers.

Michurinsky Prospekt station (Fig. 3) has a unique
layout due to the complex topography of the site and an
elevated transfer link to the newly built Michurinsky
Prospekt station of the Kalininsko-Solntsevskaya line.
It is one of the deepest among shallow stations (with a
depth of 19.4 metres and seven underground levels). It
is designed as a three-bay structure with two rows of
columns on a 14-metre-wide island platform. The ar-
chitectural solution is dedicated to the Russian-Chinese
friendship.

Lifts were installed at all of the three stations — no
station complex in Moscow is now built without them.

In addition to the described station complexes of
the Moscow Metro, CRCC Rus LLC successfully com-
pleted the excavation of 9 tunnels with a diameter of
6.25 metres on the south-western section of the BCL,
including the application of unique measures to ensure
safe completion of excavation works in the area of the
existing structures.

Works were carried out along the Kaluga Highway
in the Greater Moscow area (Kommunarka district)
from Ulitsa Novatorov station to Stolbovo station in the
section from Ulitsa Novatorov station to Kommunarka
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Fig. 1. Interior of the station platform at Aminievskaya station
of the BCL (photo by Mosinzhproekt JSC)

Fig. 2. Prospekt Vernadskogo station of the BCL
(photo by Mosinzhproekt JSC)

Fig. 3. Michurinsky Prospekt station of the BCL
(photo by Mosinzhproekt JSC)

the tunnelling period, geotechnical monitoring [15]
and scientific and technical support of construction
were carried out [12, 16, 17].

The tunnels between Aminievskaya station and Mi-
churinsky Prospekt station were built with the help of
six-metre-long TBMs “Evgenia” and “Daria”. The tun-
nel from Aminievskaya station to Site No. 6 in front of
Davydkovo station was built by a similar TBM, “Maria”.
The same-type TBMs, “Galina” (ZTE6250DZ400) and
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“Polina”, were used for tunnelling between Prospekt
Vernadskogo and Ulitsa Novatorov stations.

All the above-mentioned shields ensured tunnelling
by a subsidence-free method in difficult subsurface
and hydrogeological conditions in a dense urban set-
ting of Moscow, including the use of unique measures
to ensure safe completion of tunnelling works.

Since 2017, CRCC Rus LLC has in total completed
the following scope of work in Moscow: tunnelling of
interstation tunnels with the use of 6.25 metre diam-
eter TBMs: 15 tunnels with a total length of 19,800 me-
tres, the same operations with the use of 10.8 metre
diameter TBMs: 2 tunnels (2,700 m); construction of
the main structures of station complexes at 5 stations
(225,000 m?). In addition, CRCC Rus LLC carried out
design works for the south-western section from Pros-
pekt Vernadskogo station to Kuntsevskaya station of
the BCL.

RESULTS

The experience of the joint efforts of Russian and
Chinese metro builders in building new lines and con-
structing underground stations of the Moscow Metro
has demonstrated the efficiency and effectiveness of
such cooperation. A rational distribution of design and
construction works was practiced taking into account
the capabilities and experience of the parties, as well
as different regulations in force in the cooperating

countries (the Russian rules SP 120.13330.2022 “Under-
ground Railway Systems” and the Chinese norms [18]),
customary design and technological solutions, and pe-
culiarities of machinery and equipment. This opens up
great prospects for further industrial cooperation.

Large social and economic effects in Moscow have
also been achieved. For example, the launch of the
new stations Aminievskaya, Michurinsky Prospekt and
Prospekt Vernadskogo of the Big Circle Line will save
local residents up to 40 % of their daily travelling time
in the city; the burden on the existing metro stations
will be significantly relieved: by 25 % at Prospekt Ver-
nadskogo station of the Sokolnicheskaya line and by
35 % at Michurinsky Prospekt station of the Kalininsko-
Solntsevskaya line.

CONCLUSION

The mutual exchange of experience, technologies,
and work management practices along with the ap-
plication of various tunnel boring machines from both
Russia and China has yielded fruitful results, demon-
strated the possibility and efficiency of the engage-
ment of foreign tunnel builders directly at Russian
sites in close cooperation with their Russian counter-
parts, and revealed a scheme for rational division of
labour and work management.

Cooperation between Russian and Chinese metro
builders has great prospects.
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PART 1.THE BIRTH OF HIGH-SPEED RAILWAY
TRANSPORT IN RUSSIA

The concept of high-speed railway transport

Tracks in the form of metal troughs, cast or forged
rails have been known for a long time®. In the 16th and
17th centuries they were increasingly used in mines,
quarries, and at industrial enterprises.

On 27 September 1825, an epochal historical event
took place — the world’s first public railway Stockton
and Darlington in England was opened. It changed the
paradigm of rail transport, which ceased to be exclu-
sively special-purpose industrial and became univer-
sal, suitable for the transportation of both freight and
passengers. By the middle of the 19th century, railways
had become accessible to the general public, vital for
trade, industry and agriculture, and the state. As a
universal means of transport they developed until the
middle of the 20th century.

On 1 October 1964, the opening of the world’s first
specialised high-speed railway line (HSL) Tokyo - Osa-
ka again changed the paradigm of railways, which
had previously been a universal means of transport
for mixed freight and passenger traffic at different
speeds. An important variety of railway transport
has emerged — specialised high-speed transport with
speeds of more than 200 km/h in commercial opera-
tion*. The concept of “high-speed railway traffic” is
conventional® and historically established. At the be-
ginning of the 20th century, it encompassed speeds of
150 to 180 km/h, and today the covered range exceeds
250 km/h® [1].

The division into “regular” and faster trains, in par-
ticular “high-speed” trains, occurred on the first public
railways. The concepts of “faster”, “fast-speed”, “fast”,
“high-speed”, even “racing” as applied to a train, loco-
motive, and carriage emerged in the first half of the
19th century.

Chronicle of the Development of Competencies for High-Speed Railway Transport in Russia

New competencies related to the increase in the
speed of traffic, new regulatory requirements for rail-
way infrastructure and rolling stock appeared by leaps
and bounds as new technical solutions, machines and
materials emerged.

At present, only electric rolling stock is used on
high-speed railway lines. In the 1930s-1950s, diesel
locomotive traction and diesel trains were used for
high-speed traffic, and in the 1960s-1970s, attempts
were made to create gas turbine high-speed trains.
However, only an electric drive can provide the neces-
sary power for trains travelling at speeds of 200 km/h
and above.

Trains travelling at speeds of more than 200 km/h
require special designs of infrastructure elements and
rolling stock, while physical wear and tear of devices
and energy consumption increase. At speeds above
300 km/h, aerodynamic drag increases sharply. To-
day, the maximum speed in commercial operation is
350 km/h, and there are no high-speed railways with
higher speeds in the world’.

The length of high-speed lines in the world® (in kil-
ometres) is 59,498; the longest HSLs are in the PRC
(40,493 km), Spain (3,917 km), Japan (3,146 km), France
(2,745 km), and Germany (1,631 km) [1].

The desire to increase train speeds required to
make research, development, engineering and design
efforts in various fields of knowledge. At present, there
are research, design, production and training centres
around the world that engage in research in the field
of railway transport, including high-speed traffic; an
important role in coordinating this work is played by
the International Union of Railways, the Organisation
for Cooperation of Railways, and others.

In the Russian Federation, research and develop-
ment in the field of high-speed rail transport are car-
ried out by divisions and subsidiary organisations of
Russian Railways OJSC: VNIIZhT JSC, High-Speed Lines
JSC, a number of research institutes and design bu-

3In 1769-1770, the “Thunder Stone” (Grom-Kamen) — a fragment of a granite rock weighing about 2,000 tonnes, a megalith of the
pedestal of the Peter the Great monument in Saint Petersburg — was moved using rails in the form of oak troughs upholstered
in copper. Since 1788, a railway with cast-iron rails built by Anikita S. Yartsev operated at the Alexander Cannon Factory in
Petrozavodsk. In 1809, a two-kilometre long cast-iron railway was built to the design of engineer Pyotr K. Frolov to transport ore
between the Zmeinogorsk mine and the Korbalikhinsky Plant in Altai. The first in Russia railway with steam traction was built
in 1834 at the Nizhny Tagil Plant by serf craftsmen father and son Efim A. Cherepanov and Miron E. Cherepanov [2].

4Initially it was exclusively passenger transport, but in recent years high-speed freight transport operations have also begun, for
which the first high-speed goods train has already been built in the People’s Republic of China.

SFrom Latin “conventio” — meeting, agreement, contract, bargain; i.e. conventional, accepted, conforming to tradition or treaty.
Unlike aviation, in railway transport there is no physical quantity, such as the speed of sound (about 340 m/s or 1230 km/h), to
distinguish between subsonic and supersonic speeds.

5The record speed of 574.8 km/h on a traditional railway track was set on 3 April 2007 by the French V150 train on the Paris-
Strasbourg HSL. The highest speed on magnetic suspension (maglev) is 606 km/h (Japan, 21 April 2015).

7 Metaphorically speaking, today there is no marketable product called “high-speed rail services with speeds in excess of
350 km/h”.

8 According to the International Union of Railways, data as of 1 October 2023.
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reaus, enterprises of a number of ministries and de-
partments, and higher education institutions of the
Russian Ministry of Transport and Roszheldor (the
Federal Railway Transport Agency).

The article considers the main stages of railway
speed increase through the prism of the development
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of this area in the first higher engineering educational
institution of Russia — Emperor Alexander I St. Peters-
burg State Transport University. These are correlated
with the solution of railway transport problems in gen-
eral and the chronicle of train speed increase (Table 1,
Diagram 1).

Table 1
Important events, journey times and train speeds on the main track of the Oktyabrskaya Railway —
Saint Petersburg - Moscow Line

Travelling time, h, min
Year Event, type of train and means of traction, maximum speed

Average en-route speed, km/h

1 1851,
August 18 (30)

Before the official opening of the railway.

A special imperial train bringing Nikolay | and his august family to the Oldest Capital 20.00
travelled from Saint Petersburg to Moscow along the 604 verst (644.4 km) long railway, _
the construction of which had not yet been completed

2 1851 Before the official opening of the railway. 1-12 (13-24) September (tentatively;
Pavel P.Melnikov does not specify the exact date [3]). A disaster in the area of Klin station
at a distance of two to three versts towards Saint Petersburg. A head-on collision of two
trains with tsar couriers that moved towards each other on the same track. Each of the
trains consisted of a steam locomotive and one carriage of the 1st class. The collision
occurred due to erroneous actions of the railway administration during its temporary
operation. The total speed of the collision of the two trains was about 100 km/h.

Both locomotive crews were killed, two passengers and two conductors were injured.
Pavel P. Melnikov, travelling in the train from Moscow, was happily unhurt. According

to his version, the accident was not reported to the Emperor, and no official report was
published

3 1851,
November 1 (13)

Opening of the Saint Petersburg-Moscow railway.

At 11.15 am, departure of the first train from Saint Petersburg to Moscow with a steam
locomotive of type 2-2-0 of the original series (conventionally ‘A’). The train arrived

in Moscow the next day at 9.00 am. The maximum speed set for passenger trains was 296
32 km/h (30 verst/h); for mail trains® it was 37 km/h (35 versts/h)

2145

4 1851-1855 Passenger trains in regular operation with steam locomotives of type 2-2-0 of the initial

18.00
series (conventionally “A’). Max. speed: 50 km/h e

35.8

(O]

1852,
February 12 (24)

A disaster on the Verebyinsky Uklon. Several freight wagons rolled down the incline and
collided with a passenger train. Five people were killed

o

1853, September 1 An experimental high-speed train 12

53.7

~

1957 Beginning of track superstructure rearrangement — removal of longitudinal wooden
planks originally laid under the rails. The sleeper density was increased from
1,166 pcs/km up to 1,480 pcs/km

oo

1863 Fast trains 15.00

42.9

O

1869 Afire on the Mstinsky bridge. Traffic interruption for four months

10 1870-1890 Replacement of wooden bridges with steel ones under the direction and according to the
designs of Professor Nikolay A. Belelyubsky of the Institute of Railway Engineering and

Construction

9“Mail” trains, later called “fast” or “courier” trains, were faster than passenger trains at the time, unlike today’s mail trains
which have stops at almost all stations. In 1965, the term “courier train” was removed from timetables. Only “express” and
“passenger” trains remained, and later the concept of “high-speed” trains was introduced.
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The first semi-automatic interlocking with semaphore signalling was installed on the
Saint Petersburg-Bologoye section

Arrangement of the Verebyinsky bypass. The length of the line increased to 649.7 km

Steel rails of the same weight were laid along the main tracks along the entire length
of the line instead of iron rails with a linear weight of 22 pounds per 1 linear pound
(32.7 kg/m)

Courier train with new steam locomotive type 1-3-0 of N series.
Max. speed: 90 km/h

Experiments organised by Professor Nikolay L. Shchukin, Comrade (Deputy) Minister of
Railways, Chairman of the Rolling Stock and Traction Commission at the Engineering
Council of the Ministry of Railways, on the Saint Petersburg - Moscow line with trains
nicknamed by journalists “Lightning Trains” that had new steam locomotives type 1-3-1
series S and a train of nine Pullman carriages.

Max. speed: 125 km/h

Courier trains — the so-called “Black Sea trains” with steam locomotives type 1-3-1
of S series on the section between Saint Petersburg and Moscow:

No. 1-Ch Saint Petersburg-Novorossiysk;

No. 1-S Saint Petersburg-Sevastopol

Max. speed: 100 km/h

An express train “Krasnaya Strela” Leningrad-Moscow with a steam locomotive type 1-3-1
of Su series and 12 four-axle carriages. It was introduced on 10 June with the departure
from Leningrad at 1.30 am and arrival in Moscow at 11.30 am (according to another
source, the arrival was at 10.15 am).

Max. speed: 80 km/h

An experimental steam locomotive type 2-3-2 of the Kolomna Plant on the Leningrad -
Moscow line with a train of 14 axles picked up a speed of 170 km/h®

Express train “Krasnaya Strela” Leningrad - Moscow with a steam locomotive type 1-3-1
of Su series and 12 four-axle carriages.
Max. speed: 80 km/h

Express “Krasnaya Strela” Leningrad-Moscow with a steam locomotive of type 2-4-2 of
P36 series and a train of 12 four-axle carriages.
Max. speed: 100 km/h on a number of sections; 80 km/h on a number of stations

Experimental passenger train with a TE7-001 diesel locomotive and 790 tonne train.
Max. speed: 140 km/h on a number of sections; 120 km/h on a number of stations. Travel-
ling time included a 2 minute stop at Bologoye station

Start of the reconstruction of the main line of the Oktyabrskaya Railway. Order of the
Ministry of Railways “On Preparing the Moscow-Leningrad Line for Passenger Trains with
Increased Speed”

Night express train Leningrad-Moscow: locomotives:

- TE7 diesel locomotives on the head sections of the terminal stations
- P36 steam locomotive on the Malaya Vishera-Kalinin section.
Travelling time included three 10-minute stops for locomotive change.
Max. speed: 140 km/h on a number of sections;

120 km/h on a number of stations

Throughout the Leningrad-Moscow line, R50 rails were laid on crushed stone ballast with
the extension of the closure rails and straight inserts between the curves; on the main
tracks, PR50 turnouts of grade 1/11 with a block fish plate in the heel filler were installed

Daytime express train: a TE7 diesel locomotive with a train of 10 interregional carriages
with soft seats of aircraft type.
Max. speed: 140 km/h on a number of sections; 120 km/h on a number of stations

Continued of Table 1

1245

759
814

9.59
9.40

65.0
67.2

10.00
64.9

11.015
57.7

9.30
68.4

5.54
110.1

8.15
78.7

6.20
102.6

1 A number of publications provide information about a higher speed achieved by pilot steam locomotives. We adhere to the
information given in works by Vitaly A. Rakov, one of the most authoritative historians of railway rolling stock [4].
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Continued of Table 1

26 1962, May 16 Experimental train weighing 335 tonnes with a diesel locomotive TEP 60-011.
Max. speed: 162 km on one of the sections; 174 km/h on the main tracks of Dubtsy
station

27 1962, December  Electrification of the entire Leningrad-Moscow line was completed

28 1963, June 12 Experimental ride of the so-called “superfast” express train: a ChS2 electric locomotive 527
and a train of 12 carriages.
Max. speed: 160 km/h on a number of sections; 140 km/h on a number of stations 119.2
29 1963, June 25 Regular daily journeys of Aurora train No. 5/6 with a ChS2 electric locomotive started. Train No.5 = 5.27
Max. speed: 160 km/h on a number of sections; 140 km/h on a number of stations Train No.6 — 5.50
119.2
1114
30 1965 Aurora train No. 5/6 with a ChS2 electric locomotive. 459
Max. speed: 160 km/h on a number of sections; 140 km/h on a number of stations 1304
31 1966, March 0On some experimental sections of the Leningrad-Moscow line: Dubtsy-Bolshaya
Vishera and Torbino-Okulovka, trains with one and two ChS2M locomotives and trains of
15 carriages with KVZ-CNII bogies repeatedly passed along the main tracks at speeds of
up to 205 km/h
32 1971,February 26  Experimental journeys of a train with a ChS2M electric locomotive and three carriages
with KVZ-TsNII bogies on LIIZhT type turnouts. 52 journeys along the straight direction
with speeds of 200-220 km/h.
The above train travelled along the straight side of turnouts at a speed of 228 km/h
33 1973, June-July On the Tosno-Chudovo section of the Leningrad-Moscow line, RT200 (known as
“The Russian Trio”) carriages were successfully tested at speeds of up to 210 km/h
34 1976,June 8 The ER200 electric train reached a speed of 220 km/h in a test trip
35 1976, June 26 Atrain with a CS200 electric locomotive consisting of nine RT200 carriages reached a
speed of 220 km/h on the Luban - Chudovo section
36 1977 The reconstruction of the Tosno-Malaya Vishera section was completed. The track was
Laid with R65 long-length rails on reinforced concrete sleepers with KB fasteners. At the
stations, 22 turnouts with movable frog cores were installed. Traffic at speeds of up to
200 km/h was permitted on the section
37 1984-1985 Modernisation of the power supply system was carried out at a number of sections, and
the estimated running time of the ER200 train was reduced to 4 hours 25 minutes
38 1984, March 1 The ER200 electric train was put into operation to make one trip per week: 5.20
on Thursdays from Leningrad to Moscow; on Fridays from Moscow to Leningrad 1219
39 1984, September 1 4.59
130.3
40 1985 429
144.9
41 1986 425
1471

4) 1988,August 16  An Aurora train crash killing 31 people

43 1993, 0ctober 5 An experimental eight-axle passenger diesel locomotive with AC-DC electric transmission
TEP80-002 set a world record speed for diesel locomotives reaching a speed of 271 km/h
in a single train operation on the Shlyuz-Doroshikha section during a test trip on the
Saint Petersburg-Moscow line

44 2001, June 29 An experimental electric train Sokol picked up a speed of 236 km/h
45 2001-2009 Reconstruction of the line for traffic with a speed of up to 250 km/h
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46 2001,0October 26  Traffic was opened on the newly constructed Verebyinsky bridge; the Verebyinsky bypass
was eliminated, and the original route of the 644.4 km long Saint Petersburg-Moscow
line was restored.
With the construction of the new bridge and the elimination of the Verebyinsky bypass,
the length of the main route — the Saint Petersburg - Moscow Line — was reduced to the
original length of 644.34 kilometres. However, it was decided not to change the kilometre
markings of the line, the length of which is counted from Saint Petersburg. After the
kilometre marker “205” the kilometre marker “211” was installed
47 2009, May 7 The Sapsan electric train (Velaro RUS, EVS1/EVS2 Sapsan: Siemens high-speed train)
reached a record speed of 290 km/h for Russia during pre-operation tests on the
Moscow - Saint Petersburg line
48 2009, July 30 The Sapsan electric train made the first full demonstration trip from Moscow to Saint
Petersburg
49 2009,November 27  The crash of Nevsky Express train on the Saint Petersburg - Moscow line in the
Bologovsky district of Tver Region as a result of a terrorist attack. 28 people were killed
50 2009, December 18 The Sapsan electric trains started running on schedule. Three pairs of trains per day
departed synchronously from the two end stations at 6.45 am, 1,00 pm and 7.00 pm. The
maximum speed on the most part of the line was 200 km/h, and on some sections it was 345
up to 250 km/h. —
The day before, on 17 December, the first commercial trip on the Moscow - Saint No stops 171.8
Petersburg route took place. 17 December is declared by Russian Railways as a corporate
holiday, the High Speed Day
51 2024 There are up to 17 pairs of trains in circulation on different days; some trains run the 3.30
entire route without stops; some make stops at different stations -
No stops 184.0
52  Inthe measurable A prospective high-speed train along the projected Moscow - Saint Petersburg HSL with a 215
future length of 679 km ’
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Speed, .
;"5/8 i"”’z“zey"'“e'“ 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 207?
4‘21 i45 Symbols
315 = | T 2145 e bt {atiuding stops
20 ¢ 20:00 ﬁ%%ermedlate stations),
300 12:00  Record (minimum) journey time 2.99
285 == \i B in :
18:00 290  Record speed, km/h 271 =
270 == 18 : = :
mmms Maximum authorised speed, km/h . . 250
255 £= \ s Average en-route speed, km/h . .
240 p— 16 H Importam events . riﬁ -
s 15:00 278_] O 4
- 220 O —
N _ 210 [ . E
210 = 14 = g 705 b - 1 _
195 &= Mqi245 = ] 1=
_12:00 ™ 2 = - |- i
180 = 12 @ AN © 8 s 174§ = |- 1718 1]
. ) 170| B : = [=
165 Sem . < 5 = 160 ks
150 = 10 1+ oyt B+ pEree -+ 5
: 9:40 S | & 1409 :
135 == . e o 130,4 :
120 5= g 4= = 49 21192
H = H = 110,1
105 = ™ [o} -HE 1
o b o 0 NI : T 6:231-:02'
6T: = so[ » 8OJ15:54@ 5:27
75 - 0 67,27 Hi¥78.7
60 . 60 No data . 549 68,4 - 459 5:20 [— 345
453,|7- 50 R | EE 57700 = e '
0 data o o
45 = 371, 2= | = T 5 'S 3?2
30 == 2 2.f. 1 I T i
. Line length, . Line length,
15 == - 644.4 / 649.0 - 649.7/ 644.4
o L i s 4 |
1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 _ 2010 2020 20??
..... Go» {45y » Years
-| } ———— -} ............... sl .>
1,23 @é 9 @21 12 14 15 1718 19;20; 27,23, 25:30  33; 35 38 40:42 43 44 47; 49 51 52
456 16; 16a 22; 26; 28; 29; 31; 32; 34 39:41; 46 48 50

TRANSPORT INFRASTRUCTURE



RiiCE TRANSPORT

VOL. 3 ISSUE 1 2024

The Emperor Alexander | Institute of Railway Engineers
is the first research and engineering centre of high-speed
railway competencies in Russia

Founded in 1809 by Emperor Alexander I, the Insti-
tute of the Corps of Railway Engineers (IKIPS) was the
only scientific centre in the country for the collection,
analysis and generalisation of materials on rail trans-
port until the end of the 19th century. In 1826, IKIPS
launched the first transport publication, The Journal of
Railway Transport'!, which for the first time raised the
railway subject.

In the 1830s, the competencies for training the first
railway engineers in the country were formed at the
Institute of Railway Engineers. The scientific and aca-
demic activities of the Institute were based on the in-
formation about railway tracks collected since 1809 in
its library and in the Museum of the Institute opened in
1813 [2]*%. The Museum built a collection of foreign and
domestic literature, as well as materials provided by
university professors who visited foreign railways. The
course of construction art (the construction course) in-
cluded materials of lectures and practical classes on
rail tracks. In 1830, the library received books, draw-
ings and sketches brought from England by IKIPS
professor Gabriel Lamé, who on 15 September 1830
attended the opening of the world’s first double-track
steam-powered Liverpool and Manchester railway. On
his return, he gave a series of lectures entitled “Build-
ing Railways in England” [2].

In 1832-1833, Railway Engineer Professor Pavel P.
Melnikov was the first in Russia to introduce a unit on
track roads into the course of applied mechanics [5].
In 1835-1836, Railway Engineer Matvey S. Volkov for
the first time singled out a unit containing information
about different types and designs of railways in the
course on construction [2]. In 1835, Pavel P. Melnikov’s
monograph About Railways was published, which was
the first academic work in Russian on the new type of
transport [6]. Thus, in the 1830s, for the first time in
Russia, the systematic teaching of railway business be-
gan in IKIPS.

In 1837, Pavel P. Melnikov and Stanislav V. Kerbedz
were sent to study railways in France, England, Bel-
gium, Germany, and Austria. In 1839-1840, Nikolay O.
Kraft and Pavel P. Melnikov went to the USA for a year
on the order of Emperor Nikolay I to study railways in
conditions close to those in Russia. Their illustrated re-
ports in several volumes became the first encyclopae-
dic materials on railways in Russian [7, 8]. By the 1840s,
the library and museum of IKIPS had formed a unique
information base on the world’s railways.
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On 11 November (30 October) 1837, the first in Rus-
sia and the sixth in the world public railway Tsarskosels-
kaya was opened. Russia was among the first to put into
operation an advanced high-speed mode of transport.

However, the Tsarskoselskaya railway used the
latest foreign technologies: all locomotives, carriages,
other technical devices were purchased abroad, driv-
ers and other specialists of the railway were foreign-
ers — these were about 30 engineers and technicians
from Germany and Austria-Hungary.

We pay tribute to the memory of the Austrian
engineer, Czech Franz Anton von Gerstner. Despite
all the contradictions of his personality, as the author
of the Tsarskoye Selo railway project and a business-
man, he was interested in the idea of Nikolay I, who
was well versed in military engineering and construc-
tion. In 1816, the future sovereign travelled to Europe
and became one of the first Russians to see steam lo-
comotives in operation, trying his hand at being a fire-
man and a train driver [9].

Nikolay I supported the creation of the joint-stock
company of the Tsarskoselskaya railway, and the or-
ganiser was the sugar producer Count Aleksey Bobrin-
sky, who invested his considerable capital in it and was
not mistaken. A few years later, Count Aleksey Bobrin-
sky assisted Pavel P. Melnikov in the implementation of
the Saint Petersburg-Moscow railway project.

After Gerstner’s departure from Russia in 1838, Rus-
sian railway engineers, who were graduates of IKIPS,
took over the management of the railway.

The Tsarskoselskaya railway, which introduced the
country to the latest technologies, gave the students of
IKIPS the opportunity to receive practical railway train-
ing. “The Tsarskoselskaya railway, with regard to its
general importance for the network of Russian railways
and for the purpose that was in mind when deciding to
build it, will rightly be considered like the dignified toy
regiments and small boats of Emperor Peter the Great
which gave Russia glorious victorious guards, army and
navy”, noted the meeting of the Imperial Russian Tech-
nical Society dedicated to the 50th anniversary of the
railway [2].

Only five years passed after the opening of the most
advanced transport system in Russia — a period negli-
gible by historical standards — and on 1 (13) February
1842, Nikolay I, contrary to the position of all ministers
[10], signed a historic decree on the construction of the
Saint Petershurg-Moscow railway, relying on the opin-
ion of young Russian engineers, graduates of the In-
stitute of the Corps of Railway Engineers Pavel P. Mel-
nikov, Nikolay O. Kraft, Stanislav V. Kerbedz, Dmitry 1.
Zhuravsky, Nikolay I. Miklukha, and others.

" The Railway Transport is the country’s oldest transport engineering journal.
2The Central Museum of Railway Transport of the Russian Federation.
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After the “foreign” Tsarskoselskaya railway, in 1842
on the route of the future Saint Petersbhurg — Moscow
railway, Russian engineers independently conducted
surveys, selected the route, carried out design works,
and erected unprecedented bridges and other struc-
tures. Russia moved from the contemplation of foreign
technical miracle — railways — to its own engineering
creativity.

Russian engineers, having learnt and adapted for-
eign experience for Russian conditions, acted on the
basis of the norms of design and construction of the
main line developed under the leadership of Pavel P.
Melnikov, Nikolay O. Kraft and Andrey D. Gotman. Be-
fore the beginning of the surveys, the engineer Nikolay
L. Lipin was the first in Russia to develop “Some condi-
tions of such surveys for the Saint Petersburg — Mos-
cow railway”. At the suggestion of Pavel P. Melnikov,
Nikolay I invited as a consultant an American special-
ist Major George Whistler, who Melnikov met during a
trip to the United States. “Whistler’s advice was highly
professional and very useful for builders” [2].

The possibility of a technological breakthrough in
just five years was predetermined by the engineer-
ing education system created in Russia. It was laid in
1809-1824 by the great engineer, scientist, teacher and
statesman Agustin de Betancourt, who trained those
engineers who became the first Russian railwaymen.

By 1844, Pavel P. Melnikov, with the participation
of American engineers and entrepreneurs Joseph Har-
rison and Thomas Winans, organised the production
of the most complex machines of that time — steam
locomotives and carriages — at the Aleksandrovsky
Plant in Saint Petersburg by localising (Russifying)
production. By 1849, 42 passenger and 120 freight lo-
comotives, 70 passenger and more than 2,000 freight
carriages had been built [2]. Only Russian-made rolling
stock was operated on the Saint Petersburg — Moscow*3
railway, opened on 1 (13) November 1851 (Fig. 1).

The railway was 604 versts (644.4 km) long and
was characterised by straightness — it was only 6.4 km
longer than the air straight. The railway had relative-
ly small maximum gradients!*. The combination of a
straight track with the minimum curve radii (1,600 m
on sections between stations and 1,065 m at operation
points) ensured high speeds. For more than a century
and a half, the Saint Petersburg-Moscow main line re-
mained the only high-speed test track in Russia.
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Fig. 1. One of the first passenger steam locomotives of type
2-2-0 of the Saint Petersburg—Moscow railway, 1860s [11]

In the second half of the 19th century, apart from
the Institute of Railway Engineers (IIPS)'>, the Minis-
try of Railways of the Russian Empire had no other
unified scientific centre, and there was no plan for
research work [2]. In the last third of the century, the
work of IIPS graduates in technical departments of
the Ministry of Railways and at conferences of railway
service managers became more active. Professors,
specialists and graduates of the only transport uni-
versity were responsible for scientific and engineer-
ing works, collection, analysis and generalisation of
information on the normative base for railways, plan-
ning of their development, and possibilities of speed
increase. With the growth of the length of railways
and the number of railway companies, the issues of
unification of requirements to the railway system be-
came critical.

Under Emperor Alexander II, the number of pri-
vate railway companies increased, especially after
Pavel P. Melnikov resigned as the Minister of Railways
in 1869. The problems of control over railway con-
struction and operation worsened. In the mid-1870s,
out of 53 railways existing in the country there were
many private railways that did not meet the require-
ments of the increased volume of transport [2]. There
was a need to create a unified legislative framework
for railway transport, to develop unified rules of tech-
nical operation of railways, and to unify construction
standards.

In 1877, Professor of IKIPS Arseny M. Shishkov
published the first fundamental work, The Operation
of Railways, which gave answers to many urgent prob-
lems of train traffic organisation, rules of train forma-
tion and safety [2]. The scientists and graduates of the

13Since 1855 — Nikolaevskaya Railway, since 1923 — the main course of the Oktyabrskaya Railway.

1 The steepest gradient of 7.8%o had to be built on the Verebyinsky ascent, which caused problems both with the upward
movement of goods trains and the braking of descending ones. On 12 (24) February 1852, this led to a catastrophe: several
freight carriages went down the incline and collided with an oncoming train, killing five people. In 1881, the Verebyinsky bypass
was built, which allowed to reduce the gradient on the ascent to 6%eo, but lengthened the road route to 649.68 km.

15Tn 1864, the status of the Institute was changed: military training was reduced and a new name, the Institute of Railway
Engineers, was given. In 1877, the Institute was named after Emperor Alexander L
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Institute of Railway Engineers, in particular Ivan I.
Richter, Alexander N. Frolov, Nikolay A. Demchinsky
and others, made a significant contribution to the for-
mation of the first set of general rules of railways, The
Rules of Technical Operation of Railways Open for Gen-
eral Use, published in 1898.

An important role in the elaboration of scientific
community position, development and adoption of a
regulatory framework for design and construction of
the Trans-Siberian Railway or Transsib — a major rail-
way system of all times and peoples — was played by
scientists and graduates of the Institute of Railway En-
gineers both by their independent works and within
the framework of collective activity in the Engineer-
ing Council of the Ministry of Railways (transformed
from the Technical Department of the Ministry of Rail-
ways in 1892) in the Imperial Russian Technical Society
(IRTS)!. The first chairman of the Society was Andrey
L. Delvig, a famous railway engineer, a graduate of the
Institute of Railway Engineers.

The outstanding role in the creation of Transsib
was played by graduates of the Institute of Railway
Engineers — surveyors, designers and builders of the
railway Orest P. Vyazemsky, Nikolay F. Dormidontov,
Alexander F. Kiparisov, Nikolay S. Kruglikov, Alexander
V. Liverovsky, Nikolay P. Mezheninov, Leon M. Rosen-
gard, Alexander I. Ursati, Vladimir S. Shmakov, the
founder of Novosibirsk Nikolay G. Garin-Mikhailovskiy,
the founder of Harbin Nikolay S. Sviyagin, and many
others. More than 200 graduates took part in the Trans-
sib construction. Operation points of the Transsib and
the Chinese Eastern Railway are named after many of
them: Vyazemskaya, Gedike, Dormidontovka, Drozdov,
Ilovayskaya, Knorring, Kraevsky, Krasitsky, Kruglikovo,
Kurdyumovka, Prokhasko, Rosengartovka, Sviyagino,
Siarskiy, Shmakovka, Ebergardt, and others [12].

Throughout the 19th century and the first decade
of the 20th century, the Institute of Railway Engineers
of Emperor Alexander I remained the only scientific
and training centre in the country for the formation
of competencies in the field of railway design and con-
struction, including the issues of increasing the speed
of traffic?’.
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On 1 September 1913, the Imperial Moscow Engi-
neering School of the Railway Department was trans-
formed into the Imperial Moscow Institute of Rail-
way Engineering and became a higher educational
institution with a four-year term of study and a fifth
diploma year. The organiser and the first rector of
the Imperial Moscow Engineering School (IMIU) was
a major hydraulic scientist, a graduate of the Insti-
tute of Railway Engineers and its Vice-Rector Filipp
E. Maksimenko. Since the establishment of IMIU (the
Moscow Institute of Transport Engineers, MIIT), about
30 graduates of the Emperor Alexander I Institute of
Railway Engineers (LIIZhT) — prominent scientists
and specialists — have joined the new higher educa-
tion institution, became its professors, heads of de-
partments, and deans of faculties. Professors Evgeny
A. Gibshman, Fyodor P. Kochnev, Nikolay T. Mityushin,
Dionisiy F. Parfenov, and Alexander A. Einkhenwald
were rectors of the Imperial Moscow Engineering
School — the Moscow Institute of Transport Engi-
neers — the Russian University of Transport in differ-
ent years [14].

PART 2.FROM STEAM TO ELECTRIC TRACTION:
PROGRESS OF THE TECHNOLOGICAL
PLATFORM FOR HIGH-SPEED RAILWAY TRAFFIC

Projects to increase the speed of traffic on the railways
of Russia and the USSR in the first half of the 20th century

At the beginning of the 20th century, high-speed
steam-driven trains with speeds of up to 100-120 km/h
were developing in the world. By that time in Russia,
domestic schools of steam locomotive building were
formed, based on deep research in the field of rolling
stock mechanics, rail track, steam engines, heat engi-
neering, and transport economics.

In 1904, Alexander P. Borodin, a graduate and
professor of the Institute of Railway Engineers, and
Mikhail V. Gololobov, a lecturer, established a steam
locomotive laboratory with a rolling station at the Pu-
tilov Plant in Saint Petersburg'® [15], which for the first

6 The Society was established by the efforts of the corps of engineers, industrialists, transport workers, including professors of
the Institute of Railway Engineers, in particular, Director of the Institute of Railway Engineers named after Emperor Alexander I,
Mikhail N. Gersevanov. The Charter of the Society was approved by Emperor Alexander II on 22 April 1866.

7In 1896, the Imperial Moscow Engineering School (IMIU) of the Railway Department was opened — today it is known as the
Russian University of Transport (RUT) (MIIT). Initially, it offered a three-year training programme for students. Those who
graduated from the IMIU course were awarded the title of civil engineer [2]. “A civil engineer who successfully passed additional
tests at the Institute of Railway Engineers named after Emperor Alexander I under a special programme approved by the Minister
of Railways is given the title of a railway engineer with all the rights assigned to it.” [13]

80n a steel platform there were rotating rollers, imitating rails, on which the steam locomotive was mounted in a working
condition. When the steam engine was started, the locomotive remained in place due to the rotation of the rollers. By creating
resistance to their movement with special brakes, the operation of the locomotive with different load was modelled, and the
speed of the wheels (speed of the locomotive), fuel and water consumption were measured.
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Fig. 2. Steam locomotive type 1-3-1 of S series of the first series
at Nikolaevskaya Railway, 1915 [11]

Fig. 3. Aerodynamic laboratory of Nikolay A. Rynin
Emperor Alexander | Transport University, St. Petersburg,
the turn of the 19th and 20th centuries [11]

time allowed for conducting locomotive research at a
new scientific level.

In 1912, Professor Yury V. Lomonosov, a graduate
from the Institute of Railway Engineers, organised a
research institution under the Engineering Council
of the Ministry of Railways with a somewhat strange-
sounding name — the Office of Experiments on Types
of Steam Locomotives!® [16].

In December 1910, at the Sormovsky Plant under
the guidance of Bronislav S. Malakhovsky and Director
Sergey I. Mikhin, elaborating on the ideas of Professor
Nikolay L. Shchukin, developed the project and built
five new high-speed steam locomotives, which received
the serial designation S (Sormovsky) (Fig. 2). On 6 De-
cember 1913, a train with an S steam locomotive and
9 Pullman carriages passed the whole way from Saint
Petersburg to Moscow in 7 hours 59 minutes with the
maximum speed of 125 km/h?° [4]. Professor Shchukin
nurtured the idea of introducing daytime fast trains be-
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tween Saint Petershurg and Moscow, but the outbreak
of war stopped the project [17].

The increase in the speed of trains acutely raised
the issue of studying the aerodynamics of rolling stock.
In 1909, Professor Nikolay A. Rynin organised an aero-
dynamic laboratory at the Institute, where he began to
study the effect of air flow on rolling stock (Fig. 3).

In 1909-1914, a project was developed with the
participation of professors and specialists of the Insti-
tute of Railway Engineers, and the construction of the
Oranienbaum Electrified Line (Oranel), Russia’s first
high-speed electrified railway line between Petrograd
and Oranienbaum settlement was started. The rail
track was laid to the village of Strelna, but the outbreak
of war interrupted the implementation of the project.
In 1918, the unfinished line was included in the city
tram system.

By the mid-1930s, the USSR railways had been gen-
erally restored after the destruction in the years of the
revolution and the civil war. The country paid great
attention to the development of railway transport. Em-
phasis was placed on increasing mass passenger traf-
fic associated with labour migration, as well as freight
traffic necessary for the implementation of grandiose
plans of socialist industrialisation.

Scientific support of railway development was pro-
vided by several sectoral research institutes. In 1918,
the Experimental Institute of Railway Transport under
the People’s Commissariat of Railway Transport (NKPS)
was formed on the basis of the Office of Experiments
on Types of Steam Locomotives organised by Yury V.
Lomonosov, which after several transformations be-
came the All-Union Scientific Research Institute of
Railway Transport (TSNII NKPS). Today it is known as
the Scientific Research Institute of Railway Transport
(VNIIZhT JSC), the country’s largest research centre of
railway technologies.

In the 1930s, the People’s Commissariat of Railway
Transport (NKPS) set a task to increase the training
of railway engineers. The two existing higher educa-
tion institutions — in Leningrad (LIIZhT) and Moscow
(MIIT) — could not train the required number of spe-
cialists. With the active participation of professors and
teachers from LIIZhT and MIIT, new railway institutes
were established in Rostov-on-Don, Kharkov, Dnepro-
petrovsk, Tiflis (Thilisi), Tashkent, Tomsk (later Omsk),
Novosibirsk, and Khabarovsk [15].

Despite the fact that in the 1930s the party and gov-
ernment directive aimed the railways at the develop-
ment of freight traffic, enthusiasts of the People’s Com-

¥ Traction and heat tests were carried out on various steam locomotives in motion on the railways. Train load, plan and line
profile were compared with dynamometer car readings — speed, tractive forces, as well as fuel and water consumption. Before
1917, studies of Russian steam locomotives of O, N, Ku, Y, B, U and S series were carried out.

20The S series steam locomotive was one of the best high-speed locomotives in Europe. Today, S series steam locomotive No. 68
is a valuable exhibit of the Museum of Russian Railways in St. Petersburg.

TRANSPORT INFRASTRUCTURE 10



R ! ,< I CS T RA N S PO RT Oleg S. Valinsky, Igor P. Kiselev

Scientific support for the design and construction of high-speed railway lines.
VOL. 3 ISSUE 1 2024 Chronicle of the Development of Competencies for High-Speed Railway Transport in Russia

missariat of Railway Transport and the People’s Com-
missariat of Heavy Engineering carried out research
and development work in the field of high-speed pas-
senger traffic.

On 29 June 1938, a 14 axles train driven by a high-
speed steam locomotive of 2-3-2 type built by the Ko-
lomna Machine-building Plant named after Valerian
V. Kuibyshev established a speed record in the USSR
reaching 170 km/h on the section Likhoslavl — Kalinin#
(Fig. 4) [4].

By the end of the 1930s, the problem of providing
freight and mass passenger traffic on the USSR railways
became even more acute. Attempts to organise high-
speed passenger traffic were an obvious hindrance to
solving the main task of the industry. All projects of
high-speed traffic on the USSR railways, including the
construction of high-speed steam locomotives? (Fig. 4),
electric locomotives?, electric multiple units?* and die- s
sel multiple unit trains®, as well as original designs for ;
high-speed monorail systems?® (Fig. 5), were closed,
unfinished rolling stock structures were scrapped,
aerodynamic fairings were removed from high-speed
locomotives, and they served ordinary trains.

Nevertheless, the research and development work
carried out significantly advanced specialists in the
field of high-speed vehicles, the study of interaction
between rolling stock and track, aerodynamics of high-
speed traffic, electrification of railways, and the crea- Fig. 5. Experimental ball-bea.ring electric trough trairT by Nikolay
tion of signalling systems for high speeds. Much of this G.Yarmolchuk on the e'xperlmental sharodrom — thIS was the

. 5 name of the field testing ground for the new train. Moscow,
was in demand in the 1950s. 1933 [11]

The two post-war five-year plans required great ef-
forts from railway workers and builders to restore the
railway network destroyed by the war. Many railways  associated with the development and implementation
in the European part of the country had to be virtually = of a plan for technical re-equipment of the industry —
built anew. electrification of the USSR railways, which was the

In 1948, Boris P. Beshchev, a graduate of LIIZhT, was ~ most ambitious plan in the history of world’s railway
appointed the Minister of Railways of the USSR. He was  transport.

Fig. 4. The first of high-speed steam locomotives of 2-3-2 type
by the Kolomna Plant, 1937 [11]

2 Information about it was published a year later, in 1939, in an article by engineer P.A. Gursky in the journal Transport
Engineering [18]. If we remember what national holidays accompanied the achievements of Soviet pilots, polar explorers, and
metro builders, it becomes clear that the cool attitude to speed records on the USSR railways was determined by the country’s
leadership.

2 In addition to two experimental high-speed steam locomotives of 2-3-2 type with fairings by the Kolomna Plant, a high-
speed steam locomotive of 2-3-2 type was built at the Voroshilovgrad Plant. High-speed passenger carriages for the Silver
Swallow (Serebryannaya Lastochka) train were designed for the ordered high-speed steam locomotives in Leningrad with the
participation of LIIZhT scientists. No high-speed carriages were manufactured [4].

23In 1934, the Kolomna Plant built a high-speed passenger electric locomotive with a capacity of 2,040 kW and axle arrangement
2-30-2, designed for a maximum speed of 140 km/h, which was known as “PB21-01” (named after Politburo (political bureau);
21 tonnes per axle). The locomotive was successfully tested, but it was not used in high-speed traffic and served ordinary
passenger and freight trains [4].

24In 1940, the successful project for the creation of high-speed (so-called “resort”) electric multiple units: high-speed streamlined
with narrow body and high-speed streamlined ones with wide body (both for standard 1524 mm gauge) was shut down [19].

% Projects to build high-speed railmotors and high-speed diesel trains were discontinued [20].

%6We are talking about the large-scale operating models of original high-speed monorail vehicles built in 1933-1938: Nikolay G.
Yarmolchuk’s ball-bearing electric trough system and Sevastian S. Waldner’s aero-train. The models were successfully tested at
experimental testing grounds in Moscow, where they developed speeds of up to 150 km/h [21, 22].
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Fig. 6. The first high-speed diesel locomotive TEP60-001,
1961 [11]

Fig. 7. Departure of the experimental high-speed express train
No. 5/6 Leningrad-Moscow, 12 June 1963 [11]

In the post-war period, high-speed traffic in the
USSR, as well as in other countries, was connected
with the use of diesel locomotive traction. The first
operable mainline diesel locomotives were built in
Soviet Russia in 1924 according to the designs of Pro-
fessor of the Leningrad Institute of Railway Engineers
(LIIPS) Yakov M. Gakkel and a graduate of the Institute
of Railway Engineers Professor Yury V. Lomonosov. By
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the 1950s, the Soviet diesel locomotive industry had
achieved significant results: several series of freight
and passenger diesel locomotives were produced. On
6 August 1960, a 335-tonne experimental train with
a TEP60 high-speed diesel locomotive (Fig. 6) picked
up a speed of 140 km/h. On 16 May 1962, during a test
run, a 335-tonne train with a TEP60-011 diesel loco-
motive picked up a speed of 162 km/h on one of the
sections, and 174 km/h on the main tracks of Dubtsy
station [11]. By that time, specialists of the Oktyabr-
skaya Railway and scientists of the LIIZhT headed
by Professor Stepan V. Amelin had created new R65
grade 1/11 turnouts designed for straight-line speeds
of up to 160 km/h.

By the end of 1962, the Leningrad — Moscow railway
was electrified along its entire length, and the track
and signalling equipment were reconstructed. In 1965,
the daytime express train Aurora (Fig. 7) with a route
speed of 130.4 km/h and a total running time of 4 hours
59 minutes was put into operation [11].

In 1964, the joint creative work of the Ministry of
Railways, Oktyabrskaya Railway, Central Research In-
stitute of the Ministry of Railways (VNIIZhT) and the
Leningrad Institute of Railway Engineers (LIIZhT) was
organised into the Public Research Institute of Oktyabr-
skaya Railway (ONTI) [23], the main focus of which was
to ensure high-speed traffic (Fig. 8).

Two projects of high-speed rolling stock were im-
plemented with the active participation of VNIIZhT,
ONII, and LIIZhT:

e At the Kalinin Carriage Works (KVZ) — RT200 high-
speed carriages (The Russian Troyka) (Fig. 9) of
locomotive traction (up to 200 km/h) for operation
with a ChS200 electric locomotive made in Czecho-
slovakia;

e At the Riga Carriage Works — ER200 high-speed
electric train (200 km/h) (Fig. 10).

For the purpose of research of wheel-rail interac-
tion at speeds of 200 km/h and higher, which was nec-

Fig. 8. Testing of a turnout designed by the Design Bureau of the Main Railway Department of the Ministry of Railways and Leningrad
Institute of Railway Engineers (LIIZhT) with a movable frog core at Pomeranye station of Oktyabrskaya Railway.
A train running at a speed of 228 km/h, 26 February 1971 [11]
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Fig. 9. The RT200 carriage "Russian Troika".
Troika (rus. — Troika) — a vehicle (sleigh or wheeled carriage)
drawn by three horses. 1974 [11]

Fig. 10. The first three-car section of the ER200 train, 1974 [11]

essary for the creation of the crew part of the new roll-
ing stock, a high-speed laboratory carriage was built
at the Kalinin Carriage Works in 1970%” with a design
speed of 250 km/h [4]. In February 1972 on the Pridne-
provskaya Railway, the high-speed laboratory carriage
reached a record speed of 249 km/h for the 1,520 mm
track gauge.

In 1974, the Kalinin Carriage Works with the par-
ticipation of specialists from VNIIZhT and LIIZhT de-
veloped a design and manufactured a train of eight
new high-speed locomotive traction carriages RT200
[11] with light alloy bodies. The RT200 carriages were
tested with locomotives ChS2M, ChS27, as well as with
electric locomotives ChS200.

By the end of 1974, the Riga Wagon Building Plant
(RVZ) with the participation of VNIIZhT and LIIZhT de-
veloped a design and manufactured 13 carriages of the
ER200 electric train, including two head carriages, at
the facilities of the Riga branch of the Institute.

On 8 June 1976, the ER200 train picked up a speed
of 220 km/h in a test trip [24]. On 26 June 1976, a train
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weighing 210 tonnes with a ChS200 electric locomo-
tive with RT200 carriages also picked up a speed of
220 km/h [11].

A report on successful tests noted, “With regard
to technical characteristics the created rolling stock
<ER200, ChS200 and RT200> corresponds to the modern
level achieved by domestic and foreign locomotive and
coach-building” [25].

In 1976-1978, tests with a train of nine experimen-
tal RT200 carriages were continued, after which they
were removed from experimental operation for sched-
uled repair, which, however, was not performed. The
management of the USSR Ministry of Railways decided
to terminate the project and not to start serial produc-
tion of PT200 carriages. By that time, economic prob-
lems were multiplying in the railway network as well
as in the country as a whole. The Ministry of Railways
had no time for high-speed traffic. The RT200 carriages,
the quintessence of the latest technologies, were soon
handed over to different divisions of the railway for
their needs and later scrapped?:.

The issue of regular operation of the high-speed
electric train ER200, which has been standing “under
the fence” since 1978?°, was raised by Nikolay S. Kon-
arev, who was appointed Minister of Railways of the
USSR in 1982.

On 28 February 1984, the Leningradskaya Pravda
newspaper published an announcement, “For the in-
formation of railway passengers. From 1st March this
year, the high-speed express train No. 17/18 with one
stop at Bologoye Station is put into circulation on the
Leningrad-Moscow line...” [26]. Regular operation of
the ER200 train began.

High-Speed Environmentally Friendly Transport State
Scientific and Technical Programme

In 1988, on the initiative of Minister of Railways
Nikolay S. Konarev, dozens of academic and design in-
stitutes, with the active participation of VNIIZhT and
LIIZhT, developed the State Scientific and Technical
Programme “High-Speed Environmentally Friendly
Transport” which was approved by the USSR Council of
Ministers on 30 December 1988. The task was to build
the “Centre-South” High-Speed Railway (Leningrad -
Moscow-the Crimea and Caucasus) and create rolling
stock for it [27].

2Tt was a head (trailing) carriage of an ER22 electric train with an additional fairing on the frontal part in front of the driver’s
cabin and two turbojet engines of the YAK-40 aircraft installed on the roof. They accelerated the laboratory carriage to high
speeds, while the carriage bogies, which had no traction motors and gearboxes, made it possible to conduct effective research.
2In the late 1980s, a video salon was located in one of the RT200 carriages at the Varshavsky Railway Station in Leningrad.

2 An electric train, which had many traction drive elements, parts and devices in its carriages, was apparently of less interest
for use as a carriage in railway divisions, and so it has survived.
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In 1991, Russian Joint Stock Company “High-Speed
Lines” (RAO VSM) was formed. In cooperation with the
Lengiprotrans, VNIIZhT and LIIZhT - PGUPS institutes,
it developed a feasibility study for the main line. In
1991-1995, LIIZhT - PGUPS had an expert council of
leading scientists, which provided scientific support of
the project, held technical conferences, scientific hear-
ings and seminars on a regular basis held for expert
discussion of the most important elements of the fea-
sibility study, and conducted two successful interna-
tional conferences.

In 1992-1995, the feasibility study for the Saint Pe-
tersburg-Moscow HSL received a positive conclusion
of the government expert review panel, which allowed
the start of working design on the basis of the Norms
and Specifications for the Design of the Saint Peters-
burg-Moscow HSL developed with the participation of
VNIIZhT and PGUPS and approved by the State Con-
struction Committee of Russia on 28 April 1997 [28, 29].

In accordance with the High-Speed Environmen-
tally Friendly Transport Programme, work to create
a high-speed train Sokol was in progress since 1992
(Fig. 11, 12). RAO VSM in cooperation with VNIIZhT,
PGUPS and other research organisations of the indus-
try engaged the Rubin Central Design Bureau of Marine
Engineering, based in Saint Petersburg, which had an
extensive experience in creating complex transport
systems, as the lead contractor.

More than 80 research institutes and enterprises
of various industries, specialists and scientists from
VNIIZhT, PGUPS, Transmash Plant JSC, VNII Transmash
JSC, Almaz Shipbuilding Company, and NPO Aurora
took part in the implementation of the Sokol train pro-
ject. In 1992-1999, a pilot six-carriage Sokol train was
manufactured.

In difficult economic conditions RAO VSM in collabo-
ration with other organisations created a new Russian
electric train, which was not inferior to the world mod-
els in its parameters and had an acceptable price for the
Russian railways. The Sokol train as a whole, as well as
its individual units and assemblies, represented the ba-
sis for a new generation of electric passenger trains.

On 28 July 1999, the company handed over a
Sokol-350 train to the Ministry of Railways of the Rus-
sian Federation for running tests in the presence of the
Minister of Railways Vladimir N. Starostenko at the
Transmash Plant in Tikhvin, the Leningrad Region.

After inspecting the train, the Minister expressed
his gratitude to the participants of the project, Russian
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Fig. 11. High-speed electric train Sokol, Russia, during tests
on the experimental ring of VNIIZhT, January 2001 [11]

Fig. 12. Test driver Dmitry V. Pegov in the cabin of Sokol train,
2001 [11]

enterprises and organisations that took part in its im-
plementation. “The most important achievement is that
the train is 90 % made of Russian-made components”,
Vladimir I. Starostenko emphasised [24].

In 2000-2001, Sokol was tested on the experimen-
tal ring of VNIIZhT at Shcherbinka station and on the
Saint Petersburg-Moscow line, where on 29 June 2001
it picked up a speed of 236 km/h3. Further increases
were not possible due to speed restrictions on the rail-
way line [30].

In 2002, Sokol was returned to the plant in Tikhvin
with a total test mileage of more than 50,000 kilome-
tres. Until 2005, RAO VSM and other organisations, in-
cluding the Russian Academy of Sciences, tried to com-
plete the project and start the production of trains, but
the management of Russian Railways JSC shut down
the projects.

30Tt happened at km 407 between Spirovo and Kalashnikovo stations, when the train travelled on the odd-numbered track

towards Moscow.

31 A few years later the Sokol train was dismembered into two sections of three carriages each, one of which is in the Museum
of Russian Railways in Saint Petersburg, and the second one was exhibited at the exhibition of railway equipment at Rizhsky

railway station in Moscow.
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In general, the social and economic crisis of the
1990s, the 1998 default, and the worsening social and
economic situation prevented the construction of a
high-speed railway and mass production of Sokol elec-
tric trains. Nevertheless, a set of research and devel-
opment activities in the field of high-speed railway
lines and the creation of the Sokol train significantly
advanced Russia in the field of high-speed traffic. De-
veloped under the guidance and with the participation
of scientists and specialists of VNIIZhT and LIIZhT -
PGUPS, the regulatory framework of the High-Speed
Railway formed the basis for further development of
the high-speed railway.

Scientists from PGUPS under the direct supervision
of its Rector Varely I. Kovalev presented the results of
the High-Speed Environmentally Friendly Transport
Programme in Russia’s first scientific monograph in
two volumes, The High-Speed and Very High-Speed Rail-
way Transport (2001-2023) [31]. Most of the authors
were scientists of PGUPS, major experts in their field:
V.L. Belozerov, L.S. Blazhko, G.I. Bogdanov, Yu.P. Bo-
ronenko, A.T. Burkov, DV. Gavzov, D.M. Golitsinsky,
K.N. Dyakov, Yu.I. Efimenko, G.K. Zaltsman, I.P. Kiselev,
V.I. Kovalev, Yu.G. Kozmin, E.A. Kraskovsky, A.P. Ledy-
aev, S.I. Loginov, O.A. Nasedkin, A.B. Nikitin, A.M. Or-
lova, V.E. Pavlov, AV. Plaks, LV. Prokudin, ValV. Sapozh-
nikov, VV. Sapozhnikov, B.F. Tarasov, AV. Tretyakov,
M.M. Uzdin, A.I. Khozhainov, N.A. Churkov, E.D. Shapi-
lov, VV. Yakovlev, V.F. Yakovlev, as well as scientists and
specialists of other enterprises and scientific organi-
sations, including institutes of the Russian Academy
of Sciences: A.F. Alimov, A.S. Arsentiev, S.V. Zubarev,
G.I. Ivakhnyuk, V.M. Korovkin, V.M. Malyutin, V.A. Od-
intsov, E.S. Pekhterev, LV. Rymsha, V.M. Savvov, E.A. Sot-
nikov, V.I. Tulayev, E.K. Potemkin, and A.I. Chistobayev.
The monograph comprehensively and thoroughly
covers both theoretical and practical issues of creat-
ing high-speed railway transport, and presents a set of
problems to be solved.

PART.3 CREATING HIGH-SPEED RAILWAY
TRANSPORT IN RUSSIA

The current stage of harnessing high speeds in Russian
railway transport and the role of PGUPS

With the improvement of the economic, social and
political situation in the country in the early 2000s, it

Chronicle of the Development of Competencies for High-Speed Railway Transport in Russia

was considered expedient to gradually introduce high-
speed traffic and purchase foreign rolling stock for op-
eration on the reconstructed lines.

In the 2010s, the Saint Petersburg — Moscow main-
line was reconstructed for speeds of up to 250 km/h.
Specialists and scientists of PGUPS took an active part
in the development of design documentation and scien-
tific support of the project. On a significant part of the
line the track was reconstructed with the expansion of
the roadbed area, which allowed it to be straightened,
the track superstructure was reinforced, and turnouts
were replaced for the straight-line traffic with the
speed of more than 200 km/h.

Barrier places were island stations with station
sections that required speed reduction. One of such
island stations at Okulovka station had to be sacri-
ficed, as this is the location of the testing ground on
the Mstinsky Most-Okulovka section, where the train
reaches a speed of 250 km/h — the maximum speed
for the Russian railways. The Verebyinsky bypass,
which had existed since 1881, was also eliminated,
new turnouts with a continuous rolling surface were
laid on the main tracks, and auto-blocking tonal rail
circuits were introduced. The power supply system
of the line was considerably strengthened and par-
tially reconstructed using a new catenary system
KS-250 [24].

Russian specialists chose the ICE 3 electric train®
built by Siemens, Germany as the rolling stock. By the
early 2000s, the train was well established not only in
Germany, but also in Spain and the PRC*.

On 18-20 May 2006, Russian Railways and Siemens
Corporation signed an agreement for the manufacture
of high-speed trains in Germany and their delivery to
Russia [24].

Initially, Russian Railways executives intended to
set up their own production (localise the production)
of trains using the German technology, but this was
not implemented. Nevertheless, the participation of
Russian specialists — mostly graduates and specialists
from PGUPS — in the modification of German trains
for Russia, which were labelled Velaro Rus and Sap-
san3 (Fig. 13), has yielded fruit and has brought the
country to the technology of manufacturing modern
high-speed rolling stock. In the course of creating a
1,520 mm gauge train for Russia, Russian specialists
received more than 150 protection certificates, many
of which were authored by PGUPS employees.

32The third generation of German Intercity Express (ICE) trains, series 403, or Siemens Velaro, has been in operation since 2000.
The train with a design speed of 330 km/h is built according to the distributed traction concept (4 motor coaches + 4 trailing
coaches) for sections electrified on alternating current voltage of 15 kV with a frequency of 16% Hz.

3 AVE Class 103 (Velaro E) in Spain, CRH 3 (Velaro CH) in the PRC.

34Sapsan trains with a design speed of 250 km/h are formed of 10 carriages and designed for 600 passengers with the possibility
of operating twin trains with a multi-unit control system.
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Fig. 14. Unified Dispatch Control Centre of Oktyabrskaya
Railway, 2009. Photo by I. Kurtov

In 2009, the first Sapsan trains arrived in Russia.
The tests took place on the VNIIZhT experimental ring
in Shcherbinka near Moscow, on the Belorechenskaya —
Maikop high-speed range of the North Caucasus Rail-
way, as well as on the Moscow — Saint Petersburg Line.
On 7 May 2009, Sapsan picked up a speed of 290 km/h,
setting a record for the Russian railways [32].

Commercial operation of Sapsan trains on the Mos-
cow - Saint Petersburg line began on 17 December
2009. Three pairs of trains per day were put into circu-
lation. The route soon became extremely popular with
passengers®.

The start of the Sapsan operation was preceded by
a lot of preparatory work to create maintenance facili-
ties — the Metallostroy TCh-10 electric depot in the sub-
urbs of Saint Petersburg, one of the best depots in the
world in terms of technical equipment.

The personnel was trained to operate and maintain
the new electric trains. An important role in this work
was played by the departments of PGUPS, such as the
Electric Traction, the Carriages and Carriage Facilities,
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and a number of others, as well as by the entire sci-
entific and teaching staff of the university. Almost all
drivers, engineers and managers involved in the opera-
tion and maintenance of Sapsan trains are graduates
of PGUPS.

A special division, the High-Speed Railway Directo-
rate, was created within the structure of Russian Rail-
ways JSC, which is responsible for the entire range of
issues defined by its name. Its first head was a graduate
of PGUPS, one of the Sokol test drivers Dmitry V. Pegov,
now Deputy Director General of Russian Railways and
Head of the Traction Directorate.

In 2003, the Unified Dispatch Control Centre (UDCC)
of the Oktyabrskaya Railway was put into operation,
which made it possible to achieve a state-of-the-art
level in management of complex train operations on
the Saint Petersburg — Moscow line, which combines
control of high-speed, regular passenger, suburban and
goods trains (Fig. 14).

The successful implementation of the project to
organise Sapsan train traffic on the Saint Petershurg —
Moscow line at speeds of up to 250 km/h has brought
into sharp focus the need for Russian Railways and
the country’s leadership to fully engage Russia in high-
speed railway traffic technologies.

It is well known that a regulatory framework
for design, construction and operation is the basis
for the creation of complex infrastructure engineer-
ing projects, especially megaprojects, which include
high-speed railway lines and rolling stock for them.
It is in PGUPS that a unique team of professionals
has been formed and maintained over two centuries
by the living connection of generations of scientists,
engineers, teachers and their students who have
confirmed their competence and ability to fulfil the
most important national tasks in the field of construc-
tion technologies, transport and especially railway
transport.

On the example of leading scientists of PGUPS of
our time who solve the problems of high-speed traffic,
we can trace the dialectical relationship of the develop-
ment of scientific solutions from a teacher to a student.
It dates back to the early days of railway transport de-
velopment in Russia in the 1830s. No doubt, to under-
stand the role and place of PGUPS in the development
of modern railway transport it is important to know
about its unique library, research and laboratory facili-
ties, but it is much more important is to understand the
connection between generations of scientists and their
students, which was not interrupted neither during the
years of wars and the revolution, including the Great

%To meet the passenger demand, Russian Railways put into operation twin Sapsan trains on the Moscow — Saint Petersburg —
Moscow route from 1 August 2014. Each of the trains consists of 20 carriages instead of 10. The start of their operation was
preceded by the reinforcement of the electric supply of the Saint Petersburg—-Moscow line [32].
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Patriotic War, nor during the collapse of the USSR and
the social and economic collapse of the country in the
1990s — early 2000s.

For three decades, the team of scientists and engi-
neers of PGUPS has been working on the creation of
unique documents, which, figuratively speaking, fuse
together the results of their own scientific develop-
ments and the world’s best practices on the regulatory
framework for the design and construction of high-
speed railways.

In the 2010s, scientists of PGUPS, at the request of
Russian Railways JSC, focused on the creation of the
Special Technical Specifications for the Design and
Construction of High-Speed Railways (STS), which cov-
er all the components of high-speed railway system:s.
This scientific and engineering work was prepared
under the leadership and with the determining role of
PGUPS in cooperation with Russian Railways JSC and a
number of specialised scientific and design and survey
institutions.

The work was completed in 2014 with the develop-
ment of the Special Technical Specifications (STS) for
the design of the Moscow — Kazan section of the Mos-
cow — Kazan - Yekaterinburg HSL with a speed of up to
400 km/h. The prepared STS have passed all necessary
state approvals.

After the position of the government leadership
regarding the strategic priority of the construction of
the HSL in the country changed in 2021 and Moscow —
Saint Petersburg was identified as the first line, the
PGUPS team developed a modified scientific and engi-
neering complex, the Special Technical Specifications
(STS) for the Design, Construction and Operation of
the Moscow — Saint Petershurg High-Speed Railway
Line (HSL-1). On 9 September 2021, the document
was agreed upon with the Russian Ministry of Con-
struction.

Thus, today Russia has a scientific, methodologi-
cal and regulatory framework for the design and con-
struction of high-speed railway lines created under the
guidance and with the active participation of PGUPS
scientists.

Development of competencies in the field of high-speed
rail transport and participation of PGUPS in international
and Russian national scientific and educational
programmes

By 1990, LIIZhT — PGUPS had developed a com-
prehensive system of training in almost all specialist,
bachelor’s and master’s degree courses, including the
introduction of students to competencies related to
high-speed railway traffic, depending on their future
professional activities. It includes materials of lectures
and practical classes on special academic disciplines in
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the field of design, construction and operation of high-
speed railway lines and special rolling stock, topics of
coursework and final qualification papers (diploma
theses).

An important role in the actualisation of educa-
tional activities was played by the fact that since the
early 1990s a significant part of the teaching staff of
all graduate chairs and many general science depart-
ments has been involved in research and develop-
ment work in the field of high-speed rail transport,
including the reconstruction of the Saint Petershurg-
Moscow main line for high-speed traffic, the creation
of the Sokol train, and then the adaptation of the Ger-
man ICE 3 train, that is, in fact, the creation of a new
Sapsan train on its basis. In academic terms, these
works resulted in the preparation and publication of
educational and methodological literature, materials
for lecture courses and practical classes. In particu-
lar, in 2013, a group of specialists, mostly graduates
of LIIZhT — PGUPS, published a textbook titled “Sap-
san High-Speed Trains B1 and B2” edited by PGUPS
Associate Professor Aleksey V. Shiryaev. It provides a
detailed description of the train design, its main as-
semblies, parts, and components [33].

In 2014, the first and so far the only Russian funda-
mental textbook in two volumes “High-Speed Railway
Transport. General Course” was published [32].

The books were highly appreciated in the circles of
specialists dealing with problems of high-speed rail-
way transport and were included in the list of recom-
mended literature for academic disciplines related to
high-speed railway transport. In 2018 and 2020, the
textbook was published twice as a second revised
and supplemented edition. The authors are leading
scientists of PGUPS whose research covers a range of
high-speed railway transport issues. Most of them are
members of the scientific group that developed the
previously named Special Technical Specifications.
These are L.S. Blazhko, Yu.P. Boronenko, M.Ya. Bryn,
AT. Burkov, N.S. Bushuyev, L.K. Dyachenko, A.M. Evs-
tafiev, V.B. Zakharov, I.P. Kiselev, V.I. Kovalev, A.F. Ko-
los, VV. Kostenko, A.P. Ledyayev, A.B. Nikitin, AYu. Pa-
nychev, P.A. Plekhanov, AV. Romanov, P.K. Rybin,
V.M. Savvov, S.S. Sergeyev, VV. Seronosov, V.N. Smirnov,
T.S. Titova, A.M. Uzdin, Yu.S. Frolov, AV. Shiryayev, and
SV. Shkurnikov. The authors of the guide also include
major railway transport specialists who directly su-
pervised the reconstruction of the Saint Petersburg —
Moscow line and the creation of Sapsan train Valentin
A. Gapanovich and Dmitry V. Pegov, scientists and spe-
cialists from other scientific organisations Alexander V.
Mizintsev and Yury I. Sokolov.

The system of advanced training of specialists in the
field of high-speed railway transport created at PGUPS
was highly appreciated by the expert community
and in 2016 was honoured with the Saint Petersburg
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Government Award for Outstanding Achievements in
Higher Education®®.

In 2012-2016, as part of a grant from the Euro-
pean educational project TEMPUS®” a consortium of
universities and transport organisations in Russia
(PGUPS, RUT (MIIT), and Russian Railways), as well
as Latvia, Poland, Ukraine and France, developed a
set of training and methodological materials for ad-
ditional professional education (professional retrain-
ing) covering the issues of infrastructure and opera-
tion of high-speed railways, with the scope of about
800 training hours. It was implemented at PGUPS in
2017-20193%8. This programme was attended by 4th-
5th year students of PGUPS and employees of Russian
Railways JSC. Internships for trainees were organised
on railway lines in the PRC. The programme partici-
pants successfully defended their final qualification
papers and received diplomas of additional profes-
sional education from PGUPS and the National Tech-
nical University in Paris®.

In 2018-2023, PGUPS in the consortium of univer-
sities from Russia, Germany, Spain, Kazakhstan and
Poland, which won a grant from the European Edu-
cation Programme ERASMUS+%, participated in the
project “Economy, Ecology and Infrastructure at High-
Speed Railway Lines (EEIHSR)”. As part of this project,
PGUPS, as the lead organisation, developed a Master’s
degree programme, including a unique set of teaching
and learning materials with visualisation elements, as-
sessment tools, and assignments for final qualification
papers.

The participation of PGUPS in the Erasmus+ Pro-
gramme was interrupted in March 2023, but PGUPS in-
dependently completed the preparation of this unique
educational programme, and in 2023 the fourth intake
of Master’s students took place, and the three previous
groups completed training and defended their Master’s
theses.

In 2020, the integrated system of high-speed trans-
port training at PGUPS was submitted to the Russian
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Ministry of Education and Science of Russia to obtain
the status of a federal innovation platform, and by
its decision** PGUPS was recognised as a federal in-
novation platform for international educational pro-
grammes for advanced training of personnel for high-
speed railway lines (FIP VSM).

On 27 September 2021, the Russian Ministry of Edu-
cation and Science included PGUPS, through a competi-
tion, in the list of 106 universities in the Priority-2030
strategic academic leadership programme. Within the
framework of the programme, the university’s scien-
tists are working on two strategic projects directly re-
lated to the development of the HSL: The Safe Ecosys-
tems of Intelligent Transport Infrastructure and The
New Technologies and Materials in Construction. In
November 2023, a commission of the Ministry of Edu-
cation and Science of the Russian Federation approved
the work of PGUPS on these scientific programmes.

Among the most important issues in the develop-
ment of the High-Speed Line are traffic control and
transport safety. These areas of scientific and engi-
neering activities have been among the priorities of
IKIPS-PGUPS throughout the history of the university.
On 5 December 2023, the Ministry of Education and
Science defended the programme of the advanced engi-
neering school ISKRA* PGUPS, according to the results
of which the competition commission of the Ministry of
Education and Science included the university among
the 50 strongest universities in the country. PGUPS be-
came a participant of the Federal Project “Advanced
Engineering Schools”. In 2024, funding in the amount
of RUB 230.4 million was approved for the creation and
development of the ISKRA school in cooperation with
major industrial partners — Russian Railways JSC, Con-
cern VKO Almaz-Antey JSC, Transmashholding JSC, and
VNIIAS JSC.

ISKRA engineering school plans to create fundamen-
tally new safety systems for rail transport based on the
integration of stationary and on-board intelligent data
transmission systems, including radio channels.

% For the creation of this system, PGUPS employees Professors Lyudmila S. Blazhko and Igor P. Kiselev, as well as Associate
Professor Pavel A. Plekhanov, won the Saint Petershurg Government Award for Outstanding Achievements in Higher Education
in the category “In the Field of Integration of Education, Science and Industry 2016”.

$”From English “Trans-European Mobility Programme for University Studies”.

%Due to the coronavirus pandemic in 2020, the programme’s training and internships have been discontinued. Their resumption

is currently under consideration.
39 Conservatoire National des Arts et Métiers, CNAM. Paris.

40Erasmus (currently known as “Erasmus+”) is an international programme of the European Union for exchange of students and
teachers between universities of EU member states and other countries. The programme offers the opportunity to study and
undertake an internship in another country participating in the programme.

4 0rder of the Ministry of Education and Science “On Approval of the List of Organisations Attributed to Federal Innovation
Platforms Constituting the Innovation Infrastructure in Higher Education and Related Additional Professional Education” dated
25.12.2020 No. 1580 (registered by the Ministry of Justice of the Russian Federation on 03.02.2021, Reg. No. 62355).

42 Abbreviation for the Russian name which translates as “Integrated Systems of Complex Distributed Architecture for Train
Traffic Control”.
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Social-political component of high-speed railway projects

The construction of the Moscow — Saint Petersburg
High-Speed Line and the creation of specialised pas-
senger rolling stock for it is, of course, an event that
goes beyond a specific transport and territorial project.
It affects many aspects of life and includes transport,
technical, economic, cultural and political aspects.

It is known that major investment projects, such
as railway and motorway lines, gas terminals and
pipelines, sea and air ports, large bridges and tunnels,
nuclear power plants and large hydroelectric power
plants, are projects with a long implementation period
and complex implementation procedures. Their cost
reaches billions of dollars, their implementation affects
the interests of thousands and sometimes millions of
people and affects large territories. As such, such pro-
jects always include a political component.

Many transport projects, including high-speed rail-
ways, are characterised by the fact that they cannot be
implemented in parts. It is necessary to create a kind
of start-up complex that includes almost the entire set
of elements®.

An important conclusion from the experience of the
high-speed railways projects implemented so far in the
world is that the implementation of these projects must
be supported at the highest political level of the coun-
try. High-speed railway projects took place when the
first persons of the state and the ruling political party
took full responsibility for them.

This is confirmed by the history of the creation of
the first railways in Russia, which were certainly high-
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speed for their time. Thus, Emperor Nikolay I took
responsibility for the construction of the Saint Peters-
burg — Moscow railway and introduced the country to
advanced transport technologies.

At the end of 2023, the President of Russia Vladimir
V. Putin unequivocally expressed the necessity and
timeliness of the construction of high-speed railways
in the country on two occasions: first, at a direct line
with citizens combined with a press conference with
media representatives on 14 December and second, in
his speech at the IV Railway Congress on 15 December
[34-36]: “We are expanding, as you know, Baikal-Amur
Mainline and Transsib, modernising other railway lines
and approaches to seaports, including the Azov-Black
Sea and Caspian basins, and at the same time we are
launching a large-scale project to create networks of
high-speed railways. As a first step, such a route should
drastically reduce the travelling time between the two
largest agglomerations of our country, Moscow and
Saint Petersburg. Then such routes should connect the
capital with brotherly Belarus, with Minsk, Voronezh,
Nizhny Novgorod, Kazan, Yekaterinburg, Rostov-on-
Don, and provide accessibility to the resorts of the Black
Sea coast — for greater, better accessibility for our citi-
zens. And I would like to emphasise that in the future, we
will certainly build them to Lugansk and Donetsk.

It is planned that the high-speed lines will run
through the territories where more than 111 million of
our citizens live, which is 80 per cent of the country’s
population” [36].

Main indicators of the Moscow — Saint Petersbhurg
HSL Project are given in Table 2.

Table 2

The main indicators of the Moscow - St. Petersburg project [37]

Communication/Parameters

(as of 2030)

Passenger traffic,
million passengers/year

Moscow — Saint Petersburg 16.32
Moscow — Twer 3.67
Saint Petersburg —

Veliky Novgorod 1.44
Transit trains 0.67
Total 23.29
ea@ Length: 679 km
) Travelling time (without stops):
— 2h15min
(33 Maximum

speed: 400 km/h

Total investment:
RUB 1.7 trillion

i

Scope of movement,  Required rolling
pairs per day stock fleet, units

33 27

11 3

5 1

3 _

52 31

Creation of more than 35,000 jobs
during the construction phase

Creation of more than
250,000 jobs after the high-speed
railway is operational

Order volume for the construction
industry: about RUB 1.5 trillion
over 7 years

#Unlike a conventional railway, which can be built initially as a single-track railway, without electrification, with a simplified
set of signalling and communication systems, etc., an HSL line is built as a double-track line with a full range of infrastructure
facilities due to safety features. An HSL can be built in start-up sections, which is often done, but each of them is a complete
technical, technological and operational HSL complex.
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Fig. 15. The Moscow-Saint Petersburg HSL. Route variant from the preliminary materials of the project [37]

In the current situation, social and political support
of the above projects from the society is of great impor-
tance. Lomonosov Moscow State University has started
important work in this direction. On the initiative of
the Dean of the Faculty of Political Science, Professor
Andrey Yu. Shutov and the Head of the Department of
Public Policy, Professor Vladimir I. Yakunin, a scientific
and practical conference “A High Speed Day: Social and
Political Aspects of the Implementation of High-speed
Railway Traffic in Russia” was held on 19 December
2023. It was attended by specialists in this field, includ-
ing one of the authors of this article.

The conference emphasised the need for the media
to work actively to create a positive attitude in society
towards these projects. The idea of uniting the efforts

TRANSPORT INFRASTRUCTURE

of professors, specialists, students of branch railway
universities and classical universities in this direction
was expressed, in particular, as a concrete proposal for
co-operation between students and scientists of PGUPS
and the Faculty of Political Science of Moscow State
University.

CONCLUSION

In Russia, there are necessary and sufficient con-
ditions for the creation of high-speed railway trans-
port — the construction of the first specialised high-
speed Moscow - Saint Petersburg HSL. In the near
future, an extensive matrix of competencies for such
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a megaproject and a targeted programme of organi-
sations and enterprises capable of implementing it
should be formed.

The hard lesson Russia learnt as a result of sanc-
tions has shown the price of an excessive focus on im-
port purchases of machinery, equipment and compo-
nents without creating its own production. Today, it is
clear that the technological sovereignty of the country
requires the development of many areas of produc-
tion, including transport machine building, so that the
“mistake” of abandoning the Sokol train project at the
final stage of its implementation is not repeated. Rus-
sia needs high-speed rolling stock produced within the
country, and it will be created.
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The development of railway transport, specialisa-
tion and division of labour, including in scientific re-
search and engineering creativity, which is increasing
every year, have led to the emergence of many centres
of competence in the field of railways in our country.
PGUPS currently identifies several priority areas of sci-
entific research, engineering development and train-
ing, which are presented in this article.

The project of the first specialised high-speed
railway Moscow — Saint Petersburg should become a
catalyst for uniting all railway centres of the country
to guarantee the creation of the most advanced high-
speed railway transport system in Russia in the format
of a life cycle contract for high-tech products [38].

REFERENCES

1. High Speed Rail: Fast Track to Sustainable Mobility. UIC,
Paris, 2018;76.

2. History of railway transport in Russia: In 3 volumes. Vol-
ume 1: 1836-1917 / edited by E. Ya. Kraskovsky, M. M. Uzdin. St.
Petersburg; Moscow, 1994;335. (In Russ.).

3. Voronin M.1., Voronina M.M,, Kiselev I.P. et al. PP. Melnikov:
Engineer, Scientist, Statesman. Saint Petersburg: Gumanistika,
2003; 367-369.

4. Rakov V.A. Locomotives of domestic railways (1845-1955).
2nd ed., revised. and additional. Moscow, Transport, 1995;564.
(In Russ.).

5. Vinogradov V.V,, Terebnov 0.V., Melnikov P.P. Great Russian
Encyclopedia: In 30 volumes. Volume 19. Moscow, Great Russian
Encyclopedia, 2012;669-700. (In Russ.).

6. Melnikov P.P. About railways. St. Petersburg, Printing house
of the Main Directorate of Communications and Public Buildings,
1835;99. (In Russ.).

7. Kerbedz S.V., Melnikov P.P. Report on the trip of the Corps
of Railway Engineers Lieutenant Colonel Melnikov and the Corps of
Transport Engineers Captain Kerbedz to Western European coun-
tries in 5 volumes: Introduction. 126.; England, Scotland and Ireland.
514+38.; Belgium and Germany. 184+74+21.; France. 442+32.
[Manuscript] St. Petersburg, NTB PGUPS. 1838. (In Russ.).

8. Melnikov P.P. Technical description of the railways of the
North American states: 4 volumes, with atlas. Atlas of drawings for
the description of the railways of the North American States. St.
Petersburg, Printing house of the Main Directorate of Communica-
tions and Public Buildings, 1841;93. (In Russ.).

9. Shotlander Y.V. The history of a steam locomotive over a
hundred years. St. Petersburg, 1905. (In Russ.).

10. Construction and operation of the Nikolaev railway, (1842—
1851-1901): a brief historical sketch / compiled by the Road Ad-
ministration. St. Petersburg, Printing house Yu.N. Ehrlich, 1901;64.
(In Russ.).

11. Kiselev I.P. Development of high-speed railway traffic in
Russia and the USSR (mid-19th - late 20th centuries). St. Peters-
burg, 2011;538. EDN QFVUWF. (In Russ.).

12. Kiselev I.P, Panychev A.Yu., Fortunatov V.V., Kuznetsov D.I.,
Zinchenko S.A. et al. World Heritage of Betancourt: textbook. St. Pe-
tersburg, Federal State Budgetary Educational Institution of Higher
Professional Education PGUPS, 2022;575. EDN DXPRFI. (In Russ.).

TRANSPORT INFRASTRUCTURE

13. History. Official website of RUT (MIIT). URL: https://www.
miit.ru/org/history (In Russ.).

14. Outstanding professors, employees and graduates of the
St. Petersburg State Transport University of Emperor Alexander |,
who made a significant contribution to the creation and develop-
ment of the Moscow State University of Transport of Emperor Nicho-
las II. Manuscript. 2017 (NTB PGUPS). (In Russ.).

15. Kiselev I.P, Voronina M.M., Eliseev N.A. et al. History of the
St. Petersburg State Transport University: in 2 volumes. T. 2. Book.
1. St. Petersburg, 2009;44-45. (In Russ.).

16. Heywood E. Engineer of Revolutionary Russia. Yuri Vlad-
imirovich Lomonosov (1876-1952) and railways / trans. from
English D. A. Kosacheva. Moscow, Educational and Method-
ological Center for Education in Railway Transport, 2013;443.
(In Russ.).

17. Shchukin M.N. New steam locomotive 2-3-2. Transport
Engineering. 1937;2(8):3. (In Russ.).

18. Gursky PA. Test results of the fi rst steam locomotive. The
main characteristics of the steam locomotive 2-3-2 built by the Vo-
roshilovgrad Locomotive Plant named after. October Revolution.
Transport Engineering. 1938;3(13):3-13. (In Russ.).

19. Shubin A.A. On new types of motor cars. Electrification of
Railway Transport. 1935;6:7. (In Russ.).

20. Frishman M. High-speed trains on a rail track. Stalinets.
1934. (In Russ.).

21. Romanov V.N. High-speed ball-electric tray transport. So-
cialist transport. 1933;10:63-74. (In Russ.).

22. Waldner S.S. High-speed train. Moscow, Transzheldorizdat,
1941;68. (In Russ.).

23. Joint letter of the Ministry of Railways of the USSR and the
Central Committee of the Trade Union of Railway Transport Workers
dated March 24, 1964. TsGA St. Petersburg. F. 2275. Op. 11. D. 678.
L. 1. (In Russ.).

24. Konovalova N., Kutsenina T.,, Retyunin A., Yurinov V.
From ER-200 to Sapsan. St. Petersburg, OM-Express, 2023;288.
(In Russ.).

25. Decision of the joint meeting of the academic councils of
the Central Research Institute of the Ministry of Railways and the
ONII of March 11, 1977. AOZhD. F. 2575. ODPH for 1976-1981.
D. 330. L. 192. (In Russ.).

26. Leningradskaya Pravda. 1984. February 28. (In Russ.).

21



RiiCE TRANSPORT

Oleg S. Valinsky, Igor P. Kiselev

Scientific support for the design and construction of high-speed railway lines.

VOL. 3 ISSUE 1 2024

27. USSR State Committee for Science and Technology. State
scientific and technical program. List of programs approved by the
Decree of the Council of Ministers of the USSR of December 30,
7988. Moscow, 1989;1474. (In Russ.).

28. System of regulatory documents in construction. Enterprise
standard. Norms and technical conditions for the design of the high-
speed railway line St. Petersburg — Moscow. Official publication.
Russian Joint Stock Company “High-Speed Railways” (RAO VSM).
St. Petersburg, 1997;32. (In Russ.).

29. Norms and technical requirements for the design and con-
struction of the high-speed railway line St. Petersburg—Moscow.
RDS 00-00-94. Official publication. State Committee of the Russian
Federation for Architecture and Urban Planning (Gosstroy of Rus-
sia). Moscow, 1997;129. (In Russ.).

30. Korovkin V.M. Chronicle of the creation of the Falcon train.
Personal archive of I.P. Kiselev. Scientific and technical library
PGUPS. (In Russ.).

31. High-speed and high-speed railway transport: In the
past, present and future: To the 150th anniversary of the St. Pe-
tersburg—Moscow railway: In 2 volumes. St. Petersburg, Vybor,
2001;1:320;2003;2:448. (In Russ.).

Chronicle of the Development of Competencies for High-Speed Railway Transport in Russia

32. High-speed rail transport. General course: textbook: in
2 volumes / ed. |.P. Kiselev. Moscow, FGBU DPO UMTS ZhDT,
2014;1:308.; 2:372. (In Russ.).

33. High-speed trains “Sapsan” B1 and B2: textbook / ed.
A.V. Shiryaev. Moscow, JSC Russian Railways, 2013;522. (In Russ.).

34. Putin spoke about the advantages of high-speed railway
from Moscow to St. Petersburg. RIA Novosti. 2023. URL: https://
ria.ru/20230817/doroga-1890638909.html (In Russ.).

35. Putin said that the Moscow - Petersburg high-speed
railway project has approached the possibility of implementa-
tion. Interfax. 2023. URL: https://www.interfax.ru/russia/916715
(In Russ.).

36. IV Railway Congress. Vladimir Putin took part in the work
of the IV Railway Congress. Kremlin. 2023. URL: http://www.krem-
lin.ru/events/president/news/72996 (In Russ.).

37. Preliminary materials of the Moscow-St. Petersburg high-
speed railway project. NTB PGUPS, 2020. (In Russ.).

38. Valinsky 0.S., Posadov I.A.,, Trishankov V.V. Institutionaliza-
tion of building a business in the format of a life cycle contract for
high-tech products: a paradigm of thinking. St. Petersburg, Strategy
of the Future, 2020;239. (In Russ.).

JINTEPATYPA

1. High Speed Lines in the World 2022 (Summary) Updated
Tst October 2023. URL: https://uic.org/IMG/pdf/20231001_high_
speed_lines_in_the_world.pdf

2. NcTopus xene3HoA40pOXXHOro TpaHcnopTta Poccun: B 3 T.
T. 1: 1836-1917 / nop pea. E.A. Kpackosckoro, M.M. Y3auHa.
CNneé.; M., 1994.335¢c.

3. BopoHuH M.U., BopoHuHa M.M., Kucenés W.M1. u gp.
[M1.M. MenbHUKOB — WHXXEHEP, YYeHbI, rocyAapCTBEHHbIN Aes-
Tenb. CM6.: N'ymanncTuka, 2003. C. 367-369.

4. PakoB B.A. JIOKOMOTVBbI OTe4eCTBEHHbIX YKeJIe3HbIX AOPOr
(1845-1955 rr.). 2-e 3., nepepab. v gon. M.: TpaHcnopT, 1995.
564 c.

5. BuHorpagoB B.B., Tepe6HoB 0O.B., MenbHukoB I1.M1. Bonb-
was Poccuiickas aHumknoneaus: 8 30 T. T. 19. M.: bon. Poc. ak-
umknoneaus, 2012. C. 669-700.

6. MenbHukos [1.11. O xenesHbix goporax. Cl6.: Tunorpadus
[naBHOro ynpaBneHus nyTen COOBLLEHMUS U NYBIUYHBIX 34aHUA,
1835.99 c.

7. Kep6ea3s C.B., MenbHukos M1.11. OTYyeT o noesake Kopnyca
WHXXEeHepoB MyTel COO6LLEHNs MOAMNONIKOBHMKA MeflbHUKOBA U
Kopnyca uHxeHepoB nyTen coobLieHns kanutaHa Kepbensa B
3anagHoeBponenckme cTpaHbl B 5 T.: BBegeHue. 126 c.; AHrnus,
WoTtnanamna un Upnanausa. 514 c. + 38 c.; benbrua u lepmanus.
184 c. + 74 c. + 21 c.; paHuusa. 442 c. + 32 c. [Pykonucs] [1838].
CIM6. (HTB Nrync).

8. MenbHukos [1.[1. OnnucaHne B TEXHUYECKOM OTHOLLEHUU
enesHbix fopor CeBepo-AMeprKaHCKUX LWTaToB: B 4 T., ¢ aTna-
coM. ATnac yepTexen K OnncaHuto xenesHbix gopor CeBepo-Ame-
pukaHckux LUtaTtos. CM6.: Tunorpadus MaBHOro ynpaBneHus ny-
Ten coobLeHUst U Ny6NNYHbIX 3aaHunin, 1841. 93 n.

9. lWotneHgep A.B. UcTopua napoBosa 3a cTo net. Cl6.,,
1905.

10. MNocTporka n akcnnayaTaumss HUKoNaeBCKON enes3Hown
gopory, (1842-1851-1901 rT.): KpaTKuUt UCTOPUYECKMI OYEPK /
cocTaBneH Ynpasnexnuem goporu. Cr6.: Tunorpacdwus 10.H. pnux,
1901. 64 c.

TRANSPORT INFRASTRUCTURE

11. Kucenes W.I1. PasaBnTue BbICOKOCKOPOCTHOIO Xene3Ho-
LLOPOXHOTO ABMXeHNs B Poccum n CCCP (cepeaunHa XIX — KoHel
XX Beka): guc. ... A-pa ucT. Hayk. ClM6.,2011. 538 c. EDN QFVUWF.

12. BcemupHoe Hacneane beTtaHkypa: yyeb. nocobue / nog
pea. N.M. Knucenesa, A.10. MaHblyeBa, B.B. ®opTtyHaToBa. Cl16.:
®reoy BMO Mryrc, 2022. 576 c.

13. Uctopus // OdwuumanbHblii caint PYT (MUWNT). URL:
https://www.miit.ru/org/history

14. Bblgatowwmecs npodeccopa, COTPYAHVKN U BbIMYCKHUKM
MeTep6yprckoro rocyfapCTBeHHOro yHMBepcuTeTa nyTen co-
o6LeHna Mmnepatopa AnekcaHapa |, BHeclune 3HaunTeNbHbIN
BK/1aJ B co3fiaHne v pa3Butue MoCKOBCKOro rocylapCTBeHHOro
yHUBepcuTeTa nytei cooblieHuns imnepatopa Hukonas Il. Pyko-
nuck. 2017 (HTB MIYMC).

15. Kucenés W.I1., BopoHnHa M.M., Enncees H.A. u gp. UcTto-
pusi MeTepbyprckoro rocyfapCTBEHHOro yHMBepCuTeTa NyTei co-
obueHus: B 2 T. T. 2. KH. 1. CI6., 2009. C. 44-45.

16. XeniByg 3. VIHXeHep peBontounoHHon Poccuun. tOpun
Bnagumuposuy JlTomoHocoB (1876-1952) u >kenesHble JOpo-
ru / nep. ¢ aHrn. [.A. KocaueBoi. M.: Yye6HO-MeTOANYECKUNA
LLeHTp no o6pa30BaHUIO Ha XXENe3HOLOPOXHOM TpaHcnopTe,
2013. 443 c.

17. LWyknH M.H. HoBbi napoBo3 2-3-2 // TpaHCNOpTHOE Ma-
LMHocTpoeHue. 1937. N2 2 (8). C. 3.

18. Typckuii [1.A. Pe3ynbTaTbl UCMbITaHUA NepBOro NapoBo3a.
OCHOBHble XapaKTepUCTUKMN NapoBo3a 2-3-2 NoCcTpoinkmn Bopolu-
JIOBrpafCcKoro napoBO30CTPOUTENbHOro 3aBofa UM. OKTA6GpPb-
ckon Peontouun // TpaHcnopTHoe MalMHocTpoeHume. 1938.
N2 3 (13).C.3-13.

19. Wy6uH A.A. O HOBbIX TUMax MOTOPBAroHoB // AnekTpudwu-
Kauus XenesHoaopoXxHoro TpaHcnopta. 1935. N2 6. C. 7.

20. ®puwimaH M. BbICOKOCKOPOCTHbIe Noe3faa Ha penbCoBow
konee // CtanuHew. 1934,

21. PomaHoB B.H. CBepXCKOPOCTHOW LIApO-3/1eKTPONOTKO-
BbIil TpaHcnopT // Counanuctuyeckut TpaHcnopt. 1933. N2 10.
C. 63-74.

22



RiiCE TRANSPORT

VOL. 3 ISSUE 1 2024

22. BanbaHep C.C. CBepXxCKOpOCTHOM noesa. M.: TpaHcken-
gopusgar, 1941. 68 c.

23. CoBMeCTHOe NMCbMO MuHUCTepCcTBa NyTeil coobLueHus
CCCP u UK Mpodcotoza paboTHUKOB XKene3HOL0POXKHOMO TpaH-
cnopta oT 24 mapta 1964 r. (LIFA CNb. ®. 2275. On. 11. [. 678.
1),

24. KoHoBasnoBa H., KyyeHuHa T, PeTioHuH A., lOpuHoB B. OT
9P-200 po «CancaHa». Cl6.: OM-9kcnpecc, 2023. 288 c.

25. PelleHne COBMEeCTHOro 3acefiaHusl y4YeHblX COBETOB
LIHWM MIMC v OHWUW oT 11 mapta 1977 r. (AOXA, ®. 2575. OANX
3a1976-1981 rr. [. 330. /1. 192).

26. JleHuHrpagckas npaeaa. 1984. 28 desp.

27. locypgapcTtBeHHbIn kKomuTeT CCCP no Hayke n TexHuKe.
[ocypapcTBeHHasi Hay4YHO-TexHUYecKas nporpamma. MepeyeHb
nporpamm, ofo6peHHbix MocTtaHoBneHneM CoBeTa MUHUCTPOB
CCCP o1 30 gekabpsa 1988 r. M., 1989. N2 1474.

28. CucteMa HOpMaTUBHbIX JOKYMEHTOB B CTPOUTENbCTBE.
CtaHpapT npeanpuaTus. HopMbl U TEXHUYECKME YCNOBUS NPO-
eKTUPOBaHUS BbICOKOCKOPOCTHOMN XXENe3HOA0POXHON JIMHUK
CaHkT-TeTepbypr—MockBa. OdumumnanbHoe nagaHue. Poccuiickoe
aKLMoHepHoe 06LLEecTBO «BbICOKOCKOPOCTHbIE MarucTpanu»
(PAO BCM). CN6.,1997. 32 c.

29. HopMmbl 1 TexHUYeckme Tpe6oBaHUsA K MPOEKTUPOBAHUIO
N CTPOUTENBbCTBY BbICOKOCKOPOCTHOM XeNe3HOAOPOXHON Maru-
ctpanu CaHkT-lMeTep6ypr—Mockaa. PAC 00-00-94. OdumumnansHoe
nsnaHue. NlocypapcTBeHHbIn koMuteT Poccuiickon Gepepauun
no apxuTeKType u rpagoctpontenbcTy (MfoccTpoit Poccum). M.,
1997.129 c.

Oleg S. Valinsky, Igor P. Kiselev

Scientific support for the design and construction of high-speed railway lines.
Chronicle of the Development of Competencies for High-Speed Railway Transport in Russia

30. KoposkuH B.M. XpoHuka cosgaHusi noesga «Cokon». Jlnu-
HbIn apxuB W. IN. Kncenésa. HTB MNIYTIC.

317. CKOPOCTHOM 1 BbICOKOCKOPOCTHOW YXeNe3HOA0POXHbIN
TpaHCMopT: B npoLunom, HacTosiweM 1 byayuiem: K 150-neTuio xe-
Ne3HOLOPOXHON MarmucTpanu CaHkT-MNeTepbypr—MockBa: B 2 T.
Cr6.: Bbibop, 2001. T. 1. 320 ¢.; 2003. T. 2. 448 c.

32. BbICOKOCKOPOCTHOM XENe3HOL0POXHbIV TpaHcnopT. 06-
LLMiA Kypc: y4ebHoe nocobue: B 2 T. / nof pea. U.MN. Knucenésa. M.:
®rey Ano ymMu XAaT, 2014. T.1.308 ¢,; T. 2. 372 c.

33. BbicokockopocTHble noesaa «CancaH» B1 u B2: yye6-
Hoe noco6ue / nog pea. A.B. LUnpsaesa. M.: OAO «PXX[», 2013.
522 c.

34. TyTuH pacckasan o npenMyLLecTBax CKOPOCTHOW X/, OT
Mocksbl go MeTtepbypra // PUA Hosoctu. 2023. URL: https://ria.
ru/20230817/doroga-1890638909.html

35. MyTuH 3asBun, yto npoekT BCM MockBa-eTepbypr no-
[oLen K BO3MOXHOCTU peanusauun // UHTepdake. 2023. URL:
https://www.interfax.ru/russia/916715

36. IV XXenesHoAopoXHbI cbesdd. Bnagumup [MyTuH
npuHaAn yvyactue B pabote IV XKenesHogopoxHoro cbesga //
Kremlin. 2023. URL: http://www.kremlin.ru/events/president/
news/72996

37. MpeaBapuTenbHble MaTepuanbl npoekta BCM Mocksa—
CankT-MeTtepbypr. HTB MIryrc, 2020.

38. BaauHckuii O.C., locagos U.A., TpuwaHkoB B.B. NHcTwn-
Tyanusauusa nocTpoeHus 6usHeca B hopmaTte KOHTpaKTa Xun3-
HEHHOrO LMKNa BbICOKOTEXHOIOMMYHOW NPOAYKLMU: Napagnurma
MblwwneHus. CM6.: CtpaTerus 6yayuiero, 2020. 239 c.

Bionotes

Oleg S. Valinsky — Cand. Sci. (Tech.), Rector; Emperor Alexander I St. Petershurg State Transport University (PGUPS);
9 Moskovsky pr., St. Petersburg, 190031, Russian Federation; rector@pgups.ru;

Igor P. Kiselev — Cand. Sci. (Philos.), Dr. Sci. (His.), Associate Professor, Professor of the Department of “History, philosophy,
political science and sociology”, transport engineer; Emperor Alexander I St. Petershurg State Transport University (PGUPS);
9 Moskovsky pr., St. Petershurg, 190031, Russian Federation; SPIN-code: 4347-9926, ID RSCI: 541415, Scopus: 57220864567;

kis1347@mail.ru.

06 aBTOpax

Oser CepreeBuY Ba/mmHCKHI — KaH/UAAT TEXHUYECKUX HAyK; PeKTOP; IleTepOyprcKuii rocygapcTBeHHbIH YHUBEPCHTET
nyreii cooomenus Uvmeparopa Anekcangpa I (IITVIIC); 190031, r. CauKT-IleTep6ypr, MOCKOBCKUH IIp., [I. 9; rector@pgups.ru;

Hrops ITaBioBud KucenéB — KaHugaT GUI0COPCKUX HAYK, JOKTOP UCTOPUUYECKUX HayK, JOLeHT, IIpodeccop Kadeapsl
«HMcTopus, usmocodus, IOJUTOJIOTUS U COITHOJIOTHSI», HH)KeHep IyTel coobieHus; IleTepOyprcKuii rocyfapcTBeHHBINH
YHUBEPCHUTET IyTel coobmenus Hvmmneparopa Anekcanapa I (IITVIIC); 190031, r. CauKT-IleTep6ypr, MOCKOBCKUHU 1Ip., 1. 9;
SPIN-kop: 4347-9926, PUHIT ID: 541415, Scopus: 57220864567; kis1347@mail.ru.

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

The authors declare no conflicts of interests.

3asBNeHHbIN BKNAL dBTOPOB: BCe aBTOPbI caoenann 3KBMBANEHTHbIN BKNAL B noaroToBky ﬂyﬁﬂVlKaLl,MVl.

ABTOpbI 3a8BNSIOT 06 OTCYTCTBMM KOH(NMKTA MHTEPECOB.

Corresponding author: Igor P.Kiseley, kis1347 @mail.ru.

ABTOD, OTBETCTBEHHbII 3a nepenucky: Mropb MaBnosuy Kucenés, kis1347 @mail.ru.

The article was submitted 10.01.2024; approved after reviewing 30.01.2024; accepted for publication 28.02.2024.
Cratbs noctynuna B pegakumio 10.01.2024; onobpeHa nocne peuersnpoBanunsg 30.01.2024; npunsaTta k nybnukaumm 28.02.2024.

TRANSPORT INFRASTRUCTURE

23



RiiCE TRANSPORT

VOL. 3 ISSUE 1 2024

ADVANCED ENGINEERING TRAINING FOR THE ECONOMY 4.0

OMEPEXAIOLLLAA NOATOTOBKA MHXEHEPHbIX KAIPOB
N9 3KOHOMUKN 4.0

Original article

ubDC 378
doi: 10.46684/2024.1.6

The specific features of the values and meaning
domain and motivation of future specialists
in the transport industry

Diana N. Cerfus
Emperor Alexander | St. Petersburg State Transport University (PGUPS); Saint Petersburg, Russian Federation; diana.cerfus@mail.ru; https://orcid.org/0000-
0002-4544-273X

ABSTRAC Currently, the problem of training highly skilled, competitive specialists equipped with competencies neces-

sary for their future professional activity is of particular relevance. This is key to building a talent pipeline in
the transport industry in general and in the railway sector in particular where the activities of the majority of workers involve
providing safety and continuity of operations. One of the topical issues is to study their values and meaning domain and moti-
vational attitudes to their future profession as an opportunity to develop techniques of psychological and pedagogical support
aimed at forming stable internal motives and optimizing the professional development of future specialists in the transport
industry. The purpose of the study is to explore the specific features of the values and meaning domain and motivation of fu-
ture specialists in the transport industry. In order to study the purpose-in-life orientations, personality traits and motivation of
future specialists in the transport industry, a study was conducted with the participation of 50 people aged 20 to 24 years. The
following methods were used: the Purpose-in-Life (PIL) Test by D. Crumbaugh and L. Maholick adapted by D. A. Leontiev; the
questionnaire for the assessment of personality traits of a professional (LOP) by I.G. Senin and V.E. Oryol; and the Motivation
for Success and Fear of Failure (MUN) method by A. A. Rean. The results for interpretation were obtained by mathematical and
statistical data processing using correlation analysis (the Pearson correlation criterion). The sense of purpose in the students is
associated with the ability to identify significant conditions for achieving goals and everything that happens to them contributes
to their personal growth. The more the students perceive their lives as emotionally intense and interesting, the less they tend
to perceive their educational and professional activities as a source of stress. Conclusions: Students with clear goals for the
prospects of their future professional self-realisation tend to show internal motives for achieving results to a greater extent.
The feeling of meaningfulness and productivity of the students’ lives is associated with tension they experience in the learning
process, conscious control of their actions and behaviour.

KEYWO RDS. values and meaning domain; purpose-in-life orientations; personality traits; motivation; specialists of
+ the transport industry
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AH HOTA Vl B HacToswee BpeMs ocobeHHO akTyanbHa npobnemMa NoAroTOBKM BbICOKOKBaNMMULMPOBAHHbBIX CleLmanm-
CTOB, KOHKYPEHTOCMOCOOHbIX, 061aAa0LWMX HE0BX0AMMbBIMU KOMNETEHLMAMM B paMKax byayuien npodec-

CMOHANbHOM AeaTenbHOCTU. KntoyeBoe 3HaueHune 310 MMeeT As GOPMUPOBaHKA KaAPOBOro pe3epsa B TPAHCMIOPTHOM OTPac/u, B
YaCTHOCTM Ha XENe3HOA0POXKHOM TPAHCMOPTE, FAe AeATENbHOCTb GO/bLIMHCTBA COTPYAHMKOB CBA3aHa C obecneyennem Gesona-
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CHOCTU U HENpepbIBHbIM NPOU3BOACTBEHHbIM NpoueccoM. OAMH U3 BaXKHbIX BONPOCOB — U3yYeHWe LLeHHOCTHO-CMbIC/IOBOM Cdepbl
M MOTMBALMOHHOIO OTHOLWEHMS K Byayuiei npodeccuu, kak BOSMOXHOCTb pa3paboTKu TEXHONOMMI NCUXON0ro-nefarornyeckoro
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INTRODUCTION

In modern realities, it is usual for a person to face
increasingly complicated tasks of defending their val-
ues and forming a reality of new meanings. This is
largely due to the fact that the unstable situation in the
world along with changes in socio-economic relations
in society dictate new requirements for the quality of
training of future professionals. As a branch of social
production, transport, with railway transport being
one of its most important segments, makes its spe-
cial demands. The quality of training and subsequent
professional self-realisation of prospective specialists
in the transport industry depend on a deep and sub-
tle understanding of their aspirations, meanings, and
motivation as students. In turn, the levels of discipline,
responsibility, and effective performance of employees
directly affect the efficiency and safety of the transport
process.

Professional activity of transport industry special-
ists is associated with the impact of many extreme
factors. According to Article 14 of the Federal Law
No. 426-FZ dated December 28, 2013 “On Special As-
sessment of Working Conditions”, these factors include
high intensity of work due to information load; noise;
vibration, etc. All this increases the risk of disruption of
adaptive processes in the human body and contributes
to the development of various diseases and reduced
professional longevity.

In this regard, professional activity in the transport
industry places high demands on the psychological
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qualities of its specialists. This activity has a special in-
fluence on employees, affecting their subjective world,
shaping their personality traits, values and meaning
domain, motivation, etc.

Based on studying the problem of the values and
meaning domain and motivation in scientific research,
it can be stated that a degree to which the personality
structure of a future transport industry specialist is de-
veloped affects their level of self-regulation in extreme
situations. The level of self-regulation is largely provid-
ed by the adaptation to the conditions of professional
activity of railway transport specialists and depends on
their value and purpose-in-life orientations and moti-
vation, which is reflected in high-quality performance
of their professional tasks.

The relevance of this article is caused by the prob-
lem of insufficiently clear idea of the future profes-
sion in students at all stages of training in higher
education. The knowledge of stable internal motives,
values, and personality traits will allow us to identify
the main directions of psychological and pedagogi-
cal support of students in order to assess the psycho-
logical constructs that influence the success of future
specialists in the transport industry in mastering the
profession [1-3].

The analysis of the empirical study results allowed
us to assume that in the student years, an individual’s
system of life meanings and motivation has a complex
structure. Its complexity is determined by the inclusion
of various elements of personality: life-meaning atti-
tudes, personal motives, personality traits, values and
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others. This age period is characterised by an active
search for oneself and one’s place in modern society; it is
accompanied by certain crisis periods and corresponds
to the stage of professional formation of a personality in
higher education [4-6]. One of the most important tasks
of the higher education system is to train a competitive
specialist equipped with high-level professional com-
petences, who is capable of defending their system of
values and has stable internal motivations.

Many Russian and foreign psychologists have been
engaged in the study of personality’s purpose-in-life
orientations and motivation, including A. Maslow [7],
L.S. Vygotsky [8], A.N. Leontiev [7, 8], A.S.L. Rubinstein
[8], V.V. Stolin [8], A.R. Luria [8], D.A. Leontiev [8], and
others.

According to A. Maslow, a person’s essence moves
him or her in the direction of personal growth and self-
sufficiency [7]. According to E. Erikson, there are some
mandatory, consecutive stages in the development of
personality, which everyone should pass in their devel-
opment [8]. Works by D.A. Leontiev combine person-
ality characteristics and life meanings, indicating that
aspects of purpose-in-life orientations are a product of
personality [8].

Currently, the study of personality, purpose-in-
life orientations and motivation is found in works by
GJV. Milovanova [7], S.N. Sorokoumova [8], NV. Bogdan
[9], E.A. Garayeva [10], OV. Gribkova [11], A.P. Koz-
hevina [12], O.A. Kozhevnikova [13], E.S. Legostayeva
[14], M.G. Nikitskaya [15], V.V. Sharok [16], M.S. Yanitsky
[17, 18], G. Droessiger [19], and others.

For example, E.A. Garayeva believes that students’
motivation is manifested in the awareness of subjects,
current needs for self-development and self-discovery
that are satisfied through the fulfilment of learning
tasks and encourage them to study academic disci-
plines and master the skills for their future profes-
sional activity [10].

M.S. Yanitsky’s research offers the “value types”
characterised by the orientation towards value systems
that are different in their origin and level of develop-
ment and are distinguished by significant features in
the levels of meaningfulness of life, internality, and
self-actualisation [17, 18].

The study of the peculiarities of the values and
meaning domain and motivation of future transport in-
dustry specialists was of special research interest due
to the complexity of this structure and practical signifi-
cance. The study of these psychological constructs that,
according to many authors, have a distinct specificity
in terms of time perspective, life strategy of an indi-
vidual, and the regulation of social behaviour opens up
the possibility of predicting social behaviour, develop-
ing techniques of psychological and pedagogical sup-
port, the formation of a hierarchy of values, internal
motives, etc. [17, 18].
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The aim of the research is to study the peculiari-
ties of the values and meaning domain and motivation
among future specialists in the transport industry. The
target of the study was students in different training
areas.

The hypothesis of the study is that there are dif-
ferences in the structure of connections between the
purpose-in-life orientation scales, personality traits
and motivation in students in technical and economic
areas of training.

The study involved 50 participants, including
25 students in technical areas and 25 students in eco-
nomic areas of training (hereinafter referred to as the
“students”); these were young men aged from 20 to
24 years old. The study was conducted at the facilities
of the Emperor Alexander I St. Petersburg State Trans-
port University (PGUPS).

Empirical data was collected using a set of psycho-
logical testing techniques, including the Purpose-in-Life
(PIL) Test by D. Crumbaugh and L. Maholick adapted by
D.A. Leontiev; the questionnaire for the assessment of
personality traits of a professional by 1.G. Senin and
V.E. Oryol; and the Motivation for Success and Fear of
Failure method by A.A. Rean.

MATERIALS AND METHODS

The results for interpretation were obtained by
mathematical and statistical processing of data us-
ing correlation analysis (the Pearson correlation
criterion).

The practical significance of the results of the study
lies in the fact that a comprehensive analysis of the
values and meaning domain and personality traits in
students will allow for determining the mechanisms
of maintaining motivation in future specialists of the
transport industry. The results of this work can also
be useful in planning and managing the educational
process, namely for gaining a deeper and clearer un-
derstanding of purpose-in-life orientations and motiva-
tion of students in order to improve the effectiveness
of education and the quality of training of specialists in
the transport industry.

RESEARCH RESULTS

The analysis of correlation dependencies in the
studied sample has shown that students in technical
and economic areas of training have a greater number
of correlations in all of the methods. Only significant
differences were considered in the study. The analy-
sis of the methods applied has revealed a positive re-
lationship between the indicators of the Goals in Life,
Life Process and Motivation for Success scales (r = 0.45;
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p <0.05) among students of technical areas of training.
It can be assumed that the more explicit the goals a
student sets for himself or herself are and the more he
or she is satisfied with the quality of their life, the more
he or she is motivated to achieve constructive, positive
results (r = 0.45; p <0.05).

In this group of respondents, the established nega-
tive relationship between the indicators of the Life
Process and Neuroticism (N) scales may indicate that
the more the students perceive their lives as emotion-
ally rich and interesting, the less they tend to per-
ceive their educational and professional activities as
a source of stress (r = -0.43; p < 0.05). The presence
of a positive relationship between the indicators of
the Life Process and Extraversion (E) scales in the
questionnaire on personality traits of a professional
(r = 0.46; p < 0.05) can be interpreted as follows: the
more the students perceive their lives as emotionally
rich and interesting, the more sociable, assertive,
active and optimistic they are. A positive relation-
ship between the indicators of the Life Process and
Conscientiousness (C) scales (r = 0.53; p <0.01) shows
that the perception of life by the students as emotion-
ally rich and interesting correlates with their con-
scientiousness, discipline, and control of their own
actions.

The correlation analysis in the group of students
in economic areas of training established a negative
relationship between the indicators of the Life Per-
formance or Satisfaction with Self-actualisation and
Neuroticism (N) scales (r = -0,59; p < 0,01), and the
Conscientiousness (C) scale (r = 0,49; p < 0,05) . The
results of the study can be interpreted as follows: the
higher the students’ sense of meaningfulness and pro-
ductivity of a passed segment of life, the less they tend
to perceive their educational and professional activity
as a source of tension and stress. These students tend
to consciously regulate their behaviour and be disci-
plined persons.

In this group of subjects, the correlation analysis re-
vealed a positive relationship between the indicators of
the Life Performance and Motivation for Success scales
(r = 0.42; p < 0.05). The higher the students’ sense of
meaningfulness and productivity of a passed segment
of life, the more their actions are aimed at achieving
constructive, positive results.

According to the results of the revealed positive
relationships between the indicators of the “Locus of
control — Self (I am the master of my life)” scale in the
Purpose-in-Life Test and the Extraversion (E) scale in
the questionnaire on personality traits of a profession-
al (r = 0.43; p < 0.05), and the Motivation for Success
scale in the Motivation for Success and Fear of Failure
method (r = 0.41; p < 0.05) in the students in economic
areas of training, it can be assumed that the higher
the students’ sense of controllability of their lives, the
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more sociable, active, and optimistic they are, and the
more their internal motives are aimed at achieving
constructive, positive results.

A positive relationship between the indicators of
the “Locus of control — Life or Controllability of life”
and Conscientiousness (C) scales (r = 0.44; p < 0.05) sug-
gests that the more the students are convinced that
their life is controllable and they are free in making
decisions, the more disciplined they are and the better
they exercise control over their own actions.

CONCLUSION AND DISCUSSION

The analysis of literary sources on the problem of
studying the specific features of the values and mean-
ing domain and motivation has shown the complexity
of this structure due to the inclusion of various ele-
ments of personality, such as life-meaning attitudes,
personal motives, personality traits, values, etc. These
psychological constructs determine the life strategy of
an individual and provide a forecast of his or her so-
cial behaviour, which is consistent with the scientific
works by M.S. Yanitsky, M.G. Nikitskaya, and S.N. So-
rokoumova.

According to the results of the study, the following
conclusions can be drawn:

The students in technical areas of training who
have clear goals for their future prospects more often
show internal motives for achieving constructive, posi-
tive results.

Those students who perceive their life as emotion-
ally rich and interesting tend to feel tension in training
to a lesser extent; they are more sociable, active and
optimistic.

The higher the students’ sense of meaningfulness
and productivity of a passed segment of life, the less
they tend to perceive their educational and profes-
sional activity as a source of tension and stress, the
more they show discipline and control over their own
actions, and the more their actions are aimed at achiev-
ing results that are based on their desires.

One of the promising directions for future research
will be to analyse and compare the psychological con-
structs studied in this paper among novice and experi-
enced specialists of the transport industry.

The practical significance of the study lies in the
fact that the comprehensive analysis of the values and
meaning domain as a multidimensional construct, tak-
ing into account its various components, will help to
determine the level and mechanisms of maintaining
sustainable internal motives for success in master-
ing profession, will determine the meaningfulness of
professional self-determination, and will ensure the
improvement of the quality of training of future spe-
cialists of the transport industry.
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