ISSN 2949-0812 (ONLINE)
DOI 10.46684/2023.1
WWW BRICSTRANSPORT.RU

NI\

.
<IiJ] ~
1 NI N\

TRANSPORT

Infernational science and practice journal

et 2023



ISSN 2949-0812 (ONLINE)
DOI 10.46684/2023.1
WWW.BRICSTRANSPORT.RU

BRICS Transport

SCIENTIFICAND PRACTICAL PEER-REVIEWED JOURNAL

Founded in 2022 Volume 2

Publication frequency: 4 issues per year Issue 1

2023

TpaHcnopT BPUKC

HAYYHO-NPAKTUYECKWUW PELLEH3UPYEMbIA CETEBOW XXYPHAN

OcHosaH 8 2022 200y Tom 2
Bvixooum excekeapmaJ/ibHO Bbl nyck 1

CK803HOU HOMep 2
2023



BRICS Transport

SCIENTIFICAND PRACTICAL PEER-REVIEWED JOURNAL

Journal’s main thematic focus: scientific, technical, organizational, economic, environmental, legal issues, history, current state
and development prospects of the BRICS countries’ transport complex; interaction of the BRICS countries on issues of transport
support and international cooperation, global transport systems, as well as on professional education for the transport industry
and development of cooperation between educational institutions and transport enterprises from different countries.

This is an open access journal.

SECTION POLICIES

o TRANSPORT ECOSYSTEM: SOCIETY, STATE,
AND GLOBAL CHALLENGES

e URBAN STUDIES, TRANSPORT AND
LOGISTICS TECHNOLOGIES

e VEHICLES AND ROLLING STOCK
o TRANSPORT INFRASTRUCTURE

e ADVANCED ENGINEERING TRAINING FOR
THE ECONOMY 4.0

o SMART TRANSPORT AND INTELLIGENT
SYSTEMS FOR THE INDUSTRY 4.0

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

Digital version registration certificate:
371 No. ©C77-82614 dated January 27, 2022.

Website journal: bricstransport.ru

E-mail: brics@umczdt.ru

Tel.: +7(495)739-00-30. add. 180

105082, Russia, Moscow, 71 Bakuninskaya st.

FOUNDERS

e TFederal State Budgetary Educational In-
stitution of Higher Education “Emperor
Alexander I St. Petersburg State Transport
University”, 9 Moskovsky pr., St. Petersburg,
190031, Russian Federation

e TFederal state budget establishment ad-
ditional professional education “Educa-
tional and instructional center for railway
transportation”, 71 Bakuninskaya st., Mos-
cow, 105082, Russian Federation

PUBLISHER

e Federal state budget establishment additio-
nal professional education “Educational and
instructional center for railway transporta-
tion”

DITORIAL STAFF OF AJOURNAL
Managing editor

Lidiya A. Shitova

Editing, proofreading Tat’yana V. Berdnikova
Translation by Irina L. Lyutomskaya

Logo design, journal cover and website design
by Igor Kiselev and Sergey Turin

Design and layout
LLC “Advanced Solutions”, www.aov.ru

Signed for printing 30.03.2023.

EDITORIAL BOARD

Editorial board chairman

e Alexander Panychev, Ph.D. in Economics, Rector of Emperor Alex-
ander I St. Petersburg State Transport University; Saint-Petersburg,
Russia

Editorial board deputy chairman

® Olga Starykh, Ph.D. in Engineering, Director of Training and Methodo-
logical Centre on Education on Railway Transport; Moscow, Russia

Editor-in-chief

e Jrina Skovorodina, Ph.D. in History; Training and Methodologi-
cal Centre on Education on Railway Transport; Moscow, Russia;
editor@umczdt.ru

Chief Science Editor

e Jgor Kiselev, Railway Engineer, Sc.D. in History, Honorary Professor of
Emperor Alexander I St. Petershurg State Transport University; Saint-
Petersburg, Russia; transportbrics@pgups.ru

Members of the editorial board

® Anatoly Aleksandrov, Sc.D. in Engineering, President of Bauman Mos-
cow State Technical University, Professor; Moscow, Russia

® Boris Eliseev, Sc.D. in Law, Professor, Rector of Moscow State Technical
University of Civil Aviation; Moscow, Russia

® Vladimir Kolesnikov, Academician of the Russian Academy of Sciences,
Chairman of the Council of the Russian Academy of Sciences on In-
novative Problems of Transport and Logistics at the Presidium of the
Russian Academy of Sciences; Moscow, Russia

® Boris Levin, Sc.D. in Engineering, Professor, President of the Russian
University of Transport; Moscow, Russia

e Viadimir Okrepilov, Doctor of Economics, Scientific Director of the
Institute of Regional Economics of the Russian Academy of Sciences;
President of the Metrological Academy (Interregional Public Organiza-
tion) Academician of the Russian Academy of Sciences, Saint-Peters-
burg, Russia

® Richard Magdalena Stephan, Dr., full professor of the National Uni-
versity of Rio de Janeiro, Head of Engineering Center; Rio de Janeiro,
Brazil

e Viktor Ushakov, Sc.D. in Engineering, Head of the Department of Road
Construction and Operation, Moscow Automobile and Road Construc-
tion State Technical University; Moscow, Russia

e Viadimir Vereskun, Sc.D. in Engineering, Rector of Rostov State Trans-
port University, Professor; Rostov-on-Don, Russia

® Jabbar Ali Zakeri, Doctor of Philosophy in Civil engineering - road and
railroad engineering, Chancellor of Iran University of Science & Tech-
nology, Professor of School of Railway Engineering of Iran University
of Science & Technology; Iran, Tehran

© Federal State Budgetary Educational Institution of Higher Education
“Emperor Alexander I St. Petershurg State Transport University”, 2023

© Federal state budget establishment additional professional education
“Educational and instructional center for railway transportation”, 2023




TpaHcnopt BPUKC

OcHOBHasg TeMaTH4YecKas HallpaB/JIeHHOCTh KypHaJia: MaTepHaJsbl 0 HayYHO-TeXHHUYECKUX, OPraHU3al[MOHHEIX, 9KOHOMUYe-
CKHX, 9KOJIOTHYeCKHUX, IIPaBOBBIX IIpo6yIeMax, HCTOPHUH, COCTOSHHUH U IePCIIeKTUBAaX Pa3sBUTHS TPAHCIIOPTHOTO KOMILIEKCca
ctpaH BPUKC; o B3auMogerictBuu ctpad BPUKC 110 BorrpocaM TPaHCIIOPTHOIO 06ecIledeHUsI U COTPYJHUYEeCTBA C IPYyTUMUA
rocyjapcTBaMy, MHPOBBIMU TPAHCIIOPTHLEIMH CHCTEMaMH, a TaK)Ke 0 IIOJrOTOBKe IIePCOHAasIa BCeX YPOBHEM JIJIs TPaHCIIOP-
THOM 0Tpac/IX ¥ pa3sBUTHH B JaHHOH cepe COTPyAHHUIEeCTBa 06pa30BaTeIbHBIX YIPesK[eHUI U TPAaHCIIOPTHBIX IPeAIPUATHHI

Pa3HBIX CTpaH.

Cmambuu JHCypHANA HAX00AMCS 8 OMKPbIMOM docmyne.

PA3LENDI XXYPHANA

o 3JKOCHCTEMA TPAHCIIOPTA: OBIIECTBO,
TOCYZIAPCTBO U ITTOBAJIbHBIE BBI3OBBI

o VPEAHHMCTUKA, TPAHCIIOPTHEBIE
W JIOTUCTMYECKHE TEXHOJIOTHUH

e TPAHCIIOPTHBIE CPE/ICTBA U IOABMYKHON
COCTAB
NH®PACTPYKTYPA TPAHCIIOPTA
OIIEPEKAIOIIAA IIOATOTOBKA MH)XXEHEPHBIX
KAZPOB /UUIA 3KOHOMMKH 4.0

® YMHBIA TPAHCIIOPT U UHTEJUIEKTYAJIEHBIE
CHUCTEMBI UIA MHAYCTPHH 4.0

o 3KOHOMMKA MEXIVHAPOJHBIX IIEPEBO30K
M JIOTUCTHUKU: MHTEJUIEKTYAJIBHBIE 1
I ®POBLIE PEHIEHMS U ITPAKTHKA

CBHU/IeTeJILCTBO O PeTUCTPALIUH 3JIeKTPOHHOMU
Bepcuu: A1 Ne®C77-82614 ot 27 sHBapsa 2022 T.

CaiiT )xypHaJa: bricstransport.ru

E-mail: brics@umczdt.ru

TeJt.: +7(495)739-00-30. Z[06. 180

105082, Poccug, I. MOCKBa, yJI. BakyHUHCKad, . 71

YUYPEOUTENN

e O®OI'BOVY BO «IleTepOyprcKUi rocyLapcTBeHHBIN
YHUBEPCUTET I1yTel coobIiieHus MMiiepaTopa
AgexcaHzpa I»

e OIBY ATIO «YuebHO-MEeTOJUUECKUI IIeHTP
110 06pa3soBaHUI0 Ha KeJIeSHOZ0POKHOM
TPaHCIIOPTe»

U3OATEND

e OIBY ATIO «YuebHO-MeTOLUUECKUM IIeHTP
110 06pa30BaHUI0 Ha >KeJIe3HOJOPOKHOM
TpaHCIIOPTe»

PEOAKLNA XYPHANA

OmeemcmeeHHblil pedakmop

Jlunua AnekcaHzaposHa IlIutoBa

Pedaxmop TaTbsiHa BiiaiuMupoBHa bepiHUKOBA
ITepegod VpriHa JIbBOBHA JIIOTOMCKas

Jusaiin n10zomuna, 0610%4CKU U 0popmaeHus cailma
acypHana — Urops Kucesés u Ceprent TropuH
Jusaiin u eepcmxa 000 «ABaHCe], COJIIOITH3»,
WWW.aov.ru

ITognucano B meyath 30.03.2023.

© ®I'BOY BO «IleTepOyprcKUU rocyfapCTBeHHBIN
YHHUBEPCUTeT IIyTeH coobIeHus: IMIepaTopa AjleK-
cagzpa I», 2023

© OI'BY ATIO «YuebHO-MeTOJUIECKUH IIeHTP I10 06pa-
30BAaHHUIO Ha JKeJIe3HO0PO’KHOM TpaHCIIopTe», 2023

PEOAKLIWOHHAA KONNETUA

IIpeacenaresp peJaKIIMOHHOMN KOJLIETHH

® AsexcaHdp FOpvesuy IlaHblues, KaHAUJAT IKOHOMHUUECKUX HayK,
pekTop IleTep6yprcKoro rocyfAapCTBeHHOTO YHUBEPCUTET ITyTel
coobienus mmnepaTtopa Asnekcaspa I (IITVIIC); CaHKT-IleTep-
6ypr, Poccust

3aMecTHTeJIb IIpeficeaTe s pefaKIIHOHHOM KOJLIeTHH

® Oavea BaadumuposHa Cmapwvlx, KAaHAULAT TeXHUYECKUX HayK,
IUPEeKTOP, VueOHO-MeTONUUYECKUH IIeHTp 110 00pa30BaHUI0 Ha
JKeJIe3HOJJOPO’KHOM TpaHcIiopTe; MockBa, Poccust (YMIL JK/IT);
MockBa, Poccus

Is1aBHBI pegaKkTop

® Hpuna Cepzeesra CK080pOOUHA, KAHIUAAT UCTOPUYECKHUX HaYK,
VueOHO-MeTOAMYECKUM IIeHTp II0 06pa3s0BaHUI0 Ha )KeJIe3HO/0-
POXHOM TpaHcIopTe; MockBa, Poccus; editor@umeczdt.ru

I/1aBHBII Hay4YHBIH pelaKTop

® Heopb Ilasaosuyu Kucenée, MHKeHep ITyTel COOOIeHMs, JOKTOP
HUCTOPHUYECKUX HayK, II0YeTHHIN 1podeccop IleTepOyprckoro ro-
Cy/lapCTBEHHOI0 YHHUBEPCHUTeTa IIyTel coo6IeHus IMIepaTopa
Anexcanppa I; Caukt-IleTepbypr, Poccys; transportbrics@pgups.ru

Yj1eHBI peaKIIHOHHOM KOJLIeTHH

® AHamoauil AnekcaHdpoguu AnekcaHopos, JOKTOP TeXHUYeCKUX
HayK, IIpe3n/leHT MOCKOBCKOI0 FOCYlapCTBEHHOIO TEXHUYECKOTr0
yHuBepcuTeTa uM. H.J. Baymana, mpodeccop; MockBa, Poccus

® Baadumup Jmumpuesuy BepeckyH, JOKTOP TeXHHYECKHX HayK,
pexTop POCTOBCKOIO roCyZapCTBEHHOTO YHHUBEPCUTeTa IIyTel
coobieHus, mpodeccop, Pocros-Ha-/loHy, Poccus

® Fopuc Ilemposuyu Eaucees, IOKTOP I0PUAUUECKUI HayK, IIpodec-
COp, pPeKTOp MOCKOBCKOI'O FOCYapCTBEHHOI0 TEXHUYEeCKOI0 YHH-
BepcuTeTa rpakJjaHCKoM aBUaliuy; Mocksa, Poccus

o /icabbap Aau 3akepu, TOKTOP HayK B 00JIaCTU IpakgaHCKOT0
CTPOUTEJIbCTBA, PEKTOP FpaHCKOro yHUBepCUTeTa HAayKXA U TeX-
HoJIOIuH, Ipodeccop IIKOJIBI JKeJIe3HOLOPOKHBIX HH)KEHEPOB
VpaHCKOro yHUBepCUTeTa HayKU U TeXHOJIOTUH; lpaH, Terepan

® Baadumup Hearosuu Kosnecnuxos, akageMuk PAH, ripe/iceaTesib
CoBeTa PAH 110 H”HHOBAIIMOHHBIM IIpo6IeMaM TPaHCIIOPTa U JIO-
TUCTHUKHU I1pu mIpesuauyme PAH; MockBa, Poccus

® Fopuc Anekceesuu JIégUH, JOKTOP TeXHUYECKHUX HayK, IIpodec-
cop, IpesuzieHT POCCUMCKOro yHUuBepcuTeTa TpaHcrnopra (PYT
(MHKMHT)); MockBa, Poccus

® Baadumup BaneHmuHoguu OKpenu.108, HOKTOP S3KOHOMHYECKHX
HayK, Hay4YHbIU PYKOBOJUTE/Ib THCTUTYTa IIP06JIeM perioHalb-
HOM 5KOHOMUKHU PAH; nipesuieHT MeTpoJIOTHYeCKON aKaJeMUH
(MesxperroHaIbHas1 06IIjeCTBeHHAsI OpraHHU3aIyg); aKaJeMUuK
PAH; Caukr-IleTep6ypr, Poccust

® Puxapd MaedasneHa CmedaH, TOKTOP HayK, IIpodeccop Kadpeaprl
3JIEKTPOTeXHUKHU HallMoHa/JIbLHOIO YHUBepcuTeTa Puo-me-Ka-
HeMpo, Ipejice/iaTesb bpasuabCKOro 00IecTBa CHIOBOU 3JIeK-
TPOHUKY; Puo-/le-KaHelipo, bpasuiua

® Buxkmop Bacuavesuu Yuiakos, JOKTOP TeXHUYeCKUX HayK, 3aBe/ly-
OIUY Kapenpoii «CTPOUTENLCTBO U 9KCILIyaTallusa fopor» Mo-
CKOBCKOT0 aBTOMOOHIEHO-OPO’KHOT0 TEXHUYEeCKOT0 YHHUBEPCH-
TeTa; MockBa, Poccust



CONTENT

Major milestones in the creation and development of
BRIC — BRICS

LP. Kiselev

TRANSPORT ECOSYSTEM: SOCIETY, STATE,
AND GLOBAL CHALLENGES
State and growth of container cargo flow

in Russian railway transport (during COVID-19
pandemic)

N.S. Bushuev, D.O. Shulman, N.A. Rochev

URBAN STUDIES, TRANSPORT AND LOGISTICS
TECHNOLOGIES

Feasibility study of calculation methods for tram track
stiffness

E.P. Dudkin, Abujwaid Husam Abbas Mohsin,
N.N. Sultanov

TRANSPORT INFRASTRUCTURE

Modulus of elasticity of non-ballasted track
K.I. Ivanova, A.F. Kolos, Xintong Wang

Management and engineering solutions for railway
station development

A.V. Kabanov, O.A. Marshavina

ADVANCED ENGINEERING TRAINING
FOR THE ECONOMY 4.0
Purpose in Life and Uncertainty Tolerance

in Transport University Students during the COVID-19
Pandemic

E.F. Yashchenko, E.S. Sinelnikova, M.E. Shumov

SMART TRANSPORT AND INTELLIGENT SYSTEMS
FOR THE INDUSTRY 4.0

The analysis of modern diagnostic and monitoring
devices for the traction power supply system

A.A. Agunov, L A. Terekhin, O.A. Stepanskaya,
LA. Baranov, E.G. Abishov

ECONOMICS OF INTERNATIONAL TRANSPORT AND

LOGISTICS: INTELLIGENT AND DIGITAL SOLUTIONS
AND PRACTICES

Tendencies, expectations of shippers and solutions

of operators in the transport market of the Republic
of Kazakhstan

K.K. Kobesov, PV. Kurenkov, A.P. Ivanov, M.A. Onufrieva

Co-marketing and Cooperation of the Transport
and Logistics Complex in a Challenging Economic
Environment

TYu. Ksenofontova, O.A. Gulyaeva

COAEPXAHME

OCHOBHBIE BeXH CO3aHusA M pasButusa bBPUK —
BPHUKC

HL.II. Kucenes

JKOCUCTEMA TPAHCMOPTA: OBLLECTBO,
rOCYOAPCTBO U TNOBANbHbLIE BbI30Bbl
CoCTOsSIHHE U POCT II0TOKA KOHTEHHEPHBIX IPy30B

Ha >KeJIe3HOJ0PO>KHOM TpaHcmopTe Poccuu
(B nepuop nangemun COVID-19)

H.C. Bywyes, /1.0. Illyabman, H.A. Poues

YPBAHUCTUKA, TPAHCMOPTHBIE U TOTUCTUYECKUE
TEXHOJNOTUU

BpIGOpP 1 060CHOBaHHE METOJUKH pacyeTa
TpaMBaiHOI0 IIyTH Ha IIPOYHOCTH

E.II. lyokuHn, Abysceaud Xycam A6oac MoxCuH,
H.H. CyamaHos

UHOPACTPYKTYPATPAHCIOPTA

Vipyrue XxapaKTepHCTHKH IIOAPeIHCOBOI0 OCHOBAHHA
6e30a/UIaCTHOTO >KeJIe3HOJ0P0>KHOTr0 Iy TH

K.H. HeaHosa, A.P. Kosoc, C. Ban

Paspa6oTKka opraHH3alMOHHO-TeXHOJIOTHYeCKUX
pelIeHni 0 HepeyCTPOMCTBY >KeJIe3HOLO0POKHBIX
CTaHIUH

A.B. KabaHos, O.A. MapwagsuHa

ONEPEXAKWAA NOATOTOBKA UHXXEHEPHbBIX
KAOPOB A4 3KOHOMUKU 4.0
CMBIC/I0)KU3HEHHBIE OPHEHTALMH U TOJIEPAHTHOCTH

K Heolpe/ieJIeHHOCTH B IIEPHO/] NaH/[EMHH Y CTYAeHTOB
TPaHCIOPTHOTO By3a

E.®. Awenko, E.C. CunenbHuxkosa, M.E. Illymoe

YMHbIA TPAHCNOPT U UHTENNEKTYAJIbHBIE
CUCTEMbBI AN UHAYCTPUU 4.0
AHaJIi3 COBPEMEHHEBIX YCTPOMCTB JHAarHOCTHKH

TATOBO CeTH BHICOKOCKOPOCTHOT0 >KeJIe3HO/[0PO0>KHOTO0
TpaHcmopTa

A.B. AeyHos, H.A. TepéxuH, O.A. CmenaHckas, H.A. bapaHos,
E.I Abuwos

3KOHOMUKA MEXAYHAPOHbIX MEPEBO30K

N NOTUCTUKWN: UHTENNEKTYANDBHbIE U LUDPOBDIE
PEWEHNA U NPAKTUKA

MapKeTHHIOBBI€ HCC/Ie/[0BAHMS H aHAIH3 PHIHKA

TPaHCIOPTHO-JIOTHCTHYECKUX YCIYyT B Pecny6imke
Kasaxcran

K.K. Kobecos, I1.B. Kypexkos, A.Il. HeaHos, M.A. OHy@puesa

Ko-MapKeTHHT U KOOIIlepaIys TpaHCIOPTHO-
JIOTHCTHYECKOT0 KOMILIEKCA B CI0XKHBIX
9KOHOMHYECKHX YCTOBHAX

T.JO. KceHogponmosa, O.A. I'yasesa



RiiCE TRANSPORT

VOL. 2 ISSUE 1 2023

Editorial article

UDC 327.3
doi: 10.46684/2023.1.1

Major milestones in the creation and development

of BRIC - BRICS

Igor P. Kiselev
Chief Science Editor

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

For citation: Kiselev I.P. Major milestones in the creation and development of BRIC - BRICS. BRICS transport.2023;2(1):1. https://

doi.org/10.46684/2023.1.1.

PedakyuoHHas cmames

OcHoBHble Bexu co3paHua n passutna bPUK - BPUKC

W.MN. Kucenes
[nasHbili Hay4HbIb pedakmop

MeTepbyprckuit rocyaapCTBEHHbI yHUBEpCUTET nyTeli cooblyenms Mimnepatopa Anekcangpa | (NMYTC); r. Cankr-Metep6ypr, Poccus

[na untuposauua: Kuceneg M.I1. OcHoBHble Bexu co3panus u passutus BPUK - BPUKC // Tpancnopt BPUKC. 2023.T. 2. Buin. 1.

Cr. 1. https://doi.org/10.46684/2023.1.1.

Originally, the term — an acronym BRIC, referred
to a group of four rapidly developing countries, in-
cluding Brazil, Russia, India and China, with the most
dynamic GDP growth, which, according to some world
expert economists, have become able to challenge the
economic power of the G7 countries (Group of Seven)
and will collectively dominate the global economy in
2050. These countries have over 25 % of the world’s
land mass, they have about 40 % of the population at
the time, and they have a combined gross domestic
product (GDP) of $15.435 trillion ($). In almost every
comparison they would be the largest global entity.

In September 2006 in New York, during the 61st ses-
sion of the UN General Assembly, the first meeting of
the foreign ministers of the four countries was held,
where the idea of institutionalizing their relations was
outlined.

The BRIC countries’ leaders met for the first time
on July 9, 2008 in Toyako Onsen, Hokkaido, Japan, fol-
lowing the G8 summit. Brazilian President Luiz Inacio
Lula da Silva, Russian President Dmitry Medvedev,

© |.P.Kiselev, 2023

Indian Prime Minister Manmohan Singh and Chinese
President Hu Jintao participated in the meeting in the
Japanese city. They agreed to hold a full-scale summit
of the BRIC heads of state in 2009.

The first BRIC forum was organized on June 16,
2009, in Ekaterinburg, Russia. The same leaders rep-
resented their countries there as in Japan in 2006. The
focus of the summit was the improvement of the global
economic situation and the reform of financial insti-
tutions. They discussed how the four countries could
improve cooperation in the future and participate
more actively in world affairs. The BRIC countries an-
nounced the necessity of finding ways to define a new
global reserve currency — diverse, stable and predic-
table, although the published statement did not yet
contain a direct criticism of the de facto dominance of
the U.S. dollar in the world. The next meeting of the
BRIC heads of state was scheduled to take place in Bra-
zil in 2010, and it was held in the capital Brasil on April
15-16, 2010, with the participation of the same national
leaders.
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At the end of the summit it was reported about the
signing of several interstate agreements, and the most
important issues raised: overcoming the consequences
of the crisis, and the creation of a new financial order,
including the right to a larger influence of the four
BRIC states in international organizations such as the
World Bank and the International Monetary Fund.

In 2010, the Republic of South Africa expressed its
desire to join the BRIC countries. In August of that year
the process of its admission to the group was launched,
which resulted in a formal decision on December 24,
2010. In April 2011, South Africa, represented by Presi-
dent Jacob Gedleyihlekisa Zuma, participated as a full
member in the 2011 BRICS summit in the Chinese re-
sort city of Sanya (Sanya). The group was renamed
BRICS, where the “S” stands for South Africa.

It is interesting that the media noted that the prox-
imity of the spelling and pronunciation of the acronym
for BRICS to the English word “bricks” creates a posi-
tive, constructive image of an organization determined
for the future.

BRICS summits are held annually, rotating in each
country. At each summit, the group elects one of its
country leaders as temporary chairman of BRICS.

The BRICS group’s activities were affected by the
COVID-19 pandemic in terms of the reduction of face-
to-face contacts between BRICS politicians, but it only
made it more difficult to resolve current issues with-
out disrupting the general progress of the group’s
activities. For example, the XII BRICS summit in St.
Petersburg, scheduled for July 21-23, was held via
videoconference on November 17, 2020, chaired by
Russian President Vladimir V. Putin, the President of
the Russian Federation.

The last XIV Summit of the BRICS was held on June
23, 2022 in an online format with a headquarters in
China. Currently, the leaders of the BRICS countries
are Brazilian President Luiz Inacio da Silva, Russia’s
Vladimir V. Putin, India’s Narendra Damodardas Modi,
and China’s Xi Jinping.

In 2017, a unique “know-how” of the Chinese
chairmanship was the development of a format that
was called “outreach” in the media, involving extra-
regional players — the largest countries in Asia, Africa

Bionotes

Igor P. Kiselev
Major milestones in the creation and development of BRIC - BRICS

and Latin America, many of which until then were
not included in the sphere of influence of the chair-
man country. It says a lot, the unprecedented number
(twenty-eight) of countries invited to participate in the
BRICS Forum of Political Parties, Brainstorm centers
and Civil Organizations, which was held in Fuzhou,
China, in June 2017. Among the countries that China
invited to the BRICS+ dialogue were representatives of
Indonesia, Malaysia, the Philippines, Cambodia, Egypt,
Nigeria, Ethiopia, Kenya, Argentina, Chile, Mexico and
others. Some of these countries, due to their regional
influence, economic potential, size of territory and
population, rightfully claim to be part of the BRICS
sphere of activity for a long time.

Currently, Brazil is the 8th world economy by GDP,
rich in agricultural products; Russia is the 6th world
economy by GDP at PPP, has the largest reserves of
mineral resources, has the largest territory in the
world, one of the two largest nuclear powers in the
world; India is the 3rd world economy by GDP at PPP,
has cheap intellectual resources, the largest population
in the world; China — 1st economy in the world by GDP
at PPP and 1st exporter, named “The World Factory”
in the media, holder of one of the world’s largest for-
eign exchange reserves, one of only two countries in
the world, along with India, with a population of over
1 billion; South Africa — 32nd economy in the world by
GDP at PPP, has diverse natural resources.

The block’s large population (about 43 % of the
world’s population) and significant reserves of diverse
natural resources create great potential for economic
growth, which some of the block’s countries (China, In-
dia) have been actively realizing in recent years.

The BRICS group is attracting more and more at-
tention and interest from various countries. On May
19, 2022, Chinese Foreign Minister Wang Yi proposed
expanding the BRICS group, which currently includes
Brazil, Russia, India, China and South Africa. On June
27,2022, Argentina and Iran applied to join the BRICS.
In 2022, Turkey, Egypt, and Saudi Arabia announced
their desire to become members of the BRICS. On No-
vember 7, 2022, Algeria officially applied to join the
BRICS group.

Based on publicly available sources
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ABSTRA The COVID-19 pandemic period in rail freight transportation in Russia is marked by indicators of rapid growth

of transit traffic, export and import volumes, the average speed of transportation increase and delivery speed
of transit container traffic. The positive dynamics point to the necessity of continuing research in the field of improving the
quality of service in this sector of the railway industry.

Information materials of transport and logistics companies services were used. The methods and technologies used to
improve the quality of service in railway transport were analyzed: reducing the delivery time of goods, increasing the average
delivery speed of transit container traffic, identifying the most demanded nomenclature of goods, increasing the total volume
of transit container traffic in Russia.

Currently, according to the approved Complex Plan of Modernization and Expansion of Mainline Infrastructure, by 2024
the estimated delivery time of transit container transportation across Russia in the West-East direction should be seven days,
average delivery speed of transit container traffic should reach 1319 km/day, and the volume of transit container transportation
should reach the level of 1656 thousand TEU (Twenty-foot equivalent unit). In this regard, it is necessary to develop a reliable
methodology for determining the perspective volumes of container transportation in regular, express and high-speed trains with
the identification of the most demanded nomenclature of cargo, taking into account the speed of delivery.

KEYWORDS. railway transport; JSC “Russian Railways”; COVID-19; freight traffic; transit; international transport cor-
. ridors; accelerated container trains
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AHHOTA M Mepwuopn nanaemunn COVID-19 B 06nactu rpy3onepeBO30K Xene3Ho[0POXKHbIM TpaHCcnopToM B Poccum
OTMeYeH NoKasaTeNnsiMmn CTPEMUTENIbHOIO POCTa TPAH3UTHBIX NepeB030K, 06beMOB 3KCNOpTa M UMMNOPTa,

yBe/In4eHnem cpe,u.HeH CKOpPOCTH NepeBO3KN M CKOPOCTU O0CTaBKU TPAH3UTHOTO KOHTeViHepOI’IOTOKa. [MonoxuTtenbHas AMHAMKUKA
YKa3blBaeT Ha HeobxoAMMOCTb npoao/mKeHnaA nccnenoBaHuii B 061acTi NOBbILWEHWS KavyecTBa OGCHy)KVIBaHVIFI B 0AHHOM CeKTope
)Ke.ﬂe3H0,El,0pO)KHOl7I oTpacin.

Mcnonb3oBanucb MHdJOpMaLI,MOHHbIe MaTepuanbl CEPBUCOB TPAHCNOPTHO-/TOMMCTUYECKUX KOMHaHMVI.AHaﬂMBMpOBaﬂMCb npu-
MEHSIEMble METObl M TEXHONOMMM B 06/1aCTU NOBbILLEHMUSI KAYECTBA 06CJ'Iy)Kl/IBaHl/IFI Ha XXeNe3HOA0POXXHOM TpaHCNopTe: CoOKpalle-
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HMe CPOKOB [OCTaBKM rPYy30B, YBENMUYEHWE CPEAHEN CKOPOCTM LOCTaBKM TPAH3UTHOTO KOHTEMHEPOMOTOKA, BbisIBNIeHUE Haubonee
BOCTPe60OBaHHOM HOMEHK/IATYpbl IPY30B, YyBENMYEHUE CyMMaPHbIX 06bEMOB TPAH3UTHbLIX KOHTEMHEPHBIX NMepeB030K B Poccuu.

B HacTosiLLee BpeMs cOracHo yTBepXAeHHOMY KOMNIEKCHOMY MiaHy MOLEPHM3aLIMM U PaCLUMPEHUS MarucTpasbHOM MHbpa-
CTPyKTYpbl K 2024 1. NpOrHO3MpyeMble CPOKM [LOCTaBKM TPAH3UTHbIX KOHTEMHEPHbIX MepeBo30K No Poccuu B HanpasneHuu 3a-
nag, — BocTok LOMKHbI COCTaBUTb CEMb CYTOK, CPEAHSS CKOPOCTb A0CTaBKM TPAH3UTHOIO KOHTEMHEPOMNOTOKA A0CTMYb 1319 kM/cyT, a
06beMbl TPaH3UTHbIX KOHTEMHEPHbIX NepeB030K BbIMTU HA ypoBeHb 1656 Toic. 4D (nBaauaTUOYTOBbIV SKBMBANEHT, OT aHI.
Twenty-foot equivalent unit — TEU ). B cBa3u ¢ 3TM HeobxoaMMa pa3paboTka HageXHON MeTOAUKM ONpeaeneHns nepcneKkTUBHbIX
06bEMOB KOHTEHEPHbIX NEPEBO30K KaK B 06bIYHOM, Tak M B CKOPOCTHOM M BbICOKOCKOPOCTHOM ABUMKEHMM NMOE3A0B C BbISBIEHUEM
Hanbonee BOCTpebOBaHHOW HOMEHKATYpPbl FPY30B C YY4ETOM CKOPOCTH UX AOCTaBKM.

K/IO4EBDIE C/10B

[na uutuposauusa: bywyes H.C, LLynemar [1.0., Poueg H.A. CocTosiHWE M pOCT NOTOKA KOHTEMHEPHBIX FPY30B HA KeNe3HOLOPOXKHOM
TpaHcnopte Poccuu (B nepuog nanaemun COVID-19) // Tpancnopt BPUKC. 2023.T. 2. Bein. 1. C. 2. https://10.46684/2023.1.2.

, XenesHopopoxHbI TpaHcnopT; OAO «PXX[x»; COVID-19; rpy30n0ToOK; TPAH3UT; MEXAYHAapOoa -
+ Hble TPaHCNOPTHbIE KOPWUAOPbI; YCKOPEHHbIE KOHTEMHEpHble noe3sa

INTRODUCTION

In 2021, the total volume of containers transported
by Russian railroads totaled 6.5 million TEU, and for
the first time in transit traffic reached the level of 1 mil-
lion TEU (twenty-foot equivalent unit) [1]. It is interest-
ing that 93 % of these transit services are accounted for
by a new type of service — transportation in container
trains.

As experts note, due to transportation in container
trains, there is a growth in container traffic in general.
According to statistics, in 2021 the number of container
trains simultaneously in motion in the range of Russian
railroads (Fig. 1) on some days exceeded 700 units and
accounted for 15 % of all network trains. This is higher
than in the previous two years: in 2020 — 550 trains
(10 % of all network trains), in 2019 — 400 trains [1].

MATERIALS AND METHODS

The growth of container transportation is explained
with the high pace of development of two major sub-
sidiary enterprises of JSC “Russian Railways” — JSC
“Russian Railways Logistics” and JSC “United Transport

700
550
400
Year
| T T L
2019 2020 2021

Fig. 1. The number of container trains simultaneously in motion
on the Russian rail network’s polygon on a single day [1]
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and Logistics Company — Eurasian Railway Alliance”
(JSC “UTLC ERA”).

JSC “Russian Railways Logistics” is a huge logistics
operator, which carries out transportation along the
international transport corridors (ITC) East — West and
North - South. In the direction of ITC East — West on the
route China — Europe - China delivery time by express
container trains is 14 days. All transit transportation is
carried out through Russia, Mongolia and Kazakhstan.
The main transit routes include the following direc-
tions: China — Europe, Korea — Europe (through China),
Japan/Korea - Europe.

Since October 2016, the company is the first op-
erator on the North-South ITC (route Mumbai (before
1995 — Bombay, India) - Moscow — Mumbai). Regarding
the Caspian Sea region, the North — South ITC includes
the following routes: Trans-Caspian (through the ports
of Astrakhan, Olya, Makhachkala), Eastern (direct rail
service through Kazakhstan, Uzbekistan and Turkmen-
istan) and Western (Astrakhan — Makhachkala — Samur,
then through the territory of Azerbaijan to the planned
border station Astara). The new 7,200 km western
route from St. Petersburg to the port of Mumbai is a
good alternative to the existing sea route through the
Suez Canal.

In May 2019, the RZDL Trans-Siberian LandBridge
service was launched for accelerated delivery of con-
tainer cargo from Japan and Korea to Europe (up to
19 days) via the port of Vladivostok and the Trans-Si-
berian Railway.

JSC “OTLK ERA” is a joint project of Russia, Belarus
and Kazakhstan to provide international rail trans-
port. During the COVID-19 pandemic (2019-2020), the
company became a leader in the Eurasian rail transit
market. Over the past six-year period, there has been
a steady growth in traffic volumes. In 2021, the trans-
port network includes 84 new directions, 15 of which
on the route Europe — China and 69 in the opposite
direction the volume data for 2021 is almost seven
times higher than in 2016 (Fig. 2). The specialists of
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Fig. 2.JSC“OTLK ERA” transportation volumes [4]

JSC “OTLK ERA” forecast an increase in transportation
speed to 1350 km/day and a reduction in transit time to
4 hours/day by 2024.

RESULTS OF RESEARCH

The results of growth in cargo transportation by
railways in 2021 in comparison with the indicators of
2020 are as follows [1]:

e the share of transportation in the country increased

by 6 %;

the volume of exports — by 8 %j;

the volume of imports — by 14 %j;

the increase in transit traffic is 36 %;

the share of loaded container shipments (of the to-

tal volume of container transportation by 2,9 %;

e the increase in the average speed of transportation
was 830 km/day;

e the increase in the speed of delivery of transit
container traffic — 1050 km/day (the forecast for
2024 — 1300 km/day).

In the conditions of the limited traffic-capacity of the
Eastern Polygon, the use of technology for the organiza-
tion of the passage of combined container trains is very
relevant. According to published data, more than 4 thou-
sand container trains will be transported in 2021 using
this technology, which is 40 % more than in 2020. [1].

Experts say that one of the factors that guarantee
the future growth of container transportation and op-
timization of time of delivery by the Russian railroads
is stability of business relations between the countries
of Asia — Pacific region and Europe.

Currently, JSC “Russian Railways” together with JSC
“FGC” and JSC “Railway Research Institute” are devel-
oping technologies for accelerated container transpor-
tation at a speed of up to 140 km/h. The prototypes of
the platform are being tested [1].

Work is constantly being done to modernize the
railway infrastructure in order to increase the through-
put capabilities of the container flow at the most in-
demand sections and directions [2].

For the growth of transit container traffic on the
East-West ITC route, most attention is paid to the de-
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velopment of railway checkpoints, in particular at the
border crossings with China.

The holding company JSC “Russian Railways” par-
ticipates in the federal project “Transport and Logistics
Centers” (TLC). The aim of the project is to form mul-
timodal freight hubs with a total capacity of at least
52.9 million tons to ensure the growth of the average
commercial speed of goods movement by rail transport
up to 417 km/day.

In 2022, a 2.2 km long railway bridge across the
Amur River on the Russian-Chinese border section Nizh-
neleninskoye — Tongjiang was launched, reducing the
route from Heilongjiang Province to Moscow by more
than 800 km. The specific feature of the structure is a
double track design for alternate passing of trains from
1520 mm rail gauge to Chinese rail gauge (1435 mm) [3].

As for the nomenclature of container cargo, for the
past year 2021 positive growth dynamics was observed
for all types of cargo, in particular: industrial goods —
by 28 %, chemicals — 8 %, ferrous metals — 22 %, tim-
ber — 10 %, food — 19 %, higher than the previous
year. Special attention is nowadays paid to the trans-
portation of alimentary goods, such as fish products by
refrigerator container (reefer).

In October 2021, the Far Eastern Railroad’s load-
ing of fish and fish products was 87.4 thousand tons,
a record high for the past 10 years, and for the year —
700 thousand tons, which is 150 thousand tons more
than in 2020 [1]. The positive dynamics is also noted in
2022 (Fig. 3). The total volume of fish products in the
first half of the year amounted to 354.6 thousand tons,
which is 19.6 % higher than the result for the same pe-
riod of 2021 [4]. Market participants in this sector af-
firm that the growth of volumes is associated with the
reorientation of cargo flows from road to rail transport
and predict the preservation of positive dynamics.

In Russia today the largest transport and logistics
center Vostok — West at the station Chernyakhovsk in
Kaliningrad region is implemented. In 2019-2021 the
volume of containers transit through the Kaliningrad
region has increased by 7 times. The new transport and

Fish products transportation growth dynamics, thousand tons

400 -
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. ® Total volume
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M Refrigerated
100 4 containers
volume
0 - - - —
First half First half First half
of 2020 of 2021 of 2022

Fig. 3. Volumes of fish products transported by rail from
the Far East [4]
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logistics center is unique in having Russian and Euro-
pean railway gauge formats, is equipped to handle up
to 450 thousand TEU per year and in the future can
become one of the key transport and logistics hubs on
the new Silk Road [5].

Express (specially organized) container trains (ECT)
significantly save resources on sorting and other inter-
mediate costs compared with single shipments [6]: the
cost and delivery time is reduced. ECT can master up
to 15 % of the existing volume of transit from China
to Europe with the launch of new container trains in
the amount of 11-16 million tons annually. The main
difference between the effective operation of the ECT
is regular dispatch starting from 57 conditional cars.
As soon as the transit delivery time of the ECT reaches
15 days, and the train departs with a delay of one week
(for example, due to weak accumulation), the use of the
ECT becomes inefficient.

Nikolay S. Bushuev, Darina O. Shulman, Nikolay A. Rochev

State and growth of container cargo flow in Russian railway transport
(during COVID-19 pandemic)

CONCLUSION

Represented data, as well as the research [7] show
that container rail freight transport is in high demand
and has a positive growth dynamics. According to the
Complex plan of modernization and expansion of
mainline infrastructure for the period up to 2024, by
2024 delivery time of transit container transportation
in the direction West — East (Krasnoe, ports and bor-
der crossing of the North — West — Naushki, Zabaikalsk,
ports and border crossing of the Far East) should reach
7 days, the average speed of transit container flow to
reach 1319 km/ day, and the volume of transit contain-
er shipping to reach 1656 thousand TEU. In this regard,
it is necessary to develop a reliable methodology for
determining the prospective volume of container traf-
fic in both regular and express and high-speed train
traffic [8, 9].
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ABSTRACT Nowadays, design and construction of new urban tramlines require feasibility study of calculation methods
for stiffness. A calculation method for tram track stiffness with noise and vibration insulation systems has
been developed in this paper. Theoretical analysis of the impact of rail insulation systems on tram-to-slab load transfer
has revealed the potential options and factors influencing the choice of a system. The new design method obtained makes it
possible to predict the distribution of loads on the load-bearing foundation surface. Different variants of rail/slab load distri-
bution have been determined depending on the mechanical characteristics of rail profiles. Tram track slab stiffness has been
calculated for three design models such as rigid surface pavement, bridge structure and foundation slab. The design of the tram
track as foundation slab allows calculating slab reinforcement as accurately as possible because the surface pavement takes
into account the planned service life and tram flow density in the area under survey.

Field experiments have demonstrated a better convergence of theoretical and experimental data when designing the slab
as foundation. As a result, a new method for calculating the foundation slab stiffness of a tram track has been proposed taking
into account planned service life, tram flow density and other factors.

KEYWORDS. tram track; non-ballasted structure; design model; calculation method; track rail profiles; cyclic tests

For citation: Dudkin E.P,, Mohsin A.H.A., Sultanov N.N. Selection and analysis of calculation methods for tram track strength.
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HWS METOLOB pacyeTa Ha NPoYHOCTb. MpuBeaeHa MeToMKA pacyeTa KOHCTPYKLMM TPaMBAMHOMO MyTU Ha
MPOYHOCTb MPW YCIOBUM MPUMEHEHWS B HEM CUCTEM LLIYMO- U BUDPOM30NALMU. TeOpeTUIECKUIA aHANU3 BAUSHUS CUCTEM MU30NALUKN
penbca Ha CXeMy nepefayu Harpysku OT TpamBas Ha MAWTY NMoKasan BO3MOXHbIE BapUaHTbI U MO3BONIUA BbiSBUTb GaKTOPbI, OT
KOTOPbIX 3Ta CXeMa 3aBUCUT. [TonyyeHHas HOBas pacyeTHas CXeMa JaeT BO3MOXHOCTb CMPOrHO3MPOBaTh pacnpeaeneHme Harpysok
Ha MOBEPXHOCTb HECYLLEro OCHOBaHMS. B 3aBMCMMOCTM OT MEXaHUYECKMX XapaKTEPUCTUK BKAAAbILLEN onpeneneHbl BApUaHThI
pacnpeneneHus Harpysku oT pebca Ha nauTy. PacyeT NanTbl Ha NPOYHOCTb BbIMOMHEH MO TPEM CXEMaM, Kak: LOPOXHOW 04eXAbl
XKEeCTKOro TMna, MOCTOBOM KOHCTPYKLMU U QYHOAMEHTHOM NanTbl. PacyeT TpaMBaMHOM KOHCTPYKUMM KaK DYHOAMEHTHOW MAMUTDI

AH HOTALLM CTponTenbCTBO COBPEMEHHbBIX TPAMBAMHbBIX IMHWUI M CO34aHME HOBbIX KOHCTPYKLMI TpebytoT 060CcHOBa-

© E.P. Dudkin, A.H.A. Mohsin, N.N. Sultanov, 2023

URBAN STUDIES, TRANSPORT AND LOGISTICS TECHNOLOGIES 1




I':‘( v ~—Q0 T R A N S P O RT Evgeny P. Dudkin, Abujwaid Husam Abbas Mohsin, Nariman N. Sultanov
ININIV

Feasibility study of calculation methods for tram track stiffness
VOL. 2 ISSUE 1 2023

A3aeT BO3MOXHOCTb MaKCMMalbHO TOYHO y4e€CTb KOHCTPYKTUB NNNUTbI (apMMpOBaHMe), a pacyeT Kak ,D.OpO)KHOVI ogexnabl — y4yecTb
I'IﬂaHleyeMbIVI CpOK 3KCnyaTaunum U UHTEHCUBHOCTb ABMXEHMA TDaMBaeB NO UccnenyemMomy y4yacrtky.

[Nonesblie UCNbITaHUS npoAeMOHCTPUPOBaNM Ny4dLllyo CXOAUMOCTb TEOPETUHECKUX U OMbITHbIX AAHHbIX NMPU pacyeTe nanTbl Kak
d)yH,D.aMeHTHOIz. Bnaro,u,apﬂ dHanM3y MeETOA0B pacyeTa nNpenoxXmMnm HOBYHO METOAMKY pacyeTa Hecyu.Le|7| NNNTbI TpaMBaﬁHOFO nymm
Ha NPOYHOCTb, KOTOPAs yYUTbIBAET I'IﬂaHIApyeMbll;I CpOK 3kcnnyaTaumn, UHTEHCUBHOCTb ABWXEHNA TPaMBaEB U pand opyrnx q)aKTOpOB.

Kn |_0L|EBb|E CﬂOBA. TpaMBaMHbIi NyTb; 6e36annacTHas KOHCTPYKLMS; pacyeTHas CXeMa; MeToAMKa pacyeTa;
+ NpupenbcoBble NPodUIN; LMKIUYECKUE UCMbITAHUS

[na untuposauusa: AydkuH E.IM., Moxcun A.X.A., Cynmaros H.H. Bbibop U 060CHOBaHWe METOAMKM pacyeTa TPaMBaMHOIo MyTU Ha

npoyHocTb // Tpancnopt BPUKC. 2023.T. 2. Bein. 1. C7. 3. https://doi.org/10.46684/2023.1.3.

INTRODUCTION According to the standard calculations of tram
track stiffness, it is necessary to calculate the dis-

The calculation of tram track stiffness is based on  tribution of load from the tram to the load-bearing
the calculation of stiffness in its foundation compo-  concrete slab. Theoretically, three options can be con-
nents. There are two types of tram track design such  sidered: point load from each wheel, load distributed
as rail-sleeper structure and monolithic (concrete  over the section between the wheelset axles, and point
slab) structure. Design of tram tracks on sleepersisa  load under the rail at the wheelset centre as it is the
standard procedure today as conventional methods are  point of rail maximum deflection. Therefore, studies
used for calculating a railway track [1]. The design of = on the dependence of rail deflection on the coefficient
a monolithic slab as load-bearing foundation requires  of the plantar profile bedding and the tram axial load

feasibility study of calculation methods as it is neces-  are important as they determine the rail/slab load
sary to take into account the specific features of this  transfer [7-15]. Rail deflection was calculated using
type of design. formula (1).
N P —B|x, —Xx;
yx) = X Ll Pl
RAILDYNAMICS CONSIDERATIONS J=1B°ElL 1)
IN RELATION WITH RAIL AND SLAB «(cos (-l — ;) + sin (Bl — x; ).

INSULATION SYSTEMS

The tram track slab is laid on a prepared sub-slab ~ where x, is the load application coordinate; N is the
base layer consisting of sand, crushed stone and con- number of sections the rail is divided into; P]. is the tram
crete. Depending on the conditions, the thickness of axial load, kN; B is the slab relative stiffness modulus;
the structural layers varies and therefore the modulus X; is the coordinate of the section under consideration;
of elasticity of the base layer on which the track slabis  EI is the rail bending elasticity, Hm?

placed varies too. Another feature of modern tram track Calculations on rail deflection under different axial
structures is the use of insulating materials such asrail ~ loads with different coefficients of the plantar profile
profiles and/or vibration insulating mats (Fig. 1) [2-6]. bedding are shown in Fig. 2 and 3.
Ri60  side profile 290 mm-rginforced concrete monolith
|V|brat|on isolation mat
concrete base

, 961 , 1524 , 17

Fig. 1. Application of insulating materials
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Fig. 2. Rail deflection (mm) depending on the coefficient of the plantar profile bedding C, (MPa/m) at P = 83.3 kN/axis in different
sections
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Fig. 3. Rail deflection A=A

abs

= h, - h_(mm-107%) under different axial loads Pos (kN/axis) depending on the coefficient of the plantar

profile bedding C, (MPa/m), where h, is rail deflection under tram car wheels; h_is rail deflection at the midpoint between wheel pairs

The studies have shown that the axial load does not
effect the rail deflection shape. This depends mainly
on the coefficient of the plantar profile bedding. Theo-
retically, we can assume three types of load transfer
from the tram bogie through the rail to the concrete
slab surface depending on the stiffness of the plantar
profile (Fig. 4-6). They are point load (separately from
each wheel), load distributed in the section between
the wheelset axles, and point load from the rail in the
centre between the wheels, given rail maximum deflec-
tion in that section (Fig. 2) [7-11].

A tram track on a monolithic foundation can be cal-
culated according to three types of design such as rigid
surface pavement, bridge structure and foundation
slab [3, 6, 7]. According to these three types, the calcu-
lations were made taking into account the specifics of
rail/slab load transfer.

URBAN STUDIES, TRANSPORT AND LOGISTICS TECHNOLOGIES

The analysis of the results showed that the calcula-
tion of the tram track-bearing slab as a rigid surface
pavement is limited to the determination of stiffness
factor K. It is calculated by the formula

Rrgsch
K, =10< n

Gpt

(2

where R;g“" is calculated concrete tension stiffness at
bending, o, is tensile stresses at bending caused by
load action on the concrete slab taking into account the
temperature difference across the thickness of the slab.

This method of calculation does not allow deter-
mining the distribution of forces arising in the slab in
sections and does not take into account the nature of
reinforcement. As a result, we obtain stresses only at
the points of rail/concrete surface contact.
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Fig. 5. Load transfer to the load-bearing
concrete slab with the planar profile
stiffness of 130 MPa/m

Fig. 6. Load transfer to the bearing
concrete slab with the planar profile
stiffness from 10 to 130 MPa/m

Fig. 7. Mosaic of stresses due to bending moment M,_(kN/m) with axial load of 58.86 kN/axis and coefficient of planar profile bedding
C,=50,000 kN/m

The design of the tram track stiffness as a bridge
structure using a simplified calculation scheme (beam
on two supports) is unacceptable. The calculations are
reduced to the slab with elastic foundation that is the
foundation slab without taking into account the base
layer performance under the slab [12-19].

When the tram track is designed as foundation slab,
the forces occurring in each final element are deter-
mined (Fig. 7), thus, allowing us to analyse the overall
stress state of the slab with different variants of its re-
inforcement.

To verify the results of theoretical calculations, lab-
oratory and field tests were carried out. For laboratory
tests, a tram track structural element was made and it
was subjected to cyclic loads. Thus, the dependence of
the stresses caused in the track structural elements on
its service life was obtained [11, 15, 19]. The test bench
is shown in Fig. 8.

The results are presented in the Table.

The analysis of the results obtained confirms that
the qualitative picture of the stress distribution in the
slab obtained in the theoretical and laboratory studies
is similar. As the number of cycles increased, the stiff-
ness characteristics of the rail profiles were modified,
which should be taken into account when developing
the design model.

URBAN STUDIES, TRANSPORT AND LOGISTICS TECHNOLOGIES

Field tests were carried out using strain gauges to
measure the stresses in the concrete slab as the tram
passed (Fig. 9).

The experimental studies have shown that the cal-
culation data of the tram track as a foundation slab
have the greatest convergence with the experimental
data (the difference between the experimental and
theoretical results was 16 %) [2, 5].

This method can be recommended for designing a
tram track on a concrete slab. It provides for the cal-

Fig. 8. A tram track structural element used in cyclic tests
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Fig. 9. Example of recording the bending stresses o, (kg/cm?) in the slab during the passage of an empty tramcar

Table

Cyclles . Concrete under rail foot (compression in all areas) Rubber
completed, « i
mi‘;lion “leI::’l::ge, “IeI:t?’lZ:ge, ral?l tar)l(?s, e “rig?l:’l’?;ge, “rig?l:’l'?;ge, Safetyomargin, I::rti:;nl:gl’
horizontal vertical horizontal | ¥SVerticdl | porizontal vertical @ (tension)

0 -(7-8) -(13-15) -(31-33) ~(7-8) -(8-10) ~(7-8) 87 +1-1,2)
3,37 -(8-10) -(10-15) -(34-38) -(75-95) -(9-12) ~(7,5-9) 86 +0,7-0,9)
6,755 -(7.5-9) -(9-12) -(33-39) -(7-8) -(7-10) -(7-9.5) 85 +0,7-0,9)
9,94 -(8-9) -(12-14) -(34-39) -(9-10,5) -(9-11,5) -(11-12) 85 +0,7-0,9)

culation of the tram track structure in two stages:
the determination of the sub-slab layer bedding coef-
ficient and the determination of the bending forces
generated in the load-bearing slab. At the same time,
the design of the tram track as rigid surface pavement
makes it possible to take into account a number of
factors that influence the stiffness of the structure,
such as traffic density, duration of load application,
etc., by introducing relevant factors which are not
taken into account in the design as foundation slab. It
is therefore necessary to synthesize these two calcu-
lation schemes. As a result, a formula is proposed for
calculating the stiffness of the tram track load-bearing
slab that takes into account all the factors mentioned
above.

R -k, K, k, K, k,

bf . Orif

where R, is the design tensile stiffness of concrete at
bending; o, .is the standard tensile stiffness of poly-
mer-fibrated concrete at bending; k, is the fatigue fac-
tor of concrete under repeated loads. It is determined

by the formula

K, = 1,08(XN,) %%,
where ZNP is the total number of applications of the
given load during the calculated lifetime; k, is the coef-

ficient of concrete behaviour which takes into account
duration of the load action; k, is the coefficient of con-

URBAN STUDIES, TRANSPORT AND LOGISTICS TECHNOLOGIES

crete behaviour which takes into account the concrete
layer height; k, is the coefficient of concrete behaviour
which takes into account the alternate freezing and
thawing of concrete; and k, is the coefficient of con-
crete behaviour which takes into account the character
of concrete structure failure.

CONCLUSION

The calculation of the stiffness of a tram track load-
bearing slab as foundation shows the most reliable re-
sults as the difference between theoretical and experi-
mental data is 16 %. This method makes it possible to
determine the stresses caused in each element taking
into account the nature of reinforcement. This allows
analyzing the overall stress state of the slab. The im-
proved method mentioned above (taking into account
additional factors) is recommended for calculation of
the tram track load-bearing slab for stiffness.

The linear dependence of occurring bending stress-
es on the sub-slab layer stiffness and axial loads within
given tram axial loads and bedding coefficient allows
for the unification of consolidated tables of values oc-
curring in the tram track load-bearing slab depending
on the bedding coefficient and tram axial load for a
given slab geometry. Thereby simplifying the calcula-
tions for the slab stiffness.
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ABSTRAC The main stiffness properties that determine the stresses in the track structure components under loads

from a moving train are the modulus of elasticity of the rail slab and the slab-track/rail correlation stiffness
coefficient. These parameters have been investigated for a ballasted track and are well established today, in contrast to those
of a non-ballasted track. This study aims at determining the stiffness characteristics of a non-ballasted track, comparing them
with those of a ballasted track, and assessing their effect on the stress-strain state (SSS) of the elements of a non-ballasted
track structure. Field experiments to measure the stresses in the track structure elements were carried out using strain-gauge
methods. As a result of the experiments, the modulus of elasticity and the correlation stiffness coefficient of the rail slab and
the rail were determined for the RHEDA2000 slab track system. The results obtained prove it possible to apply a rail-as-beam-
on-elastic-foundation theory and to use well-established calculation methods for designing a non-ballasted track structure
suitable for different operational conditions.

KEYWORDS. non-ballasted (ballastless) track; modulus of elasticity of rail slab; rail slab/rail correlation stiffness
. coefficient; RHEDA 2000 non-ballasted track design; model of beam on a continuous elastic foundation;
strain-gauge method
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CTPYKLMM BEPXHETO CTPOEHUS MyTW NOA Harpy3KoW OT ABWMXKYLLEroCs Noe3aa, IBNATCS MOAYb YNpyroctu
noApenbCOBOro OCHOBAHUS U KOIPOULMEHT COOTHOCUTENbHOW XXECTKOCTU NOAPENbCOBOr0 OCHOBAHMS U PenbCa. 3HAYEHNUS 3TUX
napameTpoB A/ NyTH C e300/ Ha Bannacre ceroAHs UCCNenoBaHbl U XOPOLLO M3BECTHbI, B 0TMuMe oT b6esbannactHoro nytu. Llenb
MCCNenoBaHUS — HAaTYpPHOE ornpeneneHue ynpyrmx xapaktepuctuk 6e36annactHoro xenes3HoAopoXHOro nyT1, MX CpaBHEHME C
aHaNOrMYHbIMU XapaKTepUCTUKaMK A5 NYTH Ha BannacTte u oLeHKa BO3AENCTBUS AaHHbIX XapaKTEPUCTUK Ha HanpsxeHHo-aedop-
MMPOBAHHOE COCTOSIHME 3IEMEHTOB BEPXHErO CTPOEHMs 6e36annacTHoro nyTu. HaTypHble UCMbITaHWS MO U3MEPEHUIO HAMPSIXKEHUI
B 3/1IEMEHTaX BEpXHero CTpOeHUS NyTU OCYLLECTBASMUCH C MOMOLLbI0 TEH30METPUYECKMX MeTOL0B. B pe3ynbrate skcnepuMMeHTOB
YCTaHOB/EHbI 3HAYEHUS MOAYNS YNPYroCTU NOAPENbCOBOTO OCHOBAHMS U KOIhdULIMEHTA COOTHOCUTENLHOW KECTKOCTU NoApenb-
COBOro OCHOBaHWS v penbca ang 6esbannactHoi koHcTpyKumn RHEDA200O. MonyyeHHble pe3ynbTaThbl AaOT BO3MOXHOCTb pac-
CMaTpuBaTh penbC Kak Banky, N1exallyto Ha CNaOLHOM YNpyroM OCHOBaHMM, MPUMEHUTENbHO K 6e36annactHoOMy MyT1 U MCNoNb-
30BaTb M3BECTHble METOAbI pacyeTa A5 NPOEeKTUPOBAHUS XKEeNe3HOA0POXHOI0 MyTH C YCTPOMCTBOM 6e36annacTHoM KOHCTPYKLMK
B 3aBMCMMOCTU OT YCIIOBUIA IKCMyaTaLmUu.

AH HOTAL“/] OCHOBHbIMU YNpYrMMU XapakTepUCTUKaMu, ONPeLeNnsioWLMMMU 3HAUEHUS HAMNPSXKEHWUI B 31EMEHTAX KOH-

© K.l.lvanova, A.F. Kolos, X. Wang, 2023
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INTRODUCTION

At present, the railway transport in the Russian
Federation has been developing due to the continu-
ous expansion of the fast and high-speed railway net-
works and an increase in railway carrying capacity
together with the growing volume of freight and pas-
senger traffic. On sections with speeds above 160 km/h
(on fast and high-speed sections), there is a worldwide
practice of switching to slab track systems as the most
low-maintenance and long-lasting (up to 50-60 years)
structures [1]. Non-ballasted track systems require sig-
nificant capital investment but they have a number
of advantages over ballasted track structures. These
advantages lie in the reduction of maintenance costs,
improved train ride quality and passenger ride com-
fort as well as reduced fuel and energy consumption
required for train traction and others [2].

World practices in the operation of non-ballasted
track systems have shown their cost effectiveness un-
der certain operational conditions [3]. There are more
than 30 types of non-ballasted track systems in the
world today, but choosing a certain system for specific
operational conditions remains a complicated task [4].
One of the reasons is a lack of easy methods for calcu-
lating the stress-strain state (SSS) of a ballastless track,
which would take into account the specifics of the de-
signed structure, engineering and geological conditions
of construction, operational conditions in the future,
etc. The calculation methods known today are labour-
intensive and require a considerable amount of input
data. In addition, their application will be challenging
for ordinary engineering personnel in design organisa-
tions due to their mathematical complexity. When com-
paring rail performance in ballasted and non-ballasted
track structures, the rail can be modelled as a beam
resting on a continuous elastic foundation [5]. Due to
this method, it is possible to carry out the assessment of
the track structure SSS using well-established theories
and calculation methods.

The evaluation of the track elements SSS for a con-
ventional ballasted track is carried out in accordance
with the track stiffness calculation methods based on
the above-stated assumption that a rail is a beam on
an elastic foundation [6]. In accordance with these

TRANSPORT INFRASTRUCTURE

methods, the Schwedler-Zhuravsky theorem for the
curved rail axis is applied

d?y d*y d*M
— =M wm —-FEl —=—=
dx? dx*  ax?
where E is the modulus of elasticity of rail steel; I is the
inertia moment of the rail cross-section in relation to
its central horizontal axis passing through the centre
of gravity of a section; y is the rail transverse elasticity
under load; M is the bending moment; q is the rail slab
performance.

In equation (1), a linear dependence between the
rail transverse elasticity and the rail slab performance
is defined and is expressed by the modulus of elasticity
of the rail slab U

EI g, @

q=-U-y. 2

Integration of equation (1) with dependence (2) makes
it possible to determine the rail transverse elasticity,
the bending moment value and the rail pressure on the
sleeper (formulae (3)) [7].

= & e™(coskx + sinkx)
Y ’

P
= — pkx <
M ik e*(coskx - sinkx), 3)

Pkl .
Q=Uyl= - e (coskx + sinkx),
where [ is the distance between sleeper axes; k is the
correlation stiffness coefficient of the rail slab and the
rail determined by the relation

/U
k:4m. 4

According to formula (3), the bending moment is pro-
portional to the ordinates of the influence line p_kx
that are defined by the relation (formula (5)). Graphi-
cally, u_kx function is shown in Fig. 1. Fig. 1 also shows
the position of the dynamic vertical forces acting from
the rolling stock wheels on the rails.

1, = €**(coskx — sinkx). (5)
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Fig. 1. Diagram showing the bending moment of a rail modelled
as beam on a continuous elastic foundation

Fig. 1 shows that the bending moment line crosses
the horizontal axis at points that have equal ordinates:
x = m/4k, then, x = 5m/4k, etc. Thus, knowing the dis-
tances X it is possible to find experimentally the corre-
lation stiffness coefficient of the rail slab and rail k, and
further, using formula (4) and expressing U through k,
to find the modulus of elasticity of the rail slab.

U=4-E-1-k (6)

U and k are design characteristics of a railway
track and have been well researched for a ballasted
track structure [8]. The mean U-value for a ballasted
track with reinforced concrete sleepers varies between
50-120 MPa; and for a track with timber sleepers, it is
20-30 MPa. The change in the values depends on the
elastic properties of the rail pads, the sleeper layout,
the elastic properties of the ballast bed and the sub-
grade or formation. The stiffness coefficient of the rail
foundation and the rail is also determined by the elas-
tic properties of the rail steel and the actual rail cross-
section geometry (from 1.10 m to 1.6 mis for a track
with reinforced concrete sleepers; and from 0.90 m to
1.1 m™ is for a track with wooden sleepers).

The stiffness properties of a non-ballasted track
have not been thoroughly investigated, which makes
it difficult to use the beam model on elastic foundation
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for the calculation of the track components’ SSS. In this
regard, it is an urgent engineering task to experimen-
tally determine the stiffness properties of a non-ballast-
ed railway track.

RESEARCH METHODS

Field experiments to determine the modulus of
elasticity and correlation stiffness coefficient of rail
slab and rails on RHEDA 2000 non-ballasted track were
performed on the Sablino — Tosno 46-km section of St.
Petersburg - Moscow line (II main track, 45 + 65,00 kilo-
meter post). Non-ballasted track features are shown in
Fig. 2.

The experiment took place on a track section laid
on an embankment of medium-grain sand, with light
powdery loam ranging from solid to semi-solid at the
base of the embankment. The track consisted of con-
tinuous welded P65 rails, VOSSLOH fastenings and
German-made sleepers with a layout of 1840 pcs/km.
Sleepers were embedded in a load-bearing reinforced
B40-class concrete slab of 240 mm thickness. It is laid
on a 300-mm-thick foundation slab of B15 concrete.
A 40cm-thick protective layer of sand-and-gravel mix
is installed under the track foundation slab (Fig. 2).

Empty freight trains with the VL10 locomotive,
long-distance passenger trains with the EP2K locomo-
tive, ER suburban electric trains, and regional Las-
tochka ES1high-speed electric trains were running on
the section during the experiment. The freight trains’
speeds varied between 40-80 km/h, and passenger
trains’ speeds were between 40-110 km/h.

In order to identify the distance x = p/4k (Fig. 1),
resistance strain gauges were attached to the bottom
edge of the outer rail. The resistance strain gauges con-
formed to the requirements of GOST 21616 91 “Resis-
tance Strain gauges. General technical requirements”.
They were attached to the rail bottom with special glue

3000
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Hydraullcally bondede base Iayer//// 100 0; 790
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Fig. 2. Design of RHEDA 2000 non-ballasted track system
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Fig. 4. Lengthwise layout of strain gauges attached to the rail
bottom

at a distance of 3 mm from the outer edge of the rail, as
shown in Fig. 3 [9].

The strain gauges were installed every 10-50 cm
lengthwise. There were 8 measuring points ona 2.175 m-
long rail. The layout of the strain gauges in the experi-
mental section is shown in Fig. 4.

The strain gauges were electrically connected in a
bridge circuit. An active strain gauge with ohmic resist-
ance R, was included in an unbalanced bridge shown
in Fig. 5.

The measuring circuit was calibrated using a can-
tilevered beam of equal resistance (Fig. 6), onto which
strain gauges from the same batch as those used in the
experiment were attached with glue [10].

The procedure for calibrating the gauge circuit
was as follows: strain gauge R, was glued to the bot-
tom edge of the rail, a bridge circuit was assembled,
then calibration strain gauge R, was connected to one
arm, and finally, strain gauges with constant electri-
cal resistance R, and R, were connected to the other
two arms. With the adjustment of R, gauge resistance,
the bridge circuit was brought to a balanced posi-
tion, i.e. the value of the current across the diagonal
of the bridge was zero. Then a load of certain mass
was suspended from the beam with equal resistance
thus generating P, force (Fig. 6) and, correspondingly,
causing M, bending moment. The use of a beam with
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equal resistance showed that the bending stresses o,
at any cross-section point are the same when P, force
is applied. Therefore, the bending stresses can be de-
termined by the formula

Or_j = _la ) (7)
T—1 W
where M, is the bending moment, W is the moment of
resistance of the beam with equal resistance.
According to formula (8), the bending moment
will be

M,=P,-l ®)

With the force P, acting on the beam, the bridge circuit
was unbalanced and the current value I, was detected
in the arm of the bridge. Knowing the absolute value
of bending stresses in the beam and registering current
I, gauge factor K, was determined.

Cr_;
KT*I' = 1=t . (9)

1 T—i
Thus, a further research was aimed at determining
the bending stresses in the rail o, by using a gauge
factor to convert the current value in the unbalanced

+ Constant
=T current source

R4 Rs

Fig. 5. Bridge connection circuit of strain gauges:
R, is an active sensor attached to the bottom edge of the rail,
R, is a calibrating sensor; R, and R, are resistors with constant
electrical resistance

AY

\1\\\\

Fig. 6. Cantilever beam of equal resistance for calibrating the
measuring circuit: h is beam thickness equal to 0.5 cm;
lis beam length equal to 20 cm; b is beam width equal to 8 cm;
P is force application point
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bridge diagonal Ichan when the wheel-to-rail load
was applied

o, = Ki Lepan- (10)

During the experiment, the readings of all strain gaug-
es were recorded simultaneously. It allowed processing
the results and determining the bending stresses in the
rail bottom edges at the same time at different posi-
tions of the rolling stock axles relative to the attached
strain gauges.

The experimental measurements were processed
using conventional methods of mathematical statis-
tics. Statistical series were formed so that one statisti-
cal series comprised the values of measured stresses
corresponding to one type of rolling stock, fixed axle
load and certain train speeds. The probability level in
processing the results was assumed 0.994. The main in-
terest was in the mean values of the rail bottom edge
stresses, their maximum possible values and the coef-
ficients of variation.

RESEARCH RESULTS

According to the well-known formulae [11], the rail
bottom edge stresses can be determined according to
the following dependence

M
b
f

Cp_g = (11)
where M is the bending moment in the rail caused by
the passage of the rolling stock, W, is the resistance mo-
ment in the rail in relation to the furthest fiber at the
bottom, fis the transition factor from axial stresses to
edge stresses. The value of the latter can be accepted
in accordance with the Methodology for assessing the
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impact of rolling stock on the track to ensure its reli-
ability (RF Railway Ministry, CPT-52/14).

Applying formula (3) in expression (11) including
expression (5), we obtain

P.f

Cp_s
Expression (12) shows that the edge stresses at the rail
bottom and the ordinates’ influence line of the bending
moment will be in direct proportion. Consequently, the
edge stresses curve in the rail along its length will coin-
cide with the bending moment curve, while zero edge
stresses will be at the point at a distance of x = n/4k
from the first axis of the train bogie [12]. Recording the
movement of the front train bogie axis over the first
strain gauge (Fig. 4), with the train running from left
to right (Fig. 4), it is possible to construct the stress-
es curve in the rail edge acting at the same moment,
thereby determining the distance x corresponding to
the horizontal coordinate w4k by interpolation (Fig. 4).
Due to the obtained value of x = m/4k, the rail slab/rail
correlation stiffness coefficient is determined in re-
verse movement. Modulus of elasticity of the rail slab
is calculated using formula (6).

Using this approach and experimental measure-
ments, mean values of the modulus of elasticity of
track slab U for different types of rolling stock running
at different speeds were calculated. The results are
shown in the table below.

DATA ANALYSIS
Based on the data obtained, Fig. 7 shows the de-
pendencies of the modulus of elasticity of the rail slab

on the type of rolling stock and speed changes.

Table

Modulus of elasticity of RHEDA 2000 non-ballasted track

ER electric train

Lastochka ES electric train - - 59,0
EP2K Locomotive 61,0 60,9 60,8
VL10 Locomotive 61,0 61,0 61,0
Passenger car 59,9 59,9 59,8
Mean 60,7 60,6 60,5
Mean
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Modulus of elasticity of the RHEDA 2000 U non-ballasted track, MPa, at train speeds, km/h

Type of train ot40(incl) | or50(incl) | or60(incl) | or70(incl) | or80(incl) | or90(inc) | or100 (incl)
R0 50 (excl) | no60(excl) | no70 (excl) | mo80(excl) | mo90 (excl) | mo 100 (excl.) | mo 110 (excl.)
60,0 60,0 59,8 60,0 59,9 59,8 59,5

58,7 589 58,9 589
60,8 60,8 60,7 60,6
61,0 = = =
59,8 59,8 59,8 59,7
60,5 60,3 60,3 60,2
60,4
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Fig. 7. The effect type of rolling stock and movement speed on the modulus of elasticity of RHEDA 2000 non-ballasted track

The analysis of the experimental data and statistical
process results show that the modulus of elasticity of
the rail slab varies from 58.9 to 61.0 MPa for all types
of rolling stock at different speeds. The discrepancy of
the results does not exceed 3-5 % as a rule. For further
engineering applications, the modulus of elasticity of
RHEDA 2000 non-ballasted track structure can be ac-
cepted to be 60 MPa.

A number of scientific papers [13] state that one of
the main disadvantages of ballastless track design is
considered to be its high stiffness. Track stiffness RT is
known to be numerically equal to the force applied to
the rail causing its elastic deflection equal to 1, i.e. track
stiffness is directly related to the rail slab modulus of
elasticity [14].

2
Ry =22,
Tk

(13)

The experimental results demonstrate that RHEDA
2000 non-ballasted track does not show any significant
increase in stiffness compared to a ballasted railway
track with reinforced concrete sleepers. The mean
value of the modulus of elasticity of the rail founda-
tion for a typical ballasted track is 50-120 MPa [15],
whereas for the non-ballasted RHEDA 2000 track it is
only 60 MPa. Since the stiffness of the entire track is
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determined by the stiffness of track elements, the re-
sults obtained can be attributed to the use of VOSSLOH
W-301-HH fasteners with high elasticity rail pads.

CONCLUSION

The experimental data on determining the modu-
lus of elasticity and rail slab/rail stiffness coefficient of
RHEDA 2000 non-ballasted track structure provide a
number of key conclusions:

e modulus of elasticity and slab/rail correlation stiff-
ness coefficient for RHEDA 2000 non-ballasted track
with train speeds between 40 and 110 km/h do not
depend significantly on the type of rolling stock.
The variances do not exceed 3-5 %j;

e the mean modulus of elasticity of rail slab for
RHEDA 2000 non-ballasted track was 60 MPa, which
indicates no increase in the stiffness of the ballast-
less track compared to the ballasted track. The
results can be attributed to the use of VOSSLOH
W-301-HH fasteners with high elasticity rail pads;

e the obtained elastic properties for RHEDA 2000
rail slab track make it possible to use the model of
beam resting on a continuous elastic foundation to
determine the strain-stress state of all non-ballasted
track components.



RiiCE TRANSPORT

VOL. 2 ISSUE 1 2023

Ksenia I. Ivanova, Alexey F. Kolos, Xintong Wang
Modulus of elasticity of non-ballasted track

REFERENCES

1. Savin AV, Pevzner V.O., Glyuzberg B.E., Romen Y.S. Roadbed
for Ballastless Track. International Journal of Innovative Technology and
Exploring Engineering. 2019;8(8):593-598.

2. Kazanskaya L., Smirnova O. Influence of Mixture Composition
on Fresh Concrete Workability for Ballastless Track Slabs. E3S Web of
Conferences. 2020;157:06022. DOI: 10.1051/e3sconf/202015706022

3. Dudkin E.P, Zaitsev E.N., Kolankov S.V. Method of Tram Track
Structures Feasibility Study. Procedia Engineering. 2017;189:854-859.
DOI:10.1016/j.proeng.2017.05.133

4. Kolos A.F., Petrova T.M., Makhonina A.O. Full — Scale Study
of Stress-strain State of Ballastless Upper Structure Construction
of Rail Way in Terms of Train Dynamic Load. Procedia Engineering.
2017;189:429-433.DO0I: 10.1016/j.proeng.2017.05.068

5. Volkov A.E., Evard M.E., Volkova N.A., Vukolov E.A. Applica-
tion of a Microstructural Model to Simulation of a Tini Beam Ben-
ding Performance and Calculation of Thickness Stress Distributions.
9th ECCOMAS Thematic Conference on Smart Structures and Materials,
SMART 2019.2019;686-695.

6. Diachenko L., Benin A., Diachenko A. Research of Interaction
of the “Train - Bridge” System with Bridge Deck Resonant Vibrations.
MATEC Web of Conferences. 2018;239:05002. DOI: 10.1051/matec-
conf/201823905002

7. Savin AV., Brzhezovskiy A.M., Tret'yakov V.V., Smelyanskiy LV.,
Tolmachev S\V. Investigation of Track Superstructure Ballastless De-
sign. Russian Railway Science Journal. 2015;(6):23-32. (In Russ.).

8. Chernyaev E., Cherniaeva V., Blazhko L., Ganchits V. Analysis of
Residual Deformations Accumulation Intensity Factors of the Railway

Bionotes

Track Located in the Polar Zone. Lecture Notes in Civil Engineering.
2020;381-388.D0I: 10.1007/978-981-15-0450-1_39

9. Dudkin E.P,,Andreeva L.A., Sultanov N.N. Methods of Noise and
Vibration Protection on Urban Rail Transport. Procedia Engineering.
2017;189:829-835.DOI: 10.1016/j.proeng.2017.05.129

10. Michas G. Slab Track Systems for High-speed Railways. Divi-
sion of Highway and Railway Engineering. Department of Transport
Science School of Architecture and the Built Environment. Royal Institute
of Technology. Stockholm, 2012;25-27.

11. Boronenko Yu.P., Rahimov R\V,, Lafta W.M., Dmitriev S.V., Be-
lyankin A.V., Sergeev D.A. Continuous Monitoring of the Wheel-rail
Contact Vertical Forces by Using a Variable Measurement Scale. 2020
Joint Rail Conference.2020.DO0OI: 10.1115/JRC2020-8067

12. Kolos A., Darienko I., Konon A. Mathematical Model for Fore-
casting of Rail Track Ballast Bearing Capacity. Procedia Engineering.
2017;189:916-923.DO0I: 10.1016/j.proeng.2017.05.142

13. Savin AV.,Korolev VV,, Shishkina LV. Determining Service Life
of Non-ballast Track Based on Calculation and Test. /OP Conference
Series: Materials Science and Engineering. 2019;687(2):022035. DOI:
10.1088/1757-899X/687/2/022035

14. Schilder R., Diederich D. Installation Quality of Slab
Track - A Decisive Factor for Maintenance Text. RTR Special. Austria,
2007;76-78.

15. Wang P, Xu H., Chen R., Xu J. Effects Analysis of Cracking of
CRTS Il Slab Track on Subgrade. Xinan Jiaotong Daxue Xuebao/Journal
of Southwest Jiaotong University. 2012;47(6):929-934. DOI: 10.3969/j.
issn.0258-2724.2012.06.004

Ksenia I. Ivanova — Teaching Assistant of the Department “Construction of Roads of Transport Complex”; Emperor Ale-
xander I St. Petersburg State Transport University (PSTU); 9 Moskovsky pr., St. Petersburg, 190031, Russian Federation;

kivanova@pgups.ru;

Alexey F. Kolos — Head of the Department “Construction of Roads of the Transport Complex”; Emperor Alexander I St. Pe-
tershurg State Transport University (PSTU); 9 Moskovsky pr., St. Petersburg, 190031, Russian Federation; kolos2004@inbox.ru;

Xintong Wang — postgraduate student of the Department “Construction of Roads of Transport Complex”; Emperor Ale-
xander I St. Petersbhurg State Transport University (PSTU); 9 Moskovsky pr., St. Petersburg, 190031, Russian Federation;

wangxintong@mail.ru.

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

The authors declare no conflicts of interests.

Corresponding author: Ksenia I. lvanova, kivanova@pgups.ru.

The article was submitted 14.07.2022; approved after reviewing 18.08.2022; accepted for publication 30.02.2023.

TRANSPORT INFRASTRUCTURE



RiiCE TRANSPORT

VOL. 2 ISSUE 1 2023

TRANSPORT INFRASTRUCTURE

MHOPACTPYKTYPA TPAHCIOPTA

Original article

UDC 69.003:65
doi: 10.46684/2023.1.5

Management and engineering solutions for railway
station development

Alexander V. Kabanov'™, Olga A. Marshavina?

12 Emperor Alexander | St. Petersburg State Transport University (PGUPS); St. Petersburg, Russian Federation
! avkabanov07 @inbox.ru™

2 olia.medvede@yandex.ru

ABSTRAC This paper presents a methodology for construction engineering management of railway station redeve-

lopment. The station working capacity is taken into account and the stages of preliminary and main works
are determined. The scope of work to be performed by a building contractor is substantiated to provide an optimal station
performance. The volume and scopes of work for specific and complex construction workflows are grouped by the components
of the railway marshalling yard.

The optimal volume of work of the complex flow F has been determined (as a percentage of the total estimated cost of the
facility). The station working capacity Ne has been taken into consideration in correlation with the given conditions of construc-
tion or renovation works.

The key construction flow management options have been worked out based on the optimal index of construction work
sequence, prime cost reduction of construction and installation works (current costs C), and effective capital investments into
machines and mechanisms (one-time costs Kf).

The proposed methodology for construction management and engineering solutions is oriented to general contracting and
subcontracting companies of the railway construction sector. This methodology is intended to lower the prime cost of construc-
tion and installation works and to reduce the time of construction and redevelopment of railway stations.
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AH HOTA M PaspaboTtaHa MeToamMKa OpraHM3aLMOHHO-TEXHOOMMYECKOr0 NPOEKTMPOBaHMS NepeyCcTPOMCTBa XKeNe3Ho-
I_l [LOPOXHbIX CTaHLMIA. YunTbiBaETCA NepepabaTbiBatolLas CNOCOOHOCTb CTaHLMM M ONpeaenseTcs nopsnok
3TanHOCTM OCYLEeCTBNEHMS NMOATOTOBUTENbHbIX M OCHOBHbIX paboT. O60CcHOBbIBaeTCS pasmep GpoHTa paboT NoApSAHONM CTPOU-
TeNbHOM OpraHu3aumm, NO3BONSAIOWMI 06ecneynTb ONTUMabHY NPOU3BOAUTENbHOCTb CTaHLUMU. O6beMbl U GPOHTLI paboT ans
CNeunann3MpoBaHHbIX M KOMMIEKCHOrO MOTOKOB FPYNMMPYIOTCS MO 31EMEHTAM Xele3HOA0POXKHON COPTUPOBOYHOM CTaHLMU.
OnpeneneHa onTMManbHas BeMYMHA (B MPOLEHTax OT 0bLLelt CMeTHOM CTOMMOCTM 06bekTa) pasmMepa GpoHTa paboT komniek-
CHOro MoToKa F, KOTOpas pacCYMTbIBAETCA MO BEIMYMHE ONTUMANbHOM ANS OAHHbIX YCIOBMI MPOU3BOACTBA CTPOUTENbHbLIX UK
PEKOHCTPYKTUBHbIX paboT, nepepabatbiBatoLLeit cnocobHoCcTH cTaHumu Ne.
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Pa3p360TaHbI OCHOBHbI€ BapUaHTbl OpraHn3auun CUCTEMbI CTPOUTENbHbLIX MOTOKOB MO KPUTEPUIOD ONTUMAJIbHOIO KOS(D(DIALI,VIEH-
Ta COBMELLEHMS, CHUXKEHMS cebecTonMOoCTH CTPOUTENNbHO-MOHTAXHbIX pa60T (TEKyLIJ,l/Ie 3aTpatbl C); BCDCDGKTVIBHOMV MCNosib30BaHUIO
KAnWUTaNbHbIX BIOXXEHUM B MALUMHbBI U MEXAHU3MbI (Kf €OMHOBPEMEHHbIE 3anaTbI).

I'Ipe,u,naraeMaﬂ MeToAUnKa Bbl60pa OpPraHM3auMOHHO-TEXHOTOTNYECKUX peIJJeHl/Il;I npegHasHavyeHa ona neatenbHOCTU TeH-
noapanHbIX U Cy6|'|0,£l,pﬂ,EI,HbIX OpFaHl/IBELll/IVI XKENE3HOAO0POXHOro CTpOUTENDBCTBA,; NO3BOJIUT CHU3UTDb ce6ecTonMoCTb CTPOUTENDBHO-
MOHTaXHbIX pa60T, COKpPaTUTb CPOKK CTPOUTENTbCTBA U PEKOHCTPYKLMU XKENe3HOLOPOXKHbIX CTaHUMNA.

KJIO4EBDIE C/10B

, XKenesHogopOoXKHble CTaHUMK; KO3 ULMEHT COBMeLLeHUS; GPOHT paboT; cnucteMa CTpouTesb-
+ HOro noTtoka; nepepabarbiBatoLLas CNOCOOHOCTb CTaHLMI; dopMoobpa3oBaHMe KOMMeKCa

paboT; pauMoHanbHbIN KO3OOULMEHT COBMELLEHMS; METOAMKA ONTUMMU3ALMK; ONTUMMU3ALMUS
OpraHU3aLMOHHO-TEXHONOTUYECKMUX PELLEHWIA; TEXHONOMMYeCcKas KOMMNOHOBKA; KO3ddULMeHT

coBMelleHna NoTokos

[ins untnpoeauusa: KabaHos A.B., Mapwasura O.A. Pa3paboTka opraH13aLnOHHO-TEXHONOMMYECKMX PELLEHMIA NO NepeyCcTPOMCTBY
Kene3HoLOPOXHbIX cTaHuuii // Tpancnopt BPUKC. 2023.T. 2. Bein. 1. C. 5. https://doi.org/10.46684/2023.1.5.

INTRODUCTION

Modern methods of planning, designing and imple-
mentation of work on construction and development
(or/and re-development) of railway stations and junc-
tions are characterized by a variety of construction
management and engineering solutions and the best
ones are chosen [1-4] taking into account the follow-
ing aspects:

e sequence of specific, facility-level and complex con-
struction flows;

e phases of construction and separate commissioning
of yards, tracks and station facilities;

e management and engineering solutions for the ba-
sic labour-intensive work on construction and up-
grading of the earth bed, artificial facilities, water
supply system, servicing facilities, railway automa-
tion and telemechanic devices, as well as the entire
complex of track-laying and ballasting works;

e requirements to ensure safety of work and train
movement on the construction site.

It is necessary to develop a methodology for man-
agement and technological planning of railway con-
struction facilities to generate effective decisions
on railway station reconstruction, reduction of the
estimated cost of construction, optimization of con-
struction time, reduction of construction work costs,
and making better use of construction machines and
transport.

MATERIALS AND METHODS

The materials used in the survey are the design
documentation sections on construction and redeve-
lopment of railway marshalling yards, design docu-
mentation on construction management plan (CMP),
and complex management and engineering designs on
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the construction of complex facilities connected with

train movement.

Marshalling yards are part of a large class of rail
freight station systems designed to receive, handle and
distribute freight car flows according to their destina-
tions. The main components of such stations are recei-
ving park (RP); sorting park (SP) and dispatch park (DP)
[5, 6].

The sequence and phases of preparatory and main
works is determined taking into account the working
capacity of the station. The scope of works to be com-
pleted by a building contractor is substantiated so that
the optimal working capacity of the station can be en-
sured.

During the construction and redevelopment of rail-
way marshalling yards and phased commissioning of
facilities, the work is carried out while trains are run-
ning on existing or new tracks [4, 7-9]. Specific and
complex construction flows are grouped into the fol-
lowing types of works:
construction of interconnection tracks;
construction of new main tracks;
extension of receiving-and-departure tracks;
reconstruction of existing humps;
construction of additional marshalling systems;
laying of additional access tracks;
reconstruction of turnouts and lead track switches;
reconstruction and upgrading of railway automa-
tion and telemechanics systems (RAT) of receiving-
and-departure tracks;

e construction and upgrading of power supply sys-
tems;

e reconstruction and upgrading of railway signalling
(RAT) and humping equipment of marshalling sys-
tems.

The linear character of the facilities and continuous
train movement can cause difficulties in delivery and
storage of materials and machinery at the construc-
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Fig. 1. Scopes of specific workflows during construction and redevelopment of a marshalling yard: 1"is entry neck of receiving park
(switches, retarders); 1 is track structure (TS) of receiving park; 1” is exit neck of receiving park; 2'is entry neck of sorting park (SP);
2 is TS of sorting park; 2" is exit neck of sorting park; 3'is entry neck of departure park (DP); 3 is TS of departure park; 3" is exit neck

of departure park; t. is duration of specific flow for neck construction

of SP; ¢

PPO

tion site, hence making it difficult to use them at the
scheduled time intervals. This complicates smooth con-
struction workflows and entails downtime of works. It
is also a managerial and technological challenge to esti-
mate the exact scopes and terms of construction works
when the railway station facilities are commissioned
in phases [10, 11].

Volumes and scopes of specific and complex con-
struction flows are grouped by railway marshalling
yard components (Fig. 1).

Technological layout of specific construction flows
includes:
installation of switches and station neck tracks;
laying station yard tracks;
installation of railway automation devices and con-
nection of necks and tracks to the electric interlock-
ing system;
construction of artificial structures;
construction of electrification lines;
construction of servicing and technical buildings.
Tooo ™ Whompp. ™ Likompp. + Lstompp K 1S the duration of
complex construction or reconstruction flows of a mar-
shalling yard and it is equal to the duration of construc-
tion flows of the receiving park (1), sorting park (2),
and departure park (3) taken together taking into con-
sideration the coefficient of construction sequence K

tlkomp.p. = tél + tPPP + tgl’
tzkomp.p. = tt'SZ + tPSP + tL';'z;

t3komp.p. = té;s + tPPO + t(';’S’
KS = [KSpp; KSsp; KSpo]'

The scheduled time for the construction of a marshal-
ling yard:

t., is the time of installation and laying the RP entry
neck switches;

t,pp is the time of RP track laying;

t., is the time of installation and laying the exit neck
tracks of the receiving park RP;

TRANSPORT INFRASTRUCTURE

is the time for laying TS of RP; t

PSP

is the time for laying TS

s opp

is the time of laying TS of DP

t;, is the time of installation and laying the entry
neck switches of the sorting park SP;

t,p is the time of laying the sorting park tracks SP;
t., is the time of installation and laying exit neck
tracks of the SP;

t., is the time of installation and laying the entry
neck switches of the departure park DP;

t,po 18 the time of the departure park tracks;

t, is the time of installation and laying of switches
of the departure park.

The design of a complex construction flow for the
construction or redevelopment of a marshalling yard
should take into account the following specifics:

a) construction flows should not interfere with the
main tracks and switches on the train routes across the
station;

b) the station tracks and switches should be occu-
pied for the shortest possible time;

c) extensive volumes of work should be divided into
phases;

d) each phase should provide the optimal scope of
uninterrupted work, comprehensive mechanization
of construction, efficient use of machinery, and highly
productive crews.

RESULTS AND DISCUSSION

The scope and type of each phase (scope of work)
should be calculated in accordance with the general
volume of main works on the station development,
scheduled construction time and the minimal possible
disturbance of the station’s working capacity [12-15].

The studies (Fig. 2) conducted by the authors have
shown that the optimal value (as a percentage of the
total estimated cost of the facility) of the scope of com-
plex construction work flow F is determined by the val-
ue of the optimal working capacity of the station N, for
given conditions of construction or renovation work.



RiiCE TRANSPORT

VOL. 2 ISSUE 1 2023

\

3+ 1 & 3
2T+ \
1+
0 | : : > £
F, 25 50 75 100
FZ
F3

Fig. 2. Dependence of the railway station capacity (N,, thous.
carriages/day) on the volume of work scopes F of streamlined

construction flows where F,, F,, F, are the scopes of preliminary

construction workflows before reducing the working capacity
of the corresponding stations (1 — during construction of
railway marshalling yard; 2 — during reconstruction of stations
equipped with hump and successive car distribution; 3 — during
reconstruction of stations with parallel car distribution)

The specific construction flows include:

— specific construction flows for separate parks
(with allocated work scopes within the corresponding
park) including part of station necks;

— end-to-end specific construction flows.

Construction machines such as jib cranes and
track-laying cranes for laying track switches and pre-
assembled track lengths by elements and blocks can
be a variable parameter. The sustainability of railway
construction solutions is measured by the appraisal
system with different variant parameters. This system
includes natural, financial, managerial, technological
and other performance criteria.

The analysis of the existing preparation work to
be carried out for the railway station redevelopment
shows that the standard technical specifications and
different surveys describe separate factors without the
relationship between them. Different options should
be evaluated based not only on the technological work
sequencing analysis (e.g., coefficient of construction
flow sequence), but also on the financial analysis of the
given facility construction. To design rational manage-
ment and engineering models for the station redeve-
lopment, it is necessary to identify and use these inter-
related factors effectively.

Initially, the key model (with maximum scheduled
time) is designed based on the standard input data,
standardized time values and production flow charts
for a certain type of construction. To manage railway
construction more effectively, it is necessary to look for
a variant with reduced construction time and an ef-
fective distribution of resources. Therefore, the initial
data of the work time schedules as well as the man-
agement, engineering and economic indicators are
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adjusted to reduce the work scheduled time and make
more effective utilization of the machinery, work force
and financial resources.

Every next variant is designed based on the short-
est possible construction time with the best possible
workflow sequence, the highest possible rhythm of
work and the maximum intensity of work without
interruption. A shorter work production time with
improved management and engineering indicators
increases the concentration of capital investments
in the construction of the facility and capital assets.
However, a variant‘s productivity depends on the re-
duced costs of construction and installation works. At
the same time, a variant’s productivity may depend
on different combinations of the calculated cost com-
ponents.

After the work scopes and technological charts are
established, different time schedules with the defined
workflow sequence coefficients are drawn. They are:

e K, is the coefficient of work schedule sequence of
the receiving park (RP);

* K, is the coefficient of work schedule sequence of
the sorting park (SP);

e K_ isthe coefficient of work schedule sequence of
the departure park (DP).

The optimal variant is one with the rational se-
quence coefficient of K. The key variants of construc-
tion flow management based on the optimal coeffi-
cient of workflow sequence, reduction of the cost of
construction and installation works (current costs S),
and effective utilization of capital investments in ma-
chines and mechanisms (one-time costs Kf) have been
developed by the authors.

The value of the rational sequence coefficient
for different management and technological charts
(Fig. 3) corresponds to the intersection of dependence
curves of current costs on the cost of works (ACH.)
and one-time costs in the form of capital investment
(AK,,).

This graphic correlation gives a general under-
standing how to determine a rational management
and technological indicator. In this aspect, several op-

MUP
SOVM; _

MUP MUP
1 2 ACir Akt

Fig. 3. Determination of the rational sequence coefficient: 1 is
Koo = fIBKF, ); 2 is. Ky, = IAC, )

sovM
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The volume of work performed on the infrastructure

of railway station in state investment projects
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Fig. 4. Dynamics of investment in the construction and
redevelopment of railway stations (investment projects of
the railway infrastructure development): 1 — at the North -
West ports approaches; 2 — at the the Azov - Black Sea ports
approaches; 3 — at the BAM eastern part

tions of rational indicators can be determined depend-
ing on the components influencing the economic effect
(e.g. reduced cost of work, reduced cost of capital as-
sets, etc.).

The study showed that changes in management and
technological indicators have the greatest effect on the
change of construction and installation work costs (the
correlation ratio is 0.802), particularly, such compo-
nents as the cost of construction machine and device
operation (the correlation ratio is 0.908) and the cost
of production workers’ wages and salaries (the correla-
tion ratio is 0.807).

The schedul models for redevelopment and con-
struction of station infrastructure within the state
investment project of railway infrastructure devel-
opment were analyzed. The volume and type of each
phase (work scope) was established depending on the
total volume of the station general development, speci-
fied construction time with the minimal disturbance of
the station working capacity.

The proposed method for the station’s manage-
ment and technological optimization of construc-
tion is of current interest because national projects
on railway transport development [1] envisage a
large volume of work (30-40 % of the total) on the
construction and renovation of station infrastructure
facilities (Fig. 4). The efficiency of construction pro-
duction management can be increased by defining a
rational amount of resources within a limited work
scope. Therefore, considering the increasing volumes
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of this type of construction, the proposed method will
reduce the cost of construction and installation works,
and shorten the time of construction and renovation
of railway stations.

The dependence of management and engineering
parameters on technical and economic parameters
has so far been poorly investigated due to insufficient
statistical data because of the difficulty of generating a
large number of time schedule models. The proposed
method for optimal work scheduling calculations uses
the diagrams obtained from the Microsoft Project sys-
tem, which makes it possible to automatically deter-
mine the variant’s technical, economic, management,
and engineering parameters given the specified scopes
and resources. The variant’s cost estimation can be im-
ported with the help of the GOSSTROYSMETA cost esti-
mate programme as it contains an MS Project estimate
export.

CONCLUSION

The proposed method for management and engi-
neering solutions is designed for general contracting
and subcontracting railway construction companies.
The above mentioned dependencies can be interpreted
on the level of work production projects (WPP), work
management projects (WMP) and construction man-
agement projects (CMP) based on different parameters.
For example, at the WPP level, it is sufficient to use the
parameter of cost changes in construction and instal-
lation works and capital investment changes in capital
assets by changing management and engineering in-
dicators. At the WMP level, the effect of early commis-
sioning of a railway station facility should be taken into
account. At the CMP level, the effect of capital invest-
ment distribution and the effect of early commission-
ing of the entire station complex into operation should
be taken into account as well.

The analysis of time schedule models for recon-
struction and construction of station infrastructure
facilities included in the state investment project of
railway infrastructure development at the North-West
ports approaches showed that the cost parameters
were reduced by 6-8 % of the total estimated cost of
the facility. It was possible due to the use of the meth-
od of choosing the optimal work management model
for marshalling yards. As the industry guidance docu-
ments have not been updated for a long time, the meth-
odology presented in this paper can be of great practi-
cal importance.
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ABSTRACT In a situation of ambiguity and global crisis, uncertainty tolerance, purpose or meaning in life and life values
have become important factors of psychological health and adaptability of the Transport University students.
The purpose of this study is to survey the levels of students’ uncertainty tolerance, purpose in life and life values.

Sixty students of Saint-Petersburg State Transport University aged 18-22 participated in the survey. The following methods
were used in the research: Crumbaugh and Maholic’s PIL (Purpose-in-Life Test) adapted by D. Leontyev; V.F. Sopov and L.V. Kar-
pushina’s Morphological Test of Life Values; E.N. Osin’s adaptation of the McLane Uncertainty Tolerance Scale.

The Purpose-in-Life Test have revealed average scores; at the same time, high scores have prevailed on the “Locus of Con-
trol - Life” scale. The students’ material and spiritual values proved to be in a good balance. The students’ Uncertainty Tolerance
turned out to be at an average level, but the “Uncertainty Tolerance” scale have revealed either high-level or low-level scores.
Uncertainty tolerance is related to life values in both males and females. A higher purpose in life tends to promote greater
psychological adaptability to ambiguous situations and boosts uncertainty tolerance in general. The females’ uncertainty toler-
ance is connected to spiritual values, maintaining individuality, creativity, and hobbies. The males’ attitude to novelty is linked
to their prestige and achievement.

According to the survey, the Transport University students have an average level of uncertainty tolerance, purpose in life,
and well-balanced material and spiritual values. Purpose in life is related to higher uncertainty tolerance and adaptability to
ambiguous situation. There is some gender specific correlation between life values and uncertainty tolerance among males and
females. Females’ attitude is more related to spiritual values whereas males are more oriented to social success.
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AH HOTA M B cuTyauumn HeonpeaeneHHOCTU 1 MMPOBOTO KPU3KMCA TONEPAHTHOCTb K HeonpeaeneHHOCTH, CMbIC/IOXKMU3-
I_L HeHHble opueHTauun (OKO) M LeHHOCTHble OpPUEHTALMU CTAHOBSTCS BaXKHbIM (DAaKTOPOM COXpaHEeHMUs

MCUXONOTMUYECKOro 340POBbS U afaNTUBHOCTM CTYLEHTOB TPAHCMOPTHOTO By3a. Llenb nccnenoBaHns — usyyenune ocobeHHocTew

TONepaHTHOCTK K HeonpeaeneHHocTH, OKO M LeHHOCTHBIX OpUeHTaUMiA Y CTYAEHTOB TPAHCMOPTHOMO By3a, Byayuias npodeccuo-

HaNnbHag fedaTenbHOCTb KOTOPbIX CBSI3aHa C BbICOKOW OTBETCTBEHHOCTbHO, AUCLMNINMHUPOBAHHOCTbI, CMOCOBHOCTbLIO K YCTOMYMBOW

[eaTeNbHOCTU B CTPECCOBbIX CUTYaLMSX.

B nccneposaHum npuHsanu yuactne 60 crynentos MNIMYTC B Bo3pacte o1 18 no 22 ner. MNpumenanncs Metoauku: onpocHuk OKO
Kpambo n Maxonuka B agantaumm [1. JleoHTbeBa, MOPHONOrMYeCcKuin TeCT Xn3HeHHbIX LeHHocTel B.M. Conoga, J1.B. KapnywuHoi,
LUKana ToNepaHTHOCTU K HeonpeaeneHHocT Mak/leiHa B aganTaumm E.H. OcuHa.

BbisiBneHbl cpefHue nokaszatenu no metoamke COKO, no wkane «JIoKyc KOHTPONS — M3Hb» NpPeobaafatoT BbICOKME NoKasa-
Tenu.Y CTyAeHTOB MaTepualbHble U AyXOBHble LLeHHOCTM cbanaHcupoBaHbl. [lokazaTeny TonepaHTHOCTU K HeONpeLeneHHOCTHU Y
CTYLEHTOB HaXOAATCS HA CPeAHEM YPOBHE, MO WKane «ToNepaHTHOCTb K HeonpeaeneHHOCTUy npeobnafaeT BbICOKUIA MU HU3KUI
ypOBeHb NoKa3aTenen. TonepaHTHOCTb K HeonpeaeneHHocTH B3aumocaszaHa ¢ OKO kak y aeByLuek, Tak 1 y loHowWwel. YeMm Bblwe
OCMbIC/IEHHOCTb XXM3HM, TEM BbILLE NMCUXON0rMYeckas afanTMBHOCTb K HEONpeaeneHHbIM CUTYyaLMUsaM 1 TONEePaHTHOCTb K Heornpe-
[eneHHOCTH B LienoM. TonepaHTHOCTb K HEONpeaeneHHOCTH Y AeByLIeK B3aMMOCBA3aHa C LEHHOCTAMM AyXOBHOIO yA0BNeTBOpe-
HWS, COXpPaHEHUS MHAMBUAYANbHOCTU, KDEATUBHOCTU M YBEYEHUSIMU, Y FOHOLLEN OTHOLIEHME K HOBU3HE CBA3aHO C LLeHHOCTAMMU
COBCTBEHHOrO MpecTuXa 1 SOCTUNKEHUN.

CTyneHTbl TPaHCNOPTHOrO By3a 061aa0T TONEPAHTHOCTBIO K HEONpeAeneHHOCTU, OCMbICIEHHOCTbIO XXM3HU, C6aNnaHCMPOBaHHO-
CTb0 MaTepUanbHbIX U AYXOBHbIX LLeHHOCTe. OCMbICIEHHOCTb XXM3HU CBS3aHa C 60/1ee BbICOKOM TONePaHTHOCTbIO K Heonpeaenex-
HOCTU M aJanTUBHOCTbIO K HeonpeneneHHbIM cUTyaumaM. B3anMocBS3b LeHHOCTeN M TONepaHTHOCTU K HEONpeaeNneHHOCTU UMeeT
reHaepHyto cneunduky: y AeByLIEK BbiSBAEHbI B3aMMOCBA3M C LYXOBHbIMU LLEeHHOCTSIMMU, Y FOHOLLEH — C LLEHHOCTSIMU COLMaNnbHOro
ycnexa.

Kﬂ |_OL| E B bl E Cn O BA. CMbICNOXXM3HEHHbIE OPUEHTALMM; LEHHOCTHbIE OPUEHTALLMM; TONEPAHTHOCTb K HEOMNpPeLeneH-
+ HOCTW; NAHAEMMUS; CTYAEHTbI; TPAHCMOPTHbIN BY3

[na umtuposauua: JuieHko E.@., CuHenvHukosga E.C., LLlymos M.E. CMbICIOXW3HEHHbIE OPUEHTALLMU U TONEPAHTHOCTb K Heornpe-

[eNeHHOCTU B Nepuoa NaHAeMun y CTyAeHTOB TpaHCnopTHoro By3a // Tpancnopt BPUKC. 2023.T. 1. Bein. 1. Ct. 6. https://doi.

org/10.46684/2023.1.6.

INTRODUCTION

At the turning points in history, prolonged uncer-
tainty becomes an integral part of everyone’s. The indi-
vidual’s spiritual resources become particularly impor-
tant for positive coping. The works of W. Frankl (1990)
and A. Langlais (2021) have shown the role of purpose
or meaning in life in external and internal crisis. Life
values are related to an individual’s experience of in-
ternal (Okoneshnikova, 2012) and external life events.
A study by EV. Fedoseenko (2020) has revealed that the
prevalence of altruistic values can be a resource for
individuals in conditions that are perceived as threat-
ening.

One of the higgest modern challenges people have
faced worldwide was the pandemic of a new Coronavi-
rus infection. The COVID-19 pandemic and vital threats
and social constraints associated with it have had a
negative impact on people’s psychological health and
emotional well-being. While fear was the most com-
mon emotional response at the early pandemic period
(Secger, Ulas, 2020), anxiety, depression and stress in-
creased later (Kavcic, Avsec, Kocjan, 2020; Talevi et al.,
2020). Uncertainty tolerance developed as a result of
less acute negative reaction to the pandemic (Pershina,
2022).

ADVANCED ENGINEERING TRAINING FOR THE ECONOMY 4.0

Young people make part of a vulnerable social
group due to their lack of experience of crises and less
social security than older and more mature people.
At the early days of the pandemic, they had to adjust
to the life with constraints including distant learning,
which placed greater demands on their self-manage-
ment. Researchers have identified factors that contrib-
uted to more successful adaptation and psychological
well-being of students. Self-management and self-regu-
lation boosted students’ adaptation to new conditions
and, consequently, they were more satisfied with life
(Zinchenko et al., 2021; Sinelnikova, 2021).

In the post-pandemic period, higher education in-
stitutions including transport universities in the coun-
try returned to classroom learning, but the pandemic
had a prolonged effect on students’ emotional state and
contributed to a higher level of mental stress that they
were not always aware of. Chronic stress is potentially
more dangerous to an individual’s mental and physi-
cal health than acute stress unless the latter is fatal
(Kitaev-Smyk, 2021; Sapolsky, 2015). Quarantine often
has a delayed negative effect, particularly increasing
the likelihood of post-traumatic stress even three years
later (Reynolds et al., 2008).

After graduating from university, students will have
to build their professional and personal life under con-
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ditions of uncertainty. Uncertainty tolerance becomes
a key factor for psychological health as an integral
component of an individual’s psychological well-being
(Pyatakova et al., 2019) and socio-psychological adapt-
ability. As an essential trait in students, uncertainty
tolerance helps to acquire professional knowledge and
skills and develop a successful professional career as
well as maintain psychological stability, which is im-
portant for transport workers.

Intolerance of uncertainty is associated with great-
er social anxiety and lower self-efficacy (Aksenova,
Sineva, 2022). Purpose-oriented life (PIL) and mean-
ingful life are personality factors contributing to suc-
cessful coping (Odintsova, Semenova, 2011; Borisova,
Shapovalenko, 2018) and their importance has in-
creased in the current context. The data obtained from
the students indicate that developed PIL is associated
with a higher level of responsibility (Slotina, 2019) that
is required in transport sector workers.

MATERIALS AND METHODS

Sixty students (24 males, 36 females) of Peters-
burg State Transport University (PSTU) aged from 18
to 22 took part in the empirical research. The follow-
ing methods were used to collect the empirical data:
Crumbo and Maholik’s PIL Questionnaire (adapted by
D. Leontiev, 2000), V.F. Sopov and L.V. Karpushina’s Life
Values Morphological Test (LVMT) (2001), McLane’s Un-
certainty Tolerance Scale (adapted by E.N. Osin (2010)
[1-10].

RESEARCH RESULTS

The results of the PIL research are presented in Ta-
ble 1 and Fig. 1.

According to the survey results, the students in gen-
eral showed mean PIL scores. However, on the “Locus

Table 1
Mean values according to D.A. Leontiev’s Purpose-life
Orientation Test

Standard Sample
deviation | variance

Purpose 26,45 8,46 71,64

Process 22,42 5,67 32,11 9 32
Outcome 23,33 5,48 29,99 6 33
Control 19,05 444 19,74 8 26
locus - |

Control 2718 6,68 4459 8 39
locus - Life
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Fig. 1. Scores according to D.A. Leontiev’s PIL methodology

of Control — Life” scale, 70 % of the Transport Univer-
sity students surveyed showed high scores, i.e. they are
convinced that individuals can build and manage their
life at their own will.

However, on the “Locus of Control - Self” scale, only
33 % of students show high scores, which means that
most students are not confident in their ability to build
and manage their life, and do not feel that they have
sufficient internal and external resources to do so.

On the “Purpose” scale, 40 % of the students have
high scores, i.e. they have purposes in life that they
would like to achieve [11-15].

Only about one-third of the students have high
scores on the “Process”, “Outcome”, and “Locus of Con-
trol — I” scales. This suggests that having formulated
the goals, most of the students do not have practical
tools to achieve them and to develop self-management
skills, which is reflected in their life satisfaction (both
process and results).

The results of the survey according to V.F. Sopov
and LV. Karpushina’s LVMT methodology are shown
in Table 2 and Fig. 2.

Both material and spiritual values are obviously
significant for the Transport University students.

The survey results according to the McLane Uncer-
tainty Tolerance Scale adapted by E.N. Osin are shown
in Table 3 and Fig. 3.

The majority of respondents have shown average
scores on all scales except uncertainty tolerance. On
the “Uncertainty Tolerance” scale, high and low levels
of tolerance predominate among the students.

There have been revealed certain relationships
between the “Uncertainty Tolerance” and “Life Val-
ues” scales. The “Attitude to Novelty” scale correlates
with self-esteem (r = 0.426, p < 0.05) and achievement
(r = 0.503, p < 0.05) among young males. The young
men’s positive attitude to novelty depends on how high
they value prestige and achievement.

The “Spiritual Satisfaction” scale correlates with the
attitude to ambiguous situations (r = 0.380, p < 0.05),
preference for uncertainty (r = 0.418, p < 0.05), with
the overall Tolerance scale score of (r = 0.344, p < 0.05)
among the females. When the girls are guided more
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Fig. 2. Mean scores of the life value scales according to the
LVMT methodology as adapted by V.F. Sopov and L.V. Karpushina

Table 2
Mean indicators of life values according
to the “Morphological test of life values” method adapted
by V.F. Sopov and L.V. Karpushina

Standard | Sample
deviation | variance

Self- 39,65 7,6 58,94

development

Spiritual 4378 7,04 49,49 27 60
satisfaction

Creativity 34,40 8,82 71,74 15 60
Social 40,35 7,49 56,06 22 56
contacts

Self-esteem 34,02 9,38 8798 19 60
Achievements 39,78 7,19 51,73 20 60
Financial 43,82 712 50,73 27 60
situation

Maintaining 39,28 8,17 66,68 22 60
individuality

by moral principles in life, their attitude to ambiguous
situations will be more positive. They will prefer the
novelty to the familiar and their overall uncertainty
tolerance will be higher.

“Creativity” correlates with the “Uncertainty Pre-
ference” scale (r = 0.334, p < 0.05) among the girls. The
more important creativity is for the girls, the more they
strive to develop their creative abilities and prefer the
novelty to the familiar [16-24].

The “Individuality Maintenance” scale correlates with
the attitude to challenging situations (r = 0.388, p < 0.05),
attitude to ambiguous situations (r = 0.344, p < 0.05),
and preference for uncertainty (r = 0.364, p < 0.05),
with the overall score of (r = 0.342, p < 0.05) among the
girls. When individuality and its manifestation in life
are important for the females, they will be more posi-
tive to challenging and ambiguous situations. They will
prefer novelty to the familiar and their overall uncer-
tainty tolerance is higher.
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The “Hobby” scale correlates with the attitude to
ambiguous situations (r = 0.381, p < 0.05) and prefe-
rence for uncertainty (r = 0.385, p < 0.05) among the
girls. When interests and hobbies are important for
girls, they will be more positive to ambiguous situa-
tions and their preference for novelty will be higher.

The survey has revealed the correlations between
the “Uncertainty Tolerance” and “Meaningful Life”
scales. The integrated “Meaning in Life” scale corre-
lates with attitude towards novelty (r = 0.433, p < 0.05),
challenge (r = 0.424, p < 0.05), and uncertainty tolerance
(r = 0.453, p < 0.05), with the overall score of (r = 0.446,
p <0.05) among young men.

The more meaningful young men’s lives are, the
more defined their goals are and the more they ex-
perience the ontological significance of life. Thus,
they are more positive to novelty and challenges and
more adaptable to ambiguous situations. As a result,

0% 5% 10%15 %20 %25 %30 %35 %40 %45 %50 %

Attitude

to novelty
Attitude

to challenging
,taaks

Attitudes

towards uncertain
situations

Preference
for uncertainty

Tolerance
of uncertainty

W High level

W Average level M Low level

Fig. 3. Mean scores on the McLean Uncertainty Tolerance scales
as adapted by E.N. Osin

Table 3
Mean indications in the McLane Uncertainty Tolerance Scale
as adapted by E.N. Osin

Standard | Sample
deviations | variance

Attitudes 12,72 29
towards
novelty

Attitudes
towards
challenging
tasks

29,82 6,04 36,49 19 45

Attitudes 3432 7,75
towards

uncertain

situations

60,05 17 56

Preference for
uncertainty

42,22 8,06 65,02 27 66

Tolerance of 38,42 9,05
uncertainty

81,98 19 57
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they tend to view ambiguous situations as stimulating
and emotionally charged and are more tolerant of un-
certainty in general. Among the females, the “Mean-
ing in Life” scale correlates with the attitude to nov-
elty (r = 0.397, p < 0.05), challenging tasks (r = 0.393,
p < 0.05), attitude to ambiguous situations (r = 0.393,
p <0.01), preference for uncertainty (r = 0.411, p < 0.05),
and uncertainty tolerance (r = 0.528, p < 0.01), with the
overall score of (r = 0.501, p < 0.01). The more meaning-
ful the girls’ life is and the more positive their attitude
to novelty, challenges and ambiguous situations is, the
more adaptable to uncertainty they are. Thus, their
preference to novelty and uncertainty tolerance will
be higher.

The “Goals” scale correlates with the attitude to nov-
elty (r = 0.356, p < 0.05), ambiguous situations (r = 0.479,
p <0.01), preference for uncertainty (r = 0.393, p < 0.05),
and uncertainty tolerance (r = 0.424, p < 0.05), with the
overall score of (r = 0.436, p < 0.01). The girls’ attitude
to novelty and ambiguous situations will be more posi-
tive when their goals are more explicit and meaning-
ful. They will prefer novelty to the familiar, and their
adaptability to ambiguous situations and their uncer-
tainty tolerance will be higher.

The “Life Process” scale is correlated with the at-
titude to novelty (r = 0.502, p < 0.05) and uncertainty
tolerance (r = 0.455, p < 0.05) among the males. The
more positive is their attitude towards novelty and
the higher is their adaptability to ambiguity, the more
emotionally charged and satisfied they are with their
life. Among the females the Life Process scale is related
to the attitude to novelty (r = 0.374, p < 0.05), attitude
to challenging tasks (r = 0.389, p < 0.05), attitude to
ambiguous situations (r = 0, 548, p < 0.01), preference
for uncertainty (r = 0.435, p < 0.01), and uncertainty
tolerance (r = 0.514, p < 0.01), with the total score of
(r = 0.506, p < 0.01). The more positive is the girls’ at-
titude to novelty, complex and ambiguous situations,
the higher is their preference for novelty, their adapt-
ability and uncertainty tolerance. As a result, they feel
more emotionally charged and satisfied with their lives
as being.

The “Life Outcome” scale is related to the attitude to
novelty (r = 0.348, p < 0.05), challenging tasks (r = 0.345,
p < 0.05), ambiguous situations (r = 0.449, p < 0.01), and
uncertainty tolerance (r = 0.498, p < 0.01), with the over-
all score of (r = 0.428, p < 0.05) among the females. The
more positive the girls are about new developments in
their lives, the more they are willing to accept the com-
plexity and ambiguity of the world and to take it into
account in their actions. They are more adaptable to
ambiguous situations and their uncertainty tolerance
is higher in general. As a result, they perceive their life
more meaningful and productive as being.

The “Locus of Control —I” scale is related to the at-
titude to novelty (r = 0.445, p < 0.05) and uncertainty
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tolerance (r = 0.444, p < 0.05) among the males. The
more convinced the young men are of their ability to
control their lives, the more positive they are to novelty
and challenging tasks. Among the females, the Locus
of Control - I scale is associated with the attitude to
novelty (r = 0.355, p < 0.05), challenging tasks (r = 0.385,
p <0.05), and ambiguous situations (r = 0.494, p < 0.01)
as well as preference for uncertainty (r = 0.370, p < 0.05)
and uncertainty tolerance (r = 0.511, p < 0.01), with the
overall score of (r = 0.470, p < 0.01). When the girls are
more positive to novelty in life, they will more willing-
ly accept the complexity and ambiguity of the world.
They will prefer the new to the familiar; they will read-
ily adapt to ambiguous situations, tolerate uncertainty
in general and be more confident in their ability to con-
trol their own lives.

The “Locus of Control - Life” scale correlates posi-
tively with the attitude to novelty (r = 0.428, p < 0.05),
challenging tasks (r = 0.463, p < 0.05), and uncertainty
tolerance (r = 0.414, p < 0.05) among the young men.
If the young men are more confident in their ability
to control life, make decisions and put them into ac-
tion, they will be more adaptable to ambiguous situ-
ations and more positive towards novelty and chal-
lenging tasks. Among the girls, the “Locus of Control -
Life” scale is related to the attitude towards difficult
(r=0.378, p <0.05) and ambiguous situations (r = 0.455,
p <0.01) as well as towards preference for uncertainty
(r =0.363, p <0.05) and uncertainty tolerance (r = 0.467,
p < 0.01), with the overall score of (r = 0.443, p < 0.01).
The more confident the girls are in their ability to con-
trol their own lives, the more positively they accept
the complexity and ambiguity of the world. They pre-
fer novelty to the familiar and have higher levels of
adaptability to ambiguous situations and uncertainty
tolerance.

CONCLUSION AND DISCUSSION

The results of the research have shown that the
majority of the Transport University students partici-
pating in the survey have well-balanced material and
spiritual values and have an average score of purpose
in life. According to the survey, 70 % of the students
have high scores on the “Locus of Control — Life” scale.
This means that a large proportion of the students be-
lieve in individuals’ ability to control life. On the other
hand, on the “Locus of Control - I” scale, the average
scores prevail, i.e. the majority of students are less
confident in their ability to control their lives, which
could potentially be due to a lack of their planning
and management skills. The research conducted ear-
lier by the Applied Psychology Department at PGUPS
suggests that planning, as a coping strategy, correlates
positively with emotional comfort in students (Ma-
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zurova, Kaznacheeva, 2019). The Transport University
students who developed self-management skills during
the period of self-isolation and distant learning have a
high level of satisfaction with life (Sinelnikova, 2021).
The results of the empirical study conducted indicate
that adaptability to uncertainty and readiness for new
experiences are associated with higher scores on the
“Locus of Control - I” scale, which means that the stu-
dents’ confidence in the ability to control their life is
high enough in both males and females.

40 % of the Transport University students have high
scores on the “Goals” scale, i.e. a significant number of
students have formulated life goals. At the same time,
satisfaction with both the outome and the process of
life is at an average level. The “Process of life” scale is
associated with the attitude to novelty and uncertainty
tolerance among both males and females. The results
of the empirical study suggest that the students’ lack
of satisfaction with life is partly due to internal psy-
chological barriers, fear of ambiguity and the negative
outcomes associated with it that prevent the students
from having new experiences. The empirical research
results (Kononova, 2014) also suggest that high school
students involved in collective creative activities have
higher “Purpose in Life” scale scores; they are more
satisfied with the life process and its outcome and are
more confident in their ability to control life as com-
pared to the control group. A more active involvement
of students, especially junior students, in the univer-
sity social activities is likely to make students’ life more
meaningful, to develop their ability to control their life,
and consequently, they will be more satisfied with life.

According to the survey, the uncertainty tolerance
in the Transport University students is at an average
level; nevertheless, on the “Uncertainty Tolerance”

Elena F. Yashchenko, Elena S. Sinelnikova, Maxim E. Shumov

Purpose in Life and Uncertainty Tolerance in Transport University Students during

the COVID-19 Pandemic

scale, low and high levels predominate. The research
findings show that uncertainty tolerance is associated
with purpose in life. A low level of uncertainty toler-
ance correlates with a lack of purpose in life, a lower
level of confidence in their ability to control life and
a lack of emotionally-charged and interesting life as
being.

Thus, an average level of uncertainty tolerance can
be assumed as optimal. Public sector workers with a
low level of anxiety and pronounced temporal infan-
tilism have a higher level of uncertainty tolerance
compared to those with an average level of anxiety
and temporal freedom (Dukhnovsky SV., 2022). The
average scores on the “Uncertainty Tolerance” scales
suggest that the Transport University students accept
ambiguous situations in general and are willing to un-
dertake challenging levelsf tasks. They are moderately
positive to novelty, are highly reflective and relatively
quick to move from plans to action, and have a mod-
erate ability to take risks. A low level of uncertainty
tolerance revealed in a third of the students surveyed
can potentially reduce their psychological adaptability
to ambiguous situations. The gender differences in un-
certainty tolerance have revealed that uncertainty tol-
erance in males correlates with social success, whereas
in females — with moral values, creativity and hobbies.

In conclusion, it can be stated that the Transport
University students possess well-balanced material and
spiritual values, a well-developed sense of life purpose
and a high level of uncertainty tolerance. Purpose in
life is associated with higher uncertainty tolerance. The
students with the defined life purposes are more toler-
ant of uncertainty. They readily learn new skills and
solve challenging tasks, and are prepared to live and
act in uncertain environments.
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AHHOTA Vl B npouecce pa3zpaboTkn HOBOro COBPEMEHHOrO NpUbopa AMArHOCTUKM U MOHUTOPUHTA B PeXUME pe-
a/IbHOrO0 BPEMEHM CUCTEMbI 33a3eMNIEHNS A1 YYETa CYLLEeCTBYHOLWMX 0COOEHHOCTEN Pa3BUTUS BbICOKOCKO-

POCTHOIO ABUXXEHWS NPOBELEH aHaNN3 COBPEMEHHbIX YCTPOWMCTB AUArHOCTUKM TATOBOW CETU XENe3HOL0POXHOro TpaHCnopTa.
MpencraBneHbl UMeOLLMECs YCTPOWCTBA, METOAbI AMArHOCTUKU U MOHUTOPMHIA 31eMEHTOB TArOBOTO 3/1EKTPOCHAGKEHNS KENe3HbIX
nopor. OTpakeHbl OCHOBHbIE MPUHLMMbI paboTbl MPUMEHSIEMbIX YCTPOCTB, @ TAKXKE NPOaHaIM3MPOBaHbI X MPEUMYLLECTBA U He-
[LOCTaTKM. BbINONHEHHDbIM aHanun3 No3BOSET CYyAUTb HE TONIbKO O TEHAEHLMAX Pa3BUTUS CUCTEM AMATHOCTUKM M MOHWUTOPUHTA, HO
W CoenaTh BbIBOAbI O AANbHEMILMX NEPCNEKTUBAX UX BHEAPEHUS U LOPaBOTKM.

© A.A.Agunoy, |.A. Terekhin, O.A. Stepanskaya, |.A. Baranov, E.G. Abishov, 2023
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INTRODUCTION

Based on the “Strategy for the Development of Rail
Transport in the Russian Federation up to 2030”, Rus-
sian railways have been concentrating their efforts on
the extension of high-speed traffic, increase of train
weights and improvement of reliability of the current
collection system. The risks of traction network fail-
ures increase with the increase in speeds; train traffic
disruptions lead to significant economic losses. Repair
works take a considerable amount of time, as the dam-
aged sections become more extensive. The standard
way of ensuring high reliability factors is providing
redundancy and increasing the safety margin. So, at
speeds over 160 km/h, it is forbidden to operate the
contact wire with wear and tear exceeding 20 % of the
nominal cross section. At the same time, on the lines
with low speeds, the 30 % wear is allowed. A similar
situation is with the tension of contact wires and cables
in the catenary suspension system. Despite the positive
effect of increased wire tension on the quality of cur-
rent collection, it is limited to about 50 % of the yield
strength of the material.

The factors described above have led to the situa-
tions when the contact wires have to be replaced long
before reaching their critical wear and tear nowadays,
thus, leading to a decrease in the dynamic performance
of the current collection system. The problems related
to the increase of permissible speeds and service life
of contact wires in conditions of high-speed traffic are
acute and should be taken into consideration when de-
signing high-speed lines.

In operation, the contact line adjustment character-
istics specified by the project are capable of exceeding
the permissible values due to the electric rolling stock
impact (ERS), climatic conditions and current loads and
all this can lead to failures. To ensure quality and re-
liable current collection, it is necessary to constantly
monitor the state of the contact line and traction net-
work as a whole. Improvement of contact line opera-
tion technologies using the permanent diagnostics and
monitoring systems helps to reduce the need for JSCo
“Russian Railways” in traction network elements with
increased strength characteristics as well as to increase
their life service and allow high-speed train movement
on conventional rail sections.
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Under the “Strategy for Scientific and Techno-
logical Development of the Russian Railways Holding
Company for the period up to 2025 and for the per-
spective until 2030”, one of the most important tasks in
rail transport is to improve the quality of the traction
network maintenance through the use of software and
hardware complexes. They will enable the monitoring
and diagnostics of traction network elements in an au-
tonomous mode.

Autonomous diagnostic and monitoring devices in-
tegrated into the whole system will improve the quality
of diagnostics and monitoring, as well as reduce the
need for highly qualified personnel and virtually elimi-
nate the human factor (Burkov, 2021).

MATERIALS AND METHODS

Traction network monitoring and diagnostic de-
vices can be divided into mobile and stationary ones.
Mobile devices are a laboratory wagon and various
manual devices for control of traction power supply
system elements. Stationary devices are used for con-
tinuous monitoring of certain parameters in real time.
The information from stationary devices is transmit-
ted via various communication channels, such as opto-
electronic and radio channels, mechanical (via insulat-
ing element), and optical. Processing and analysis of
output signals from the sensors installed on traction
network elements are performed according to spe-
cially developed algorithms for each of them and the
program responsible for combining, storing and trans-
mitting these signals.

Mobile Diagnostic Devices

The problem with using mobile devices is that they
have to perform diagnostics on operating lines with
electric trains constantly running. In addition, manual
measurements aren’t sufficiently effective since they
require patrolling of the monitored sections of differ-
ent lengths and do not give accurate data.

One of the most effective mobile devices is an auto-
mated control system of contact line parameters. They
are installed in a diagnostic laboratory wagon, on the
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Fig. 1. System for speed control of contact wire

roof of which a measuring current collector and an ob-
servation tower with measuring equipment are mount-
ed. Besides determining the type and magnitude of the
voltage used in a contact line, the special devices make
it possible to measure and register the deviations of the
contact line parameters beyond normal for all the con-
tact line facilities. Thus, they automatically generate
a report on the assessment of the technical condition
of the contact line on the monitored track section. The
design of the observation tower provides a wide and
sufficient view for the measuring and control systems
installed on it for video and thermal monitoring as well
as ultraviolet diagnostics.

The system of fast control of the contact wire! [1]
(Fig. 1) is one of the modern developments. The sensors
take all measurements in a non-contact manner, and
the measurements are taken at the level of railhead top
in relation to their location in the section. Simultane-
ously, the computer system devices register the low-
ered position of the contact wire on aerial frogs and the
height of the clips set relative to it. They also measure
the force of current collector pressure on the contact
wire as well as register shocks to the current collector,
contact wire tension and current collector skid breaks
off. The diagnostics data with the registered deviations
from the required standard parameters of the contact
line are displayed in the form of graphs on the moni-
tors of the operator’s computer system that are saved
on the computer storage devices. The measurements
from the thermal imaging and UV camera are recorded
separately. All recorded readings are integrated with
the recorded parameters of train speeds and the dis-
tance travelled in the sensors as well as in the points of
contact wire fixation.

Stationary Diagnostic Devices

The JSCo “Russian Railways” testing ground rail-
way has been widely using the stationary diagnostic
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and remote monitoring system (SDRM) of the contact
line. It includes various sensors for recording the pa-
rameters of the technical condition of the contact line
elements consisting of a carrying cable (CC), contact
wires (CW), consoles, strings, and load-compensating
devices placed on the anchored poles of the contact
line. The stationary data acquisition and transmis-
sion devices are installed along the entire length of the
contact line section on the CC and CW behind the roll-
ers of the load-compensating units and/or above the
load-compensating unit placed on the anchored poles
of the contact line (Fig. 2). Each device for collecting
and transmitting information has a set of sensors for
measuring the parameters of the technical condition of
the contact line elements, a microprocessor device for
analog-digital processing of the sensors’ information,
an autonomous power supply, a device for wireless
communication between the device and an interme-
diate information storage device SDRM placed at the
nearest station. The latter is connected with a single
storage device collecting information about the contact
line elements of the railway network by wire and/or
wirelessly [2].

However, the stationary devices have not been in-
stalled yet due to certain difficulties. In order to control
the parameters of the contact line for detecting pre-fail-
ure conditions, it is planned to use a combined moni-
toring and diagnostic system consisting of mobile di-
agnostic devices (laboratory wagons), diagnostic tools
on the ERS, and stationary monitoring devices installed
along the entire line section as well as a single system
for data collection and analysis. The stationary devices
provide diagnostics and monitoring of a number of pa-

Fig. 2. Information collection and transfer device SDRM

! Contact Network Control Systems. URL: https://tvema.ru/625 (In Russ.).
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rameters, for example, the displacement of compensat-
ing weights, tension of contact suspension wires, tem-
perature of contact wires, ice formation, vibration, and
inclination of contact line poles, etc.2

Results and discussion

The main disadvantage of the existing systems for
monitoring the contact line condition with the help of
mobile diagnostic devices is that these measurements
are carried out periodically, and the monitoring time is
short enough, which does not provide a constant con-
trol of the stress-strain behaviour of the contact line
elements. In addition, the optical devices do not pro-
vide very reliable data.

The continuous monitoring systems that are used
do not allow assessing the tension of wires and cables
of the traction network in online mode; otherwise, they
require corrections in the construction of the moni-
tored facilities.

Both versions of diagnostic and monitoring sys-
tems can control only one parameter — the strain in
wires and cables. In addition, the described systems
do not provide continuous diagnostics and monitoring
of the behaviour of traction network elements. Most
importantly, they do not provide real-time prediction
of pre-failure and failure situations. Currently, many
of these disadvantages have been solved in the recent
developments [3, 4]. However, further improvements
are required before the new system can be installed.
Along with the development of the optimal system for
diagnostics and monitoring of the contact suspension
elements, the issue of diagnostics and monitoring of
other elements in the traction network, in particular,
such an important element of traction power supply as
the grounding system, remains unresolved.

According to (Ministry of Railways of Russia, 1993)
(Table), it can be concluded that the frequency of
checking the grounding system devices is not as re-
quired and consists mainly of visual inspections. That
combined with the human factor creates a high prob-
ability of not detecting the faults in the grounding sys-
tem beforehand.

This maintenance procedure inevitably involves
high labor costs of its implementation, and often does
not detect the real pre-failure states of the grounding
system elements. This leads to failures and, conse-
quently, to disruptions in train traffic, and in the worst
cases, can lead to disasters.

One of the important and problematic issues is the
resistance of the contact line poles groups, which af-
fects the operation of the relay protection.
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Operational information about the technical con-
dition of the traction network elements including the
grounding system will allow technicians to eliminate
pre-failure conditions in time.

Currently, only the railway automation and tel-
emechanic facilities are equipped with the devices of
continuous diagnostics and monitoring as less than
3 % of failures leading to disruption of train traffic
and risking safety of people registered are caused by
them [5, 6]. However, the traction network and rail-
way track facilities are to be equipped by continuous
diagnostics and monitoring devices as they are not
redundant.

It has been a long-time necessity to introduce con-
tinuous monitoring and diagnostic systems of the
traction network on railways as failures of traction
network elements lead to disruption of train traffic,
threaten the safety of passengers and maintenance
personnel, and have a negative effect on adjacent fa-
cilities.

It should be noted that the cost of implementing the
monitoring and diagnostics system is supposed to be
less than 10-15 % of the cost of capital construction of
the traction network according to a preliminary esti-
mate. The cost of the diagnostics and continuous moni-
toring system can be divided into two components:
the cost of technological equipment such as sensors,
accumulators, autonomous power supplies, etc. and
the computer centre of the complex including data
transmission channels, automated workplaces, serv-
ers, etc. Application of the continuous monitoring and
diagnostics system will contribute to almost complete
elimination of critical damage of traction network ele-
ments leading to a threat to human safety and disrup-
tion of train traffic.

Obviously, the quality and safe operation of electri-
fied railways directly depends on the reliable opera-
tion of all components of railway infrastructure and
ERS. Thus, the system of continuous monitoring and
diagnostics of railway infrastructure facilities includ-
ing grounding systems is an effective means of ensur-
ing high reliability as well as forecasting pre-failure
conditions.

The specialists of the “Electric Power Supply of
Railways” Department at the Emperor Alexander I
St. Petersburg State Transport University are working
on the development of a new diagnostic and monitor-
ing device for the grounding system in real time. In
combination with the traction power supply system
without grounding the contact line poles on the trac-
tion rail, this device will create a low-maintenance
grounding system and allow for control within the
digital substation.

2Innovative Contact Network Solutions for High-Speed Lines. URL: http://eav.ru/publl.php?publid=2017-11a04 (In Russ.).
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Table

Frequency of inspections, checks and measurements of grounding devices

Name of work on the scope of maintenance for grounding devices

1. Inspection of all visible grounding system elements, checking tightness of contacts, the

Twice a year (spring and autumn)

integrity of the installation, absence of mechanical damage; tightening of loose bolted contacts,

elimination of detected faults

2. Selective opening of the ground to inspect grounding elements in the ground

3.Measuring the resistance of the grounding device (if it’s value is rated)

4. Measuring the grounding resistance of structures and devices connected to the rail circuits
(if necessary to monitor their values with regard to their influence on the operation of signal-

ling circuits and protection against electrical corrosion)

5. Checking serviceability of protective devices of the grounding circuit:
airgap
diode, diode-spark grounders
airgap type IPV-CNII

6. Checking the serviceability of the grounding circuits by electrical measurement

CONCLUSION

Development of the real-time diagnostics and mon-
itoring system for the railway traction network goes
hand in hand with the improvement of monitoring
technologies, reduction in the computer system cost
and an increased level of the system operation quality.
Additionally, the equipment of railways with continu-
ous monitoring systems creates favorable conditions
for the development of digital railway space or digital
railway [7].

The development of data transmission networks
with signal-transmitting elements included in the di-
agnostic devices of the permanent traction network
monitoring system on long railway sections boosts the
development of diagnostic information wireless trans-
mission system in real time. Any diagnostic and moni-
toring devices for the railway infrastructure, including
grounding systems equipped with radio transmitters
can be connected to such a system. This would not re-
quire the provision of counterpart services in terms of
communication [8]. At the same time, a real-time digi-
tal diagnostic data transmission system will allow the
use of cloud-based storage and transmission technolo-
gies on the railway transport. For example, the near-
est service personnel can transmit the diagnostic and
monitoring data by means of portable devices to the di-

SMART TRANSPORT AND INTELLIGENT SYSTEMS FOR THE INDUSTRY 4.0

once every 5 years

After installation, not later than 6 months after com-
missioning, and thereafter at least once every 3 years

During commissioning and thereafter at least once
every 5 years (for direct current) and at least once
every 10 years (for alternating current)

once every 3 months
twice a year
once a year

once a year

agnostic and monitoring facility. Stationary workplaces
with a large number of hardware and computers will
not be required, and the monitoring data can be inte-
grated into a separate module of the automatic train
control system. The reduced equipment will cut the
cost of diagnostics and monitoring systems for various
railway infrastructure facilities. However, scientists
engaged in the development of continuous monitoring
systems for railway infrastructure facilities have not
yet been able to solve the problem associated with the
use of diagnostic data not only for maintenance tasks
but also for transferring information about deviations
from the standard indicators on the on-board units of
the EPS. This would allow taking the right decisions
in conditions of critical violations of train safety to
counteract dangerous situations, from a lowered pan-
tograph in dangerous areas to a complete train stop.

The development of the continuous monitoring and
diagnostics system for controlling railway traction net-
work elements have shown the prospects of its wide-
spread implementation as well as the possibility of us-
ing Smart grid technology, that is smart power supply
networks [9].

The development of continuous traction network
monitoring technology, as well as the creation of low-
maintenance diagnostic tools, will enable the optimiza-
tion of all electrified railways in the future.
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AH HOTA M PaccMoTpeHbl OCHOBHbIE 3Tanbl Pa3BUTUS TPAHCMOPTHO-IOTMCTUYECKOTO PbIHKA, MPOAHaNM3UMPOBaHbI U3-
MEHEHUS B LLernoYyKe NMOoCTaBOK U PbIHOYHbIE TEHAEHLMU, PACKPBITO UX BIMSIHUE HA YCKOpeHue npouec-
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TPaHCMOPTHOM MHBPACTPYKTYpPbI U IOTUCTUKK, AaH GOpCanT-NnporHo3 ans 6usHeca Ha npeacroswme 10 net.
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INTRODUCTION

The Asian region now has significant human and
natural resources. Of the world’s 30 largest cities, 21 are
in Asia. It is expected that of the estimated 30 trillion
dollars of growth in middle-class consumption by 2030,
only one trillion dollars will go to the Western econo-
mies. At the same time, the future of Asia itself depends
on the collective will to strengthen dialogue among the
cultures, traditions and world views of the peoples of
the region.

CARGO MARKET

The Republic of Kazakhstan (Kazakhstan), which is
a part of the world market of logistics services (RLU),
has come a long way in the last 30 years. From Fig. 1,
which presents the main stages of development of the

transport and logistics market, it follows that during the
period 1991-2022, this market has developed rapidly.

This was due to the following circumstances:

Firstly, the state created conditions for the develop-
ment of a competitive environment and private initia-
tive in the segment of operating freight wagons. Freight
forwarding, customs brokerage companies began to
appear actively. In the middle of the 2000s there was
a boom on the wagon companies. Zh.-d. the adminis-
trations of Russia, Ukraine and Kazakhstan have trans-
ferred the fleet of MEAs wagons to the ATP park. There
was a pool of private investors who invested in their
own cars. Today in Kazakhstan about 135 thousand
private cars (more than 75 % in the structure of the
car park of the country). They are owned and operated
by dozens of owners — from large to small companies,
private individuals. A truly highly competitive RLU has
appeared in this segment. Tens of thousands of new
jobs have been created.
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customs brokers
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a freight
forwarder

Development of
terminal services

Insurance and serwce
security services

Fina! elimination of
the concept of the ICS

Creating a market
for logistics
prowders

Creating a market for
private carriers

(TARA)
What about

2
Digitalization of the fuiture?

wagon fleet freight transport
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([ During the period 1991-2022, the transport market grew rapidly

[ market Containerization i
Division of the Deregulation of the - :
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[
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Fig. 1. The main stages of development of the transport and logistics market
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Fig. 2. Developments in logistics (supply chains)

Secondly, amendments and additions were made to
the Legal Acts regulating the work of railway (Zh.-d.)
transport, which opened up opportunities for access
to the main railway. Network of private cargo carriers
and promotion of competition. For example, in May
2018 in Kazakhstan, two private carriers began trans-
porting goods using their own locomotives, along with
the National Cargo Carrier “Cossack Temir Zholy”. At
that time, private carriers were completely new par-
ticipants of RLU.

Thirdly, digitalization of logistics has been actively
developed, issues of containerization have moved to a
more active stage, and innovative direction has started
to develop.

In the USSR supply chains were quite simple (see
Fig. 2). Logistics was not considered in conjunction
with the sale of goods and services, and the associated
and indirect costs were not considered.

Since the 1990s, logistics has been integrated into all
industries and economies. Production processes have
been segmented and detailed into smaller business
processes. This period is characterized by the search
for new solutions in the field of reducing costs (logis-
tics costs) in production, distribution, sales and deliv-
ery. Modern automated warehousing complexes have
been formed and containerization of freight transport
has been actively used.

The application of uniform packaging and packag-
ing standards in distribution logistics systems has had
a significant economic impact.

The functions of enterprises and partners in logis-
tics business are segmented into a single logistics chain
(i.e.: procurement — production — distribution and
sale).

The IT revolution and the introduction of personal
computers have also influenced the development of a
new logistics vector. State-of-the-art software enabled
the use of computers ranging from the procurement
process to the distribution and sale of the finished
product.

The volume of logistics services transferred to out-
sourcing 2.3PL to operators and to operators 4-5PL is
increasing.

And it is expected that this trend of doing business
will only gain momentum in the future.

Aware of the enormous contribution of logistics to
the profitability of business processes, business owners
increasingly have to turn to logistics experts.

This shows good prospects for the development of
logistics in general.

In recent years, the construction of high-tech ware-
houses of the full cycle has been growing, order in the
transport sector has been brought to the legislative lev-
el, and programmes for automation and optimization
of logistics processes have been produced.

Customers are provided with quality service and
optimization of their logistics processes.

As we see from the history of the formation of
transport logistics, this industry is actively develop-
ing and growing, and large companies no longer rep-
resent their business without the help of a logistics
operator.

International companies and large firms separate
special services, departments, departments or logistics
sectors.

The main function of most companies was to re-
duce the cost of goods and to use raw materials, semi-
finished products and components more efficiently.

ECONOMICS OF INTERNATIONAL TRANSPORT AND LOGISTICS: INTELLIGENT AND DIGITAL SOLUTIONS AND PRACTICES 3
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CHANGES IN THE SUPPLY CHAIN HAVE
GIVEN IMPETUS TO THE DEVELOPMENT
OF LOGISTICS

The growing needs of the business environment led
to the need to create and develop service companies
that provide a full range of services from the initial
consignor to the final recipient.

On the radar other than aviation, water, etc. Project
logistics and project management, multimodal trans-
port involving two or more modes of transport have
emerged.

Thus, not only the technological but also the com-
mercial and financial role of radar transport has been
recognized.

There are new professions in demand:

IT operators in logistics;

dispatchers — aggregators;

developers and technologists of logistics solutions;
coordinators;

integrators;

suppliers of all kinds etc, which creates new jobs.
The development of world integration processes
has contributed to the creation and development of in-
termodal and multimodal logistics companies.

A new paradigm of international trade has been es-
tablished, migration has increased, and there has been
an exponential increase in freight turnover, vehicle
fleet and world transport and logistics infrastructure.
The business level of the transport and logistics com-
plex has increased. It develops as a result of the growth
of production and consumption, while giving new im-
pulses to the integration of production processes, dis-
tribution, marketing and delivery of products, their
logistics, which allowed planning and delivery from
anywhere in the world.

Manual processing of goods and documents pre-
dominated in all the authorities involved:
customs clearance;
phytosanitary design;
registration of transport documents;
registration of the origin of the goods;
payment of the tariff and related services;
insurance of goods etc.

The current world trends have influenced the accel-
eration of digitalization processes, electronic document
circulation has been introduced everywhere.

In the beginning there were the usual simple digital
solutions, then went more extended and deeper soft-
ware products.

Electronic transport is now used instead of tradi-
tional paper transport documents. The software system
is good because, sitting in the office at the workplace,
any employee can submit documents for approval and
track their progress through a single electronic data-
base.

of the Republic of Kazakhstan

If previously, when approving letters, protocols,
telegrams and other documents had to go through a
series of offices until they reach the table of the sta-
tion chief or other structural unit, now this procedure
has been simplified and is carried out at an accelerated
pace, without delay.

Due to this, the consumer of transport and logistics
services has the opportunity to use the high speed of
processing of goods and accompanying documents,
mobility and transparency of their preparation, regis-
tration and passage.

There are many digital platforms and services that
allow providing services to clients in one click.

Users of these programs can access applications
from any device, whether mobile phone or computer.

The most important thing is to eliminate human
contact as much as possible.

Various digital platforms created by different tools
between RLU actors in different countries are being
integrated.

In addition, the pandemic has changed a lot in the
logistics space, as a result of the trend of digitalization
(digitalization) has only intensified.

The share of e-commerce and marketplaces as well
as automation and robotization of warehouse opera-
tions can be noted.

Further development of logistics contributes to
creation of amazing and useful digital developments.

In the period 2000-2020, the Government of Ka-
zakhstan has carried out several programs of reform
of railways.

In general, the reform of railways was aimed at im-
proving the efficiency and quality of services through
liberalization, private initiative and investment.

The Government of the Republic of Kazakhstan has
adapted the approach adopted in the European Union,
consisting of vertical division. infrastructure and trans-
portation, development of competition.

During this time, a relevant legal and regulatory
framework has been established for carrying out the
fundamental changes reflected in the policy documents
on the reform. industry, corporate strategy and legisla-
tion, including organizational separation of transport
activities and infrastructure.

Implemented measures:

— amendments and additions to international trea-
ties on the functioning of transport in the EEA;

— harmonization of tariffs for the carriage of goods
by type of communication;

— large-scale investment program for renewal
of rolling stock and construction and modernization of
infrastructure;

— initiation of work on introduction of a new mech-
anism of subsidy of losses of carriers, carrying out the
following passenger transport on socially significant
inter-regional communications;

ECONOMICS OF INTERNATIONAL TRANSPORT AND LOGISTICS: INTELLIGENT AND DIGITAL SOLUTIONS AND PRACTICES 4
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— development of the industry of transport engi-
neering;

— intensive development of logistics and multimo-
dal transit transport.

In his recent address, the President of the Republic
of Kazakhstan K-J. K. Tokayev stressed that the devel-
opment of the new Eurasian logistics infrastructure is
one of the important priorities.

The Head of State noted the importance of joint de-
velopment with the participating countries of interna-
tional transport corridors (MTC) in terms of ensuring
freedom of transit of goods, creation of new and mod-
ernization of existing MTC.

Taking into account the tasks set by the state, the
further business strategy envisages growth in the seg-
ment of transit and multimodal transport and logistics
services through:

e development of new competencies and integration
of services into a single logistics service;

e entering new segments of the radar and offering
new transport “products”;

e modernization of transport infrastructure; estab-
lishment of the internal and external TLC network;
development of the dry cargo fleet;
forming partnerships and alliances;
the institutional development of ITC.

In order to ensure the full development of the trans-
port and transit potential of the country in accordance
with the instruction of the Head of State, the sectoral
Ministry, together with business, is developing a con-
cept for the development of transport and logistics

REQUIREMENTS
SHIPPER

Availability of services

Kanat K. Kobesov, Peter V. Kurenkov, Artemiy P. Ilvanov, Maria A. Onufrieva

Tendencies, expectations of shippers and solutions of operators in the transport market

of the Republic of Kazakhstan

potential of the country until 2030, which will form
a new conceptual framework for the development of
transport and logistics complex, taking into account the
growing requirements for competitiveness and quality
of services.

Foreign trade conditions were favourable for Ka-
zakhstan in 2022. The main markets for Kazakh prod-
ucts are China, Italy and Russia.

Merchandise exports rose by 53 % to $48.9 bn, while
imports grew by 14 % y/y to $25.4 bn.

Total turnover rose by 37 % to over $74 billion.

There was a significant increase in deliveries to the
EU and China.

More than half of Kazakhstan’s output was export-
ed, with processed goods accounting for one third of
total exports.

The number of countries receiving Kazakhstan’s
exports has increased, i.e. the number of commodity
markets has increased from 112 to 118.

Positive trade results are directly related to the cur-
rent expectations of shippers.

The main criteria are traditionally (see Fig. 3):
availability of services;

customer focus;

contractual urgency of delivery;

reliability of services (punctuality, safety and secu-
rity);

flexible prices according to contract quality;

e additional services.

Changes in logistics have given rise to various busi-
ness proposals. Practically all leading enterprises and

MEASURES TAKEN
MARKET RESEARCH

Transport market analysis

Client satisfaction assessment analysis

Segmentation of shippers by type of services consumed

Involvement of leading international consulting agencies to analyze and
develop a sales plan

Image events (exhibitions, Road show, round tables, etc.)

Customer focus

Contractual urgency of delivery

Reliability of services
(punctuality, safety and security)

Development of multimodal transport (other modes)
Container management

Launch of new services

Expansion of the geography of domestic logistics providers

LOGISTICS IMPROVEMENT

Flexible prices according to
contract quality

Additional services

CREATE CONDITIONS

Conclusion of long-term contracts with shippers

Creation of competitive conditions for export and transit goods on the
territory of the Republic of Kazakhstan and countries of destination

Work with the State authorities to simplify the transport process and the
issuance of accompanying documents

1

Fig. 3. Current expectations of shippers and measures taken
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JSK “Kostanay Minerals”
Cargo: asbestos, loading — 500 cars per month

LLC “Unix”
Cargo: drinks, loading — 300 cars per month

cars

Purcgased

LLC “Laton-Market”

Cargo: quartz sand, loading — 100 cars per
month

TOO “Nurly Zhol Trade”
Cargo: crops, loading — 50 cars per month

Fig. 4. Examples of realized cases

companies on the world RLU concentrate their re-
sources on the main activities — this is the question
of shippers. Each shipper strives to reduce the cost of
goods and services, to ensure better quality, to increase
competitiveness on the radar. And most importantly —
in time to remove goods or raw materials.

In accordance with the current rules and require-
ments of RLU, complex logistics services are the most
advantageous for customers.

Almost all of us faced with a shortage of cars, espe-
cially this is acutely felt during the “seasons” of mass
loading. The main leitmotif of exporters become “wag-
ons”!

And the expression “client is always right” is as
relevant as ever!

A case was developed — the purchase of freight
cars for private investment under long-term offtaker
contracts for transportation with shippers.

Kanat K. Kobesov, Peter V. Kurenkov, Artemiy P. lvanov, Maria A. Onufrieva
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As a result, all three parties get their benefits: inves-
tor — dividends, operator — wagons, shipper — timely
export of goods.

Within the Association of Entrepreneurs “KIT”
several cases were realized, which are presented in
Fig. 4.

The implementation of these cases made it possible:
to attract private investment for the purchase of
own car fleet;

offer exporters a service aimed at minimizing tech-
nological and transport costs;

to apply a complex of transport and logistics servic-
es to Kazakh enterprises taking into account their
specific features of production processes;

increase the volume of cargo exports without ad-
ditional costs;

create new jobs of logistics competence;

Increase tax revenue from freight transport.

At present, the Eurasian space has an extensive
system of transport communication and is connected
to all major MTC for access to the world radar (see
Fig. 5).

FIVE MTCS HAVE BEEN ESTABLISHED
AND ARE OPERATIONAL

This is the Northern Corridor (the route connects
Western Europe with China, the Korean Peninsula and
Japan. through which container trains pass through
Kazakhstan in the direction of China — Europe.

The Central Asian corridor — provides transit trans-
port between the Russian Federation and the countries
of Central Asia (the route connects the countries of Cen-
tral Asia with North — West Europe. From the side of
Kazakhstan it is the section Saryagash — Arys — Kandya-
gash — Ozinki).

Moscow

Russia

"‘K Port

“of Turkmenbashi

NumZSuItaFi\

Kazakhstan Altynkol

China
| Kashgar

====_Trans-Caspian corridor
=== Alternative corridor

Fig. 5. Trans-Caspian and alternative transport corridors
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South Corridor. This route connects China and the
countries of South — East Asia with the countries of
Central Asia and the Persian Gulf (the route connects
the countries of China and the countries of South - East
Asia through the countries of Central Asia, Iran, Tur-
key. Kazakhstan is the section Altynkol — Almaty — Shu -
Arys - Saryagash).

North - South connects the Russian Federation with
Iran, the Gulf countries, India. In addition, the Kazakh-
stan — Turkmenistan — Iran route (east North — South
branch) currently connects China directly through us
with Iran (route from Saint Petersburg to the port of
Mumbai. From the Kazakhstan side — these are the
sections Iletsk/Osinki — Beine/Ozen - Bolashak).

The TRACECA corridor, in which Kazakhstan is de-
veloping the Trans-Caspian International Transport
Route (TMM) (the route connects Eastern Europe with
Central Asia and China. From the side of Kazakhstan,
this section is Altynkol/Dostyk — Aktau/Kuryk).

It is clear that, over the next 5 to 10 years, private
investment will focus on:

e for the construction of terminals;

e for the purchase of rolling stock;

e the introduction of new technologies, further digi-
talization of the transport of goods and passengers;

e the development of transport and logistics busi-
ness;

e for the construction of dry cargo and ferries.

For example, in order to further increase the transit
potential of the Trans-Caspian route Kazakhstan plans
to build a “container hub” in the port of Aktau.

The project will involve global logistics companies
such as MAERSK, COSCO, PSA International.

In the port of Kuryk, the Novoshima grain company
is building a grain terminal (capacity of 1 mln. tons,
worth about 17 mln. dollars — private investment).
Completion is planned for 2025.

“Semurg Invest” plans to build a multifunctional
terminal (cost — 320 million dollars, private invest-
ments). Completion is planned for 2025.

Also, due to the shortage of ferry fleets in the Cas-
pian Sea, Kazakhstan plans to build its own ferry boats
in the amount of 10 units.

For reference:

Total merchant fleet — 153 ships.

Kazakhstan — 10 units, including on the Caspian Sea
— 8 ships (including: 5 tankers, 2 dry cargo, 1 container
ship), on the Black Sea 2 dry cargo.

Azerbaijan — 52 units (35 tankers, 17 ferries).

Iran — 35 units (dry cargo).

Russia — 46 units (5 tankers, 41 dry cargo).

Turkmenistan — 10 units (8 tankers, 2 ferries).

The share of Kazakhstan on the Caspian Sea is 39 %.

In addition, in order to upgrade the rolling stock
until 2025, it is planned to buy semi-cars, platform cars,
trunk locomotives.

of the Republic of Kazakhstan

Today, work is actively carried out on the mode-
rnization of transport infrastructure on the section
“Dostyk — Moyinty”, which is part of the transit corri-
dor China - Europe;

e building bypass. Almaty line, which will unload the
Almaty junction by 30 % and reduce the delivery
time to 24 hours;

e construction of the new “Darbaz — Maktaral” line,
which will give impetus to the development of the
Central Asian corridor.

Work is underway to establish cooperation with
the Singapore company “PSA Group”, which offers to
integrate their ready-made information systems into
freight logistics.

For reference: The integration of information sys-
tems will serve as an additional impetus to the de-
velopment of MTK, as the global PSA network cov-
ers more than 50 offices in 26 countries. The Group’s
portfolio includes more than 60 deep-sea, i.e. inland
terminals.

Of course, it is worth noting that neighboring coun-
tries also have an investment policy aimed at the develo-
pment of their transport infrastructure and logistics.

For example, China, Kyrgyzstan and Uzbekistan are
considering the construction of an alternative route
to the Caspian Sea, which will facilitate the develop-
ment of transport in the direction of Turkmenistan, the
countries of the Caucasus, Turkey and Iran. Alternative
Corridor (cf. Fig. 5) is actively supported by the Admini-
strations and State Bodies of Uzbekistan, Azerbaijan
and Georgia.

Iran is firmly committed to restoring the Herat —
Khaf section, which will connect Afghanistan and Iran.
Iran is committed to the restoration of this section.

Completion of the construction will further develop
trade links with Afghanistan’s most successful city of
Herat and create a corridor to the Middle East, as well
as through the Iranian port of Chakhbehar to India, Eu-
rope and South-East Asia.

The business outlook for the next 10 years shows
that the main trends for the next 10 years are:

1) logistics will become fully electronic (business
environment), the emphasis will be on the environ-
mental friendliness of transport;

2) technology and innovation imports will quadru-
ple;

3) exports of goods will double, 40 % of the exports
will be finished products;

4) the growth of human capital and the need for
educational purposes in logistics;

5) monetization of research and development in
logistics;

6) the inflow of foreign capital will quadruple;

7) trade in food products will increase by a factor
of 1.5 to 2, which is related to the organization of food
security of Asian countries.
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CONCLUSION

At present, the key task of railway transport is to
maintain current customers thanks to the reliability
and speed of traffic. The main direction, as throughout

Kanat K. Kobesov, Peter V. Kurenkov, Artemiy P. lvanov, Maria A. Onufrieva

Tendencies, expectations of shippers and solutions of operators in the transport market
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2022, remains the development of new points of activ-
ity and diversification of complexes of logistics ser-
vices, which will allow to offset the effects of reduced
segments of activity, using developments published in
sources [1-7].
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AH HOTA M PaccMoTpeHa npobneMaTka KoonepaLym B YCI0BUSX BO3PACTALOLLErO CAaHKLIMOHHOTO AABNEHNUS Ha TPaH-
cnopTHo-noructuyeckuin komnnekc (TJ1K).

MpoBeLeH KOMMIEKCHbIM 3KCNPeCcc-aHanu3 BO3LEMCTBUS BBEAEHUS CaHKLIMIA MO HanpaBneHusM Koonepauuu. M3yyeHa cuctema
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Onpe,u.eneHa nocnenoBaTeNlbHOCTb OLLEHKU 3q3d)eKTl/IBHOCTVI 6I/13HeC-I'Ip0LLeCCOB,,El,l/IHaMl/IHECKl/Ie MOLENN Pa3BUTUA SKOHOMUKMU.
I'Ipe,D,CTaBneHa cXemMa CUCTeMbl Koonepauuun OpFaHl/IBELI,IAVI TIK; KPpOME TOro, onga peweHna 3aaa4 Ko-MapKeTuHra npennoxeH
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INTRODUCTION

Technological, socio-economic and environmental
changes in recent decades have led to a rethinking
of approaches to management of the transport and
logistics complex development (TLC). In addition to
the external factors, Russian TLC enterprises have
been affected by successive economic sanctions since
2014. These sanctions have resulted in the restriction
of TLC operations and deliveries of imported prod-
ucts not produced in our country, as well as sophis-
ticated equipment, technologies and dual-use goods
to Russia.

On 25 February 2022, the European Commission
published a regulation restricting exports of certain
product groups from the European Union to the Rus-
sian Federation. European suppliers must obtain spe-
cial licenses to export goods to the Russian Federation.
From 3 March 2022, US companies must also obtain
licenses to export certain types of equipment and elec-
tronics to Russia. The authorities in charge of issuing
such licenses have been encouraged to make active use
of the “denial policy”. Australia, South Korea, Canada,
Japan and several other countries have joined in re-
stricting the shipments to Russia.

In the current circumstances, Russian enterprises
engaged in production and economic activities in the
TLC sector have been advised to implement a strategy
of cooperation and joint marketing (co-marketing) as
an anti-crisis toolkit.

MATERIALS AND METHODS

The governments of the sanctioning countries do
not oblige international TLC companies to withdraw
from the Russian market. However, many foreign
transport companies are forced to suspend or termi-
nate their operations in the Russian Federation. The

transport and logistics corporations have been acting
under strong pressure when making their own deci-
sions about continuing/terminating their operations
in Russia in the current international political context.

Sanctions are indirectly affecting the structure of all
Russian foreign economic activity. One of the effective
crisis response tools for Russian TLC enterprises can be
collaboration in management of multimodal and inter-
national cargo transportation as well as joint market-
ing (co-marketing) [1-3].

Cooperation and co-marketing enable businesses
to remain in the market and continue their business
activities in the face of economic sanctions and restric-
tions. Fig. 1 and 2 show the total number of sanctions
against a number of countries worldwide and the
sanctions’ impact on various sectors of cooperation in
Russia.

To support the importing companies, the Govern-
ment of the Russian Federation and the Ministry of
Industry and Trade have taken a number of actions.
A simplified customs clearance of imported goods has
been introduced, customs certification for certain cate-
gories of goods have been revoked, and parallel imports
have been allowed. The exemptions should facilitate an
uninterrupted supply of production components. The
measures taken will also help to avoid shortages on the
consumer market and in the TLC sector.

Currently, import certification is allowed based on
the documentation provided by the companies import-

Cuba
Myanmar
Venezuela
DPRK
Syria

Iran

Russia 5532

Fig. 1. Distribution of the sanctions imposed worldwide
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EQUIPMENT, ANDCOMPONENTSDUETOTHE
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Tatyana Yu. Ksenofontova, Olga A. Gulyaeva

Co-marketing and Cooperation of the Transport and Logistics Complex in a Challenging

Economic Environment

m Yes m Slightly m No

Fig. 2. The aspects of cooperation affected by the sanctions and their assessment

ing products and the importers may conduct compli-
ance assessment without the involvement of accredited
laboratories. Importers have an option of confirming
product compliance with the technical regulations and
national standards based on their own documentation
provided. Customs clearance of goods made under the
simplified scheme must be registered with the Fed-
eral Accreditation Service (Rosakkreditatsiya). Order

No. 3898 of the Ministry of Industry and Trade issued

on 14.09.2022 contains a list of exceptions. From Janu-

ary 2022, the Eurasian Economic Commission Council

Decision No. 130 cancelled the certification of certain

types of imported products.

The adopted regulations apply to equipment and
spare parts (components), so the manufacturing com-
panies will benefit from the changes in regulations.
Customs certificate and bill of entry will not be re-
quired when importing:

e spare parts for service and repair of machinery that
was imported or manufactured in Russia earlier.
The importer must be an official brand representa-
tive;

e spare parts to be used in the manufacture of prod-
ucts for the importer’s own needs;

e used equipment and machinery.

Until 2022, the Russian Federation had a national
system of exhaustion of rights. Manufacturers supplied
goods only through a network of authorized distribu-
tors. By Order No. 1532 of 19.04.2022, the Ministry of
Industry and Trade of the Russian Federation estab-

lished a list of products permitted for import under the

new regulations.

Parallel imports are subject to international legisla-
tion and are not considered smuggled or counterfeit
goods. They are subject to all applicable certification
requirements. For goods certification in 2023 it is re-
quired:

e to define the technical regulations and import li-
censes applicable to the goods;

e apply a simplified customs clearance system ac-
cording to the exemption list of the Ministry of In-
dustry and Trade;

e create the possibilities for parallel imports of
branded products in accordance with the order of
the Ministry of Industry and Trade or with the help
of certification centres.

All this suggests that the Russian government have
actively participated in reducing the burden of the
economic sanctions and restrictions on the enterprises
of the Russian TLC. In combination with the measures
of the government support, cooperation and co-mar-
keting in the aspect of logistics make the implemented
business processes more efficient [2-7].

RESULTS

The success of cooperation lies in co-financing of
the business needs of TLC member companies such
as forwarding and warehouse operators, distribution
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1. Research of market trends and the development of indicators for assessing the market
(taking into account market life cycle phases)

V

2. |dentifying the cyclical factors that make up the market
and highlighting the pattems of their behaviour

Vv

3. Developing general requirements for a transport and logistics complex study

V

4. Providing a rationale for a normative model of the dynamics of the transport
and logistics complex

vV

5. Developing specific models for assessing changes in the economic sphere
(taking into account significant links between the indicators)

V

6. Assessment of the system-integrated normative indicator

Fig. 3. Algorithm of the methodology for assessing business
activity in the economic environment

companies, as well as companies involved in shaping
the transport and logistics services market (raw mate-
rial and commodity suppliers, consulting and IT com-
panies, etc.).

Government funding for various aspects of digitali-
zation and innovative development of TLCs also con-
tributes to successful cooperation. State development
programmes have defined the State commitment in
promoting the digitalization of the country’s TLC econ-
omy [3-6].

The legislation regulating the development of the
digital economy in Russia is in line with similar for-
eign documents in terms of the time of adoption and
content. Nevertheless, as practice shows, the Russian
TLC has experienced a need for co-operation, new
technological solutions, digitization and digitized
platforms. The evaluation method of socio-economic
efficiency of business activities in the framework of
transport and logistics company cooperation is pre-
sented in Fig. 3 [4].

The best tool to improve the socio-economic effi-
ciency of business cooperation lies in the multi-criteria
optimization method. With this method, the structure
of the incoming cash flows will be optimal if the busi-
nesses activities grow, the businesses income growing
too. Optimizing the structure of incoming cash flows is
essentially a question of allocating shares of business
income, payroll fund and dividends to the maximum
satisfaction of all parties. Two levels of regulation —
internal and external — need to be distinguished.

The relationship between predictive analysis (“po-
tential assessment”) and retrospective analysis (analy-
sis of dynamics) has been used for developing a method
for analyzing the dynamic potential of the cooperation
participants in the sphere of transport and logistics
services [2-5]. The procedure of the dynamic potential
analysis of the participants is presented in Fig. 4.

This kind of analysis can be carried out based on
different dynamic system models:

— a model of the relationship between the growth
rates of wealth accumulation and consumption and of
gross domestic product;

— a model of the business bankruptcy dynamics;

— a model of investment development;

— a model of innovation development.

The “Golden Rule” in economics is applied to the al-
gorithm (Fig. 4). This modification is developed by add-
ing a social performance indicator to the basic model.
This indicator illustrates the particular activities of co-
operation participants in the framework of individual
missions of enterprises working in the field of trans-
port and logistics services [5, 6].

The Russian practices of TLC co-marketing includ-
ing the development of digital technologies should be
focused on improving the competitiveness of Russian
transport companies and agglomerations as well as
creating an effective system of regional management
and safe and comfortable living conditions for resi-
dents.

TLC cooperation can be established in various
formats, for example, consortiums and consumer co-

1. Development of a target system for setting up a cooperation (it can be a consumer cooperative)

V

2. Development of initial indicators to be used in the predictive analysis of the cooperation entity potential

<

3. Introduction of a modified "Golden Rule" model in economy

<

4. Assessment of the growth rate of cooperation indicators in relation to the growth rate of the initial
indicators as measured by the “Golden Rule” model in economy

<

5. Developing alternative models for estimating growth rates

<

6. Conducting a potential analysis of the customer cooperative system through
their positioning matrix (as per point 5)

Vi

7. Generating a conclusion on the cooperation system potential development

Fig. 4. Sequence of steps for the dynamic potential analysis of a
cooperation system participants



RiiCE TRANSPORT

VOL. 2 ISSUE 1 2023

operatives. The cooperation system of TLC enterprises
is shown in Fig. 5.

The cooperation as a non-profit institution pro-
motes the economic and social development of the re-
gion [7].

In order to implement the cooperation model
(Fig. 5), the TLC sector participants need to develop

business and production activities through team co-
operation in order to improve the social and economic
situation in the regional units of the Russian Federa-
tion [8]. Such activities include:

1) identifying social groups;

2) mapping the sources of incoming cash flows of
social groups;

1. Developing a strategy and identifying the spheres of the cooperation system management

L 2

2. Identifying the most important problems to be solved in the cooperation system management

v

3. Formulating the goals and objectives for the cooperation system management

v

4. ldentifying the main mechanisms for the cooperation system management

v

5. Specifying the cooperation activity management resources

Territorial approach

1. Establishment of the cooperation regulatory system

— Government (State) level

Federal L) Regional L Local

Consumer society associations

Level of cooperation v
— business entity

Consumer societies

v
Legally independent
v

A sole proprietorship without a legal entity

2. Designing a programme to develop the cooperation entities activity

v

3. Establishing a regulation system of cooperation at a regional level

v

4. Defining the expected results from the functioning of the system for the regulation
of cooperation activity at regional level

5. Shaping regions' infrastructure to support socially-oriented projects of cooperation entities

Fig. 5. The cooperation system of transport and logistics companies
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3) choosing and substantiating the income calcula-
tion method,;

4) optimising the structure of incoming cash flows;

5) developing the guidelines for the harmonization
of the interests of social groups.

CONCLUSION

In order to support the enterprises carrying out
production and business activities in the sector of
transport and logistics services, it is necessary to estab-

Tatyana Yu. Ksenofontova, Olga A. Gulyaeva

Co-marketing and Cooperation of the Transport and Logistics Complex in a Challenging

Economic Environment

lish an effective interaction of the TLC entities based on
the principles of co-operation and co-marketing. Both
business entities and the State should pay serious at-
tention to this issue.

As mentioned above, cooperation will ultimately
allow for an effective co-marketing (joint marketing)
strategy implementation, which will reduce the out-
flow of people from the economically deteriorating re-
gions, provide for the support of the domestic market,
reduce the advertising costs for each company, and in-
crease the loyalty of TLC customers.
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