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HIGH-SPEED RAIL AND ITS SOCIOECONOMIC IMPACTS

In the last decades significant investments in High-Speed Rail (HSR) systems have
been carried outin the world (Pagliara, 2014a). Spending public money in the construction of
HSR lines produces several benefits such as time savings, increase in comfort, induced
demand, reduction in congestion and wider economic benefits including the development of
the less developed regions (Pagliara, 2016).

High Speed (HS) trains can be used to solve two different accessibility problems. In
the first case, where a point-to-point link is dominant, each train is a potential substitute for
an air connection between two cities, i.e. it connects cities (or rather CBDs) over long
distance with a direct train connection. The HS train links between Paris and Lyon, Paris and
London, Tokyo and Osaka, Madridand Barcelona could be seen as examples of this first type
of train connection. In this case the train trip together with access and egress times should be
compared with the competing solution which consists of the air trip plus the trip to the
airport at the trip origin and the trip from the airport at the trip destination (Pagliara et al.,
2012).

In the second case, where a HS network is dominant, the train system links together
many cities and CBDs and, hence, creates a new type of region with high intra-regional
accessibility sharing a common labour market and a common market for household and
business services. In this case the HS train binds together cities in a band, where each pair of
cities is at a time distance of between 20-55 minutes, i.e. a time distance that allows daily
commuting. In Italy, for example, the cities of Romaand Napoli are connected in exactly this
manner by HS train and, in this case, car is the competing alternative transport mode
(Cascetta et al., 2011). The megacity RONA between ROma and NApoliarises since thanks
to the "power™ of HSR systems of shrinking spaces and shaping places. Indeed these systems
are trying to solve the unbearable problem of urbanization, since metropolitan areas are now
merging to form vast megacities or mega-regions (Pagliara et al., 2013).

Among the wider economic benefits of HSR systems, the impact on tourism is
relevant. Indeed, the transportation industry is a global industry that meets the need for
moving passengers and freight as efficiently as possible (Delaplace et al., 2014b). It is often
argued that a country with a good transportation system can be considered a tourist
destination. Delaplace et al. (2014a) investigated the factors influencing destination choice
for tourism purposes and the role of HSR systems in affecting this choice to revisit Rome
and Paris. Pagliara et al. (2014; 2015a; 2015b) and Pagliara (2014b; 2015) followed the
same approach by comparing the factors influencing the choice of revisiting Madrid and
Naples. The main conclusion is that in the cases of Paris and Naples HSR has an impact on
the choice of these cities as tourist destinations, while in the cases of Madrid and Rome,HSR
is chosen to reach cities close to them.

A more detailed analysis, for the case study of Italy (Pagliara et al., 2017b),
highlighted the expectedimpacts of the High Speed/High Capacity Rail project on tourism.
An empirical analysis was carriedout with the aid of a database containing information both
on tourism and transport for 77 Italian cities, during the 2006-2013 period. The main results
of the analysis show that the impacts of HSR on the number of Italian visitors and the
number of nights spent at destination are positive in all the cities served by HSR.
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Delaplace et al. (2016) studied the relationship between HSR and destination choice
of two theme parks in France, both served by a HSR station. In the case of Disneyland,
tourists declared that the presence of HSR was fundamental in the choice of the destination.
On the contrary, in the case of Futuroscope, tourists stated that HSR was not relevant.

It is interesting to highlight the changing role of stations as places in an area and no
more as nodes ina network. This new trend has made possible the development of temporary
offices inside rail stationscompletely changing their image. Providers of these services are
companies like Regus, Buroclub, Multiburo, but also smaller ones like the RPAD in Reims,
in France. These temporary offices meet the growing demand of workers, sometimes mobile
ones looking for places to work without the costsof a full-time office and support the station
as a place. The British entrepreneur Mark Dixon was inspired to start Regus during a
business trip to Brussels, where he noticed how many businessmen were pushed to work in
hotels, bars, etc. given to the lack of a more professional place. Met with strong demand,
Dixon quickly developed a global network of fully equipped, furnished workplaces for
businessmen. Very recently, some of these types of offices have been established inside the
stations.

An example is represented by the HSR station of Naples in Italy, which hosts the
Regus business centre on the sixth floor of a 16-storey modern building (Pagliara et al.,
2016a). In this case, temporary offices, placed inside the station, were also rented by local
workers and not only by mobileworkers, thus confirming the new trend of working inside a
third place near home.

The improved accessibility and the changing image of HSR stations can boost
property prices withinthe vicinity of the HSR station. This is the case of the HSR stations of
St Pancras and Stratford in theCamden and the Newman boroughs of London. Indeed house
prices within walking distance from the station increased (Martinez et al., 2013).

Spatial accessibility is a measure of spatial equity and can be represented by the ease
of travelling from an origin to a given destination via a given mode or set of transport modes
(Pagliara et al., 2016b; Biggiero et al., 2017). The positive social impact of HSR is
represented by the increased accessibility and the movement and the activities for
commuting HSR users. HSR improves trips forworking purposes by providing fast trains
connection between main cities. On the other hand users who can’t afford HSR or live far
from stations can be socially excluded and have problems, when searching for better jobs
(Pagliara and Biggiero, 2016; 2017).

In the paper by Pagliara et al. (2017a), the current situation of non-HSR users in
Italy, Spain and England and the factors preventing them from choosing this service was
investigated. A relationship between social exclusion and HSR was evident, especially in
terms of economic and geographical exclusion, i.e. the cost of the HSR ticket and the low
accessibility to the departure/arrival station. Thefact that both criteria were greatly perceived
by low income classes was interpreted by the location of residences of these classes of
travellers. Specifically, for the higher cost connected with the use ofthe residences, it was
clear that those having higher incomes lived in city centres, which, in general, are served by
a good public transport and by taxi as well.
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I'MBPUJIHBIE 3JIEKTPOMAI'HUTBI
C HU3KHUM YPOBHEM ITOJIEA PACCESTHUS

B pabote paccMOTpeHBI BapHWaHThI WCHOJHEHUS 3(PQPEKTUBHBIX THOPHIHBIX CXEM
3JIEKTPOMArHuTOB TOJABECA JICBUTALMOHHBIX TPAaHCHOPTHBIX CPEACTB. B  rulGpuaHbIX
ANEKTPOMArHUTax (I'9M) TSt obecrieueHus JIEBUTALUH HCIIOJIb3YOTCS
BBICOKOKOIPLIUTUBHBIE NMOCTOSIHHBbIE MarHUTHI (IIM) Ha ocHOBE peKO3eMeNbHBIX IEMEHTOB
(NdFeB), a ToxOBBIC KAaTyHIKH - JJIsi CTAaOMJIM3alUM CUCTEMbl. XapakTepHas OCOOCHHOCTb
I'OM cocTOuT B TOM, YTO 3JEKTPOMATHUTHI U MOCTOSHHBIE MarHWThl HAXOIATCS B €IMHOU
maruuTHoil nenu. Cuna, co3naBaeMas [IM, ypaBHOBEIIMBAaeT IpaBUTALMOHHYIO CHIIy IpPU
HEKOTOPOM BEIMYMHE BO3AYIIHOTO 3a30pa, YTO OOECHEeYMBACT JIEBUTALMIO TPAHCIIOPTHOMN
wiaThopMbl IPU MUHHMAIBHOM 3JIeKTporoTpednennu. lpu m3menenun Beca 1uiaThopMmBl,
BCJIEJICTBME NOTPY3KM WIM Pa3rpy3KH, BO3AYIIHBIH 3a30p MeXJIy MarHuToM H
(dbeppoMarHuTHON HaMpaBIAIONICH H3MeHseTcss B mpeaenax =+15% or HoOMUHaAIBHOU
BEJIMYMHBI B COOTBETCTBUE C M3MEHSIOIIUMUCS YCIOBUSAMHU. AJANTalUio 3a3opa MOJA 3TH
yCIOBUSL M €ro crabwiM3aluio 00ecleyuBalOT TOKM YIpaBIEHUs B KaTyIIKax
3JIEKTPOMAarHUTOB, B TO BpeMs Kak cuia, co3aaBaemas [IM, mo-npexHeMy ypaBHOBEIINBAET
Bec. Takue ruOpUIHbIE IIEKTPOMATHUTHBIE MOBECH! MTO3BOJISIOT B CTALIMOHAPHBIX YCIOBUAX
JeBUTUPOBATh TMpAKTHUYECKU Oe3 moTpebineHus sHepruu. Kpome 3TOro, B CpaBHEHUH C
TPaIUIIMOHHBIME JIEKTPOMAarHUTHBIMH TTOJBECAMHU THOPHIHBIE AIEKTPOMArHUTHBIE TTOIBECHI
OKa3aJIMCh MEHBIIIE U JIETUE.

ABTOpaMH TpeyiokKeHa cxema MocTpoeHust 3ddexTuBHbIx ['OM ans monasecos
JIEBUTALIMOHHOIO TpaHcnopTa. CyllleCTBEHHO CHM)KEH YPOBEHb IIOJIEH pacCEesiHUS BOKPYT
MarHuToB. IIpuMeHeHHe HaHHOW CcXeMbl MpeAcTaBiIseTcss Haubosiee ONTHUMAIbHBIM B
AJIEKTPOMArHUTHBIX MoJBecax. Pa3paboTaHHas MeTOAMKAa aHalu3a TOJOOHBIX CXeM
MO3BOJISIET CHUHTE3UPOBATh ONTHMAJbHbIE KOHCTPYKIMM MAarHuTOB, aJalTUPOBAaHHBIE K
MNOTPEOHOCTSIM KOHKPETHOM peajn3aluy TPaHCIOPTHOM cucTeMbl. OLIEHKU MMOKa3bIBaOT, YTO
OpUMEHEHHE  TOJOOHBIX  MAarHMTOB  NPAaKTUYECKM  CHUMAeT  OrpaHUuYeHHe  Ha
rpy30M01bEMHOCTh, 00ECTIEUNBAEMYIO SJIEKTPOMAarHUTHBIM TIOJIBECOM.
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HYBRID SUSPENSION SYSTEM WITH LOW-STRAY FIELD MAGNETS

Several design schemes are considered for a hybrid EM suspension system (HEMS) of
maglev transport that utilizes electromagnets (EM) in combination with permanent magnets
(PM). High-coercivity permanent magnets (NdFeB) create the basic levitation force, while
electromagnets are used for lateral stabilization and air gap control. The PMs and EMs form a
common magnetic circuit. The force generated by PM counterbalances the gravitational force
and enables static levitation of the vehicle even at zero coil current, thus reducing the energy
consumption. Variations of the vehicle weight at loading/unloading can lead to a +15%
change of the operational air gap between the vehicle and the track Magnets synergy makes it
possible to increase payload without increase in energy consumption. Also, as compared to
conventional EMS, HEMS has a lesser weight. The proposed HEMS for maglev transport
offers reduced stray field. Various designs were investigated for possible applications on the
maglev trains, and computational and scaled physical models were validated in parametric
simulations and magnetic measurements. The established approach enables development and
optimization of the design with respect to the practical operational characteristics. The use of
HEMS with zero-power control shows good prospects to increase the payload capacity
compared to conventional EMS.

Key words:
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(Cankr-IletepOypr, Poccust)

PE3YJbTATBI CTEHIOBBIX HCHIBITAHAM ITIPOTOTHUIIA
INOJTHOMACIHITABHOI'O T'MBPUJIHOI'O 3JIEKTPOMAT'HUTA

B AO «HUUDDA» pa3paboraH u HU3rOTOBJICH IMOJHOMACIITAOHBIA MPOTOTHII
CepuiHOro o00pa3ua TUOPUIHOTO AIIEKTPOMArHWTa II0/IBECA MArHUTOJEBUTALMOHHOIO
TpaHcnopTHOro cpexacrra. [Ipororun gemoHcTpupyer xapakrepHoe st ['OM noHukeHHoe
HHEPronoTpedieHne U TMOATBEPKAAECT IPABUIBHOCTh MPEAJIOKEHHON aBTOpaMH CXEMbI
MarHUTHOM CUCTEMBI, OTJIMYAOLIEHCS HU3KUM YPOBHEM TOJIEH PACCESHUA.

W3mepeHus 9lEKTPOMarHUTHBIX CHJI, co3laBaeMbix [OM  mpoBeneHsl Ha
cepruunpoBanHoM  cnernuanuzupoBaHHoMm  creHae  AO «HUUD®DAx». [lomydeno
COBIMAJICHUE pEe3yNbTaTOB HATYPHOIO M UHCJIEHHOIO MOJEIMpPOBaHUS ¢ TpeOyemol Ha
MPaKTUKE TOYHOCTBIO.

Ha ocHoBaHMM BBINOJHEHHBIX pPa0OT OYAyT TOTOBITCS PEKOMEHJAIMH IO
MOJIEPHU3ALMN CTEH/A, W3MEPUTEIBHON UM TEXHOJIOTMYECKOHM OCHACTKH, METOAMKE U
porpaMMe U3MEpEeHH, MPOLEAYPE BHIXOJHOTO KOHTPOJISI CEpUHHBIX MAarHUTOB.

HaTypHblif  SKCHEpUMEHT  MPOAEMOHCTPUPOBAT  HEOOXOJUMOCTh  PELICHHS
COBMECTHOM 3aJ1auM JIJIsl MOJIETMPOBAHUS AIEKTPOMArHUTHOTO MOJIsl, TOHJAEPOMOTOPHBIX CHJI,
HanpsHKEHHO-€(OPMHUPOBAHHOTO U TEMJOBOTO COCTOSHUSI BCE MAarHUTHOM CHCTEMBI
noJiBeca, BKirouas cooctBeHHO I'OM, ycTaHaBiMBaeMble Ha SKUIAXE, U MTyTEBYIO CTPYKTYPY
B BUJIEe eppOMAarHUTHON HAMPaBISIOICH.
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BENCH TESTING OF HYBRID EMS PROTOTYPE

Recently a prototype of hybrid EMS (HEMS) for maglev transport has been
designed, built, and tested at JSC “NIIEFA”. The HEMS concept implies reduced power loss
and low stray field. Measurements on a test bench have demonstrated low power consumption
of the prototype. Magnetic measurements have demonstrated a good match with predictive
simulations.

The experimental data will be used as a basis to proceed to an advanced test bench
and improved measurement programs. Also, recommendations will be prepared for the
product inspection.

Results of the full-scale experiment have proved a demand for comprehensive
performance analysis which involves solving coupled problems when optimal parameters of
the suspension system are searched in correlation between integral mechanical, dynamic,
magnetic, and thermal characteristics of the magnets and the ferromagnetic track.

Key words:

Corresponding author: Vyacheslav Vasiliev
vvnm@mail.ru
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HPEJJIOKEHUSA IO CTPOUTEJIBCTBY 39CTAKAL U TPAHCIIOPTHO-
INEPECAJOYHBIX ¥Y3J10B BBICOKOCKOPOCTHOU MAT'MCTPAJIM OT
I'ATYUHBI 10 CAHKT-IIETEPBYPT' A

IIpencraBneHsl pe3yiabTaThl Hay4dHO-MCCIENOBATEIbCKMX paboT Mo pa3paboTke
ONTUMAJIBHOTO PACIOJIOXKEHUS 3CTAKAIHBIX KOHCTPYKLUMH M TPaHCIOPTHO-NEPECATOUYHBIX
y3JI0B BBICOKOCKOPOCTHOM TpaHCHOPTHOM Maructpanu ot 'atumnbl 1o Caskrt-IlerepOypra.
Y CcoBEpILIEHCTBOBAHHAsA CXEMa MArucTpajid Ha BBIOPAHHOM YYacTKe NpPEeLyCMaTpUBAEeT TPU
TPAaHCHOPTHO-TIEPECATOUHBIX Y3j71a — CTAaHIUM IOCAJKH, COeIMHEHHbIE MEXAYy co00i 1o
OPSIMBIM JIMHUSIM U OOBEJUMHEHHbIE C MAaCCAKUPCKUMU JKEIE3HOIOPOKHBIMU CTaHIUSIMHU.
KoHeuHble 31aHUS TPaHCHIOPTHO-TIEPECAJOUYHBIX Y3JI0B HMMEIOT LMIMHIPUYECKYIO (opMy
UCIIOJIHEHUS U cofiepkKaT B ce0e crnMpaibHble MaHAyChl AJis CIycKa MOJBUKHBIX COCTaBOB B
oOcily’)kuBaroliee JIeno Ha IOBEPXHOCTH 3€MJM. BBUIY CTECHEHHBIX  yCIOBUH
NPOMEXYyTOUHasi cTaHIus B [laBIOBCKe BHIMONHEHA B (OpPME OTKPHITOH KHHUTH TI0
CTaHJApTHOH cxeMe 0e3 HM3MEHEHHs BBICOTHOIO YPOBHS IyTENPOBOJA MarucTpaiu, HO
oOecrnieunBaroiias MOBOPOT HAIPaBJICHUs JBUKEHMS MOE€3]]0B TPAHCIOPTHOM MarucTpaju.
Hecymue scrakagHbple KOHCTPYKLMH, COEAMHSIOIINAE TPAaHCIOPTHO-IIEPECAIOYHBIE Y3JIbI,
IPEJJI0KEHBI APOYHO-BAHTOBOI0 UCHOIHEHUs ¢ posnéramMu 180 M u 360 M ass mpeooeHus
Pa3IMYHbIX JaHAMAPTHBIX TPENATCTBUN, BKIIOYAs 3HAUUTENIbHbIE BO3BBIILIEHHOCTH.

OO0ocHoBaHMe:  CTpEeMHUTENIbHbIE  TEMIIBI  pa3BUTHA  Meramoiuca  TpeOyroT
BO3MOXKHOCTH OBICTPOTO MEpeMELIeHHUs HaceleHus M3 OJIMKaWIIMX MPUropoJOB U TOPOIOB
Jlenunrpanckoit obnactu B paboume u nenoBble LeHTpbl Cankt-lIlerepOypra. B wachl
NIMKOBOM HAarpy3Kd MaplIpyTHBIE €IMHHUIBI TPAHCIOPTHOM CHCTEMBI IEPENOJIHEHBI
naccakvupamu, 4To HE CIOCOOCTBYET OJaronpusTHON 3MHJIEMUOJIOTHYECKOM OOCTaHOBKE B
Cankr-IlerepOypre. B cBs3u c pemieHHeM JaHHOW TPaHCIOPTHOW M HKOJOTHMUYECKON
po0JIEMBI MTPEJIOKEH MPOEKT BHICOKOCKOPOCTHOM TPaHCIOPTHOM HAJA3€MHOW MarucTpaiu B
BUJIC Pa30pPBAHHOI'O MHOTOYTOJIbHHMKA, KOTOpas OyAET CBSA3bIBaTb OCHOBHBIE TPAHCIIOPTHO-
nepecagounbie y31bl Cankt-IleTrepOypra u JIeHuHTpaackoi 06IacTy.

Iean: pazpaboTka OCHOBHBIX KOHCTPYKTHUBHBIX pEIIEHUI 3CTaKaJHbIX KOHCTPYKLUH
U TPaHCIOPTHO-TIEPECaJOUYHBIX Y3JI0B BBICOKOCKOPOCTHOM TPAHCIOPTHOM MAarucTpaiu cC
LEJIBIO MTPEO/I0JICHHS JTaH A THBIX MPETSITCTBUI.

Metoabl: paccuMTaHbl 3CTaKaJHble KOHCTPYKIMM HA COYETaHMs JAEWCTBYIOIIMX
Harpy3oK, CWJI U BO3JEHCTBUM, BKIIIOUYas ydyeT AUHAMMUYECKHUX ACHEKTOB M HEJIMHEHHOCTH, C
ucnoJib30BaHueM nporpammuoro komiuiekca "SCAD Office".

PesyabTaThl: B KauecTBE HECYIIMX KOHCTPYKIMH MPUHAT apOYHO-BAHTOBBIA BapUaHT
¢ coueranueM mnponéroB 180 M u 360 M s npeoosieHUs JaHAMA(THRIX MPENATCTBUH, a
TaKXe pacCMOTPEeHa UX COBMECTHas padora.

3akJ/loueHHe: coYeTaHMs] NPOJETOB pa3NUYHON JUIMHBI Haubosee 3¢ EeKTUBHO
MO3BOJIAIOT OCYIIECTBUTh MPSIMOJIMHEMHYIO CXEMY JBMKEHMSI IOJBHKHBIX COCTaBOB IIO
BBICOKOCKOPOCTHON-TPAHCIIOPTHON MarucTpaiy.

Knroueevie cnosa: BBICOKOCKOPOCTHAsd  TpaHCIOpTHad  Marucrpaib, Marjics,
9CTAKaIHBIC KOHCTPYKIUHU U TPAHCIIOPTHO-NICPECATOYHLIC Y3JIbI.

ABTOD, OTBETCTBEHHBII 3a nepenucky: Cenbkun Hukonait Anexcanaposud Senkinl952@yandex.ru
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© Nikolay A. Senkin, Alexander S. Filimonov, Dmitriy M. Andreev,
Islam M. Khalimbekov

St. Petersburg State University of Architecture and Civil Engineering
(St. Petersburg, Russia)

PROPOSALS FOR THE CONSTRUCTION OF OVERPASS AND
TRANSPORTATION HUBS OF THE HIGH-SPEED HIGH-SPEED RAILWAY
FROM GATCHINA TO ST. PETERSBURG

The results of research work on the development of the optimal location of overpass
structures and transport hubs of the high-speed transport highway from Gatchina to St.
Petersburg are presented. The improved scheme of the highway on the selected section
provides for three transport interchange hubs - boarding stations, interconnected by straight
lines and combined with passenger railway stations. The final buildings of the transport hubs
have a cylindrical design and contain spiral ramps for lowering the rolling stock to the
servicing depot on the surface of the earth. Due to the cramped conditions, the intermediate
station in Pavlovsk is made in the form of an open book according to the standard scheme
without changing the altitude level of the highway overpass, but providing a turn in the
direction of traffic of the transport highway. The load-bearing overpass structures connecting
the transport hubs have been proposed in arch-cable-stayed design with spans of 180 m and
360 m to overcome various landscape obstacles, including significant heights.

Background: the rapid pace of development of the megalopolis requires the
possibility of rapid movement of the population from the nearest suburbs and cities of the
Leningrad Region to the working and business centers of St. Petersburg. During peak hours,
route units of the transport system are overcrowded with passengers, which does not
contribute to a favorable epidemiological situation in St. Petersburg. In connection with the
solution of this transport and environmental problem, a project of a high-speed transport
elevated highway in the form of a broken polygon has been proposed, which will connect the
main transport hubs of St. Petersburg and the Leningrad region.

Aim: development of basic design solutions for overpass structures and transport hubs
of a high-speed transport highway in order to overcome landscape obstacles.

Methods: overpass structures are designed for combinations of acting loads, forces
and influences, including taking into account dynamic aspects and nonlinearity, using the
"SCAD Office" software package.

Results: the arch-cable-stayed version with a combination of spans of 180 m and 360
m to overcome landscape obstacles was adopted as load-bearing structures, and their joint
work was also considered.

Conclusion: Combinations of spans of various lengths most effectively make it
possible to implement a straight-line pattern of rolling stock movement along a high-speed
transport highway.

Key words: high-speed transport highway, maglev, overpass structures and transport
hubs.

Corresponding author: Nikolay Senkin
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© Yko 3un Xraii, B.A. I'nymenkos, B.I'. Komapos
HanmonanbsHbIN nccnen0BaTeIbCKUuil YHUBEPCUTET «MOCKOBCKUI SHEPTreTUYECKUA HHCTUTYT»
(Mocksa, Poccust)

AHAJIN3 BO3MOKHOCTH UCIIOJIb30OBAHMS COJIHEYHOH SHEPTUM JIUIA
SHEPI'OOBECIIEYHEHUA NTHHOBALIMOHHOU TPAHCIIOPTHOU CUCTEMBI
AJITPO AJIsA MbAHMbI

B nemsix co3manust coBpeMeHHOW W 3((EKTUBHONM MarHUTOJIEBUTAIIMOHHON TPaHCIIOPTHON
cucTeMbl MbsIHMbI ObUI IIPOBEIEH aHAJIN3 TEKYIIETO COCTOSHUS TPAHCHOPTHBIX TEXHOJIOIHH,
OTBEYAIOIIUX KOHKPETHBIM TPEOOBAHUAM U YCIOBHSIM JKCIUTyaTaiud MpsHMbl. B Mbsinme He
XBaTaeT TPAAULMOHHBIX HCTOYHUKOB DHEPIUU U dJEKTpocTaHuui. B 1o xe Bpems Mpsinma
HaxOJWUTCA HENAJeKO OT D3KBAaTopa, B CBA3M C YE€M CTPaHa pacroyiaraeT OrPOMHBIMU
pecypcamMu COJIHEYHON 3Hepruu. I1o coOBpeMEHHBIM JaHHBIM BaJOBBIE PECYPCHI COJHEYHOMN
sHeprun MesaMbl coctaBisioT 1,15 muH. TBT.94 B roa. CpeaHerooBoi mpuxo; COTHEYHOTO
U3JIY4YEeHHUSI COCTaBISET HPUOJIMZUTENBHO 5 kBr.u/M® B CYTKM. DTO HAMHOTO BBILIE, YEM,
Hanpumep, B crpaHax EC-27, rnme ceroaHss HMHTEHCUBHO MCIOJIb3YETCS COJIHEUHAs
JHEpPreTHKa.

Takum oOpa3om, ObUIa MOCTaBIEHA 3a/1a4a 110 CO3/IaHUI0 TPAHCIIOPTHOM CUCTEMBI C MOJIHBIM
SHeprooOecrneyeHneM OT COJHeyHoW sHepruu. Jlng mnoBeimeHus 3¢QexTuBHOCTH
MCIIOJIb30BaHUs 3TOM TPAHCIIOPTHOM CUCTEMBI CO3/]JaHa MHTEPAKTUBHAS F€OMH(OpMaLIOHHAs
MOJIeNIb C BU3yalu3aluell reonpoCcTpaHCTBEHHBIX JIaHHBIX ¢ momouibio JupyterNotebook Ha
ocHOBe si3bIka Python. Vcmonb3oBaHME MHTEPAKTHBHOM T€OMH()OPMALMOHHOW MOJEITBHOU
KapThl s TpaHcnopTHoil cuctembl ELTRO mo3BossieT HE TOJNBKO MOJIYYHTh PAaCUETHBIE
JaHHBIE JUISl pa3pabOTKU CUCTEMBI, HO U c031aTh 3P(GEKTUBHOE YIPaBIECHUE MACCAKUPCKUMU
NEepeBO3KaMU B pEXHUME peaJbHOT0 BPEMEHM U CO3[aBaTb MHOTO()YHKIIMOHAJIbHBIE
MHTEJJIEKTYaJIbHbIE CEPBUCHI JJI1 MHHOBAIIMOHHOTO FOPOJICKOI0 OOIIECTBEHHOI'O TPAHCIIOPTA.
B npezncraBinenHoil paboTe Ha OCHOBE MOJYYEHHBIX AAHHBIX MPOBEACHO MCCIEJOBAHUE 10
OTpEeICNIEHNUI0 HEOOXOAMMON MOIIHOCTH W SHEPruu JUIsl MUTaHUs MOJBHYKHOTO COCTaBa C
IPOTHO3UPYEMbIMH 00BEMaMU TEpEeBO30K M MapaMeTpamMH [JBW)KEHUS, INPH TeHepalnuu
SHEPruM C MOMOUIbIO COJTHEUHBIX (DOTOINEKTPUUYECKUX IaHENeH, a Takke y4ETOM SHEPruu
peKymnepanuyl Ipu TOPMOXKEHHM TPAHCIOPTHBIX CPEACTB M HEOOXOIUMOCTH HaKOIUJICHHUS
ANIEKTPOIHEPIUH NPU HEJOCTATOYHOM COJTHEYHOM H3JIY4ECHHH.

Ilonmy4eHHbIE pE3yNbTaThl IMO3BOJIMIIA  ONPENCIUTh CTPYKTYPY CHUCTEMBI COIHEYHOIO
HHEProoOecreyeHns: U MmapamMeTpbl TUIIOBBIX COJIHEYHBIX YHEProMOAyJel, 0OecreunBatoIX
HHEpProodecrneyeHre He TOJIbKO TPAHCIOPTHONW CUCTEMBI, HO M MPUJIETAIOIINX TEPPUTOPHIL.

Knroueegvie cnoea: marautHas JICBUTAIMOHHAA TpPaAHCIIOpTHAsA CUCTEMA, COJIHCYHAA
SHEPTHsd, UHTCPAKTHBHAA I‘eOI/IH(I)OpMaI_II/IOHHaH MOACIIb.

ABTOp, OTBETCTBEHHBIN 3a epenucKy: [ mymenkos Bragumup AnekcanapoBud
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© Thaw Zin Htay, Glushenkov V.A., Komarov V.G.
National Research University "Moscow Power Engineering Institute”
(Moscow, Russia)

ANALYSIS OF THE POSSIBILITY OF USING SOLAR ENERGY FOR
THE ENERGY SUPPLY OF THE INNOVATIVE ELTRO TRANSPORT SYSTEM
FOR MYANMAR

The paper considers the creation of a modern and efficient magnetic levitation transport
system in Myanmar and analyzes the current state of transport technololn order to create a
modern and efficient magnetic levitation transport system in Myanmar, an analysis of the
current state of transport technologies that meet the specific requirements and operating
conditions of Myanmar is accomplished. Myanmar lacks traditional energy sources and power
plants. At the same time, Myanmar is located near the equator, and therefore the country has
huge resources of solar energy. According to current data, Myanmar's gross solar energy
resources amount to 1.15 million TWh per year. The average annual input of solar radiation is
approximately 5 kWh / m2 per day. This is much higher than, for example, in the EU-27
countries, where solar energy is using today intensively.

Thus, the task was set to create a transport system with full energy supply from solar
energy. To increase the efficiency of using this transport system, an interactive geo-
information model with visualization of geospatial data created by using JupyterNotebook
based on the Python language. The use of an interactive geo-information model map for the
ELTRO transport system allows not only to be obtain calculated data for the development of
the system, but also to create effective management of passenger transportation in real time
and create multifunctional intelligent services for innovative urban public transport. In the
present paper, based on the data obtained, a study conducted to determine the necessary
power and energy to power rolling stock with projected traffic volumes and traffic
parameters, when generating energy using solar photovoltaic panels, as well as taking into
account the energy recovery during vehicle braking and the need to accumulate electricity
with insufficient solar radiation. The obtained results allowed us to determine the structure of
the solar energy supply system and the parameters of typical solar energy modules that
provide energy supply not only to the transport system, but also to the adjacent territories.
Gies that meet the specific requirements and operating conditions of Myanmar. Myanmar
lacks traditional energy sources and power plants. At the same time, Myanmar is located near
the equator, and therefore the country has huge resources of solar energy. According to
current data, Myanmar's gross solar energy resources amount to 1.15 million TWh per year.
The average annual input of solar radiation is approximately 5 kWh / m2 per day. To increase
the efficiency of using this transport system, an interactive geoinformation model with
visualization of geospatial data was created using JupyterNotebook based on the Python
language. The use of an interactive geoinformation model map for the ELTRO transport
system allows not only to obtain calculated data for the development of the system, but also to
create effective management of passenger transportation in real time and create
multifunctional intelligent services for innovative urban public transport.

Key words: Magnetic levitation transport system, Solar energy, Interactive
geoinformation model
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© Almujibah Hamad, Preston John
University of Southampton
(United Kingdom, Southampton)

THE DEVELOPMENT OF MAGNETIC LEVITATION TECHNOLOG

Background: Magnetic Levitation (Maglev) system is considered as one of the high-
speed ground transportation technologies in the world, as its vehicles are propelled and
levitated along guideways with no friction applied.

Aim: This paper used a literature review to notify the development of magnetic
levitation technology.

Methods: The method of literature review is aimed to evaluate the number of lines is
now in operational worldwide, the main principles of maglev system, and some of the
advantages and disadvantages that might be identified. Results: The literature identified that
the China has the highest number of Maglev lines with a total length of 57.3 kilometers,
followed by Japan and South Korea with a total length of 8.9 kilometers and 7.1 kilometers,
respectively. In terms of the main principles of Maglev system, three major principles of
propulsion, levitation and lateral guidance are involved in order to control the Maglev vehicle.
In this case, the linear induction motor and linear synchronous motor are considered the two
major types of linear motors that can help in moving the vehicle body forward. Regarding the
levitation, there are two methods used to levitate the vehicles, which are electromagnetic
suspension (EMS) and electrodynamic suspension (EDS).

Finally, the lateral guidance system is used to keep the vehicle staying on the track by
stabilizing its movement to the right and left. There are some advantages of Maglev system
such as speed, less noise, has no problem regarding the weather, and energy efficient whilst
there are some disadvantaged discovered such as producing strong magnetic field, the weight
of the large electromagnetic, and the energy consumption that are required to levitate the
train.

Conclusion: The development of magnetic levitation technology has been increased
worldwide, especially in China and Japan. In this case, the latest Maglev line is the Japanese
MLX-JR, which is now under construction and will be operated for a maximum speed of 505
km/h along a total length of 500 km.

Key words: Magnetic Levitation, Propulsion, Levitation, Lateral Guidance.
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© Aynr Co Mo, B.A. I'nymenkos, B.I'. Komapos
HanunoHnanbHbIM Hcciieq0BaTENbCKUA YHUBEPCUTET
«MOCKOBCKHI SHEPreTUYECKUI UHCTUTYT
(Mockaa, Poccus)

AHAJIN3 U ONITUMM3 AL TAPAMETPOB SJIEKTPOMATHUTHOM
CUCTEMbI MATJIEBA JJIA IIOBBIINEHUSA SQHEPT'O®®EKTUBHOCTHU

B ngannoit pabore WCcinenoBaHbl IYTH MOBBIIIEHUS 3HEProd(h(HEeKTUBHOCTH
KOMOUMHUPOBaHHOH 3JI€KTPOMAarHUTHOW CUCTEMBI JIEBUTALIUU C MCIIOJIb30BAHUEM ITOCTOSTHHBIX
MarHuTOB JJIsi TOPOJCKMX JIMHUM MarjieBa. B KOMOMHHMPOBAaHHOW CHCTEME MOCTOSHHBIN
MarHuT MOXET TE€HEPUPOBaTh 4YacTb WJIM BCIO CTAaTUYECKYIO CHIIy JICBUTAllUM, a
AJIEKTPOMAarHWTHasl KaTylIKa B OCHOBHOM WIpaeT poOjib JUHAMHUYECKON PpEryJIHpOBKH, UTO
NO3BOJISIET 3HAYUTENBHO CHU3UTh MOTpeOJICHHE OHHEPIUU Ha JIEBUTALMI0O M Harpes
3JIeKTpoMariuTa. MarHutoneBUTallMOHHas cucrteMa BhlnosiHeHa 1o [lI-obpasHoit cxeme. B
LEHTPAJIbHBII CTEP)KEHb BCTPOEH IIOCTOSHHBIM MarHuT. Ha neHTpambHOM CTepxkHE
pa3Meniaercs Takke 0OMOTKa BO30YKIEHUS, TIO3BOJISIONIAs PETYIUPOBATh MArHUTHBIN IIOTOK
U, CJIEI0BATENIBbHO, NOIBEMHYIO CHITY M pabouuil BO3IyLIHbIH 3a30p.

HccnenoBaHo ympaBieHHE C ITWHAMHYECKHM pETYIUpOBaHHEM pabouero 3azopa ¢
MHUHHMMAaJIbHBIM pacxoJloM 3Hepruu. [IpennaraemMplii KOHTPOJIEP UCTIONB3YEeT OOpaTHBIE CBA3U
COCTOSIHUS M HarPY3KH, @ TaK)Ke HaCTPOEH Ha MMHUMAaJIbHOE OTPEOJIEHUE SHEPT M.

B sTOM unccienoBanuy ¢ KOMOMHUPOBAHHOMN JIEBUTALIMOHHOM CUCTEMOW MCIIOJIb30BaH
JUHENHBIA cUHXpOHHBIN auratens (LSM). B yacTHOCTH, NPUHAT KOPOTKO-CTaTOpHbI LSM
IOCKOJIBKY OH 00ecreqnBaeT MpoCcToe U HEJOPOroe MPOU3BOJICTBO U OOJIBILION CPOK CITYKOBI.

Kpome Toro, uccieoBaHo CONPOTHUBIIEHUE ABM)KEHUIO TAKOW CUCTEMBI JIEBUTALIMU.
[To mnpeaBapuTenbHBIM pe3yJabTaTaM OHO HE MPEBBIIAET CONPOTHUBIEHUS JBUKCHHIO
CTaJIbHOTO KOJIECa IO CTAIbHOMY PEJIbCY.

HccnenytoTest Takke mapamerpbl M 3Heprod((eKTUBHOCTh MAarHUTOJIEBUTAIIMOHHOMN
CUCTEMBI 10 CO3aHUIO HATIPABJISIOIIMX CHJI JBUKECHHUS.

[losnydyeHHBIE TpeABapUTENbHBIE PE3YIbTAThl MO3BOJIAIOT PEAIM30BaTh B YCIOBHAX
PecniyOnuku MpsSIHMBI TpaHCHIOPTHBIE CHCTEMBI C 3HEProoOECreYeHUEM OT COJHEYHOTO
U3ITy4EHHUS.

Knrwoueswvie cnosa: Marnes, KOHTpOJIIEp HYJIEBOI MOIHOCTH, SHEPro3p(HEeKTUBHOCTh

ABTOp, OTBETCTBEHHBIH 3a nepenucky: [ mymenkoB Bragumup AnekcanapoBud
aungsoemoe.mpei@gmail.com, GlushenkovVA@mpei.ru

Aung Soe Moe, Glushenkov V.A., Komarov V.G.
National Research University "Moscow Power Engineering Institute™
(Moscow, Russia)

ANALYSIS AND OPTIMIZATION OF THE PARAMETERS OF THE MAGLEV
ELECTROMAGNETIC SYSTEM TO IMPROVE ENERGY EFFICIENCY

In this paper, we investigate ways to improve the energy efficiency of a combined
electromagnetic levitation system using permanent magnets for Maglev city lines. In the
combined system, the permanent magnet can generate some or all of the static levitation
force, and the electromagnetic coil mainly plays the role of dynamic adjustment, which can

— Sam

@ 1D D E)ruoons B

AO «HUNIDA®

® | ZOUTTAPTHEP



mailto:GlushenkovVA@mpei.ru

16 MaruuToJIeBUTAIIMOHHbIE TPAHCIOPTHBIE CHCTEMbI H TEXHOJIOTHH MTCT 21
Maglev Transportation Systems and Technology MTST’21

significantly reduce the energy consumption for levitation and heating of the electromagnet.
The magnetic levitation system is made according to an E-shaped scheme. A permanent
magnet is built into the central rod. A field winding is also placed on the central rod, which
makes it possible to regulate the magnetic flux and, consequently, the lifting force and the
working air gap. The control with dynamic adjustment of the working gap with minimal
energy consumption is investigated. The proposed controller uses state and load feedbacks
and is configured for minimal power consumption. In this study, a linear synchronous motor
(LSM) was used with a combined levitation system. In particular, the short-stator LSM is
adopted because it provides simple and inexpensive production and long service life. In
addition, the resistance to the movement of such a levitation system is investigated.
According to preliminary results, it does not exceed the resistance to the movement of a steel
wheel on a steel rail. The parameters and energy efficiency of the magnetic levitation system
for creating traction forces of motion are also investigated. The obtained preliminary results
make it possible to implement transport systems with energy supply from solar radiation in
the conditions of the Republic of Myanmar.

Key words: maglev, zero power controller, energy efficiency
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© . A. Kapnyxun, B. B. Kosenos, A. O. Iletpos, 10. A. Tepentnes, B. I'. IllaBpos,
A. Il. Kamanues

MHcTUTYT paguoTeXHUKU U 31eKTpoHUKH UM. B.A. Korenpnukoa PAH

(Mockaa, Poccus)

T'PABUTAIIMOHHBIN ITPUHIIUII PA3STOHA U TOPMOXKEHMSI 1151
MATHUTOJEBUTAIIMOHHOI'O TPAHCIIOPTA

MarHToNeBUTalMOHHBIA TPAHCHIOPT NMPHUBIEKAET BCe OOJbIIE BHUMAHHUS, B CHIY MPHCYINX
€My BBICOKOW CKOPOCTHM M 3KOHOMHYHOCTH. TeXHHWYecKue TPYOHOCTH Ha IIyTH €ro MpPaKkTHYECKOM
peanu3anry MOCTeNIEHHO OTCTYMAIOT, [0 MEPEe Pa3BUTHUS TEXHOJIOTHH, pa3pab0oTKi HOBBIX MaTEepUAIOB
W OpUTHHAIBHBIX uAed. B Hacrosmeil paboTe omucaHbl pPe3yNbTaThl AKCIEPUMEHTAIHLHOTO
HCCIICIOBAHUS Ha MajOpa3MEpHBIX MaKeTax I'PaBUTALMOHHOIO IPHUHIMIA Pa3srOHA U TOPMOXKEHUS
MarHUTOJIEBUTALIMOHHOTO TpaHcropTa. [IpuHIMII OCHOBaH HAa TOM, YTO HAYaJbHBIH M KOHEUYHBIN
YUYaCTKH TPAcChl PacIlONOKEHBI BBILIEC IO YPOBHIO KPEHCEPCKOTO yuacTKa ABHXKECHHUS Ha BBICOTY h. B
CHJTy HUYTOXKHOT'O TPEHHUSI, CKOPOCTb V HE KPEHCEPCKOM yJacTKEe 3aBUCHUT OT KBAAPATHOro KOpHs u3 h.
[Tpu mpakTudeckn MOCTYmHBIX BbIcoTax h oT 1 mo 10 M, CKOPOCTh KpercepCcKoro MBHKEHHSI MOXKET
pocturate ot 15 mo 50 km/dac, 4TO MpeACTaBiIsieT MHTEPEC Ui BHYTPUTOPOJICKUX MACCAXKHPCKUX
TuHUA. B nokiane mpeacTaBieHbl pe3yiabTaThl MCIBITAHUS MaKeTOB Tpacc OT 2 70 6 M Ha OCHOBE
muHeeKk mocTossHHBIX MarHnToB NdFeB. B kadectBe neBUTHPYIOMUX 3JEMEHTOB MPUMEHSIOTCS
KPHOCTaTBl ~ C  BBICOKOTEMIIEPATypHBIM  cBepxmpoBomHukoM  YBaCuO.  O6cyxkaatorcs
rpy3onoabE€MHOCTb, BEPTUKAJIbHAA 1 OoKoBast yCTOI\/'I‘II/IBOCTb, a TaKKC YIpaBJIICMOCTb ABHMXKCHHA I10
Tpacce, BKJII04asi [IOTEPH SHEPTUHU U MX KOMIICHCALHIO.

Pabora momnepxana PODU, OAO PX]I, Yuusepcuretom "Cupuyc" u o0pazoBaTelbHBIM
¢dongom "Tanant u ycnex", mpoekt Ne 20-31-51005.

Knrouegvie cnosa: MarHUTOJIEBUTALMOHHBINA TPAHCHOPT, T'PAaBUTALMOHHBIN MPUHIIUII
pa3roHa U TOPMOXKEHHUsI, BBICOKOTEMITUPATypHasi CBEPXIIPOBOJUMOCTb, TOCTOSTHHBIE MarHUThI
Ha OCHOBE HEOAMMA.

ABTOp, OTBETCTBEHHBIH 3a nepenucky: KonenoB Bukrop Buxktoposuy
victor_koledov@mail.ru

© D. A. Karpukhin, V. V. Koledov, A. O. Petrov, Yu. A. Terent'ev, V. G. Shavrov,
A. P. Kamantsev

Kotelnikov Institute of Radio Engineering and Electronics of RAS

(Moscow, Russia)

GRAVITATIONAL PRINCIPLE OF ACCELERATION AND BRAKING
FOR MAGLEV TRANSPORT

Magnetic levitation transport is attracting more and more attention due to its inherent
high speed and economy. Technical difficulties on the way of its practical implementation are
gradually receding as technology develops the new materials and original ideas. This paper
describes the results of an experimental study on small-sized models of the gravitational
principle of acceleration and deceleration of maglev transport. The principle is based on the
fact that the initial and final sections of the route are located higher in the level of the cruising
section of the traffic to the height h. Due to negligible friction, the speed v in the cruising
section depends on the square root of h. With practically accessible heights h from 1 to 10 m,
the cruising speed can reach from 15 to 50 km / h, which is of interest for intercity passenger
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lines. The report presents the results of testing layouts of routes from 2 to 6 m on the basis of
NdFeB permanent magnets. Cryostats with a high-temperature superconductor YBaCuO are
used as levitating elements. Loading capacity, vertical and lateral stability, as well as road
handling, including energy losses and their compensation, are discussed.

This work was supported by the Russian Foundation for Basic Research, Russian
Railways, the Sirius University, and the Talent and Success educational foundation, project

No. 20-31-51005.

Key words: maglev transport, gravitational acceleration and deceleration principle,
high-temperature superconductivity, neodymium-based permanent magnets.

Corresponding author: Viktor Koledov
victor_koledov@mail.ru
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© A. B. Kupees, H. M. Koxemsika, I'. H. Kononosn
AO «Hayuno-texunueckuii neHtp «[IPUBO/I-H ».
(HoBouepxkacck, Poccust)

SJEKTPOTEXHUYECKHAN KOMILIEKC
MATHUTOJEBUTAIMOHHOI'O NIOJABHU’KHOI'O COCTABA

PasButne pabor B o00NacTH CcO3MaHUS TPY30BBIX  MAarHUTOJEBUTALIMOHHBIX
TPAHCIIOPTHBIX CHCTEM CBS3aHO C pa3pabOTKON W HUCCIICIOBAHHEM >JEKTPOTEXHHUYECKOTO
KOMIUIEKCa TMOABM)KHOTO COCTaBa /I IOJUIOHA OKCIUTyaTallud C MPOTSHKEHHBIMU
MePEerOHaMHU Ha CJIa00 OCBOCHHBIX TEPPUTOPUSIX.

Heab: o60cHOBaHUE CTPYKTYpHl M MapaMeTpPOB KOMIIOHEHTOB 3JIEKTPOTEXHUYECKOTO
KOMIIJIEKCA TTO/IBHYKHOT'O COCTaBa, UCCIETOBAHUE PEKUMOB PAOOTHI.

Metoabl: (YHKIMOHANBHO-CTPYKTYPHBI aHaiW3 M CHUHTE3, KOMIIBIOTEPHOE
MOJIEJIMPOBAaHUE, pacCueTHbIE UCCIICOBaHMS, AHAIW3 pe3yJbTaTOB HccienoBaHuil. B
pe3ynbTaTe MPOBEIEHHBIX HCCIEAOBAHUN BBISBICHBI (DAaKTOPBI, OMpPEENSIONINE OOIHK
ANEKTPOTEXHUYECKOTO KOMIUIEKCa TOJBIKHOTO coctaBa. CopMyaupoBaHbl OCHOBHBIC
TpeOOBaHUS K AJIEKTPOTEXHUYECKOMY KOMILJIEKCY.

PesyabTaTel: Pa3paborana CTpykTypa W ONpeAeieHBI IMapaMeTpbl KOMIIOHCHTOB
INEKTPOTEXHUYECKOTO KOMILIEKCa /I TPAHCTIOPTHOM TIaT(OpMBbl C MATHUTHOM JIEBUTALIHEH.
B kauectBe OmmkaiIero 3>KeJI€3HONOPOKHOIO aHajora BbIOpaHa CKOPOCTHAasi BaroH-
maTdopma moaenu 13-6990 st mepeBoO3KU KOHTCHHEPOB.

Pa3paborana KoOMIIBIOTEpHAsT MOJCIh KOMOWHHUPOBAHHOW TSATOBO-JICBUTAIMOHHON
CUCTEMbI Ha OCHOBE JTMHEIHOTO PEaKTUBHOTO UHIYKTOPHOTO JIBUTATETIS.

[IpuBeneHbl pe3ynbTaThl PaCUETHBIX UCCIIEIOBAHUM, MOATBEPKAAONINE (HU3HIECKYIO
peann3yeMoCTh JIIEKTPOTEXHUYECKOTO KOMIUIEKCA MOABUKHOTO COCTaBa C JIMHEWHBIMHU
PEaKTUBHBIMU UHIAYKTOPHBIMU JABUTATEIISIMHU.

BeiBoabl: [IpakTrueckas 3Ha4MMOCTb COCTOUT B TOM, YTO MPEIOKEHHAs KOHUEIUS
MOCTPOEHHUS ANEKTPOTEXHUYECKOTO KOMITJIEKCA TTOJIBUKHOTO COCTaBa 00ECTIEYMBAET CO3JaHUE
MarHUTOJICBUTAIIMOHHON TPAaHCIIOPTHOM CUCTEMBI C HU3KO 3aTPATHON MHPPACTPYKTYPOA.

KaroueBrie cioBa: BHCKTpOTeXHI/ILIeCKI/Iﬁ KOMIIJIICKC, HOHBHH(HOﬁ CcoCTaB, MarHuTHas
JICBUTALIMA, JIMHECHHBIN ABUTaTClib, KOMIIBIOTECPHAsA MOACIIb.

ABTOp, OTBETCTBEHHBIN 32 EPEIHCKY:
Anexcanap Bnagumuposuu Kupees — ['enepanbabiit aupexrop AO «HIIL « [ TPUBO/I-H»
akireev@privod-n.ru

© A. V. Kireev, N. M. Kozhemyaka, G. N. Kononov
Joint-stock company “Scientific and Technical Center “PRIVOD-N”,
(Novocherkassk, Russia)

ELECTROTECHNICAL COMPLEX OF MAGLEV ROLLING STOCK

The development of work in the field of creating cargo maglev transport systems is
associated with the development and study of the electrotechnical complex of the rolling
stock for the operating range with long stretches in poorly developed territories.

The aim of the work is to substantiate the structure and parameters of the components
of the electrotechnical complex of the rolling sto% to study the operating modes.
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The main research methods are functional structural analysis and synthesis, computer
modeling, computational studies, analysis of research results.

As a result of the research, the factors that determine the appearance of the electro
technical complex of the rolling stock have been identified. The basic requirements for the
electrotechnical complex are formulated. The structure was developed and the parameters of
the components of the electrotechnical complex for the transport platform with magnetic
levitation were determined. A high-speed flat car model 13-6990 for the transportation of
containers was chosen as the closest railway analogue. A computer model of a combined
traction-levitation system based on a linear switched reluctance motor has been developed.
The results of computational studies, confirming the physical feasibility of the
electrotechnical complex of the rolling stock with linear switched reluctance motor, are
presented.

The practical significance lies in the fact that the proposed concept of constructing an
electro technical complex of rolling stock provides for the creation of a maglev transport
system with a low-cost infrastructure.

Key words: electro technical complex, rolling stock, magnetic levitation, linear motor,
computer model.

Corresponding author:
Alexander Kireev - General Director of JSC "SPC" PRIVOD-N"
akireev@privod-n.ru
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© Cynaykos E.1O., llIngppun b.M., Cynaykosa B.E
Komu nayunslil ientp Ypanbsckoro otaenenus: Poccuiickoil akageMun HayK
(CrixTbIBKAp, Poccus)

MHOI'OKAHAJIBHBIE MATHUTOJIEBUTALIMOHHBIE
TPAHCIIOPTHBIE CUCTEMbI

O0ocnoBanme: [lo Buay  00OpyAOBaHMS  IYTENPOBOAOB  OOJIBIIMHCTBO
peaIM30BaHHBIX TPAHCIOPTHBIX CHCTEM Ha OCHOBE MAarHUTHOW JIEBUTALMHU (MariieB) MOXKHO
OTIPENICTTUTh KaK OJHOKaHAJIbHBIE — BCE 00OPYJO0BAaHUE B OJTHOM KOpoOe (TpyOe) Miim BOKpYT
onHoi Ganku. CtaropHasi 0OMOTKa IMyTEMPOBO/IA MOIPA3ACIACTCS HAa YCKOPSIOMIYI0 0OMOTKY
U OOMOTKY, 00€CHeuMBAaIOLIYI0 MOJHATHE WM IOJBELIMBAHUE TPAHCIOPTHBIX MOJYJIEH.
TpaHcrOpTHBIE MOAYJIH TEPEMEIAIOTCS TpPHU CO3JAaHUU OETyImero MarHUTHOTO OIS B
yckopstromieit oomotke. Ilpeanaraercs 3agaBarh Oeryiiee MarHUTHOE I0JIE€ B CIIELUAIBHOM
yhpaBisomeM KaHane (Oanke, TpyOe), CONPSDKEHHOM C HECKOJIBKUMH  YIIPaBISIEMbIMU
KaHaJlaMH, [TIOCPEICTBOM KOTOPBIX OCYILECTBIISCTCS JIEBUTALUS TPAHCIIOPTHBIX MOJYJIEH.

Leab: OCymECTBUTh CONPSDKEHHE YIPABIAIOMIETO KaHajla C  HECKOJbKUMH
yIpaBJIseMbIMU KaHaIaMU (J10 YEThIpEX) — MalorabapuTHBIMK MariieB-cucremami. [Ipu stom
YIPaBJIAIONMNI KaHall OyAeT pacroyiaratbCs B IIGHTPE, a YIpaBlisieMble KaHAJIbl BBEPXY,
CIpaBa, BHU3Y, CJ€Ba OT YIPaBIIAIOLIET0 KaHaja.

Mertoabl: 3/[-MonenupoBaHue, MaKETHPOBAaHUE, MPOCTPAHCTBEHHOW KOMIIO3UIINH,
HaTEHTHBIN TOUCK.

PesyabTarhl: berymee MarHWUTHOE T10Jie B YIPaBISIONIEM KaHaje CO3aeTCs
JBYDKYILEHCS MOC/Ie0BAaTEIbHOCTBIO B3aMMOAEHCTBYIOUIMX APyl C JAPYrOM HCTOYHHUKOB
MarHUTHOTO TOJsl — MyBepoB (the movers), KOoTOpble B3aMMOJECHCTBYIOT C HUCTOYHHKAMU
MarHUTHOTO TOJsI TPAHCHOPTHBIX MOAyJed — momyruukamu, ¢-tpeBenepamu (the fellow
travelers), JEBUTHPYIONIMMH B VYIPaBISEMBIX KaHaNaX IOCPEICTBOM HCTOYHHKOB
MOCTOSIHHOTO MAarHuUTHOro mojisi. KOHCTpyKuus yCTaHaBiIMBAaeTCs Ha AapoOuYHBIX OIOpax,
PaBHOMEPHO paclpeeNIIOIUX Harpy3Ky 10 OMTOPHON MOBEPXHOCTH.

Knioueevie cnosa. MarHUTONEBUTALMOHHBIE TPAHCIIOPTHBIE CHUCTEMBI, MCTOYHUKH
MarHUTHOTO TOJs, YHPAaBJSAIOIIMNA KaHal, YIpaBiseMbld KaHal, MyBep, (¢-Tpesenep,
TPAHCIIOPTHBINA MOJIYIIb.

ABTOp, OTBETCTBEHHBIH 3a nepenucky: CyHaykoB EBrenmit FOpbeBuu
jek-sun@mail.ru, shifrinb@mail.ru

© E.Yu. Sundukov, B.M. Shifrin, V.E. Sundukova
Komi Scientific Center of the Ural Branch of the Russian Academy of Sciences
(Syktyvkar, Russia)

THE MULTICHANNEL MAGLEV TRANSPORT SYSTEMS

According to the type of overpass equipment, most of the implemented transport systems
based on magnetic levitation (maglev) can be defined as single-channel — all equipment in one conduit
(pipe) or around one beam. Stator winding of overpass is divided into accelerating winding and
winding providing lifting or suspension of transport modules. Transport modules move when a
traveling magnetic field is created in the accelerating winding. It is proposed to set a traveling
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magnetic field in a special control channel (beam, pipe), coupled with several controlled channels, by
means of that levitation of transport modules is carried out.

Aim: to interface the control channel with several controlled channels (up to four) — small-
sized maglev systems. In this case, the control channel will be located in the center, and the controlled
channels at the top, right, bottom, left.

Methods: 3D-modeling, layout, spatial composition, patent search.

Results: The traveling magnetic field in the control channel is created by a moving sequence
of interacting magnetic field sources — the movers, which interact too with magnetic field sources of
transport modules — the fellow travelers, levitating in the controlled channels through sources of a
constant magnetic field. The structure is installed on arched supports that uniformly distribute the load
over the support surface. A model of a two-channel system with a lower location of a controlled
channel has been developed.

Conclusion: The transport modules can move relative to the overpass without using an
electromagnet when the movers interact with the fellow travelers.

Key words: maglev transport systems, magnetic field sources, control channel, controlled
channel, mover, traveler, transport module.

Corresponding author: Evgeny Sundukov
jek-sun@mail.ru, shifrinb@mail.ru
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© A. H. flmnos, A. H. UBanoB
Cubupckuii Tocy1TapCTBEHHBIH YHUBEPCHUTET ITyTEH COOOIICHUS
(HoBocubupck, Poccust)

CTPYHHBIE ITPOJIETHBIE CTPOEHUA
IS MATHUTOJIEBUTATMOHHOI'O TPAHCIIOPTA

Heab: OO0CHOBaHNME TEXHUYECKON BO3MOYKHOCTU NMPUMEHEHUS JJIs «MAarjieB» CTPYHHBIX
MIPOJIETHBIX CTPOCHUM U3 OJMMEPHBIX KOMIIO3UIMOHHBIX MAaTEPUAIIOB.

Metoabl: PacueTHO-TEOpETHUECKHE METO/IbI UCCIIEI0BAHUM.

Pe3yabtarsi: [lokazaHo, 4TO MyTeM HATSHKEHUS CTPYHBI M MPUMEHEHHS CIIELMAJIbHBIX
KOHCTPYKTUBHBIX PEHICHUA MOXHO CO3/IaTh ONM3KUN K «HICATBHOMY» MPOQPIIb MyTEBOU
CTPYKTYpbl JJisi JBMXKEHHMS «MarjeB». Ilpu 3TomM B KauecTBe Marepuana CTPYH
[PEIIIOYTUTENBHEE HCIIONIb30BaTh MOJUMEPHbIE KOMIIO3UTHI, IO3BOJISIIOIIME NPU TOM K€
YPOBHE HATSKEHMS CTPYHBI I10Jy4aTh MEHbIIEE TPOBUCAHUE, YEM Y METAJNINYECKUX.

3akmoyenune: OOOCHOBAaH aJbTEPHATUBHBIA TPATUIIMOHHBIM KeNe300€TOHHBIM HIIH
METAJUIMYECKUM KOHCTPYKIUSM BAPUAHT CTPYHHBIX KOMIO3ULIMOHHBIX ITPOJIETHBIX CTPOCHUM.

Knrwueesvie cnosa: MaFHI/ITOHeBI/ITaI_II/IOHHHﬁ TPAHCIIOPT, CTPYHHBIC KOMIIO3UIIMOHHBIC
IMPOJICTHBIC CTPOCHUS.

ABTOp, OTBETCTBEHHBIH 3a nepenucky: SmuoB Anapeir HukomnaeBuu
yan_andr@mail.ru

© Andrey N. Yashnov, Artem N. Ivanov
Siberian Transport University
(Novosibirsk, Russia)

STRING SUPERSTRUCTURES FOR MAGNETOLEVITATION TRANSPORT

Aim: Justification of the technical feasibility of using string superstructures made of
polymer composite materials for magnetolevitation transport systems.

Methods: Computational and theoretical methods of research.

Results: It is shown that by stretching the string and applying special design solutions, it
is possible to create a close to" ideal " profile of the track structure for the maglev movement.
At the same time, it is preferable to use polymer composites as the string material, which
allow for less sagging than metal ones at the same level of string tension.

Conclusion: The alternative to traditional reinforced concrete or metal structures of
string composite superstructures is justified.

Key words: magnetolevitation transport, string composite superstructures.

Corresponding author: Yashnov Andrey
yan_andr@mail.ru
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© A. H. SflmHoB, J1. A. Bacuabuyk, I1. 10. Ky3bmenkon, U. B. Yanjun
Cubupckuii rocyapcTBEHHBIH YHUBEPCUTET MyTEH COOOIIEHUS
(HoBocubupck, Poccus)

JUATHOCTHKA U MOHUTOPHUHI' COCTOAHUA
HECYIIUX KOHCTPYKIIUI TPAHCIIOPTHBIX CUCTEM

Heanb: OO6ecneunTs U3ydye€HHE M KOHTPOJIb HANPSHKEHHO-AE()OPMUPOBAHHOIO
COCTOSIHUSI HECYIIMX KOHCTPYKLUMH B IPOLECCE HKCIUIyaTallMd MarHUTOJIEBUTALIMOHHBIX
TPAHCIIOPTHBIX CUCTEM.

Metoabl:  OKCIIEPUMEHTAIBHO-TEOPETUUYECKHE  MCCIEAOBAHUS  JUHAMHYECKHUX
[1apaMeTpoB.

Pesyabrarel: [l OLEHKH HanpsKeHHO-AEPOPMUPOBAHHOTO COCTOSIHMSI OCHOBHBIX
HECYUIMX KOHCTPYKLIMH MarHUTOJIEBUTALIMOHHBIX TPAHCIOPTHBIX CUCTEM C INPUMEHEHHEM
CTPYHHBIX TPOJIETHBIX CTPOCHUH MPEIIOKEHO U3MEPITh COOCTBEHHBIE YaCTOTHI KOJIECOAHHIA.

3akiroyenue: OpraHusanus JUArHOCTMKU WM MOHUTOPUHIA W3MEHEHMSI 4acTOT
COOCTBEHHBIX KOJE€OaHMH HECYIIMX KOHCTPYKIMHA OOECIeYrBAaeT SKCIUTYyaTallMOHHYIO
HaJIe)KHOCTb HECYIMX KOHCTPYKLIHN Ul «MAarjieBy.

Kniouesvie cnosa: HanpsikeHHO-IC)OPMUPOBAHHOE COCTOSIHHE — KOHCTPYKIIHH,
4acTOTa COOCTBEHHBIX KOJIEOAHUM.

ABTOp, OTBETCTBEHHBIH 3a nepenucky: SmHoB Anapeir HukonaeBuu
yan_andr@mail.ru

© Andrey N. Yashnov, Lyubov A. Vasilchuk, Pavel Yu. Kuzmenkov, Ivan V. Chaplin
Siberian Transport University
(Novosibirsk, Russia)

TRANSPORT SYSTEMS LOAD-BEARING STRUCTURES STATE DIAGNOSTICS
AND MONITORING

Aim: To provide the study and control of the stress-strain state of load-bearing
structures during the operation of magnetolevitation transport systems.

Methods: Experimental and theoretical studies of dynamic parameters.

Results: To assess the stress-strain state of the main load-bearing structures of
magnetolevitation transport systems using string superstructure it is proposed to measure the
natural vibration frequencies.

Conclusion: The organization of diagnostics or monitoring of changes in the natural
vibration frequencies of load-bearing structures ensures the operational reliability of load-
bearing structures for Maglev.

Key words: stress-strain state of structures, natural vibration frequency.

Corresponding author: Andrey Yashnov
yan_andr@mail.ru
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© CoaomuH B.A., Cosomun A.B., UexoBa A A.
PocToBckmii rocy1apcTBEHHBIN YHUBEPCUTET ITyTEH COOOIICHUS
(PoctoB-na-/lony, Poccust)

IIYCKOBBIE YCHUJIUSA TATOBOI'O JUHEMHOT' O ACHHXPOHHOTI'O
JABUI'ATEJIA C PEI'YJIMPYEMBIM CUIITPOTUBJIEHHUEM
KOPOTKO3AMKHYTOM OBMOTKH BTOPUYHOI'O DJIEMEHTA

OobocnoBanme: Pa3paboTka M uHcciaeOBaHUE JIMHEHHBIX TATOBBIX IMPUBOAOB IS
MarHUTOJICBUTALIMOHHOTO  TPaHCIIOpPTAa  SBISETCS  aKTyajdbHOW 3ajmadeil. Jluneiinble
ACUHXPOHHBIC JBUTATCIM MOTYT HCIIOJB30BATHCA B KA4YCCTBC TAIOBBIX MAIlMH JJIA
NEPCIEeKTUBHOIO MOJIBUYKHOTO COCTABA.

Hean: HMccnenoBanue IYCKOBBIX — XAPaKTEPUCTHK — PETYIMPYEMOIO  TITOBOIO
JUHEHHOrO0 aCMHXPOHHOTO JBUTATENS C U3MEHSEMBIM COMPOTHBICHHUEM KOPOTKO3aMKHYTOMN
00MOTKOM BTOPUYHOTO JIEMEHTA.

Metoabl: TeopernyeckuM MyTeM IMOJYYEHBI COOTHOLICHHS MJisi pacueTa TITOBBIX
MIYCKOBBIX YCWIMH PEryJUPYEMOr0 JMHEHMHOTO ACMHXPOHHOTO JABUTATENSl C Pa3IMYHBIMHU
KOHCTPYKIUSIMU KOPOTKO3aMKHYTOW OOMOTKH BTOPUYHOTO DJIEMEHTA.

Pesyabrarbl: Ha OCHOBaHMM IIOIYYEHHBIX COOTHOILLEHUN BBIIIOJIHEHBI PaCYEThI
MYCKOBBIX TATOBBIX YCHJIMUA JTUHEHHBIX ACHHXPOHHBIX JBUTATENCH, MpeJHa3HAYCHHBIX IS
HCII0JIB30BAHMA Ha NMCPCHCKTUBHBIX BUJAX TPpaHCIIOpTA.

3ak/royenue: Pe3ynbTaThl pacuera MYCKOBBIX TATOBBIX YCHWIMHA PETYIUPYEMBIX
JIMHENHEBIX ACUHXPOHHBIX IIBHFaTGHGfI IIO3BOJISIIOT  OOOCHOBAHHO BI)I6I/IpaTI) PECKUMBI
BKJIIOUEHUS JIBUTATENSI B 3aBUCIMOCTH OT KOHCTPYKIIUU OOMOTKH BTOPHYHOTO 3JI€MEHTA.

Knrouegvie cnoea: MarHUTOJNEBUTALMOHHBIM TPAaHCIOPT, PETYIUPYEMBIM JIMHEHHBIN
ACUHXPOHHBIN JIBUraTellb, IyCKOBbIE TATOBbIEC YCUIIUS, BRBITEMHEHUE TOKA B Ma3y.

ABTOD, OTBETCTBEHHBIH 3a nepenucky: Conomud Brnagumup AnexcanapoBud
ema@rgups.ru

© Vladimir A. Solomin, Andrey V. Solomin, Anastasiya A. Chekhov
Rostov State Transport University
(Rostov-on-Don, Russia)

STARTING FORCES OF THE TRACTION LINEAR INDUCTION MOTOR
WITH ADJUSTABLE RESISTANCE OF THE SHORT-CIRCUITED WINDING OF
THE SECONDARY ELEMENT

Background: Development and research of linear traction drives for Maglev transport is
an urgent task. Linear induction motors can be used as traction machines for advanced rolling
stock.

Aim: Study of the starting characteristics of an adjustable traction linear induction motor
with variable resistance by a short-circuited winding of the secondary element

Methods: Theoretically, relations were obtained for calculating the traction starting
forces of an adjustable linear induction motor with various designs of a short-circuited
winding of the secondary element.

Results: Based on the obtained ratios, the calculations of the starting traction forces of
linear induction motors intended for use in promising modes of transport were performed.
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Conclusion: The results of calculating the starting traction forces of adjustable linear
induction motors make it possible to reasonably select the modes of starting the motor
depending on the design of the secondary winding.

Key words: magnetic-levitation transport, adjustable linear induction motor, starting tractive forces,
current extraction in the slot.
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© M. B. ®énoposa

[TerepOyprckuii rocyaapCTBEHHBIM YHUBEPCUTET MyTEH COOOIIECHUS
Nmneparopa Anekcanzpa |

(Cankt-IletepOypr, Poccus)

PABPABOTKA METOJUKH OHNEHKHU ITEPCIHIEKTUBHOCTHU MECT
PASMEIIEHUA MHOI'O®YHKIIMOHAJIBHBIX TPAHCITIOPTHO-
INEPECAZTOYHbBIX Y3J10B

ABTOpOM ompeneNeHbl Lend M 3aJadd  pa3MEIlEHUs TPaHCIOPTHO-TIEPECATOUHBIX
KOMIUTeKcoB. lIpeacraBneHa MeTOAMKa OLEHKA MECT pPa3MeIIeHUs TPaHCIOPTHO-TIEPEeCcaOdIHBIX
y3JI0B, cOCTOAIIAs U3 TpEX 3TanoB. Ha mepBoMm 3Tane B COOTBETCTBHM C IMPEAJAracMOd METOIUKOMN
HEOOXOIUMO BBITIOJHUTh YKPYIMHEHHYIO OLIEHKY pPacCMaTpHBAaeMBIX TEPPUTOPHA C  IIEIBIO
oTpeieNieHNs] TIEPCIIEKTUBHOCTH WX pa3BUTHA. Ha BTOpOM 3Tame HEoOXOIWMO BBITOIHUTH aHAIN3
CYIIECTBYIONIEH TPAHCHIOPTHON WH(MPACTPYKTYpHl B PETHOHE, OOECIEUMBAIOIICH IMaCCaKUPCKUE
TIEPEBO3KHU C IENbI0 BBISBICHHS 30H ¢ HAMOOJBINEH TPAaHCTIOPTHON JOCTYIHOCTBIO, KaK B TEKYIIEM
nepuosie Tak W Ha nepcrnekTuBy. Ha TpeTbeM »3Tame Ha OCHOBE JIOTHUCTHUECKHX KPHUTEPHEB
MIPOU3BOANTCS aHAIIN3 TPAHCIIOPTHON CETH B 30HaX C HANOOIBIIUMH ITACCAKUPOTIOTOKAMH.

Knwuesvie cnoea:  MHOTOOYHKIIMOHAIBHBI  TPAHCIIOPTHO-TIEPECATIOYHBIA  y3el,
TPaHCIIOPTHO-IIEPECATOYHBIX KOMIUIEKC.

ABTOp, OTBETCTBEHHBIH 3a nepenucky: dénoposa Mapus Brnagumuposna
talel9quale@mail.ru

© M. V. Fedorova
Emperor Alexander | St. Petersburg State Transport University
(St. Petersburg, Russia)

DEVELOPMENT OF A METHOD FOR ASSESSING THE PLACES
OF MULTIFUNCTIONAL TRANSPORTATION AND TRANSFER NODES

The article defines the goals and objectives of the placement of transport interchange
complexes. The article presents a methodology for assessing the location of transport hubs,
which consists of three stages. At the first stage, in accordance with the proposed
methodology, it is necessary to carry out an integrated assessment of the territories under
consideration in order to determine the prospects for their development. At the second stage,
it is necessary to analyze the existing transport infrastructure in the region, providing
passenger traffic in order to identify areas with the greatest transport accessibility, both in
the current period and in the future. At the third stage

Key words: based on logistic criteria, an analysis of the transport network in the
areas with the highest passenger flows is carried out.
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O E. C. CuBepuena

[TerepOyprckuii rocyaapCTBEHHBIM YHUBEPCUTET MyTEH COOOIIECHUS
Nmneparopa Anekcanzpa |

(Cankt-IletepOypr, Poccus)

SKOHOMMYECKHE ACHEKTbI MOJAEJIMPOBAHUSI BCM
B POCCUUCKOU ®EJEPAIINMU BCJIEACTBUE PACIHIUPEHUSA COEP
MMPUMEHEHMSI OCHOBHBIX KOMIIOHEHTOB TPAHCIIOPTHOM CUCTEMBI

B cratee paccmarpuBaroTCs 3KOHOMMUYECKHE B3IUISLJIbl HA NMPOOJIEMY Pa3BUTHUS PbIHKA
BBICOKUX CcKopocTed B Poccun. HecoorBercTBHE CyHIECTBYIOIIErO YPOBHS Ppa3BUTHUSA
MarucTpajbHOM TPaHCIOPTHOW MH(PACTPYKTYyphl MOTPEOHOCTSIM SKOHOMHUKHM M HaceJIeHHUs
cyobekToB P® w crpaHel B 1enoM, HaluuMe HWH(PPACTPYKTYpHBIX OTPaHMUYCHHH,
HEJOCTaTOYHBI YpOBEHb HWHTETPUPOBAHHOCTU PA3IMUHBIX BUJOB TPAHCIOPTA, IIPH
OTPOMHOM  TPaH3UTHOM TOTEHUUale TpeOyeT M3MEHEHHM, ¢ LeNbl0 IOBBILICHUS
KOHKYPEHTOCIIOCOOHOCTH TEPPUTOPHM, PErMOHOB CTpaHbl.M310KEeHbl KPUTEPUU CO3JaHUs
Mojenu TpaHcnopTHOM cucremMbl BCM u BapwanThl pacmupeHusi chepbl ITpUMEHEHHUs
OCHOBHBIX KOMIIOHEHTOB CYLIECTBYIOIEH CUCTEMBI.

Knroueswvie cnoea: BCM; TpancnioptHas ”HGPACTPYKTypa; TPAHCIIOPTHAS CUCTEMA.

ABTOp, OTBETCTBEHHBIH 3a nepenucky: Cusesrena Enena CepreeBHa
sivlen@mail.ru

© E. S. Sivertseva
Emperor Alexander | St. Petersburg State Transport University
(St. Petersburg, Russia)

ECONOMIC ASPECTS OF HIGH-SPEED HIGHWAY MODELING IN THE
RUSSIAN FEDERATION DUE TO THE EXPANSION OF THE SCOPE OF
APPLICATION OF THE MAIN COMPONENTS OF THE TRANSPORT SYSTEM

The article discusses the economic views on the problem of the development of the
high-speed market in Russia. The inconsistency of the existing level of development of the
main transport infrastructure with the needs of the economy and the population of the subjects
of the Russian Federation and the country as a whole, the presence of infrastructure
restrictions, the insufficient level of integration of various modes of transport, with a huge
transit potential, requires changes in order to increase the competitiveness of the territories
and regions of the country. The criteria for creating a model of the high-speed highway
transport system and options for expanding the scope of application of the main components
of the existing system are described.

Key words: High-speed highway, transport infrastructure, transport system.
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© H. H. I'puropses, A. H. I'puropses
['ocymapcTBeHHBINM YHUBEPCUTET MOPCKOTO M peuHoro (iiota uM. agmupana C.0O. Makapora
(Cankr-IletepOypr, Poccust)

KHUBEPBE3OIIACHOCTDb HA TPAHCIIOPTE:
AJIBTEPHATHUBHBIE IYTU OBECIIEYEHUS-IIEPEBO30OK

B noxiage paccMaTpuBaroTCs BOMPOCHI OOecriedeHus: KMOepOe30macHOCTH B cdepe
TPAHCIOPTHBIX TIEPEBO30K Ha OOJIBIINE PACCTOSHHUSI, B 3aBUCHMOCTH OT BHJIa TPAHCIIOPTA.

Kubepbe3omnacHocTh B cdepe TpaHCIOPTHBIX MEPEBO30K — MpobieMa IMIaHeTapHOTro
macmTaba, KOTOpas HE  TpeArnojiaraeT caMy  BO3MOXKHOCTh  MEXKIYHApOTHOTO
COTPYIHMYECTBA, BEAb IPU OSTOM CTpaHaM M[PULUIOCH Obl  «PACKPBITh  KapTb»
SKOHOMHUYECKOTO COCTOSHHSI KOMIIAHUH M TOCyJapCTBa B IEJIOM, YTO B YCJIOBHUSX JKECTKOTO
IMPOTHUBOCTOSAHUA I/IIIGOJIOFI/Iﬁ HCIIPUCMIIEMO.

Mexny TeM, knbepataku U KHOepOe30ImacHOCTh — pealuy Halero Bpemenu. 06a 3tu
MOHATHA COIIPAKCHBI C MPUMCHCHUCM KOMIIBIOTCPHBIX TEXHOJIOTHH. I[eﬁCTBHﬂ, KOTOPBIC
CHavaJia MPOSBIUTUCH B MAJIOM TOCTEIIEHHOCTH, ¥ HOCHIIM XapakTep, CKopee, XYIUTraHCKHX
NEICTBUI, CTaHOBATCA CEpbE3HOM yrpo3oil Oe3omacHocTH Ha TpaHcnopre. Kubepataku
NPOSIBIISIIOTCS HAa pasHBIX YPOBHAX U MPECIEAYIOT pasnuuHble 1end. OHM MOTryT OBITH
COIIPAKCHEBI C I[CI\/JICTBI/ISIMI/I KaK OTACIIbHBIX JIMI WJIM T'PYIIIbI JIWL, TAK U TOCYAapCTB.

3a mMHUPMON 3THX, CPAaBHHUTENBHO «OE300MIHBIX» NEHCTBUI, K TOMY €, KOTOpBIE
TOJILKO HAYMHAIOT ceO0sl TMPOSIBIIATH, YK€ HABUCIA yrpo3a MEXIyHApOIHBIX BOOPYKEHHBIX
KOH(JIMKTOB, 0OCOOEHHO B apkTudeckoMm peruoHe P®. Ilpuumna omnHa — mepecMotp cdep
BIIMSIHUSA Ha menb(de APKTHUKH, T COCPEIOTOUYCHBI 3HAYUTEIBHBIC 3aJICKU YTIIEBOIOPOJIOB.

Ecnu roBoputh 0 MacimTaOHBIX NEepeBO3KaX, 0COOEHHO, CTPaTErMYecKUX Ipy30B Ha
3HAUYMTENIbHBIE PACCTOSIHUS, TO B IUIaHE KuOepOe30macHOCTH, HaubOosee 3alluIeHHBIMHI
OyAyT *KeJIe3HOJOPOKHBIA U aBTOMOOMIBHBIN BH/IbI TPAHCIIOPTA. Y YUTHIBAsI MPOTSKEHHOCTh
TPaHCIIOPTHBIX KOopuAopoB «3amnan — Bocrok» u «CeBep — FOr», nepeBo3ku rpy3oB B 3THX
HalpaBJIEHUAX, OCOOCHHO B JKCTPEMAaJbHBIX YCJIOBUAX, 3(PQEeKTHBHEE OCYIIECTBIATH IO
BBICOKOCKOPOCTHBIM MarucCTpalisiM.

X0Ts MOPCKOM TPAHCIOPT U SIBJIIETCS] CaMbIM JICIIEBBIM BUJIOM TPaHCIIOPTA, OJTHAKO,
YYUTBIBAsI HAPACTAIONIYIO HANpPsHKEHHOCTh BOKPYr CEeBEpHOr0 MOPCKOTO ITYTH CO CTOPOHBI
MHOCTPaHHBIX TrocynapcTB, Poccum crnenyer mo3aboTHTbCs 00 albTepHATHUBHBIX IYTSX
AO0CTaBKM TpPY30B Ha OoJIbIINE PacCTOsAHMA, HUCIIOJb3Yyd, IMPEKAC BCCTO, TPAHCIIOPTHBIC
Kopuzopsl «3amag — Bocrok». Ilpu 3TOM SKOHOMHYECKHME TIOKa3aTelnu CJexyer
paccMaTpuBaTh BO BCEH MOJHOTE IMHAMHUKHN B T'€OIOJIMTHKE CEBEPHBIX TEPPUTOPHIL.

ITIpu paccmorpenun kopunopa «Cesep — IOr» crenyer nmpuHMMarTh BO BHUMAaHHE
COCTOSAHHUEC BHYTPCHHHUX BOIHBIX HYTeI\/'I, KOTOPOC HaxXOoAUTCA B HCYAOBJICTBOPUTCIHHOM
COCTOSIHUHM, COCTOSHHE caMoro (jaoTa, CE30HHOCTh HABHUTAllMM Ha BOAHBIX MYTAX, YTO
CYIICCTBCHHO BJIMUACT HAa DKOHOMHYCCKHUE I10Ka3aTCIu. ABTOMOOUILHEIE MIEPEBO3KH, TaK KC
CONPSDKEHBl CO  3HAYUTEIbHBIMH  TPYIHOCTSMH, TMpEXAE BCEro, C COCTOSHHEM
ABTOMOOWJIBHBIX JIOPOT, C CE30HHOCTBIO TIEPEBO30K.

VYuuTeiBass OOIIyI0 TEHICHIHMIO HAa MHTEHCHBHOE pa3BUTHE SKOHOMHKH CuOupu u
JampHero BocToka, BO3HHMKAIOT HOBBIE aKIEHTHI B cdepe TPaHCIOPTa, TPEOYIOUIHE C €ro
CTOpPOHBI 0OoJlee WHTEHCHUBHOW JWHAMHMKH. VcXoas W3 BBIIIECKa3aHHOIO, pa3BUTHE
MarHuTOJICBUTALIMOHHBIX TEXHOJIOTMM Ha TpPaHCIOPTE CJIEAyeT paccMarpuBaTh Kak
NEepCHEeKTUBHOE alIbTepHATUBHOE HAPaBJICHUE IPYTUM BUAAM TPAaHCIIOPTA.

Knrwouegvle cnosa: xubep0e30nacHOCTb, TPAHCIOPTHE KOPUIOPHI «3anaj — Boctok» u

«Cesep — Or».
.

® | ZOUTTAPTHEP

Yj pla @HC {Ej EBpocu6 52’ Masﬁ;\:}ﬁ . i .;é;;' =TT

AO «HUNIDA®



30 MaruuToJIeBUTAIIMOHHbIE TPAHCIOPTHBIE CHCTEMbI H TEXHOJIOTHH MTCT 21
Maglev Transportation Systems and Technology MTST’21

ABTOD, OTBETCTBEHHBIH 3a niepenucky: ['puropreB Hukonait Hukonaesuu
n.grigoriev-1948@mail.ru

© N. N. Grigoriev, A. N. Grigoriev

State University of Maritime and River Fleet named after Admiral S.O. Makarova
(St. Petersburg, Russia)
CYBERSECURITY IN TRANSPORT:
ALTERNATIVE WAYS TO ENSURE TRANSPORTATION

The report examines the issues of ensuring cybersecurity in the field of long-distance
transport, depending on the type of transport.

Cybersecurity in the field of transportation is a problem of a global scale, which does
not imply the possibility of international cooperation, because at the same time, countries
would have to "reveal the cards" of the economic state of companies and the state as a whole,
which is unacceptable in the conditions of a tough confrontation of ideologies.

Meanwhile, cyberattacks and cybersecurity are the realities of our time. Both of these
concepts are associated with the use of computer technology. Actions that at first appeared in
a small gradual manner, and were more likely to be hooligan actions, become a serious threat
to transport safety. Cyberattacks manifest themselves at different levels and pursue different
goals. They may involve actions by individuals or groups of individuals, as well as by States.

Behind the screen of these relatively "harmless” actions, which are just beginning to
manifest themselves, there is already a threat of international armed conflicts, especially in the
Arctic region of the Russian Federation. The reason is the revision of the spheres of influence
on the Arctic shelf, where significant deposits of hydrocarbons are concentrated.

If we talk about large-scale transportation, especially strategic cargo over long
distances,then in terms of cybersecurity, the most secure types of transport will be rail and
road. Given the length of the "West — East™" and "North — South" transport corridors, it is more
efficient to transport goods in these directions, especially in extreme conditions, via high-
speed highways.

Although sea transport is the cheapest transport, however, given the growing tension
around the Northern Sea Way on the side of foreign countries , Russia should take care of
alternative ways for the delivery of goods over long distances, using, first of all, the transport
corridors "West — East". At the same time, economic indicators should be considered in the
entirety of the dynamics in the geopolitics of the northern territories.

If considering the North-South corridor, it is necessary to take into account the state of
inland waterways, which is in non satisfied condition, the state of the fleet itself, the
seasonality of navigation on the waterways, which significantly affects economic KPI. Track
transport is also associated with significant difficulties, primarily with the state of roads, with
the seasonality of transport.

In general trend of intensive development of the economy of Siberia and the Far East,
there are new accents in the field of transport, which require more intensive dynamics on its
part. Based on the above, the development of magnetic levitation technologies in transport
should be considered as a promising alternative direction to other types of transport.

Key words: cybersecurity, transport corridors "West - East" and "North - South".
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© AnrtonoB A.10.}, Auronos 10.®.2

! [TerepOyprckuii rocyaapCTBEHHBIN MOIUTEXHIUYECKUi yHuBepeuteT [lerpa Benukoro
[leTepOyprckuii rocyJapCTBEHHBIN YHUBEPCHUTET IyTel COOOLICHNUS

NmnepaTopa Anekcanpa |

(Cankr-IletepOypr, Poccust)

TPAHCHIOPTHASI TEXHOJIOT U «POCCUMCKHAIN MATJIEB»
B CPABHEHUU C MUPOBBIMHU MAI'JIEB TEXHOJIOT TSAMH

OCHOBHBIE XapaKTEPUCTUKHU:
DcrakagHoe MyTeBOE MOJOTHO ¢ OypOHAOWBHBIMU OIOPAMHU.
MarauroauHaMuyecKkast (CHHOHUM: 3JIEKTPOIMHAMUYECKAs) JIEBUTALIMSL.
He tpebyercs cucremMa JUAarHOCTHKY C JaTYUKAMH JIEBUTAI[MOHHOTO 3a30Da.
JleBuTanoHHsIH 3a30p BILIIOTH A0 0,2 M.
MaxkcumanbHasi ckopocTh ABuxkeHus 500 kM/u.
Mamnasi CKopocTh TPAHCIIOPTHOTO CPEACTBA JUIS BBIXO/A B PEXKUM JIeBUTAIUH, 5-10 KM/4.
DNEKTPOIUHAMUYECKOE TOPMOKEHHE.
Pekynepaniys 31eKTpOMarHuTHOM SHEPTUH.
MarauTHbI€ 101 pacCesiHUST Ha YPOBHE €CTECTBEHHOTO IOJISI 3eMHOI'O MarHeTu3ma.
0. LIymsr Huxe 50 nb.
11. DnexTpomMarHUTHBIE OECCTPEIOYHBIC TIEPEBOIBI.
12. MopaynbHast KOHCTPYKIIHS HECYIIUX TEJIEKEK C Pe3ePBUPOBAHUEM MOITHOCTH.
13. He3aBUCHMOCTD SKCIUTyaTallMd OT KIMMATHYECKHUX M MTOTOTHBIX YCIOBHH.
14. He TpeOyercs ycTaHOBKa TEXHUYECKHX CPEJICTB BEPTHKAIBHOW U TOPU3OHTAIHHON
cTabuIn3anuy.
15. T'etepononisipHble MarHUTHbIE CHCTEMBI JICBUTAIMHM, OOKOBOW cTaOuiam3anmuu U
Bo3Oyxaenuss JICJ| Ha 0aze MOCTOSHHBIX MarHUTOB W3 PEIKO3EMENbHBIX METaUIOB (B
NIEPCIIEKTUBE -  3aMEHa MOCTOSTHHBIX ~ MarHuTOB YHU(PHUIIUPOBAHHBIMU
CBEPXITPOBOJHUKOBBIMA TPEKOBBIMH MOMAYJISIMH C 3aJUBHBIM HJIU  ITUPKYJISITHOHHBIM
OXJIQKJICHUEM KPUOKYJIEpaMH ).
16. ManuBuya nHBIC BHYTpPEHHUE (CBepXTIpOBOIAIITHE) UCTOYHUKHU MTATAHUS
CBEPXITPOBOJHUKOBBIX TPEKOBBIX MOYJIEH.
17. ABapuiiHO-T€XHOJOTMYECKHE KOJeCca-KaTKH.
18. HMcnonb3yroTcs TOJIBKO POCCUNCKUE TTaTEHTHI.
19. CrammonapHoe ycrpoiicTBo miaBHoro mycka JIC/I, cepuiino nzrorosnsiemoe B CII0.
20. JluHelHBIl CHHXPOHHBIN ABUTaTENbh MOXET moctaBuTh JID3 (B coctaBe PYCOJIIIPOM),
KOTOpBI pa3zpaboTall JOKYMEHTAIMI0, U3TOTOBWII B IMOJIHOM MaclliTabe HECKOJbKO CEeKIUil
0€3)KeJIe3HOr0 CTaTopa U YCHEIIHO WX UCIBITAL.
21. Ornaxena cOopka OOPTOBOTO MarHUTHOTO TIOJTFOCA JICBUTAIMH U3 MTOCTOSIHHBIX MarHUTOB
HEOIMM-XKeJe30-00p /Ui y3i1a JieBUTauuu u poropa-oeryna JIC/.
22. TlocTostHHBIE MAarHUTHI MOKeT TTocTaBUTh kommauus [IOJIMMATHUT (CII0).
23. I'magkoe AOpOKHOE TOJIOTHO TEXHUYECKHM M TPSMOHAIpPaBICHHbIE OeccTpeloyHbIe
NEepeBOJbl AKTUBHOM TyTEBOH CTPYKTYypbl 00€CleYrBalOT BO3MOXHOCTb pa3BUBATh
MaKCUMaJbHYI0O CKOPOCTh TPY30BOH WM MACCAKUPCKOW TPaHCHOPTHOM mIaT(opmbl
~500 xkM/y.
24. 3a cyer OOJNBIIOTO KpEHA JOPOKHOTO MOJIOTHA, TIOCTUTAIONIEro 15°, BOZMOYKHBI MaJIble PaInyCh
MIOBOPOTA.
25. VYmporieHa TpacCUpOBKa MyTH, KOTOpasi CTAHOBUTCS Oosiee THOKOH.
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26. beccrpenounblii mepeBonx JmuHONH 150 M oOecrednmBacT MOBOPOT TPY30BOM TPaHCIIOPTHOM
wiaThopMbl TPH JBIKEHHH cO ckopocThio 200 km/4. [lomycTumas CKOpOCTh JBW)KEHHUS IO
OeccTpennouHoMy iepeBoty JUHOM 75 M coctaisietr 100 km/4.

27. Haumnas co ckopoctr 100 kM/4 1 HUKE OECCTpEIOYHBIE TIEPEBOJIBI MOTYT BBIMONHATHCS IS 3-X
HaIllpaBJICHUU OBUKCHUS.

28. B 6CCCTPCHO‘{HI)IX nepeBogax HE 00s3aTEIbHO HCIOJIB30BAaTh MEXaHUYECKUH npuBoa —
W3MEHEHHE HAMpaBlICHUs [BW)KCHHA TPY30BOW TPAHCIIOPTHOW TIaTGOpMBI BO3MOXHO IIyTEM
MIEPEKITIOYEHUST CEKITMi OOMOTKH CTaTopa JUHEHHOTO CHHXPOHHOTO IBHTATENIA. JTO WMEET 0co00
BAXXHOC 3HAYCHUC MPU CO3JaHUHN MHOFOYSJ'IOBOI\/'I KOHBeﬁepHOﬁ MarucCTpajiu ¢ BbUICTHBIMU JIMHUAMMU.
Ipumeuanue: Ha GecCTPENOYHBINA TIEPEBOJ MOTydeH maTeHT PD.

29. BepxHee cTpoeHHE yTH MIPEICTABISIET COO0M dcTakaly ¢ OIOpaMHu, BHITIOTHEHHBIMHU IO
TEXHOJIOTUH “OypoHaOuBHas cBas” 06e3 MpUMEHEHUs YKCKaBaTopa u Oynbo3epa.
Merannuieckre YHUPUITUPOBAHHBIC MOYJIA IEPEKPHITHS YCTAHABIUBAOTCS METOIOM
“HaIBUKKU .

30. PabGouwmii 3a30p y nuHeiHOTO cuaxponnoro asuratens JICI 0,2-0,3 M, T.e. Ha MOPSIOK
Oonbire, yeM y JuHelHoro acuHxpoHHoro asurarens JIAJ[ (0,01-0,02) m. Kak ciencrsue,
CHW)KAFOTCSI MOHTa)KHBIE TPEOOBAHHS K TTyTEBOMY ITOJIOTHY, YPOBHSIM KOJICOAHUI ¥ BUOpAIHiA
TpancnopTtHoro cpeactsa; y JIC/] suepreruueckuii hakrop # cosy = 0,5+0,8 mpotus 0,2+0,4
y JIAJI, MmenbIiie motpebiasiemasi MOIIIHOCTh U MEHBIIIE PACX0]] aKTUBHBIX MaTEPHUAIIOB.

31. Texuonorus «Poccuiickuii MarieB» HMEEeT HEKOTOpbIe 3aMMCTBOBAaHUS TEXHOJOTUH
«Inductrack», koropas ucnosnb3yercst B komnanuu Jxenepan Atomuke (CIIA), ycmemnHo
paboTaromnieil HaJa co3gaHUMEM TPY30BOro MaryieB TpaHcmopTa. OJHAKO TEXHOJIOTUSA
«Poccuiickuii MarneB» 0oJiee COBEpIIEHHAas U MEHEe 3aTpaTHas B YacTU MCIIOJIb30BaHUS
BBICOKOOHEPIreTUYHBIX HEOJMMOBBIX MOCTOSHHBIX MAarHutoB B y3ie JseButauuu u JIC/.
BwMmecte ¢ TeM, 3TH MOX0KHE TEXHOJOTHMH SIBHO MPEBOCXOIAT TIE€PMAHCKYIO TEXHOJOTHIO,
NpUMEHSEMYIO B MpoekTe «Transrapidy», KOTOpyr BHEAPAIOT KHTAHCKHE CIEIHaIMCThI B
[[Tanxae.

B mpoekte «Transrpapid» HCmoab3yeTcss TEXHOJOTHS MO TMATCHTY, MOJYyYeHHOMY
Kemndepowm emie B Tperbem Pelixe. Matepuanoemkas TEXHOJIOTHUS, HE MTO3BOJISIONIAs J1€1aTh
CTpeJIOYHbIE MEePEeBO/IbI, HEOOXOAUMOCTh B KOHTaKTHOM ceTu. SAmoHckas TexHoioruss HSST,
npuMeHsiemas B mpoektax «Linimo» u  «Rotemy» mo aHaJIOTHYHBIM OpPUYMHAM HE
nepcrektuBHa, TexHosnoruss ETT B pa3pekeHHOW cpele OrpaHUYEHHOI'O IPOCTPAHCTBA
MMEET NMPUHLMIUAIBHBIA HETOCTATOK — UCIOJIb30BAHUE BAKyyMa U TPYJHOCTH OTBOJA TEILIA,
ITIOCKOJIBKY BaKyyM SIBJISIETCSI HAWJIYUYIIHUM TEIUIOU30IATOPOM.

Texnonmornsa «POCCHMHCKMI MarieB» SBISETCS YHUBEPCAJIbHOM TEXHOJOTHEH,
MOCKONIBKY MOXET MCIOJIb30BaThCS [UIsl BHEYIWYHOTO  TOPOJICKOTO OOIIECTBEHHOTO
TPaHCHOPTA, MPUTOPOJHOTO TPAHCIIOPTA, ITPU CTPOUTEIILCTBE TPAHCKOHTUHEHTAIBHBIX TPY30-
MACCAXUPCKUX TPACC, B TOM UYUCIE C BBUICTHBIMU JIMHUAMHU. OHA MPENoaraeT COUYEeTaHHe
MOJTHOW aBTOMATH3allUd M B3aWMOCBS3M HA3€MHOTO JIHUCIIETYEPCKOTO MYHKTa ¢ OOPTOBBIM
yrpaBieHUEM, T.e. paboTy B OCCHHIOTHOM peXHUME. SBISISCH HAYKOEMKOW M TEXHUYECKU
MPOJIBUHYTOM TEXHOJOTUEH, OHa TpeOyeT IIJIaHOBOM TOATOTOBKH BBICOKOKIIACCHBIX
CIEIMAIUCTOB B OTEYECTBEHHBIX TPAHCIOPTHRIX BVY3ax. Jlnga y4yeOHBIX Ienel wu3gaHa
aBTopckass MoHorpadus AntoHOoB 10.®D., 3aiineB A.A. MarauTtosieBUTaIIMOHHAS
TpaHCHOPTHas TexHojorus / nmox pea. B.A. I'ananoBuua. — M.: ®U3MATIINT, 2014. — 476
c. [Antonov IuF, Zaitsev AA Magnitolevitatsionnaia transportnaia tekhnologiia. Gapanovich
VA, editor. Moscow: FIZMATLIT; 2014. 476 p. ISBN 978-5-9221-1540-7 (In Russ.)] Kaura
noyuwia rpud YMO, T.e. npuodpena craryc yueOHUKa.

Knroueevie cnoesa: MarHuToavHaMHu4ieCKas JICBHUTalWA, 6eCCTpeHOqHBIﬁ IEpEeBOA,
MAaraHuTHBIC T10JIA paCCCAHUS.

— Sam
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TRANSPORT TECHNOLOGY "RUSSIAN MAGLEV"
IN COMPARISON WITH WORLD MAGLEV TECHNOLOGIES

Main characteristics:

Elevated track bed with bored supports.

Magnetodynamic (synonym: electrodynamic) levitation.

No diagnostic system with levitation gap sensors is required.

Levitation gap up to 0.2 m.

The maximum speed of movement is 500 km / h.

Low speed of the vehicle to enter the levitation mode, 5-10 km / h.

Electrodynamic braking.

Recovery of electromagnetic energy.

Magnetic stray fields at the level of the natural field of terrestrial magnetism.

10. Noises below 50 dB.

11. Electromagnetic directionless transfers.

12. Modular design of carrying trolleys with power redundancy.

13. Independence of operation from climatic and weather conditions.

14. Installation of technical means of vertical and horizontal stabilization is not required.

15. Heteropolar magnetic systems of levitation, lateral stabilization and excitation of LSD
based on permanent magnets from rare earth metals (in the future - replacement of permanent
magnets with unified superconducting track modules with flooded or circulating cooling
cryocoolers).

16. Individual internal (superconducting) power supplies for superconducting track modules.
17. Emergency technological wheels - rollers.

18. Only Russian patents are used.

19. Stationary soft starter LSD, serially manufactured in St. Petersburg.

20. A linear synchronous motor can be supplied by LEZ (as part of RUSELPROM), which
has developed the documentation, manufactured several sections of the ironless stator on a
full scale and successfully tested them.

21. The assembly of the onboard magnetic pole of levitation from neodymium-iron-boron
permanent magnets for the levitation unit and the LSD rotor-runner has been debugged.

22. Permanent magnets can be supplied by POLYMAGNET (St. Petersburg).

23. A smooth roadbed technically and direct directional directionless transfers of the active
track structure provide the ability to develop the maximum speed of a cargo or passenger
transport platform ~ 500 km / h.

24. Due to the large roll of the roadway, reaching 15 °, small turning radii are possible.

25. Simplified path tracing, which becomes more flexible.

26. A directionless switch with a length of 150 m provides a turn of a cargo transport
platform when moving at a speed of 200 km / h. The permissible speed of movement along a
directionless translation with a length of 75 m is 100 km / h.

CoNoOAWNE

s
@y::\/' pla @][C = =) Espocu6 § Tt ® [Z@ITAPTHEP

AO «HUNIDA®



34 MaruuToJIeBUTAIIMOHHbIE TPAHCIOPTHBIE CHCTEMbI H TEXHOJIOTHH MTCT 21
Maglev Transportation Systems and Technology MTST’21

27. Starting from a speed of 100 km / h and below, directionless transfers can be performed
for 3 directions of movement.

28. In pointless transfers it is not necessary to use a mechanical drive - changing the direction
of movement of the cargo transport platform is possible by switching sections of the stator
winding of a linear synchronous motor. This is especially important when creating a multi-
node conveyor line with outgoing lines. Note: a patent of the Russian Federation has been
obtained for the directionless translation.

29. The upper structure of the track is a flyover with supports made using the “bored pile”
technology without the use of an excavator and a bulldozer. Metal unified floor modules are
installed using the "slide™ method.

30. The working clearance of the LSD linear synchronous motor is 0.2-0.3 m, i.e. an order of
magnitude more than that of a linear asynchronous motor LIM (0.01-0.02) m. As a result, the
installation requirements for the track bed, the levels of vibrations and vibrations of the
vehicle are reduced; LSD has an energy factor n cose = 0.5 + 0.8 versus 0.2 +~ 0.4 for LIM,
less power consumption and less consumption of active materials.

31. The Russian Maglev technology has some borrowings of the Inductrack technology,
which is used by General Atomics (USA), which is successfully working on the creation of
freight maglev transport. However, the Russian Maglev technology is more advanced and less
costly in terms of using high-energy neodymium permanent magnets in the levitation and
LSD unit. At the same time, these similar technologies are clearly superior to the German
technology used in the Transrapid project, which is being implemented by Chinese specialists
in Shanghai.

The "Transrapid™ project uses technology from a patent obtained by Kempfer back in
the Third Reich. A material-intensive technology that does not allow making turnouts, the
need for a contact network. The Japanese HSST technology used in the Linimo and Rotem
projects is not promising for similar reasons, the ETT technology in a rarefied environment of
limited space has a fundamental drawback - the use of vacuum and the difficulty of removing
heat, since vacuum is the best heat insulator.

The Russian Maglev technology is a universal technology, since it can be used for off-
street urban public transport, suburban transport, and in the construction of transcontinental
freight and passenger routes, including those with departure lines. It involves a combination
of full automation and the interconnection of the ground control room with the onboard
control, i.e. work in unmanned mode. Being a science-intensive and technically advanced
technology, it requires the planned training of highly qualified specialists in domestic
transport universities. For educational purposes, the author's monograph was published by
Antonov  Yu.F., Zaitsev A.A. Magnitolevitatsionnaia transportnaia tekhnologiia.
Gapanovich V.A., editor. Moscow: FIZMATLIT; 2014.476 p. ISBN 978-5-9221-1540-7 (In
Russ.). The book received the stamp of UMO, i.e. acquired the status of a textbook.

Key words: magnetodynamic levitation, directionless translation, stray magnetic
fields.
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! [TerepOyprckuii rocyaapCTBEHHBIN MOIUTEXHIUYECKUi yHuBepeuteT [lerpa Benukoro
[leTepOyprckuii rocyJapCTBEHHBIN YHUBEPCHUTET IyTel COOOLICHNUS

NmnepaTopa Anekcanpa |

(Cankr-IletepOypr, Poccust)

PEIIEHUE TPAHCIIOPTHOM JOCTYITHOCTH B POCCHHU ITOCPEJACTBOM
CO3JAHMA CETU MATHUTOJIEBUTAIIMOHHBIX J1OPOI'

Poccus obnagaer pa3BETBICHHOM CETHIO PEK, pycila KOTOPBIX IPEHMYIIECTBEHHO
MPOXOJIAT B MEPUIAMAHHOM HAmpaBi€HUH. Pyciia pek MOXHO M JOJKHO HMCIIOJIb30BaTh IS
BO3BEJICHUSI  ACTaKajJ  MarHUTOJIEBUTAIMOHHOTO  TpaHcmopra.  B3anmomonosgHeHue
THUXOXOJHOTO PEYHOIO0 TPAHCIOPTa M BBICOKOCKOPOCTHOTO MarHUTOJIEBUTALIMOHHOTO
TPAHCIOPTA IO3BOJUT TEXHUYECKHM TI'PAMOTHO M 3KOHOMHUYECKU BBIFOJIHO PEIIUTH 3aJaudy
TPAaHCIOPTHOM AOCTYNHOCTH B Poccuu.

Ha ocHoBanum ananusa reorpaduu BOAHBIX myTed Poccuu U COBpeMEHHOTO
COCTOSTHUSI PEYHOT'0 X035iiCTBa 000CHOBaHA TeXHUYeCKast YP(PEKTUBHOCTh U IKOHOMUYECKAs
MPUBJICKATEILHOCTh CO3/IaHUSl MIMPOTHO-MEPUJIMAHHON CETH  TPAHCHOPTHBIX JIMHUM IO
OTCUECTBEHHOM TexHoyoruu «Poccuiickuii Maries» ¢ IIeNbI0 TJIO0AJTBHOIO M MECTHOTO
obecrnieueHus TPaHCIIOPTHOM A0oCcTynHOCTH B Poccum.

Kntouesvie cnosa: pycno, pedHoil TpaHCHOPT, 3cTakana, OypoHabusHas omopa, JIOII,
TATOBAs MOJACTAHIIHS.

ABTOD, OTBETCTBEHHBII 3a nepenucky: AHToHOB AHapeit FOpreBuy, antonov-andreyl44@yandex.ru
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SOLUTION OF TRANSPORTATION ACCESSIBILITY IN RUSSIA THROUGH
CREATION OF A NETWORK OF MAGNETIC LEVITATION ROADS

Russia has an extensive network of rivers, the channels of which mainly run in the
meridian direction. River channels can and should be used for the construction of maglev
transport flyovers. The complementarity of low-speed river transport and high-speed maglev
transport will make it possible to technically competently and economically solve the problem
of transport accessibility in Russia.

Based on the analysis of the geography of waterways in Russia and the current state of
the river economy, the technical efficiency and economic attractiveness of creating a
latitudinal-meridian network of transport lines using the domestic technology "Russian
Maglev" for the purpose of global and local provision of transport accessibility in Russia has
been substantiated.

Key words: channel, river transport, overpass, bored support, power transmission line,
traction substation.
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