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Abstract. The article reviews the strategic trends of transport development that meet
the modern requirements of the economy and society. It was revealed that the key trend is to
increase the speed of traffic. To achieve breakthrough results in this direction, it is proposed to
use magnetic levitation in combination with the use of a vacuum environment - the creation of
vacuum-levitation transport systems. It is noted that the Joint Scientific Council of JSC Russian
Railways formed the requirements for the creation of such systems and focused attention on the
problem of the socio-economic efficiency of its creation. It was concluded that railway transport,
in the interests of its strategic competitiveness, should be the initiator and active participant in
the creation of vacuum-levitation transport systems, which, in turn, can become an important
incentive for integrating the efforts of the world scientific community.
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MATHUTHAA JIEBUTALIUSA - ODYHAAMEHTAJIBHASA
OCHOBA J1JIs1 CBEPXCKOPOCTHBIX BAKYYMHO-
JEBUTALIMOHHBIX TPAHCHIOPTHBIX TEXHOJIOT U

AHHomauu;l. B crarbe MPOAHATIN3UPOBAHDBI CTPATCTUYCCKUC TPCHABI PA3BUTHA TPAHCIIOPTA,
OTBCHAOINE COBPEMCHHBIM Tpe6OBaHI/I$[M OKOHOMUKH U O6HIGCTBa. BI)IHBJIGHO, YTO KJIHOUEBOM
TPECH/ — IMOBBIIICHUE CKOPOCTU ABUKCHUS. I[J'Iﬂ JOCTHKCHHUS ITPOPBIBHBIX PE3YJIBTATOB B 3TOM
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HalNpaBJICHUU BEChbMa MEPCHEKTUBHO MPUMEHEHHWE MArHUTHOM JIEBUTAIlMM B COYETAHUU C
HCIIO0JIb30BAaHUEM BaKyyMHOMN CpeJbl — CO3/1aHU€ BaKyyMHO-JI€BUTALIMOHHBIX TPAHCIOPTHBIX
cucteM. Otmeueno, uro O6veanHeHHBIM yueHbIM coBeToM OAO «PXJI» chopmupoBanb
TpeOOBaHUS K CO3JaHHUIO TAKUX CUCTEM, C(HOKYCHPOBAHO BHUMAHHUE HA MPOOIeMe COLUaIbHO-
IKOHOMHUYECKOH 3PPEKTUBHOCTH UX co3nanus. CrenaHo 3aKI0YeHHE, YTO KeJIe3HOJOPOXKHBIN
TPAHCIIOPT B MHTEpECax CBOEH CTpaTermueckoil KOHKYPEHTOCIOCOOHOCTH MOJKEH OBbITh
WHUIIMATOPOM U aKTHUBHBIM YYACTHHUKOM CO3/IaHHS BAaKYyMHO-JIEBUTAIIMOHHBIX TPAHCTIOPTHBIX
CUCTEM, YTO, B CBOIO OYepelb, MOXKET CTaTb Ba)KHBIM CTUMYJIOM JUIsl MHTErPallUU yCUIIUI
MHUPOBOI'0 HAyYHOT'O COOOIIECTBA.

Knrouegvie cnosa: conmaibHO-3KOHOMHYCCKHUE TCHACHLIUH, CTPATCTUYCCKUEC TPCH/AbL
Pa3BUTUA TPAHCTIOPTA, KOHBCPICHIUA TPAHCIIOPTHBIX CUCTCM, MAIrHUTHAA JICBUTAIUS, BAKYYMHO-
JICBUTALIMOHHBIC TPAHCIIOPTHBIC CHCTCMbI, HAYYHBIC MNPUOPUTCTHI IMOBBIIICHUA CKOPOCTHU
JABVXKCHUA, MHTCPMOJAJIbHBIC IICPCBO3KH, 61/13Hec-1<00nepau1/1${ TPAHCIIOPTHBIX CUCTEM.

The global and economic tendencies which formed themselves at the end
of XX and beginning of XXI century, demand drastic acceleration of transport
communication. The establishment of new transport systems is a crucial task,
successful solution of which will broadly determine increase of life quality and
trade and economic efficiency of the regions, cities, and countries. When choosing
a direction of research, one needs assess risks and possibilities associated therewith,
and develop certain relative actions.

STRATEGIC TENDENCIES
IN TRANSPORT DEVELOPMENT

Macro-and microeconomic requirements for a transport system are
characterised by factors which produce decisive influence on evolution of transport
[1]. Among them, five factors are distinguished:
increase of life quality of population;
increase of human capital cost;
deepening of interregional demographic disproportions;
increase of demographic and industrial impact on environment;

e decrease of resource intensity of economy, perfection of raw materials
processing techniques, increase of final products share in the transportation
structure.

With these factors in mind, the global requirements for future transport
systems are becoming speed acceleration, safety, namely environmental safety,
energy efficiency, passenger services flexibility, and integration into multimodal
transport systems.
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Figure 1 shows today’s modes of transport which hold leading positions
or are aspirant to take leading positions at the transportation market. In terms of
safety, namely environmental safety, the first position is held by railway transport,
whereas remainder of positions is held by car, pipeline, aircraft, and maritime
transports. The strategic benchmarks for railway transport are increase of service
flexibility, provision of intermodality, and speed acceleration. Altogether, these
strategic trends are most rapidly developing in car transport, which demonstrates
aspiration to leadership in the growing segment of society’s requirements for
transport services.

Due to population growth, increase of human capital cost [2], and value
of time, the demand and requirements for high-speed passenger transportation
development are also on the rise. These tendencies are verified by boosting growth
of high-speed railways (HSR) construction over the last decade [3]. In China alone,
over 22 thousand kilometres of HSR were built, that 1s more than elsewhere in
the world. According to UIC forecast, this dramatic development of HSR global
network will continue in the future.
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Fig. 1. Strategic tendencies in transport system development
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As a modern tendency, the “borrowing” of one transport mode’s advantages
by another for its subsequent development is considered. For instance, train speed
1s approaching that of aircraft, and load and passenger capacity of the latter are
striving for that of railway counterparts. It was not by coincidence that the term
“transport systems convergence” was introduced. And the technological borrowing
of transport systems’ elements is called “synergetic evolution of transport systems”.
There are projects that have been developed and implemented, where technological
solutions of a train, car transport and even aircraft converge. Quite promising
is the railway channel that unites maritime and railway transports (carrying of
ships by rail), which enables covering hundreds of kilometres without the need
to construct water channels. The air-and-railway projects, suggested by Tomsk (a
city in Russia) scientist Boris Weinberg represent interest as well [6]. Today, the
idea of “floating trains” is crystallised in such projects as magnetic levitation and
vacuum levitation trains. In this regard, it is required that the projects of ET3 [7]
and actively realised Hyperloop as well as the concept of “plain trains” should
be emphasised [4].

At the same time, the tendency of XXI century is to achieve high speed
together with the use of alternative energy sources, traction transmission mode,
and artificial environment for traffic in transport systems.

PROSPECTS OF MAGNETIC LEVITATION
IN COMBINATION WITH VACUUM ENVIRONMENT

The application of magnetic levitation combined with vacuum seems
promising for transport systems [8, 9]. These solutions foster overcoming the
most energy-intensive hindrances to transport systems traffic — wheel-rail contact
[12, 13], and air resistance [12, 13]. The application of evacuated environment
with 100 times and more reduced pressure on transport, provides opportunity to
double speed performance of the magnetic levitation system “train-infrastructure”.
Whereas, the application of a deeper near-vacuum environment will enable
achieving the speeds of five or six times higher than the maximum one [14].

The scientific basis for solving technical and technological, and economic
issues is being actively developed in Russia at present. Basing on the findings
of the studies conducted by JSC “Russian Railways” Joint Scientific Council,
the technical requirements for development and vacuum levitation transport
system (VLTS) have been designed, which are summarised in the monograph
[5]. The viability of VLTS, namely in Russian conditions, has been proven, in
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terms of potential competitiveness at medium distance (500-1000 km) and long
distance transportation (over 1000 km), provided that there is logistics and digital
cooperation of new transport system with conventional railway network.

As a result of the activity of JSC “Russian Railways” Joint Scientific
Council [15 — 17], it was made possible to identify future technical requirements
for VLTS construction. These must cover basic parameters of VLTS infrastructure
and rolling stock, methods of air resistance reduction in vacuum, achieving
movement using magnetic levitation, and creating of safety and risks assessment
systems.

SCIENTIFIC PRIORITIES
FOR CONSTRUCTION OF VACUUM LEVITATION
TRANSPORT

In the process of working out the concept, the following priorities were
determined to achieve speeds of 1 000—12 000 km/h with 100 times reduction of
resistance.

1. Determination of major infrastructure parameters:

e proportion of sizes and dimensions;

e terra-efficiency;

e stations and passing loops;

e minimal curvatures.

2. Ensuring traffic based on magnetic levitation: constructive solutions for
propulsion, acceleration, and braking.

3. Provision of safety systems:

e physiological hindrances;

e incidents;

e technological and man-induced risks.

4. Determination of major vehicle parameters:

e gecometric parameters;

e acrodynamic form;

e equipment;

e materials.

5. Achieving resistance reduction:

e near vacuum;

e rarefied medium;

e alternative physical principles of movement.

6. Reproduction of life supporting systems:

e life supporting for passengers;
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e heat profile;

e sources and accumulators of energy.

7. Choosing principles, methods, and equipment to construct the near-
vacuum infrastructure or to reduce resistance;

8. Assessment of contingency and relevance of replacement of the near
vacuum in the infrastructure of the transport system with light gas medium
corresponding to relative resistance reduction objectives;

9. Assessment of contingency of application of alternative physical principles
and constructive solutions for additional reduction of resistance to the maglev
system pod.

10. Assessment of energy optimality in power supply systems relying on
existing energy sources, and possibility to accumulate heat and kinetic energy
during the train movement;

11. Assessment calculations-based forecast of heat profile of vehicles
and infrastructure for various movement modes within the speed range of
0-1 200 km/h;

12. Constructive solutions for passengers’ onboard life supporting systems.

IDENTIFICATION OF A NICHE IN THE MARKET
FOR INNOVATIVE TRANSPORT SYSTEMS

One of the crucial economic issues is to identify a commercial niche in
the transport services market so as to make the projects profitable and promising.
The main technology related prerequisite for mass operation of VLTS consists in
promptest solving the fundamental task of achieving superconductivity.

However, in our time the efficiency of any transport system, e.g. HSR [18], is
achieved not only through their commercial operation. A more weighty contribution
is made by creation of social and economic effects and associated businesses for
investors [19].

Let us consider systematised requirements for development of energy
sources, routes, increase of travel distance, and speed in each segment of the market
(Fig. 2). In segments from 150 to 500 km it is promising to develop competitiveness
between conventional railway and maglev transport, whereas in segments with
over 500 km — VLTS; after finalising physical principles of creating levitation and
reducing cost of maglev transport system elements, the latter will be used on a
broader scale. These risks are significant for railway operator companies, therefore
railway science and railway management should be interested in introduction of
maglev systems and VLTS. The formation of these systems must be perceived
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Fig. 2. Scheme of passenger transportation perspective development

as another stage of railway transport development. Other ways of thinking will
inevitably result in drastic redistribution of business against the latter.

Thus, a key tendency in transport development, which addresses the social
and economic challenges of today, is transportation speed increase. A revolutionary
increase of transportation speed may be achieved using maglev in combination
with vacuum environment, i.e. VLTS. The fundamental requirements for those are
identified by JSC “RZD” Joint Scientific Council.

It is necessary to achieve convergence of VLTS and conventional railways,
which will make implementation of maglev efficient and will serve for the
benefit of railway business development. Firstly, construction of VLTS lines
can be done above existing railway lines, i.e. the infrastructure cooperation is
achievable. Secondly, realisation of intermodal transportation using VLTS lines
and railway lines can provide an expanded logistics network and an immense
transport services coverage. Thirdly, business cooperation: creation of VLTS may
become a good business type and strategic investments into transport systems
development.

The work over the promising maglev transport development projects must
stimulate integration of the world society so as to accelerate in choosing the best
constructive and technological solutions for XXI century transport.
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