52 TPAHCHOPTHBIE CUCTEMBI U TEXHOJIOI'MA OPUTI'MHAJIBHBIE CTATBU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

UDC [YV]IK] 629.438.4
DOI 10.17816/transsyst20184252-61

© V. A. Bogachev', Y. A. Terentyev?, V. V. Koledov®, T. V. Bogachev*

! Rostov State Transport University (RSTU)

(Rostov-on-Don, Russia)

? Independent expert, official representative of ET3 in the Russian Federation
(Moscow, Russia)

*Insitite of Radioengineering and Electronics of RAS (Kotelnikov IRE RAS)
(Moscow, Russia)

*Rostov State University of Economics

(Rostov-on-Don, Russia)

DZUNGARIA CORRIDOR FOR
VACUUM MAGNETIC LEVITATION TRANSPORT:
LOST OPPORTUNITIES OR WEIGHTED OPTIMISM?

Background: The complex of issues arising when considering possible options for
the implementation of Eurasian transcontinental high-speed land transport corridors
operating on the basis of vacuum magnetic-levitation technologies is analyzed. The
exclusivity of Russia’s geographical position in a substantial part lies in the fact that it is
through its territory that China can be directly linked by these corridors to Western Europe
and also to North America, the rationale is done.

Aim: Possible routes connecting Beijing and Shanghai with Moscow are analyzed.
Transport highways of a truly innovative type will solve the urgent task of geopolitical level -
to organize the states located on the Eurasian continent in a qualitatively new civilizational
construction. The purpose of the research is as follows: to develop methods of solving the
problems of finding optimal variants for the location of high-speed land transport corridors
using computer mathematics systems. This should take into account the features of the
territory, through which the transport route is planned to be carried out.

Methods:  The economic, political, logistical, geographical, technical and
technological aspects of these projects are discussed. Optimization methods are used, in
particular, the calculus of variations.

Results: After the creation of a sufficiently informative and detailed informal picture,
the basics of the corresponding mathematical models are constructed.

Conclusion: The historical area of Dzungaria is considered as the location of the
main intermediate terminal for high speed vacuum magnetic levitation transport.

Keywords: High-speed land transport corridors, Magnetic-levitation technologies,
Optimization methods, The problem of the calculus of variations.
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'PocroBckuii rocyapcTBeHHbIA yHUBEpcUTET myTed coobmenus (PI'YIIC)
(r. PocToB-Ha-Jlony, Poccust)

HesaBHCHMBI} Hay4YHBIN 2KCIIepT, OQUIMAIBHBIN npencTaBuTedb «BT3» B
Poccuu (r. Mocksa, Poccust)

3I/IHCTI/ITyT paIrOTEXHUKH U ekTpoHukn PAH

(r. Mocksa, Poccust)

*PocroBckmii rOCyJ1apCTBEHHBIN YIKOHOMUYECKUN YHUBEPCUTET

(r. PocToB-Ha-Jlony, Poccust)

JOKYHI'APCKHM KOPUJOP AJI1 BAKYYMHOI'O
MATI'HUTOJIEBUTAIIOHHOI'O TPAHCIIOPTA:
YIIYHIEHHBIE BO3MOKXHOCTHU
WJIU PA3YMHBIA OIITUMU3M?

O0ocHoBaHmMe: AHanM3UpPYyeTCsd KOMIUIEKC BOIPOCOB, BO3HHMKANOUIMX B IIPOLECCE
paccCMOTPEHHUST BO3MOKHBIX BAPUAHTOB pEAM3alUM €BPA3UUCKUX TPAHCKOHTHMHEHTAIBHBIX
BBICOKOCKOPDOCTHBIX HA3€MHBIX TpPAHCIOPTHBIX KOPHUIOPOB HA OCHOBE TEXHOJIOTMH
BaKyyMHOM MarHUTHOM JseBUTauMU. B pabore BBINOIHEHO OOOCHOBaHHE, COIJIACHO
KOTOPOMY, HCKJIIOYHUTEIBHOCTh reorpaduyeckoro moyiokeHuss Poccum B 3HaunTeNbHOU
CTENEHM 3aKJII0YaeTcsi B TOM, YTO MMEHHO uepe3 ee Teppuropuro Kurtail Moxer ObITH
HanpsMYIO0 CBfA3aH MOJOOHBIMU KOPHAOpaMHU CO CTpaHamu 3amafHod EBpormbl, a Tarke ¢
CeBepHoil AMEpHUKOI.

Henb: Anann3upyroTcss BO3MOXKHBIE MapuIpyTsl, coeausstomue Ilexknn u anxaii ¢
Mocksoii. TpaHcOpTHBIE MarucTpain ACHCTBUTEIBHO MHHOBAIMOHHOIO XapakTepa peniaTt
BOXHYIO 3aJjauyy TEONOJIMTUYECKOro MacmTaba, a MMEHHO: OpPraHM30BaTh TOCYyJapcTBa
EBpasum cornacHo Ka4yeCTBEHHO HOBOMY LIMBWIM3AaLMOHHOMY YKiany. Llens uccnenoBanus
3aKJII0YAETCs B CIEAYIOUIeM: pa3padoTaTh METO/IbI pEIIeH!s 3314 110 OUCKY ONTHUMaIbHbBIX
BAPUAHTOB MECTOIIOJIOKEHUSI BBICOKOCKOPOCTHBIX HA3€MHBIX TPAaHCIIOPTHBIX KOPUAOPOB C
IPUMEHEHUEM KOMIIBIOTEPHBIX MaTeMaTHdeckux cucreM. Clenyer y4yuThlBaTb H
OCOOEHHOCTH TEPPUTOPHHU, MO KOTOPOH IUIAHUPYETCS MPOJIOKHUTH JAHHYIO TPAHCIOPTHYIO
JIMHUIO.

Metoabl:  OOCYXmarOTCS  SKOHOMHUYECKHE, TOJUTHYECKHE, JIOTUCTUYECKHUE,
reorpauecKkue, TEXHUKO-TEXHOJOTHYECKUE aCHEeKThl pealu3alii JaHHBIX MPOEKTOB.
Hcronbs30BaHbl METOIBI ONITUMHU3ALIAN, B YACTHOCTH, BAPUALIMOHHOE NUCYUCIICHHE.

PesyabTarel: Ilocne mnosnyueHuss B JOCTaTOYHOM cTeneHH HMH(DOPMATHUBHONH U
0IpoOHOM KapTUHBI CO31aHBI COOTBETCTBYIOLIME 0a30Bble MATEMAaTHYECKUE MOJIEIH.

BeiBoa: Hcropuueckas obOmacte JKyHrapuss paccMaTpuBaeTcsi B KadyecTBe
OCHOBHOIO  IPOMEKYTOYHOIO TE€pMHHaia Uil  BBICOKOCKOPOCTHOTO  BaKyyMHOT'O
MarHuTOJIEBUTALMOHHOI'O TPAHCIIOPTA.

Kniouesvie cnoséa. BbICOKOCKOPOCTHBIE Ha3e€MHBIE TPAHCIOPTHBIE KOPHIOPHI,
TEXHOJIOTMM MarHUTHOW JIEBUTAIMHM, METOJbl ONTHUMHU3ALMHU, MpobiieMa BapHAllMOHHOTO
VCUYMCIIEHUS.

HccnenoBanue mpoBeneHo npu nozjepxkke Poccuiickoro ¢honma GyHaaMeHTaIbHBIX
uccnenoBanuii (I'pant Ne. 17-20-04236 opu_m_PXK]).
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INTRODUCTION

In this paper, we analyze a number of issues that arise when considering
possible options for the implementation of trans-Eurasian high-speed ground
corridors operating on the basis of vacuum magnetic levitation transport
(VMLT). A very extensive literature is devoted to a discussion of the
comprehensive aspects of the application of magnetic levitation technologies in
transport, including in vacuum tubes, from a wide variety of points of view
[1-18]. Note that the conclusions made after a very versatile and detailed
analysis of the expediency of using these technologies at the present time often
turn out to be contradictive (it suffices to compare [2, 3, 4, 7, 10]).

The purpose of the present research is to develop mathematical methods
of solving the problems of finding optimal variants for the location of high-
speed land transport corridors using computer mathematics systems. This
should take into account the characteristic features of the territory, through
which the transport route is planned to be carried out.

SOME NATIONAL ASPECTS OF VMLT PROJECTS
FOR THE RUSSIAN FEDERATION

Exclusiveness of the geographical position of Russia is expressed not
only by the record area of the territory and by the fact that it is in two parts of
the world. In modern geo-economic and geopolitical conditions, this
exclusiveness is due to the fact that it is through Russia that China can be
directly connected by high-speed land transport corridors with Western Europe
and also with North America.

The relief of Central Asia that was rich in mountain systems served as a
natural reason for the isolation of the Celestial Empire (which also provokes its
artificial self-isolation) and, in general, the states of East Asia from Europe and
even from Middle East until the end of the 19th century. The modern China,
which is carrying out omnidirectional and all-pervasive expansion, not only
makes up for the time-lost isolation from the Western world, supplemented by
three decades of “classical” socialism. It is already clear to all that its goal is to
become even more powerful in “multipolar” World.

By boosting its nomination for world leadership positions in economic,
scientific, technical, technological and even to some extent social relations,
Chine is building up the “muscular relief of the whole body” externally
positioning itself at the same time not aggressively. It is clear that with such
actively developing global market relations, further full-fledged progress is
simply not possible without the transcontinental transport highways of a
fundamentally new, real innovative type. As for such geographical neighbors of
Russia and China as Kazakhstan, Uzbekistan, Turkmenistan, Kyrgyzstan and
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Tajikistan, we note the following. It is known that from 1992 to 2012, China’s
aggregate trade with these five Central Asian countries increased 100-fold and
increased to 46 billion dollars. Thus, one can’t doubt their direct and even vital
interest in the implementation of the projects of innovative high speed
transportation under consideration.

DZUNGARIA CORRIDOR AS APILOT PROJECT
IN IMPLEMENTATION OF VMLT

When choosing trajectory for high speed overland route between Beijing
and Moscow or Shanghai and Moscow operating on the basis of VMLT, the
physical map of Central Asia immediately identifies Dzungaria, a historical
region located in the Xinjiang Uygur Autonomous Region of China. As noted
above, the geographic complexity of the situation is that across any of the
possible routes connecting East China to Europe, one way or another, there is
an extended chain of mountain systems passing one another. However, it is in
Dzungaria that there are fairly wide and relatively flat passages in this chain.
The most famous is called “Dzungarian Gate”. We draw attention to another,
less known passage located 150 km to the north of the “Dzungarian Gate”.

So, let’s consider from the geographical, political, economic and social
point of view one of the possible nearly “rectilinear” routes connecting Beijing
and Moscow. The movement from Beijing will take place all the time to the
north-west-west. After crossing the Gobi Desert in a very insignificant extreme
southern part of the territory of Mongolia, the Gobi Altai and the Mongolian
Altai remain to the north of the route. The movement will again take place
across the territory of China to its border with Kazakhstan. Here between the
ridges of Dzungarian Alatau and Tarbagatai there is a flat passage, which we
will call the “New Dzungar Gate”. From the south of the route, there will be
Lake Manas (lke-Khan) and the city of Karamay. From the north — the city of
Durbuljin (Emin) and Chuguchak (Tacheng). After crossing the border of China
with Kazakhstan, the cities of Bakhta and Urjar will remain from the north.
Further movement occurs practically along the plain. Leaving from the south of
Lake Alakol and Balkhash and from the north — the top of 1565 m, and then
from the south — Mount Ulytau (1133 m), located in the Kazakh, the route goes
to the Southern Urals. The largest cities of Kazakhstan: Karaganda and Astana
will remain located north of the route, respectively, at 150 km and 300 km.
After crossing the border of Kazakhstan with Russia, the route enters the
Orenburg region of Russia.

Let’s sum up some results. The length of the entire route from Beijing to
Moscow will be about 6150 km. The time of delivery of passengers and cargo
will be close to the minimum in comparison with all other routes. From the
point of view of the minimum material costs for surveying and construction

Received 06.07.2018. Accepted: 30.07.2018 This article is available under license
Transportation Systems and Technology. 2018;4(2):52-61 doi: 10.17816/transsyst20184252-61


http://creativecommons.org/licens

56 TPAHCHOPTHBIE CUCTEMBI U TEXHOJIOI'MA OPUTI'MHAJIBHBIE CTATBU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

work, this route is also preferable to others. Indeed, the mountain ranges are left
out, and the second half of the route passes almost across the flat terrain. In any
case, for many well-understood reasons, somewhat north of the city of Urumaqi,
the center of the Xinjiang Uygur Autonomous Region, the main intermediate
terminal should be located, which will serve as a powerful hotbed of economic
and social development for the entire western part of China.

VARIATION APPROACH IN MATHEMATICAL MODELING
OF TRANSPORT AND LOGISTIC CONSTRUCTINGS

When considering possible variants of the location of transport highways,
immediately questions arise relating to their curvature. Even for traditional
railroads constructed on the basis of the “wheel-rail” system, their curvature is
the most important indicator determining the permissible speed of trains. For
high-speed, and even more ultra-high-speed railroads, the value of this indicator
becomes dominant.

For the transport-logistical constructions performed in this work, the
general variation method for solving the corresponding optimization problems
IS proposed.

When considering possible options for the location of railways, questions
immediately arise concerning their curvature. Even for traditional railway
tracks built on the basis of the “wheel-rail” system, their curvature is the most
important indicator determining the permissible speed of trains.

Consider a capsule levitating in an evacuated tube by means of
electromagnetic field forces and performing the function of a passenger or
freight vehicle. The trajectory of the movement of the capsule is a certain line
located on the ellipsoid surface of the Earth. The retention of the capsule on the
trajectory should be provided by the centripetal force, which is the resultant
force of gravity and the forces of the electromagnetic field and equal

2
F(xy,z)= .
R(X,Y,2)

Here m — the weight of the capsule, v=v(X,y,z) — the speed of its
movement at the point of the line /" with the coordinates x, y and z (in some
selected rectangular Cartesian coordinate system), R(x,y,z) — the radius of

curvature of the line /7 at this point. As is known, the radius of curvature
k(x,y,z) of a line is expressed in terms of its curvature by equality

R(x,y,z)=

(1)

k(x,y,z)
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In the “ideally-extreme” case for VMLT the line [/ represents the line of
intersection of a common terrestrial ellipsoid with a plane passing through three
points, two of which are the ends of the route and the third is the center of the
Earth. If, at the same time, the velocity of the capsule turns out to be equal to
the first space flight it will be held in the indicated “orbit” by gravity only being
together with the cargo or passengers in weightlessness.

The formula (1) shows that in view of the planned supersonic and even
“space” speeds of levitating capsules, one of the main initial criteria when
considering the variants of the highways is their curvature.

Let us proceed to the presentation of the proposed variational method.
We will consider an optimization problem of the form:

(XT!QFR(x,y,z)—)max

or equivalent
max k(x,y,z)— min

(x.y.2)er
provided that the location of the lines are subject to some restrictions. In the
situation considered in this paper these restrictions are dictated by the terrain on
which it is planned to lay the transport backbone.

Before the method of solving the optimization problem, we make the
following General geometric remark. It is known that among all lines
connecting any two given points, the smallest length has a line segment. At the
same time, the curvature of the straight line is zero at all points.

To the problem under consideration this simple observation is relevant
for the following reason. The point is that finding a line having the smallest
length among the points connecting two data points and satisfying certain given
conditions is, from the computational point of view a simpler task (since it
requires fewer resources) than finding among those lines the one with the
greatest curvature function of points of a line) is the smallest. However, the
above coincidence for a straight line does not allow far-reaching
generalizations. The corresponding counterexample is shown in Fig.1.

Fig.1. Lines /7, and /7,

Let’t give an explanation. The greatest value of a curvature of a line /)

joining two fixed points O and A and not passing through the interior of a
circle whose radius is assumed to be equal 1 is attained at each point of the arc
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A B, of this circle and is equal to k; =1. The greatest value of the curvature of
the line /7,, (also connecting points O and A and not passing through the
interior of this circle) is reached at each point of the arc A B, of the circle of

_ _ 1 :
radius 2 and is equal to k, =7 However, the length of the curve /7is less

than the length of the curve 7.

We also note that in the railway practice, for the coupling of the
rectilinear part of the railway with the circular one, transitional curves are
constructed to compensate for the resulting jump in the curvature of the path
[19]. It is also not difficult to cite a counterexample taking this remark into

account. In this case, for each of the more complex lines /7, and 7, the

curvature will change continuously, but (as in the example above) the length
I, is less than the length /.

We now turn our attention to the fact that Lagrange or Newton
polynomials are used in the interpolational constructions performed below in
the process of optimization. Therefore, the curvature of the lines 7/~ received is
a continuous (and even smooth) function.

Turn to the exposition of the algorithm for constructing a mathematical
model in the environment of a computer mathematics system. For brevity and
clarity, we confine ourselves to a two-dimensional case. Variation of the lines
1" whose ends are assumed to be at fixed points O and A of the abscissa axis
(Fig. 2) will be performed in such a way that the appropriate terrain is taken
into account. Namely, the lines /™ must bypass the soles of the mountains and
the elevations located between the points O and A.

The segment OA is divided into n equal parts by points X. The

corresponding ordinates Yy, of the points of the plane can be found by a simple

search, and using the randomization capabilities of the computer mathematics
system. The main content of the constructions produced here is the choice of

gaps in which the ordinates Yy, can be changed. At the same time, the specificity

of the terrain is taken into account (in Fig. 2 this relief is indicated by shaded
parts of circles and ellipses).

The interpolation polynomial y(x) (for example, of the above type) is

built for the obtained points (xi,yi) of the plane. In principle, the use of
splines is not excluded, although there are questions about the smoothness of

11
Y,

(1+y2)

value is found, that is, the maximum of the function ‘k (x)‘ =
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The computational process ends with minimizing the indicated maxima
and thereby finding the desired line.

In Fig. 2 shows a line /' that is a graphical result of the computer
mathematics solution of an optimization problem with a terrain relief depicted
in the form of shaded parts of circles and ellipses. In this case, the random
number generator and the interpolation polynomials of Lagrange and Newton
were used.

r

e M | &

O A

Fig. 2. The line found by the computer mathematics system
CONCLUSION

We formulate the results of the paper.

1) A general variational method for solving optimization problems using
analytical computing systems has been developed, which makes it possible to
carry out transport and logistics studies to find the optimal options for the
location of high-speed land transport corridors.

2) Based on the proposed method, calculations are performed through the
system of analytical calculations, the result of which is the optimal route for the
location of the transport corridor, given the restrictions on the terrain,
characterized by the presence of mountain chains and elevations.
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