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Rubric 1. TECHNOLOGIES AND PROJECTS

DOI 10.17816/transsyst2019515-25

© H. P. Ferreira, R. M. Stephan
Universidade Federal do Rio de Janeiro
(Rio de Janeiro, Brazil)

AIR CUSHION VEHICLE (ACV): HISTORY DEVELOPMENT AND
MAGLEV COMPARISON

Abstract. This paper will present the ACV working principle and a review of the past

research developments of high-speed ACV trains and their efforts in countries like, Brazil,
France, Germany, Italy, United Kingdom, and United States, and the low-speed ACV trains,
revealing why the former did not match the expectations and failed, while the latter have been
prospered and purchase a well-established market niche in short distance paths.
Finally, this study will promote a direct comparison between the two technologies, ACV and
MagLev, with advantages and disadvantages of each one. The ACV development will bring
important insights to the research of MagLev trains from a technical and economic
perspective, learning with errors of the ACV, that did not enable any high-speed projects to
flourish, and, on other hand, the comparative success of the urban ACV, as a complete
commercial solution, like the MagLev trains.

Keywords: Air Cushion Vehicle, Tracked Air Cushion Vehicle, Hovertrain, Magnetic
Levitation Train, High Speed Transportation, Urban Transportation.

List of Abbreviatures:

ACV Air Cushion Vehicle
APM Automatic People Mover
DoT U.S. Department of Transportation
EDL Eletrodynamic Levitation
EESC USP  Escola de Engenharia de Sdao Carlos da Universidade de Sdo Paulo
EML Electromagnetic Levitation
FEI Centro Universitario da Funda¢do Educacional Inaciana
Fultrace®  Fast Ultra-Light Tracked Air Cushion Equipment
HSST High Speed Surface Transport
HST High Speed Train
IAP Istituto d’Aeronautica dell’Universita di Palermo
LEM Linear Electric Motor
LIM Linear Induction Motor
LIMRV Linear Induction Motor Research Vehicle
LRV Light Rail Vehicle
LSM Linear Synchronous Motor
MagLev Magnetic Levitation
OHSGT Office of High Speed Ground Transportation
PRT Personal Rapid Transit
PTACV Prototype Tracked Air Cushion Vehicle
RTV Research Test Vehicle
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SML Superconducting Magnetic Levitation
TACV Tracked Air Cushion Vehicle

TACRV Tracked Air Cushion Research Vehicle
TALAV Trem Aerodinamico Leve de Alta Velocidade

TLRV Tracked Levitated Research Vehicle
TR Transrapid

TTC Transportation Technology Center
TTI Transportation Technology Inc.

UK United Kingdom

USA United States of America

UTACV Urban Tracked Air Cushion Vehicle
U-Trace®  Urban Tracked Air Cushion Equipment

INTRODUCTION

For almost two decades of the 20" century, between 1950 and 1970, the
world witnessed a huge period of economic growth and global prosperity. This
era faced a massive shift of population from rural areas to cities, forming large
metropolitan areas. The industrial production reached even more people,
demanding transportation of goods for far distances and the increasing of a
consumer society [1, 2].

The “American Way of Life” promoting the ownership of automobiles,
associated with the United States of America (USA) government impulse on the
built of a national highway network [3], provided a boost in the car sales
causing, quickly, traffic congestion and pollution problems [4]. The
environmental concerns in these years were manifested at the first United
Nations Conference on the Human Environment (1972) [5].

At the rail sector, this period presented new challenges and significant
changes. Japan opened the first high speed line, the Tokaido Shinkansen, for the
1964 Summer Olympics in Tokyo, connecting the capital to Osaka [6].
European countries started the improvement of their rail network infrastructure,
for passenger and freight transportation, and begun the studies for high speed
lines [7, 8]. The USA government encouraged the research and new enterprises
for urban [9] and for high speed transportation [10].

These decades witnessed an extraordinary advance on science &
technology. The recently developed transistors opened new opportunities for
light and compact products, like the pocket radio, and aided the growth of
microelectronics, while the thyristors paved the way for the beginning of power
electronics. The increasing of signal processing capabilities and the
manufacturing of reliable sensors also contributed to surging of highly
sophisticated systems, like artificial satellites.

At the same period, the British engineer Sir Cristopher Cockerell designed
the Hovercraft, a hybrid vehicle that could be used over land or water that floats
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over the surface, using air pressure streams [11], while the British engineer Eric
Laithwaite developed the first operational linear electric motor [12].

This scenario of economic, social and environmental modification,
together with the enabling technologies contributed to the forthcoming of new
modes of transportation, that were presented as the solution for urban mobility
or for long distance travel concerns [13]. These fruitful era for innovations on
this subject, which was best represented with the U.S. International
Transportation Exposition of 1972 (Transpo’72) [14], saw the emergence of two
nonconventional technologies: the air-cushion vehicle (ACV) and the magnetic
levitation (MagLev) trains.

This paper will present the ACV working principle and a review of the
past research developments of high-speed ACV trains and their efforts in
countries like, Brazil (TALAV), France (4érotrain), Germany (Transrapid TR-
03), Italy (Aerotreno), United Kingdom (Tracked Hovercraft), and United States
(TACV), and the urban ACV trains, revealing why the former did not match the
expectations and failed, while the latter have been prospered and purchase a
well-established market niche of automated people movers (APM) in short
distance paths like airport terminals, resorts, and campus or hospital buildings,
reaching currently nine commercial lines spread across the world.

Finally, this study will promote a direct comparison between the two
technologies, ACV and MagLev, with advantages and disadvantages of each
one. The ACV development will bring important insights to the research of
MagLev trains from a technical and economic perspective, learning with errors
of the ACV, that did not enable any high-speed projects to flourish, and, on
other hand, the comparative success of the urban ACV, as a complete
commercial solution, like the MagLev trains.

AIR CUSHION PRINCIPLE AND APPLICATIONS

The air cushion suspension working principle is based on the pressure
difference of air streams external and internal on an air chamber that produce a
mechanical force strong enough to float an object some millimeters above the
ground, like a vehicle.

Fig. 1 presents a simplified picture of the air cushion working principle, as
experienced on a hovercraft. A fan pulls the air streams, represented in red, to
fill the air chambers placed inside the vehicle, producing high pressure streams,
that inflate them until their allowed limits, which generate an upward force that
lifts the vehicle above the surface with a small airgap. The skirt, in green, is a
made of a flexible material that lets escape only few airstreams [15]. The air
cushion mathematical formulation is elegantly described in [16].
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Plenum
Chamber
Skirt

Surface
Fig. 1. Air cushion principle on a hovercraft

The air cushion suspension working principle together with the
availability of reliable materials found several applications in different areas,
like in the medical treatment of burned people, relieving the patient’s pain and
avoiding him touch the bed [17], and on the consumer goods segments, like
vacuum cleaners [18] and lawn mowers [19], that take advantage of their own
centrifugal fan to direct the airstreams to the bottom of the product and provide a
less difficult job to users.

On the transportation sector, the air cushion suspension was exploited
because of its drag reduction and the capability to move large amount of goods
and people in a variety of terrains, like land, water, snow, swamp and sand,
attracting the attention of military and rescue applications, and for maritime
displacement on hovercrafts, with large success in the United Kingdom [20].
This technique inspired its use also for vehicles over land, like automobiles [21],
for its futuristic appeal, and trucks for agricultural purposes [22].

AIR CUSHION IN HOVERTRAINS

The success of the ACV technology for maritime hovercrafts, the
development of the linear electric machines (LEM) and the search for new
modes of mass transportation induced this suspension principle to be applied,
with some adaptations, at ground transportation, notably in guided systems like
trains, producing the hovertrains or tracked air cushion vehicles (TACV).

Fig. 2 presents a schematic picture of one conventional hovertrain. The
suspension air pad pumps the air to inside of a chamber and provides a pressure
difference that produces a mechanical force that floats the vehicle, while the
guidance air pads, placed at left and right of the vehicle, avoid any lateral
contact with the support beam. The interaction between the primary and
secondary windings of the linear motor is responsible for the vehicle propulsion
[23, 24].
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Suspension/ Guidance
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airpad Motor primary 1
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Fig. 2. Cross-section diagram of a conventional hovertrain

This section will present a review of the past research and development of
high speed and urban hovertrains in several countries, with technical
information of each one and their outcomes [24, 25].

I. High Speed TACV
A. United Kingdom

The great expertise obtained with the hovercraft development was one of
the factors that made the United Kingdom to be one of the countries that lead the
hovertrains research [26].

The Tracked Hovercraft project was started in 1962 with studies about the
track’s surface and its interaction with the cushion principle, by air or gas, that
showed the technical feasibility of this technique with a prototype in 1963. A
small-scale model was built and demonstrated, in 1966, on a closed loop that
provided the linear inductor motor (LIM) propulsion [27, 28].

From 1971 to 1973, a 1.6 km of the planned 32 km test line, with an
inverted T shape, was built and a full-scaled model, named RTV 31, was
designed with a single sided LIM. The vehicle reached a maximum velocity of
170 km/h and the project was abandoned in 1973 by lack of funding [29]. The
RTV 31 mock-up is illustrated in Fig. 3.
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Fig. 3. RTV 31 mock-up at Railworld Wildlife Haven Museum
(Source: Wikimedia, Public Domain)

B. France

The French interest on TACV begun in 1956, with the studies of the air
cushion technology. After the demonstration feasibility of small scale models,
the half scale prototypes, Aérotrain 01 and 02, were tested on an inverted T
shape track of 6.7 km length in 1965, with different propulsion methods, like
propellers, turbo fans, jet fans and rockets, reaching a maximum velocity of 345
km/h with the latter and 422 km/h with the former [30, 31].

In 1969, the real scale vehicle Aérotrain S44 was developed to inter-city
transportation and designed with LIM propulsion of double-sided type,
obtaining a maximum velocity of 200 km/h on a 3 km test track. At the same
year, an 18 km test track was built to the vehicles Aérotrain 180 and 180-HV,
both designed for 80 passengers, with turbo fan propulsion reaching a maximum
velocity of 430 km/h. The Aérotrain research was finished in 1977 due to lack
of financial support [32].

C. ltaly
In 1967, the Aeronautics Engineering Institute of Palermo University
started the research of TACV with a small-scaled prototype, the Aerotreno IAP-
1, to prove the technical feasibility.
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The prototype IAP-2 was designed for three passengers, with a turbo-
propeller propulsion and was verified on a 200 m track at the university campus.
In 1972, the vehicle 1AP-3, with seating capacity of 20 passengers and LIM
propulsion, was tested on a 600 m track, of U shape, at the Trapani-Milo
Airport. The 1AP-3 designed velocity was 250 km/h. In 1973, the university
moved their research focus to magnetic levitation trains [33, 34].

D. Germany

During the beginning of the MagLev trains research, West Germany
developed the prototype Transrapid 03 (TR-03) based on air cushion levitation
in 1972. The purpose of this study was to perform a direct comparison between
a TACV and a MagLev EML vehicle, the Transrapid 02 (TR-02), at the same
conditions and on the same track [35, 36].

The TR-03 and TR-02 were tested on a 930 m track, both with double-
sided LIM propulsion. While the latter reached a maximum velocity of 164
km/h, the former obtained 140 km/h and it was considered with a lower
performance than TR-02. The tests were conducted until 1974 when the research
proceeded focused on MagLev trains only [37, 38].

E. United States of America

The TACV research in the USA was benefited by the governments’
stimulus to high speed transportation systems, since 1965 [10]. In 1969, the U.S.
Department of Transportation (DoT), by its OHSGT, begun the construction of a
large complex (TTC), located at Pueblo, Colorado, devoted to the study of urban
trains and HST and opened the program named Tracked Air Cushion Vehicle
[39].

The first prototype, LIMRV, manufactured by Garrett Corporation Air
Research Manufacturing Division, was focused only on the vehicle propulsion
by LIM or jet engines, running on a wheel-rail system in a 10 km test track with
inverted T shape. At the same time, in California, the vehicle TLRV with ACV
suspension system, made by the same company, was designed to analyze the
power collection to the LIM primary at speeds of 480 km/h [39, 40].

In 1972, the prototype TACRYV, manufactured by Grumman Aerospace
Corporation, was tested in 35 km track and reached 150 km/h with propulsion
provided by jet engine [41, 42]. Figure 4 shows the TACRV mock-up. In 1974,
the Rohr Industries started the PTACV program that designed the vehicle
UTACV with a seating capacity of 60 passengers and double-sided LIM
propulsion, very similar to the 4érotrain technology, and oriented to the inter-
city transportation. The UTACV reached 240 km/h on a 5 km test track [43].

The USA TACV program was finished in 1975 due to lack of financial
support, that was targeted to research of the magnetic levitation trains and to the
development of automatic people movers (APM) to urban transportation.
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Fig. 4. TACRV mock-up
(Source: Wikimedia, Public Domain)

F. Brazil

In 1970, the Centro Universitario FEI, in Sdo Bernardo do Campo, Sao
Paulo, started a tracked air cushion high speed program, named TALAYV, taking
advantage of the institution’s large expertise acquired at automotive industry,
and employing only Brazilian technology and materials.

The first step of the research was the study of small scale prototype to
prove the technical feasibility of the ACV suspension and the propulsion system
by propellers or jet engines. In 1972, it was developed a real scale vehicle,
designed with a seating capacity for 20 passengers, and a propulsion by two jet
engines, that would reach a cruise speed of 200 km/h. Fig. 5 shows the TALAV
vehicle where it was displayed at the Brazil Export Exposition, in Sao Paulo, at
the same year.

Its most remarkable characteristics were its very light structure,
manufactured with fiberglass and aluminum sheets; a mechanism to facilitate the
guideway switching; a telescoping door, designed to minimize stations
dimensions and to help the passengers exit in case of an emergency; and the
capacity to easily exchange the cabin between freight or people’s transportation
when it was desired, and to connect wagons like building blocks according to
demand.

Despite the success at the exhibition and some Brazilian cities proposals,
the test track was never built due to government budget restrictions, and the
research was finished in 1973 [44].
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Fig. 5. TALAV vehicle at the Brazil Export Exposition
(Courtesy from Centro Universitario FEI)

The Table 1 summarizes the technical data of different high speed TACV
prototypes from the six countries above.

Table 1. Technical data of high speed TACV prototypes

Vehicle RTV 31 Aérotrain 01  1AP-3 TR-03 UTACV TALAV
Country UK France Italy Germany USA Brazil
Vehicle length (m) 22 10 13 12 28.6 15.6
Seating capacity - 6 20 AES 60 20
Overall weight (t) 23 2.5 10 8 21 3
Maximum 173 345 N/A 140 240 -

Speed (km/h)

Designed

speed (krmih) 480 N/A 250 N/A 274 200
Fan power (kW) ~630 75 N/A ~160 520 44.7
Propulsion SSLIM Pr&i‘;’é‘:” DSLIM DSLIM DSLIM Jetengine
MBIy [T 3730 185 450 2000
(kw) 11.8 24.5 9.4
Thrust (kN) ' ' '
Guideway track 4 ¢ 6.7 0.6 0.96 5 -
length (m)

Note: ~ = crew members only. N/A = data not available. ~ = approximately.
DS = Doubled sided LIM. SS = Single sided LIM.
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G. Other High Speed TACV programs

During the 1960s and 1970s, the high speed TACV attracted the interest
from companies and universities that developed studies, like the Tracked Air-
Cushion Research Vehicle of the General Electric Co., with LIM or jet engines
propulsion, and the non-evacuated tube system Tubeflight, proposed by the
Rensselaer Polytechnic Institute [40, 45].

In 2013, a French Brazilian partnership, from the TACV Engineering
France and the Aeronautics Engineering Department (EESC) of the
Universidade de Sdo Paulo (USP), emerged with the Fultrace® Project intended
to resume the previous Aérotrain concept, and to obtain a speed range between
250 km/h and 400 km/h. This program still plans an Urban or Suburban version,
the U-Trace®, designed for speeds of 100 km/h [46].

Il. Urban TACV

In Lyon, France, an urban hovertrain was designed to transport passengers
on a monorail system. The URBA project started the construction of a 4 km test
track, in 1968, to study two prototypes: URBA 4 and URBA 8, with seating
capacity of 4 and 8 passengers, respectively, and a speed of 55 km/h. As it was a
suspended monorail, the vehicle moved below the guideway causing a
modification in the air cushion mechanism. In this situation, the cushion system
sucks the air producing a negative pressure difference that suspends the vehicle.
This transportation system intended to manufacture vehicles to 30 (URBA 30)
or 100 passengers (URBA 100) and LIM propulsion [47, 48].

In the 1960s and 1970s, there was a big interest in the development of
automated people movers (APM) systems, where small computerized vehicles
move on pre-defined routes [49]. This movement was stimulated, particularly, in
the USA with the government incentives to new rail urban transportation and
environmentally friendly systems, since 1964 [9].

In this sector, the personal rapid transit (PRT) system appeared as a
solution to displacement of people in small cabins designed for few passengers.
This means of transport is suitable for small routes, like airport or hospital links,
university campus and tourist locations. In 1967, the PRT Uniflo was presented
as an automated system for 8 passengers with suspension and propulsion
provided by air that circulates on a duct of the guideway [13, 50].

The Otis Hovair® technology, developed by Transportation Technology
Inc. (TTI), from General Motors, and subsequently incorporated by Otis
Elevator Company, is a PRT system designed with the TACV levitation and
with LIM propulsion that made its first appearance at the Transpo’72, in
Washington D.C., and was followed by the construction of a test track, in
Denver, Colorado. The air cushion system presented rubber pads below the
vehicle that enable the air circulation on a quieter manner. Although the initial
planning, all the commercial versions of the Otis Hovair® were available with
propulsion by cable-hauled driven, considered as a horizontal elevator [13, 51].
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The first Otis Hovair® train was built in 1979, at the Duke University, and
was designed for patient’s transportation between different medical centers
inside the campus with a track length of 400 m. This was the only vehicle with
LIM propulsion and its operation remained until 2008 [52]. Figure 6 shows the
PRT at Duke University.

"|||| —

Fig. 6. Otis Hovair PRT at Duke University Medical Center
(Source: Wikimedia, CC BY-SA 4.0)

From 1985 to 1999, the Otis Hovair® system moved passengers from
Harbour Island to Downton Tampa, in Florida, on a 760 m track. In Japan, a
280 m track connected two terminals at Narita International Airport, from 1992
to 2013 [51, 53].

The APM systems with the Otis Hovair® technology that are currently in
operation can be seen in Table 2 with their corresponding characteristics. The
APM systems in Austria and Switzerland are underground, while the others are
placed on elevated tracks [53-57].

All systems were manufactured by Otis, POMA and, most recently, the
Leitner Ropeways group. POMA and Leitner group developed the MiniMetro®
[58-60], that joins the two companies expertise on cable-hauled drive and APM
systems, and inaugurated the last TACV system at the Cairo International
Airport, in 2013, that is show in Fig. 7.

Fig. 8 illustrates the Poma-Otis Hovair® ExpressTram at Detroit
Metropolitan Airport.
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Table 2. Technical data of low speed TACV prototypes
Site/ supolier Passengers/ Speed Track
APM System Opening  Application P cabin P length
Company . (km/h)
Year capacity (m)
Serfaus, .
Dorfbahn Austria Sky R_esort TTI O_tl@g 135 40 1300
Serfaus 4 stations Hovair
1985
. Sun City, Casino .
SINCIY south Africa Resort |19t N/A 40 1700
1986 2 stations
CIEET Cincinnati
Airport USA Alrpor_t link Poma—.Oéls 210 40 472
People 3 stations Hovair
1994
Mover
Los
Getty Center ~ Angeles, Museum Poma-Otis
Tram USA 2 stations Hovair® 100 15 1200
1998
Minneapolis, . . .
HubTram Ugh  Alpeilie FomE-Or 47 42 340
2 stations Hovair
2001
Detroit, . . i
ExpressTram  USA  Awrportlink Poma-Otis 4, 48 1100
3 stations Hovair
2002
Huntsville Huntsville, Hospital Poma_Otis
Hospital USA link Hovair® 42 24 580
Tram System 2002 4 stations
Zurich, Airport link Poma-
Skymetro Switzerland 9 s%ations Leitner 112 50 1100
2003 MiniMetro®
MiniMetro  Cairo, Egypt  Airport link FOMES
Cairo 2613 4 stations LIS S 20 HE0
MiniMetro®

Note: N/A = data not available.

Fig. 7. Cairo International Airport MiniMetro®

(Courtesy from Leitner Group)
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Fig. 8. ExpressTram at Detroit Metropolitan Wayne County Airport
(Source: Wikimedia, CC BY-SA 3.0)

TACV EVALUATION AND COMPARISON OF TACV AND MAGLEV

Based on the historic development of TACV and its technical
characteristics, this section will make an evaluation of TACV systems and
propose a comparison of TACV and MAGLEYV on their corresponding features.

The High Speed TACV historic analysis evidence that none of the
projects flourish and failed the attempt to provide a solution to the intercity and
long distances transportation.

First, the scenario was very optimistic about the maturity stage of the air
cushion technology for ground transportation, that considered a short term until
it was ready for implementation and operationally feasible, like the hovercrafts.
Many national railway operators, like in the United Kingdom and France, didn’t
share enthusiastic perspectives about unconventional technologies, like the
TACV, and persisted with the development of wheel-rail HST, that presented
higher readiness level [29]. Therefore, the first generation of wheel-rail HST
spread out across Europe, particularly in France, Germany, Italy, Spain and
Sweden, that followed the success of the Japanese Tokaido Shinkansen [8].

It should be noted also that all national high speed TACV projects were
finished in the period between 1973 and 1977. One of the explanations for this
lack of coincidence was economical. In 1973, an oil crisis that increased the
commodity prices caused in the subsequent years, mainly in the western
countries, economic problems that ended with almost 20 years of continued
economic growth. The aftermath of this incident was the reduction of
governmental investments in many sectors, including transportation, and a
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budget trade-off between the deficit control and incentives to new technologies
to decrease the fossil fuels dependence.

The second reason was due to technical factors that became the high-
speed MaglLev trains more attractive than their corresponding TACV. The
power consumption required for the suspension system was much higher on
TACV than on an EML MagLev. According to [29], the Tracked Hovercraft
estimated a power of 2200 kW to float a 40-ton vehicle, while it would be
necessary only 40 kW on the Transrapid. The Table 1 shows a mean power
density with an order of magnitude of 25 kW/ton for the suspension system,
while an equivalent EML train requires 1 to 2 kW/ton [38, 61]. The fans and
blowers of an air cushion system also contributed to increase the vehicle weight
and reduce the useful space for passengers, corresponding to 15 % of the weight
[29].

The noise at high speeds was also a TACV drawback. While the
Transrapid 07 (TR-07) presented a noise level of 84 dBA [36], at 400 km/h, the
Rohr UTACYV reached 95 dBA [43], at 230 km/h.

These factors explain the shift to financial and research interest to
MagLev trains in Germany [37], that decided for the EML system, in ltaly [34]
and the USA [62] that followed the EDL system with superconductors at
cryogenic temperatures.

Another aspect that contributed to high speed TACV failure was its
propulsion system. The initial proposed short stator double-sided LIM [63] was
not appropriated for high speeds systems for safety reasons, because the
aluminum reaction sheet that is placed in between the two sides of the stator
could bend and beyond the thrust loss at the track joints [26]. The short stator
single-sided LIM also had problems of power transmission to the vehicle at high
speeds and increased the vehicle weight with power conversion equipment [64].
For instance, in the Tracked Hovercraft, the power electronics inverter weighed
alone 13-ton whereas the overall weight of the RTV 31 was 23-ton [26].

The other propulsion methods used on TACV, like propellers, jet engines
or rockets, were not appropriate for ground transportation for their high noise
and high fuel consumption, besides their environmental problems. The most
suitable propulsion system for high speed contactless trains was employed only
in 1977 on Transrapid 05 (TR-05), that used the long stator single sided LSM,
and decisively contributed to technical feasibility of the HST EML MagLev [65,
66].

Table 3 presents a comparison between the TACV and the main MagLev
methods. TACV needs a fan and pneumatic systems to distribute the air pressure
and can float any kind of material. The EML system requires an interaction
between ferromagnetic materials, the EDL needs a relative movement between
conductors and ferromagnetic materials, while SML demand the interaction of
ferromagnetic materials and superconductors.
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The airgap order of magnitude in TACV, EML and SML MagLev
systems are equivalent, while the biggest airgap is found on EDL MagLev. The
pressure order of magnitude is figure of merit that indicates the amount of
suspension force that is available over a surface. In this topic, the EML MagLev
Is better than all the others, while the TACV has the worst result [16, 67].

From the control systems perspective, it should be noted that the TACV is
naturally stable and requires only a control loop to improve the vehicle
suspension and the ride comfort, being insensitive to external disturbances. The
EML, on the other hand, are naturally unstable and require a complex control
loop and a redundancy system to keep the vehicle floating at the set-point
position. The SML doesn’t need any control system, while the EDL requires the
null-flux arrangement for guidance and levitation stability, and additional active
damping control [16, 68].

Table 3. TACV and MagLev comparison

. . . Airgap order of Pressure order of
Levitation System  Floating material magnitude (mm) magnitude (N/em?)
TACV Any 10 1
EML MagLev Ferromagnetic 10 100
EDL MagLev Conductor 100 10
SML MagLev Superconductor 10 10

Considering the urban TACV, and most specifically the Hovair®
technology, it’s possible to note a consolidated market niche. The Hovair®
system is being applied in touristic, hospital and airport links, as can be seen at
Table 2. Its currently version, the MiniMetro® with air cushion suspension,
keeps the cable-hauled propulsion. The main advantage is the vehicle weight
reduction since it doesn’t need on-board motors inside. However, the cable-
hauled system produces friction losses and requires machine rooms at its
installation site, and large maintenance costs.

According to [51] and [52], the Otis Hovair® significantly reduced the
power consumption and noise of the ACV suspension system, when compared
with the high-speed TACV. Its ACV suspension power density has an order of
magnitude of 1 kW/ton, which is equivalent to EML MagLev. For instance, the
first urban MagLev, at Birmingham Airport (UK), was designed for 2 kW/ton
[69].

The comparison of Hovair® and urban MagLev shows some similarities
between them. Both trains run on segregated tracks, like undergrounds or, more
commonly, elevated tracks and don’t interfere on local traffic. The levitation
systems distribute the load on the support structure, which reduces the civil
engineering costs and provides lighter and compact infrastructure [70, 71]. The
vehicle operating speeds of 50 km/h to 60 km/h, and maximum gradients close
to 10 % of both suspension systems are equivalent and even superior to light rail
vehicles (LRV) [72].
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The main Hovair® and MiniMetro® limitation is the track distance, that
doesn’t must be superior to 5 km to maintain its economic feasibility [73], while
MagLevs don’t have track length restriction. The radius curves are also a
restriction factor for the ACV vehicles, while, for instance, the EML MagLev
HSST [74], in Japan, or the SML MagLev-Cobra [70], in Brazil, can accept
minimum curves of 50 meters.

CONCLUSION

This paper presented the TACV history development for high speed and
urban transportation. It could be noted the research done at six different
countries — Brazil, France, Germany, lItaly, United Kingdom and USA - to
develop a reliable and feasible high-speed train using the ACV principle.
However, all projects failed for many reasons, from the insensitivity or
anticipated mistrust of public planners and traditional rail operators to technical
inadequacy of some characteristics that caused their shift to MagLev trains or
the maintenance of wheel-rail perspective over the long run.

In this sense, the 50 years of high-speed MagLev research in Germany
and Japan, shows the technical feasibility and the great potential of magnetic
levitation technique, despite its drawback of intermodal compatibility, and
provides good lessons about the synergy between industry partners, rail
operators and government to achieve a more reliable and efficient transportation
system.

The urban TACV — the Hovair®/Minimetro® — have found a well
stablished market niche at straight and short distance tracks, like resorts,
museums, hospitals and airports, and currently provide a competitive APM
commercial solution when compared with other conventional modes of
transportation. Although this expertise to mean an entrance barrier to new
MagLev competitors, the absence of limitation factors, as track length or radius
curves, ally with a non-contact, non-wear and lower noise LIM propulsion are
good advantages that make the MaglLev more attractive than the TACV for
urban transportation.

It’s important also that MagLev manufactures provide full APM solutions
for customers’ needs, as the Minimetro®. Currently a good effort is being doing
on this subject by Transrapid for its high-speed product [75].

Finally, it is expected that the Maglev planners know the TACV history —
its failure for high-speed and success for urban transportation — and learn
important insights for the Maglev development, that besides its competitive
advantages may convince the decision makers of its suitability at different
markets.
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[TetepOyprckuii rocy1IapCTBEHHBIN YHUBEPCUTET MyTeH COOOIICHHS
Nmneparopa Anexkcanapa I

(Canxkr-IletepOypr, Poccust)

OLIEHKA OBIIECTBEHHOM Y®®EKTUBHOCTU CTPATEI'UHU
PA3BUTHUA CKOPOCTHOI'O 'OPOACKOI'O TPAHCIIOPTA

Annomayua: OueHka o0O0IIeCTBEHHOW 3()PEKTUBHOCTU CTPATETHH CKOPOCTHOTO
TOPOACKOTO TPAHCHOPTA SBISETCA 3aKIIOYUTEIBHBIM JTAarloM (POPMUPOBAHMS CTpATETUH
pa3BUTHS CKOPOCTHOTO TPAHCIIOPTA.

Crparerust pa3BUTHS CKOPOCTHOTO TOPOJCKOTO TPAHCIIOPTA OTINYACTCS CIEAYIOIIUMHI
OCHOBHBIMH XapaKTePUCTUKAMHU:

® 3HAaYHWTENbHBIC ITIEPBOHAYAILHBICE WHBECTHIIMH, KOTOpbIE B psje CIydacB

paccMaTpuBalOTCS KaK OOBEKTHBHOE MPENSTCTBHEC K NMPHHATHIO W pPeaTH3aIiH
CTpaTeruu;

® JUIMTENIbHBIE CPOKH peaTU3alliy CTPATETUH;

® pa3HeceHHe BO BPEMEHH JTOCTH)KEHUS TIOCTABIICHHBIX IEJICH;

®  ICIIOJIb30BaHMS (PUHAHCOBBIX PECYpPCOB.

OTH XapaKTEPUCTUKH YBEIIMYUBAIOT TEKYIIYI0 CTOUMOCTh MpoekTa. CloxkeH mporece
U3MEpEHUs] Pe3yIbTaTOB BHEIPEHUS HOBOTO TPAHCHOPTHOTO MPOAYKTA, T.K. 3HAYUTEIbHAS
YacTh pPe3y/lbTaTOB, HOCUT BHEIIHHM XapakTep M 3a4acTyl0 HE MOJIAeTCs CTOMMOCTHOMY
U3MEPEHUIO.

[lepeuncnennple  OCOOCHHOCTHM  JOKa3bIBaIOT  aKTYaJlbHOCTh  OTMpeJeNieHus
oOmiecTBeHHON 3()(PEeKTUBHOCTH CTpaTEeTHH Pa3BUTHS CKOPOCTHOTO TPAHCHOPTA. YUWTHIBAS
cnenupuKky 0OBEKTa WCCIEOBAHMS, COMOCTABJICHHUE 3aTpaT W pPe3ylbTaTOB BHEAPEHUS
WHHOBAI[MIOHHOTO TPAHCIIOPTHOTO TMPOJYKTA TOJDKHO MPOMCXOIUTh B paMKaxX OIEHKH €ro
o0miecTBeHHOH 3(h(heKTUBHOCTH.

Heabto paboThl sBAsieTCS pa3pabOTKa CHUCTEMBI TOKa3aTesled i  OICHKU
o0rmiecTBeHHOH 3(P(PEeKTUBHOCTU CTPATErHMH Pa3BUTHS CKOPOCTHOTO TOPOJICKOTO TPAHCHOPTA.
N3yuenne CymecTBYOMMUX METOAUK OIEHKH OOIEeCTBeHHONW d(()EKTUBHOCTH, TOUCK
HEJOCTAaTKOB W TMPEHMYIIECTB, HCCIEAOBAaHUE MPEUMYIIECTB MAarHUTOJIEBUTAIMOHHON
TEXHOJIOTHH.

[Ipennaraemasi cuctema IMokaszaTeneil As OLIGHKH OOIIeCTBEHHOW 3(PQeKTUBHOCTU
CTpaTEeTUH Pa3BUTHS CKOPOCTHOTO TOPOJICKOTO TPAHCIOPTA YYUTHIBAET BCE MPEUMYIIECTBA
MarHUTOJICBUTAIMOHHON TEXHOJIOTHU U JAeNaeT e€ MPUOPUTETHON MpU BHIOOPE CKOPOCTHOTO
TOPOICKOT0 TPAHCIIOPTA.

KuroueBbie cioBa: oOmectBeHHas d((PEKTUBHOCTh, CKOPOCTHOM TOPOJICKOU
TPAHCIIOPT, MAaTHUTHAS JICBUTAIIUS.
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EVALUATION OF PUBLIC EFFECTIVENESS OF THE STRATEGY
FOR DEVELOPMENT OF SPEED URBAN TRANSPORT

Abstract. Assessment of public efficiency of rapid urban transport development
strategy is the final stage in the formation of a strategy for the development of rapid transport.

The rapid urban transport development strategy is distinguished by the following main
characteristics:

« significant initial investment, which in some cases is considered as an objective

obstacle to adoption and implementation of the strategy;

« long timeframes for implementation of the strategy;

« timing of the achievement of the goals;

 use of financial resources.

These characteristics enhance the current cost of the project. The process of measuring
the results a new transport project implementation is complicated, because a significant part
of the results is of external character and is not subject to cost measuring.

The peculiarities listed above prove the relevance of determination of public efficiency
rapid urban transport development strategy. Considering the specifics of the object of the
research, the comparison of costs and results of innovative transport product implementation
should be carried out within assessment of its public efficiency.

The aim of this work is to develop a system of indicators for assessment of public
efficiency of rapid urban transport development strategy; study of existing public efficiency
assessment methods, search for their advantages and disadvantages, and research into maglev
technology advantages.

The system of indicators proposed to assess public efficiency of rapid urban transport
development strategy, considers all advantages of maglev technology and prioritises it in
selecting rapid urban transport.

Keywords: social efficiency, high-speed urban transport, magnetic levitation.

BBEJIEHUE
MarauToneBUTaMOHHBIN TPaHCIOPT OTBEYAET TpeOOBaHUSIM
WHHOBAIlMOHHOCTH, TaK Kak oOOECIeYMBaeT TMPOPHIBHBIE pEIICHUS B
OpraHu3aluu TOPOACKHX MIEPEBO30K: 0e301acHOCTh MTacCAXKUPOB,

AKOJIOTUYECKYI0 O€30IMacCHOCTh, BBICOKYIO CKOPOCTh, IHEProdPpheKTUBHOCTD,
HU3KYIO 10 CPaBHEHHUIO C CYIIECTBYIOIIMMH BHUJIaMH TPAHCIOpPTAa CTOMMOCTH
’)KM3HEHHOTO 1ukia [1].

B Tabmume 1 npencraBiaeHsl  (aKTOphl  KOHKYPEHTOCIIOCOOHOCTH
CKOPOCTHOTO TOPOJICKOT'0 TPAHCIIOPTa Ha MarHUTOJIEBUTAIIMOHHOM OCHOBE [2].
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Tabnuya 1. Pakmopsl KOHKYPEHMOCNOCOOHOCMU CKOPOCIMHO20 20POOCKO20 MPAHCHOpMA
Ne DaKTOPHI KOHKYPEHTOCIIOCOOHOCTH

be3onacHOCTh MaccaxupoB

CpenHee BpeMsl TPYI0BOM MOE3KU

OnTumu3anus 3aTpar Ha CTPOUTEILCTBO U NEPEBO3KY NACCAXKUPOB
DKOJIOTUYHOCTh

OHeprodGpGheKTUBHOCTH

Gl WIN |-

B TpaHCHOpPTHOH cHCTEME TOpPOJACKHUX arjioMepanuil PUCYyTCTBYET CBOM
KpyT JIAL, 3aWHTEPECOBAHHBIX B IIpoliecce NEPEBO3KH. [ KaXAoro M3 HUX
Ba)KHBI CBOU IIPUOPUTETHI U LIEJIN:

® ISl TOPOJCKHUX U MECTHBIX OPTraHOB BJIACTH - pa3pabOTKa MEPCHEKTUBHBIX

IJIAHOB MO YBEIMYEHHIO J0JU OOLIECTBEHHOI'O TPAHCHOPTA B TOPOJICKUX

NACCAXUPCKUX MEPEBO3KAX;

e /Uil MWHBECTOPOB — BJIOKEHHWE WHBECTHIMI B HWHHOBAIIMOHHYIO

TPAaHCIOPTHYIO CUCTEMY rOpOJia U OTJa4a BIOKEHHOIO KaIlluTamia,

® JUIsl IPOMBIIIJIEHHOCTH — CO3JaHUE HOBBIX MHHOBAI[MOHHBIX MPOAYKTOB

JUTSl TOPOJICKOTO TPaHCIOPTA.

Boeigenum nmpuopuTeTsl BbIOOpa BHIa TOPOJCKOIO TPAHCIOPTA C TOYKHU
3pEHHUs YJIEHOB TPAHCIIOPTHOW CHCTEMBI: MAaCCAXKUpPa, TOCYAapCTBa, HHBECTOPA,
NpUHUMasi BO BHUMaHKE UCTIONb3yemble uccienoBanus [3]. Ha Puc. 1 yka3aHb
IPUOPUTETHI KAXKIOTO U3 3JIEMEHTOB CUCTEMBI.

* BpEeMs B IIyTH
* 0e30MacHOCTb MOE3IKHU
maccakup | © AOCTYIHas LieHa Ouiera

 ctouMocTh JKII cCKOpOCTHOTO rOPOACKOTO
TpaHCIopTa

* 0e300aCHOCTD MMOE3IKHU
rocynapeTso | * MOOWJIBHOCTB HACEJICHUS
® HKOJIOTHUsA

* JCIIEBBIC KPEIUTHI

* TIOJICPIKKA TOCYAapCTBa

* 00IIeCTBEHHAS 3HAYMMOCTD

* BO3Bpar PECypCoOB B IIPUEMIIEMbIC CPOKH
* 3KOHOMHYECKUH 3(pdexTt

HHBECTOD

Puc. 1. IIpuoputeTsl BpIOOpa BHA TOPOJICKOTO TPAHCIIOPTA
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B skxoHOMHYECKON nMTEpaType Henaercs akUEHT Ha TO, YTO pPa3BUTHE
MarHUTOJIEBUTALIMOHHOIO TPAHCIIOPTA MOXKET CTaTh peajIbHBIM OTBETOM Ha POCT
TpeOOBaHUIl 00IIecTBa K KAa4eCTBY U CKOPOCTH NEPEMELICHHs MacCakKupoB B
AMOXY HU(POBU3ALMU SKOHOMUKH. B CBA3M C HOBBIMU TPEHJaMHU B 3BOJIOLUU
TPAHCIIOPTHBIX ~ CHUCTEM  OOOCHOBaHa  HEOOXOAMMOCTh  HCIIOJb30BaHUS
NPUHILUIINATBHO HOBBIX BHJIOB TPAHCIIOPTA, @ TAKXKE BBIABICHBI OTPAHUYCHHUS,
HAKJIaJbIBa€Mble Ha JalIbHEHIIIEe COBEPIICHCTBOBAHHE TEXHOJOTHUHU «KOJECO-
penbe» [4].

ObecrieueHne  pa3BUTUSL  TPAHCHOPTHOM  CHUCTEMBI  TOPOACKHUX
arJoMepanil JIOJDKHO HATH ONEpPEeXarollMMH TEMIIAMHU [0 CPaBHEHHIO C
JPYTMMH OTpaciiiMd 3KOHOMHUKU. OTO O0YycCJOBIIEHO €€ 0co0oi pojibio B
HPKOHOMHUKE TOPOACKUX arjoMepaluii — co3laHueM UHQPacTpyKTyphl s
pa3BUTUS JPYTUX OTpacied, ¢ peanus3aluedl KpymHbIX HHBECTIIPOEKTOB IIO
CTPOUTENLCTBY TPAHCIOPTHON MH(PPACTPYKTYpPbl, HOBOTO MOJBUKHOTO COCTaBa
U BO MHOINOM 3aBUCUT OT BO3MOXHOCTEH TPHUBJICUEHUS TOMUMO
rOCY/JIapCTBEHHBIX, YAaCTHBIX WHBecTUIMU [5]. OTH MOMEHTBl HMMEIOT
UCKJIIOYUTENIBHO JIOJITOCPOUYHBIM XapakTep, CYIIECTBEHHO BIMSIIOT Ha pPa3BUTHE
TOPOJICKOTO  TMACCAXHPCKOTO  TPaHCIOpPTa H  TIOSTOMY  OTHOCATCA K
CTpaTernyeckoi 00JacTH yHpaBiEHYECKUX pemeHud. Takum oOpa3oMm, 3TO
00yClIaBIMBaeT HEOOXOIMMOCTh Pa3pabOTKH CTPATErHH Pa3BUTHUSL CKOPOCTHOIO
TOPOJICKOTO  TAaCCaXMPCKOTO  TpaHCIOpTa B  TOPOJCKOM  arjioMepalmuy,
o0ecrneunBaroIIel MOBBIIIEHHE CKOPOCTH TIEPEMEIICHHS.

CTPATEI'MA PASBUTHS CKOPOCTHOI'O 'OPOACKOTI'O
TPAHCIIOPTA HA OCHOBE MATHUTHOMU JTEBUTAIINU

Crparerusi mpeAcCTaBisieT COOOW  COBOKYIMHOCTh — YIPABICHYECKUX
pEILICHUI, HANpPaBJICHHBIX HA JOCTW)KEHUE IEJIEH pa3BUTUA CKOPOCTHOTO
TOpPOJICKOTO0 TpaHCHopTa i Haubosee MOJHOTO YAOBIETBOPEHHUS CIpoca
HACEJICHUsT HAa CKOPOCTHBIE MEPEBO3KH, OCHOBAaHHBIX Ha KOHKYPEHTHBIX
MpeuMyIecTBaX 00OCHOBAHHOW HaMH HOBOW TEXHOJOTHH: 00Jiee BBICOKOH, B
CPaBHEHUHU C METPONOJIMTEHOM, MAPUIPYTHOH CKOPOCTHIO; HU3KAMU
DKCIUIyaTallMOHHBIMHA  PacxoJaMH; HEBO3MOXXHOCTBKO  CXOJa C  peEJIbC,
OTCYTCTBHEM IIyMa W TMbUIA, CHUXEHHOIO JHEPrONOTPeOJIeHUsT 3a Cuer
OTCYTCTBUS CHJI TPEHHS, BBICOKOM MPOMYCKHOW CIOCOOHOCTH, MPHU YCIOBUU
Pa3BUTHS TPAHCTIOPTHON MHMPACTPYKTYPHI.

Ha ocHOBe mpoBen€HHOro aHanu3a CyIIECTBYIOLIMX MOAXOJO0B K
(bOpMHUPOBAHUIO CTPATETUH PA3BUTHS TOPOJACKOTO TPAHCTIOPTA HAMU MPEIIOKEH
KOHIICTITYQJIbHBIA TIOAXO0/ K (POPMUPOBAHUIO CTPATETUN PA3BUTHUS CKOPOCTHOTO
TOPOJACKOr0  TpPaHCIOPTAa, c yuéroM  crnenupuKa  TpeaIaraeMou
MAarHUTOJIEBUTALIMOHHOW TEXHOJIOTUM, KOTOPBIM BKJIIOYAET OCHOBHBIE JTaIlbl €€
pa3pabOTKu M MEXaHW3M peaju3alliu: OMpelesIeHne MUCCUU; CTPATETUYECKUX
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NPUOPHUTETOB W IIEJICH, IEJCBBIX WHAMKATOPOB, a TaK)Ke IMOCTAHOBKY 3ajad
Pa3BUTHSA CKOPOCTHOTO TOPOJCKOTO TPAHCIOPTa, OIEHKY HWHBECTUIIMOHHON
CTOMMOCTH TIPOEKTa, OIEHKY 00IecTBeHHOW 3¢ deKTHBHOCTH cTpaTeruu. Ha
pUCYHKE 2 OH MpEJCTaBJIEH Ha MpUMEpPe TPAHCHOPTHOM cucrteMbl CaHKT-
[TetepOyprckoii armomMeparuu.

Mwuccus CTpaternuyeckme NpUOpPUTETDI

OnNTMMHUZaLMA 3aTPaT Ha Yny4weHune sKkonarumn
nepesosky 1 OKpYHalowei cpegel M
notpebneHue noBblweHue GesonacHocT
TPaHCNOPTHOMN YCAyru TPaHCMOPTHOM cUcTemBl

v
| Llens 3 |

MNosbiweHWe KavecTea
TPaHCNopTHEro obcnyKusaHna
HaceneHua

MuHumansHoe
BPems B MyTH €
MaKCMManbHBIMKH

KOHKYPEHTHBIMMH
npenMmMywecTsammn

:
[Uene1 |

Llenb 2

MosbiWweHWe 3KONOMMHHOCTH,
aHeproaddekTHEHOCTH, BesonacHocTH

ONTUMKU3aLMA Packo[0B NacCaUpos
W OpraH1saL Wi, OcyLLECTBNRIOLYMX
nepeBo3o4HbIe YCayrk

O6ecne4eHue cnpoca Ha NePeBO3KH NYTEM
pasBMTUA MarHUTONEBUTALMOHHOMN

HMHPACTPYKTYPbI CKOPOCTHBIX NEPEBO30OK TPaHCNOPTHOH cUCTEMbI

1. MNoeblWeHWe TPaHENOPTHOM
AOCTYNHOCTU NepudepHitHbIX
parioHoB ropoaa

1. CaepiKUBaHWE POCTa CTOMMOCTH Npoesaa
2. Poct cyb6euamnii U MHBIX dopM rocyaapcTeeHHOMN
NoAAEPX KN TPAHCMOPTHBIX OpraHU3auyuin

1. CHMKeHMe UcNoNb3OBaHUA NapKa
WHAMBUAYaNbHOTO TpaHcnopTa ANa
NoesfAoK ¢ TPYAOEBIMM LieNAMU B

3. Cok| 3aTpar Bp nacc; POB B NyTH uyeHTp ropoaa Ha 30%

Paly

UHpgukaTopsl

1. flona HaceneHun, NONb3YOLWAACA Yyenyramu 1. CroumocTb npoeszaa, pyb. 1. CmepTHOCTE B pezynbrate [TN, 4enosek Ha
CKOPOCTHOrO ropofcKoro TpaHcnopTa, % 2. JKOHOMMA 3aTPaT BNajenbles 100 Toic. }UTeneit

NErKoebIX aBTo, MAH. py6. 2. BeiGpochkl 3arpAsHAIOLMX BELLECTE B

3. CpegHee Bpems NMoesfoK ¢ aTMmocdepHbIii BO3AYX OT aBTOTPAHCNOPTA, ThiC.
TPYAO0BbIMM LeNAMA, MUHYT TOHH

3. CHHKEHME MHTEHCUBHOCTH WYMOBOM Harpysku
B 30He rOPOACKMX asTomarncTpanei, %

2. NpoTAMeHHOCTb BEEAEHHBbIX B
3KCMNAYaTaLMIO HOBbIX IMHMIA CKOPOCTHOTO
ropofcKoroe TpaHcnopTa

3. Poct 06bema cKOpOCTHbIX NepesosoK (8 %
No OTHOLEHMIO K Npegbigylemy rogy)

A4

Mexahusm MnaH MeponpUATHIA N0 CTPOUTENBLCTBY CKOPOCTHBIX FTOPOLCKUX
peanuzauum "
Mmarucrpaneii
cTpaTeruu l

Ou,el-ma MHBECTHU.HDHHOFI CTOMMOCTH NPOEKTa

I

OueHka obuiecteeHHOM 3¢ PeKTUBHOCTU cTpaTernm I

Puc. 2. KonnenrtyanbHbIil 1OAX0A K GOPMUPOBAHUIO CTPATErHH Pa3BUTUS CKOPOCTHOTO
TOPOACKOI0 TPaHCIIOpTa

IIpouecc dopmMupoBaHusT M Ppeajd3alMU CTPATerMd Pa3BUTHA
CKOPOCTHOTI'0 FOPOICKOI0 TPAHCIOPTA BKJIIOYAET NATh ITANOB!

1. dopmupoBaHHE CTPATETHIECKOTO BHJIACHUS OYAYIIET0 CKOPOCTHOTO
TOPOJICKOTO TPAHCIOPTA; ONPEICICHUE IOJTOCPOYHOM MEPCIEKTUBBI Pa3BUTHS,
dbopMyIHpoBKa TI€Niell CKOPOCTHOTO TOPOJCKOTO TPAHCIOPTa, BBIJIEICHUE
MPUOPUTETOB PA3BUTHUSI CKOPOCTHOTO TOPOACKOTO TPAHCIIOPTA,;

2. llocraHoBka 1ienieil; TmepexoA OT CTPaTerMuecKoro BUACHUS K
NPAKTUYECKUM JICUCTBHUS,

This article is available under license
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3. Pazpabotka cTpareruu;

4. Peanmuzanys CTpaTeruy;

5. OleHKa pe3yslbTaTOB M KOPPEKTUPOBKA CTPATETHYECKOIO BHJICHUS,
Henel, CTpaTerdd M HMX peaju3alid ¢ y4eTOM IPHOOPETEHHOTO OIIbITa,
MEHSIOIIUXCS YCIIOBUM, TIOSIBJICHHSI HOBBIX UJIEH M BO3MOKHOCTEH.

Bre10op crparerum SBISETCS 3aJIOTOM ycIexa JESTebHOCTA W Pa3BUTHS
CKOPOCTHOTO TOpPOACKOro TpaHcmopTa. I[Ipexxae Bcero, (GopmupoBanme
CTpaTeru OMNpPEACNIeTCS MHUCCHEW U BHJICHUEM CKOPOCTHOTO TOPOJICKOIO
TPaHCIOPTA.

Bunenne - 3T0 MepCHEKTUBBI M CTPATETUUECKUE HAIPAaBJICHUS Pa3BUTHUS
CKOPOCTHOTO TOPOJICKOTO TPAHCIIOPTA, IJIaHbl, KOTOPHIE MOT'YT OBITh JIOCTUTHYTHI
B OyaymieM. OHO OXBaThIBA€T HE TOJHKO CKOPOCTHOM TOPOJCKOW TPAHCIIOPT U
€ro CTaHOBJICHHE, HO M BCIO TPAHCIOPTHYIO OTPAaCib, M30paHHBIC TEXHOJIOTHH, a
TaKXe IMOJOXKEHUE, KOTOPOE€ CKOPOCTHOTO TOPOJICKOrO TPAHCHOPTa CTPEMUTCS
3aHITh B KOHKYPEHTHOM OopwnOe. Bumenue — 3To TO, yeM CTaHET CKOPOCTHOMU
ropoJICKON TpaHcropT uepe3 S5-10 €T, ero mnepcrneKTUBHBIE BO3MOXKHOCTH U
1IeJIeBas Ay IUTOPUSL.

Ecnu Bunenue onpenenser Oyayiiee, TO 3aj1a4a MOKa3bIBACT ACATEILHOCTD
OoTpaciii B HacToslllee BpeMs. 3agadya OOYCJIOBJIEHA BBICOKOW COIMAIBHO-
HKOHOMHYECKOU POJIBI0 CKOPOCTHOTO TOPOJCKOIO TPAHCIOPTa B COBPEMEHHOM
obOmectBe. Curyanisi B OTpacid MMACCAKUPCKUX TIEPEBO3OK JIA€T Maccy
KOHKYPEHTHBIX TMPEUMYIIECTB CKOPOCTHOMY TOPOJICKOMY TpPaHCIOPTY B
BBIITIOJTHEHUH CBOEH 3aJayH.

3amgauy CKOPOCTHOTO TOPOJICKOTO TpaHCcIopTa ONPECIIAIOT
3aMHTEPECOBAHHBIC  TPYIIBI, TOTPEOHOCTH  KOTOPBIX OH  CTPEMUTCS
YAOBIETBOPUTL. DopMupys 3a7ady CKOPOCTHOTO TOPOJCKOrO TpPaHCIOPTa,
MIPOTHO3UPYETCS O00BEM TACCAKUPCKUX IIEPEBO30K, KOTOPBbIE CKOPOCTHOM
TOPOJICKON TPAHCIIOPT OYyIET MPEIOCTABIAThH MACCAKUPAM.

®opmupysl 3a7ad4y CKOPOCTHOTO TOPOJICKOTO TPAHCIIOPTA, HYKHO TOYHO
onucaTh TEKYIIYyI0 CHUTYalldi0 PhIHKA IMACCAKUPCKUX TOPOJICKHX IEPEBO3OK,
TexHoorud. Yerko chopMyIupoBaHHAs 3aladyy CKOPOCTHOTO TOPOICKOTO
TPaHCIOPTa MO3BOJISET:

v’ IOCTaBUTH BEAYILHUE, IPUOPUTETHBIE LEIH, CTOSILIUE TIEPET CKOPOCTHBIM

TOPOJICKMM TPaHCIIOPTOM;

v’ OIIPENEUTh PA3BUTHE CKOPOCTHOI'O TOPOACKOrO TPAHCIIOPTA Ha

JIOJITOCPOUYHYIO TIEPCTICKTUBY;

v/ YMEHBILIWUTH PUCK MPUHATHS HEXP(HEKTUBHBIX PEILICHUIA.
Crparernyeckue NpUOPUTETHI OTBEYAIOT 34

® 4TO JAa€T pa3BUTHE CKOPOCTHOI'O TPAHCIIOPTA HACEICHUIO arjoMepau’?

® YTO OXHJIaeT OW3HEC-COOOIIECTBO, XO3AUCTBYIOIIME  CyOBEKTHI
AKOHOMUKH arjoMepanuu OT pa3BUTHsI CKOPOCTHOM TpaHcropTa?

® UTO JOJDKEH MOJYYUTh TPAHCIOPT B MPOIECCE Peaau3allui CTPATETHH,
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qT00Bl 00ecneunTh 3PEGEKTUBHYIO PaOdOTy CKOPOCTHOTO TOPOACKOIO

TpaHcnopTa?

Takum 00pa3oM, OCHOBHBIE CTpPATErMUECKHE MPUOPUTETHl PA3BUTHUS
CKOPOCTHOTO TOPOJCKOTO TPAaHCHOPTA OMNHUCHIBAIOT IIEJIEBbIE OPUEHTHUPHI
pa3BUTHS  CKOPOCTHOIO  TOpPOJACKOTO  TpaHCHOpPTAa C€  TOYKM  3pEHUs
yIOBJIETBOPEHUS MOTpeOHOCTEN HacelneHus, Ou3Heca, a TaKkkKe MpeIcTaBUTEeH
CKOPOCTHOTO T'OPOJCKOI'0 TPAHCIIOPTA.

Ha BTOopoM »sTame (opmupoBaHusi CTpaTeTUH CKOPOCTHOTO TOPOJCKOTO
TpPaHCIOPTAa - JTale IOCTAHOBKM LEJIEed MHCCUS CKOPOCTHOIO TOPOACKOrO
TpaHCIOpTa MPEBpAIIACTCSl B KOHKPETHBIC PE3YJIBTATHl U UTOTHU, K KOTOPHIM MBI
CTpeMuMcs B omnpeaenéHubie cpoku. llemu OyayT uMETh YIpaBICHUYECKYIO
[EHHOCTh TOJBKO B TOM Cllydyae, €Cld OHWM OyAyT oOIpeaeneHbl B
KOJIMYECTBEHHBIX U U3MEPSAEMBIX MMOKA3aTENsIX, a TAKKE COJEpKaTh MMPEACIbHbIC
3HAYEHUS, KOTOPhIE HEOOXOAUMO JOOUTHCS.

Onpenenenne 1eel yCTaHABIMBAET OPHEHTHUPBI, KOTOPHIE MO3BOJSIOT
OLICHUTB JEATEIbHOCTh CKOPOCTHOTO FOPOJICKOIO TPAHCIIOPTA.

Ienu cTpareruu pa3BUTUS CKOPOCTHOT'O TOPOJICKOTO TPAHCIOPTA JOJKHBI
COOTBETCTBOBATh LeisAM TpancnopTHOM crparernu Poccuiickonn denepannn Ha
nepuox go 2030 roga [6], HO He AODKHBI 00s3aTEIBHO COBIAJATh C HUMHU.
PekoMeHyeMbIMU LIETSIMU CTPATErMd CKOPOCTHOTO TOPOJCKOrO TpaHCIopTa
SIBJISTFOTCSI:

[lenb 1. OOecneueHue copoca Ha TMEPEBO3KM MYTEM  Pa3BUTHUS
MarHUTOJIEBUTAIIMOHHON HH(PACTPYKTYPhI CKOPOCTHBIX IEPEBO3OK.

[lenp 2. OntuMuzanus pacxoJOB TMACCAXHPOB U OpraHU3aIlHi,
OCYILECTBJISIFOIINX MTEPEBO30YHBIE YCIYTH.

[lenp 3. [loBblllieHWE  DKOJIOTMYHOCTH, JSHEProdOPEeKTUBHOCTH |
0€30MacHOCTH TPAHCTIOPTHOM CHCTEMBI.

IIpu peammzanuu Ilenn 1 cTpateruss [OomKHA  MOpeaycMaTpHUBAaTh
(dbopMUpOBaHKE ONTUMAIIBHBIX MAPIIPYTHBIX CETEH CKOPOCTHOTO TPAHCIIOPTA IS
YIOBJIETBOPEHUSI CIPOCAa HA CKOPOCTHBIE MACCAXXKUPCKUE MEPEBO3KHU Pa3TUUHBIX
KaTeropuii HaceJIeHWs] B 3aBUCUMOCTHM OT MECTHBIX YCIIOBHM, a Takxke
MOBBIIICHUE TPAHCIIOPTHON JOCTYITHOCTH NepuPepuitHbpIX paiioHOB TOPO/Ia.

3amayamMy 10 BTOPOM LIENU SIBJSIFOTCS: CAEPKUBAHUE pPOCTa CTOMMOCTH
npoessia, pocT cyOcuaumii M UWHBIX (OpPM TOCYJApCTBEHHOM MOMAJEPKKH
TPAHCIIOPTHBIX OPraHU3AIM, COKPAIIICHUE 3aTPaT BPEMEHHU MacCaKUPOB B MYTH.

Pone arnomepanmuu B peanuzanuu  Llenu 3 cTparermu  COCTOUT B
oOecrieueHn OE30MMACHOCTH Ha YPOBHE, 3aJaHHOM WHAMKATOPaMHU CTpaTeTHH.
[Ipu 3TOM TpaHCHOPTHBIE CTPATETHU JOJLKHBI ACTAIM3UPOBATH MEPOIPUSITHS,
HaIPaBJICHHBIC HA MOBBIICHUE 0€30MTaCHOCTH TPAHCIIOPTHOU CHUCTEMBI C yUETOM
MECTHBIX YCJIOBHHA. BaXHEUITMMHU MEpONPUSITUSIMH C TO3UIUN OE30MacHOCTH
SBJISIEOTCSL MEPOIPUSITUSL 1O YCTPAaHEHUIO OIMACHBIX YYAaCTKOB TPAHCIOPTHOM
CUCTEMBI.
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Peanmuzanus Llenu 3 crpaTeruu 1o CHMKEHHIO HETATHUBHOTO BO3JICUCTBUS
TPAHCIIOPTHOM CHUCTEMBbl Ha OKPYXKAIOIIYI0 Cpely BXOOUT B  cdepy
CTPATETUYECKUX MHTEPECOB COLMAIIBHO-DKOHOMUYECKOTO Pa3BUTHSI arjloMEPALH
Y HaIpsIMYIO 3aBUCHUT OT JIEATEIbHOCTH PETMOHANBHBIX aAMUHUCTpaluil. B cBs3u
C ATUM, PETHOHAJLHBIE TPAHCHOPTHBIE CTPATETUU JOJLKHBI MPEAYyCMATPUBATH
KOMIUIEKC 337]a4 U MEP MO JTOCTHKEHUIO WHJIUKATOPOB CTPATETHHU, CBSI3aHHBIX C
BO3JICUCTBUEM TPAHCIOPTa HAa AKOJOTUYECKYIO CUTYallUI0 B PETHOHAX, a TAKXKE
MOBBIMIEHUIO dHEProdpdekTuBHOCTH TpaHcmopTa. CHUWXKEHHWE BO3ACHCTBHS
TPAHCIOPTA HA OKPY>KAIOLIYIO CPEeIy TOCTHIaeTCsl Yepe3 CHUKEHHUE BBIOPOCOB U
cOpPOCOB BPEIHBIX BEIIECTB B OKPYKAIOIIYIO CPEIy, CHIKCHHE BO3JICUCTBHS HA
npupoanbie  daHamadTel.  Pa3BuTHe  0OIIECTBEHHOrO0 aBTOTpaHCHOPTa C
3¢ (dEeKTUBHBIMUA  JBUTATEISIMU, HCIOJB3YIOMIMMUA — aJbTEPHATUBHBIC  BU/IbI
TOTUIMBA, SIBJISIETCS CYIIECTBEHHBIM (DAKTOPOM BIUSHUS HA OKPYXKAIOIIYIO CpEeIy
Ha YpOaHU3UPOBAHHBIX TEPPUTOPHSIX.

3amauel 1Mo TPeThEN LETU MBI BBIICIWIA CHI>)KEHUE UCIIOJIb30BAHUS MMapKa
WHJVBUIyaIbHOTO TPAHCHOPTa JISl MOE3JI0K C TPYIOBBIMU ILEISIMU B LEHTP
ropoja Ha 30 %.

[To kaxaoM 1Lenu CTpaTerud CKOPOCTHOTO TOPOJICKOTO TpPaHCHOpTa
HE0OX0IMMO JaTh €€ KpPaTKOe OMUCAHHUE, PACKPBIBAIOLIEE, YTO JACT JOCTUKEHHUE
JAHHOM IIeJI1 SKOHOMHUKE M COIMAaIbHOM cdepe pervoHa, m 3a CYET KaKHUX
OCHOBHBIX MEp MpeaycMaTpuBaeTCs JOCTUYhL JaHHYIO 1ieidb. DdopmMa U CTHIb
ATOTO OMMCAHMS ompenenseTcs pa3zpadorunkoM. [lo kaxkmoil menu crpaTeruu
CKOPOCTHOTO TOPOJICKOTO TPAHCIOPTAa JOKHBI OBITh OIMUCAHBI  IIEJIEBbIC
WHUKATOPBL.

Ha »stane pa3paboTku cTpateruu HY>KHO OTBETUTH Ha BOMPOC: KaK JIOCTHYb
MOCTaBJIEHHBIX 1eneil. CTparerus — CpeACTBO JTOCTUKEHUS LEIH.

Mexanu3m  peanu3aldd — CTpaTerud  OpuMeHuTeNnbHO K CaHKT-
[leTepOyprckoil arimomMeparnvi BKJIIOYAIOT KOMIUIEKC MeEp, OCYIIECTBIISIEMBIX
roCyapCTBEHHBIMM 3aKa3uMKaMu U KOOpJIMHALIMOHHBIM COBETOM MO Pa3BUTHUIO
tparcnoptHoi cuctembl CII6 u JIO B menax mnoBwimieHUs 3¢GGHEKTUBHOCTH
peanuzaluu  MeponpusTHi  (IPOEKTOB) M JIOCTHXKEHHUS  IUIAHUPYEMBIX
nokasarenen (MHAMKATOPOB), IpeaycMOTpeHHbIX CTpaTeruei.

Crparerusi sBisieTcs OCHOBOM /il ydyeTa 0CO00 3HAUMMBIX KPYIHBIX
WHBECTUIIMOHHBIX TPOEKTOB, HANpPABJICHHBIX HA pPa3BUTHE TPAHCIOPTHOM
cucteMbl CII6 u JIO, B JAOKyMEeHTaxX CTpPaTErMyecKoro IUIAaHUPOBAHUS
Poccuiickoit ®Denepanun, Cankt-lIletepOypra wu JleHuHrpanckoi oGnacTtu
corinacHo PeaepanbHoMy 3akoHY 0T 28.06.2014 No 172 @3 (pen. ot 03.07.2016)
«O crparernveckoM IuiaHupoBanuu B Poccuiickoit ®enepartum» [7].

OIIEHKA OBIIECTBEHHOM Y®®EKTUBHOCTHU CTPATETUH
CKOPOCTHOI'O I'OPOACKOI'O TPAHCIIOPTA
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Onenka oOmiecTBeHHOM A(PQPEKTUBHOCTH  CTPATETMH  CKOPOCTHOTO
rOpPOJICKOTO TpaHCIOpTa SBJSIETCS 3aBEpIICHUEM pa3pabOTKU  CTpaTeruu
Pa3BUTHSI CKOPOCTHOT'O TOPOACKOTO TpaHcnopTa. ObpatuM ocoboe BHUMaHHE €&
3HaueHUI0 W pacuéty. Kak mokaszan aHanms, mMpouecc pa3padOTKU CTpaTeruu
pa3BUTHUSL TPAHCIIOPTHBIX CUCTEM KaK PErHOHAIBHOTO U (PeepaqbHOrO YPOBHS
BKJIIOYAET B ce0s OIpenesieHue 1eeid, KOTOpbie JOKHBI OBITh JOCTUTHYTHI Ha
KaXKIOM dTale ee peanu3ali U 00OCHOBaHHME HEOOXOAMMBIX (DMHAHCOBBIX
PECYPCOB IS UX TOCTHXKEHUSI.

Crpaterusi pa3BUTUSI CKOPOCTHOTO TOPOJCKOTO TPAHCIOPTA OTIMYAETCS
CJIEYIOIIMMU OCHOBHBIMH XapaKTEPUCTHKAMHU:

® 3HAUUTENbHBIC NMEPBOHAYAIbHBICE WHBECTUIIMH, KOTOPHIE B pAJE CIIydacB
paccMaTpuBalOTCsl Kak OOBEKTHMBHOE TMPEMSATCTBUE K TMPUHATHIO U
peanu3aluu CTpaTeruu.

® JUINTENIbHBIE CPOKHU pEalM3allii CTPATETHU M PA3HECEHHE BO BPEMEHU

JOCTHKCHHSI TIOCTABICHHBIX IIEJIEW M HCIOJBb30BaHUs (UHAHCOBBIX

pEeCypCcoB nenaroT 0ojee 3HAUMMBIM OTpeesieHue TEKyIIed CTOMMOCTH

pe3yNbTaTOB TPOEKTa W COMOCTaBICHHE WX C IEPBOHAYAIHHBIMU

uHBecTUIUAMU [8].

TpynHOCTh cOCTaBisIET MpoOLECC H3MEPEHUsl pe3yiabTaToB (3P(HEKTOB)
BHEJIPEHUSI HOBOTO TPAHCTIOPTHOTO MIPOYKTA, 3HAYUTEIbHAS YacTh U3 KOTOPBIX,
HOCUT BHEIIHUNM XapakTep M 3a4acTyl0 HE€ TOJJACTCS CTOUMOCTHOMY
U3MEPEHMUIO.

[Tepeuncnennble 0COOEHHOCTH JAOKA3bIBAIOT AKTYaJIbHOCThH OINpEAETICHUS
oO11ecTBeHHOM d(D(PEKTUBHOCTH CTPATETHH PA3BUTHUSI CKOPOCTHOTO TPAHCIIOPTA.
YuuteiBas cnenupuky oOBEeKTa WCCIEJOBaHUS, COIMOCTaBIECHUE 3aTpaT H
pe3yabTaTOB BHEAPEHWS MHHOBAIMOHHOTO TPAHCIIOPTHOTO MPOIYKTa JOJKHO
MPOUCXOJIUTH B paMKaXxX OLEHKH €ro 00IIeCTBEHHON 3(P(PEKTUBHOCTH.

Jnsa  «obwecmeenno  3HAUUMBIX» TIPOCKTOB, B TEPBYID OUYepeab
OLICHUBACTCA WX 0OWeCmBeHHAsl (COYUANbHO-IKOHOMUUECKAs, d CO2NACHO
3anadHou  mepmuHono2uu —  «IKoHomuueckasy) dbdextuBHocTh. [lpu
HEYJIOBJIETBOPUTEIbHON 0OIEeCTBEHHONM 3(()EKTUBHOCTH TaKue MPOEKThl HE
MOTYT TPETEeHI0BaTh Ha TOCYJapCTBEHHYIO TOANICpXKy. Ecmm ke wux
obOmecTBeHHass AS(PQPEKTUBHOCTh OKAa3bIBACTCS JIOCTATOYHOM, IPOU3BOAATCS
pacueTbl KoMMepuecko 3¢ dextuBHOCTH [9].

IHoka3zaTesn COUUAIBHO-IKOHOMUYECKON IPPEKTUBHOCTH YUUTHIBAKOT
COLIMAJIBbHO - SKOHOMHYECKHE MOCIE/ICTBUS OCYIIECTBICHUSI MHBECTUIIMOHHOTO
npoekTa g oOIlecTBa B I1EJIOM, B TOM 4YHCJIE€ KaK HENOCPEICTBEHHBIE
pe3yNbTaThl W 3aTPaThl MPOEKTA, TaK M «BHEIIHHUE» 3aTPaThl U PE3yJIbTaThl B
CMEXHBIX CEKTOpaX DJKOHOMHUKH, OKOJOTHYECKHE, COIMANbHBIE W HHBIC
BHEdKOHOMHUYECKHE dPPeKkThl. Peub UAET O CyIIecTBOBAaHUM TaK Ha3bIBACMBIX
BHEIIHUX ()PEeKTOB (IKCTEPHANINIA), TO €CTh 3aTpaT U Pe3yJIbTaTOB MPOEKTa, HE
Halle/AIIhe  aJIeKBaTHOTO  OTPAKEHUSI B MOKA3aTeIsIX  XO3SIMCTBEHHOM
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NESATEIbHOCTH CYOBEKTOB SKOHOMHUYECKOM JESTENbHOCTH, YYaCTBYIOIIMX B
MIPOEKTE.

Bce Buemnue spdexTrl npoekra nensarcs Ha 3PGeKThl, KOTOPhIE MOXKHO
OLICHUTh B CTOMMOCTHOW (opme u 3(PeKThl, KOTOpbIE HEIb3s BBIPA3UTH B
JICHEXKHBIX eIMHUIaX. B cBOIO odepenp, mocneaHne pa3aenstorcs Ha 3P PeKTsI,
UMEIOIINE KOJINYECTBEHHOE BhIpaK€HUE M 3(PEKThI, OMUCHIBAEMBIE TOJIBKO Ha
KauyeCTBEHHOM ypoBHE. BuemHne 3(QexTrsi, KOTOpblE MOXHO OIICHUTH B
JIEHEKHOM BBIPAKEHHUH, HEMOCPEACTBEHHO BKJIIOYAIOTCSA B PACYEThI COLUAIBHO-
HIKOHOMHUYECKOU 3(PPEKTUBHOCTH MPOEKTA B BUJIE€ JOTIOJHUTEIBHBIX IPUTOKOB U
OTTOKOB JIEHEKHBIX CPEJICTB.

B camom o60meMm Buzae BHemHHE 3((EKTBI MOXHO pa3feiuTh Ha
HKOJIOTUYECKUE, COLUAIbHbIE, SKOHOMHMYECKHE U OOIIeCTBEHHbIE Oiara,
KOTOPBIE HEJIb351 U3MEPUTH B ICHEKHOM BBIPAYKEHUU.

K axonoeuueckum skcmepuanusam OTHOCITCS: W3MEHEHHE 3arpsi3HEHHUS
II0YB, BPEIHBIX BEIOPOCOB B aTMOC(EPY, BOJOEMBI; HAPYILIEHHUE HKOJIOTHYECKOTO
OanaHca TeppUTOPUU;

Buewnue sgpgpexmor coyuanvnozo xapaxmepa BKIIOYAIOT 3KCTEPHAIMH,
HEIMOCPEJICTBEHHO CBSI3aHHBIE C YPOBHEM >KM3HHM HaceleHUs (B OTIMYHE OT
TEXHOJIOTUYECKHUX, BIUSHUE KOTOPBIX MOXHO CYUTATh OIOCPEIOBAHHBIM).
[Toka3zaTensiMu connanbHOro 3(hPeKTa, JOCTUTAEMOT0 B PE3YNIbTaTe peaanu3aliu
PErMOHAIBLHOTO MHBECTULMOHHOTO MPOEKTA, SBJISIOTCS: TMOBBIIIEHUE YPOBHS
3aHATOCTA HACEJEeHHs] B TPYJOCHOCOOHOM BO3pAacTe; IMOBBIINIEHHE YPOBHS
00€CIIEYEHHOCTH  HACEJIEHUd  OJaroyCTpOEHHBIM  KUJIbEM;  IIOBBIIICHHUE
JOCTYIIHOCTH M KadyecTBa YyCIOyr HaceJleHH0 B cdepe TpaHCIopTa,
3paBOOXpaHEHUs], 00pa3oBaHMsl, PU3NUECKON KYJIbTYphl U CIOPTA, KYJIbTYpHI,
KWIMIIHO-KOMMYHAJIBHOTO XO3SIIICTBA; NU3MEHEHHUE JOXO0/I0B HACEJIEHUS, YPOBHSI
0e3paboTulibl, LIEH Ha TOBapbl U YCIYrHM, KadecTBa MpPOIYKTOB IUTaHUS,
KayecTBa M CTOMMOCTH >KMJIbsl, OOECHEUYEHHOCTH >XUJIbEM, 00€CIEeYeHHOCTH
yCIyraMd  XO3SIICTBEHHO-OBITOBOTO M KOMMYHAJBHOTO  Ha3HAu€HUS,
YUPEXIEHUN KyJIbTYypbl, CHOpPTa, TPAaHCHOPTHOTO OOCIYXMBaHUs, YPOBHS
oOpa3oBaHUsI W 3pPaBOOXPAHEHHUsSI, YCIOBUU TpyAa, 4yucia pabodynMx MECT ¢
TSKEJIBIMU, BPETHBIMU U ONACHBIMU YCIIOBUSMHU TPY/Ia.

Buewnue a¢hgpexmui 3koHOMUUECKO20 Xapakmepa OTPaKkaroTcsl B 3aTpaTax
U J0X0JlaxX NMPEeANpUsATANA U OpraHU3allvii, HE y4acTBYIOMIMX B npoekte. K HuUM
MOTYT OBITh OTHECEHBI: CO3/IaHH€ W Pa3BUTHUE HOBBIX MPOU3BOJCTB (32 CUET
oOecrieyeHus: TPAHCIOPTOM, ChIPbEM, HWHHOBAIMOHHBIMU pa3pabOTKaMu);
DKOHOMHS Ha TPAHCIOPTHBIX pacxoAax MNPEANpUSITHI 3ApaBOOXPAHECHMS,
KYJbTYpPBI 3@ CUET CTPOUTEIHLCTBA HOBOM JJOPOTH U T.JI.

Paccmotpum ombIT pacuéra BHEMIHUX 3((EKTOB MO BHICOKOCKOPOCTHBIM
maructpaimsiMm MockBa-Cankt-Ilerepoypr u MockBa-Kazans. Ilpu pacuete
IKOHOMHUYECKOH 3(pdekTuBHOCTH TpoekTa crpoutensctBa BCM-1 Mocksa —
Cankrt-IlerepOypr, cormacHo Meroguke OAO «PXI» or 29.08.2009
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YUYUTBHIBAJIUCh TPUTOKA M OTTOKH JACHEKHBIX CPEACTB, XapPaKTEPU3YIOILIHE
BHEIIHME JKoHOoMHuYeckue dddextst mnpoekra. K  HUM  oTHOCsATCS:
JOTIOJTHUTENbHAS ~NPUObUIM  MPEANPUSITHI  OoTpacieil  MpOMBIILIEHHOCTH,
OPEANPUATUA  CTPOUTENIBHOTO  KOMILIEKCa, (OpMUPYIOIIAsCSs B  IMEPUOJ
ctpoutensctBa BCM; pomonHuTenbHas OpUOBUTM TMPEANPUSATUN OTpacieit
IPOMBIIIJICHHOCTH, TPOU3BOAUTENCH 3JIEKTPOIHEPrHH, (popMupyromascs B
nepuo]l 3kcruryatauuu BCM; npupocT 10X0A0B B OFOIKETHI BCEX YPOBHEH 3a
cyeT mnoctyrieHuid HanoroBbix matexed or OAO «PXI» u KOCBEHHBIX
YYaCTHUKOB, OOYCIIOBJICHHBIX pealiu3allieil MPOEKTa; COKpalleHHe NPUOBLTU
ABUAIIEPEBO3YMKOB B CBA3U C NEPEKIIOUYCHHEM YaCTHU IACCAKUPOIIOTOKA Ha
BCM; cokparieHne OIOKETHBIX PACXOJI0B Ha pean3alio rocydapCTBEHHOM
NOJINTUKU COJECUCTBUS 3aHATOCTH HACEJIECHUS CTPaHbl, NPUTOKHU JICHEKHBIX
CpeICTB, pOpMHUpyEMbIE 32 CUET CTOMMOCTHOW OLIEHKH COKpAllleHUS BPEMEHU
naccaxupoB Ha noe3aky no BCM u3 Mockssl B Cankt-IlerepOypr u oOpaTHO;
JIOTIOJIHUTENbHASL MPUOBUIb CTPOUTENBHBIX KOMIAHWM, CO3JAIOLIUX KWIYI0 U
KOMMEpPYECKYI0  HEIBWXXHMOCTH B  palioHaxX, TATOTCOUIMX K HOBOW
JKEJIE3HOJOPOKHOM JIMHUM, B CBA3M C POCTOM JOXOJOB HACEJICHUA H
ITOBBIIEHNEM CIIPOCA HA KUJIBE.

C yuérom MacmTaba BBICOKOCKOPOCTHON Tpaccsl BCM-2 «Mocksa -
Kazanb»: BBIIEIAIOT cOIMaIbHO-DKOHOMUYECKHE dhdexTol: 3hdekT oT
MHIYLIMPOBAHHOTO CIPOCA, YBEIMYECHHE PETMOHAIBHON 3aHSITOCTU U TPYIOBBIX
KoppecnoHaeHuuH, 3¢ ekt Bnusaus tuanii BCM Ha pa3Butue Typu3Ma.

B pabGore [10] aBTOpBI BBIACISAIOT CIEAYIONUE BHEIIHUE APPEKTHI,
KOTOPBIX MO>XHO OKHJAThb OT BHEAPEHHS MarHUTOJEBUTALMOHON TEXHOJIOIMH:
JOTIOJTHUTENBHBIA POCT BAJIOBOTO BHYTPEHHETO M BAJIOBOIO PETHOHAIBHOTO
OPOAYKTa, arjioMepalMoHHble 3(PPEeKThl, paclIMpeHrne BO3MOKHOCTEH JItofei
111 9P GEKTUBHON peann3alyi CBOUX TPYAOBBIX HABBIKOB.

Hamu oOocHOBaHa cucTeMa TMOKa3aTelel OICHKH OOIIECTBEHHOM
3p(EeKTUBHOCTH  CTPATETMM  CKOPOCTHOTO  TOPOACKOrO  TPaHCIOPTAa,
BKJIOUAIOLasi METO/Abl pacuéra cienyromux 3(@eKToB: H3MEHEHue 3arpaT
BPEMEHHU MacCaXUPOB B MYTH, d3PPEKT OT CHUKEHUSI BPEAHOIO BO3/ICUCTBHS Ha
OKpY’Karolyto cpeay, d3pdEeKT OT MOBBIIMICHU OE30MaCHOCTU TIPU peaiu3aluu
MPOEKTa MarHuToeBUTaMoHHoro Tpancnopra (MJIT).

Oco6oe 3HaueHue mpuodpeTaeT pazpaboTka JaHHOW CHUCTEMBI TTOKa3aTeen
JUISl  MarHUTOJIEBUTALIMOHHOTO  TPAHCIOPTa,  OTJIMYAIOIIETOCS  TaKUMH
PEUMYIIECTBAMH, KaK HEBO3MOXHOCTh CXOZa C PeJibC, OOJbllas MaplIpyTHas
CKOPOCTb, CJIEAOBATENIbHO, MEHBIIME 3aTpaTbhl BPEMEHH B IIyTH, MEHBILIHI
ypOBeHb Iyma u BuOpanuu, 4em y JIPT u meTpo, mosHOe OTCYTCTBHE MBLIU
[11-14].

Cucrema  mokazatenei  paspaborana ¢ yu€roM  cruenuduKH
WHHOBAllMOHHBIX TPAHCIIOPTHBIX MPOEKTOB, a HWMEHHO IPOEKTa CO3JIaHUs
MarHUTOJIEBUTALIMOHHOTO TPAHCIIOPTA.
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N3MEHEHUE 3ATPAT BPEMEHU ITACCA’KHUPOB B ITYTH

Pacuér »kOHOMHMM 3aTpaT BpEMEHM B IIyTU OCYLIECTBISAETCS IS
naccaxupos, nepecepmnx Ha MJIT ¢ apyrux BugoB Tpancnopra. CTOMMOCTHAS
OLICHKA 3KOHOMHHU BPEMEHHU OCYIIECTBISETCA C HMCIOJIB30BAHMEM CTOMMOCTH
BPEMEHU B 3aBUCUMOCTH OT LEJIH MOE3AKU: paboTa, OTIBIX.

SESTT! =X (Pl x Voth x TC) =T (PL™" x Vot x T¢!™) (1)

IJe [ — CBS3b;

J — BUJI TPAHCIIOPTA;

k — nens moe3nku;

ESTT — sddekt oT 5kOHOMUM BPEMEHH B IyTH MOJIb30BaTeNell BCeX BHIOB TPAHCIOPTa MpH
peanuszauuu npoekra MJIT B roay t;

Pitjko — 00bEM MaccaXupoIoTOKa Ha i-0if CBsI3M HA J-OM BHJE TpaHcHopta ¢ K mesbpo moe3aku
B rofy t mis orapixa;

Votf, — croumocTs Bpemenu maccaxupa Ha i-oii cBA3H ¢ K Ielbio moe3iku B rofy t;

TC l-tj — 3aTpaThl BPEMEHU MacCaXHpa B IIYTH Ha I-O CBSI3H Ha |-OM BHJIE TPAHCIIOPTA B TONY t;

HSR . G
Pl%{ — 00BéM IMaCCaXUPOIIOTOKAa Ha I-OM CBS3H C k HOCJIbIO IMIOC3JJKHU B Troay t IIpu

peanm3zanuu npoexkta MJIT;

HSR — .
TC} — 3aTpaTbl BPEMEHU I1aCCAKMpa B IIYTH HA |-OM CBSI3M Ha |-OM BHUJE TPaHCIOpPTa B

roxay t mpu peanusauuu npoexra MJIT.

OCHOBOW OIIEHKM CTOMMOCTH BPEMEHU BBICTYIIA€T CPEIHEB3BEIICHHAS
nouacosas cmageka onaiamsl mpyoa B pacCMaTpuBaEeMbIX ropojax. Pasnuuus B
CTOMMOCTH BPEMEHHM B 3aBUCUMOCTH OT II€JICM TMOE3JAKU 3a/JaBajucCh Ha
OCHOBAaHMHM MHPOBBIX pa3pabOTOK B JaHHOW 0O0JacTH, Pe3yJIbTaTOB
COLIMOJIOTUYECKOTO OMPOCa U SKCIEPTHBIX OLIEHOK.

¢ deKT 0T CHHKEHUSI BPEIHOT0 BO3ACHCTBUS HA OKPYKAKIIYIO Cpeay
npu peanusannu npoekra MJIT paccuursiBajics ciaeayrommuMm odpa3om:

EED = VED? — VEDHSR, (2)

rie VED? — cToMMOCTHAs OIIeHKa IKOJOTHYECKOT0 yIep6a B «HyIeBOM BAPHAHTE;
VEDHSR _ crommocTHas oneHKa 3K0oTrHYecKoro ymepoa npn peamusarmy mpoekta MJIT.

[Ipu paccmarpuBaeMoM TOnmxoze  ymepd  OKpyXKawmiel  cpene
dbopmupyeTcst U3 TPEX KOMIIOHEHTOB:

VED = VEmis + VCli + VN, 3)

rae VEmis — ctouMocTHas orieHKa BRIOPOCOB 3arpsi3HSIONINX BEIIECTB B aTMOchepy;
VCli — croumocTHas olleHKa BpEHOTO BO3JICHCTBHS HA KIIMMAT;
VN — cTOMMOCTHas OLIEHKA IYMOBOI'O BO3/ICHCTBUS Ha OKPYKAIOIIYIO CPEY.
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CrouMoCTHasi OlLIEHKa IIIyMOBOTO BO3JICHCTBHSI HA OKPYXKAIONIIYIO CpPEIy
uMeeT 0coboe 3HAYCHHE, TaK KaK MarHUTOJICBHUTALIMOHHBIA TPAaHCIIOPT UMEET
Ooree HU3KHUI ypOBEHB IllymMa, a UMEHHO 65 /[0 B oTiHMuue OT IpYrux BUIOB
TpaHcrnopTa o0brgHO 6obIe 70 [10;

Cmoumocmuas oyeHka uymoso20 6030€UCMBUSL HA OKPYHCAIOWYI0 cpedy
onpeoesiemcs no cieoyrouei popmyne:

ZVNI = Pkm” X er ) (4)

rae Pkmyj; — maccaxxupooOopoT Ha i-0¥i CBA3M Ha j-OM BHJIE TPAHCIIOPTa;
N

l"j — CTOMMOCTHAs OLCHKA ITYMOBOTI'O BOS,Z[GI;'ICTBI/IH Ha OKPYXAaromyr Cpeay Ha OAUH
MMacCaxKupoO-KUJIOMETP.

CTOMMOCTHBIE OIIEHKH BBHIOPOCOB 3arpsA3HSIONIMX BEHIECTB B atMochepy U
BPETHOT'O BO3JECHCTBHS HA KIIMMAT ONPEAEIACTCS aHATOTUYHO.

[lepepacnipenenenue NacCa)KUPONOTOKOB IO  BUJIAM TPAHCIOPTa B
pesyabrare co3nanus MJIT npuBener K U3BMEHEHUIO DKOJIOIMYECKOM HArpy3Ku
Ha OKPYKaIOILIyI0 Cpey BCJIEACTBHE H3MEHEHHS BBIOPOCOB 3arpsi3HSIOLINX
BELIECTB B aTMOC(epy U U3MEHEHUS IIIyMOBOM Harpy3Ku.

OKOJOrM4ecKuii  yimepd OLEHMBAeTCsl HAa  OCHOBAHMU  YAEIBHBIX
noKa3aTesiel 3KOJOTHYECKOro yiiepda Ha MacCakUpO-KWIOMETP IO BHUIAM
TpaHCIOpTa. DKOJIOTUYECKUH yIiepO, HAHOCHMBIM BO BpeMsi CTPOUTEILCTBA
MJIT, yuutbiBaeTcsi B COCTaBE€ KAaNUTAIbHBIX 3aTpar. DPQPEKT OT CHUKEHHS
HKOJIOTMYECKOTO yIlepda oOmpeAensercs Kak pa3HHUIA MEXKIY OLIEHKOU
HKOJIOTHYECKOTO yiepOa Al «HYJE€BOr0» BapUaHTa U MIPHU pealu3aliy MpOoeKTa
MUIT.

CTOMMOCTHBIE OILIEHKH BBIOPOCOB 3arpsi3HAIONIMX BEIIECTB B arMmocdepy,
BPEIHOTO BO3JIECWCTBUA HA KJIMMAT U IIIYMOBOT'O BO3JECHCTBHS HAa OKPYKAKOLIYIO
cpeny mpenactaBicHsl B Taom. 2 [15].

Tabauya 2. Cmoumocmuas oyeHka ywepoa okpyacaroweri cpede no munam 8030etcmeust no
8UOAM MPAHCNOPMA

Buja Trpancnopra \ EanHunsl usMepeHus \ 3HaueHus
Bp10pochl 3arpsA3HAI0ONIMX BelleCTB B aTMochepy
ABTOOYC euro ct/macc*km 0,64
ABTOMOOWIIL euro ct/macc*km 0,58
BCM euro ct/macc*km 0,28
Maznee euro ct/nacc*km 0,13
Bpennoe Bo3aeiicTBHEe HA KJIUMAT
ABTOOYC euro ct/macc*km 0,96
ABTOMOOWIIB euro ct/macc*km 1,83
BCM euro ct/macc*km 0,16
Maznee euro ct/nacc*km 0,08
IHIymoBoe Bo3aeiicTBHE HA OKPYKAKINYIO CPpeay
ABTOOYC \ euro ct/rmacc*xkm 0,17
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Bun tpancnopra Ennnunsl usmepenust 3HaYeHHus
ABTOMOOWIIB euro ct/macc*km 0,18
BCM euro ct/rmacc*xm 0,13
Maznes euro ct/nacc*km 0,06

HUcrounuk: CE Delft Study (Handbook on Estimation of External Costs in the Transport Sector, 2008
r.); INFRAS, CE Delft u Fraunhofer ISI (External Costs of Transport in Europe, 2011 r.)

JddexT 0T NOBbINIEHUS] 0€30MACHOCTH NPH Ppeau3aluM NPOeKTa
MUJIT paccuurtbiBajics CieAyONUM 00pa3om:

YES; =Y (Pkml-jo X rjs) -y (Pkml- R riSHSR) ,

()

rjae i — CBs3b;
J — BUAJ TPAHCIOPTA;
ES — sddekr or moBbimeHUs O€30MacCHOCTH MPU TMOE3AKaX I0JIb30BATEICH BCEX BHJIOB

TpaHCcHopTa MpHu peanuszauuu npoekra MJIT;
Pkm;;
77 — CTOMMOCTHASI OLICHKA aBapUIHBIX 3aTPaT Ha j-OM BHJIE TPAHCIIOPTA;

j
HSR o
Pkm;, — maccaxupooOOpoT Ha i-o cBsA3H ¢ k 11eNblo Moe3AKu B roy t mpHu peanusanuu

npoekta MJIT;

rjs — CTOMMOCTHAsI OLIEHKA aBapUIHBIX 3aTpaT npu peanusannu npoexra MJIT.

0 - .
— MMacCaxupooOOPOT Ha -0 CBSA3M HA j-OM BUE TPAHCIIOPTA B «HYJIECBOM BapHaHTE);

Ornenka a¢dexra OT MOBBIMICHHS 0€30MaCHOCTH MACCAKUPCKUX MTEPEBO30K
OTIpeJIeIIsIETCS HA OCHOBAaHWM YCJbHBIX IMOKa3aTeslel ymiepOa OT aBapuil Ha
MAacCAXUPO-KWJIOMETp MO  BWJAAM  TpPaHCIOpTa W paclpeiesieHUs
MACCAXUPOIOTOKOB MO BHJAM TPaHCIOpPTAa B «HYJIEBOM» BapHaHTe U TIPU
peanuzanuu poekrta co3aanus MJIT. VY nensHple mokazarenu yiiepoa gt MJIT
OIICHUBAIOTCS T10 3apyOEKHBIM aHAJIOTaM.

CTOMMOCTHBIC OIICHKHM 3aTpaT Ha aBapuu IpeacTaBiieHbl B Taou. 3.

Tabnuya 3. Cmoumocmuule OyeHKU 3ampam Ha aeapuu o 6UOAM MpaHcnopma

Bua rpancnopra ExuHuub1 u3mepenust 3HaYeHNA
ABTOOYC euro ct/macc*xm 1,3
ABTOMOOUIIB euro ct/macc*km 3,42
BCM euro ct/macc*km 0,06
Maznee euro ct/nacc*km 0,01

HUcrounuk: CE Delft Study (Handbook on Estimation of External Costs in the Transport Sector, 2008
r.); INFRAS, CE Delft u Fraunhofer ISI (External Costs of Transport in Europe, 2011 r.)

3AK/IIOYEHUE

Takum  oOpa3oM, oOOCHOBaHa  cuUcCTeMa  IOKa3aTelied  OLEHKHU
OOIIECTBEHHON 3(PPEKTUBHOCTH CTPATETHH PA3BUTHUSI CKOPOCTHOTO TOPOACKOTO
TPAHCIIOPTa HA OCHOBE MarHUTOJIEBUTAIIMOHHOMN TEXHOJIOTHH.
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HpezmaraeMa;I CUCTCMaA nmokazarejen JJI OLICHKU COLHaJIbHO-
YKOHOMUYECKOU 3¢)(1)€KTI/IBHOCTI/I CTPATCTUN pa3BUTUA CKOPOCTHOI'O TOPOACKOI0
TPaHCIIOPTa YUYUTHIBACT BCC IMpCuMynicCTBa MaFHI/ITOJIeBI/ITaHI/IOHHOI?I
TCEXHOJIOTUHU U ACIACT eé HpHOpHTeTHOfI IIpu BBI60pe CKOPOCTHOI'O I'OPOACKOTO
TpaHcCIopTa.
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© K. E. Voevodskii*, V. M. Strepetov’

ISt. Petersburg State University

’Emperor Alexander | St. Petersburg State Transport University
(St. Petersburg, Russia)

THE PROBABILITY OF THE CORRECT MAJORITY MADE DECISION

Aim: the probability of correctness of collective decision is studied in this paper,
whereby the decision is made by majority vote of some team (group), consisting of an odd
number of members, provided that the probability of correctness of individual decision of
each member of the group is known.

Methods: the Bernoulli scheme, asymptotic representation, estimation by virtue of
geometric progression, exponential series expansion, Wallis’ product, a power scale of
averages, Kolmogorov mean.

Result: it was found, that if for each member of the group the probability of the
correct decision is more than %, then with an unlimited increase of the number of members of
the group, the probability of the right collective decision tends towards one. The asymptotic
representation and a number of two-sided assessments which characterise the speed of this
tending were obtained. For a non-homogeneous group (i.e. the group the members of which
make the right individual decision with different probability) the notion of a collective
average was introduced here as an averaged characteristic that can be used to replace
individual probability of each group member saving the probability of the right collective
decision. The existence and uniqueness of a collective average was proved.

A collective inequality was identified which shows that a collective average of some
set of numbers is no less than the geometric mean of the same numbers, and the equality is
present if and only if all members are equal at that. A collective inequality serves as analogue
and addition to the known set of inequalities establishing connection between two different
average values (for instance, the AM-GM inequality).

Conclusion: thus, the results of the study fully meet the aim of determining the
probability of correct decision made by a majority of votes under the assumptions taken. As a
result, asymptotic representation and bilateral estimates characterising the speed of tending to
the correct decision was obtained. For a non-homogeneous group, the existence and
uniqueness of the concept of collective average as an averaged characteristic were introduced
and firmly proved, which can be used to replace an individual probability of each group
member, whereby preserving the probability of correctness of the collective decision. It was
found that the collective average is no less than the geometric mean. Potential applications of
the results obtained can be the quantitative evaluation of election procedures and the solution
of problems associated with improving the reliability of recognition of weak signals of control
sensors in various transport systems, including high-speed transport systems on magnetic
suspension.

Keywords: group of experts, the formula of full probability, geometric progression,
recurrence relation, asymptotic representation, binomial series, collective average, geometric
mean, exponential average, transport systems.
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Cankr-TlerepOyprekuii rocyIapCTBEHHBIH YHHBEPCUTET
2HeTep6yprc1<I/H"4 rOCy/1apCTBEHHBIA YHUBEPCUTET IyTEH COOOIICHUS
Nmneparopa Anexcanapa |

(Cankr-IlerepOypr, Poccus)

BEPOATHOCTD ITPABUJIBHOCTHU PELHLIEHNUS],
INPUHUMAEMOI'O BOJIBIIMHCTBOM I'OJIOCOB

Heab. HMccnemyeTcsi BEpPOSATHOCTh MPABWIBHOCTH KOJUIETHAIBHOTO DEIICHHS, KOTOPOE
MPUHAMAETCSI OOJIBIIMHCTBOM TOJOCOB HEKOTOPOTO KOJUICKTHBA (KOJUIETHH), COCTOSIIErO W3
HEYETHOTO YKCJIA WICHOB, €CJIM M3BECTHAa BEPOATHOCTh NPABUIBHOCTH HHIUBUAYATBHOTO
pEeIICHHS KaKIO0TO WieHA KOJUICTHH.

Metoabl. Cxema bepHy/uHM, acUMITOTHYECKOE MPEICTABICHUE, OIEHKA IMOCPEICTBOM
TrE€OMETPUYECKUX TPOTPECCHil, pa3iokeHHe B CTENEeHHOHN psa, (opmyna Bammmca, crenenHas
IIKaJla CPeTHUX BEeJINUrH, cpeanee mo Koiamoroposy.

Pe3yabTarbl. YCTaHOBJIEHO, YTO €CIIM JUISl KaXKJIOTO YieHa KOJUIETMH BEpPOSITHOCTH
HpaBI/IJ'IBHOCTI/I PIHIII/IBI/IIIyaJII)HOFO pCHIeHI/IH 60.HI>HIC 1/2, TO HpI/I HGOFpaHI/ILIeHHOM pOCTe quclia
YJICHOB KOJIJICI'NHU BCpOHTHOCTI) HpaBI/IJ'II)HOCTI/I KOJIJICTHAJIBHOT' O pemeHHs{ CTpCMI/ITCSI K 1
[TosrydeHbI aCUMIITOTHYECKOE TPEACTABICHUE U PSJl JBYCTOPOHHHUX OIICHOK, XapaKTEePH3YIOIINe
CKOPOCTh 3TOr0 cTpemiieHus. JIJis HEOAHOPOIHOW KOJUIETHH (TaKOW KOJUICTHH, WICHBI KOTOPOH
MPUHAMAIOT TPAaBUIBHOE MHIUBUIYAIBHOE PEIICHUE C pa3HOH BEPOSITHOCTHIO) BBEJCHO TIOHSATHE
KOJLIe2UANIbHO20 CpedHe20 KaK YCPEIHEHHOW XapaKTepUCTHUKH, KOTOPOW MOKHO 3aMEHHTH
WHIMBHIYAJIbHYI0 BEPOSATHOCTh KAKIOTO WIEHA KOJUISTMM C COXPAaHCHHEM BEPOSTHOCTH
MPAaBWJIBHOCTA KOJJIETHANIBHOTO pemieHus. Jloka3aHO CyIIeCTBOBaHWE U EIWHCTBEHHOCTh
KOJUIETHAJILHOTO CPEJIHETO.

BriBeneHo koanecuanvHoe HepaseHcmeo, TMOKA3bIBAIOIIEE, YTO KOJUIETHAIBHOE CpeIHee
HEKOTOPOro Habopa YHCeNl HE MEHBIIE CPETHET0 TEOMETPUYECKOTO TEX KE YHCe, MpUYeM
PaBEHCTBO MMEET MECTO B TOM M TOJBKO TOM CIlydae, KOT/Ia BCE YMCIIa PaBHBI MEXKIY COOOM.
KosuternanmbHoe HEpaBEHCTBO CIIY)KHT aHAJIOTOM U JIOTIOJHCHHEM HM3BECTHOMY HaOOpy
HEPABCHCTB, YCTAHABJIMBAIOIIMX CBS3b MEXJIy Pa3JIMYHBIMU CPEAHHUMH BEIUYMHAMU (HAIIPUMED,
HepaBeHCTBO Koty j1s cpeiHero apuMETHUECKOTO M CPETHET0 TEOMETPUIECKOTO).

3akuouenue. [lomydeHHbIE pPE3yNbTaThl MPOBEACHHOTO KCCICIOBAHUS TOJTHOCTHIO
OTBEYAIOT TIOCTABJICHHOM IIEJIHM IO ONPEICIICHUI0 BEPOSATHOCTH MPABUIBLHOCTH KOJUICTHAIBHOTO
pemeHI/m, HpI/IHSITOI‘O 60J'IBIIH/IHCTBOM TOJIOCOB HpI/I BBCICHHBIX ,ZIOHYIIICHI/IHX. B pe3y.IIBTaTC
HOJ'Iy‘{CHBI ACUMIITOTHYCCKOC HpeI[CTaBJ'IeHI/Ie nu )IByCTOpOHHI/Ie OLICHKH, XapaKTepI/ISyIOHII/Ie
CKOPOCTh CTPEMJIEHUSI K TPABUIBHOMY pEMEHUI0. J[JI1 HEOIHOPOAHOW KOJUIETHH BBEICHBI U
CTpOFO JOKa3aHbI CYIHGCTBOBaHI/Ie U CAUMHCTBCHHOCTH ITOHATHA KOJIJICTUAJIBHOTO cpenHero KakK
pre)IHeHHOﬁ XapaKTepI/ICTI/IKI/I, KOTOpOﬁ MOXHO 3aMCHUTH I/IH)II/IBI/I}IyaJ'IBHYIO BepOSITHOCTB
KaXXJIOTO C COXPAaHCHHEM BEPOSTHOCTH MPABWIBHOCTH KOJUICTHAIBHOTO pelieHus. Y CTaHOBIIEHO,
YTO KOJIJIETHMAIbHOE CpEeJHEE HE MEHbIIe CcpegHero reomeTpuueckoro. IIpuknagHbiMu
HalpaBJICHUSIMA TPUMEHEHUS! TIOJYYEHHBIX PE3YIbTaTOB MOTYT CIYXHTh KOJMYECTBCHHAS
OIICHKa BBIOOPHBIX TPOLEAYpP M pelieHHe MpoOJieM, CBA3aHHBIX C IOBBIIEHUEM HAJACKHOCTH
pacro3HaBaHusl CIa0bIX CHUTHANIOB JaTYMKOB KOHTPOJISI PA3IUYHBIX TPAHCHIOPTHBIX CHUCTEM,
BKJIO4as BBICOKOCKOpOCTHBIe TpaHCHOpTHBIC CUCTCMbI HA MAarHUTHOM IT10OJABECCE.

Knrouesvie cnosa: xonnerus 3KCrepToB, (GopMya MoJHONW BEPOSITHOCTH, TeOMETpUIECcKast
MPOTPECCHsi, peKyppEHTHBIE COOTHOIICHHSI, aCHMIITOTUYECKOE TPEACTaBICHHE, OMHOMHUATHHBIN
psiA, KOJUIETMAJIBbHOE CpEIHEE, CPEAHEE I'eOMETPUYECKOE, CPEJHEE CTENEHHOE, TPAaHCIOPTHBIE
CUCTEMBI.
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INTRODUCTION

With the aim to increase the reliability of responsible decisions, the group
decision making is used. For instance, significant calculations are tasked to
several individuals, and the result is considered to be reliable if it is the same at
all the individuals. Another example is obtaining experiment findings. In case of
discrepancies in measuring sensors’ weak signals values, the preference is given
to the majority’s data. This approach rests on the hypothesis that the decision
that is made by the majority vote of some group (group of experts) is more
correct than that of each expert’s individually. The major aim of this work is to
verify this hypothesis and assess quantitatively the collectiveness effect.

MAIN NOTIONS AND TASK SETTING

Let one assume that the group consists of (2n+1) experts (for short -
(2n+1) -group) and is characterised by vector X =(x,,...,%,,,,), where x, [0;1] —
probability that k-th expert takes the right decision. Then, by the law of total
probability [1], the probability that the majority vote results in the right decision,
Is determined by the expression

H(X):Z Z(l_xil)“'(l_xik )'(Xl'---'xzn+1)/(xi1'---'Xik)- (1)

k=0 {i,..q, J<{t,..., 2n+1}

In the expression (1) the k-th number of the outer sum is the probability
of the incorrect decision by k experts, and the sum is the probability that the
incorrect decision has been made by less than half of the experts. If the fraction
in (1) loses its literal sense as a result of some components equaling O, it
should be considered equal to multiplication of all components except for
X - X

If X=(p,..., p), let the group be called homogeneous (a good one, if p > 0,5,
and a bad one if p < 0,5). For this type of group, the expression (1) turns into the

Bernoulli scheme [2]: 77(X)=P,,., =Y C5., p*"** g, where q =1- p. Further on, it
k=0

IS more convenient to deal with the probability of mistake Q.n+1=1-Pjn4, i.€. the
probability that the group makes the incorrect decision. It is obvious,

Q2n+l = chml pk q2ﬂ+l*k ' (2)
k=0
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HOMOGENEOUS GROUP

Two-sided assessment of probability of mistake
Let the group be considered to be a good one. If the multiplication q(pq)" is put

outside the brackets, from (2) Q,,., =a(pq)’ ZCM (g/p)"*.is obtained. With p >
05 it follows that (q/p) (q/ p) . This  implies  that

2n+1

pq q/ p ZC2n+l - Q2n+1 < q pq ZC2n+l ConSIderlng that ZCZnJrl = O SZCZnA =

[3], and maklng other obvious S|mpI|f|cat|ons, we obtain
qlaa”) Q.. <q(4pa)'. (3)

Let us introduce the parameter a = 2p —1. It is obvious that p =0,5(1+a), q
= 0,5(1-a), whereby for a good group 0<a<1, and for a bad one -1<a<0.

Expressing p and g through o, the inequality (3) can be converted to

ol1-af) <Qu. <qli-o?). (4)

For a good group 0 < (1-0)* < (1-¢®) < 1, means that the probability of
mistake is assessed from both sides by infinitely decreasing geometric
progressions. In particular, with unlimited growth in the number of experts, the
probability of mistake tends towards 0.

Recurrence relations, decrease of probability of mistake

(2n+1)-group is a combination of (2n-1)-group and a pair of experts. Let
p,(q,) be the probability that (2n—1)-group have made the correct (incorrect)
decision dominating by one vote. (2n+1)-group makes the incorrect decision in
the following cases:

1) (2n-1)-group have voted incorrectly by a margin of more than one
vote; the probability of this equals Q.1 — Qa;

2) (2n-1)-group have voted incorrectly by a margin of one vote, whereas a
pair of experts has at least one that voted incorrectly; the probability of this event
equals q(1-p°);

3) (2n-1)-group have voted correctly by a margin of one vote, and a pair
of experts has two that have voted incorrectly; the probability of this event
equals p1o°.

Adding these probabilities together and considering that p,=CJ ,p"q"™*,

g, =Ci%p™'q", p=05(1+a), q=0501-c) and CJ ,=CI-%=05C]. , we can obtain
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Qo = Qs = _(a/z)cznn ((1_a2)/4)n . (5)

For a good group (0< o < 1) the right side (5) is negative, wherefrom it
can be seen that the sequence Qyn+1 IS a decreasing one, i.e. adding an additional
pair of experts results in the decrease of probability of mistake.

Economical calculation formula

Having recorded Qz+1 as Qi+ (Qz — Q1) +...+ (Qzne1 — Q2n1), putting
subtractions (Qux+1— Qox_1) from (5) and considering that Q;= g = 0,5(1-a), we
can obtain for Q.. the following representation:

Quns = (12)~(0/2) ZCZK((l o2 )/4)" = (12)~ (0/2)> AX, (6)

k=0

where x=1-a*, A :C2k/4k :

Let us also consider that, in accordance with [4] A =C} /4"=
= (2k =)/ (2K ).

As n increases by 1, there is an additional of one term added to the addition in
(6), and the already existing terms remain unchanged. In (2) as n increases, all the
terms are changed. Therefore, the formula (6) is more economical for numerical
calculations.
Asymptotic representation of the probability of mistake at n—o

Considering the last representation for A, , Zn: A x* is a partial sum of binominal
k=0

series with the facto r-1/2 [5]. Then Zn:Akxk =@1-x)"*=1a, wherefrom
k=0

ZAkx =(l/a)- ZAkx Putting this expression to (6) and putting the first member of

k=n+1

the addition outside the brackets, we can obtain the following representation:

Qunr = (/2)A XS (At At X (7

k=0

Let us prove that at n —oo the sum in (7) tends towards ixk , 1.e. we will

k=0
assess the subtraction of these sums. According to Wallis’ product [6]

Y nh+12) <A, <1/Jmn. (8)

From this above, we can easily obtain: A, /A >.n/(k+n+12), wherefrom
we have 1-A . /A <1-n/(k+n+12). The right side is less than the value
(k+1/2)/2n, consequently, 0 < 1— Ans1/Ansi< (k+1/2)/2(n+1). This means that
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<§xk—§ Ao Aot )X Z (A A )X k:(k+1/2)/2(n+1)-xk -
2(n+1) (ikx +]/22x j 9)

where ixk =1/(1-x) (the sum of geometric progression [7]); ikxk = =x/(1—x)
k=0 k=0
[8]; wherefrom, consideringx=1-a’, we have: ixkzj/az, ikxk = (1-o?)/a
= k=0

Adding this to (9) and expressingi (A..../A.,)x*in the resultant inequality , we
k=0

can obtain:

( az)(l_]/( (n+1) (l/a _]/2))<§, Ak+n+1/A1+l X <:|/OL (10)

The sum in (10) differs from Q,n.; by the multiplier (a/2) Anq X™ (see.
(7)). Multiplying (10) by this multiplier and assessing A,.1 from both sides by
virtue of (8), we can obtain the following two-sided assessment for Q,.1:

(b-o?)* oo Jaln+12) 0~y 20 + D)V o ~12) < Q.. <f-0?)* floryan). (1)

It is obvious that the second multiplier in the left part is 1+O(1/n).
Therefore, the following asymptotic representation follows from (11):

Qo = 1-0 ) /(20 fan } 1+ On)). (12)

Let us compare the assessments (4) and (11). It is seen that the second one
Is asymptotically more precise, i.e. for each fixed a > 0 there exists n, starting
from which the range of change Qn+1, in (11) is more narrow than the range in
(4). However, the assessment (4) has the advantage that it is even along a,
whereas in (11) the range expands without limits at a— 0. Therefore, the
relevance of this or that assessment for certain calculations depends on
numerical values of input data.

COLLECTIVE AVERAGE

Let us return to (2n+1)-group of the general form, which is characterised
by vector X= (X1,..., Xon+1). Let us select such a homogeneous (2n+1)-group that
has the same probability of the correct decision just the first one does. The value
p of this homogeneous group (the probability of the right individual decision of
its member) can be interpreted as an average value for a set of probabilities xg,...,
Xon+1. L€t them be referred to as a collective average of the values Xy, ..., Xon+1. IN
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accordance with this definition, the collective average p of values X;,..., Xop+1 IS @
root of the expression

H(X): P2n+1(p)’ (13)
lying in the interval 0 < p < 1, where 74(X) is determined by formula (1),

P2n+l(p) p p.. p zc2n+1 pzml k p)k .

Existence and uniqueness of collective average

Let us study the monotony of /7(X) by each variable, e.g. Xon+1. Let us say
that 2n-group of experts with numbers 1, ..., 2n have voted by a margin of k, if
the right votes have been given by k more experts than incorrect ones. The
margin acquires odd values from ot —2n to 2n. With k # 0 the decision of
(2n+1)-group does not depend on the decision of (2n+1) expert, and with k=0
it coincides with it. It means that 77(X) =R, +...+ Ry+Rg Xon41, Where Ry — the
probability of margin k. The probabilities Ry,,..., Ry do not depend on X,,.1, and
Ro >0, therefore 77(X) is either strictly increasing function (at Ry > 0), or a
constant one (at Ry = 0). The latter takes place when over half of the members of
2n-group vote unanimously, and therefore their votes cannot be divided equally.
In other words, among Xi,..., X, there are more n components equalling 0, or
more n, equalling 1. In the first case 77(X) =0, in the second 77(X) =1.

Thus, since P,n.1(p) = 71(p, p,...p), then Py..1(p) strictly increases at the
interval (0; 1), where it is different from 0 and 1. But P,n+1(0) = 0, Pynia(1) =1.
Thereby, P,n.1(X) strictly increases by [0; 1] from 0 to 1. It is uninterrupted,
therefore the equation (13) has the sole solution [9].

Note: if in the set (Xy,..., Xon+1) there are zeros or ones, for a collective average
one of the properties of the Kolmogorov mean may be breached [10]:
replacement of values of any subset in the set (Xy,..., Xon+1) TOr the average value
of this subset does not change the average value of the whole set. Therefore, for
the collective average, generally speaking, the universal representation by
Kolmogorov does not take place [10, 11] in the form ¢™*(¢(x)+...+o(x,)/n),

where ¢ is some strictly monotonic function.
COLLECTIVE INEQUALITY

Further on, it will be proved that the collective average is more than or
equal to the geometric mean:

p>g=(X-...x, )", Tie m=2n+1, (14)
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Let us start with special cases g = 0 u g = 1. In both cases, the inequality (14)
Is obvious, therefore it may be further assumed that 0 < g < 1. This implies that all
X1,..., Xon+1 are different from 0 and not all of them are equal to 1.

Due to strict increase of the function Pyni1 (14) < Ponst(p) > Pon+1(g). But
Pon+1(p) =11(X) (13) and Pn+1(9) =71(G), where G=(g,...,9). Thus, (14) < [1(X)
> [1(G). And this inequality, considering exclusion of special cases, is equipotent
to the statement (), which is exactly what needs proving.

(x) Let ge(0;1), and A is a set of vectors X =(x,...,x,), the ones, that
x; (0], and x;-...xp= g". In this set, the function 77(X) reaches the lowest

value at X=G, where G=(g,..., 9).
Note: due to equality of x;-...-x,= g" it is sufficient to prove that all components of
the vector, delivering the minimum of I1(X), are equal between each other.

Let us proceed to the proof. Expressing x, from the condition X;-...-Xn= ¢
and putting it to /7(X), we acquire rational and fractional function of the
variables xi,..., Xn_1, an uninterrupted one since its denominator X;-...-Xy,_; differs
from 0 due to 0 < g < 1. Andx, e|g™] for all k=1..,m-1. Thus, the function is
determined at the compactum [12], meaning it reaches the minimal value [13].
Consequently, the vector constituting the minimum 77(X), exists. Now, let us
prove that it cannot have irregular components.

Let us consider the vector XeA, that has more than n components
equalling 1. For this 77(X)=1, whereas 77(G) < 1 (because g < 1). It means that
the vector, which constitutes the minimum of the function 77(X), has no more
than n components equalling 1. Let X be such a vector, and let not all of its
components be equal to each other. Without limiting the generality, it can be
assumed that x;# X,. Let us prove that then the value of 77(X) is not the lowest at
A.

m

Since all the components are different from 0, the fraction in (1) can be
perceived literally and the multiplication of all components x -...-x,,., =g™. can

be put outside the brackets. Now, 77(X)=g"> St ~1)..( ~1), where
k=0 {ip,.dy J<{l,...,m}

t, =1/x;, and the term of the outer sum, corresponding to k=0, equals 1, and the
vector T = = (t,..., t,,) possesses the following properties:

Dt #t;
2) among t,..., t, no more than n units equal 1;
3) the vector T delivers the function ©(T)= S, -1)..(t, -1) the

k=0 ip i e}

minimum at the set of vectors, which have t, >1,and t,-...-.t, =r™ >1, where r=1/g.
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Let us be view ® (T) as the function of t;, t, at constancy of the other
variables. Separating the terms and co-multipliers, containing variables t;, t5,
expressed by ® (T) one can convert them to

®(T ) =Ctt, + (Cl -G, )(tl +1, )"’ Co, (15)

where coefficients C,, C,, Cy are not dependent on ty, t,, and

n=1

C,= t -1 -1),c,=> 3 -1k -1). (16)

k=0 {iy,..i }<{3,...,m} k=0 {i,..i }<{3,....m}

For further work, the signs of coefficients in (16) are significant at t;t,
and t;+ t,. In the sum for C, all the terms are non-negative, with one of them
being equal to 1. It means, C, > 0. Let us prove that C; — C, > 0. In accordance
with (16) the outer sum for C; differs from the outer sum for C, on additional

term with the number k = n —1. Therefore, C,~C,= >t ~1)..(t, -1)>0 as

{iv,--dnajci3,. m}
the sum of non-negative terms. Let us assume that this sum equals 0. Then all
the variables are equal to 0, i.e. any multiplication of (t, ~1)...-(t 1), where

{il,...ikn_l}c {3,...m}, is equal to 0. Thus among the subtractions and (t, -1),...,(t, —1)

there are no more than n-2 that are different from 0, and it means there are at
least 2n —1- (n-2) = n+1 equalling 0. Or, which is the same, among the
components ts,....,t,, there are n+1, equalling 1. It is especially true for a full set
of components ty, ..., t,. However, this contradicts the above-mentioned property
2) of the vector T. So, C; - C, > 0.

Now, let us change t; and t, leaving the rest of the variables constant.
Then the multiplication tit, = r "/(ts-...-t,,) will also be constant, meaning in the
expression (16) only the second term will be changed, which equals (with the
precision of up to the positive multiplier) t;+c/t;, where ¢ = r "/(tz-...- t,). The
sum ty+c/t; acquires the minimal value at t, =+/c [14]. But then t, =c/Jc =+/c as

well, i.e. t, =t,. Meanwhile, as to the assumption,t, #t,, it means we have found
the vector different from the initial one, at which the function @ acquires the
lesser value. This contradicts the assumption that the initial vector delivers the
function ® the minimum.

Returning to the initial variables x,...t,, we obtain the statement ().

Indeed, the vector that has not all components equal to each other, is not a vector
which delivers the function 77(X) minimum. But this vector does exist, and it
means that this is a vector having different components. And this is nothing
more like the vector G. Thus the collective inequality has been proved.

Let us add that due to the well-known properties of the power scale of
averages [15], it additionally follows from this inequality that the collective
average is no less than any power mean with non-positive value.
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The notions of the collective average and collective inequality introduced
here provide simplified lower bound assessment of the quality of decisions by
the non-homogeneous group. The probability of its correct decision is no less
than that of the homogeneous group comprising the same number of experts,
where the probability of the correct individual decision by one expert equals the
geometric mean of similar probabilities in the initial non-homogeneous group.

CONCLUSION

The expressions (6, 11, 12 u 14-16) fully resolve the issue stated to
determine the probability of the right majority made decision, with the
assumptions accepted. The asymptotic representation and two-sided assessment,
which, characterise the speed of tending towards the right decision.

For a non-homogeneous group, the existence and uniqueness of the
concept of collective average as an averaged characteristic were introduced and
firmly proved, which can be used to replace an individual probability of each
group member, whereby preserving the probability of correctness of the
collective decision

Potential applications of the results obtained can be the quantitative
evaluation of election procedures and the solution of problems associated with
improving the reliability of recognition of weak signals of control sensors in
various transport systems, including high-speed transport systems on magnetic
suspension [16-17].
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Py6puka 2. HAYUHBIE U [IPAKTUYECKHE PA3PABOTKU
Hampasnenue — DneKkTpoTexHUKa

YK [UDC] 537
DOl 10.17816/transsyst20195154-73

1O. ®. AHTOHOB

[TetepOyprckuit rocy1apCTBEHHBINM YHUBEPCUTET MyTeH COOOIICHMS
NmnepaTopa Anekcanjpa |

(Canxkr-IletepOypr, Poccust)

HPUPOIA SJEKTPUYECKOI'O HAIIPAKEHUSA
B CBEPXITPOBOJHUKAX C JUHAMHNYECKUM
HNPOMEXYTOYHO-CMEIIAHHBIM COCTOSHUEM

Heab: Omnucarb HaydyHOE JOCTHKEHHE C HW3JI0KEHHEM CYIIHOCTH SIBIICHUS.
[loaTBEepAUTh JOCTOBEPHOCTH CYIICCTBOBAHUS SIBICHUS AJICKTPOMATHUTHON WMHIYKIIUH
MTOCTOSTHHOTO TOKa Ha OCHOBAHUH IPSMBIX JI0KA3aTeIIbCTB.

Metoapbl: DKCIEePUMEHTAIBHOE HCCIICIOBAHHUE HaMarHU4YMBaHUs
CBEPXIIPOBOJHUKOBBIX 00pa3oB. Busyanuzanus mpoMeKyTOYHO-CMEIIAHHOTO COCTOSHUS
CBEPXIIPOBOJHUKOB U JIBM)KCHHSI KBAHTOBAHHBIX HUTEW MArHUTHOTO MOTOKA, MYYKOB TaKUX
Huteil. Pa3paboTka wmaTemaruueckoil Teopuu Ha 0aze (QpakTaabHOW TEeOMETpUU U
(YHKIIMOHAJIBHOTO aHAIN3a.

Pe3yabTaThi: CylIHOCTh Hay4YHOT'O OTKPBITUSI COCTOUT B JOKA3aTEIbCTBE TOTO, YTO
MPSIMBIM CIEJICTBUEM oOpa3zoBaHUs MIPOMEXKYTOUYHO-CMEITAHHOTO COCTOSIHUS
CBEpPXIPOBOJHUKOB U JIBM)KEHMS] KBAHTOBAHHBIX HUTEH MAarHUTHOIO MOTOKA, IMYYKOB TaKUX
HUTEW U MAKPOCKOMMYECKUX HOPMAJBHBIX 30H €CTh SIBIICHUE DJIEKTPOMArHUTHON WHIYKITUU
MMOCTOSHHOTO TOKA.

3akiouenue: CrnenaHo OTKPBITHE  SIBIICHHS  DJIGKTPOMArHUTHOM — WHIYKIIUU
MOCTOSIHHOTO TOKa, CO3/JaHbl CBEPXIPOBOJHUKOBBIE TOMOJIOTMUYECKHE DIIEKTPUUECKHE
TeHEepaTopbl HA OCHOBE SIBJICHHUS DJIEKTPOMAarHUTHOM WHIYKIIMKA TIOCTOSSHHOTO TOKa C
JIOCTH>)KEHHEM BBICOKMX HOMMHAJIbHBIX MapaMeTpoB: Tok 10-100 kA, ynenpHas TOKoOBas
Harpy3ka | KA/kr.

Knrouegnie ciuoea: CBEPXIIPOBOANMOCTD, HaMarHn4iuBaHUC, MMPOMEKYTOUHOC
COCTOSIHUEC, CMCHIAHHOC COCTOAHHEC, HOPpMaJIbHAA 30HA, KJIIACTCP, KBAHTOBAHHAA HHUTb
MAarauTHOI'O IIOTOKa, SJICKTPOMAariuTHAasA MHAYKIUA, TOIIOJIOI'UA, Q)paKTan, nepeMeHHmﬁ TOK,
IMOCTOSIHHBIM TOK.
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Yu. F. Antonov
Emperor Alexander | St. Petersburg State Transport University
(St. Petersburg, Russia)

THE NATURE OF VOLTAGE IN SUPERCONDUCTORS
WITH DYNAMIC INTERMEDIATE-MIXED STATE

Aim: to describe scientific achievement providing the essence of the phenomenon; to
confirm reliability of existence of DC electromagnetic induction using direct evidence.

Methods: experimental research into magnetizing superconducting samples.
Visualisation of intermediate and mixed state of superconductors and movement of quantised
threads of magnetic flux, the beams of such threads. Development of mathematical theory on
the basis of fractal geometry and functional analysis.

Results: The essence of the scientific discovery consists in the proof that the direct
consequence of the formation of an intermediate-mixed state of superconductors and the
movement of quantum magnetic fluxes threads, beams of such filaments and macroscopic
normal zones is the phenomenon of direct current electromagnetic induction.

Conclusion: the discovery of DC electromagnetic induction has been made,
superconducting topological electrical generators on the basis of DC electromagnetic
induction have been built, that achieve high nominal parameters: 10—100 kA current, specific
current load — 1 kA/kg.

Keywords: superconductivity, magnetization, intermediate state, mixed state, normal
zone, cluster, quantum magnetic flux thread, electromagnetic induction, topology, fractal,
alternating current, direct current.

ITOCTAHOBKA 3ATAYA

UccnenoBanue CTpyKTypbl U JUHAMHUKA OPOMEKYTOYHOTO U CMEUIAHHOTO
COCTOSIHUS ~ CBEPXNPOBOAHUKOB  Jis  OOOCHOBaHUS  COCYIIECTBOBAHUS
MPOMEXKYTOUYHOTO W CMEIIAHHOTO COCTOSSHUM B  HU3KOTEMIIEPATYPHBIX
CBepXmpoBoAHUKax | wu Il poma, a Takxke B BBICOKOTEMIEPATYpPHBIX
CBEpXIPOBOJHUKAX BTOPOrO0 TOKOJIeHHWs. TeopeTrmdyeckoe 0OOCHOBaHUE
BO3HUKHOBEHUS JJICKTPOMArHUTHON WHIYKIIMU MOCTOSHHOrO Toka. OmucaHue
TUTIOBBIX KOHCTPYKIIMI CBEPXMPOBOHUKOBBIX TOMOJIOTHYECKUX I€HEPATOPOB U
pPe3yJbTaTOB MX SKCIEPUMEHTAIIBHOTO UCCIIEAOBAHHUS, B TOM YHCJIE B IITATHBIX
peXrMax dKCIUTyaTaluu.
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BBEJAEHHUE

N3BeCTHO SIBJIEHUE DSJIEKTPOMATHUTHOW WHAYKIUH TEPEMEHHOIO TOKa,
oTkpbiToe M.@apasneem [ 1], marematnuecku onucanHoro Jx. Kin. MakcBeniom
[2]. SIBneHUE 3JIEKTPOMAarHUTHOW MHIYKIMU IEPEMEHHOTO TOKA JIEKUT B OCHOBE
paboTHl ANIEKTPUUECKUX MAIIMH U TpaHC(HOPMATOPOB MEpeMeHHOro Toka. Tak
Ha3bIBAEMbIC JJIEKTPUYECKUE MAIIMHBI «IIOCTOSHHOIO» TOKAa IO CYIIECTBY
ABJIAIOTCS  YCTPOWCTBAMHM IEPEMEHHOIO TOKA, CHA0XEHHBIMUA BHEIIHUM
KOMMYTAaTOpPOM, HallpuMep, KOJIEKTOPOM.

[Ipupona pa3HOCTH TOTEHLHMAJIOB B CBEPXIPOBOJHUKOBBIX OO0pasIax,
HaxXOJSIIUXCS B JHUHAMUYECKOM IPOMEXYTOYHO-CMEIIAHHOM COCTOSIHUH,
MHOTHE JECATUIIETHSI OCTaBajlach JUCKYCCUOHHOW. Tak, HampuMep, BbI3bIBAECT
COMHEHHUE MOJIENb, MPEUIoKEeHHas HoOeneBckuM saypearom J[k. bapaunbim,
COTJIACHO KOTOPOW pPa3HOCTh IIOTEHLMAJIOB HA 3aXUMax CBEPXIIPOBOIAHUKA
BO3HUKAEeT B pe3yJIbTaTe IIaJCHUS HaIlPsXKEHUS B CBEPXIPOBOJHUKE OT
IPOTEKAHUsI B HEM TPAHCIIOPTHOT'O TOKA, IIOCKOJIBKY HOPMAJbHbBIE 3JIEKTPOHBI
IIPOBOJIUMOCTH B HOPMAJIbHOM OCTOBE KBAaHTOBAHHOW HUTHU MarHUTHOTO IOTOKA
BOCIIPMHUMAIOT JBWKCHHUE KBaHTA MAarHUTHOIO IIOTOKA Kak JBHXKYIIEeCs
MarHutHoe  mosie.  OJHAKO  pasHOCTh  NOTEHUMAJIOB  HA  3aKAMax
CBEpPXIIPOBOJHUKA BO3HUKAET W B OTCYTCTBHE TPAHCHOPTHOro TOKa. Kpome
TOTO, KBAHTOBAHHASI HUTh MarHUTHOT'O MOTOKAa (CHHOHUMBI: CBEPXIPOBOISIIMIA
BUXPb, BUXpb AOPHUKOCOBA) — 3TO CII0KHOE 00pa30BaHUE, COCTOAILEE HE TOIBKO
U3 MHMKPOCKOIMYECKOTO HOPMaJIbHOTO OCTOBAa, HO UM  HE3aTyXaroluX
CBEPXIIPOBOISAIIMX TOKOB, TEKYIIMX HA pAaCCTOSHUU OT TE€OMETPUYECKOIO
IIEHTPa, PABHOM JIOHJJOHOBCKOW IITyOHMHE TPOHUKHOBEHUS A .

U emie oHa HETOYHOCT, AOMYILEHHAs JPYTUM HOOEJIEBCKUM JaypeaToM
N. T'maBepoM, yTBEp)KIalOIIMM, YTO TpaHCcPopMallds MOCTOSSHHOTO TOKa B
HAJOXKEHHBIX JPYyr Ha Jpyra CBEPXMPOBOIHUKOBBIX OO0Opasliax MPOUCXOJUT
BCJICICTBUE TYHHEIMPOBAHUS CBEPXIIPOBOIALIMX DJJIEKTPOHOB. B ombITax ¢
HAJOKEHHBIMU JPYT Ha JIpyra TOJCTBIMU (10 5 MM) CBEPXIPOBOJIHUKOBHIMH
oOpa3uaMu, pa3leNeHHbIMU TOJCTBIM (10 4 MM) CJIOEM 3JIEKTPUYECKOU
U30JISIMU, UMEET MeCTO TpaHcopMmalus TOKa, OTHIOJb HE CBSI3aHHAas C
TYHHEJIMPOBAHUEM CBEPXIPOBOISIINX JIEKTPOHOB.

lNomnanpackuit pusuk Jx. @onarep BHepBbie U3I0KUI TPUHIUI ACHCTBUS
«flux pump» - «Hacoca marHuTHoro mnotoka» [3]. B lNomnmanauu, I'epmanuu,
Anrinmun, ®@panuuu, [IBennapuu, Anonun, Kanage, CIIA co3nanbl ONBITHBIE
oOpasupl. B emuHuyHOM arperate AOCTUTHYT TOK 2,5 KA. I[lpemynoxeHsi
COMHUTENbHbIE (PU3MUECKHE MOJEIN U PSA MOJYySMIHUPHUUYECKHX (QopMyd,
KayeCTBEHHO M HE COBCEM MPAaBHIBHO OOBACHAIOIIMX paboTy «Hacoca
MarHUTHOTO MOTOKay. [locie mepBhIX yCIEeXOB YUCHBIC U Pa3paOOTUUKHU Al
B TYNHK. 3ajada nosydeHus Toka 10 KA u BblIE OKa3anach HEBBITOJIHUMOM.
['maBHBIM NpEnsSTCTBUEM B CO3/JaHUM OCHOB TEOPHUH, pacuera U pa3paboTke
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«HACOCOB MAarHUTHOI'O IIOTOKa» Ha TOKU 10 KA W BbIIE CTAO HEJOCTATOYHO
ri1y0OKOe MOHMMaHUe UX NpuHUUNa aencTBus. OTCyTCTBUE (PyHIAMEHTAIBHOM
TEOPUHM MEIIAJI0 PA3BUTHIO «HACOCOB MATHUTHOIO IOTOKA» W JOCTHKCHHIO
BBICOKMX HOMHMHAJIBHBIX IApaMETpPOB, KOTOpble Obl oOecnedywin HUx
KOHKYPEHTOCIOCOOHOCTH pu CO3JIaHUU CUCTEM MUATaHUS
CBEPXIIPOBOJIHUKOBBIX YCTPOKCTB.

CoriacHO HIMPOKO pPacnpoOCTPaHEHHOMY IPEACTABICHUID MPUHIMIA
JNEUCTBUS «HAcCOCAa MarHUTHOTO MOTOKa», €ro padoTa BO3MOKHA TOJBKO IpPH
o0pa30BaHUU B CBEPXIPOBOIAIIEM SIKOPE HOPMaJIbHOU 30HBI. Kak n3BecTHO, B
«HACcOCaX MarHUTHOTO MOTOKa» (B HAllel TEPMHUHOJIOTUU — «TOMOJOTHYECKUX
reHepaTopax») H3-3a HaJu4usl (QEppOMarHUTHBIX Y3J0B MarHUTHBIE TIOJIS
HaxozasTcs Ha ypoBHe 1 Tn. BenmeactBue atoro amnst obecrnieueHus: 00pa3oBaHust
HOPMAJIBHOM  30HBl IIPU  M3TOTOBJICHUU  CBEPXMIPOBOAIIMX  SIKOpPEN
IPUMEHSIINCH CBEPXITPOBOJHUKHN TOJIBKO ¢ HU3KMM 3HAYEHUEM KPUTHYECKOTO
MarHuTHoro mnosit ~l Ti. A Benp ecTb CBEPXHPOBOAHUKH, Y KOTOPBIX
KpuTnueckoe MaruutHoe noje 20 Tn u Oonee. Takum oOpaszoMm, criexys
OOLIETIPUHATOMY  TMOHUMAHHUIO TMpPUHIUNA JEWCTBUSA, TMpPU  CO3JaHUU
TONOJIOTUYECKUX TE€HEpaTOpOB M3 yHoTpeOsieHHs Obula BbIBEJEHA OOJbIIast
YacTh CBEPXIIPOBOJHUKOB M, MPEXJE BCEro, T€ M3 HHUX, KOTOpbIE O0JIANar0T
HanOoJjiee BBICOKUMH KPUTHYECKMMHU IapaMeTpaMd [0 IO U  TOKY.
Kputnueckre 3HaueHus MO MOJO M TOKY B3aUMOCBs3aHbl. BOT mouemy camoe
BBICOKOE JJOCTH)KEHHE B paHee pa3pabOTaHHBIX «HACOCAX MAarHUTHOTO MOTOKa»
— 3TO TOK 2,5 KA IpH NPOrHo3ax B AECATKN KUIOAMIIED.

Wtak, cyTh mnpoOieMbl Haxoaujach B MpPUHIUNE JAeWUCTBUSA (B €ro
NIEPBOHAYAJIBHOM TPAKTOBKE), KOTOPBIM, KCTaTH, BBIPA3WJICSA MU B HEBEPHOM

Ha3BaHUM YCTPOICTBA — «HACOC MArHUTHOTO MOTOKay». [l ee pelieHus
noTpedoBaIoch BOCIIOJIb30BaThCS pe3yabTaTamu TEOPETUYECKOTO
UCCIIEIOBAHMS IPOMEKYTOUYHOTO u CMEILIaHHOTO COCTOSIHUS

cBepxmpoBoaHMkoB | w Il poma, BBINOJHUB COMOCTABUTEIBHBIN AHAIH3
COOTBETCTBYIOIIUX 3KCIIEPUMEHTAIbHBIX JTaHHBIX.

KBAHTOBAHUME MAI'HUTHOI'O IIOTOKA

[IpssiMbIM  ciefcTBUEM KECTKOM (ha30BOM KOTEPEHTHOCTU  SIBIISIETCS
7 (dexT KBaHTOBaHMSI MAarHUTHOTO NoToka. Mest pyHaaMeHTanbHOe 3HAaYeHHE,
KBaHTOBAaHME MAarHUTHONO TIOTOKa TNPHUCYLIE BceM, 0€3 HCKIIOYEHHUS,
CBEpXMPOBOJHUKAM  JII0OOW  reomeTpuueckoil  (HOpMbI ¥ CBSI3HOCTH.
«CBsi3HOCTB»  €cThb  TomoJiormueckoe moHsatue [3]. Tomonmorunueckum
IIPOCTPAHCTBOM HA3bIBAETCSI MHOXKECTBO X, B KOTOPOM BBIJEIEHO HEKOTOPOE
CEMEHCTBO T NOJMHOXECTB OJHOBPEMEHHO OTKPBITBIX M 3aMKHYTBIX. Takoe
CEMENCTBO T MOJIMHOKECTB HA3bIBAETCS «TOMOJIOTHEN» B MHOXecTBe X. B
JAHHOM KOHTEKCTE, NPUMEHUTEIBHO K CBEPXIIPOBOJHUKAM, MaT€MATHUYECKHI
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TEPMHUH «TOMOJIOTHS» HCIIOJIb3YETCSl TMPEUMYIIECTBEHHO I HUCCIEHOBAHUS
MPOIIECCOB, OOYCJIOBJIICHHBIX HM3MEHEHHUEM «CBSI3HOCTH» CBEPXIPOBOISALINX
KOHTYPOB BCJIEJICTBUE (ha30BBIX MEPEXO/IOB.

®dopManbHOe O0OOCHOBaHME JAHHOTO TOJXO0/Ia COCTOUT B CJEAYIOILIEM.
MaccuBHBIN CBEPXITPOBOJHUKOBBIA 00pa3el] ¢ MaTEMAaTUYECKON TOYKH 3pEHHUA
MOXXET paccMaTpuBaTbCAd KaK TOMOJOTMYECKOE MPOCTPAHCTBO (TOYHEE,
noanpocTpancTso). Ilo ompeneneHuro, AaHHOMY BBIIIE, «TOMOJIOTHYECKOE
IIPOCTPAHCTBO» — 3TO MHOXKECTBO X, Ha KOTOPOM 3a/laHa TOMOJOTMYECKas
CTPYKTypa. B maHHOM citydae moj «TONOJIOTHYECKONW CTPYKTYPOM» MOHUMAETCS
CBEpXIpoBoAsimas (asza, T.e. BeChb «CBEPXIPOBOASAIMIUNA 0OBEM» MACCHBHOTO
oOpazua. MHoxecTBO X SIBIIETCS OJTHOBPEMEHHO OTKPBITHIM U 3aMKHYTBIM,
pPaBHO Kak M ImycToe MHOXkecTBO . Eciu B X (T.e. B 00beMe CBEPXIIPOBOIHUKA)
HET JpPYIMX MHOXECTB, OJHOBPEMEHHO OTKPBITBIX M 3aMKHYTBIX, TO
TOMNOJIOTUYECKOE MPOCTPAHCTBO X HA3BIBAETCS CBA3HBIM. B yacTHOM ciyyae
MAaCCHBHOI'O CBEPXIIPOBOJIHUKOBOrO oOOpa3la IMpu YCIOBUU OOECIHEUECHHUS
nonHoro  3ddekra  MeiiccHepa-Okcendenbia  uMeeM  OJHOCBSIZHOE
TOIOJIOTUYECKOE IIPOCTPAHCTBO. JIroboe JIOKaJIbHOE HapylIeHUE
CBEPXIPOBOJAMMOCTHU B CBSI3M C IPOHUKHOBEHUEM B 00pa3el MarHUTHOTO IOJIs,
HaIlpUMep, C CO3JaHUEM JIOKAJIbHOM MAaKpOCKOIMYECKOW HOPMAJIIBHOW 30HBI,
IIPOMEXKYTOYHOI'O COCTOSIHUSA WJIA B BHUJEC OTACIIbHBIX KBAHTOBAHHBIX HUTEU
MAarHuTHOI'O IIOTOKA, ITy4YKOB TAKUX HUTEH U3MEHSAET TOIOJOIUIO IIPOCTPAHCTBA,
T.€. CBSI3HOCTb.

N3BecTHO, YTO CTAalMOHAPHBIE OJJIEKTPOHHBIE COCTOSAHMUSA, B JAHHOM
Clly4yae CBEPXIPOBOAMMOCTb, OIPEIECIAIOTCA KBAHTOBBIMM  YCIIOBUSMH.
CrnenoBaTenbHO, 3aBOAMMBIA MHAYKTUBHBIM CIOCOOOM B CBEpXIPOBOJSAIICE
KOJIBIIO TOK MOXET IPUHAMATh TOJBKO JHUCKPETHBIE 3HA4YEHUA. TaK Kak
KBAaHTOBBIE YPOBHH OTCTOST Jpyr OT JApyra Ha 4Ype3BbIYAHHO MaJOM
pPAcCCTOSIHUM, JUCKPETHbIE 3HAYEHUS TOKa OOBIYHBIMU HW3MEPUTEIbHBIMU
npudopamMu He yJIaBIUBaIOTCS.

C menpro MojgydeHus MOJHOM KapTUHBI KBAHTOBAHWS MAarHUTHOTO MTOTOKA
BMECTO KOJbLA CIEAYyET PACCMOTPETh CBEPXIPOBOASALIYIO0 IUIACTHHY C
OTBEPCTHUEM.

C TOYKM 3peHHs TOMOJOTMU KOJIBLIO U IJIACTHHA C OTBEPCTUEM SIBIISFOTCS
romeoMoppHbIMU (Qurypamu. bornee Toro, B KadecTBe «re€OMETPHUUECKOTO»
OTBEPCTHSI B CBEPXIPOBOASAIIEH IJJACTUHE MOXET CIYXHUTh «(}a3oBoe»
OTBEpCTHE — HOpMasibHast 30Ha. OHa MOXET ObITh CO3/JaHa MPUIIOKEHHBIM U3BHE
MAarHWTHBIM IIOJIEM, WHAYKLUS KOTOPOTO BBIIIE KPUTUYECKOTO 3HAYECHUS,
CBOMCTBEHHOI'O JAHHOMY CBEPXIIPOBOAHUKY. Jlokanmu3anuss HOpMaJIbHOM 30HBI
MOAJCPKUBAETCA CBEPXMPOBOJAIIMM TOKOM, UUPKYJIUPYIOIIUM BOKPYT HEE.
DTO 3HAYWUT, YTO MATHUTHBIA MOTOK, CO3AAHHBIN CBEPXIPOBOJSIINM TOKOM, B
HOPMaJbHOM 30HE COBNAJAET IO HAINPABICHUIO C BHEIIHWM MArHUTHBIM
IIOTOKOM, @ BHE HOPMAJIBHOW 30HBI MMEET NPOTHBONOJIOKHOE HAIIPABIICHHE,
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oOecrieuynBas HKpaHUPOBAHHE OCTAIBHOW YAaCTHU CBEPXIPOBOMASAIICH TMIACTHHBI
OT BHEIIHETO MarHUTHOro noJig. CpeaHsis MIOTHOCTh UUPKYIUPYIOIIETO BOKPYT
OTBEpCTUS (HOPMAJIBHOM 30HBI) TOKa ]C :nce\z , TAe V. - CKOPOCTb
KynepoBckux map. Lupkymupyromuii BOKpYr HOPMajdbHOM 30HBI (OTBEPCTHSI)
CBEPXITPOBOJAAIIAMA TOK TEYET B CJIO€ TOJIIMHOM, PABHOM JIOHAOHOBCKOM
IIyOHMHE MPOHUKHOBEHUS A .

B oTauume OT BhIlIE PACCMOTPEHHOTO CiIy4yas «MaKpOCKOIIMYECKOTO
OTBEPCTUS» B BUJIE HOPMAJIbHOW 30HBI, KBAHTOBAHHAsI HUTh MAarHUTHOT'O MTOTOKA
MPECTaBIIET COOON «MUKPOCKOIIMUYECKOE OTBEPCTHUE» PATUYCOM &, COCTOSIIIEE
U3 HOpPMaJIbHOM  (pa3bl, BOKPYI KOTOpPOTrO LMPKYJIUPYET BUXPEBOM
HE3aTyXaloUMi CBEPXMPOBOASIIMNA TOK .. Ero HampaBlieHME Takoe ke, Kak

UPKYJIUPYIONIETO TOKa BOKPYI HOpMalibHOW 30HbI. Ha 3TOM HX CX0ACTBO
ucyepnbiBaerca.  L{upkynmupyronmii  TOK  BOKPYT  HOPMaJIbHOW  30HBI
oOecreynBaeT JUIIb KPaTHOE KBAHTY MarHMUTHOTO MOTOKA 3HAYEHHUE BHEIIHETO
MarHMTHOTO TIOTOKA, TPOHU3BIBAIOIIETO OTBEPCTUE MAaKPOCKOMHMYECKHX
pa3mepoB. BuxpeBoit cBepXMnpoBOASIINIA TOK KBAHTOBAHHONW HUTH MarHUTHOTO
MOTOKa (BUXPSA) CO3/Ia€T PaBHBIM OJIHOMY KBAaHTY MAarHUTHBIN MOTOK, KOTOPBIMA
pacrpocTpaHeH B 00JIaCcTH C paguycoM A . MarHUTHBIA MOTOK KBAaHTOBaHHOM
HATA MAarHUTHOTO TIOTOKAa COBIAJA€T MO HAMpPaBJICHUIO C MPUIOKEHHBIM
MarHuTHbIM MojieM. OO0BbeM CBEPXIPOBOJHUKA DKPAHUPOBAH OT BHEIIHETO
MarHUTHOTO TIOJII CBEPXIIPOBOMSIIMMH TMOBEPXHOCTHBIMA TOKAMH, TEKYIIIUMH
no nepuMeTpy oOpasia, a Takke BHUXPEBbIMM ToKamH. VX HampaBieHus
B3aMMHO MPOTUBOIOIOKHBI.

Jluanu  (pa3oBBIX TpaHUI] KBAHTOBAHHOW HWUTH MAarHUTHOTO TIOTOKA,
Kjactepa (My4ka) KBAaHTOBAHHBIX HUTEW MArHUTHOTO TMOTOKAa M HOPMaJbHOM
30HBI - 3TO MPUMEP CTATUCTHYECKOTO camornoaoous [5].

OpakranpHas KpuBas (a3HOW TpaHUIBl KiacTepa, HOPMAJIbHOW 30HBI
CTPOUTCSl IMyTEM TeHepaluu JUHUK (a3HOW TpaHUIbl KBAHTOBAHHOW HUTHU
MarHUTHOTO MOTOKA.

Ha o6asze yuenus o cBepxnpoBogumoct [JIAIT B.JI. I'ma30Oypra
(HoGenerckas mpemus, 2003 1.), JI.JI. Jlannay (HoGeneBckas npemusi, 1962 r.),
A.A. AbpukocoBa (HoOeneBckas mpemus, 2003 r.), JOMNOJHEHHOTO
WCCJICIOBAHUSIMU TPOHUKHOBEHUSI MarHUTHOTO TIOJISI, CTPYKTYPHl M JUHAMUKH
MIPOMEKYTOUHOTO u CMEIIIAHHOTO COCTOSIHUI TEXHUYCCKUX
HU3KOTEMIIEPATYPHBIX  CBEPXMPOBOJHUKOB  CEPUHUHOIO  TMPOW3BOACTBA €
HEHYJICBBIM MarHUTOMETPHUYCCKUM KOI(P(GUIIMEHTOM pa3MarHWYWBaHUS, a
TaKK€ BBICOKOTEMIIEPATYPHBIX CBEPXIPOBOJHUKOB BTOPOTO  IOKOJICHHUS,
OTKPBITO SIBIICHUE DJIEKTPOMArHUTHOW WHIAYKIIUU TMOCTOSHHOTO Toka. C 3ToM
I[€JIbI0 BBITIOJIHEHBI CIICTYIOITNE OTIBITHI:
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1) Busyanuzamus HOPOMEKYTOYHO-CMEIIIAHHOTO  COCTOSIHUS — JICHTOYHBIX

§ o 2 . "’,-.' e

HU3KOTEMIIEPATYPHBIX CBEPXIIPOBOIHUKOB CEpUHOTO Mpou3BoAcTBa (Puc. 1);

o : PE
EEN =0

50 mMkMm 50 MKM YBemnuenue B 4800 pas
a 0 6
Puc. 1. I/IJ'IJ'IIOCTpaHI/Iﬂ COCYIIECTBOBAHHUA NPOMEKYTOUYHOI'O U CMCIIIaHHOT' O COCTOSIHUM
HU3KOTEMIIEPATYPHBIX CBEPXIIPOBOJTHUKOB.

a - obpazen u3 craBa Nb+1,5%Zr (mo macce), auck 0e3 MEIHOTO MOKPBITHS, ITUAMETP
@5 mm, tommuna d = 25 mxm; T = 4,4K (Tx = 9,2K), B = 0,085 Ti; N = 1 — d/2a = 0,999;
Oenble 00pa3oBaHUs — KiAacTephl W3 (EPPOMArHUTHBIX YACTHI[ B MECTaX MPOHUKHOBEHUS
MarHUTHOTO TOTOKA;

0 - oopasery u3 Nb+50%Ti (o Mmacce), TUCK C MEAHBIM IOKPBITHEM, auamerp @5 mwm,
tommuna d = 25 mxm; T = 4,4K (Tx = 9,5K), B = 0,3 Ta; N = 1 — d/2a = 0,999; TemubIe
00pa3oBaHus — MYYKH U OTJCIbHBIC KBAHTOBAHHBIC HUTH MarHUTHOTO MTOTOKA;

6 - obpasen u3 crasa Pb+1,89% TI (mo macce), auck auamerpom @2 M, tomuHoi d =1
MM, ¥ = 0,73; 7= 1,2 K, B = 0,0365 Tx; TemHbIe 00pa30BaHUS — JIOMEHBI U3 KBAaHTOBAHHBIX
HUTEW MarHUTHOTO MOTOKa [6].

2) Busyamuzaiusi IpOMEKYTOUYHO-CMEIIAHHOTO COCTOSIHHSI BBICOKOTEMITEpa-
TYpPHBIX CBEPXITPOBOJIHUKOB BTOpOTo nokosienus (Puc. 2);

50 MKkM 50 MKkM
a 0
Puc. 2. MnmocTparus cocyiiecTBOBaHUS IPOMEKYTOYHOI'O M CMEIIAHHOTO COCTOSTHUN
BBICOKOTEMIIEPATYPHBIX CBEPXITPOBOJHUKOB.

a — oOpaszeny U3 JIEHTHl Mpou3BojacTBa SUPerOX; Oenble 00pa3oBaHUS — KJIACTEPHI U3
(eppOMarHUTHBIX YaCTHUI] B MECTaX IPOHUKHOBEHHS MarHUTHOTO ITOTOKa,
0 - oOpaser u3 JEHTHI Pou3BoJACTBA AMSC; TeMHbIe 00pa30BaHUS — MYYKH U OTJIEJIbHBIC
KBAaHTOBaHHBIE HUTH MarHUTHOTO TIOTOKA.
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3) Co3znmanue U WccaeIOBaHKUE JIAOOPATOPHOM MOJICIIA CBEPXIPOBOIHUKOBOTO
TOTIOJIOTUYECKOT0 TpaHCPOopMaTopa MOCTOSHHOIO TOKAa Ha OCHOBE CBS3HOTO
JIBIKEHUS KBAaHTOBAHHBIX HUTEW MArHUTHOTO MOTOKA B HAJOXKEHHBIX JAPYr Ha
Jpyra CBEpXIPOBOJIHUKOBBIX IJIACTHHAX — (oJibrax, ieHTax u mieHkax (Puc. 3);

@ 203

\ ! 4 A-A

| 4
L 2 b=k

I F @ @ @ [ 13
VR ORY) R 3

GO N R

AA

Puc. 3. CBepXnpOBOHUKOBBIN TOMOJIOTHYECKUI TpaHC(HOPMATOP MOCTOSTHHOTO TOKA

@ — CTallUOHAPHOE MArHUTHOE 10JI€ B NPUII0KEHO NEePIEHINKYISAPHO INIOCKOCTH PUCYHKA,
0 — BHEIIIHEE MarHUTHOE I10JI€ OTCYTCTBYET.

1 — mepBUYHAsI CBEPXIIPOBOJHUKOBAsE OOMOTKa (CJIOH, IUIEHKA, TUIACTHHA);

2 — BTOpUYHAsI CBEPXIIPOBOIHUKOBAs OOMOTKA (CJIOH, TUICHKA, TIACTHHA);

3 — u30nATOp (OKCHIHBIH CIIOH, PTOPOIIACTOBAS IJICHKA, JTF00ast H30JIALIHOHHAS TTO/JI0XKKA);
4 — ycrnoBHOE 0003HaUYE€HHE KBAHTOBAHHOW HUTU MarHUTHOTO MOTOKA.

Bynyun  yHuBepcanbHBIM, 3aKOH  DJICKTPOMAarHUTHOW  WHIYKITUU
nepeMeHHoro Toka M. @apajesi, TeM HE MeEHee, HCKIoYaeT BO3MOXKHOCTH
TpaHcopMariu Toka ©O€3 HM3MEHEHMsS MOTOKOCIEIUICHUS, T.€. MOCTPOCHHUE
TpaHcopmaropa moctosHHOro Toka. B ycrpoiictBe (Puc. 3) Tpanchopmaims
TOKA OCYIIECTBJISICTCS 3a CUET JIOKAJIhbHOIO TEpPeHOCAa MAarHUTHOTO TOTOKa
JBIDKYIIAMICS KBAHTOBAHHBIMHU HUTSMH B OTCYTCTBHE M3MEHEHUS CYMMAapHOTO
MOTOKOCHEIUICHUS] TEPBUYHOTO W BTOPUYHOTO KOHTYpoB. IlepBuuHOi u
BTOPUYHOM 0oOMOTKaMu Tpancopmaropa CITyXaT OTpE3KHU
CBEpXMPOBOAHNKOBOM JeHThI u3 craBa Nb+50%Ti (mpousBoacrso BHUMKII,
Poccust) 6€3 MeaHOT0 MOKPHITHS, CHATOTO C IIOMOIIBIO A30THOM KUCIIOTHI.

Dddexr TpanchopMaluu IOCTOSHHOIO TOKa HaOMomgaeTcs W B
OTCYTCTBUE BHEIIIHETO MAarHUTHOTO MOJs. BMECTO BHEIIHEr0 MarHUTHOTO TOJIsS
B cMelianHoe cOCTOSIHUE B JIEHTaX CO3/1a€T TPAHCIOPTHBIN TOK |;, TEKyIIMi Mo
nepBudHOi 0OMoTKe (Puc. 36). AHATOTHYHBINA SKCIIEPUMEHT, OTHAKO, C IPYTOM
LEeIbl0, @ MMEHHO C UENbl0 JO0Ka3aTeabCTBAa TYHHENIBbHOro 3¢@dexra, ObLl
noctaByieH HopBexkckuM ¢usukom U. I'maBepom [4] (HoGeneBckas mpemus mo
¢usuke, 1973 r.). B ero skcrnepuMeHTe NMEPBUYHON M BTOPUYHON OOMOTKaMHU
tpancopmaropa (Puc. 3) ciyXuiau OJIOBSIHHBIE TUICHKH TOJIIMHON d < 4.
(MCXOJIHBIM MaTepuajioM JUIS TUICHOK CIYXKWI CBEpXIpoBOJAHUK [ pona,
KOTOPBIM BCJCACTBHE Majod TOMIMHBI O IUIGHKH mpuoOpesl CBOMCTBa
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ceepxnpoBoanuka Il poxa). IlneHku pazneneHbl OKCHIHBIM CIOEM H30JsTOpa
TOJIILINHOMN 100 A.  JlaHHBIii  DKCIEPUMEHT ¢ TYHHEIMPOBAaHHEM
CBEPXIPOBOSIINAX JJIEKTPOHOB SIBISETCS YacCTHBIM CIIy4aeM, IIOCKOJIBKY
HauOoONbIINN BKJIAJ B TpPaHC(HOPMAIMIO MOCTOSHHOTO TOKa BHOCHUT CBSI3HOE
JNBUKEHUE KBAaHTOBAHHBIX HUTEH MAarHUTHOIO IOTOKA, MMEIOIIEE MECTO HeE
TOJIBKO B ClIy4ae TOHYAWIIMX CBEPXIPOBOJAUIMX IUICHOK W TOHYAMIIEro
W30JSIMMOHHOTO CJIOS, HO M TPH HCIOJIb30BAHUM CPAaBHUTEIBHO TOJICTHIX
CBEPXIIPOBOJISIIMX JICHT U YTOJIIEHHON M30JISIHMOHHOM MPOKIAAKH. bonee Toro
yCTaHOBJIEHA TpaHCHOpMAIUs TOCTOSHHOTO TOKA B HAJIOXKEHHBIX IPYT HA JIpyra
yepe3 yTONIIECHHYIO (10 4 MM) M30JIAIHMI0 BEChMa TOJICTHIX (0 5 MM) IJIAaCTUH
U3 UTTPUEBOM METAJUIOKEPAMUKH - BBICOKOTEMIIEPATYpHOI'O CBEPXIIPOBOIHUKA
(mpousBoacteo UTIC THWUWuepmer, Poccus).

O06e cxembl Ha Puc. 3 MOryT CIyXUTh OCHOBOM JIJIs1 CO3/1aHUs PA3IIMYHOTO
TUIIA CBEPXIPOBOJHUKOBBIX TOMOJOIMUECKUX TPaHC(HOPMATOPOB MOCTOSIHHOTO
TOKA.

[lepneHAUKYISIPHO JIEHTAM IPUJIOKEHO CTALMOHAPHOE MATHUTHOE II0JIE
B, HeoOxonuMoe TOJNBKO JUIsl CO3/aHHA B O00EHUX JIEHTax CMENIAaHHOIO
cocrossHud. [locTostHHBIA TOK |}, TeKymuid 1O TEpPBUYHOW OOMOTKE
TpaHchopmaTropa, IPUBOAMT B IBM)KCHHE KBAHTOBAHHBIE HUTU B 00EHX JICHTAX.
B pesynpraTre Ha 3a)x)uMax BTOPHUYHONM OOMOTKHM MOSIBISIETCS HampsbkeHue. B
CTallMOHApHOM MarHuTHOM moJsie ¢ uHayknued B = 0,1 Tn (Puc. 3a) u Toke
.=1A Ha 3axumMax BTOPUYHON OOMOTKH 3a(PUKCUPOBAHO MOCTOSHHOE
Hanpspkenue V= 0,5 mB.
4) Coszpanue JabopaTopHOI MOJIeNH CBEPXMPOBOJHUKOBOIO
TOMOJOTMYECKOr0 TeHepaTopa MOCTOSHHOTO TOKa, MPeoOpas3yroLero TerioByo
SHEPruio B aneKkTpuueckyto (Puc. 4).

L ®B

Puc. 4. CBepXnpoBOIHUKOBBIN TONOJOTUYECKUI TEHEPATOP,
peoOpa3yIouil TETJIOBYIO SHEPTHUIO B AJIEKTPUUYECKYIO

[IpunoxkeHHoe TmoJe C MarHUTHOM wuHayKuuedn B obecneunBaet
oOpa3oBaHHE€ B CBEPXIPOBOJHUKOBON IUIACTUHE CMEIIAHHOTO COCTOSIHHUSL.
HarpeBanue (Cc mOMONIbI0O KOHCTAaHTaHOBOI'O HAarpeBaTesisl) OAHOTO M3 KpaeB
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(Ha Puc. 4 — HwkHUI Kpall) MIIACTUHBI TPUBOJAUT K YBEJIWYEHUIO IUIOTHOCTU
KBAaHTOBAHHBIX HHUTEH Ha TEIUIOM Kpae, BCIECICTBUE YErO0 MOMNEPEK IIACTUHBI
BO3HUKAET TPAJAUECHT IUIOTHOCTH KBAaHTOBAHHBIX HUTEW. BbIpaBHHBaHHE
IUIOTHOCTH KBAHTOBAHHBIX HHUTEN MPOUCXOAUT 3a CYET HMX [JBHXKECHUSA B
HaIpaBJICHUU OT TEIUIOro Kpas K XojoaHomy. [lonkiroueHHbIH K OOKOBBIM
CTOPOHAM IIACTUHBI BOJIBTMETP PETUCTPUPYET MOSIBICHUE HAMPSIHKCHUS.

Hcneitanus naboparopuoit monenu (Puc. 4) yGeautensHO IOKaszamu ToO,
yto reHepupyemas IJIC B cBEpXHpOBOJHUKE, HAXOIAMIEMCS] B TUHAMUYECKOM
CMEIIIAHHOM COCTOSIHMH, CBSI3aHa UCKIIOYUTEIBHO C JBUKEHUEM KBAaHTOBAHHBIX
HUATEW, TOCKOJBKY B JaHHOM YCTPOWCTBE HET TpPaHCIIOPTHOIO TOKa, a,
CJIEOBATEIbHO, HET TMPAMOr0 MNaJACHUS HalpsbkeHWs. B skcnepumeHTe
HWCIOJIL30BaJach  XOJIOJHOKaTaHas  JIEeHTa U3 cIjiaBa Nb+1,5%Zr
(cBepxmpoBoauuk |l poga) tommuuo#n 25 mxm, mupunoi 30 MM 6e€3 MEIHOTO
MOKPBITUS, CHATOTO C MOMOIIBIO a30THOW KHUCIOTHL. JIEHTa W3roTOBJIEHA BO
BHUUKII (Poccust). CBepXmpoBOAHMKOBAS TIACTUHA MIOMEIIAETCSI BO BHEIITHEE
MarHuTHoe moJsie B, mepneHaukylspHOe ee IUIOCKOCTU. B Bblillie ONMMCaHHBIX
skcriepuMenTax (Puc. 3, 4) cBepXIpOBOJHUKOBBIC IJIACTUHBI HAXOJISITCS B
CTallMOHAPHOM OJIHOPOJIHOM MArHUTHOM Tiojie. TeM caMblM aBTOMATHYECKU
oOecrieunBaeTCsl  HEU3MEHHOCTh  IMOTOKOCHEIJICHUS €  U3MEPUTEIbHBIM
KoHTypoM. Corjlacue ¢ 3aKOHOM 3JICKTPOMArHUTHOW WHIYKIIMH MOCTOSIHHOTO
TOKa TMOJIYy4YaeTCsl, €CJIM KBAHTOBAaHHBIE HUTH, BOHUKIIIKUE OJIarofapsi BHEITHEMY
MarHdTHOMY TOJII0O, HE OTOXIECTBJISIIOTCS €My, a pacCMaTpUBAaIOTCS Kak
CaMOCTOSITEJIbHbIE MarHUTHBIE 00Pa30BaHMUS.

B skcnepumente npu B= 0, 1 Tn moaydeHo MOCTOSSHHOE HAMpPsHKEHUE
V=10,5 mB. [omspuocts D/IC 3aBUCHUT OT HaAmpaBJICHHs BEKTOpPAa MarHUTHOM
uHaykiuu B, JlaHHOE  yCTPOMCTBO  MOXKET  CIYKUTh  IPOTOTHIIOM
CBEPXIPOBOJHUKOBOTO TeHEpAaTopa, MPeoOpa3yroIiero TEIJOBYI0 SHEPTHUI0 B
ANEKTPUYECKYI0 BHepruto. I[IpumeHeHrne Takoll cXeMbl MJii W3TOTOBJIEHUSA
COOTBETCTBYIOILIETO T'€HEpaTOpa HENPAKTUYHO, MOCKOJbKY pa3MelIeHue
HarpeBareyii B KPUOTEHHOM Cpelle SHEPreTUYEeCKH HeompaBaaHHO. OmgHako
MOCTABJICHHBIA  AKCIEPUMEHT HMEET MNPUHIUIIUAIIBHOES 3HA4YeHUEe IS
JIOKa3aTeNnbCTBA HaBeJeHUsS MOCTOSHHOM OJIC HMCKIIOUMTENIBHO 3a CYEeT
HaIPaBJICHHOTO JIBUKEHUSI KBAHTOBAHHBIX HUTEH MAarHUTHOIO MOTOKA.

CrpaBe/yIMBOCTh TAKOTO PACCMOTPEHMS IMMOKa3aHa U B JKCIIEPUMEHTE C
“BUHTOBBIM” TOMNOJIOTMYECKUM T'€HEPATOPOM CO CKOUIEHHBIMH 3yOllamMu-
MoJIIOCaMu, B KOTOpPOM  OOecreuyMBaeTcsi  MOCTOSIHCTBO  CyMMAapHOTO
noTOKOCUEIUIeHusT B u3MmeputenbHoil 1enu  (Puc. 5). B orcyrcTBHE
TPAHCIIOPTHOTO TOKA HET MPSMOTO IMAJICHUS HAMPSOKCHUS M, TAKUM 00pa3om,
HalpsoKeHUE Ha 3aKUMaxX TOMOJIOTMYECKOro TeHepaTopa €cTh pe3yJibTar
JBU)KCHUSI KBAHTOBAHHBIX HHUTEH MArHUTHOTO TIIOTOKA, MPUBOJISIIETO K
HaBeneHUio noctossHHoM D /C.
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Puc. 5. KoncTpyKTHBHAs cXeMa CBEPXIPOBOJHUKOBOM TOIOJIOTUYECKON
JNEKTPUYECKON MAIIMHBI IOCTOSIHHOTO TOKA

TOHNOJOI'MYECKASA MOJAEJIb

OCHOBHBIE TIOHATHS O TONOJIOTMH CBEPXIIPOBOJHHUKOB, KOTOPBIE
TpeOyroTCsl i1 aHajiu3a JUHAMHKMA [POMEXYTOYHOTO U CMENIAHHOTO
COCTOSIHUH, CBOIATCA K  CIEIYIOLIEMY. MaruutHoe  COCTOSIHUE
CBEpXIIPOBOJHMKA OIpelenser ero tonosoruto. llanenue nHanpsokeHus ot
IIPOTEKAHMWS TPAHCIIOPTHOTO TOKa M TeHepupoBaHue mnocrosHHon OJJIC B
OTCYTCTBHUE TOKa €CTh CJICJICTBUE M3MEHEHHUS TOIMOJOTUU (CBSI3HOCTH)
CBEPXIIPOBOIHUKA.

JUist Toro 4toObl AaTh CTPOro€ MAaTeMaTHUYeCKOe OOOCHOBAHHUE BBIIIE
IpEeICTaBICHHON (pu3nyeckoi nurepnperanuu Bo3HukHoBeHus1 DJC u najeHus
HaIpsHKEHUS, PACCMOTPUM TUIOCKYHO MOJIENIb TOMOJIOTMYECKOIO YCTPOMCTBA HA
Puc. 6. Tlpenmosnoxum, 4To U3MEpUTENbHAS 1IEMb PACIOJIAraeTCs B TOW XKe
IUIOCKOCTH, 4YTO W CBEPXIPOBOJHUKOBAs IacTUHA. BwiGepeM nexamuii B
MJIOCKOCTH PUCYHKA HEKOTOPBIH KyCOYHO-TIAAKUN 3aMKHYTHIN MyTh (KOHTYD) Y

¢ HocutenieM Yy (®) = ODABCO, tne ® € [a, b] € R - mHOXecTBO
BEIIICCTBCHHBIX YHCEIL.
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Puc. 6. [Tiockas Tonojiornyeckas cxema
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Touka a, coBmagaromias ¢ HEHTPOM IPOCKIMKA MarHuTa Ha IUIOCKOCTh
PHUCYHKa, TIpU JIBM)KCHUH MAarHUTa COBEPIIACT IMyTh Y1, HOCUTEIIb KOTOPOro vi(t)
TaK)Ke JISKHUT B IIOCKOCTH PUCYHKA W COBIAJACT C OKPYKHOCTBIO paauyca [I.
3nmeck Bpems t € [0, + o).

OnpenenyM HWHACKC TOYKM & OTHOCHUTCIIBHO KOHTypa Y, KOrja OHa
3aHnMaeT MHOKecTBO mooxeHuid {YV1(KT)} k=0 1 2 ., TIe T — mepuo 0JTHOTO
I[UKJIa BPAIICHUS MarHUTa:

J(a,y)zi.jinﬁzn; Eey(@), n=0,1,2......

2m &—-a

Tak xak mpu te[0, T) KOHTYp Y TOMOTOICH IIOCTOSIHHOMY KOHTYPY
(MOeT OBITh CTSAHYT B OJIHY TOUKY), TO, IpUMeHsis TeopeMy Komm, nmeem

4
cliefioBaTelbHo, j (a,7) =0.
[Mpu t € [T, 2T) koHTYp Y MOXeT OBITH NeOPMHUPOBAH B KOHTYD &,
HOCHUTEJbh KOTOPOTO €CTh OKPY)KHOCTh €IUHUYHOTO paguyca 1 > r / ry (Puc. 6),
£,(0,)=1-e" mnpuuem 0O; € [0,2rx]. Torma MHAEKC TOYKU A OTHOCHTEIHLHO

KOHTYpa Yy

. . . 1% de 1 Fie®
a, = a, = O, =—|\——=— _d® 1-
j@y)=j@e)=j0,¢&) 5 _([5_0 o '([e'@l 1

I[Mpu te [nT, (n+ 1)T]
. 1 *Fine'
7 =— [ _do, =
J(a' }/) 272'i ‘([ em@l 1

Ilycte @y — MarHUTHBIN MOTOK, COAEPIKAIIUICA B 30HE MPOHUKHOBEHHS,
TOrJa, MPUMEHUB UHTErpajbHyt0 popmyrny Komwm, nomyunm

j(ay)(-0(@) = i I%d

e

E=—,.

Takum 00pa3om, MoCie MEPBOTO IUKIIA MOTOKOCIEIUIEHHE C KOHTYpPOM,

3aKJIFOYAOIIUM HATPY3Ky, COCTABIISET |\|/ | = |—CI) 0|.

Iput = 2T |\|1 | = [=2®], u T.1. VI3 310TO cnenyet, uto cpeausas IC,
HABOJMMAs B DJICKTPUUYECKOM IIeNU ¢ Harpy3koi, paBHa e = — fdy , rme f -
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yacToTa LMKJIOB. HampaBieHue WHIYIMPOBAHHOTO TOKAa MPOTHUBOIOJIONKHO
HaIpaBJIeHUI0 00X0/1a HOCUTEIS ITyTH Y.

C napyroil CTOpOHBI, MYyCTh Ha HOCUTENIE KYCOUYHO-TJIAJAKOrO MYyTH
paccMaTpHBaeMOTo KOHTYpa Y 3ajaHa HempephiBHAas BekTop-pyHKIms E () —
HaMpPSHKEHHOCTh  AJIEKTPUYECKOro mojis. Torma miisg 000  TOYKH  Z,
npUHaAIekKae 00JacTh MPOHUKHOBEHHUS MAarHUTHOTO TOJIsl, B YaCTHOCTH,
HOpPMAJIbHOM 30HE, HCIONb3ys HUHTerpainbHytlo (opmyny Komn, MoxkHO
3anucaTh ClIeIyIoIIee COOTHOIICHUE

=1 E©)
a,y)E(z)=—|—>=dz.
i@ 7)E(@) Zm.ig_z
Tak xak uHTepecyromas Hac Touka a npu t € [nT, (n +1)T) Bcerna nexuT
BO BHYTPEHHEH KOMIIOHCHTE CBA3HOCTH, TO

i@ nE@= Lt [E@ge_ L EQ@ . 1 FE@ne™ 0 n Tz
J(a,V)E(a)—zﬂifg_adé—zﬂifg_odé—zm! e d®1—2ﬁ£E(®1)d®l

/4 Y

Vuuresas j (a,y) = n, E(®,) = const, umeem E(a) =E (@) = E .

Takum o00pa3oM, 3Has 3HAUYCHHE BEKTOpa HAIPSIKEHHOCTH E(a)
AJIEKTPUYECKOTO TIOJISI Ha HOCHUTEJIE KOHTYpa Y, MOXHO OIpEIeIUTh €ro
3Ha4YeHUE B JIIOOOW TOYKe, JiexKalled B 00JJaCTU MPOHUKHOBEHUS MAarHUTHOTO
moust E (2), m HAOOOPOT. B 3TOM IIPOSABIAETCS OpraHUYHas CBSI3b ABYX (HOpMYyII
1 onpenenienuss DC uHayKIMU. A UMEHHO,

e~ [E(©)dE - [E@dé - [rotE(©)dE —-[Z2dS -~
4 & S S

Hrtak, mpuMEHUTEIBHO K ONTMCAHUIO IPUHIIUIIA JEUCTBUS CBEPXIIPOBOIHUKOBOMN
TOMOJIOTHYECKON JJIEKTPUUECKOW MAallWHBI TOIOJIOTUYECKOE MPEICTABICHUE
JaeT OTBET HAa NPUHUMIMAJIBHBIA BOMNPOC: MOYEMY B Cllydae SKOpPS U3
O0OBIKHOBEHHOTI'0, HAIIPUMEP, MEIHOTO ITPOBOJHUKA TOIIOJOTHSI TAKOTO SIKOPS HE
MEHSETCS, 1 OH HE BBIMOIHACT cBoux (pyHkmmii. K sTomy crnenyer no0aBUTH:
€CJIM TIacTUHA OyeT CBEPXIPOBOJIAIICH U B HEl He OyJeT co3/1aBaThCs 30Ha B
HOPMAJIbHOM WJIH TPOMEXKYTOYHO-CMEIIAHHOM COCTOSIHUM M HE OyayT
oOecrieueHbl YCIOBUSI I TMEPMAHEHTHBIX (Pa30BBIX IMPEBpalllEHUd C
W3MEHEHHEM TOIOJOTUM IIened, TO Mbl OyJeM HMETh JeJ0 C OOBIYHBIM
ABJICHUEM UHAYKIHMU ITepeMeHHoro Toka dapajes. B 3Tom u 3akiitoyaercst CyTh
OTKPBITUSI ~ SIBJICHUS JJICKTPOMArHUTHOW WHIYKIMKM TOCTOSIHHOIO  TOKa,
00YCIOBJICHHOTO IIEPMaHEHTHBIMU (pa30BBIMH IIPEBPAIICHUSIMH, TIPUBOASIITUMU
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K W3MEHEHUIO TOIOJIOTHU CBEPXIIPOBOJSIIETO SKOPS M HArpy3Kd, KOTOpas,
cleayeT MOTYEPKHYTh, TPUHIUITHATBEHO MOXKET OBITh U HE CBEPXITPOBOISIICH.

Jl1s onvcaHust CTPYKTYPhl M IMHAMUKH MMPOMEKYTOUYHOTO U CMEIIAaHHOTO
COCTOSIHUSI CBEPXIIPOBOJAHUKOB U SBJICHHUS JJICKTPOMArHUTHOM WHAYKIIUU
IIOCTOSIHHOTO TOKa TONOJOTMYSCKHM METOJ OIHMCAaHUS U aHalIu3a JaeT
BO3MOXKHOCTh BECTH PACCYKJICHHUS TIPOCTO M B IOJTHOM COOTBETCTBHH C
JNEUCTBUTEIBHON IPUPOJOM TOTrO, YTO IPOUCXOAUT. TOMOJIOrMYECKHM METON
SBJIICTCSI OCHOBOWM IS CO3JAaHUS WH)XCHEPHOW TEOPHUH U METOJUKH pacdyeTa
CBEPXIPOBOHUKOBBIX TOIMOJOTHYECKUAX DJICKTPUUECKUX MAIIHH ITOCTOSTHHOTO
Toka. [lpm »ToM ¢ mnpunITHEM (QU3NYEeCKH OOOCHOBAHHBIX JIOMYIICHHMA
OTKPBIBAETCS BO3MOYKHOCTb PACCMOTPEHHUSI DKBUBAJICHTHBIX CXEM 3aMEIICHUS C
COCPEJIOTOYCHHBIMU TTapaMeTpaMH METOJaMHU KJIACCUYECKON IJIEKTPOMEXaHUKHU
[3]. Tomomoruueckuii METO/T IMO3BOJISIET OOBICHUTD SBJICHUE JICKTPOMArHUTHOMN
HWHIYKIIMHU TTOCTOSSHHOT'O TOKa B BUCMYTE, HE SIBJISIFOIIMMCS CBEPXIIPOBOIHUKOM,
HO 00J1aJal0IIMM MarHUTOPE3UCTUBHBIM ) pekToM [7].

JAOKA3ATEJIbCTBA HOBU3HbI U JOCTOBEPHOCTH OTKPbITUA
JJIEKTPOMATI'HUTHOU UHAYKIHUHU ITIOCTOAHHOI'O TOKA

BnepBbie 1oKazaHO, UTO SBJICHUE DJICKTPOMArHUTHOW HWHIYKIIUU
MOCTOSTHHOT'O TOKa MO3BOJISIET CO3/IaBaTh TpaHC(HOPMATOPHI MOCTOSTHHOTO TOKA U
ANIEKTPUUYECKUE MAIIUHBI TIOCTOSIHHOTO TOKa ©0€3 TMPUMEHEHUS BHEIIHUX
KOMMYTAaTOPOB, B OTJIMYME OT 3aKOHA BJEKTPOMATHUTHOM HWHIYKLIHH
nepeMeHHoro Toka M. @apajiesi, UCKIII0YAIOIIEr0 TaKyt0 BO3MOXKHOCTb.

Hecmotpst Ha TO, 4TO sBJIEHUE DJIIEKTPOMArHUTHOM HWHAYKIUU
MIOCTOSIHHOTO TOKAa B CBEPXMIPOBOJHHUKAX HMMEET KBAaHTOBOMEXAHHYECKYIO
MpUPOly, OHAKO, B OTIMYUE OT SIBJICHUS TYHHEIWPOBAHUS CBEPXITPOBOISIINX
ANEKTPOHOB [6], mpu TpaHcPopManuMu TOCTOSIHHOTO TOKa 3a CYET
HaIlpaBJIICHHOTO JIBM)KEHUST KBAHTOBAHHBIX HUTEW MAarHUTHOTO IIOTOKa
JOCTUIaeTCd  MAaKpOCKONHWYECKHM  pe3yibTaT, [O3BOJISIOIIMA  CO3/1aBaTh
CBEPXITPOBOIHUKOBBIC TOMOJIOTHYECKHUE TPAHC(HOPMATOPHI MOCTOSTHHOTO TOKA U3

CpPaBHUTCIIBHO MaCCHUBHBIX CBCPXITPOBOJHHUKOBLIX MaTcpHraoB, qTo
CHOCO6CTByeT JOCTHXKCHHIO BBICOKMX HOMHWHAJIBHBIX ITapaMETPOB.
CDYHI[aMeHTaJ'IBHOCTB IMOATBCPKAACTCA OTKPBITUEM SABJICHUS

AJICKTPOMArHUTHOW MHIYKIIMH ITOCTOSTHHOTO TOKA B TIOJYIPOBOAHUKAX.
JIOCTOBEPHOCTH OTKPBITHS MOATBEPIKAACTCS MPSIMBIMH JI0Ka3aTeILCTBAMHU

— wu3MepeHussMu TOCTOSTHHOW OJIC M TOCTOSHHOTO TOKa CTaHAAPTHBIMHU

npubopamu — ocuuutorpadom, BoabT™MeTpoM 1 ammnepmerpom (Puc. 7, 8).
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Puc. 7. OciminorpaMma XxapakTepUCTHK CBEPXIIPOBOJIHUKOBOTO
TOMOJIOTUYECKOr0 FeHepaTopa

1 — gacroTa BpaleHus;

2 — HaNPsDKCHHUE,

3 — TOK B TECTOBOM CBEPXITPOBO/ISIIIEM COJICHOH IS
(mokazanus mpeoOpazoBaTes Xojuia).

Tmin

Puc. 8. XapaktepHble KpUBBIE CBEPXIPOBOAHUKOBOTO TOIIOJIOTHIECKOTO TeHepaTopa
MIOCTOSIHHOT'O TOKA IIPU MUTaHUM CBEPXIIPOBOJAIIECH HArpy3KH

1, 2, 3 — u3MeHeHne TOKa B CBEPXINPOBOAAIICH Harpyske, B TOM YHCIIE BO BpeMs Iepexojia
CBEPXIPOBOSIIEN HATPY3KH B HOPMAJIBHOE COCTOSIHUE MPU JOCTHKEHUH KPUTHYECKOTO TOKa;
4 — MOCTOSTHHOE HaIpPsKEHHE.
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®OPMYIJIA OTKPbBITHUA

OtkpeiTHe GYHIAMEHTAIBHOTO SIBJICHHS 3JIEKTPOMAarHUTHOW HHIYKIIMH
MOCTOSIHHOTO TOKa B  BELIECTBaX, OOJAJalolUX MarHUTOPE3UCTHUBHBIM
s dexToM, IPEkKIE BCETO B CBEPXMPOBOAHUKAX U MOIYIPOBOJIHUKAX, CO3TAHHEC
HOBOT'0 KJIACCA CBEPXIPOBOJHUKOBBIX TOMOJIOTMYECKUX 3JIEKTPUUECKUX MAIIUH
U TpaHchOopMaTOpOB TIOCTOSHHOTO TOKa, pa3pabOTKa W  BHEJAPCHHE
CBEPXIIPOBOJIHUKOBBIX TOIOJOTMYECKUX TE€HEPATOPOB IMOCTOSIHHOIO TOKa C
PEKOPJIHBIMU 3HAYEHUSMH HOMUHAJIBHBIX TMapaMeTpoB — Tok 10 kA (B
MYJIBTUSAKOPHOM wucnoiaHeHuu - g0 100 kA), ynenpHas TOKOBash Harpyska
1 kA/kr.

PAIMKAJIBHBIN XAPAKTEP

[Ipy mnuTaHUM CBEPXIPOBOMSAIIEH HArpy3KH, pacloJiararmieiics B
KPUOTEHHOM 30HE€ KpHOCTaTa, OT TPAAUIUOHHBIX HCTOYHHKOB IOCTOSHHOIO
TOKa, HaXOJSAIIUXCS BHE KpUOCTaTa B TEIUIOW 30HE, TPEOYIOTCS pE3UCTHUBHBIC
TOKOBBO/IbI, KOTOPHIE SIBJISIFOTCS TEMJIOBBIMU MOCTAMH U3 OKPYXKaIOIIEeH cpeibl B
KpPUOCTAaT U TakKUM OOpPa3OoM BHOCST TEIUIO B KPHOCTAT, UYTO SHEPreTHUYECKU
HEBBITOJIHO. CBEPXIPOBOAHUKOBBIA TOMOJIOTUYECKAN TE€HEPATOP MOCTOSTHHOTO
TOKa pacrmojiaraeTcs B KPHUOCTAaT€ B HEMOCPEACTBEHHOM OJIM30CTH OT
CBEPXITPOBOJISIICH Harpy3Ku M MOITOMY HE BHOCUT TEIUIO U3BHE B KPUOTECHHYIO
30Hy. [Ipu HCHONIB30BaHUM TPATUIIMOHHBIX TEIUIBIX MCTOYHUKOB MOCTOSHHOTO
TOKa BMECTE C PE3UCTUBHBIMHU TOKOBBOJAMHU TPYIHO OOECIEUUTH PEKUM
“He3aTyxalpliero TOkKa”, B TO BpeMs Kak  CBEpPXIIPOBOJIHUKOBBIN
TOIMOJIOTUYECKUI TEHEepaTOp MOCTOSIHHOTO TOKa B TACCUBHOM peXuMme (B
BBIKJIFOYEHHOM COCTOSIHUH) IIYHTUPYET CBEPXMPOBOIAILYIO HATPY3KY, IEPEBOIS
€€ B PEKHUM “HE3aTyXaroUIEro TOKa~ ¢ BO3MOXHOCTBIO PETYJIMPOBaHUSA TOKA, B
TOM YHCJI€ PEIU3UOHHOTO PEryJIupOBaHus Toka 1 MKA/C, KOTOpOE TEXHUUECKH
TPYJIHO OOECTIEYUTH C MOMOIIIBIO TEIJIBIX UCTOYHUKOB MOCTOSIHHOTO TOKA.

SBneHne  DIEKTPOMArHUTHOM  MHAYKIIMM  TOCTOSHHOTO  TOKa,
00yCJIOBJIEHHOE HAIpPaBJICHHBIM JIBUKEHUEM KBAHTOBAHHBIX HUTEW MAarHUTHOIO
MIOTOKA, TO3BOJISIET OCYIIECTBIATh NApPUUAJIbHYI0 “HAaKayKy  MarHUTHOIO
MOTOKa B CBEPXIPOBOASIIMN KOHTYP W TOITOMY CBEPXIIPOBOJHUKOBBIE
TOIMOJIOTUYECKUE TEHEPATOPhl MOCTOSHHOTO TOKAa MOTYT paboTaTh B PEKHUME
“Hacoca MarHUTHOTO TMOTOKa” . B CBSI3M C 3TUM paJUKaIbHO HU3MEHACTCS
TEXHOJIOTHS TUTAaHUS CBEPXIPOBOMASIIIMX MArHUTHBIX CHUCTEM Pa3IU4YHOTO
Ha3HAYEHUsS B CTAMOHAPHBIX W Bpamjaromuxca Kpuocrtatax. I[lockoibKy
CBEPXITPOBOJIHUKOBBIE TOMOJIOTUYECKUE TEHEPATOPHI MOCTOSIHHOTO TOKA UMEIOT
OTHOCUTEJIBHO MaJjibleé Macco-rabapuTHBIE TMOKa3aTelii M B PEXKUME ‘‘Hacoca
MarHMTHOTO TIOTOKa” TpeOYyIOT [JIi CBOEro TMpPUBOJA HHU3KOBOJIHTHBIC
AJIEKTPOJBUTATEM HEOOJBIIION MOIIHOCTH TPATUITMOHHOTO HWCIIOJHEHHS, OHH
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3 PEKTUBHO MOTYT HPUMEHSATHCSA Ha JICTAaTEIBHBIX alaparax, B TOM YHCIE
KOCMHMYECKOIo Ha3HaueHus [3].

COEPA HAYYHOI'O A ITPAKTHYECKOI'O IIPUMEHEHUA

SIBneHue BHGKTPOMaFHHTHOﬁ HHAYKIOHUHA ITOCTOAHHOI'O TOKA ITPUMCHSICTCS B!

a) HOBOM KJ1acce CBEPXMPOBOIHIUKOBBIX TOTIOJIOTUYECKHUX
MEKTPUUECKUX MAIIMH U TPaHC(HOPMATOPOB MOCTOSHHOTO TOKA C BBICOKHMH
3HAYCHUSIMH HOMHHAIBHBIX TapaMeTpoB — TOK 10 KA (B MyJIbTHIKOPHOM
ucnojHeHur - 10 100 kA), yaenpHast TokoBas Harpyska 1 kA/kr (puc. 9, 10);

0) OecHIETOYHBIX CHUCTeMax BO30YXJIEHHUS TypOOreHepaTopoB U
BETPOTEHEPATOPOB CO CBEPXIPOBOSIIECH OOMOTKON BO30YXKICHUS; MOCKOJIbKY
CBEPXIPOBOHUKOBBIC  TOIMOJIOTHUECKHE TeHEpaTOphl IMOCTOSHHOTO  TOKa
ABIAIOTCA BBICOKOTOKOBBIMH — 10-100 KA, HO HM3KOBOJBTHBIMH — 10 1 B
MEKTPUYCCKUMHU MAaIllMHAMH, TO C WX IOMOIIBIO OOECIeUYMBACTCA PEKUM
HAYaJIPHOTO 3aBEACHHUS TOKa, PETYIHPOBAaHWE, TOMICPKAHUE 3aJaHHOTO
3HaUCHUs 03 3aTyxXaHWs TOKA, IITATHBIA BHIBOJ TOKA, OJHAKO HEBO3MOXKHA
dbopcupoBka Toka BO30yxkAeHUA, TpeOyroIIas BeICOKOTO HanpsikeHus 10 10 kB,
YTO, BIPOYEM, HA TMPAKTHUKE HE TpeOyeTcs, IMOCKOIbKY CYIIEeCTBYIOT
OTpaHUYEHHS 10 CKOPOCTH HU3MEHEHHS TOKa B CBEPXIPOBOJAIICH OOMOTKE
BO30YXIeHHS TypOOTreHepaTopa 1iu BeTporeHeparopa [8];

B) aBTOMAaTHU3HPOBAaHHOU CUCTEME aBTOHOMHOTI'O ITATAHUS
CBEPXIPOBOJHHMKOBBIX MArHUTOB KAaHAJIOB 4YacTUL (€AMHWYHAS 3allaCeHHAs
sHeprug wmarauta 1 MJ/Ix) VYckopUTelbHO-HAKOMUTEIBHOTO KOMILIEKCA Ha
sHepruto 2x7 TaB;

I) HCTOYHHMKAX MUTAHUA CBEPXIPOBOASIIMX OOMOTOK, B TOM YHCIE
TOpOUJANBHOW 0OMOTKH Ha TOKH 110 100 KA, TepMOSIEPHBIX PEaKTOPOB;

J) WCTOYHHMKAX TUTAHUS CBEPXIPOBOJHUKOBON 3JIEKTPOPHU3NUIECKON
anmapatrypbl, OCOOCHHO IS TMPOBEJACHUS JUIMTEIbHBIX JKCIEPUMEHTOB TIPH
BBICOKUX TPEOOBaHUSAX K CTAOMIBHOCTH MAarHUTHOTO TTOJIS;

€) HUCTOYHMKAX MUTaHUsS CBEPXIPOBOAHUKOBLIX AMP, B Tom uncie MPT
C BBICOKOM pa3peliarolieil CmoCOOHOCThIO SISl METUIIMHCKON JUAarHOCTHKH;

) WCTOYHHMKAX TMUTAHUS I CBEPXIPOBOAIINX MPUOOPOB M TEXHHUKHU
AKCTIIEPUMEHTa Ha3eMHBIX J1abopaTopuii M B OCOOCHHOCTH JiabopaTopuii
KOCMUYECKOTO 0a3UpOBAHUS;

3) YyBCTBUTEIBHOM JUArHOCTUYECKOM YCTPOMCTBE [JIi HW3MEPEHUS
KPUTHYECKUX IMapaMEeTPOB CBEPXIIPOBOJHUKOBBIX OOMOTOUHBIX MAaTEpHUAJIOB H
KOHTAKTHBIX COCIUHEHMIA.
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Puc. 10. MHOTO(MYHKITMOHATBHBINA SKCIIEPUMEHTATBHBIA CTSH]T TS UCCIICIOBAHMIA
CBEPXIPOBOJHUKOBBIX TOMOJIOTHYECKUX IIIEKTPUUECKUX MALTUH
1 TpaHC(HOPMATOPOB TTOCTOSTHHOTO TOKA

Received: 02.12.2018. Revised: 24.03.2019. Accepted: 01.04.2019 This article is available under license
Transportation Systems and Technology. 2019;5(1):54-73 doi: 10.17816/transsyst20195154-73


http://creativecommons.org/licenses/by-nc-nd/4.0/

72 TPAHCHIOPTHBIE CUCTEMbI U TEXHOJIOT'MU OPUT'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

3AK/IIOYEHUE

Ha ©0aze (¢eHOMEHONIOrM4eckol TEOpUU  CBEPXIPOBOJUMOCTH U
DKCIEPUMEHTAJbHBIX  JITaHHBIX  HAMarHW4YMBaHUS  HU3KOTEMIIEPATYPHBIX
ceepxnpoBogaukoB | wm Il poma, a Takke BBICOKOTEMIIEPATYpPHBIX
CBEPXIIPOBOJHUKOB BTOPOTIO TOKOJEHHUS, BU3yalUu3alUH CTPYKTYpPBl U
JTAHAMUKN TPOMENKYTOYHOTO M CMEMIAHHOTO COCTOSIHUSI CBEPXIIPOBOIHUKOBBIX
o0pa3lioB C OTAWYHBIM OT HYJISI MarHUTOMETPUYECKHM KOA(DOUIIMEHTOM
pasMarHUYMBAHUS  OTKPBITO  SIBJICHUE  DJICKTPOMArHUTHOM  WHIYKIUU
MOCTOSIHHOTO TOKa B BEIIECTBax, O0O0JaJalOlMX MAarHUTOPE3UCTUBHBIMU
CBOMCTBaMH,  CPOPMYJIUPOBAH  3aKOH  DJIEKTPOMArHUTHOM  WMHIYKIUU
MOCTOSIHHOTO TOKa, pa3paboTaHa aJieKBaTHas MaTeMaTH4ecKas TEopus C
UCIIOJIb30BAaHUEM  TOHSATUH W METOAOB  (PpaKTalIbHOM TE€OMETPUU U
GYHKIHMOHATIBHOTO aHalu3a (TOMOJOTUYECKUX MPOCTPAHCTB), CO3JaH HOBBIU
KJIACC CBEPXIIPOBOJHHMKOBBIX TOMOJIOTUYECKUX JJIEKTPUUYECKUX MAIIUH U
TpaHC(HOPMATOPOB MOCTOSIHHOTO TOKA, M3rOTOBJIEHA M HUCIIBITAHA B IITATHBIX
pexUMax dKCIUTyaTallud Cepusi MHOTO(DYHKIIMOHAIBHBIX CBEPXIPOBOIHUKOBBIX
TOIOJIOTUYECKUX TEHEPATOPOB C PEKOPAHBIMH 3HAYCHUSAMU HOMHHAIBHBIX
napametpoB — Tok (10-100) kA, ynenpHas TokoBas Harpyska 1 kKA/kr, Ha Oa3e
CBEPXIIPOBOJTHUKOBBIX  TOMOJIOTUYECKUX TE€HEPATOPOB TIOCTOSIHHOIO TOKa
pa3paOOTaHbl W BHEAPEHbI  OECIIETOYHBICE  CUCTEMBI  BO30YXKICHUS
TypOOreHepaTOpOB W BETPOTEHEPATOPOB CO CBEPXMPOBOJSAIICH OOMOTKOM
B30y eHust MOITHOCTEIO 20-300 MBT, aBTOHOMHBIE HCTOYHUKH nuTaHus 200
CBEPXIIPOBOTHUKOBBIX OTKJIOHSIFOIIMX ~ MarHuTOB KAaHAJIOB YacTHIL
CylepKoJUIaiiepa — YCKOPUTEIbHO-HAKOMUTEIBHOI0 KOMIUIEKCA HAa JHEPTHUIO
gactur] 2x7 ThB (eguHuyHas 3amaceHHas »JJICKTPOMArHUTHAS OHEPTUS
CBEPXITPOBOJHUKOBBIX OTKJIOHSIONIMX MarHuTtoB 1 MJIX), Iperu3uoHHBIN
WCTOYHUK MUTAHUS  CBEPXIpOBOAHMKOBOrO MPT  mimg  MeauumMHCKOU
JIMarHOCTUKU C BBICOKOW paspemaroneil CrnocOOHOCThIO, BCTPOCHHBIN B
CBEPXIIPOBOASIIIMNA  COJICHOUJ HWCTOYHHMK IIUTaHUS CBEPXIPOBOJHUKOBOU
ANEKTPOU3NYECKON anmapaTypbl Il MEAUKO-OMOJIOTHYECKUX UCCIIeI0BaHUM B
YCJIOBUSX KOCMHYECKOTO 0a3upOBaHUsI.

ABTOp 3asiBJIsIET, YTO:
1. V Hero HeT KOH(IUKTAa UHTEPECOB;
2. Hacrosmast ctaTbsi HE COAEPXKUT KaKUX-THMOO HCCIEAOBAaHHM C ydacTUeM JIoAed B
Ka4yecTBE 00BbEKTOB HCCIIEIOBAHUM.
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© B. II. Tperbsak 1, M. A. JIHKI/IHaZ, E. M. BosikoBa®

"Poccuiicknii yansepcuter Tpanciopra (PYT)

(Mocksa, Poccus)

2 [TerepOyprckuii rocy1apCTBEHHBINM YHUBEPCUTET MyTEH COOOIIECHHUS
NmnepaTopa Anekcanjpa |

(Cankr-IlerepOypr, Poccust)

HHCTUTYAJIBHBIE ®OPMBbI ITPOJABUKEHUS
MATHUTOJIEBUTAIIMOHHBIX TEXHOJIOI'MH U UX
HNCHOJIL30BAHUE B POCCUMCKON DKOHOMMKE

Pepomrorust 4.0 mpeamornaraeT mepexo] OT HHAYCTPHANBHOM  OpraHuzaluu
MPOM3BOJICTBA K TOCIIOACTBY IMOCTUHAYCTPHAILHBIX TEXHOJIOTMYECKHUX YKIAJA0B. MarHutHas
JICBUTAIMS OTHOCUTCS K MEPCIIEKTUBHBIM TPAHCIIOPTHBIM TEXHOJIOTHUSIM.

Heab: oOocHOBaTh BBIOOP  HMHCTUTYLUMOHAIBHBIX  (OpPM,  CTUMYIHPYIOIIUX
IPOJBWKEHHE WHHOBAI[MOHHBIX TEXHOJIOTMH M TEXHUKH (K KOTOPBIM OTHOCATCS
MarHUTOJIEBUTAIIIOHHBIE TEXHOJIOTHH ), B PEATBHOM CEKTOpe SKOHOMUKH Poccum.

Metoabl: a7 JOCTHXKEHMsI IIOCTABICHHOM IeIM ObUIM HUCIOJNb30BaHbl TaKue
oOIIeHayYHbIE METO/bI MCCIIEeIOBAHUs, KaK aHAJOTHs, CPAaBHUTEILHBIA aHalu3, 0000IIeHuE,
TUIOTETUYECKUN METO/I, HCTOPUYECKUN METO/1, CHCTEMHBIH MOAXO/I.

Pe3yabTaThl: 000OCHOBaHa 11€51€COO0PA3HOCTh MPOBEACHUS (yHIaMEHTAIBHOTO
@opcaiima 10 ONPEAETICHHUIO MEPCIIEKTUB UCIOIb30BAHNS MAarHUTOJIEBUTAMOHHBIX CUCTEM B
OTEYECTBEHHOHM  HIKOHOMHKe.  [IpemoeHo  Jiusi  WHTEHCHUBHOTO  MPOOBUINCEHUs
MHHOBAIIMOHHBIX 00pa3ll0OB MarHUTOJEBUTALMOHHBIX CHCTEM CO3/IaHUE CIIELUAIBHOrO (oHIa
110 MX BHEJIPEHHIO B PEAJbHBIE CEKTOPAa OTEYECTBEHHON YKOHOMHKH TIO JIMHUU TPaXKTaHCKUX
UHCTUTYTOB, PAacCMaTPUBAIOTCS BAPHAHTHI B OTIENBHBIX CIydasX pa3pabOTKHU IEIEBBIX
IIPOTPAMM CO CTOPOHBI BJIACTHBIX CTPYKTYP.

3akil0ueHHe: B pe3yibTaTe pealM3aldd  MPEUIOKEHHBIX Mep MO0 JUHHUU
TPaXIAHCKUX WHCTUTYTOB W BIIACTHBIX CTPYKTYp OYIyT OIpeneNneHbl JO0NTOCPOYHBIE
NEPCHEeKTUBBl PAa3BUTHUA PBIHKA MarHUTOJEBUTAIMOHHBIX TEXHOJOTHHA. DOpcalT-NpoeKT
MIO3BOJIMT aKTUBU3UPOBATh OOIIECTBO TI0 BOTIPOCY Pa3BUTHS MarHUTOJIEBUTAIIMOHHBIX CUCTEM
C YYETOM pa3iNyus MapTUKYISPHBIX HHTEPECOB 3aMHTEPECOBAHHBIX TPYNI U c(HOPMHUPOBATH
MUKCEJIbHBIE CIICHapHH IpUOTKEHUS Oyny1ero B 4acTH IpUMEHEeHUS
MarHUTOJIEBUTAIIMOHHBIX TEXHOJNIOTHH Kak mnpoxykra Peomonmm 4.0 u mepexoma K
TOCHOJICTBY MOCTHHIYCTPUATBHBIX TEXHOJIOTMYECKHX YKIIA/I0B.

Knioueswvie cnosa: Wnpyctpust 4.0, TexHonmoruueckue ykianel, Dopcaiir,
MarHUTOJICBUTAIIMOHHBIE TEXHOJOTWH, (OHA WHHOBAIMOHHOTO pa3BUTHSA, IICIICBBIC
[POrPaMMBI.
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Background: Industry 4.0 involves transition from industrial organisation of
production to the dominance of post-industrial technological paradigms. Magnetic levitation
is one of the promising technologies of transport.

Aim: to justify the choice of institutional forms, which encourage promotion of
innovative technologies (including magnetic levitation technologies) in the real economy of
Russia.

Methods: to achieve the goal, such general research methods as analogy, comparative
analysis, generalisation, hypothetical method, historical method, and system’s theory have
been used.

Results: the relevance of carrying out fundamental foresight to determine perspectives
of using maglev systems in the national economy has been substantiated. It has also been
suggested that, in order to intensively promote maglev systems innovative projects, a special
fund for their introduction into the real sectors of the national economy through civil
institutions should be established. Finally, options, and developments in certain cases, of
elaboration of target programmes initiated by the authorities are considered.

Conclusion: the realisation of the proposed measures through civil institutions and the
authorities will result in determining the longer-term prospects for maglev technologies
market development. The foresight project will provide opportunity to actuate the society on
the issue of maglev systems development, considering differences between own interests of
the groups involved, and to outline pixelated scenarios of the forthcoming future in terms of
maglev transport as the product of the Industry 4.0 and transition to post-industrial
technological paradigm predominance.

Keywords: Industry 4.0, technological paradigms, foresight, maglev technologies,
innovative development fund, target programmes.

BBEJAEHHUE

MarauTHasi J€BUTAIlMS HMEET CPABHUTEIHLHO HEOOJBIIYI0 HCTOPHIO.
3HauuTeNbHAS YaCTh UCCIEIOBAaHUN B pa3pabOTOK Obliia mpoBeseHa B XX BEKe.
Becowmpbiii Bk1ag B pa3pabOTKy CUCTEMbI JIEBUTAIIUU, B YACTHOCTH JICBUTALIUH B
BaKyyMHOM IMPOCTPAHCTBE, CACIaH OTEYECTBEHHBbIMH yueHBIMH. B 60-¢ To/bI
XX Beka CCCP Obul1 OZHMM U3 MHUPOBBIX JIMJIEPOB B pa3pabOTKe
MAarHUTOJIEBUTAIIMOHHBIX CHCTEM.

N3BecTHO, 4YTO TEpPBBIM TMOE3] HAa MArHUTHOM  MOJyUIKE, T. €.
«HOBIIECTBO», MPEBPAIICHHOE B  KOMMEPUYECKOE INPEMIOKEHHUE, WU
«MHHOBALlMIO», TIE€PEBE3 TIPYIIly I[IaCCAXUPOB B paMKax MPOXOJUBIIEH
B ['epmanun MexayHnapoaHoit TpancriopTHoit BeictaBku [VA 1979 r. Ho mano
KTO 3HAET, YTO B TOM K€ TOAYy IE€PBBIE METPBI IO UCHBITATEIIBHON Tpacce
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npoexail coperckuid Marnes, Mmogens TII-01. CoBerckue MarneBbl COXpaHUIINCH
no Hamux JgHed  [1]. Mexay TeM ypoBeHb HCIOJIB30BAHUS YKa3aHHBIX
TEXHOJIOTUH B OTEYECTBEHHOW JKOHOMHUKE BEChbMa HHM30K KaK B PEATbHOM
CEKTOpe, Tak M B cdepe MPUKIAIHbIX pa3paboTok. B apyrux crpanax kpome
OPOAODKEHUS  HMCCIEAOBAaHMA B OTOM  0o0JacTd HMMeEeTcs  MpaKTHKa
KOMMEPUYECKOTO HCIIOJNb30BaHUs YyKa3aHHbIX TexHosorud. Tak, B Kwrae
nevicteyer Illanxaiickuii MaryieB, CO3JAHHBIA 110 HEMEIKOW TEXHOJOTUU
Transrapid; B SnoHun QyHKIMOHUPYET B pPEXKUME TOPOJICKOTO TpaHCHOpTa
munus Jluaumo; B FOxxnoit Kopee — nuuus Ha ocHoBe TexHosorun ECOBEE
[2].

JanpHellne MepCleKTUBbl KCIOIb30BaHUS MarjieBa MPUBJICKATEIbHbI
CBOMMH BO3MOKHOCTSMH OBICTPOTO TMEpEMEIICHHs, TPUMEHEHUEM MAarHUTHBIX
IOIIIMITHUKOB B KJIFOUEBBIX y3J1aX MEXaHH3MOB. [3]

Takum o0pa3oM, co3gaHMEe TEXHOJIOTMM M KOMMEpUecKoe €€
WCITOJIb30BAHUE HACTOJIBKO K€ PA3HATCS, HACKOJBKO IIOHATHE «HOBILIECTBO»
OTIIMYAETC OT TEpMHHA «WHHOBauWs». lloxm «uHHOBanuen» IOHUMaETCA
KOHEeYHblll pe3yibmam JEATENbHOCTH 10 OCYIIECTBICHUIO HOBOBBEACHMIA,
BOIUIOLEHHBII B BHUAE HOBONO WJIM YCOBEPLUIEHCTBOBAHHOIO MNPOAYKTA,
B8HEOPEeHH020 HA PBLIHOK, HOBOTO WJM YCOBEPUIEHCTBOBAHHOIO Ipoliecca,
UCIIOJIB3yEMOTO B OpPraHU3allMOHHOM JIESITEeNIbHOCTH, HOBOTO TNOAXO0Ja K
PEIICHUIO COIMANIbHBIX TIpolIieM [4].

B HacTosmield crarbe MNpeanpuHSATAa MOMNBITKA NPENJIOKUTh HEKHe
WHCTUTYLIMOHAJIbHBIE bopmbl, CTUMYJIMPYIOIINE MIPOJIBUKEHUE
MarHUTOJIEBUTALIMOHHBIX TEXHOJIOTMH M HUX HCIIOIb30BAHHE B OTEHYECTBEHHOU
DKOHOMHUKE.

MATEPHUAJIBI UCCJIEJOBAHMUSA

B nuteparype HeT OONBIIUX PACXOXKIEHUN IO BOMPOCY, CTOUT JIH
MPOBOAUTH Hay4HbIC UCCIIEIOBAHUS B o0nacTu pa3paboTKH
MarHUTOJIEBUTALIMOHHBIX TEXHOJIOIMM. JlucKyccus wame pasropaercs 1o
JPyroMy BOIPOCY: MCIOJIb30BaTh JIM MX BO3MOXKHOCTH ceidac, Kak 3TO ObLIO
caenano B CCCP B 1979 r., unu Bpems eme He npunuio. He oOpemenss
yuTaTtened  0030pOM  apryMEHTallMM  CTOPOHHUKOB W MPOTHUBHUKOB
UCIIOJIb30BAaHUSI ~ MAarHUTOJICBUTAIMOHHBIX TEXHOJIOTMM B  OTE€YECTBEHHOM
HPKOHOMHKE, 00paTM BHUMAaHHE HA TO OOCTOATENbCTBO, YTO MPOMBIIIJIEHHOE
pa3BUTHE MMEET CBOIO JIOTUKY. MBI MCXOJIMM M3 TOTO, YTO MHHOBAIIMOHHOE
pa3BUTHE COBPEMEHHOM OTEYECTBEHHOM HSKOHOMMKHM HaXOAUTCS Ha JTare
nepexoa K TOCHOJICTBY MOCTHHYCTPHAIBHBIX TEXHOJOTHYECKUX YKIAI0B [5].

OBOJIIOLIMOHHBIN XapaKTEP CMEHBI TEXHOJIOIMYECKUX YKJIaJ0B, IO HALIEMY
MHEHUIO, UMEET CIEAYIOIIYI0 TEHAEHLHUIO: OT KyCTapHOIO MPOU3BOJCTBA, I'NIE
NPAKTHUYECKU BCE WU3AETUS OBbUTM YHHUKAJIbHBIMU, CO3[ABaJINCh COTJIACHO
WHIUBUIYAIbHBIM ~ 3allpocaM  3aKa3yuKa; 4Yepe3  MAIIMHHYI0  CTaJulo
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MPOU3BOJICTBA, OOECIEUMBAIOIIYI0 MAaCCOBOE IMPEIOKEHUE OIHOTUITHBIX
U3JIeTUH; K MHIMBUIYAIU3MPOBAHHOMY MacCOBOMY MPOU3BOJICTBY, CHOCOOHOMY
cO3/7[aBaTh W3JIENIUS B MACCOBOM IMOPSIIKE M YJIOBJIETBOPATh WHIUBHAYaTbHBIC
3ampockl  mokymnarened. IIpocras koomepamuss W pasleieHue  Tpyza,
CBOMCTBEHHBIE JOUHAYCTPUAIIBHOMY, WA KYyCTapPHOMY TEXHOJIOTHYECKOMY
VKIaay, VyTPAuWBalOT TOCMOJICTBYIOIIEE TMOJOKEHUE B HWHIYCTPUAIBHOU
SKOHOMHUKE. MHAycTpUalibHble TEXHOJOTMYECKUE YKIAIbl, B OCHOBE KOTOPBIX
AeKUT  GabpuyHas OpraHW3alys, HECKOJBKO IO3HEe — IOTOYHOE
MPOU3BOJICTBO, COOTBETCTBYIOT TPETHEMY U YETBEPTOMY TEXHOJOTHUECKUM
yknagam. llocienHue  MOATrOTaBIMBAIOT  OCHOBY  JUIsi  BO3HUKHOBEHUS
MOCTUHYCTPUAIBHBIX TEXHOJIOTMYECKUX YKIIAI0B, HMCIOJb3YIOIINX >KECTKHUE
(3aBOJIBI-aBTOMATHI) U THOKHE aBTOMATHU3WPOBAHHBIE MOJYJIH, Oa3UpYyIOLIUECs
Ha [PUMEHEHUH CTAaHAAPTU3UPOBAHHBIX KOMIUIEKTYIOIIMX U3JEIUNA H
JIOPOTOCTOSIIIIEM KPEaTUBHOM TPyJ€ HEMHOTOUHUCIEHHBIX PAOOTHUKOB.

B mo0oit 2KOHOMHMKE TPOCHEKHBACTCS TO WIM HWHOE COYETaHUE
TEXHOJIOTUYECKUX YyKIaAoB. VIHHOBAalMOHHBIA MPOLECC TMPOSBISIETCS B
MOCTYNaTEIbHON CMEHE MPEKHUX TEXHOJOTHMYECKUX YKJIAJOB HOBBIMHU, POJIb
KOTOPBIX HeoJuHakoBa. Cpeau TEXHOJOTUUECKUX YKIIAJ0B BCET/a BBIIACISACTCS
BEYIIUH, OdomMuHupyrowuti, Wil OCHOBHOM ykiana. [losTomy MonaepHH3aIus
DKOHOMHKHM  TMPEJCTABISIETCS  KaK  MPOLECC  BBITECHEHUS  MPEKHUX,
JTOMUHUPYIOIIUX TEXHOJOTMUYECKUX YKJIQJ0B JPYTMMH, OTBEYAIOIIMMHU B
OoJiblliell cTemeHu TpeOoBaHUsIM cerofHsAmHero aHs. OUEHUTh MaclITa0bl
TEXHOJIOTUYECKUX YKJIAJO0B MOXHO OMNpPEIeIUB OO0BEMbl MPOU3BOJCTBA
MPOAYKIMU, U3TOTABIMBAEMOM C MOMOIIBIO TEXHOJIOTUW PAa3MYHBIX YKIIA/I0B
[6].

OTO 03HA4yaeT, 4TO MOJOOHO TOMY, KaK IPOMBIIUICHHBIH TEPEeBOPOT
BBITECHWJI  JIOUHIYCTPUAJbHbIE, KYyCTapHbIE TEXHOJIOTUYECKHE  YKIIAJBbI,
peBomonsi 4.0 mpuBENET K KOHIY TOCHOACTBA HMHAYCTPUAIBLHOIO 3Tama B
Pa3BUTUHU OTEYECTBEHHOW SKOHOMHUKH M TMOJOXHUT HAYaJIO JOMHHUPOBAHUIO
MOCTUHIYCTPHAIBHBIX TEXHOJIOTHYECKHUX YKIIaa0B [7].

CMmeHa mapoBOM TSITM Ha JU3CNIBHYIO, a 3aT€M Ha JJIEKTPUYECKYHO —
COOTBETCTBYET TMEPBHIM TPEM MPOMBIIIJICHHBIM PEBOJIIOIUAM B paMKax
WHIYCTPUAIBHOTO TEXHOJOTUYECKOTO YyKJana. VIHbIE TEXHOJIOTHMH, HE
Oaszupyromuecss Ha  KOHIEMIMH  «KOJIECO-PEbC»  €CTh  TEXHOJOTHUH
MOCTUHIYCTPUAIBHBIX  YKJIamoB.  [lpoaBueHHEe  TaKuX  TEXHOJIOTHUM
COOTBETCTBYET yXOAy OT WHAYCTPUAIBHBIX TEXHOJOTUM B  CTOPOHY
MOCTUHYCTPUAIBHON OpraHu3aluyu 0TEYECTBEHHOTO TPOU3BOICTBRA.

B 1nenom pepomormus 4.0 okaxeTr BO3ACHCTBHE Ha OXHJIAHHUS
noTpeOuTeNel, Ha YCOBEPIIEHCTBOBAHWE MPOJYKTOB W TOBApOB, HAa TEMIIBI
WHHOBAIIMOHHOTO Pa3BUTHUS M HAa OpraHU3alMoOHHBIE GopMbl. Bractu momydat
HOBBIE BO3MOKHOCTH [IJISl YCHJICHUSI KOHTPOJISI HaJ HACEJICHHEeM OJarojaps
MOIIIHBIM CHCTEMaM CIIeKEHUS U BO3MOXKHOCTH KOHTPOJUPOBATH ITU(GPOBYIO
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uHppactpykrypy. PeBomomuss 4.0 HU3MEHUT HE TOJBKO TO, 4YTO JeiaeT
YEJIOBEYECTBO, HO M caMoO 4YenoBedecTBO. OHa MOBIMSET HA HUICHTUYHOCTD
JI0JIeH M Bce, 4To ¢ Hel cBszaHo. [Ipodeccop 1lIBad BUAUT TpW MPUUUHBEI, 110
KOTOPBIM  CETOIHSIIHHUE TEPEMEHBl  CJIEAYET CYUTAaTb HE  IPOCTHIM
MPOJOJKEHUEM TPETHEW MPOMBINIJIEHHOW PEBOIIOLMU, a HAYaJIOM YETBEPTOM.
DTO CKOpPOCTh, C KOTOPOW MPOUCXOIAT MEPEMEHbI, UX pa3Max U CUCTEMHBIH
xapakrep nocineactsuit [8]. C yueToM 3TOH TEHIEHINH CIEAYET COCPEAOTOYUTh
YCUJIASI HA PA3BUTUHA TEXHUKH, OTHOCAIICHCA K IOCTUHIYCTPUAIBHBIM
TEXHOJIOTUYECKMM  yKiagaMmM. VMEeHHO K TakoM TEXHUKE OTHOCSITCS
MAarHUTOJIEBUTAIIUOHHBIE CUCTEMBI.

PE3YJBbTATDI

IIpoosusicenue — WHCTPYMEHT MapKeThHra. B eauHOM KOMILIEKce
MapKETUHTOBBIX MEPOINPUATUNA B cdepe MPOJBIKEHHUS OYEHb BEIUKA POJIb
TaKMX COCTABJISIIONINX, KaK pexiama, HNpsamoe CmuMyiuposarue covima,
NepCOHANbHble NPOOAdcU, a TaKXKe CIHElUaIbHBIX WHCTPYMEHTOB, HANpUMED,
BBICTABOK U SIPMApOK, HO TJIABHOE — 643U ¢ obuecmeeHnocmbio. llepBas
KJIacCHMYecKasl KHHTa 1Mo CBs3siM ¢ obOmectBeHHOCThIO (Public Relations, PR)
3. bepneiiza, Bemmenmas B CIIA B 1928 1., Hocmna HazBanme Publicity
(ITpomaranma). ABTop paccMmaTpuBaeT mpomaraHay ¥ PR kak paBHOLEHHBIC
WHCTPYMCHTBl MAaHUITYJIAPOBAHUS OOIICCTBEHHBIM CO3HAaHUEM U CUYHUTACT
BO3MOKHBIM HCMOJIb30BaHUE B TMOIUTHYECKOM PR MeTOn0B KOHKYpPEHTHOU
OopbOBbI, TpPUHATHIX B OuszHece. TepmmH PR o3HawaeT wucnonb3oBaHKe
OTPENICICHHBIX TEXHOJNOTUM g 3(P(EKTUBHOTO BHEAPEHUS KAKUX-JIHOO
TE3MCOB B MACCOBOE CO3HAHWE IPAK/IAH U B JICSITEIIbHOCTh MHCTUTYTOB OM3HECa,
obmectBa u Binactu. CornacHo omnpeaenenuto 3. bepreitsza, PR — ato «ycunus,
HaIpaBJeHHbIE HA TO, YTOOBI yOeoumsv 0bOwWecmeeHHOCMb W3MEHUTh CBOU
MOAXOJ WJIM CBOM JCHCTBUSA, a TakKe€ Ha TapMOHU3AIMIO JEATEIbHOCTH
OpraHu3aIliK B COOTBETCTBUHU C MHTEpECaMH OOIIIECTBEHHOCTH 1 Hao0opo™ [9].

IIpoosusicenue TOCTHHAYCTPUAIBHBIX TPAHCIIOPTHBIX TEXHOJOTHUH, B
JAHHOM CJIyda€ MAarHUTOJICBUTAIIMOHHBIX CHCTEM, O3HA4YaeT CTPEMJICHUE
yoenuTh OOIECTBEHHOCTh B 11€JIECOOOPAa3HOCTH MX HCMOJb30BaHUS B
OTEUYECTBEHHOM  mpou3BojcTBe. JlJisi  cucremaTuszanvu  3TOH  paboOThI
11€7I€CO00Pa3HO MCIOJB30BaTh BO3MOYKHOCTH JIMOO T'PaKIaHCKMX WHCTHTYTOB,
au00 MOIIb CTPYKTYp BJacTH. B kauecTBe epasicoanckoeo WHCTPYMEHTA
CIeMyeT Co34aTh CHCIUANBHBIA  UHBECMUYUOHHLIL  (OHO  TIOIJCPKKH
JEUCTBYIONTUX B DKOHOMHKE MarHUTOJIEBUTAIIMOHHBIX CUCTEM, I1€JIb KOTOPOTO
HE MOJJIep>KKa UCCIEAOBaHMM, HE CO3/IaHME OMBITHBIX 00pPA3IOB - HOBIIECTB OT
MarHUTHOM  JICBUTAIlMM, a TEXHUYECKUX OOBEKTOB, BBEIACHHBIX B
MIPOMBITIUICHHYIO JKCIUTyaTtanuio. OOHJ YaCTHYHO KOMIICHCHPYET 3aTpaThl
KOMITAaHUH, KOTOpas OJKCIUTyaTUPYeT TEXHHUKY, B KOTOPOW MCIOJIb3yeTCs
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MOCTUHYCTPUAIbHASA TEXHOJIOTHS. JTO IMEPBOE, YTO MOMKHO MPEIJIOKHUTH B
KauecTBe MHCTUTYIMOHAIBHOU (OPMBI, CTUMYIHUPYIOIIEH MPOJBUKECHHUE
MAarHUTOJEBUTALIMOHHBIX CUCTEM.

B peanbHOl SKOHOMHMKE MHO>KECTBO INPUEMOB ISl MPOABUIKECHHUS WJEH
NPUMEHEHUST  MarHUTOJICBUTAIIMOHHBIX ~ CHUCTEM, OJWMH W3  Haumbosee
COBpEMEHHBIX — HCIoJIb30BaHWe TexHoormu  Dopcaiita  (Foresight).
CoBpeMeHHbIl DopcallT UCHOJIB3YETCS KaK CUCTEMHBI MHCTPYMEHT BIUSHUS
Ha (opmupoBaHue OyAyIIero W €ro MPHUOIMKEHHE C YYETOM BO3MOJKHBIX
U3MEHEHU BO Bcex cdepax OOMIECTBEHHON NEATEILHOCTH: HayKe,
TEXHOJIOTUAX, DKOHOMHKE, COLMAJIbHBIX OTHOWIEHHUSX, KyiubType. Dopcait
paccMaTpuBaeTCs KakK HOBEWINAs TEXHOJOTHWSA, MO3BOJSIONIAsS aKTHUBHO
y4acTBoBaTh B (OPMHUPOBAHUU OydyIIEro, cCambiM YCIEHIHBIM 00pa3oM
COTJIACOBBIBATh MApPTUKYJISIPHbIE MHTEPECHl YYACTHHKOB IMPOIECCAa M3MEHEHH,
3arsApiBaTh B Oyaymiee. MHbIMH  croBamMu, Ha 0a3e  MOJMYyYEHHBIX
KOJUIGKTUBHBIX ~ DKCHEPTHBIX  OIEHOK  (OpPMHUpPYETCS  OIEepekaroliee
OTOOpaKEHUE TPSAYIIUX HM3MEHEHUW JIEWCTBUTEIBHOCTH B JOJITOCPOYHOU
nepcnektuBe. ®opcaiit  [10] OTJINYAETCSI TOYTH OT BCEX HU3BECTHBIX
MHCTPYMEHTOB HAYyYHOTO MPEIBUACHUS TEM, YTO OH HE TOJBKO MPEAIOIaract
y4acTUE€ MHOTHX 3aWHTEPECOBAHHBIX CJIO€B TpaXkJAaHCKOro OOIIecTBa B
(GbopMHpPOBAHUU KApTUHKU MPEIBUJICHUS, HO U 30BET YYAaCTHUKOB K aKTHBHBIM
JICUCTBHUSAM MO pealu3allid UMHU K€ MpeArojaraeMbix u3MeHeHuil. [lpu stom
JKEJaTeIbHO, YTOOBI  3apOXKIAIOIIMECs] TPaXJIaHCKUE WHUIMATUBLI OBLIM B
KaKoN-TO cTeneHu coryacoBanbl. M xotsa dopcaliT cnocoOCTBYET CTPEMIICHUIO K
BBIPAaOOTKE KOHCEHCYCa aKTHBHBIX MPEACTaBUTEICH 3aMHTEPECOBAHHBIX CJIOEB
OOIIIECTBA, OH HE CKJIOHAET UX K YIIEMJICHHWIO COOCTBEHHBIX MAPTUKYJISPHBIX
uHTepecoB. DopcaldT mpencTaBisgeT coO0H HOBYIO TEXHOJOTHIO TPEABUIACHHUS,
MOCPEJICTBOM KOTOPOM BENETCS OOCYXKIEHHE TMPE/IoIaraeMbIX W3MEHEHHM.
HNHade roBops, OCYIIECTBISETCS MPEABUIACHUE HOBBIX SBICHUW U MPOLIECCOB,
BBI3PEBAIOIINX B CETOHAIIHEN NI TEIbHOCTH.

Oc0o0EHHO MHTEHCHUBHO 3TOT HMHCTPYMEHT CTall PacCIpOCTPAHATHCS B
EBpomnetickom cotoze ¢ 2000 1., koraa Obu1a npuHsTa Jluccaborckas cmpame2ust
[11], B KOTOpO# B OjaroxenaTebHON (hopMe BBICKA3aHO IMPEIJIOKECHUE BCEM
ctpanaM EC mmpe mpuMeHSTh WHHOBAIIMOHHBIM MHCTPYMEHT — TEXHOJIOTHIO
dopcaiira [12-15].

OnbIT npumeHenust @opcaiita Bo ®pannuu («Beauknii JImon», ¢p.
Grand Lyon). B aekabpe 1997 r. map Jlnona Paiimon bapp (dpaniry3ckuii
npeMbep-MUHUCTP (1995-2001) 3amyctun mpoekt (mepBbiii DopcallT-mpoeKT
®paHuK) ¢ ynopoMm Ha ycTounBoe pazputue ropoaa. Ceituac JIMOH — «yMHBII
ropoa», B KOTOPOM COCPEAOTOYEHBI KPYMHEHIINE WHHOBAIMOHHBIE IIEHTPHI
CTpaHbl W WAET IIMPOKOMACIITAOHOE CTPOUTEIHCTBO C HCIIOIH30BAHUEM
WHHOBAIMOHHBIX TEXHOJIOTHA. ITO TUIOMIAAKA ISl M300peTaTeIhbCKOW MBICIH,
3J0pPOBOr0 POCTA U TAPMOHUYHOM KU3HMU.
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OnpIT NpyMMeHeHUs MYHHMIHUIIAJIbHOIO ®opcaiiTa B
BeaukoOpuranun. Manuectep — ropoJ 1 MyHULIUNAIbHBIN paiioH B CeBepo-
3anagnoit Auriuu. B 2003 r. mo uaunnatuee Y HUBepcuteTa Mandectepa ObLIo
peIoKeHo TpoBecTd PopcaldT ¢ IENbI0 CTPATErHYECKOro 0030pa HAYYHOTO
napka (oOmiee BHUACHUE OYyIyIIETO pPa3BUTHS YHUBEPCUTETOB, pa3pabOTKa
nopokHor — kapTel). Celiuac MaHUeCTepCKUU  YHHUBEPCUTET  IpPU3HAH
YHUBEPCUTETOM MHUPOBOTO Kjiacca, MPUBJICKAIOUUM UHOCTPAHHbIC WHBECTULIMU
TPAaHCHAIIMOHAJIBHBIX KOpIOpaluii W npeanpuHuMmarened. Ero orianvaer
pa3BuUTas MHTEIUICKTyallbHasi CEThb: GUPMBI PAa3HBIX pPa3MEpPOB U BO3PACTOB
HaXOJATCS B IOCTOSIHHOM MOUCKE 3HAHUW W JIFOJICH.

AHanornyneie pe3ynbTathl gaeT Popcaiit m B cdepe TEXHOJOTHUH.
Cob6cTBeHHO DOpCalT MpeACTABISIET COO0M OTHOCUTEIHLHO HOBYIO TEXHOJIOTHIO,
MOCPEJICTBOM KOTOpPOM BeAETCS OOCYXKJIEHHUE MpEAnojaraéMblx HU3MEHEHUU B
OynymeM. OTO peanu3yercss NyTeM KOHCOJUJAIMU YCWIMM aKTHUBHBIX
YYaCTHUKOB MpoIecca MPe/IBUICHUS U3MEHEHUN B BRIOPAHHOM CETMEHTE 4epes
BBIJICJICHUE SBJICHUA W  TPOLIECCOB, KOTOpble B  OydylieM CTaHyT
oomunaumuvivu. DopcaiT mnpenacTaBisieT coOOH, MO CYTH, MEPUOIUYECKH
BO30OHOBIISIEMBIM  TPOIIECC  COIVIACOBAaHUSA  YCWJIMM  3aMHTEPECOBAHHBIX
YYaCTHUKOB B 4acTu (QopmupoBaHusi rpsaxymiero. IlogoOHo Tomy, Kak mon
JNEUCTBUEM MATrHUTHOTO TMOJII METAUIMYECKUE CTPY>KKU BBICTPAaUBAIOTCA B
OMpeNeNieHHbI  OopHaMeHT,  @DopcaiT  crnocOOCTBYET  COTJIACOBAHUIO
pa3HOHAMNPABJICHHBIX UHUIIUATUB PA3TUYHBIX TPYIN AKTUBHBIX YYaCTHUKOB.

B CCCP B 1972 r. non srunoii I'ocriana, 'ocetposs 1 AH CCCP Obin
pazpabotan mpoekT KOMIUIEKCHON  MporpaMMbl  HAy4YHO-TEXHHUYECKOTO
mporpecca U €ro ColuaibHO-d3KOHOMUYecKux mnocneacTBuit (mamee KIT HTII).
12 wrona 1979 r. LK KIICC u Coser Munuctpos CCCP npunsiu
noctaHoByiieHne «OO0 yIydllIeHUH TUIAHUPOBAHUS U YCUJIICHUHM BO3JEHCTBUS
X035MCTBEHHOTO0 MEXaHW3Ma Ha TOBbIIEHUE d(PHEKTUBHOCTH MPOU3BOACTBA U
KauecTBa paboTy, rae npeaycMmarpubaiach paspadoTtka KII HTII, paccuurannas
Ha 20 ner. Ilpenmnonaranock yepe3 Kaxable msaTh Jier npojieBath KII Ha
MSATUIIETKY U BHOCUTH B Hee KoppeKTuBhbl. boina paspadorana KIT HTII na 1981-
2000 rr., 19862005 rr. u 1991-2010 rr. [16] .

dopcallT-IpoeKThl — OpUTHHAJIBHOE Meponpusitue. (OTHOCHUTEIBHO
DopcanT-rpoeKTa 1o OIIPEIEIICHUIO MEPCIIEKTUB pa3BUTHSA
MarHUTOJIEBUTAIIMOHHBIX TEXHOJOTHMH B OTEYECTBEHHOM SKOHOMHKE MOKHO
CKa3zaTb, 4YTO JJIsi €r0 peAIM3alUU JIOJKEH NPUMEHSTHCS meMamuyecKuu

®dopcaiit, TOuHee  @yHOoamenmanvHuii  DopcaT  TEXHOJIOTHYECKOM
HaIPaBJICHHOCTH U, BUAUMO, UCXOISIIHNI CBEPXY.
IlepBbiii KpuTepui, MO KOTOpoMy pasHsaTca DopcanTel, — yUer

MNpCaACTOAIINX W3MEHEHMH B TeXHoJorusax. Eciu MNpSABUACHUC CTPOAT, BOBJICKAsA
HOBBIC TCXHOJIOTHH, HATCHTBI, HOBBIC TCXHUYCCKHUC PCIICHUA, TO qDOpC&ﬁT
HMCHYCTCA mMexHOo/102UYeCKUM. DTO CBOMCTBEHHO pPaHHUM 3TallaM 3BOJIIOLUA
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texHosorun @Dopcaiita. Ecnu mnpu  wuccienoBaHuu  OyAyIlIero pa3BUTHS
COLIMAJIBHBIX IPOILIECCOB HE JIENAETCsS yNopa Ha JOMHHUPYIOIIUE TEXHUYECKUE
pelIeHus] U paccMaTpUBAETCs TpaHCPOpPMaIKs COLMATIBHBIX OTHOIIEHUH, TO MBI
uMeeM 1eno ¢ coyuanvuvim dopcaiitoM. CraeaoBaTeabHO, IO HANPABICHHOCTH
DopCcanThl JEIATCS HA TEXHOJIOTUYECKHUE U COLUAIIBHBIE.

B HEKOTOpBIX TPOEKTaX WHUIMATHBA HCXOAWT CBepxy (top-down), a
B3aUMOJICHCTBUIO TMPUJIAIOT Majlo 3HaueHHs. YTOObI STU MNPOEKTHl ObUIH
dopcaiitom, HEOOXOAUMO, YTOOBI B HHUX OBUI 3a/IeWCTBOBAH MIMPOKHHI KpyT
HMCTOYHUKOB JaHHBIX, KOTOpbIE 00pabaThiBaeT HEOOIbIIAs SKCIIEPTHAS TPYMIa.
B rpynmy A0JKHBI BXOJAUTH MPEACTABUTENN PAa3HBIX UHTEPECOB — HE TOJIBKO
CHEIUATKUCTHI 110 MTPOTHO3UPOBAHUIO B UCCIEAYEMbIX 00JACTSAX, HO U MPAKTUKU
(axTUBHBIE OM3HECMEHBI WU MTOJIUTUYECKHUE JICITEIN ).

['pynmna goykHa UCIIONIB30BATh JAHHBIE WIIM CBUAECTENBCTBA, MOJIYYEHHBIE
OT CaMbIX pa3HbIX YYACTHUKOB. 3a4acTyld TNpPU H3TOM MOPUMEHSIOTCS
dbopmanbHbie MeTonbl, Hampumep Meron [enbhu. BO3MOXKHBI OTKpBITHIC
oOcyxienusi. IToropeie MaTepuasnbl OTPaKAIOTCS B pe3yjIbTaTaX, MOTYYEHHBIX
IPYIIIONA SKCIEPTOB.

Hepenko HECKONIBKO SKCHEPTHBIX TPYIIN MapajijiedbHO pabOTalOT Haj
pa3HBIMM TEMaMH, NPUYEM OTBETCTBEHHOCTh 3a CBEJCHUE IOJIYYEHHBIX
pEe3yIAbTATOB JISKUT HA OAHOW rpynme . OCHOBHOE OTJIMYHME TAKOTO MOJX0]a K
dopcailTy ot 6oJiee Y3KOW WHULMATUBBI 110 MPOTHO3UPOBAHUIO COCTOUT B €T0
OTKPBITOCTH OTHOCHUTEJIBHO JAHHBIX, MOJYYEHHBIX OT MHOTHX JIUI], U B (hopMme
CBSI3U C MPOIECCOM MIPUHATHS PEIICHUIA.

B Tex mpoekTax, riae mHAIMATHBA UCXOAUT CHU3Y (bottom-up), OombiIoe
3HAQYEHUE NPUAAI0T B3aUMOJCHCTBUIO YYACTHUKOB, B YACTHOCTH YUYETY MHEHHUI
[0 TMOBOAY TOrO, KTO JOJKEH y4acTBOBATh B peaiM3allud MNpoekTa. Moryt
NPUHUMATBCS BO BHUMaHHE B3Il Ha (opMuUpoBaHHE OyAyIIETo,
coziepkanue (T. €. KpyTr U3ydaeMbIX T€M), Ha TO, KaK aJ[pecoBaTh COOOIICHUS U
KaKUM rpynmnam, u T. 1.

MO>XHO HCTIONB30BaTh MIMPOKUI AMANa30H METOJIOB, YTOOBI 00€CTeUnTh
BBIpAQKCHUE MHEHUM: JUCKYCCUU Ha calTax B MIHTEpHETE, BCTpEYM HA MECTAX U
CO CHeluaJdbHBIMU TpylIaMmu, Tmpe3eHTanuu Ha ¢dopymax. KoneuHo,
HEOOXOJMMOCTh KOOPJMHAIIMK HHTEPECOB YYACTHUKOB OOBIYHO MPU3HAIOT, U
HEKOTOPhIM KOMHUTETaM WJIM KOMaHAaM IOpPyYarT MOJTOTOBKY HTOTOBBIX
JeKJIapaluii ¥ 1iaHoB JelcTBui. OJHAKO U Y «HE OXBAauy€HHBIX)» BHUMaHHUEM
YYaCTHUKOB HMEIOTCS BO3MOYXHOCTH TPHUNTH K COOCTBEHHBIM 3aKIHOUYEHUSIM,
COOTBETCTBYIOIIUM UX OPTaHU3AIMOHHBIM TPEOOBAHUSIM.

Cnenyer ynomsiHyTh o mpoektax PDopcaiiTa, coAep:KalluX >SJIEMEHTbI
JIBYX moaxonoB. Te moAXoapl, IA€ HWHUIMATABA HUCXOJUT CHHU3Y, HMEIOT
3HAUWTEIbHBIC MPEUMYIIECTBA: OHU TO3BOJIIIOT cOOpaTh BeChbMa OOIIMPHYIO
uHopMaIuio u3 OOJBIIETO YKCIIAa HWCTOYHWKOB, MOBBIMIAIOT JIETUTUMHOCTD
JEATeIbHOCTH, MOTYT TPUHECTH 3HAYUTEIbHBIE BBITOAbl. Takue MNPOEKTHI
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TpeOYyIOT BpEMEHHU, TIIATEILHOIO IUIAHUPOBAHUS W OpraHu3alud, T.€. HUX
HEJb3s Peaju30BbIBAaTh B CIEIIKE WU 0€3 OCHOBATEIbHOM MOArOoTOBKH. boiee
TOTO, WX CIJI0)KHO KOHTPOJIMPOBaTh, OHM HECYT B ceO€ pHUCK TOSIBICHHUS
MOJUTU3UPOBAHHBIX B3[VISIAOB WM  HJIEH, KOTOPbIE MOTYT BO3HUKHYTH
BCIIEACTBUE peanusanuu npoekta dopcaiita, ero GopmMbl WM IEUCTBHIA €ro
YYaCTHUKOB, IIPUHAMAIOIIUX pelIeHUs. ECTECTBEHHO, 3TOT HENOCTATOK IIPUCYILL
JIEMOKpATUH B JOOBIX (opmax, U npoekTsl dDopcaiita, B KOTOPHIX WHUIMATHBA
UCXOJUT CHHU3Y, MOTYT PacCMaTpHBAThCSA KaK MOMBITKA BOBJIEYEHUS OOJIBLIETO
YUCJIa YYaCTHUKOB B IIPOLIECC MPUHATHUSA IMOJTUTUYECKUX PEIICHHMN.

Takum oOpa3zoMm, BTOpoii KpuTepuid TUHoJoTun PopcaiiToB — Kak UMEHHO
peanusyercsi npoekt. Ilo tumy ¢opmupoBanus Bce DopcailTel JensITCs B
3aBUCUMOCTH OT TOTr'0, Kakasi UMEHHO IOIbITKA B3IJISIHYTh Ha IIPOLIECC PA3BUTHUS
00BEKTa NPEBATUPYET. CBEPXY WM CHU3Y.

Knaccuueckue, umu gpynoamenmanvuvie GopcallT-nmpoeKThl pearnu3yroTcs
B TE€UYEHME IPOJIOJDKUTEILHOTO BPEMEHU (HE MEHEe roja), OCHOBBIBAIOTCS Ha
MHOTOYHMCIICHHBIX  Typax ONpPOCOB  PA3JMYHBIX TPYII  3KCIEPTOB C
HCIIOJIb30BAaHUEM psifia METOJOB, B YaCTHOCTU Meroaa Jlembdu, ¢ mupoxkum
obcyxnennem B CMU, Ha ceMruHapax U KOHPEPEHIHSIX KOHEUHBIX PE3YJIbTATOB,
ITOATOTOBKOM MUJIOTHOTO JTOKJIAJA.

[lopoii BBIMOJHAIOTCS OBICTPBIE HCCIEAOBAHHUS 0€3 HCIOJIb30BAHUSA
INIyOMHHBIX METOJOB MPEABUIACHUS. 3HAUEHUE TAKUX HUCCIEIOBAHUNA HENb3s
NPUYMEHbINATh, HO U (yHAAMEHTAIbHBIMU UX HE Ha30Bellb. beicTphiii Dopcailt
(Rapid Foresight) — sto ®opcalT-IPOSKT MPOJODKUTEIBHOCTBIO OT TpeX
MeCSIIeB /10 TIosyroja 6e3 npuMmeHeHus metona Jlenbdu.

Kpome toro, npoBoastcss @opcalT-ceCCur MPOAOJDKUTENBHOCTBIO OJIMH-
nBa AHs. O0pyHO Ha PopcailliT-cecCui UMUTHPYETCSI IPUMEHEHUE TEXHOJIOTUU
dopcaiita, KOTOpast CBOAUTCA K MPOBEIACHUIO OJHOTO (K TOMY K€ HEKOPPEKTHO
OpPraHM30BaHHOTO) MO3TOBOr0 ITypMma. TakuM 00pa3oM, TpeTud KpUTEPHii
tunojorn ~ dopcaliToB —  paznmuMsas MO TIIyOMHE ~ TPOpabOTKH:
dbyHIamMeHTalIbHbIE U ObICTpbIe DOPCANTHI.

dopcanT MUPOKO NMPUMEHSAETCS B BOEHHOM, COLIMAIIBHOM U TTOJIUTUYECKON
chepax. Hanpumep, Takue npoekThl, Kak @DopcaiT HaAIMOHAIBLHOIO
3npaBooxpaHeHus: win @DopcaldlT o0pa3oBaHUsS, OTHOCAT K  pas3psany
memamuyueckux. K ToMy ke paspsiy MOKHO OTHECTH W mpoekT The Foresight
for Transport [17], momnepkanublii EBpomeiickoii KoMuccHel B paMKax
nporpammbl Competitive and Sustainable Growth Programme (1998-2002).

Kpome Ttoro, pacnpocrpanensl xopnopamugHvie PopcanTel, MEHEE
OCBELIEHHbIE B JjuTeparype. M 3TO NOHATHO, IOCKOJIBKY B JOKYMEHTaXx,
PACKpBIBAIOIINUX CYTh JAHHBIX MPOEKTOB, COAEPKATCA CTPATETUUYECKUE ILIAHBI
pPa3BUTHUS, KOTOpPBIE COCTABAT B IIEPCIIEKTUBE KIIIOUEBbIE KOHKYPEHTHBIE
npeumyiiecTsa KoMnaHuid. OJHAKO HEKOTOPbIE OTJIMYUTEIbHBIE YEPTHI
nonoOHeIx  DopcaiiT-uccieoBaHU  MOXKHO — BBIIETUTh.  OcoOeHHOCTH
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koprnopatuBHoro ®opcaiita U ero oTivyue OT OOUIEr0 TEXHOJIOTUYECKOIO
dopcaiita uznoxensl B padote I1. bexkepa [18].

Ecim  wmuunumaroper  nposeneHuss — Dopcaiita 3aMHTEPECOBAINUCH
COCTOSIHUEM CBOEH KOMIIAaHMU B OyIyllleM, TO OHHU 3aJyMBIBAIOTCS O TOM,
KaKoBa KOHKYpPEHTHas TMO3WIUS KOMIAHWM, KaKhue W3MEHeHHs OyIyT
IIPOUCXOJUTH B IMIPOU3BOJICTBE TOBAPOB U YCIYT BBICOKOI'O Ka4€CTBA, YTO MOYKET
CHHU3UTh KOHKYPEHTOCTIOCOOHOCTh M YCTOMYMUBOCTh KoMIaHuH. Clie10BaTeNbHO,
uHunuaropsl  @DopcaiiTa KeNalOT OLEHUTh KOHKYPEHTOCIIOCOOHOCTh H
YCTOMYMBOCTh KOMIIAHWUU B JIOJITOCPOYHOM MEPCHEKTUBE, HAMETUTH OTIIPABHBIC
IIyHKTBI KOPIIOPAaTMBHOW cTparernu KommaHuu. llens PopcauT-npoexra —
COBMECTHBIM NMOMUCK MYyTEW MOBBIINIEHNUS KOHKYPEHTOCIIOCOOHOCTU KOMITAHUU U
€€ WHBECTULMOHHOW IIPUBJICEKATEIBHOCTH B JIOJITOCPOYHOU IIEPCIEKTUBE
OTHOCUTEJIBHO HOBBIX IIPOAYKTOB MU YCIYI, IIPUMEHEHMS HOBBIX TEXHOJOTHH,
MOArOTOBKM  KaapoB. Takour DopcallT-poeKT, OpPUECHTUPOBAHHBIM Ha
npejcKa3aHue CyAbObl KOMIIAHWH, TOJIYYWJI Ha3BaHHE KOPIIOPATUBHOTO
dopcanra.

OrmeruM, yto PopcaliT NMPOBOAAT HA HALUMOHAIBHOM, PErMOHAIBHOM
YPOBHSIX U ypoBHE Koprniopauuii. B BenukoOpuranuu Obu1, Haripumep, NpoBEACH
dopcallT ajia MaJIoro U cpeHero Ou3Heca, a TaKkKe «MOJIOASKHBIIN) Dopcailt,
HAallpaBJICHHBI HA IPUBJICYECHHE MOJIOAEKH K HAYYHO-TEXHUYECKOMY
TBOpuecTBY. Ecimm B 3amagHou EBpone wame wucnons3yror @dopcaidt Ha
HallMOHAJIBHOM W  pEeruoHajdbHOM ypoBHsX, TO B CIIIA  Oonbiiee
pacnpoctpaneHue moyuni dopcaiiT Ha ypoBHe Koprioparuii [19].

Tepputopuanbupie  POpcaTbhl AOCTATOYHO I[IMPOKO H3BECTHHI H
IPEJCTaBISIIOT COOOM BUACHUE Pa3BUTHS SKOHOMHUKHU OTAEIBbHOTO roCyAapcTBa,
paliOHa WM HECKOJBKUX TrocyaapctB. TeppuropuansHbie DopcanlTel MOTryT
muddepennpoBarscst (0 0XBaTy TEPPUTOPUH) HA MEKPETHOHATBHBIC,
HallMOHAJIbHBIE W peruoHaybHble. B MexpernonaneHbix @Dopcantax, Kak
IIPABUJIO, IIPEANPUHUMAETCS IIOTBITKA BBIIBUTH KIIIOUEBBIC TEHACHLIUN PAa3BUTHUSA
DKOHOMHUKH B HECKOJIBKUX CTPaHaX.

YerBepThlil kputepuil tunonoruu dopcaidta — cyObEKT PacCMOTPEHUS,
M0 OTHOIICHHIO K KOTOPOMY MPUHSATO pelieHue o ¢popmupoBanun Popcaira:
TEMaTUYECKUM, TEPPUTOPUAIBHBINA U KOPIIOPATUBHBIM.

Wrak, BbIIEIEHBI YEThIpE KpuTepus Tunosiorun dopcanta, MEXAY TEM
«anCcThIX» DOpPCalTOB MPOBEACHO HEMHOrO. Yalle BCEro OHU OCYLIECTBIIAIOTCA
KaK COLMAJIBHO-TEXHOJIOTUYECKUE, PETHOHAIBHO-TEMATUYECKUE, TEXHOJIOTO-
CTpaHOBBIE. B KaXIIOM M3 HUX HEKOTOpbIE (pparMEHTH MPEICTaBISAIOT COOOit
CMEIIIEHUE MPUEMOB, XapaKTEPHBIX IS Pa3HbIX pazHoBuAHOCTEW Dopcaitra.

DopcauT-IpOeKT 1o OIIPELIECIICHUIO IIEPCIIEKTUB pa3BUTHA
MarHUTOJICBUTALIMOHHBIX TEXHOJOTUH JOJDKEH ObITh (DyHAaMEHTaIbHbBIM,
peanu3yemMblM B TEYEHHE NPOJOJDKUTEIBHOIO BpPEMEHM (HE MeEHee roja),
OCHOBBIBAIOIIIMMCS HAa MHOTOYHMCJIEHHBIX Typax OIPOCOB PAa3IMYHBIX IPYIII
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HKCIIEPTOB C MCMOJB30BAHUEM psifla METO/OB, B YacTHOCTH Meroaa Jlenbdu, c
mupokuM obcyxaenneM B CMU, Ha psine ceMuHapoB U KOH(pepeHIUH ero
KOHEUHBIX PE3yJIbTAaTOB, MOATOTOBKOW MUJIOTHOTO AOoKiana. PopcallT-mpoeKT
MAarHMUTOJIEBUTAIIMOHHBIX CUCTEM — TeMaTndueckuii @opcaiit. OH mpennojaraet
ONPEAEIECHUE HOJTOCPOUYHBIX IEPCIEKTUB PA3BUTHS OMPEIACICHHOIO CEKTOpa
SKOHOMUKHU WJIM PbIHKA, TOYHEE PHIHKA MArHUTOJECBUTALIMOHHBIX TEXHOJOTHM.
DTOT MPOEKT OyAET MPOBOJIUTHCS CBEPXY, MOCKOJIBKY MAaCCOBOTO Pa3BUTHS ITH
TEXHOJIOTUY TTOKA HE MOJYYHIJIH, KaK U IMTOCTUHAYCTPUAJIBHBIE TEXHOJIOTHYECKUE
YKJIaJIbl HA TPAHCIIOPTE.

Takum oOpa3zoM, Hallle MPETI0KEHUE M0 PA3BUTUIO UHCTUTYIIMOHAIBHBIX
dbopM, CTUMYIUPYIOIIMX MPOABUKEHUE  MArHUTOJICBUTAIMOHHBIX CHUCTEM,
CBOIUTCA K mpoBefeHutro DopcalT-mpoeKTa IO OIPEICIICHUI0 IEPCIECKTUB
Pa3BUTHUS MAarHUTOJECBUTALIMOHHBIX TEXHOJIOTUNM B OTEYECTBEHHON YKOHOMHUKE.

Crapr  @opcailT-npoekTa  JalOT  JIOJA  WIM  OpraHu3aluy,
3aMHTEPECOBAaHHbIE B €ro npoBeAaeHuru. C MOMEHTA YTBEPKACHUSA TEXHUYECKOTO
3a/laHus Ha npoBeseHre DopcaiiTa ynpaBlIAIONIMM KOMHUTETOM JJIsi pabodyeit
rpymsl (Project team) 3aBepiaetcst craaus npea-gdopcaiir (Pre-foresight stage)
Y HauuMHaeTcsi cCoOCTBEHHO poBeieHrne dopcaiiTa.

Ha craguu nposenenust @opcaiita (Foresight stage) 3anelictBoBaHbI Bce
€ro YYaCTHHMKH, pabOTalOT JKCIEPThI, BEAYTCS HUCCICAOBAHUS U TOTOBSTCA
UTOTOBBIE JOKYMEHTHl. /[l kaxkmoro opcallT-mpoekTta HaOOp METOAOB
VHJIMBUTyaJICH.

B nmmioTHeIX OKIAamax, KOTOPBIMH 3aBepiiaeTcsi PopcalT-IpoeKT,
paccMaTpUBAIOTCA BEPOSATHBIE CLICHAPHBIE BAPUAHTBHI PELICHUM U BO3MOKHBIC
NyTH KOPPEKTUPOBOK TEHIEHIMNA, O0O3HAYEHHBIX MPOTHO30M. HTOroBBIit
MAJIOTHBIN JIOKJIaJ, — OOBIYHO 3aKpPBITHIA JIOKYMEHT, NMpEIHAa3HAYCHHBIA IS
KOH(HICHIINATBHOTO ToJIb30BaHMUs. Kak mpaBuiio, K MyOJMKallMd TOTOBUTCSA
BbDKMMKA W3 MTOTOBOTO MHUJIOTHOTO JOKJIaJa M JIeJIAETCA COKpallleHHas
npe3eHTanus. B UTOroBoM MWJIOTHOM JAOKJIaA€ €CTh PyOpHUKHU «Outputs1 and
Outcomes®», B KOTOPHIX (UKCHPYIOTCS pPE3yNbTaThl BHJICHUS OyAyIIETO B
obnmactu DopcalT-mpoeKkTa W O0XUJAEMble CIBUTH B HCCIEAYyEeMOM OOJaCTH.
Nmenno no »stuMm pesyiabraram Popcanta OCYWECTBISETCS MOHUTOPUHT
dbopmupoBanus OyyIIero.

[Toct-dopcaiir  (Post-foresight ~ stage) @ —  cragus  OIeHKHU
pPE3yNBTaTUBHOCTH TIpoBeneHHoro dopcaiita, 3To camas BakHas U HamboJjee
3akpbiTasg mporeaypa. Morutopunr «Outputs and Outcomes», B KOTOPBIX
(bUKCUpPYIOTCS PE3yJbTaThl BUICHUS OYyIymiero B o0iacTu (GopcaT-mpoeKTa u
OKHJIa€MbI€ CIIBUTH B TIPOIIECCE, MPOUCXOMAIIEM B HCCIEAyeMON OO0IacTH.

1 IS v
OUtpUtS - JIOCTIOBHO «IIPOAYKTHI», B TepMHHOJOruu dopcaiita - 3TO CylIecTByIOImMe ceildac (OpMEl,
COJIepIKaIIHe «CIabble CUTHABI», KOTOPBIE B OyAyIeM MOTYT JOMUHHPOBATh HAJl TPAAUIHOHHBIMHU SIBICHUAMHI

2 v
Outcomes - nociosro «pe3yNbTaThl», B TepMuHOIOrUN Popcaiita - 3TO cTeneHb pacnpocTpaHeHus: Gopm,
COJICPIKAIMX «CIIa0bIe CUTHAIIBI», M OLICHKA AUHAMUKHU UX PA3BUTHA
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Nmenno mno »stum mnapamerpam @PopcailTa OCYIIECTBISAETCS MOHHUTOPUHT
npouecca  ¢opMupoBaHus  OyayIiero. CkaHupoBaHue pukcupyer
HauMHawmuecss B mnpouecce PopcaiiTa U3MEHEHUS, OXKUIAEMbIE COOBITHS
(Tpancopmanun) BepUUUUPYIOTCA BCIEIACTBUE JEUCTBUA TNPUHUMAEMBbIX
3aKOHOB. DOPCANT rpakIaHCKOro OOIIECTBA NOCITY>KUT OPUEHTUPOM ISl HAYKH,
Ou3Heca, pPErMOHAIIBHOM BJIACTH, IOBEICHUSA MOTPEOUTENEH M TIpa’kJaHCKHX
MHCTUTYTOB. Hapsiay ¢ 3aKOHONOCIYIIHOCTBIO HE MEHEE JOCTOMHBIM CTAHET
COOMIOICHHE HOPM TPAXKIAHCKOTO OOIIEHHSA, B OCHOBE KOTOPBIX JIeXKaT
HPABCTBEHHBIC YCTOM, BHIpAOOTaHHBIC B Mpeleiax I'PaXJTaHCKHUX WHCTHUTYTOB.
Cuctematuueckass pabotra 1o mpoBeneHUo DopcaiiTa CTaHET BaKHBIM
(GakTopoM pa3BUTHS MOCTUHAYCTPUAIBHBIX TEXHOJOTUYECKUX YKJIAJ0B, B
NIEPBYIO ouepeb, B IUTaHE CTUMYJIUPOBAHUS HPOJABUKECHHUS
MarHUTOJIEBUTALIHOHHBIX CUCTEM B OTEYECTBEHHON 3KOHOMUKE.

3AK/IIOYEHUE

VYyutsiBas xapakrep peBontonuu 4.0, ciaenyeT cocpeoTOUUTh YCUIIUS Ha
Pa3BUTHUU TEXHHUKH, OTHOCAILICUCS K MOCTHUHAYCTPUAIBHBIM TEXHOJOTHUYECKUM
ykiagaM. MIMEHHO K TaKUM TEXHOJIOTHSIM OTHOCSITCSI MarHUTOJICBUTAIMOHHBIE.
[TosToMy HeoOXoauMoO yOeauTh OOIECTBEHHOCTh B I11€J1I€COOOPAa3HOCTH MX
MCMOJIb30BaHUS B OTEUYECTBEHHOM MPOM3BOACTBE. sl cucTemMaTru3anuu 3TOM
paboThl 1eeco00pa3HO co3AaTh TpakAAHCKUN HWHCTUTYT WIM BJIACTHYIO
CTPYKTYpy. OTO TMEPBOE, YTO MOXKHO TMPEIJOXUTh B  KAauyeCTBE
WHCTUTYLIHOHAJIBHOM bopmsl, CTUMYJIUPYIOLIEN MIPOJIBUKEHUE
MAarHUTOJEBUTALIMOHHBIX TEXHOJIOTUH.

B kauectBe epasicoanckoeco MHCTpYMEHTA CIIEIyeT CO3/1aTh CHeIHaIbHBIN
UHBECMUYUOHHBIU  (OHO TIONJEPKKH PA3BUTHS  MarHUTOJIEBUTAIIMOHHBIX
cucteM. BHauane ncroyHnkamu (pUHAHCHPOBAHUS TAaKOro (OHIIa MOTYT OBITH
CIIOHCOPCKHE MOKEPTBOBAHUS, MOCTYIUIEHUS OT CTPAXOBBIX KOMIIAHUH U OT
MPOU3BOAMUTENICH MArHUTOJEBUTAIIMOHHBIX CHCTEM, a Takke OIOKETHBIC
CpelICTBA B COOTBETCTBMU C TMPOBOAUMOM HWHHOBALMOHHOW TOJUTUKOU
rocyJaapcrsa. AKKyMyJIHpOBaHHbIE cpefcTBa (OHIAa MOXKHO HMCIOJIb30BATh IS
MOAJCP)KKM  YYaCTHUKOB  PBIHKA,  CTPEMSIIUXCA K  HCIOJIb30BaHUIO
MarHMTOJIEBUTAIIMOHHOM  TEXHOJOTUM.  BlacTHbIE  CTPYKTYphl ~ MOTYT
WCIIOJI30BaTh TAKOM MHCTPYMEHT Kak IIeJIeBbIE TPOTPaMMBL.

B kadecTBe BTOpPOW HWHCTUTYLMOHAIBHON (OPMBI, CTUMYJIHPYIOLIEH
MPOJIBUKEHNE MArHUTOJICBUTALIMOHHBIX CHUCTEM, IMpeJJiaraercsi MpOBEJICHUE
dopcanT-mpoeKTa 110 OIIPEIECIICHUIO MEPCIIEKTUB pa3BUTUSA
MAarHUTOJIEBUTALIMOHHBIX CHCTEM B OTEUYECTBEHHOM JKOHOMHKE. Dopcalt
CIIoCcO0eH «IpuOIIKaTh» HacTyIuieHue Oyymero [20].

DrHaHCUPOBAHUE OpraHu3aluu dopcanrta MOKET OBITH
rOCYJapCTBEHHBIM, YaCTHBIM M CMEIIAHHBIM B (hopMe (PHHAHCOBBIX MPOCKTOB.
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['ocynapctBeHHOe  ()MHAHCUPOBAaHUE  OCYIIECTBISIETCS  HAllMOHAJIbHBIMH,
pErMoHaNbHBIMU W OONACTHBIMM OpraHamMu ympaBlieHUs (Ha MpaKTHUKe
BBIICIISIIOIIMMHU ~ HauOoJibliue 00beMbl  (DUHAHCHUPOBAHUS); HEKOTOPBIMU
HaubOoJee 3aMHTEPECOBAHHBIMHU MYHULATTATbHBIMU 00pa3oBaHUIMU,
BOBJICUCHHBIMM B  TIPOEKT, yHUBepcureramu, KpynHeimu HHUM n
WHHOBAIlMOHHBIMU LeHTpamu. Kpome Toro, 4acro cpeacrBa BbIIEISIOT
OpraHM3all{, 3aHUMAIOIIMECS BHEIPEHHEM WHHOBALMOHHBIX TEXHOJOTHM,
boHIBI MO aHaIM3y M M3YYEHHUIO PAa3BUTUS COLMATBLHO-3KOHOMHUYECKUX
nporeccoB. Bo3aMoxHO u yacTHOE (prHAHCHPOBAHUE.

Kak cBuaerenbcTByeT HMMEIOUIMICA ONBIT, B BenukoOpuTaHuy,
['epmanun, Benrpun, @pannmun HWcenanum wuHbOpMamoHHoe obecredeHue
dopcaiita OIUIaYUBaCT MPABUTENBLCTBO, B lIBennn, Mramuu u Ilopryramuu ero
VHULMUPYIOT JIEJIOBBIE Kpyru. B Hamem ciydae, BUAMMO, CIEAYET OTIABATH
IIPEANOYTEHUE  CKOpee  HMHCTUTYTY, 3aHUMAIOLIEMYCSL  BHEIAPEHUEM
VHHOBALIMOHHBIX TEXHOJOTHM, Hampumep MexayHapogHOMY COBETY IO
MarauTHoi neButaruu (The International Maglev Board).

Hcnonb30BaHne BO3MOKHOCTEHW, KOTOPBIE IPENOCTABIISAIOT BBISBICHHBIC
WHCTUTYLIMOHAJIbHBIE (OPMBI TO3BOJIUT WHTEHCU(UIIMPOBATH MPUMEHECHHE
MAarHATOJIEBUTAIIMOHHBIX TEXHOJIOTUM M YCKOPHUTH IIEPEXOJ OTECYECTBEHHOM
DKOHOMHKH K OCTUHAYCTPUAIBHBIM TEXHOJIOTHUECKUM YKJIIAIaM.

ABTOp(BI) 32BJAIOT, YTO:
1. V HUX HET KOH(IUKTa HHTEPECOB;
2. Hacrosimasi ctaTess HE COACPKUT KAKUX-THOO HWCCIENOBAHMM C y4JacTHEM JIOJEH B
Ka4yeCcTBE 00OBCKTOB MUCCICAOBAHMIA.
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(Canxkr-IletepOypr, Poccust)

KOHIEIITYAJIBHBIE OCHOBbBI OHEHKHA 2®®EKTOB OT
PA3ZBUTHUSI TIPOEKTOB BBICOKOCKOPOCTHBIX TPAHCITOPTHBIX
CUCTEM HA OCHOBE MATHUTHOMU JIEBUTALIUN

HoBas sxoHOMEKa (hOpMHUpPYET HOBYIO IIEHHOCTH TPAHCIIOPTHOW YCIIYTH, B KOTOPOH
CTOMMOCTh ~ BPEMEHM  CTAHOBHUTCA  BaXHEWIIMM  IIOKa3zaTelleM B O0OOCHOBaHUHU
WHBECTULIMOHHBIX PEIICHUN.

Hean: QopMupoBaHre MeTOMOJIOTMYECKON 0a3bl U MpoLEAYp 3KOHOMUYECKOIO
000CHOBAaHHS HMHHOBALIMOHHOTO  TPAHCIOpPTa Ha OCHOBE  MAarHUTOJIEBUTALIMOHHBIX
TEXHOJIOT .

Metoabl: MccnenoBanue nocTpoeHO Ha 0a3e SKOHOMHUYECKHX 3aKOHOB (COXpaHEHHE
MHTETpallii U BBICOKOW MPUOBLIN), ONUCHIBAIOIINX HOBBIH SKOHOMHYECKHH yKIJIaJ, MeToJax
aHaJIn3a MPUYMHHO-CIIEICTBEHHBIX CBS3€l CKOPOCTH M INPENEIbHON JOXOMHOCTH. BBIBOJIBI
IOCTPOCHBI ~ HAa  PENpe3eHTaTUBHOW  BbIOOpKE  JaHHBIX 00  MHBECTUIMOHHBIX,
AKCIUTYaTal[MOHHBIX U OPraHU3allMOHHBIX 3aTpaTax JEHCTBYIOMUX U MpoekTHpyeMbix BCM.

PesyibTrarThl: co3gaHue IBYXMEPHOM MAaTpHUIbl COYETAHUS MArHUTOJIEBUTALIMOHHBIX
TEXHOJIOTHI ¢ MOJYJIbHOW MHTEPMOIaIbHON KOH(UTypaluen, Mo3BOISIIOIIENd CTPOUTh CXEMY
HKOHOMHUYECKOTO0 OOOCHOBaHMs IO MpaBHJIaM MOAYJIbHOM WHHOBALlMM B COYETAaHUH C
apXuTeKTypHOM uHHOBamue. Kak cnencrBue, gopmupyercss npolecc OLIEHKH CO3JaHUs
CTOMMOCTH IIEPEBO3KM C MO3ULUUN IPENEIBbHON JTOXOMHOCTU TOBApOIPOU3BUIUTENCH U
JTOJI’KHOM YPOBHE MOOMJIBHOCTH HACEJIECHHUS.

KiarueBble cj10Ba: S>KOHOMHUYECKOE OITMCAHUE IMPOCKTA, MarHUTOJICBUTAIIMOHHBIIN
TPAHCIIOPT, CO3JAHUC CTOUMOCTH, CpaBHI/ITeHBHHﬁ AHAJIN3 3aTpaT, HCHHOCTD.

© N. A. Zhuravleva
Emperor Alexander | St. Petersburg State Transport University
(St. Petersburg, Russia)

CONCEPTUAL BASIS FOR ASSESSMENT OF EFFECTS OF
MAGNETIC LEVITATION-BASED HIGH-SPEED TRANSPORT
SYSTEMS PROJECTS DEVELOPMENT

New economy forms a new value of transport service, in which the cost of time is
becoming the most important factor in substantiation of investment decisions.

Aim: the aim of the work is to form the methodological basis and procedures of
economic substantiation of magnetic levitation based transport.
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Methods: the research builds on economic laws (keeping integration and high
revenues) describing a new economic paradigm, methods of analysis of reason-and-
consequence relation between speed and maximum revenue. The conclusions are based on
representative summary of data about investment, operational and organisational costs of
existing and designed high-speed lines.

Results: design of a two-dimensional matrix of combination of maglev technologies
with modular intermodal configuration, which enables building a scheme of economic
assessment using rules of modular and architectural innovations’ combination. Consequently,
the assessment process for transportation pricing from the point of view of maximum
revenues for manufacturers and due mobility for population.

Keywords: project’s economic description, maglev transport, pricing, comparative
analysis of expenditures, value.

1. BBEJIEHHUE

TpanchopMmanusi TpaHCTIOPTHBIX CHUCTEM, MPOUCXOJSIIAS OJHOBPEMEHHO
C MU3MEHEHHUEM BCEro 3KOHOMHUYECKOTO MPOCTPAHCTBA MUPA MOJ BO3JCHCTBUEM
U(pOBU3AIMK B HOBOM TEXHOJIOTMYECKOM YKIajie, 00eCIeunBaeTcs, Mpexie
BCET0, BBICOKOM CKOPOCTHIO TIPOM3BOJACTBA M TMOTpeOneHus. l3Mmenenue
MOBEJCHUS  MOTpPEOUTENsE  TPAHCIOPTHBIX  YCIyr  —  Maccakupa W
I'PY300TIIPABUTENS CBA3aHO C POCTOM LIEHHOCTHM BPEMEHU KaK dKOHOMHUYECKOU
KaTteropuu. ToOBapHbIE PBIHKM W TOBAapOIPOU3BOAUTEIN  CTAHOBSTCA
KOHKYPEHTOCOCOOHBIMHU, KOTJa UX TOBaphl U YCIYTd OTBEUAIOT TPEeOOBAHUIO
MOTPEOUTEINSI: «celyac U B HY>)KHOM KadecTBe». CTOMMOCTh BPEMEHH, B Cilyyae
€ro pocTra Ha TMEpeBO3KYy, BEACT K YBEIMYEHUIO (DUHAHCOBOIO I[UKJIA
OPTraHU3aALUU-TPY30IIPOU3BOAUTEIIS, IPEBPAIIAACH B JOIIOJIHUTEIIBHBIE PACXObI
U, Jake BO3MO>KHbIEC MTOTEPU OOBEMOB phIHKA COBITA, a y Macca)kxupa — BEJIET K
CHIKEHUIO MOOMJIBHOCTH, YTO BJIUSET Ha JOXO/bl JOMAITHUX XO35HUCTB.

JlaHHasi cTaThsl SABJSIETCA PE3YJbTATOM HCCIENOBaHUS 3(P(HEKTUBHOCTH
BJIIMSIHUS BBICOKOCKOPOCTHOI'O TpPAHCIIOPTAa, B JAHHOM Cily4yae, MpPOEKTa
CO3JaHUs NPUHLUIIMATIBHO HOBOTO BBICOKO-CKOPOCTHOI'O TPAHCIIOPTA HA OCHOBE
MarHutojeBUTalMOHHbIX  TexHosiorudi (BCT MJIT) Ha  HaluUOHANIbHYIO
YKOHOMHKY, SKOHOMUKY OPTaHU3aIMi—TOBAPONPOU3BOAUTENEH U MOOUIILHOCTD
HaceneHusi.  [locraBmeHHas  1edb  HWccleqoBaHus —  (hopmupoBaHHe
METOJOJIOTUYECKON ©0a3bl W MPOIEAYp DSKOHOMHUYECKOTO OOOCHOBaHUS
nHHoBamonHoro BCT MIJIT, peanu3oBaHa NPUMEHUTENIBHO K MPOEKTaM
BBICOKOCKOPOCTHBIX Maructpajieii (BCM) HOBOro TeXHOJIOrMYECKOro ykiaja,
oOecrieunBaOIIMM  CKOpOoCTh mepemenieHust cBbimie 500 km/4gac. IIpoexTs
BHEJIPECHUSA BBICOKO-CKOPOCTHOT'O TpaHCIIOpTa Ha OCHOBE
MarHUTOJIEBUTAIIMOHHON TEXHOJOTHUU SBIISIOTCS OOBEKTOM HCCIICIOBAHUS W,
nanee, Mbl onnuceiBaeM 101 o6o3HauenneM BCT MJIT umeHHo ux.

[IpenmeroM wuccnenoBaHUsl  SBIAKOTCS  IWHAMHUYECKUE IPOLEAYPBI
dbopMHUpOBaHUS PACcXOJ0B Ha MPOCKTUPOBAHKE U cTpouTebcTBO BCM, a Takke
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B3BCIIMBAHNWE 3aBUCUMOCTEM TIPOTHO3HBIX JOXOJOB OT pOCTa CKOPOCTH
MIEPEBO3KH Y TPY300TIIPABUTENEH U TOMAIIHUX XO3SMCTB.

TeopeTnueckoil OCHOBOW HUCCIIEIOBAHUS SIBISIETCSI TEOPUSI TPAHCIIOPTHBIX
CUCTEM, Kak yacTb oO1iei Teopuu cucteM. Ee aBomonus ¢ 30-x rogoB XX Beka
npuBelia K TMOHUMAHUIO «OTKPBITBIX CHUCTEM» — CHCTEM, ITOCTOSIHHO
OOMEHUBAIOLIUXCSA BEIIECTBOM U JHEPTruUed ¢ BHEIIHEH cpefod. DTO BaKHOE
3aMe4yaHue, MPUMEHUTEIBHO K HaIlleMy HCCJIEIOBAHUIO, TOCKOIBKY Mbl UMEEM
JIOTUKO-KOHLENTYaIbHbIA, KUOEPHETUYECKUA M MaTeMaTHYECKUU amnmapar
CUCTEMHBIX HCCIEOBAHUM pa3BUTHUSI CUCTEM B HOBOM TEXHOJOTHYECKOM
ykiage. PocT 3HAaYMMOCTHM KaTEropud BPEMEHH MPUHIUNHAIBHO MEHSET
CYIIHOCTh IEpEeBO3KHM. B 3TOM cMmbIciie MBI TOBOPUM O «TPAHCIIOPTHBIX
cucTeMaM BBICOKUX ckopoctei» [1]. Ilpouenypst omenku sdpdexror BCM
MIOCTPOEHBI HA HOBBIX HAIIPABIICHUSX PA3BUTUSI SKOHOMHUYECKON TEOPUH: TEOPUH
JeCTaOMIN3aIui, TEOPUU PECYPCOB, TPOLEAYpP U IEHHOCTEH, TEOpUHU IEeNoYeK
CO3/JaHUSI CTOUMOCTH.

Nudopmarnmonnas OCHOBA UCCIIENOBAHUS onupaeTcs Ha
peNpe3eHTaTUBHYIO BBIOOPKY JAHHBIX 00 WHBECTULIMOHHBIX,
AKCIUTYyaTallMOHHBIX W  OpPraHU3aIllMOHHBIX 3aTpaTaX BbICOKOCKOPOCTHBIX
maructpainedn B EBpome, Kwurtae u Poccumn. HccnenoBanbsl 3aBUCHMBIE
(romoMopdHBIE) W HE3aBUCHUMBbIE (CAMHUYHBIC) JIaHHBIE O [apaMeTpax
«pacxoapl — APpdexThy pazauuHbix BCM B COOTBETCTBUM C BPEMEHHBIMH,
CTOMMOCTHBIMHU U TEXHUYECKUMU MapaMeTpaMH UX peau3alluu.

MeTob! UCCe0BaHUS IOCTPOEHBI HA aHATIM3€ MPUUMHHO-CJICACTBEHHBIX
cBsa3el ckopocth W 3P(dEKTOB €€ pocTa, JWHAMHYCCKOM MOJSIUPOBAHUN
OLICHKH BJIUSIHHUSI CKOPOCTH IMEPEBO3KH HAa JOXOAHOCTh TOBAPOMPOU3BOIUTEIIEH
(rpy300TIipaBUTENCi) U MOOMIIBHOCTH HACEICHHUSI.

2. METO4OJIOI'UA ONEHKHA D®PEKTOB CKOPOCTH
BBICOKOCKOPOCTHBIX TPAHCITIOPTHBIX CUCTEM

B ocHoBe 1100010 McCieOBaHUs JIEKUT TEOPHs, KOTOpas CO3JaeTcs B
X0lle  IMKIMYECKOr0 TMpolecca, BKIIOYAIOIIET0  ATambl  HaOMIOAEHUS,
Kjaccu(ukanuu, npeacKa3aHus W TOJATBEpKACHUS. Teopus TPaHCIOPTHBIX
CUCTEM MO3BOJISIET ONMKCATh NPUYMHHO-CIIEICTBEHHbIE CBSI3U, (DOPMUPYIOIIKE B
Ka)KJIOM HOBOM TEXHOJIOTMYECKOM YKJIaZie HOBbIE TPAHCIOPTHBIE cucTeMbl. Ha
ATOM OCHOBE, C YY4E€TOM KOHKPETHBIX CUTYyaluil, (hOpMHUpPYETCSs METOI0JIOTHS,
METO/bl WCCIICIOBAHUS W aHalli3a, a TaKXKe HWHCTPYMEHTApU MPUHSATHUS
pelieHnid peanu3aluyd HOBBIX MpoekToB [2, 3]. CerogHss OYEBHIHO, 4YTO
peanuzarust poektoB BCM ckopocthio cBbiiiie 1000 kM\uac oOcyxmaeTcs
YpEe3BbIUAWMHO M[IMUPOKO, MPU OSTOM, IMPUHITHE KOHKPETHBIX PEIICHUH O
CTPOUTENHCTBE HE HAXOIUT HH MOJIUTUYECKOTO, HU (PMHAHCOBOTO 3aBEPIICHHUS.
3OTO CBSI3aHO CO CIEAYIOUIUMH 00CTOATEIbCTBAMHU, TPEOYIOIIMMHU MOSICHEHHIA:
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1. HeoaHO3HAYHOCTh OIEHKM JIOMUHUPOBaHUSI B Oikaiiem Oynyiiem
MOSIBJISIIOIIMXCSL  1€CTAOUITM3AMOHHBIX  (IPOPBIBHBIX) TEXHOJOTUH, K
KOTOPBIM CJIEAYET OTHECTH MATHUTHYIO JIEBUTALIMIO.

2. Pa3zpyienue «1ieHHOCTHBIX MPEANIOKEeHUID (MPUHIIUITHAIBHO UHASI CKOPOCTh
MEPEBO3KH) TOMUHUPYIONIUX HA PHIHKE TPAHCIIOPTHBIX KOMITAHHM, a TaKkKe
U3MEHEHHUE CTPYKTYPHI MOTPEOJICHUSI PECYPCOB U MPOIIEAYP MEPEBO3KHU.

3. N3meHeHrne mMPOCTPAHCTBEHHOW OpraHU3allMd TIEPEBO3KH B  YCIOBHSX
Pa3BUTHS HOBBIX I[ETIOYEK CO3aHUSI CTOUMOCTH.

Uccnenyembie mpoekThl pa3Butus BCM Ha 0aze MarHUTOJCBUTAITMOHHOU
texHosorun (MJIT) BXOAST B HOBYIO CYUIHOCTb, KOTOPYIO O0O3HA4arOT Kak
«urdpoBast SKOHOMUKa». B Hell, TpaHCTIOPTHBIE OPraHU3aIlUKA MOTYT BBIXOJIUTh
3a MpejeNbl OTPaHUYCHUN aHAJIOrOBOTO BEKAa M JIOJDKHBI OYIyT OOCITY>KHUBAThH
000pOT 1U(MPOBLIX TOBAPOB U CEPBUCOB, YTO MOTPEOYET MPUMEHEHUS HOBBIX
KOHILIENIMA U MHCTPYMEHTOB CTpaTeruuyeckoro BuaeHusA. Cleayer y4uThIBaTh
pPa3BUTHE MPOLIECCOB JIECTAOMIN3AIMN WU PA3JIUYHBIX BUJOB ACCUMETPUUYHBIX
yIpO3, KOTOpbIE MTHOBEHHO YXYJIIAKOT TIOJIOKEHUE  CYLIECTBYIOIINX
TPAHCIIOPTHBIX KOMIAHWKA W Ppa3pylIalOT MUX [EHHOCTHOE MPEIJIOKEHHE.
3amMeTHM, YTO CETOHSIIHEE [ICHHOCTHOE MPEIIOKEHUE Pa3BUTHS TPAHCIIOPTA —
9T0  ckopocTh 450 km\uac  (TIpefel  TEXHOJIOTHH  «KOJIECO-PEIIBC»).
CnepoBaTenbHO, HEOOXOJWMO pPa3BUTHE METOAOJIOTUH, KOTOpPAsl OTIMYAET
OOBIYHYI0 KOHKYPEHIIMIO OT JecTabuinu3auuu (MPOPHIBHBIX TEXHOJOTHH),
IpolecC OIEHKW NOTEHUHAIbHO JE€CTa0WIM3UPYIOMINX Yyrpo3, a Takke
METOJI0JIOTHIO, TO3BOJISIONIYI0 CHOPMUPOBATH METONbI OIeHKH 3 (eKToB
JECTAOMIIN3AIMOHHBIX (MIPOPHIBHBIX) MTPOEKTOB.

B ocHoBe Teopum aecTabUiIM3alMM JIEKAT MPOIECCHl Pa3pYyIICHUS CTapbIX

SKOHOMHMYECKUX CUCTEM U OTpacieldl MyTeEM «CO3UAATEIBHOTO Pa3pyLICHUS» U

co3zanue HOBBIX [4]. OcHoBaTemnto nanHou Teopuun — Lllymnerepy npuHaajieKut

YTBEPKJICHUE, YTO J€CTAOUIN3alNs OTpaciiel SBISETCS HEOThEMIIEMON YepTO

pa3BUTHs OOIIECTBA: TOCIEAOBATEIbHBIC ITUKIBI MHHOBAIMN CO3/1al0T HOBBIE

OTpaciiy, pU 3TOM pa3pyllas ctapbie. B pa3BuTue Teoprun NOSIBISETCS NOHSATHE

«J1eCTa0MIN3UPYIOIIME  WHHOBAallMM» W TNOHUMaHUE, KakuM oOpazoMm

CTaOWJIbHBIE  KOMIIAHMM W OTpacid  MPOUTPHIBAIOT  KOHKYpPEHTaM-

necrabunuzatopaMm [5, 6]. OTO TOHMMAaHWE TIOJHOCTBIO COOTHOCHUTCS C

mporeccoM BHeapeHuss npoektoB BCM  um  cBs3aHO, mpexzae cero, ¢

W3MEHECHUSIMU B OTHOIICHUM MPEANOUYTEHUs KJIUEHTOB. B HameM ciiydae — 3To

pocT TpeOOBaHMII TPy300THPABUTENIE M MACCAKUPOB K POCTY CKOPOCTH

IIEPEBO3KHU. NHHOBallMOHHBIN BHUJl TEPEBO3KH, CO3/aBacMblii Ha 0ase

MarHATHOW JIEBUTAIIMM, T[IOKAa MPOUTPHIBAET MPOCKTaM TPaJAUIMOHHBIX

MEepeBO30K 1O  OONBIIMHCTBY  MMapaMeTpPoOB,  KOTOpPbIE  MpeiararoT

CYILIECTBYIOIIME HA PHIHKU TPAHCIIOPTHBIE OPTaHU3ALMHU, HO MPU 3TOM TOIBKO

OH COOTBETCTBYET TPEOOBAHUSM HOBOM SKOHOMHUKHU. CyIIECTBYIONTHNE KOMITAaHUH

MPEICKa3yeMO MTHOPHPYIOT HOBATOpPA, TaK KaK WX COOCTBEHHBIEC KIIMEHTHI HE
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XOTAT MEHATh WM CIMIIKOM MEUICHHO MEHSIOT CBOM INpeanoudreHus. OIHaKo
CO BPEMEHEM HHHOBALIMOHHBIM NPOAYKT CYIIECTBEHHO YJIy4YIIAaeT CBOU
XapaKTEPUCTUKHU, IIPU 3TOM €ro LIEHa M JOCTYNHOCTh OCTAKOTCA Ha IIPEKHEM
YpOBHE. B MOMEHT KpUTHMYECKOTO HAKOIUICHWS BPEMEHH NPOAYKT KOMIIAHUU
HOBATOpa JIOTOHSIET MO XapaKTEPUCTHUKAM MPOAYKThI TPAJIULMOHHBIX KOMIIAHUN
U CTAHOBHUTCS BBITOJIHOM albTEPHATUBOM Il MX KIMEHTOB. KIIMEHTHI BUIAST
JydlIee NMPeIoKEHUE U MACCOBO YXOAAT Ha NMPOAYKTHl HOBOM KommnaHuu. B
pPa3BUTHIX SKOHOMHKAX OBIBIIME JHUIAEPHl OOHApPYXKUBAIOT, YTO HMX OH3HEC-
MOJIEJIA Y MTPOJIYKThI YCTAPENH, U OKa3bIBAIOTCSA HE B COCTOSIHUM KOHKYPUPOBATH
C J1eCTa0MIM3aTOpOM. OTa TEOpUs NOATBEPKAACTCS M IPOBEPSETCS BO
MHO>KECTBE CJIY4YaeB M3 Pa3Iu4HbIX oTpacied. M caMblil OYEBUIHBINA MPUMED
JEMOHCTPUPYIOT BBICOKOCKOPOCTHBIE TNIEPEBO3KM Ha TpaHcropre. CeronHs
OUYEBHJIHO, YTO CKOPOCTb T'€HEPHUPYET POCT MAPKUHAIBHOCTU (IIPEAEIIBHON
JIOXOJTHOCTH) T'PY300TIPABUTENEH U POCT MOOUIBHOCTU HACEJIEHHUS, KOTOPHIE
OOHapYKUBAIOT BBITOJLy B POCTE JIOXOJIOB JOMAITHUX XO3SUCTB [7].

Teopust pecypcoB, mpoueayp U LEHHOCTEH OOBSICHSIET, MOYEMY
YTBEPAMBIIMECS HA PBIHKE IEPEBO30K TPAHCIIOPTHBIE KOMIIAHWUH C TaKHUM
TPYZIOM OCBAaMBAIOT «IIOJIPBIBHBIE» MHHOBALMOHHBIE TexHoyoruu [8]. UMeHHO
pecypcbl (TO, YTO CEroJHs HaXOAUTCS B PACHOPSHKEHUM TPAHCIIOPTHBIX
KOMITaHUM, MPEXKIE BCEr0 IHEPrus, 0OecrneynBaromas ABUKEHUE), TPOLEAYPhI
(croxuBHIMECS CXeMbl Pa0OThl KOMIIAHUM), U IEHHOCTH (TO, K YEMY KOMIIaHUs
CTPEMHTCS) B OOLIEM ONPEIENSIOT MPEUMYIIECTBa, HEIOCTaTKHU, a TaKKe
«CIIeTble 30HbD» €€ CTPATerM4YecKoro pa3BuTHs. KommaHuss MOXKET YCHENIHO
BOCIIOJIB30BaTbCS IPOPBIBHBIMM TEXHOJIOTHSIMU TOJBKO TOIZA, KOIZJAa y HeEe
UMEIOTCS HEOOXOAMMBIE pecypchl (MCTOYHMKM W TEHEepaluus MarHUTHOM
DHEPI'HH), KOT/Ia MPOIIETyPhl CIIOCOOCTBYIOT, a HE MPEMSATCTBYIOT HEOOXOIUMBIM
JNEUCTBUSAM; W KOIJa KOpPIOpPAaTHBHBIE I[IEHHOCTH, a MMEHHO, pOCT
KaluTaiu3aluy Ou3Heca, €ro JOXOJHOCTH M YBEJIMYEHHE PBIHOYHOM 0,
[IpeIaraéMo  yCIIyrd, IIO3BOJIIFOT  CHIEJNaTh  MEPCIEKTUBHBIA  IPOEKT
IPUOPUTETHBIM.

H3MeHeHue LEHHOCTH TPAHCIOPTHOW YCIyTH OOYCJIOBICHO HBYMS
coctaBisitouMu. [lepBasi — 3T0 BpeMsi WM CKOPOCTh MEPEBO3KU KaK TaKOBOM.
Bropoe — 310 Bpems 3akasa, ohopmIiieHHs], pACYETOB 110 MEPEBO3KE, U BCETO, UTO
COCTaBJISIET CEPBUC OT «JBepu 10 ABepu». OoOwas cmoumocms 61a0eHus
LEHHOCTBIO  «IEepeBO3Ka»  olecreyumBaeTcs B TOM  cllydae, Korja
JOJITOBPEMEHHAsi KpHUBasi CPEIHUX H3ACPKEK TPAHCHOPTHOM  CHUCTEMBbI
npuoOpeTaeT HUCXOIMIIMKA XapakTep. B ciydae ¢ Ikene3H0I0pOKHBIMU
TPaHCIOPTHBIMHU cucTeMaMu 3TO BO3MOXHO, Koraa IIPOEKTHI
BBICOKOCKOPOCTHOTO JBMKEHUSI MOATBEPKIAIOT d3hpexm pocma 00X0OHOCMmU,
00YCNI06NIEHHO20 Y8eIUYeHUEM NIOMHOCMU CeMmU U CKOPOCMbIO NepeMeuyeHus..
VY enbHble U3IEPKKUA CHUKAKOTCA MO MEpPE YBEJIMYEHUsS MPOU3BOAUTEIBHOCTH
KEJIEe3HOJOPOKHOM  JMHHMM,  TIOCKOJBbKY  (PUKCHMpOBaHHAsi  CTOMMOCTH
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MPEIOCTABIICHUSI PEJIbCOBBIX MYyTEW pachpelessieTcss Ha Bce OOoJIblee YHCIIO
eauHuI] epeBo3ok. st oOHapykeHust apdexTa CKOPOCTH KENE3HOJOPOKHON
CeTH TpeOyeTcs BBICOKAsi CTENEeHb UCIOIb30BaHU MHGPACTPYKTYPBI IIPU POCTE
CKOPOCTHM TEPEBO3KU: YEM BBIIIE CTEMEHb MCIOJb30BaHUS, TEM JIydIle
IKOHOMHUKA HMHQPPACTPYKTYpHl, TeM OoJbIIas JOXOJHOCTb MOXET OBbITh
o0ecrieueHa ee BIIaJIeNbIly U MOJIb30BaTEIIIO.

Buenpenne mnpoekta BCM nHa ocnoBe MIJIT cBsizano ¢ BbIOOpOM
TPAaHCHOPTHON KOMITAHUM €r0 OpraHU3alliH: MHTErPallid BCErO MPOU3BOJCTBA
HOBOW TPAHCIIOPTHOM yCIyrd Ha CBOEH 0a3e WM COCPEeNOTOYUTHCS TOJIBKO Ha
CTPOr0 ONpEIEIEHHBIX BUAAX MPOU3BOACTBA. B mocineaHem cirydyae mosiBIseTCs
LENOYKa CO3/IaHUsl CTOMMOCTH, B KOTOPYIO, B JajibHEHIIEeM, Oya1yT BKJIIOUEHBI
BCE CEPBUCHI HHTEPMOAAIBHOCTH, MOCKOJIBKY I'PY300TIPABUTEINO U MTACCAKUPY
BaXKHO IIeJI0CTHOE Bpemsi niepeBo3k [9, 10]. IIpobnema 3akirodaercst B TOM, 4TO
KOMIIaHUS JOJDKHA JEpKaTh MOJ KOHTPOJIEM BCE BUIBI JEATEIBHOCTH (MU UX
KOMOMHAIIMK) B LEMOYKE CO3JaHMsI CTOMMOCTH, KOTOpBIE HEMOCPEICTBEHHO
BIMSIOT Ha 3aBUCUMOCTh KJIMEHTa OT CKOPOCTH (BpPEMEHM HOTpEOIeHUs
TpaHCNIOPTHON yciyru). IIpsmMol KOHTPOJIb MM HUHTErpanus ¢ JIpYyruMH
KOMITaHUSIMHM, 00€CIIEYMBAIOIIMMHU WHTEPMOJIAJIbHBIN CEPBUC, BCETAA CIOMKHBIM
BBIOOp B CHJIly OIPOMHOTO KoiuuectBa npuuumH. IIpexne  Bcero
WHTEIPUPOBAaHHAsL apXUTEKTypa CTAHOBUTCS MEHEe T'MOKOM MO CPaBHEHHUIO C
IPYTUMHU BHUAAMH apXUTEKTyp. B KakoiW-TO MOMEHT MOXET OKa3aThCs, UTO
3bpdexT OoT B3aUMOAEWUCTBHS C JPYTMMU KOMIAHUSIMH  COBEPUIEHHO
HernpeackazyeM. OHaKo, CiaeayeT MOMHUTh, YTO OCHOBHBIE 3P(EKTHI OT 000U
BCM MOXHO OOHapyX uTh TOJIBKO B HWHTEPMOJIAJTLHOCTH BCEX CEPBUCOB,
0o0ecreunBaIIUX MEPEBO3KY OT <«JBEPH 10 JABEpW». BBIX0AOM SBISIOTCS
MOJYJIbHBIE APXUTEKTYPhl, KOTOPbIE YHPOLIAIOT JE€3UHTErPaLUIo, yCcTynas IO
YacTU TEXHUYECKUX XapaKTEPUCTUK, HO IO3BOJSIOT KOMIIAHUU 0o0Jyie THOKO
pearupoBaTh Ha TpeOoBaHUs MOTpedOUTENneil. B COOTBETCTBHMM C OCHOBHBIM
IPaBUJIOM TEOPUM LENOYEK CO3JAaHMSI CTOMMOCTH: HWHTErpanus JOJDKHA
3aTparuBaTh T€ 30HBI, KOTOpbIE HauboJiee HYXAAIOTCSI B COBEPILIECHCTBOBAHUU
(KOHTETHEpHbIE W MAaCCAXHUPCKUE TMEPEeBO3KU), TaK TEPEBO3YUK MOXKET
obecnieunTh cede MpUOBLIb B OyAYIlEeM JT0JATOCPOYHOM TIEPHOJIE.

3. PE3YJIbTATBI CPABHUTEJIBHOI'O AHAJIN3A D®PDEKTOB
BCM «KOJIECO-PEJIBC» 1 BCM MUIT

3.1. Pezynbmamvi cpasHUmMeNbHO20 AHANU3A UHBECTUYUOHHBIX 3ampam Ha
BCM «koneco-penvcy u BCM MIIT.

Pa3BuTHe HOBBIX TEXHOJOTUWA JBHXKEHHUS, HU3MEHSIONIMX CKOPOCTh
nepeBo3ku, B mnociennue 20 JeT JEMOHCTPUPYET KAaYECTBEHHBIM CKayeK OT
MOCTYIATEILHOTO H3MEHEHUsI C 3aperucCTpUpOBaHHBIM pekopaoM «TGVy -
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574,8 xM/4ac (PKCIEpUMEHTATILHO MOJATOTOBICHHOTO Moe3/a) K ckopocTu 1000,
1200 km/yac. Tako# nmepexoa 00yCIOBIICH MOSBICHUEM MPUHIMITHATLHO HOBBIX
TEXHOJIOTUA M  BO3MOXHOCTEH WX peaiu3alid. MHEHUS HKCIEPTOB
NOATBEPXKIAIOT, YTO  JBWDKEHHE TI0 MPUHIMILY  «KOJECO-PEIbCy»  C
AJIEKTPUYECKUM  TPUBOJAOM HMMEET Tpeaea pa3yMHOrO, 3KOHOMHYECKH
000CHOBaHHOTO YpOBHS CKOPOCTEH. Ono peanusyeTcs Ha
CHEIMATU3UPOBAHHBIX, TTOCTPOECHHBIX HCKIIOUUTEIBHO MO OMpeIeICHHBIN BU/
IOBIDKEHUS Maructpaisax. DPdextsr nqmwkenns BCM 1o NpUHIUIY «KOJIECO-
penbey» ¢ mpeneraaMu CKOPOCTEeH MOoKa yIOBIETBOPSIOT HHTEPECAM MHBECTOPOB,
a, CIIEIOBATEIbHO, HMMEIOT TapaHTUPOBAHHBIM OIUIAYEHHBIM crpoc. Bcee
cyuiecTByrommue u mpoektupyemble BCM  «koneco-penbey  peaau3yroTcs
OPEUMYIIECTBEHHO  C  MOAJEPKKOM  rocygapcrBa  wiaM  Ha  0ase
MEXTOCYapCTBEHHBIX COTJIAIICHUH, 3aWHTEPECOBAHHOCTh B KOTOPBIX Yallle
BCEr0 OOOCHOBBIBACTCS 4Yepe3 MYJbTUILUTMKATUBHBIE 3(P(HEKThl CMEIIaHHbIX
nepeBo3ok. Ho, kK cokaneHuto, KpuBas JOXOJHOCTU JAHHBIX MPOEKTOB MUMEET
TEHACHIINIO K TIOHUKECHHUIO.

DKOHOMHMKAa HOBOTO  TEXHOJOTMYECKOIO  YKJaJa JE€MOHCTPUPYET
U7eabHOE COYETaHNE POCTa IIEHHOCTH BPEMEHHU (CKOPOCTH) M OKUIAHUS pOCTa
JOXOAHOCTA  TPAHCIOPTHBIX  CHCTEM  HAa  NPHUHIMWIHAIBHO  HOBBIX
TEXHOJOTHUECKUX pemeHusx. Hanbomnee nHTEpECHBIMH C MO3UIUNA SKOHOMHKH
WHBECTUIIMA W DKCIUTyaTalldd BBICOKOCKOPOCTHBIX TPAHCHOPTHBIX CHCTEM
CTAaHOBUTCSl TEXHOJIOTHSI C WCMOJb30BaHUEM d(p(dekTa MarHUTHON JEBUTALIMU
(magnetic levitation) ¢ auHEHHBIM TATOBBIM JABUratesieM. J[aHHas TEXHOJIOTHS
IPEOAOJEBACT CIEAYIOIIME OrPAaHUYEHUS BCEX MPEAbLAYIINX TEXHOJOTUMN
NEPEBO3KHU:

d. B OCHOBE [IBIDKCHMS JIC)KUT TPAHCIOPTHAS TEXHOJOTHUS «BaKyyMHOMU
TPAHCTIOPTHOM TPYOBD» M TPAHCHIOPTHBIE CPEACTBA B MIPOLIECCE ABMKCHUS
He Kacaromcs nymegoz2o nojlomua,

b. TpaHCmOpTHOE CpeAcTBO, MpeACTaBisomee co00i Karcyiay B BHIC
FePMETUYHOTO  MOMAYJIS  HEOOJBINOW  BMECTHUMOCTH,  oOiajas
JICBUTAIIMOHHBIMA Ka4eCTBaMH, pPAa3TOHSIETCS C TOMOIIBI0 JIMHEWHOTO
CUHXPOHHOTO JBUTATeNsl [0 HOMHHAIBHOM CKOpPOCTH U  Jajee
nepenBUraeTca B TpyOe Ha 3aJaHHOE PACCTOSIHUE 0e3 OONOIHUMENbHBIX
3ampam MOWHOCMU.

C. TEXHOJIOTHsI, MPEoA0JeBarollas JOMYCTUMbIA KOA(P(UIMEHT CLEIICHUs
KOJieca ¢ PeIbCoM TpeOyeT UHOU uUHGpacmpykmypsl u 6U0a SHepeul,;

d. ¢ mosiBJIEHWEM TEXHOJIOTHI paclpeneieHHOro peecTpa M OJOK-ueiH
CYIIIECTBEHHO COKPAIAIOTCS 3aTpaThl Ha OPTaHU3AIMIO U YIPaBICHUE
MIEPEBO3KOM.
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[IpuBeneHHBIE XapaKTEPUCTHKUA CYIIECTBEHHO MEHAIOT CTPYKTYpy U
00BbeMbl MHBECTULIMOHHBIX 3aTpar npoekra BCM MIJIT, uro oTimMuaer ux ot
3arpaT Ha cyulecTByronmx BCM «koneco-penbc» M 1Mo o0beMy, U IO
CTPYKTYpE.

[Ipomecc co3manust m000# TpaHcHopTHOUM cucteMbl, a BCM B GombIneit
Mepe, TpeOyeT OCYIIECTBICHUS MAacIITaOHbIX WHBECTUIMH. [lpu sTOoM
CTOMMOCTh cTpouTenbcTBa BCM wuHAauBUIyanbHa Uil KaXKJIOTO MPOEKTA,
rocygapcTBa H 3aBHCHT OT MHOXecTBa (akTopoB. Hrmrke mnpuBeneHs
00o00meHHbIe (pakTOphI, onpenenstomue ctonMocth BCM 060 ckopocTH, B
YaCTHOCTH:

a. kiumartoreorpaduyeckue W MHXCHEPHO-TCOJOTUYECKUE  YCIIOBUS
TeppuTOopun npoxoxacHuss BCM, uro onpenenser pa3inyus B MpaBuiax
U TpeOOBaHUAX K TMPOCKTUPOBAHUIO U CTPOUTEIHCTBY OOBEKTOB
BBICOKOCKOPOCTHOM >KEJIE3HOOPOKHON HHDPACTPYKTYPHI;

b. mmaHupyeMoil CKOpOCTH JBWKEHUS 1Moe310B (Hampumep, 10 300 km/4, 10
350 km/4, mo 400 kwm/4, cBbime 400xkM/gac (BCM «koseco-penney),
coiie 500 km/gac (BCM MIJIT), noCKoOJIbKY € yBEIMYEHHEM CKOPOCTH
MOBBIIIAIOTCS  TEXHUYECKHE  TpeOoBaHWs K  HMHPPACTPYKTYpE,
MOJBUKHOMY COCTaBY M OpTraHMU3allUM MEPEBO3KH;

C. BbIOpaHHOU Monenu opranuzauuu BCM, uro mpeanonaraer 1mbo HOBOE
CTPOUTEIBCTBO BBICOKOCKOPOCTHBIX MarucTpajiei, JM00 peKOHCTPYKIIHIO
Y MOJEPHM3ALUIO CYLIECTBYIOLIUX KEJIE3HOJOPOKHBIX JIMHUNA U MOJIETU
AKCIUTyaTallii — BBIJEIICHHOE WM CMEIIAHHOE JBUKEHUE.

3.2.  paccmompenue s3¢hpgpexmos BCM «xoneco-penvcy u BCM MUIT.

Merononorudyecku, paccMoTpenue d>(pdextoB TpamuimoHHeix BCM
«xoineco-pensc» 1 BCM MIJIT nenecoobpa3Ho mpoBoauTh Ha Oa3e aHaan3a
OCHOBHBIX JICHEXHBIX IIOTOKOB CPAaBHUBAEMBIX ITPOEKTOB B Pa3pe3e CIEAYOLINX
COCTaBJISFOIIUX

d. KamuTaJbHBIE 3aTpaThl Ha HUHQPPACTPYKTYpPY, TPAHCIOPTHBIC CPEACTBA,

OpTraHu3alio, CTPOUTEIBCTBO U YIIPABJICHUE MPOCKTOM,;

b. skcrulyaTaliMOHHBIC pacXoibl, CBS3aHHBIC C COJEPIKAHHEM OOBEKTOB

UH(PPACTPYKTYpPHI, OpraHu3aiueid u ynpaBieHUEeM MepeBO3KaMU;

C. J0XOJbI OT MEPEBO30K U MPEAOCTABJICHUS TOMOJIHUTEIBHBIX YCIIYT.

3.3.  Pezynbmamvi cpagHumenbHo20 aHaiu3a uHeecmuyuounsvlx 3ampam BCM
«xoneco-penvcy u BCM MUIT.

AHaIIM3 CpeIHUX KalUTAIbHBIX 3aTpaT 1o aeictByomuM BCM «komeco-
penbe» u npoektHeiM BCM MUJIT B pa3pese OTaenbHBIX CTaTEd 3aTpaT MOXKET
OBITH ITOCTPOEH TOJIBKO IO IKCIEPTHBIM OLIEHKAM.
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Tabruya 1. Cpasnumenvras Xxapakmepucmurka cocmaga u 001U KanumaibHblX 3ampam
(bpaemenmor 3ampam), oeticmsyrowux BCM

Twurmeb! 3aTpar Jlosst B 0OIMX KanuTanbHbIX | J{oJst B 0OMIMX KaUTaIbHBIX
(pparmenTs! 3aTpar) 3aTparax Mo KjiaccuuKauu 3arparax Mo JaHHBIM
MexayHapoIHOTO COr3a Kouncoprmyma «Transrapid
xene3nbix gopor (UIC) International GmbH», %
3aTparhbl HA CTPOUTEIHCTBO
BBICOKOCKOPOCTHBIX
mMarucrtpaieu, %
BCM MJIT
3atpatsl Ha TuranupoBanue | Jlo 10 % 6 %
Y IPUOOPETEHHUE 3EMITH,
KOTOPBIE BKJIFOYAIOT
3aTparhl HA TEXHUKO-
IKOHOMHYECKOE
000CHOBaHUE, TEXHUUECKOE
MPOEKTUPOBAHHE,
pUOOpETeHUE 3EMITH
JPYTUE PACXOJIBI,
HaTpuMep, IOPUIHIECKUE U
aJIMUHUCTPATHBHBIC COOPBI,
MOJyYCHUE JIMIEH3UH,
pa3penieHui u T.1.
3arpaTsl Ha ctpoutenscTBo | 1o 25 % o 60 %
00BEKTOB HPPACTPYKTYPHI,
BKJTIOYast BCE 3aTPaThl,
CBSI3aHHBIE C ITOJITOTOBKOM
MECTHOCTH U BBITIOJTHEHUEM
CTPOUTENIbHBIX paboT.
3arpaThl Ha BBIIOJIHEHNE Kaxxp1ii u3 TaHHBIX 15 %
JIOMIOJTHUTEIBHBIX PA0OT MO | 3JIEMEHTOB OOBIYHO
CTPOUTENBCTBY JIEMEHTOB | coctaBiser 5 % - 10 % ot
TaKUX, KaKk CUTHAJIbHBIE o01iero oobeMa MHBECTUIHI
CHCTEMBbI, MEXaHU3MbI (Bcero 10 50 %).
ANEKTPUPHUKALINY,
KOMMYHHKAIIIH,
0€30MaCHOCTH U T.I1.
[Tpoune 15 % 19 %
Paccunrano mo manueiM: [11, 12]
I[To nmanneiMm  mpoBeaenHoro  UIC  uccienoBanusi, CTOMMOCTh

ctpoutenbcTBa 1 kM BCM npu ananusze BbIOOpKH, cOCTOSIIEH U3 45 IPOEKTOB,
BapbUpyeTCa OT 6 10 45 MIH. €BpO, IPU 3TOM CPEAHEE 3HAYEHHUE COCTABIISACT
17,5 muH. eBpo. Ilpu orpanuueHun BBIOOPKH 10 24 MPOEKTOB aHANa30H
3Ha4eHUH BapbHupyeTcsa oT 9 10 39 MiIH. eBpo, pU CpeHEM 3HAYEHUH — 18 MITH.
eBpo [11]. UcknroueHue cocTaBisitoT MpoekThl co3nanuss BCM B ctpanax A3uu
(Kurait, fAnonwus, TaiiBanb, FOxuas Kopes), rae cToUMoCTh CTPOUTENHCTBA
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3HAYUTEIBHO INPEBBIIIACT CPEIHEEBPONECHCKHAE ITOKA3ATENM, B TOM YHUCIE IO
re0JIOTUYECKUM NPUYMHAM.

Yro kacaeTcsi PpPOCCHUHCKMX IPOEKTOB CO3JaHUS BBICOKOCKOPOCTHBIX
MarucTpajied, TO IPOEKT cTpouTesbecTBa ydactka «Mocksa-Kazansy BCM
«MockBa-Kazanb-ExkarepunOypr» mo coctosHuto Ha ¢eBpans 2017 roxma
oueHuBaercs B 24,5 MIIH. €BpPO/KM, UYTO TPEBBHIIIAET CPEIHEEBPONEHCKIE
nokazatenu [13].

IIpu 3ToM B ouenke npoekra crpoutenbctBa MJIT Cankr-lletepOypr —
MockBa CTOMMOCTH TpacChl OIlCHMBajIach B pasmepe 18,75 MiH. eBpo/KM ¢
Kpeiicepckoit ckopocTbio 500 km/dac u BpeMeHneM B iyt 1 yac 19 MunyT.

3.4. Pesynbmamul CpasHUMeNbHO20 AHANU3A IKCNIYAMAYUOHHBIX 3aMpPam Ha
BCM «xoneco-pervcy u BCM MUIT.

C wMomeHTa Hayana (QyHKuUOHUpoBaHus 000 BCM Bo3HUKAaIOT
HKCILTYyaTAllMOHHBIE PACXO0/Ibl, KOTOPBIE BKIIOYAIOT B c€0s 1Ba OCHOBHBIX BUJA!

a. pacxo/ibl, CBSI3aHHBIE C IKCILUTyaTalMe, TEXHUYECKUM OOCITYKUBAHUEM U
PEMOHTOM  OOBEKTOB  KEJIE3HOAOPOXKHOW  MHQPPACTPYKTYphl U
[OJIBMOKHOTO COCTaBa;

b. pacxompl, CBsI3aHHBIC C OpraHU3aIMEed W MPEIOCTABICHUEM YCIYT IO
IEPEBO3KE C UCIIOJIb30BAHUEM HKEJIE3HOAOPOKHOU NHPPACTPYKTYPHI.
[Topsimox gopMupoBaHUS U paclpeeiCHHs] JTaHHBIX 3aTpaT B KaXJOH

CTpaHE MOKET pa3inyaTbCid B 3aBUCUMOCTH OT CTENEHU BEPTUKAIbHOU
MHTErpalid MEXAY BJaJeliblieM MH(PPaCTPYKTYphl U EPEBO3UMKOM. B pamkax
HACTOSIIIET0 MCCIIEIOBAHUS JaHHbIE OCOOCHHOCTH HE pacCMaTPUBAIOTCA.

3.5. B Tabn. 2 mpencraBieHbl yCpeIHEHHbBIE JaHHBIC IO BETMYMHE 3aTpaT Ha
o0cnyxxuBanue BCM «xoneco-penbe» 1 BCM MIJIT B detbipex eBpomnenckux
ctpanax. [Ipu »TOM MbI HE aHAIU3UPYEM PACXObl, CBA3aHHBIE C OpraHU3aluen
Y TIPEIOCTABICHUEM YCIYT MO NMEPEBO3KE IPY30B U MACCAKUPOB.

Tabnuya 2. Ykpynuenuvle sxcniyamayuontuvle pacxoovl npoekmos BCM

OKCIUTyaTallMOHHBIE PACXObI BCM «koneco-penvey, BCM MJIT,
€BPO/KM €BPO/KM
WNudpactpykrypa 0,48 0,19
IToaBuXXHOIT cocTas 1,29 0,37
Cucrema B LIEIOM 1,77 0,56

Cocrasneno mo: [11, 12].

Eme Oosbiine pacxoxaeHWsS MOXKHO OOHapyXHTh B CTPYKType U
oO0beMax JKcIuTyaTalimoHHBIX pacxogoB BCM u MIJIT. Drta yacTh aHanu3za
SBJISIETCS BaXXHEUIIUM (HAaKTOPOM CHHUKEHUsSI Ce0ECTOMMOCTH TEpPEeBO30K, a,
CJIeI0BaTeIbHO, POCTAa MHBECTUIIMOHHON MTPUBJIEKATEILHOCTH IIPOCKTA.

AHanmu3upysi JIUHAMUKY HW3MEHEHHUs OKCIUTyaTallMOHHBIX PpacxoJ0B B
3aBUCUMOCTH OT M3MEHEHHUS CKOPOCTH JIBMIKEHHUS IOE3JI0B CIEAYEeT OTMETUTb,
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HEJIMHEHHOCTh U MHOTOYPOBHEBOCTH CBSI3U CKOPOCTH M IKCILTyaTallMOHHBIX
pacxooB. B 4acTHOCTH, C YBEJIMYEHUEM CKOPOCTH YCKOpseTcs 000pOT
BBICOKOCKOPOCTHOTO TMOJBUYKHOTO COCTaBa M ycKopsieTcs o0beM paboThl. [lpu
TOM OTMETHM, YTO YBEJIUYEHHE CKOPOCTU PEIHCOBOTO TPAHCIIOPTA MPUBOIUT K
POCTY OCHOBHOT'O CONPOTHUBJICHUSI JBHKEHUIO BaroHOB M COOTBETCTBYIOIIUM
JIOTIOJIHUTENIBHBIM 3aTpaTaM TOIUIMBA U SJIEKTPOIHEPIUHU HA TATY MOE3]I0B, YeTO
HE MPOUCXOAUT B  MArHUTOJICBUTAIlMOHHOM  JIBHKEHUU. BenuunHa
MapKUHAJIBHOW JOXOJHOCTH Yy TPY300TIPABUTENSI — TOBAPOIPOU3BOIUTEIIS
SBJIICTCSI OJHMM U3 BAXHEHIIMX TapaMeTPOB MOJEIN OICHKHA TMPSIMBIX
3¢ (HEKTOB TPaHCHIOPTHBIX CUCTEM. B mepByI0 odepenb OHa 3aBUCHUT OT IIEHBI Ha
BBICOKOCKOPOCTHBIE TIEPEBO3KU U (POPMHUPYETCS] MOCPEICTBOM YCTAHOBIICHUS
Tapuda, KOTOPbIH yUUTHIBAET MOTPEOUTETHCKUM CIPOC, 3aTpaThl HA MEPEBO3KY
U TIpouure, BIUSIOIIME HAa UTOTOBBIA pa3mep npuObuin (aktopbl. Tapudsl Ha
BBICOKOCKOPOCTHBIE 10€3/1a B 3aBUCUMOCTHU OT cripoca B EBporie kone0mtoTest oT
120 no 200 % 1mo cpaBHEHHIO C OOBIYHBIMU MACCAKUPCKUMU TTOE3aMHU.

D10 00yCIOBIECHO KaK HEOOXOJMMOCTBIO OOECHEUYECHHS OKYNaeMOCTH
BBICOKOCKOPOCTHBIX TIE€PEBO30K, TaK M MPEUMYIIECTBAMU JAHHOTO BHJA
MEePEBO30K, JIJIs KOTOPHIX XapaKTEPHbI IKOHOMUS BPEMEHU I'Py300TIPABUTENS U
Maccakupa, 3aTpauuBaE€MOIro0 Ha TMEPEBO3KY W MPOE3] U BBICOKUM YPOBEHb
cepBuca. /[BoiiHOI pocT Tapuda yxe ceroaHs onpaBibBaeT 0COOYIO IIEHHOCTh
yIpaBieHUus COOCTBEHHBIM BpeMEHeM, ero skoHomued. Hamm ucciegoBaHus
MOKa3bIBAIOT, YTO B ciiydyae pocta ckopoctd 10 1000 km/yac moTpeOuTENb
TPAHCIIOPTHON yCIyru OyAEeT TOTOB 3alIATUTh MAaKCUMaJIbHYIO CTOMMOCTH K
IIEHE, T.€. YCJIOBHasi JOXOJHOCTh MEPEBO3KM MOXET cocTaBysiTh 10 300 % B
3aBUCHMOCTH OT HalpaBJE€HUs MEpPEBO3KM U CIpoca Ha Hee, pa3yMeercs ¢
y4€TOM ONTUMAJbHOM HWHTEPMOJAIBHOCTH, OOECIEUYHBAIONIEH KOHEYHOE
noTpeOieHre TEePEeBO3KU. IDTO YTBEPXKICHHE CTPOUTCS Ha aHalIW3e pocTa
NpEAEIbHON TOXOAHOCTH T'PY30MPOU3BOIUTENSI B 3aBUCUMOCTH OT BPEMEHH
COKpaIleHust (UHAHCOBOTO IMKJIAa MPOU3BOJICTBA TOBApA.

4. PA3BUTHE TTPOLIEYP AHAJIV3A
MOATBEPKJIEHUS DOPEKTOB U OLIEHKH JIOXOJHOCTH
BBICOKOCKOPOCTHOI'O TPAHCIIOPTA HA OCHOBE
MATHUTOJEBUTALIMOHHON TEXHOJIOT UM
(BCT MJIT)

B ornuuune ot apyrux oTpacieil 3KOHOMUKH TPAHCIIOPTHBIE CUCTEMBI HE
CIIOCOOHBI K OBICTphIM W3MeHeHHsM. [Ipu mepexone K yciayre mo mepeBO3Ke
HOBOTO KauyecTBa TPAHCHOPTHBIM OpraHU3aldsM TpeOyeTcss HMHTErparus Io
BCEM KOHTAKTHBIM 30HaM B IIETIOYKE CO3/IaHUsI CTOUMOCTH, KOTOpbIE OYyIyT
MOJBEP>KEHBI W3MEHEHHsIM. YUToObl mpumath TakoMmy mpoaykry kak MIIT
MaKCUMyM TOTPEOUTEIHLCKUX CBOMCTB M HAJICKHOCTH, TpeOyeTcss 0COOBIA THIT
OpraHu3allid KOMIIAHUM M OCOOBIM THI HWHTerpanuu. VIMeHHO wuHTerpaus

@1ose

Received: 02.03.2018. Revised: 26.03.2019. Accepted: 01.04.2019 This article is available under license B MG ND
Transportation Systems and Technology. 2019;5(1):89-102 doi: 10.17816/transsyst20195189-102



100 TPAHCHOPTHBIE CUCTEMBI U TEXHOJIOI'MA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

crocoOHa obOecrnedynTb HEOOXOJIMMBIE Uil TPY300TIPABUTEN M TacCa)xupa
NOTPEeOUTENBCKHUE CBOMCTBA TPAHCHIOPTHOM YCIYyT'M UM CHU3UThH Ha Hee lieHy. B
MHUpPE OTMEUYAECTCA CIEAYIOWIAs TEHACHLUMA: JOXOJbl KOMIIAHUM, KOTOpPBIE
3aHUMAIOTCA COOPKOW MOAYJBHOM YCIyTH, NajaioT (Hampumep, TpaJIulluOHHBIE
KOMIaHUH >KEJIE3HOA0POKHOIO TPAHCIOPTA), & JOXOAbI (UPM, MPOU3BOAAIINX
0c000 BaXHbIE TOJCUCTEMBI, HalpPUMEpP, BBICOKOCKOPOCTHOM TPAHCIOPT,
pactyt. KomnaHusMm, OCyIIECTBISIONIMM HWHTEIPALIMIO, HE TOJBKO HE CTOUT
OTacaThCsl Pa3BUTHUSI MOYJIBHBIX CTPYKTYP, HO U HAIIPOTHUB, CIIOCOOCTBOBAThH UX
Pa3BUTHIO.

N3 »srToro cmemyer, 4TO HNEUCTBHE JBYX JKOHOMHYECKHMX 3aKOHOB,
ONMCBHIBAIOIIMX IIOBEACHUE OPraHU3allMd B HOBOM TEXHOJOTMYECKOM YKIIAJE,
MMEET HENOCPEACTBEHHOE OTHOILIEHHUE K PA3BUTHUIO TPAHCIIOPTHBIX CUCTEM U UX
MMOHUMAaHHUE MOXKET CIYKUTh OCHOBOM d3koHOMHUYeckoro onucanus BCT MJIT.

IIpexne Bcero, «3aKOH COXPAHEHUs MHTETpalin», U3 KOTOPOTO CIEAYET,
YTO €CJIM Ha OJHOW CTaJAMM CO3JaHHsI CTOMMOCTU TpeOyeTcs B3auMO3aBUCHMAs
apXUTEKTypa (TTOCKOJIbKY HYKHO ONTUMHU3UPOBATH TEXHUYECKUE
XapaKTEPUCTUKHU YCIYTH), TO APXUTEKTYpa MPOAYKTOB HMJIM YCIyT HA COCEOHUX
CTaaAMsIX AOJDKHA ObITh MOJYJIBHOM M COBMECTHMMOW, M TOJIBKO B 3TOM Cllydae
YAACTCS MOBBICUTh YPOBEHb TEXHMUYECKUX Xapakrepuctuk [14, 15]. U, nanee,
«3aKOH COXpaHEHUsl BBICOKOW MPUOBLINY, MOATBEP)KIAOIIMN, YTO KOMIAHUS
MOJIy4aeT CaMyl0 BBICOKYIO TPUOBLIL TOTJA, KOTAa HAXOAUT PEIICHUS CIIOKHBIX
BBICOKOTEXHOJIOTHYHBIX MPOOJIEM B BUI€ BBICOKOMHTETPUPOBAHHBIX CUCTEM.

NubiMu  croBamu, skoHOMHUUeckoe onucanue mnpoektoB BCT MIIT
JOJKHO CTPOUTBHCSA HA MOJYJIBHOM CTPYKType, KOTOpas 00ECeuUuT WHBECTOPY
IpU MaJeHUM MPUObUIM HA OJHOM CTaAMM CO3JaHHUsI CTOUMOCTU POCT MPUOBLIH
3a CYET HOBOM MOJYJIBHOU apXUTEKTYpPbl. B 3Ty apXUTEKTypy HOKHA BXOJUTH
U BHEPBIHOYHAS Cpejia, HallpuMmep, IMOBEJIEHUE MOTpeOuTeNeld TPaHCIOPTHOM
yCIIyTH, BO3MOKHOCTh BCTPAaUBaHUSI KOTOPOIO MOTYT 0OECIEeYUTh HEWPOHHBIE
CETH.

OCHOBHBIM pe3yJlbTaTOM JAHHOTO HCCIICJOBAHUS SBISETCA CO3JaHUE
JBYXMEPHOM MAaTpHULbl COYETAHWS MATHUTOJEBUTAIMOHHBIX TEXHOJIOTHH C
MOAYJIBHOM HMHTEpMOAAIbHONW KOH(purypauueir. B oOmem Buge oHa
NpeAcTaBiseT coOOW JBa HM3MEpPEHUs, IJe MO BEPTUKAIM pacrlojiaraercs
TEXHOJIOTUYECKOE M3MEHEHHE (HOBOE MPOTUB CTapoOro), a Mo TOPU3OHTAIH —
U3MEpPEHHUE apXUTEKTYpbl U KOH(Urypauuu (HoBoe mpoTUB ctaporo). M nanee
€CTh JBa BapuaHTa pemeHuid couetanusa texHosiorud BCT MIJIT ¢ HoBu3HOM
apXUTEKTYPHOU KOHPUTYpaITIH.

IlepBoe — paccmaTpuBaTh MArHUTHYIO JIEBUTALUMIO KaK PaJIUKAIBHYIO
WHHOBAIIMIO C TIpekKHEW  apxuTektypod. Takum  obOpazom, cxemy
HKOHOMUYECKOTO 0OOCHOBAHUS CTPOUTH IO NMpaBUiIaM MOAYIbHON HHHOBALIUH.

Bropoe — TEXHOJOrMYECKHE WHHOBAaUWUU (MarHUTOJIEBUTALMOHHBIE
TEXHOJIOTUH) COYETaTh C ApXWUTEKTYpHOW WMHHOBauuend. B sTom ciydae Bech
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Iponeccc Co3gaHusd CTOMMOCTH IICPCBO3KH OICHHUBATL C HOBI/IHI/Iﬁ HpGI[CJ'ILHOﬁ
JOXOOAHOCTHU pr30Hp0H3BPII[PIT€J'I€ﬁ H JOJDKHOM  YPOBHC MOOMJILHOCTH
HaCCJICHU:I.

5. BAKVIIOYEHUE

Merononorus OILICHKHU HKOHOMHYECKOM 3¢ (HEeKTUBHOCTH
BBICOKOCKOPOCTHBIX TPAaHCHOPTHBIX CUCTEM HAa OCHOBE MAarHUTHOM JIEBUTALIUH
JOJDKHA COOTBETCTBOBATh HOBBIM HAIIPABJICHUSM DPa3BUTUA 3KOHOMUYECKOU
TEOPUH, aJEKBATHO OIMCHIBAIOUIEH HOBBIM TEXHOJOTHYECKHMU YKIAI H
IIO3BOJIAIOLIEH JIOCTOBEPHO OIIMCATh JKOHOMMKY TPAHCIIOPTHBIX CHUCTEM,
COOTBETCTBYIOIIMX JTOMY Yykiady. lIpuHuumnuanbHOe H3MEHEHHE B OLICHKE
BpeMeHH (CKOpOCTH) (OPMHPYET HOBYIO LIEHHOCTh TPAHCIOPTHOM YCIyrH,
KOTOPYIO HE MOXKET 00eCeUnTh JEHCTBYIONIAsl TEXHOJIOT S IEPEBO3KU I'PY30B U
naccaxxupoB.  HeyOenuTenbHOCTP ~ COBPEMEHHOIO  METOJI0JIOTHUYECKOTO
obOecnieueHrss OOOCHOBAHMSA  MPUHLMIIHAAIBHO HOBBIX  TEXHOJOTHYECKUX
pelIeHuil, CyIIECTBEHHO OCJIOKHAET UX BHEAPEHHE, OCOOEHHO Ha TPaHCIOpPTE.
Crparernueckue BO3MOYKHOCTH JEATEIBHOCTH TPAHCIIOPTHBIX  KOMIIAHUU
CIIElyeT OLEHMBATh C TMO3UUUN MPOUCXOIAIIUX U OYyIylIUX TMEpEMEH B
DKOHOMHKE. B TaHHOM ciyyae, npenoKeHHass METOAO0JIOTHSI SKOHOMUYECKOTO
o0ocHoBanusi mpoektoB BCT MJIT Ha 06a3ze MOAYJAbHON HMHTEPMOJANbHOU
KOH(pUrypauuu, mo3BOJISIET  CHOPMUPOBATH  METOABl W MNPOUEAYPHI
DKOHOMMYECKOM OLICHKH JTaHHBIX ITPOEKTOB.

ABTOp(BI) 32BJAIOT, YTO:
1. V HUX HET KOH(IUKTa HHTEPECOB;
2. Hacrosimmasi ctaTess HE COACPKUT KaKWUX-THOO HMCCIENOBAHHMM C y4JacTHEM JIOJEH B
Ka4yeCcTBE 00OBEKTOB MUCCICAOBAHMIA.
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